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Artificial nucleic acid molecules for improved prdtein or peptide

expression

The invention relates to artificial nucleic acid molecules comprising a 5'UTR element
derived from the 5’UTR of a TOP gene, an open reading frame, and optionally a histone
stem-loop, a 3’UTR element, a poly(A) sequence and/or a polyadenylation signal. The
invention relates further to a vector comprising a 5'UTR element derived from the 5'UTR of
a TOP gene, to a pharmaceutical composition comprising the artificial nucleic acid
molecule or the vector, and to a kit comprising the artificial nucleic acid molecule, the
vector and/or the pharmaceutical composition, preferably for use in the field of gene

therapy and/or genetic vaccination.

Gene therapy and genetic vaccination belong to the most promising and quickly developing
methods of modern medicine. They may provide highly specific and individual options for
therapy of a large variety of diseases. Particularly, inherited genetic diseases but also
autoimmune diseases, cancerous or tumour-related diseases as well as inflammatory
diseases may be the subject of such treatment approaches. Also, it is envisaged to prevent

(early) onset of such diseases by these approaches.

The main conceptual rational behind gene therapy is appropriate modulation of impaired
gene expression associated with pathological conditions of specific diseases. Pathologically
altered gene expression may result in lack or overproduction of essential gene products, for
example, signalling factors such as hormones, housekeeping factors, metabolic enzymes,
structural proteins or the like. Altered gene expression may not only be due to mis-
regulation of transcription and/or translation, but also due to mutations within the ORF

coding for a particular protein. Pathological mutations may be caused by e.g. chromosomal
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aberration, or by more specific mutations, such as point or frame-shift-mutations, all of them
resulting in limited functionality and, potentially, total loss of function of the gene product.
However, misregulation of transcription or translation may also occur, if mutations affect
genes encoding proteins which are involved in the transcriptional or translational
machinery of the cell. Such mutations may lead to pathological up- or down-regulation of
genes which are — as such - functional. Genes encoding gene products which exert such
regulating functions, may be, e.g., transcription factors, signal receptors, messenger proteins
or the like. However, loss of function of such genes encoding regulatory proteins may,
under certain circumstances, be reversed by artificial introduction of other factors acting
further downstream of the impaired gene product. Such gene defects may also be

compensated by gene therapy via substitution of the affected gene itself.

Genetic vaccination allows to evoke a desired immune response to selected antigens, such
as characteristic components of bacterial surfaces, viral particles, tumour antigens or the
like. Generally, vaccination is one of the pivotal achievements of modern medicine.
However, effective vaccines are currently available only for a smaller number of diseases.
Accordingly, infections that are not preventable by vaccination still affect millions of people

every year.

Commonly, vaccines may be subdivided into “first”, “second” and “third” generation
vaccines. “First generation” vaccines are, typically, whole-organism vaccines. They are
based on either live and attenuated or killed pathogens, e.g. viruses, bacteria or the like.
The major drawback of live and attenuated vaccines is the risk for a reversion to life-
threatening variants. Thus, although attenuated, such pathogens may still intrinsically bear
unpredictable risks. Killed pathogens may not be as effective as desired for generating a
specific immune response. In order to minimize these risks, “second generation” vaccines
were developed. These are, typically, subunit vaccines, consisting of defined antigens or

recombinant protein components which are derived from pathogens.

Genetic vaccines, i.e. vaccines for genetic vaccination, are usually understood as “third
generation” vaccines. They are typically composed of genetically engineered nucleic acid
molecules which allow expression of peptide or protein (antigen) fragments characteristic
for a pathogen or a tumor antigen /n vivo. Genetic vaccines are expressed upon

administration to a patient and uptake by competent cells. Expression of the administered
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nucleic acids results in production of the encoded proteins. In the event these proteins are

recognized as foreign by the patient’s immune system, an immune response is triggered.

As can be seen from the above, both methods, gene therapy and genetic vaccination, are
essentially based on the administration of nucleic acid molecules to a patient and
subsequent transcription and/or translation of the encoded genetic information.
Alternatively, genetic vaccination or gene therapy may also comprise methods which
include isolation of specific body cells from a patient to be treated, subsequent /n vitro

transfection of such cells, and re-administration of the treated cells to the patient.

DNA as well as RNA may be used as nucleic acid molecules for administration in the
context of gene therapy or genetic vaccination. DNA is known to be relatively stable and
easy to handle. However, the use of DNA bears the risk of undesired insertion of the
administered DNA-fragments into the patient's genome potentially resulting in loss of
function of the impaired genes. As a further risk, the undesired generation of anti-DNA
antibodies has emerged. Another drawback is the limited expression level of the encoded
peptide or protein that is achievable upon DNA administration and its
transcription/translation. Among other reasons, the expression level of the administered
DNA will be dependent on the presence of specific transcription factors which regulate
DNA transcription. In the absence of such factors, DNA transcription will not yield
satisfying amounts of RNA. As a result, the level of translated peptide or protein obtained is

limited.

By using RNA instead of DNA for gene therapy or genetic vaccination, the risk of undesired
genomic integration and generation of anti-DNA antibodies is minimized or avoided.
However, RNA is considered to be a rather unstable molecular species which may readily

be degraded by ubiquitous RNAses.

In vivo, RNA-degradation contributes to the regulation of the RNA half-life time. That effect
was considered and proven to fine tune the regulation of eukaryotic gene expression
(Friedel et al, Conserved principles of mammalian transcriptional regulation revealed by
RNA half-life, Nucleic Acid Research, 2009, 1-12). Accordingly, each naturally occurring
mRNA has its individual half-life depending on the gene from which the mRNA is derived.
It contributes to the regulation of the expression level of this gene. Unstable RNAs are

important to realize transient gene expression at distinct points in time. However, long-lived
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RNAs may be associated with accumulation of distinct proteins or continuous expression of
genes. /n vivo, the half life of mMRNAs may also be dependent on environmental factors,
such as hormonal treatment, as has been shown, e.g., for insulin-like growth factor |, actin,
and albumin mRNA (Johnson et a/, Newly synthesized RNA: Simultaneous measurement in
intact cells of transcription rates and RNA stability of insulin-like growth factor |, actin, and
albumin in growth hormone-stimulated hepatocytes, Proc. Natl. Acad. Sci., Vol. 88, pp.
5287-5291, 1991).

For gene therapy and genetic vaccination, usually stable RNA is desired. This is, on the one
hand, due to the fact that the product encoded by the RNA-sequence shall accumulate /n
vivo. On the other hand, the RNA has to maintain its structural and functional integrity
when prepared for a suitable dosage form, in the course of its storage, and when
administered. Thus, considerable attention was dedicated to provide stable RNA molecules
for gene therapy or genetic vaccination in order to prevent them from being subject to early

degradation or decay.

It has been reported that the G/C-content of nucleic acid molecules may influence their
stability. Thus, nucleic acids comprising an increased amount of guanine (G) and/or
cytosine (C) residues may be functionally more stable than nucleic acids containing a large
amount of adenine (A) and thymine (T) or uracil (U) nucleotides. In this context,
WQO02/098443 providés a pharmaceutical composition containing an mRNA that is
stabilised by sequence modifications in the translated region. Such a sequence modification
takes advantage of the degeneracy of the genetic code. Accordingly, codons which contain
a less favourable combination of nucleotides (less favourable in terms of RNA stability) may
be substituted by alternative codons without altering the encoded amino acid sequence.
This method of RNA stabilization is limited by the provisions of the specific nucleotide
sequence of each single RNA molecule which is not allowed to leave the space of the
desired amino acid sequence. Also, that approach is restricted to coding regions of the
RNA.

As an alternative option for mRNA stabilisation, it has been found that naturally occurring
eukaryotic mRNA molecules contain characteristic stabilising elements. For example, they
may comprise so-called untranslated regions (UTR) at their 5’-end (5’UTR) and/or at their 3'-

end (3'UTR) as well as other structural features, such as a 5’-cap structure or a 3'-
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poly(A) tail. Both, 5’UTR and 3’'UTR are typically transcribed from the genomic DNA and
are, thus, an element of the premature mRNA. Characteristic structural features of mature
mRNA, such as the 5’-cap and the 3’-poly(A)tail (also called poly(A) tail or
poly(A) sequence) are usually added to the transcribed (premature) mRNA during mRNA

processing.

A 3'-poly(A) tail is typically a monotonous sequence stretch of adenine nucleotides added
to the 3'-end of the transcribed mRNA. It may comprise up to about 400 adenine
nucleotides. It was found that the length of such a 3'-poly(A) tail is a potentially critical

element for the stability of the individual mRNA.

Nearly all eukaryotic mRNAs end with such a poly(A) sequence that is added to their 3' end
by the ubiquitous cleavage/polyadenylation machinery. The presence of a poly(A) sequence
at the 3' end is one of the most recognizable features of eukaryotic mRNAs. After cleavage,
most pre-mRNAs, with the exception of replication-dependent histone transcripts, acquire a
polyadenylated tail. In this context, 3’ end processing is a nuclear co-transcriptional process
that promotes transport of mRNAs from the nucleus to the cytoplasm and affects the stability
and the translation of mRNAs. Formation of this 3' end occurs in a two step reaction di-
rected by the cleavage/polyadenylation machinery and depends on the presence of two
sequence elements in mRNA precursors (pre-mRNAs); a highly conserved hexanucleotide
AAUAAA (polyadenylation signal) and a downstream G/U-rich sequence. In a first step, pre-
mRNAs are cleaved between these two elements. In a second step tightly coupled to the
first step the newly formed 3’ end is extended by addition of a poly(A) sequence consisting
of 200-250 adenylates which affects subsequently all aspects of mMRNA metabolism, includ-
ing mMRNA export, stability and translation (Dominski, Z. and W. F. Marzluff (2007), Gene
396(2): 373-90.).

The only known exception to this rule are the replication-dependent histone mRNAs which
terminate with a histone stem-loop instead of a poly(A) sequence. Exemplary histone stem-
loop sequences are described in Lopez et al. (Davila Lépez, M., & Samuelsson, T. (2008),

RNA (New York, N.Y.), 14(1), 1-10. doi:10.1261/rna.782308.).

The stem-loops in histone pre-mRNAs are typicélly followed by a purine-rich sequence

known as the histone downstream element (HDE). These pre-mRNAs are processed in the
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nucleus by a single endonucleolytic cleavage approximately 5 nucleotides downstream of
the stem-loop, catalyzed by the U7 snRNP through base pairing of the U7 snRNA with the
HDE.

Due to the requirement to package newly synthesized DNA into chromatin, histone synthe-
sis is regulated in concert with the cell cycle. Increased synthesis of histone proteins during
S phase is achieved by transcriptional activation of histone genes as well as posttranscrip-
tional regulation of histone mRNA levels. it could be shown that the histone stem-loop is
essential for all posttranscriptional steps of histone expression regulation. It is necessary for
efficient processing, export of the mRNA into the cytoplasm, loading onto polyribosomes,

and regulation of mRNA stability.

In the above context, a 32 kDa protein was identified, which is associated with the histone
stem-loop at the 3’-end of the histone messages in both the nucleus and the éytoplasm. The
expression level of this stem-loop binding protein (SLBP) is cell-cycle regulated and is
highest during S-phase when histone mRNA levels are increased. SLBP is necessary for
efficient 3’-end processing of histone pre-mRNA by the U7 snRNP. After completion of
processing, SLBP remains associated with the stem—loop at the end of mature histone
mRNAs and stimulates their translation into histone proteins in the cytoplasm. (Dominski, Z.
and W. F. Marzluff (2007), Gene 396(2): 373-90). Interestingly, the RNA binding domain of
SLBP is conserved throughout metazoa and protozoa (Dévila Lépez, M., & Samuelsson, T.
(2008), RNA (New York, N.Y.), 14(1), 1-10. doi:10.1261/rna.782308) and it could be
shown that its binding to the histone stem-loop sequence is dependent on the stem-loop
structure and that the minimum binding site contains at least 3 nucleotides 5’ and 2
nucleotides 3’ of the stem-loop (Pandey, N. B., et al. (1994), Molecular and Cellular
Biology, 143), 1709-1720 and Williams, A. S., & Marzluff, W. F., (1995), Nucleic Acids
Research, 23(4), 654-662.).

Even though histone genes are generally classified as either “replication-dependent”, giving
rise to mMRNA ending in a histone stem-loop, or “replacement-type”, giving rise to mRNA
bearing a poly(A)-tail instead, naturally occurring mRNAs containing both a histone stem-
loop and poly(A) or oligo(A) 3’ thereof have been identified in some very rare cases.

Sanchez et a/. examined the effect of naturally occurring oligo(A) tails appended 3’ of the
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histone stem-loop of histone mRNA during Xenopus oogenesis using Luciferase as a reporter
protein and found that the oligo(A) tail is an active part of the translation repression
mechanism that silences histone mRNA during oogenesis and its removal is part of the
mechanism that activates translation of histone mRNAs (Sanchez, R. and W. F. Marzluff

(2004), Mol Cell Biol 24(6): 2513-25).

Furthermore, the requirements for regulation of replication dependent histones at the level
of pre-mRNA processing and mRNA stability have been investigated using artificial
constructs coding for the marker protein alpha globin, taking advantage of the fact that the
globin gene contains introns as opposed to the intron-less histone genes. For this purpose
constructs were generated in which the alpha globin coding sequence was followed by a
histone stem-loop signal (histone stem-loop followed by the histone downstream element)
and a polyadenylation signal (Whitelaw, E., ef al. (1986). Nucleic Acids Research, 14(17),
7059-7070; Pandey, N. B., & Marzluff, W. F. (1987). Molecular and Cellular Biology, 7(12),
4557-4559; Pandey, N. B., et a/. (1990). Nucleic Acids Research, 18(11), 3161-3170).

Also, it was shown that the 3’UTR of a-globin mRNA may be an important factor for the
well-known stability of a-globin mRNA (Rodgers ef a/., Regulated a-globin mRNA decay is
a cytoplasmic event proceeding through 3’-to-5’ exosome-dependent decapping, RNA, 8,
pp- 1526-1537, 2002). The 3’UTR of a-globin mRNA is obviously involved in the
formation of a specific ribonucleoprotein-complex, the a-complex, whose presence
correlates with mRNA stability /n vitro (Wang et a/, An mRNA stability complex functions
with poly(A)-binding protein to stabilize mRNA /in vitro, Molecular and Cellular biology,
Vol 19, No. 7, July 1999, p. 4552-4560).

Irrespective of factors influencing mRNA stability, effective translation of the administered
nucleic acid molecules by the target cells or tissue is crucial for any approach using nucleic
acid molecules for gene therapy or genetic vaccination. Along with the regulation of
stability, also translation of the majority of mRNAs is regulated by structural features like
UTRs, 5’-cap and 3’-poly(A) tail. In this context, it has been reported that the length of the
poly(A) tail may play an important role for translational efficiency as well. Stabilizing 3'-

elements, however, may also have an attenuating effect on translation.
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Further regulative elements, which may have an influence on expression levels, may be
found in the 5'UTR. For example, it has been reported that synthesis of particular proteins,
e.g. proteins belonging to the translational apparatus, may be regulated not only at the
transcriptional but also at the translational level. For example, translation of proteins
encoded by so called ‘TOP-genes’ may be down-regulated by translational repression.
Therein, the term ‘TOP-gene’ relates to a gene corresponding to an mRNA that is
characterized by the presence of a TOP sequence at the 5’end and in most cases by a
growth-associated translation regulation (ladevaia et al., All translation elongation factors
and the e, f, and h subunits of translation initiation factor 3 are encoded by 5'-terminal
oligopyrimidine (TOP) mRNAs; RNA, 2008, 14:1730-1736). In this context, a TOP
sequence — also called the ‘5’-terminal oligopyrimidine tract’ — typically consists of a C
residue at the cap site, followed by an uninterrupted sequence of up to 13 or even more
pyrimidines (Avni et al., Vertebrate mRNAs with a 5-terminal pyrimidine tract are
Candidates for translational repression in quiescent cells: characterization of the
translational cis-regulatory element, Molecular and Cellular Biology, 1994, p. 3822-3833).
These TOP sequences are reported to be present in many mRNAs encoding components of
the translational machinery and to be responsible for selective repression of the translation
of these TOP containing mRNAs due to growth arrest (Meyuhas, et al., Translational Control
of Ribosomal Protein mRNAs in Eukaryotes, Translational Control. Cold Spring Harbor
Monograph Archive. Cold Spring Harbor Laboratory Press, 1996, p. 363-388).

It is the object of the invention to provide nucleic acid molecules which may be suitable for
application in gene therapy and/or genetic vaccination. Particularly, it is the object of the
invention to provide artificial nucleic acid molecules, such as an mRNA species, which
provide for increased protein production from said artificial nucleic acid molecules,
preferably which exhibit increased translational efficiency. Another object of the present
invention is to provide nucleic acid molecules coding for such a superior mRNA species
which may be amenable for use in gene therapy and/or genetic vaccination. It is a further
object of the present invention to provide a pharmaceutical composition for use in gene
therapy and/or genetic vaccination. In summary, it is the object of the present invention to
provide improved nucleic acid species which overcome the above discussed disadvantages

of the prior art by a cost-effective and straight-forward approach.

The object underlying the present invention is solved by the claimed subject-matter.
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For the sake of clarity and readability the following definitions are provided. Any technical
feature mentioned for these definitions may be read on each and every embodiment of the
invention. Additional definitions and explanations may be specifically provided in the

context of these embodiments.

Adaptive immune response: The adaptive immune response is typically understood to be an

antigen-specific response of the immune system. Antigen specificity allows for the
generation of responses that are tailored to specific pathogens or pathogen-infected cells.
The ability to mount these tailored responses is usually maintained in the body by "memory
cells". Should a pathogen infect the body more than once, these specific memory cells are
used to quickly eliminate it. In this context, the first step of an adaptive immune response is
the activation of naive antigen-specific T cells or different immune cells able to induce an
antigen-specific immune response by antigen-presenting cells. This occurs in the lymphoid
tissues and organs through which naive T cells are constantly passing. The three cell types
that may serve as antigen-presenting cells are dendritic cells, macrophages, and B cells.
Each of these cells has a distinct function in eliciting immune responses. Dendritic cells may
take up antigens by phagocytosis and macropinocytosis and may become stimulated by
contact with e.g. a foreign antigen to migrate to the local lymphoid tissue, where they
differentiate into mature dendritic cells. Macrophages ingest particulate antigens such as
bacteria and are induced by infectious agents or other appropriate stimuli to express MHC
molecules. The unique ability of B cells to bind and internalize soluble protein antigens via
their receptors may also be important to induce T cells. MHC-molecules are, typically,
responsible for presentation of an antigen to T-cells. Therein, presenting the antigen on
MHC molecules leads to activation of T cells which induces their proliferation and
differentiation into armed effector T cells. The most important function of effector T cells is
the killing of infected cells by CD8+ cytotoxic T cells and the activation of macrophages by
Th1 cells which together make up cell-mediated immunity, and the activation of B cells by
both Th2 and Th1 cells to produce different classes of antibody, thus driving the humoral
immune response. T cells recognize an antigen by their T cell receptors which do not
recognize and bind the antigen directly, but instead recognize short peptide fragments e.g.
of pathogen-derived protein antigens, e.g. so-called epitopes, which are bound to MHC

molecules on the surfaces of other cells.
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Adaptive immune system: The adaptive immune system is essentially dedicated to eliminate

or prevent pathogenic growth. It typically regulates the adaptive immune response by
providing the vertebrate immune system with the ability to recognize and remember
specific pathogens (to generate immunity), and to mount stronger attacks each time the
pathogen is encountered. The system is highly adaptable because of somatic hypermutation
(a process of accelerated somatic mutations), and V(D)) recombination (an irreversible
genetic recombination of antigen receptor gene segments). This mechanism allows a small
number of genes to generate a vast number of different antigen receptors, which are then
uniquely expressed on each individual lymphocyte. Because the gene rearrangement leads
to an irreversible change in the DNA of each cell, all of the progeny (offspring) of such a
cell will then inherit genes encoding the same receptor specificity, including the Memory B

cells and Memory T cells that are the keys to long-lived specific immunity.

Adjuvant/adjuvant_component: An adjuvant or an adjuvant component in the broadest

sense is typically a pharmacological and/or immunological agent that may modify, e.g.
enhance, the effect of other agents, such as a drug or vaccine. It is to be interpreted in a
broad sense and refers to a broad spectrum of substances. Typically, these substances are
able to increase the immunogenicity of antigens. For example, adjuvants may be recognized
by the innate immune systems and, e.g., may elicit an innate immune response. “Adjuvants”
typically do not elicit an adaptive immune response. Insofar, “adjuvants” do not qualify as
antigens. Their mode of action is distinct from the effects triggered by antigens resulting in

an adaptive immune response.

Antigen: In the context of the present invention “antigen” refers typically to a substance
which may be recognized by the immune system, preferably by the adaptive immune
system, and is capable of triggering an antigen-specific immune response, e.g. by formation
of antibodies and/or antigen-specific T cells as part of an adaptive immune response.
Typically, an antigen may be or may comprise a peptide or protein which may be presented
by the MHC to T-cells.

Artificial nucleic acid molecule: An artificial nucleic acid molecule may typically be

understood to be a nucleic acid molecule, e.g. a DNA or an RNA, that does not occur
naturally. In other words, an artificial nucleic acid molecule may be understood as a non-

natural nucleic acid molecule. Such nucleic acid molecule may be non-natural due to its
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individual sequence (which does not occur naturally) and/or due to other modifications, e.g.
structural modifications of nucleotides which do not occur naturally. An artificial nucleic
acid molecule may be a DNA molecule, an RNA molecule or a hybrid-molecule
comprising DNA and RNA portions. Typically, artificial nucleic acid molecules may be
designed and/or generated by genetic engineering methods to correspond to a desired
artificial sequence of nucleotides (heterologous sequence). In this context an artificial
sequence is usually a sequence that may not occur naturally, i.e. it differs from the wild type
sequence by at least one nucleotide. The term ‘wild type’ may be understood as a sequence
occurring in nature. Further, the term ’artificial nucleic acid molecule’ is not restricted to
mean ‘one single molecule’ but is, typically, understood to comprise an ensemble of
identical molecules. Accordingly, it may relate to a plurality of identical molecules

contained in an aliquot.

Bicistronic RNA, multicistronic RNA: A bicistronic or multicistronic RNA is typically

an RNA, preferably an mRNA, that typically may have two (bicistronic) or more
(multicistronic) open reading frames (ORF). An open reading frame in this context is a

sequence of codons that is translatable into a peptide or protein.

Carrier / polymeric carrier: A carrier in the context of the invention may typically be a
compound that facilitates transport and/or complexation of another compound (cargo). A
polymeric carrier is typically a carrier that is formed of a polymer. A carrier may‘ be
associated to its cargo by covalent or non-covalent interaction. A carrier may transport
nucleic acids, e.g. RNA or DNA, to the target cells. The carrier may — for some

embodiments — be a cationic component.

Cationic component: The term “cationic component” typically refers to a charged
molecule, which is positively charged (cation) at a pH value typically from 1 to 9,
preferably at a pH value of or below 9 (e.g. from 5 to 9), of or below 8 (e.g. from 5 to 8), of
or below 7 (e.g. from 5 to 7), most preferably at a physiological pH, e.g. from 7.3 to 7.4.
Accordingly, a cationic component may be‘any positively charged compound or polymer,
preferably a cationic peptide or protein which is positively charged under physiological
conditions, particularly under physiological conditions in vivo. A ’cationic peptide or
protein’” may contain at least one positively charged amino acid, or more than one

positively charged amino acid, e.g. selected from Arg, His, Lys or Orn. Accordingly,
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‘polycationic’ components are also within the scope exhibiting more than one positive

charge under the conditions given.

5'-cap: A 5'-cap is an entity, typically a modified nucleotide entity, which generally
‘caps’ the 5’-end of a mature mRNA. A 5'-cap may typically be formed by a modified
nucleotide, particularly by a derivative of a guanine nucleotide. Preferably, the 5’-cap is
linked to the 5'-terminus via a 5'-5'-triphosphate linkage. A 5’-cap may be methylated, e.g.
m7GpppN, wherein N is the terminal 5’ nucleotide of the nucleic acid carrying the 5’-cap,
typically the 5-end of an RNA. Further examples of 5'cap structures include glyceryl,
inverted deoxy abasic residue (moiety), 4',5' methylene nucleotide, 1-(beta-D-
erythrofuranosyl) nucleotide, 4’-thio nucleotide, carbocyclic nucleotide, 1,5-anhydrohexitol
nucleotide, L-nucleotides, alpha-nucleotide, modified base nucleotide, threo-pentofuranosyl
nucleotide, acyclic 3’,4’-seco nucleotide, acyclic 3,4-dihydroxybutyl nucleotide, acyclic
3,5 dihydroxypentyl nucleotide, 3’-3’-inverted nucleotide moiety, 3’-3’-inverted abasic
moiety, 3’-2’-inverted nucleotide moiety, 3’-2’-inverted abasic moiety, 1,4-butanediol
phosphate, 3’-phosphoramidate, hexylphosphate, aminohexyl phosphate, 3’-phosphate,
3’phosphorothioate, phosphorodithioate, or bridging or non-bridging methylphosphonate

moiety.

Cellular immunity/cellular immune response: Cellular immunity relates typically to
the activation of macrophages, natural killer cells (NK), antigen-specific cytotoxic T-
lymphocytes, and the release of various cytokines in response to an antigen. In more
general terms, cellular immunity is not based on antibodies, but on the activation of cells of
the immune system. Typically, a cellular immune response may be characterized e.g. by
activating antigen-specific cytotoxic T-lymphocytes that are able to induce apoptosis in
cells, e.g. specific immune cells like dendritic cells or other cells, displaying epitopes of
foreign antigens on their surface. Such cells may be virus-infected or infected with
intracellular bacteria, or cancer cells displaying tumor antigens. Further characteristics may
be activation of macrophages and natural killer cells, enabling them to destroy pathogens
and stimulation of cells to secrete a variety of cytokines that influence the function of other

cells involved in adaptive immune responses and innate immune responses.

DNA: DNA is the usual abbreviation for deoxy-ribonucleic-acid. It is a nucleic acid

molecule, i.e. a polymer consisting of nucleotides. These nucleotides are usually deoxy-
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adenosine-monophosphate, deoxy-thymidine-monophosphate, deoxy-guanosine-
monophosphate and deoxy-cytidine-monophosphate monomers which are — by themselves
— composed of a sugar moiety (deoxyribose), a base moiety and a phosphate moiety, and
polymerise by a characteristic backbone structure. The backbone structure is, typically,
formed by phosphodiester bonds between the sugar moiety of the nucleotide, i.e.
deoxyribose, of a first and a phosphate moiety of a second, adjacent monomer. The specific
order of the monomers, i.e. the order of the bases linked to the sugar/phosphate-backbone,
is called the DNA-sequence. DNA may be single stranded or double stranded. In the double
stranded form, the nucleotides of the first strand typically hybridize with the nucleotides of

the second strand, e.g. by A/T-base-pairing and G/C-base-pairing.

Epitope: Epitopes (also. called ‘antigen determinant’) can be distinguished in T cell
epitopes and B cell epitopes. T cell epitopes or parts of the proteins in the context of the
present invention may comprise fragments preferably having a length of about 6 to about 20
or even more amino acids, e.g. fragments as processed and presented by MHC class | mole-
cules, preferably having a length of about 8 to about 10 amino acids, e.g. 8, 9, or 10, (or
even 11, or 12 amino acids), or fragments as processed and presented by MHC class |
molecules, preferably having a length of about 13 or more amino acids, e.g. 13, 14, 15, 16,
17, 18, 19, 20 or even more amino acids, wherein these fragments may be selected from
any part of the amino acid sequence. These fragments are typically recognized by T cells in
form of a complex consisting of the peptide fragment and an MHC molecule, i.e. the frag-
ments are typically not recognized in their native form. B cell epitopes are typically frag-
ments located on the outer surface of (native) protein or peptide antigens as defined herein,
preferably having 5 to 15 amino acids, more preferably having 5 to 12 amino acids, even
more preferably having 6 to 9 amino acids, which may be recognized by antibodies, i.e. in

their native form.

Such epitopes of proteins or peptides may furthermore be selected from any of the herein
mentioned variants of such proteins or peptides. In this context antigenic determinants can
be conformational or discontinuous epitopes which are composed of segments of the pro-
teins or peptides as defined herein that are discontinuous in the amino acid sequence of the
proteins or peptides as defined herein but are brought together in the three-dimensional
structure or continuous or linear epitopes which are composed of a single polypeptide

chain.
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Fragment of a sequence: A fragment of a sequence may typically be a shorter portion
of a full-length sequence of e.g. a nucleic acid molecule or an amino acid sequence.
Accordingly, a fragment, typically, consists of a sequence that is identical to the
corresponding stretch within the full-length sequence. A preferred fragment of a sequence in
the context of the present invention, consists of a continuous stretch of entities, such as
nucleotides or amino acids corresponding to a continuous stretch of entities in the molecule
the fragment is derived from, which represents at least 20%, preferably at least 30%, more
preferably at least 40%, more preferably at least 50%, even more preferably at least 60%,
even more preferably at least 70%, and most preferably at least 80% of the total (i.e. full-

length) molecule from which the fragment is derived.

G/C modified: A G/C-modified nucleic acid may typically be a nucleic acid,
preferably an artificial nucleic acid molecule as defined herein, based on a modified wild-
type sequence comprising a preferably increased number of guanosine and/or cytosine
nucleotides as compared to the wild-type sequence. Such an increased number may be
generated by substitution of codons containing adenosine or thymidine nucleotides by
codons containing guanosine or cytosine nucleotides. If the enriched G/C content occurs in
a coding region of DNA or RNA, it makes use of the degeneracy of the genetic code.
Accordingly, the codon substitutions preferably do not alter the encoded amino acid

residues, but exclusively increase the G/C content of the nucleic acid molecule.

Gene therapy: Gene therapy may typically be understood to mean a treatment of a patient’s
body or isolated elements of a patient’s body, for example isolated tissues/cells, by nucleic
acids encoding a peptide or protein. It typically may comprise at least one of the steps of a)
administration of a nucleic acid, preferably an artificial nucleic acid molecule as defined
herein, directly to the patient - by whatever administration route - or /in vitro to isolated
cells/tissues of the patient, which results in transfection of the patient’s cells either in vivo/ex
vivo or in vitro; b) transcription and/or translation of the introduced nucleic acid molecule;
and optionally c) re-administration of isolated, transfected cells to the patient, if the nucleic

acid has not been administered directly to the patient.

Genetic vaccination: Genetic vaccination may typically be understood to be vaccination

by administration of a nucleic acid molecule encoding an antigen or an immunogen or

fragments thereof. The nucleic acid molecule may be administered to a subject’s body or to
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isolated cells of a subject. Upon transfection of certain cells of the body or upon
transfection of the isolated cells, the antigen or immunogen may be expressed by those cells
and subsequently presented to the immune system, eliciting an adaptive, i.e. antigen-
specific immune response. Accordingly, genetic vaccination typically comprises at least one
of the steps of a) administration of a nucleic acid, preferably an artificial nucleic acid
molecule as defined herein, to a subject, preferably a patient, or to isolated cells of a
subject, preferably a patient, which usually results in transfection of the subject’s cells either
in vivo or in vitro, b) transcription and/or translation of the introduced nucleic acid
molecule; and optionally c) re-administration of isolated, transfected cells to the subject,

preferably the patient, if the nucleic acid has not been administered directly to the patient.

Heterologous sequence: Two sequences are typically understood to be ‘heterologous’
if they are not derivable from the same gene. l.e., although heterologous sequences may be
derivable from the same organism, they naturally (in nature) do not occur in the same

nucleic acid molecule, such as in the same mRNA.

Humoral immunity/humoral immune response: Humoral immunity refers typically to

antibody production and optionally to accessory processes accompanying antibody
production. A humoral immune response may be typically characterized, e.g., by Th2
activation and cytokine production, germinal center formation and isotype switching,
affinity maturation and memory cell generation. Humoral immunity also typically may refer
to the effector functions of antibodies, which include pathogen and toxin neutralization,
classical complement activation, and opsonin promotion of phagocytosis and pathogen

elimination.

Immunogen: In the context of the present invention an immunogen may be typically
understood to be a compound that is able to stimulate an immune response. Preferably, an
immunogen is a peptide, polypeptide, or protein. In a particularly preferred embodiment, an
immunogen in the sense of the present invention is the product of translation of a provided
nucleic acid molecule, preferably an artificial nucleic acid molecule as defined herein.

Typically, an immunogen elicits at least an adaptive immune response.

Immunostimulatory composition:  In the context of the invention, an immunostimulatory
composition may be typically understood to be a composition containing at least one

component which is able to induce an immune response or from which a component



10

15

20

25

30

WO 2013/143699 PCT/EP2013/000937
16

which is able to induce an immune response is derivable. Such immune response may be
preferably an innate immune response or a combination of an adaptive and an innate
immune response. Preferably, an immunostimulatory composition in the context of the
invention contains at least one artificial nucleic acid molecule, more preferably an RNA, for
example an mRNA molecule. The immunostimulatory component, such as the mRNA may
be complexed with a suitable carrier. Thus, the immunostimulatory composition may
comprise an mRNA/carrier-complex. Furthermore, the immunostimulatory composition may
comprise an adjuvant and/or a suitable vehicle for the immunostimulatory component, such

as the mRNA.

Immune response: An immune response may typically be a specific reaction of the adaptive

immune system to a particular antigen (so called specific or adaptive immune response) or
an unspecific reaction of the innate immune system (so called unspecific or innate immune

response), or a combination thereof.

Immune system: The immune system may protect organisms from infection. If a pathogen

succeeds in passing a physical barrier of an organism and enters this organism, the innate
immune system provides an immediate, but non-specific response. If pathogens evade this
innate response, vertebrates possess a second layer of protection, the adaptive immune
system. Here, the immune system adapts its response during an infection to improve its
recognition of the pathogen. This improved response is then retained after the pathogen has
been eliminated, in the form of an immunological memory, and allows the adaptive
immune system to mount faster and stronger attacks each time this pathogen is
encountered. According to this, the immune system comprises the innate and the adaptive
immune system. Each of these two parts typically contains so called humoral and cellular

components.

Immunostimulatory RNA:  An immunostimulatory RNA (isRNA) in the context of the
invention may typically be an RNA that is able to induce an innate immune response. It
usually does not have an open reading frame and thus does not provide a peptide-antigen
or immunogen but elicits an immune response e.g. by binding to a specific kind of Toll-like-
receptor (TLR) or other suitable receptors. However, of course also mRNAs having an open
reading frame and coding for a peptide/protein may induce an innate immune response

and, thus, may be immunostimulatory RNAs.
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Innate immune system: The innate immune system, also known as non-specific (or

unspecific) immune system, typically comprises the cells and mechanisms that defend the
host from infection by other organisms in a non-specific manner. This means that the cells
of the innate system may recognize and respond to pathogens in a generic way, but unlike
the adaptive immune system, it does not confer long-lasting or protective immunity to the
host. The innate immune system may be, e.g., activated by ligands of Toll-like receptors
(TLRs) or other auxiliary substances such as lipopolysaccharides, TNF-alpha, CD40 ligand,
or cytokines, monokines, lymphokines, interleukins or chemokines, IL-1, IL-2, IL-3, 1L-4, IL-
5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-11, IL-12, IL-13, IL-14, IL-15, IL-16, IL-17, IL-18, IL-19, IL-
20, IL-21, 1L-22, 1L-23, IL-24, IL-25, IL-26, 1L-27, 1L-28, IL-29, IL-30, 1L-31, IL-32, IL-33, IFN-
alpha, IFN-beta, IFN-gamma, GM-CSF, G-CSF, M-CSF, LT-beta, TNF-alpha, growth factors,
and hGH, a ligand of human Toll-like receptor TLR1, TLR2, TLR3, TLR4, TLR5, TLR6, TLR?,
TLR8, TLRY, TLR10, a ligand of murine Toll-like receptor TLR1, TLR2, TLR3, TLR4, TLR5,
TLR6, TLR7, TLR8, TLRY, TLR10, TLR11, TLR12 or TLR13, a ligand of a NOD-like receptor,
a ligand of a RIG-I like receptor, an immunostimulatory nucleic acid, an immunostimulatory
RNA (isRNA), a CpG-DNA, an. antibacterial agent, or an anti-viral agent. The
pharmaceutical composition according to the present invention may comprise one or more
such substances. Typically, a response of the innate immune system includes recruiting
immune cells to sites of infection, through the production of chemical factors, including
specialized chemical mediators, called cytokines; activation of the complement cascade;
identification and removal of foreign substances present in organs, tissues, the blood and
lymph, by specialized white blood cells; activation of the adaptive immune system; and/or

acting as a physical and chemical barrier to infectious agents.

Cloning site: A cloning site is typically understood to be a segment of a nucleic acid
molecule, which is suitable for insertion of a nucleic acid sequence, e.g., a nucleic acid
sequence comprising an open reading frame. Insertion may be performed by any molecular
biological method known to the one skilled in the art, e.g. by restriction and ligation. A
cloning site typically comprises one or more restriction enzyme recognition sites (restriction
sites). These one or more restrictions sites may be recognized by restriction enzymes which
cleave the DNA at these sites. A cloning site which comprises more than one restriction site

may also be termed a multiple cloning site (MCS) or a polylinker.
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Nucleic_acid molecule: A nucleic acid molecule is a molecule comprising, preferably

consisting of nucleic acid components. The term nucleic acid molecule preferably refers to
DNA or RNA molecules. It is preferably used synonymous with the term “polynucleotide”.
Preferably, a nucleic acid molecule is a polymer comprising or consisting of nucleotide
monomers which are covalently linked to each other by phosphodiester-bonds of a
sugar/phosphate-backbone. The term “nucleic acid molecule” also encompasses modified
nucleic acid molecules, such as base-modified, sugar-modified or backbone-modified etc.

DNA or RNA molecules.

Open reading frame: An open reading frame (ORF) in the context of the invention may

typically be a sequence of several nucleotide triplets which may be translated into a peptide
or protein. An open reading frame preferably contains a start codon, i.e. a combination of
three subsequent nucleotides coding usually for the amino acid methionine (ATG or AUG),
at its 5’-end and a subsequent region which usually exhibits a length which is a multiple of
3 nucleotides. An ORF is preferably terminated by a stop-codon (e.g., TAA, TAG, TGA).
Typically, this is the only stop-codon of the open reading frame. Thus, an open reading
frame in the context of the present invention is preferably a nucleotide sequence, consisting
of a number of nucleotides that may be divided by three, which starts with a start codon
(e.g. ATG or AUG) and which preferably terminates with a stop codon (e.g., TAA, TGA, or
TAG or UAA, UAG, UGA, respectively). The open reading frame may be isolated or it may
be incorporated in a longer nucleic acid sequence, for example in a vector or an mRNA. An

open reading frame may also be termed ’protein coding region’.

Peptide: A peptide or polypeptide is typically a polymer of amino acid monomers, linked by
peptide bonds. It typically contains less than 50 monomer units. Nevertheless, the term
peptide is not a disclaimer for molecules having more than 50 monomer units. Long
peptides are also called polypeptides, typically having between 50 and 600 monomeric

units.

Pharmaceutically effective amount: A pharmaceutically effective amount in the context of

the invention is typically understood to be an amount that is sufficient to induce a
pharmaceutical effect, such as an immune response, altering a pathological level of an
expressed peptide or protein, or substituting a lacking gene product, e.g., in case of a

pathological situation.
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Protein A protein typically comprises one or more peptides or polypeptides. A
protein is typically folded into 3-dimensional form, which may be required for to protein to

exert its biological function.

Poly(A) sequence: A poly(A) sequence, also called poly(A) tail or 3'-poly(A) tail, is typically

understood to be a sequence of adenine nucleotides, e.g., of up to about 400 adenine
nucleotides, e.g. from about 20 to about 400, preferably from about 50 to about 400, more
preferably from about 50 to about 300, even more preferably from about 50 to about 250,
most preferably from about 60 to about 250 adenine nucleotides. A poly(A) sequence is
typically located at the 3’end of an mRNA. In the context of the present invention, a poly(A)
sequence may be located within an mRNA or any other nucleic acid molecule, such as,
e.g., in a vector, for example, in a vector serving as template for the generation of an RNA,

preferably an mRNA, e.g., by transcription of the vector.

Polyadenylation: Polyadenylation is typically understood to be the addition of a poly(A)

sequence to a nucleic acid molecule, such as an RNA molecule, e.g. to a premature mRNA.

Polyadenylation may be induced by a so called polyadenylation signal. This signal is

preferably located within a stretch of nucleotides at the 3’-end of a nucleic acid molecule,
such as an RNA molecule, to be polyadenylated. A polyadenylation signal typically
comprises a hexamer consisting of adenine and uracilthymine nucleotides, preferably the
hexamer sequence AAUAAA. Other sequences, preferably hexamer sequences, are also
conceivable. Polyadenylation typically occurs during processing of a pre-mRNA (also called
premature-mRNA). Typically, RNA maturation (from pre-mRNA to mature mRNA)

comprises the step of polyadenylation.

Restriction site: A restriction site, also termed ‘restriction enzyme recognition site’, is

a nucleotide sequence recognized by a restriction enzyme. A restriction site is typically a
short, preferably palindromic nucleotide sequence, e.g. a sequence comprising 4 to 8
nucleotides. A restriction site is preferably specifically recognized by a restriction enzyme.
The restriction enzyme typically cleaves a nucleotide sequence comprising a restriction site
at this site. In a double-stranded nucleotide sequence, such as a double-stranded DNA

sequence, the restriction enzyme typically cuts both strands of the nucleotide sequence.

RNA, mRNA: RNA is the usual abbreviation for ribonucleic-acid. It is a nucleic acid

molecule, i.e. a polymer consisting of nucleotides. These nucleotides are usually adenosine-
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monophosphate, uridine-monophosphate, guanosine-monophosphate and  cytidine-
monophosphate monomers which are connected to each other along a so-called backbone.
The backbone is formed by phosphodiester bonds between the sugar, i.e. ribose, of a first
and a phosphate moiety of a second, adjacent monomer. The specific succession of the
monomers is called the RNA-sequence. Usually RNA may be obtainable by transcription of
a DNA-sequence, e.g., inside a cell. In eukaryotic cells, transcription is typically performed
inside the nucleus or the mitochondria. /n vivo, transcription of DNA usually results in the
so-called premature RNA which has to be processed into so-called messenger-RNA, usually
abbreviated as mRNA. Processing of the premature RNA, e.g. in eukaryotic organisms,
comprises a variety of different posttranscriptional-modifications such as splicing, 5'-
capping, polyadenylation, export from the nucleus or the mitochondria and the like. The
sum of these processes is also called maturation of RNA. The mature messenger RNA
usually provides the nucleotide sequence that may be translated into an amino acid
sequence of a particular peptide or protein. Typically, a mature mRNA comprises a 5'-cap,
a 5'UTR, an open reading frame, a 3'UTR and a poly(A) sequence. Aside from messenger
RNA, several non-coding types of RNA exist which may be involved in regulation of

transcription and/or translation.

Sequence of a nucleic acid molecule: The sequence of a nucleic acid molecule is

typically understood to be the particular and individual order, i.e. the succession of its
nucleotides. The sequence of a protein or peptide is typically understood to be the order,

i.e. the succession of its amino acids.

Sequence identity:  Two or more sequences are identical if they exhibit the same length

and order of nucleotides or amino acids. The percentage of identity typically describes the
extent to which two sequences are identical, i.e. it typically describes the percentage of
nucleotides that correspond in their sequence position with identical nucleotides of a
reference-sequence. For determination of the degree of identity, the sequences to be
compared are considered to exhibit the same length, i.e. the length of the longest sequence
of the sequences to be compared. This means that a first sequence consisting of 8
nucleotides is 80% identical to a second sequence consisting of 10 nucleotides comprising
the first sequence. In other words, in the context of the present invention, identity of

sequences preferably relates to the percentage of nucleotides of a sequence which have the
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same position in two or more sequences having the same length. Gaps are usually regarded

as non-identical positions, irrespective of their actual position in an alignment.

Stabilized nucleic acid molecule: A stabilized nucleic acid molecule is a nucleic acid

molecule, preferably a DNA or RNA molecule that is modified such, that it is more stable to
disintegration or degradation, e.g., by environmental factors or enzymatic digest, such as by
an exo- or endonuclease degradation, than the nucleic acid molecule without the
modification. Preferably, a stabilized nucleic acid molecule in the context of the present

invention is stabilized in a cell, such as a prokaryotic or eukaryotic cell, preferably in a

‘mammalian cell, such as a human cell. The stabilization effect may also be exerted outside

of cells, e.g. in a buffer solution etc., for example, in a manufacturing process for a

pharmaceutical composition comprising the stabilized nucleic acid molecule.

Transfection: The term ’transfection’ refers to the introduction of nucleic acid molecules,
such as DNA or RNA (e.g. mRNA) molecules, into cells, preferably into eukaryotic cells. In
the context of the present invention, the term ‘transfection’” encompasses any method
known to the skilled person for introducing nucleic acid molecules into cells, preferably
into eukaryotic cells, such as into mammalian cells. Such methods encompass, for example,
electroporation, lipofection, e.g. based on cationic lipids and/or liposomes, calcium
phosphate precipitation, nanoparticle based transfection, virus based transfection, or
transfection based on cationic polymers, such as DEAE-dextran or polyethylenimine etc.

Preferably, the introduction is non-viral.

Vaccine: A vaccine is typically understood to be a prophylactic or therapeutic
material providing at least one antigen, preferably an immunogen. The antigen or
immunogen may be derived from any material that is suitable for vaccination. For example,
the antigen or immunogen may be derived from a pathogen, such as from bacteria or virus
particles etc., or from a tumor or cancerous tissue. The antigen or immunogen stimulates the

body's adaptive immune system to provide an adaptive immune response.

Vector: The term "vector’ refers to a nucleic acid molecule, preferably to an artificial
nucleic acid molecule. A vector in the context of the present invention is suitable for
incorporating or harboring a desired nucleic acid sequence, such as a nucleic acid
sequence comprising an open reading frame. Such vectors may be storage vectors,

expression vectors, cloning vectors, transfer vectors etc. A storage vector is a vector which
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allows the convenient storage of a nucleic acid molecule, for example, of an mMRNA
molecule. Thus, the vector may comprise a sequence corresponding, e.g., to a desired
mRNA sequence or a part thereof, such as a sequence corresponding to the open reading
frame and the 3’UTR of an mRNA. An expression vector may be used for production of
expression products such as RNA, e.g. mRNA, or peptides, polypeptides or proteins. For
example, an expression vector may comprise sequences needed for transcription of a
sequence stretch of the vector, such as a promoter sequence, e.g. an RNA promoter
sequence. A cloning vector is typically a vector that contains a cloning site, which may be
used to incorporate nucleic acid sequences into the vector. A cloning vector may be, e.g., a
plasmid vector or a bacteriophage vector. A transfer vector may be a vector which is
suitable for transferring nucleic acid molecules into cells or organisms, for example, viral
vectors. A vector in the context of the present invention may be, e.g., an RNA vector or a
DNA vector. Preferably, a vector is a DNA molecule. Preferably, a vector in the sense of the
present application comprises a cloning site, a selection marker, such as an antibiotic
resistance factor, and a sequence suitable for multiplication of the vector, such as an origin
of replication. Preferably, a vector in the context of the present application is a plasmid

vector.

Vehicle: A vehicle is typically understood to be a material that is suitable for storing,
transporting, and/or administering a compound, such as a pharmaceutically active
compound. For example, it may be a physiologically acceptable liquid which is suitable for

storing, transporting, and/or administering a pharmaceutically active compound.

3’-untranslated region (3'UTR): A 3’UTR is typically the part of an mRNA which is

located between the protein coding region (i.e. the open reading frame) and the poly(A)
sequence of the mRNA. A 3'UTR of the mRNA is not translated into an amino acid
sequence. The 3'UTR sequence is generally encoded by the gene which is transcribed into
the respective mRNA during the gene expression process. The genomic sequence is first
transcribed into pre-mature mRNA, which comprises optional introns. The pre-mature
mRNA is then further processed into mature mRNA in a maturation process. This maturation
process comprises the steps of 5’capping, splicing the pre-mature mRNA to excise optional
introns and modifications of the 3’-end, such as polyadenylation of the 3’-end of the pre-

mature mRNA and optional endo- or exonuclease cleavages etc. In the context of the

present invention, a 3’UTR corresponds to the sequence of a mature mRNA which is
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located 3’ to the stop codon of the protein coding region, preferably immediately 3’ to the
stop codon of the protein coding region, and which extends to the 5’-side of the poly(A)
sequence, preferably to the nucleotide immediately 5’ to the poly(A) sequencé. The term
“corresponds to” means that the 3'UTR sequence may be an RNA sequence, such as in the
mRNA sequence used for defining the 3'UTR sequence, or a DNA sequence which
corresponds to such RNA sequence. In the context of the present invention, the term “a
3’UTR of a gene”, such as “a 3’UTR of an albumin gene”, is the sequence which
corresponds to the 3'UTR of the mature mRNA derived from this gene, i.e. the mRNA
obtained by transcription of the gene and maturation of the pre-mature mRNA. The term

“3’UTR of a gene” encompasses the DNA sequence and the RNA sequence of the 3'UTR.

5’-untranslated region (5'UTR): A 5’UTR is typically understood to be a particular

section of messenger RNA (mRNA). It is located 5’ of the open reading frame of the mRNA.
Typically, the 5’UTR starts with the transcriptional start site and ends one nucleotide before
the start codon of the open reading frame. The 5’UTR may comprise elements for
controlling gene expression, also called regulatory elements. Such regulatory elements may
be, for example, ribosomal binding sites or a 5’-Terminal Oligopyrimidine Tract. The 5'UTR
may be posttranscriptionally modified, for example by addition of a 5’-cap. In the context of
the present invention, a 5'UTR corresponds to the sequence of a mature mRNA which is
located between the 5’cap and the start codon. Preferably, the 5'UTR corresponds to the
sequence which extends from a nucleotide located 3’ to the 5’-cap, preferably from the
nucleotide located immediately 3’ to the 5’cap, to a nucleotide located 5’ to the start codon
of the protein coding region, preferably to the nucleotide located immediately 5’ to the start
codon of the protein coding region. The nucleotide located immediately 3’ to the 5’cap of a
mature mRNA typically corresponds to the transcriptional start site. The term “corresponds
to” means that the 5'UTR sequence may be an RNA sequence, such as in the mRNA
sequence used for defining the 5'UTR sequence, or a DNA sequence which corresponds to
such RNA sequence. In the context of the present invention, the term “a 5’UTR of a gene”,
such as “a 5'UTR of a TOP gene”, is the sequence which corresponds to the 5'UTR of the
mature mRNA derived from this gene, i.e. the mRNA obtained by transcription of the gene
and maturation of the pre-mature mRNA. The term “5’UTR of a gene” encompasses the

DNA sequence and the RNA sequence of the 5’UTR.
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5'Terminal Oligopyrimidine Tract (TOP):  The 5’terminal oligopyrimidine tract (TOP) is

typically a stretch of pyrimidine nucleotides located at the 5’ terminal region of a nucleic
acid molecule, such as the 5’ terminal region of certain mRNA molecules or the 5’ terminal
region of a functional entity, e.g. the transcribed region, of certain genes. The sequence
starts with a cytidine, which usually corresponds to the transcriptional start site, and is fol-
lowed by a stretch of usually about 3 to 30 pyrimidine nucleotides. For example, the TOP
may comprise 3, 4, 5, 6,7,8,9,10, 11, 12,13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24,
25, 26, 27, 28, 29, 30 or even more nucleotides. The pyrimidine stretch and thus the 5’
TOP ends one nucleotide 5’ to the first purine nucleotide located downstream of the TOP.
Messenger RNA that contains a 5'terminal oligopyrimidine tract is often referred to as 5'
TOP mRNA. Accordingly, genes that provide such messenger RNAs are referred to as TOP
genes. TOP sequences have, for example, been found in genes and mRNAs encoding pep-

tide elongation factors and ribosomal proteins.

TOP motif:  In the context of the present invention, a TOP motif is a nucleic acid se-
quence which corresponds to a 5'TOP as defined above. Thus, a TOP motif in the context
of the present invention is preferably a stretch of pyrimidine nucleotides having a length of
3-30 nucleotides. Preferably, the TOP-motif consists of at least 3 pyrimidine nucleotides,
preferably at least 4 pyrimidine nucleotides, preferably at least 5 pyrimidine nucleotides,
more preferably at least 6 nucleotides, more preferably at least 7 nucleotides, most prefera-
bly at least 8 pyrimidine nucleotides, wherein the stretch of pyrimidine nucleotides prefera-
bly starts at its 5’end with a cytosine nucleotide. In TOP genes and TOP mRNAs, the TOP-
motif preferably starts at its 5’end with the transcriptional start site and ends one nucleotide
5’ to the first purin residue in said gene or mMRNA. A TOP motif in the sense of the present
invention is preferably located at the 5’end of a sequence which represents a 5’UTR or at
the 5’end of a sequence which codes for a 5’UTR. Thus, preferably, a stretch of 3 or more
pyrimidine nucleotides is called “TOP motif” in the sense of the present invention if this
stretch is located at the 5’end of a respective sequence, such as the artificial nucleic acid
molecule according to the present invention, the 5'UTR element of the artificial nucleic
acid molecule according to the present invention, or the nucleic acid sequence which is
derived from the 5'UTR of a TOP gene as described herein. In other words, a stretch of 3 or

more pyrimidine nucleotides which is not located at the 5’-end of a 5’UTR or a 5’UTR ele-
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ment but anywhere within a 5'UTR or a 5’"UTR element is preferably not referred to as “TOP

motif”.

TOP gene:  TOP genes are typically characterised by the presence of a 5’ terminal oli-
gopyrimidine tract. Furthermore, most TOP genes are characterized by a growth-associated

translational regulation. However, also TOP genes with a tissue specific translational regula-

tion are known. As defined above, the 5’UTR of a TOP gene corresponds to the sequence of
a 5'UTR of a mature mRNA derived from a TOP gene, which preferably extends from the
nucleotide located 3’ to the 5’cap to the nucleotide located 5’ to the start codon. A 5'UTR
of a TOP gene typically does not comprise any start codons, preferably no upstream AUGs
(UAUGsS) or upstream open reading frames (UORFs). Therein, upstream AUGs and upstream
open reading frames are typically understood to be AUGs and open reading frames that
occur 5’ of the start codon (AUG) of the open reading frame that should be translated. The
5’UTRs of TOP genes are generally rather short. The lengths of 5’UTRs of TOP genes may
vary between 20 nucleotides up to 500 nucleotides, and are typically less than about 200
nucleotides, preferably less than about 150 nucleotides, more preferably less than about
100 nucleotides. Exemplary 5’UTRs of TOP genes in the sense of the present invention are
the nucleic acid sequences extending from the nucleotide at position 5 to the nucleotide
located immediately 5’ to the start codon (e.g. the ATG) in the sequences according to SEQ
ID NOs. 1-1363, 1435, 1461 and 1462.

In a first aspect, the present invention relates to an artificial nucleic acid molecule

comprising:

a. at least one 5’-untranslated region element (5’UTR element) which comprises or
consists of a nucleic acid sequence which is derived from the 5’UTR of a TOP gene

or which is derived from a variant of the 5’UTR of a TOP gene; and

b. at least one open reading frame (ORF).

Preferably, the artificial nucleic acid molecule further comprises:

c.  atleast one histone stem-loop.
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Such an artificial nucleic acid molecule may be DNA or RNA. In case the artificial nucleic
acid molecule is DNA it may be used for providing RNA, preferably an mRNA with a corre-
sponding sequence as is described further below. The inventive artificial nucleic acid mole-
cule is particularly useful in gene therapy and genetic vaccination because it may provide
increased and/or prolonged protein production of the protein encoded by the open reading

frame.

In this context, the term ‘5’UTR element’ preferably refers to a nucleic acid sequence which
represents a 5’UTR of an artificial nucleic acid sequence, such as an artificial mRNA, or
which codes for a 5’UTR of an artificial nucleic acid molecule. Thus, preferably, a 5'UTR
element may be the 5’"UTR of an mRNA, preferably of an artificial mRNA, or it may be the
transcription template for a 5’UTR of an mRNA. Thus, a 5'UTR element preferably is a
nucleic acid sequence which corresponds to the 5’UTR of an mRNA, preferably to the
5’UTR of an artificial mRNA, such as an mRNA obtained by transcription of a genetically
engineered vector construct. Preferably, a 5’UTR element in the sense of the present
invention functions as a 5’UTR or codes for a nucleotide sequence that fulfils the function
of a 5’UTR. The term ‘5’UTR element’ furthermore refers to a fragment or part of a 5'UTR of
an artificial nucleic acid sequence, such as an artificial mMRNA, or which codes for a part or
fragment of a 5’UTR of an artificial nucleic acid molecule. This means that the 5'UTR
element in the sense of the present invention may be comprised in the 5’UTR of an artificial
nucleic acid sequence, such as an artificial mRNA, or which codes for a 5’UTR of an

artificial nucleic acid molecule.

According to the invention, the 5’UTR element comprises or consists of a nucleic acid
sequence that is derived from the 5’UTR of a TOP gene or from a variant of the 5’UTR of a
TOP gene.

The term 'a nucleic acid sequence which is derived from the 5'UTR of a TOP gene’
preferably refers to a nucleic acid sequence which is based on the 5'UTR sequence of a
TOP gene or on a fragment thereof. This term includes sequences corresponding to the
entire 5'UTR sequence, i.e. the full length 5'UTR sequence of a TOP gene, and sequences

corresponding to a fragment of the 5’UTR sequence of a TOP gene. Preferably, a fragment
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of a 5’UTR of a TOP gene consists of a continuous stretch of nucleotides corresponding to a
continuous stretch of nucleotides in the full-length 5’"UTR of a TOP gene, which represents
at least 20%, preferably at least 30%, more preferably at least 40%, more preferably at least
50%, even more preferably at least 60%, even more preferably at least 70%, even more
preferably at least 80%, and most preferably at least 90% of the full-length 5’"UTR of a TOP
gene. Such a fragment, in the sense of the present invention, is preferably a functional
fragment as described herein. A particularly preferred fragment of a 5’UTR of a TOP gene is
a 5’UTR of a TOP gene lacking the 5'TOP motif. The term '5’UTR of a TOP gene’ preferably
refers to the 5'UTR of a naturally occurring TOP gene.

The terms ‘variant of the 5’UTR of a TOP gene’ and ’variant thereof’ in the context of a
5’UTR of a TOP gene refers to a variant of the 5’UTR of a naturally occurring TOP gene,
preferably to a variant of the 5’UTR of a vertebrate TOP gene, preferably to a variant of the
3’UTR of a mammalian TOP gene, more preferably to a variant of the 3’"UTR of a human
TOP gene. Such variant may be a modified 5’UTR of a TOP gene. For example, a variant
5'UTR may exhibit one or more nucleotide deletions, insertions, additions and/or
substitutions compared to the naturally occurring 5’UTR from which the variant is derived.
Preferably, a variant of a 5'UTR of a TOP gene is at least 40%, preferably at least 50%,
more preferably at least 60%, more preferably at least 70%, even more preferably at least
80%, even more preferably at least 90%, most preferably at least 95% identical to the
naturally occurring 5’UTR the variant is derived from. Preferably, the variant is a functional

variant as described herein.

The term “a nucleic acid sequence that is derived from a variant of the 5’UTR of a TOP
gene” preferably refers to a nucleic acid sequence which is based on a variant of a 5'UTR
sequence of a TOP gene or on a fragment thereof. This term includes sequences
corresponding to the entire variant 5'UTR sequence, i.e. the full length variant 5'UTR
sequence of a TOP gene, and sequences corresponding to a fragment of the variant 5’'UTR
sequence of a TOP gene. Preferably, a fragment of a variant of the 5’UTR of a TOP gene
consists of a continuous stretch of nucleotides corresponding to a continuous stretch of
nucleotides in the full-length variant 5’UTR of a TOP gene, which represents at least 20%,
preferably at least 30%, more preferably at least 40%, more preferably at least 50%, even

more preferably at least 60%, even more preferably at least 70%, even more preferably at
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least 80%, and most preferably at least 90% of the full-length variant 5'UTR of a TOP gene.
Such a fragment of a variant, in the sense of the present invention, is preferably a functional

fragment as described herein.

Thus, the 5'UTR element of the artificial nucleic acid molecule may comprise or consist of a
fragment of the 5’UTR of a TOP gene or of a fragment of a variant of the 5’UTR of a TOP
gene or may comprise or consist of the entire 5’UTR of a TOP gene or may comprise or

consist of a variant of the 5’UTR of a TOP gene.

The 5’UTR element is preferably suitable for increasing protein production from the artificial

nucleic acid molecule.

Preferably, the at least one 5'UTR element is functionally linked to the ORF. This means
preferably that the 5’UTR element is associated with the ORF such that it may exert a
function, such as a protein production increasing function for the protein encoded by the
ORF or a stabilizing function on the artificial nucleic acid molecule. Preferably, the 5'UTR
element and the ORF are associated in 5’3’ direction. Thus, preferably, the artificial
nucleic acid molecule comprises the structure 5’-5'UTR element-(optional)linker-ORF-3’,
wherein the linker may be present or absent. For example, the linker may be one or more
nucleotides, such as a stretch of 1-50 or 1-20 nucleotides, e.g., comprising or consisting of

one or more restriction enzyme recognition sites (restriction sites).

Preferably, the 5’UTR element and the at least one open reading frame are heterologous.
The term ’heterologous’ in this context means that the open reading frame and the 5'UTR
element are not occurring naturally (in nature) in this combination. Preferably, the 5’UTR
element is derived from a different gene than the open reading frame. For example, the ORF
may be derived from a different gene than the 5'UTR element, e.g. encoding a different
protein or the same protein but of a different species etc. For example, the ORF does not

encode the protein which is encoded by the gene from which the 5’UTR element is derived.

In a preferred embodiment, the 5'UTR element, preferably the artificial nucleic acid
molecule, does not comprise a complete TOP-motif or 5'TOP sequence. Thus, preferably,

the 5’UTR element, preferably the artificial nucleic acid molecule, does not comprise the
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complete TOP-motif of the TOP gene from which the nucleic acid sequence of the 5'UTR
element is derived. For example, the 5’UTR element or the artificial nucleic acid molecule
according to the present invention may comprise 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 or more
pyrimidine residues of the TOP-motif or 5'TOP, preferably 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 or
more pyrimidine residues of the TOP-motif located at the 3’side of the TOP-motif or 5'TOP.
For example, the 5’UTR element may comprise or consist of a nucleic acid sequence which
starts at its 5'end with a pyrimidine residue that corresponds to residue 2, 3, 4, 5, 6, 7, 8, 9,
10 etc. of the TOP-motif or 5'TOP of the TOP gene from which the nucleic acid sequence
of the 5’UTR element is derived.

It is particularly preferred that the 5'"UTR element, preferably the artificial nucleic acid
molecule according to the present invention, does not comprise a TOP-motif or 5'TOP. For
example, the nucleic acid sequence of the 5’'UTR element which is derived from a 5'UTR of
a TOP gene starts at its 5-end with a nucleotide located at position 1, 2, 3, 4,5, 6, 7, 8, 9
or 10 downstream of the 5terminal oligopyrimidine tract (TOP) of the 5’UTR of a TOP
gene. Position 1 downstream of the 5’terminal oligopyrimidine tract (TOP) is the first purine
based nucleotide 3’ of the TOP-motif or the 5'TOP. Accordingly, position 1 downstream of
the 5'terminal oligopyrimidine tract is the first nucleotide following the 3’-end of the
5'terminal oligopyrimidine tract in 5’-3’-direction. Likewise, position 2 downstream of the
5'TOP is the second nucleotide following the end of the 5’terminal oligopyrimidine tract,

position 3 the third nucleotide and so on.

Therefore, the 5’UTR element preferably starts 5, 10, 15, 20, 25, 30, 40 or 50 nucleotides

downstream of the transcriptional start site of the 5’UTR of a TOP gene.

In some embodiments, the nucleic acid sequence of the 5’"UTR element which is derived
from a 5'UTR of a TOP gene terminates at its 3’-end with a nucleotide located at position 1,
2,3,4,5,6,7,8,9 or 10 upstream of the start codon (e.g. A(U/T)G) of the gene or mRNA it
is derived from. Thus, the 5’UTR element does not comprise any part of the protein coding
region. Thus, preferably, the only protein coding part of the inventive artificial nucleic acid
molecule is provided by the open reading frame. However, the open reading frame is
preferably derived - as said above — from a gene that is different to the gene the 5'UTR

element is derived from.
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It is particularly preferred that the 5’UTR element does not comprise a start codon, such as
the nucleotide sequence A(U/T)G. Thus, preferably, the artificial nucleic acid molecule will
not comprise any upstream AUGs (or upstream ATGs in case it is a DNA molecule). In other
words, in some embodiments, it may be preferred that the AUG or ATG, respectively, of the

open reading frame is the only start codon of the artificial nucleic acid molecule.

Additionally, it is preferred that the 5’UTR element does not comprise an open reading
frame. Thus, preferably, the artificial nucleic acid molecule will not comprise any upstream

open reading frames.

The nucleic acid sequence which is derived from the 5'UTR of a TOP gene is derived from
a eukaryotic TOP gene, preferably a plant or animal TOP gene, more preferably a chordate
TOP gene, even more preferably a vertebrate TOP gene, most preferably a mammalian TOP

gene, such as a human or mouse TOP gene.

Preferably, the artificial nucleic acid molecule according to the present invention comprises
a 5’UTR element which comprises or consists of a nucleic acid sequence which is derived
from the 5’UTR of a TOP gene or which is derived from a variant of the 5’'UTR of a TOP
gene, wherein the TOP gene is a plant or animal TOP gene, more preferably a chordate
TOP gene, even more preferably a vertebrate TOP gene, most preferably a mammalian TOP
gene, such as a human or mouse TOP gene and which optionally does not comprise the
nucleotide sequence A(U/T)G and optionally does not comprise an open reading frame; at
least one open reading frame (ORF); and optionally at least one histone-stem loop; wherein
optionally the 5’UTR element does not comprise a TOP motif and wherein optionally the
5’UTR element starts at its 5'-end with a nucleotide located at position 1, 2, 3, 4, 5, 6, 7, 8,
9 or 10 downstream of the 5’terminal oligopyrimidine tract (TOP) of the 5’UTR of a TOP
gene and wherein further optionally the 5'UTR element which is derived from a 5'UTR of a
TOP gene terminates at its 3’-end with a nucleotide located at position 1, 2, 3, 4, 5, 6, 7, 8,
9 or 10 upstream of the start codon (A(U/T)G) of the gene or mRNA it is derived from.

For example, the 5'UTR element comprises or consists of a nucleic acid sequence which is
derived from a nucleic acid sequence selected from the group consisting of SEQ ID NOs. 1-
1363, SEQ ID NO. 1435, SEQ ID NO. 1461 or SEQ ID NO. 1462, from the homologs of
SEQ ID NOs. 1-1363, SEQ ID NO. 1435, SEQ ID NO. 1461 or SEQ ID NO. 1462, from a

variant thereof, or a corresponding RNA sequence. The term “homologs of SEQ ID NOs. 1-
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1363, SEQ ID NO. 1435, SEQ ID NO. 1461 or SEQ ID NO. 1462, ” refers to sequences of
other species than Homo sapiens (human) or Mus musculus (mouse), which are
homologous to the sequences according to SEQ ID NOs. 1-1363, SEQ ID NO. 1435, SEQ
ID NO. 1461 or SEQ ID NO. 1462. For example, SEQ ID NO. 1 relates to a sequence
comprising the 5’UTR of Homo sapiens alpha 2 macroglobulin (A2M). A homolog of SEQ
ID NO. 1 in the context of the present invention is any such sequence derived from an
alpha 2 macroglobulin (A2M) gene or mRNA of another species than Homo sapiens
(human), such as any vertebrate, preferably any mammalian alpha 2 macroglobulin (A2M)
gene other than the human alpha 2 macroglobulin (A2M) gene, such as a mouse, rat, rabbit,

monkey etc. alpha 2 macroglobulin (A2M) gene.

In a preferred embodiment, the 5’UTR element comprises or consists of a nucleic acid
sequence which is derived from a nucleic acid sequence extending from nucleotide
position 5 (i.e. the nucleotide that is located at position 5 in the sequence) to the nucleotide
position immediately 5’ to the start codon (located at the 3’ end of the sequences), e.g. the
nucleotide position immediately 5’ to the ATG sequence, of a nucleic acid sequence
selected from SEQ 1D NOs. 1-1363, SEQ ID NO. 1435, SEQ ID NO. 1461 or SEQ ID NO.
1462 , from the homologs of SEQ ID NOs. 1-1363, SEQ ID NO. 1435, SEQ ID NO. 1461 or
SEQ ID NO. 1462, from a variant thereof, or a corresponding RNA sequence. It is
particularly preferred that the 5° UTR element is derived from a nucleic acid sequence
extending from the nucleotide position immediately 3’ to the 5-TOP to the nucleotide
position immediately 5’ to the start codon (located at the 3’ end of the sequences), e.g. the
nucleotide position immediately 5’ to the ATG sequence, of a nucleic acid sequence
selected from SEQ ID NOs. 1-1363, SEQ ID NO. 1435, SEQ ID NO. 1461 or SEQ ID NO.
1462, from the homologs of SEQ ID NOs. 1-1363, SEQ ID NO. 1435, SEQ ID NO. 1461 or
SEQ ID NO. 1462, from a variant thereof, or a corresponding RNA sequence.

In a preferred embodiment, the 5’UTR element comprises or consists of a nucleic acid
sequence which has an identity of at least about 40%, preferably of at least about 50%,
preferably of at least about 60%, preferably of at least about 70%, more preferably of at
least about 80%, more preferably of at least about 90%, even more preferably of at least
about 95%, even more preferably of at least about 99% to a nucleic acid sequence

extending from nucleotide position 5 to the nucleotide position immediately 5’ to the start
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codon (located at the 3’ end of the sequences), e.g. the nucleotide position immediately 5

to the ATG sequence of a nucleic acid sequence, selected from SEQ ID NOs. 1-1363, SEQ

~ ID NO. 1435, SEQ ID NO. 1461 or SEQ ID NO. 1462, or a corresponding RNA sequence,

or wherein the at least one 5’UTR element comprises or consists of a fragment of a nucleic
acid sequence which has an identity of at least about 40%, preferably of at least about 50%,
preferably of at least about 60%, preferably of at least about 70%, more preferably of at
least about 80%, more preferably of at least about 90%, even more preferably of at least
about 95%, even more preferably of at least about 99% to a nucleic acid sequence
extending from nucleotide position 5 to the nucleotide position immediately 5’ to the start
codon (located at the 3’ end of the sequences), e.g. the nucleotide position immediately 5’
to the ATG sequence of a nucleic acid sequence, selected from SEQ ID NOs. 1-1363, SEQ
ID NO. 1435, SEQ ID NO. 1461 or SEQ ID NO. 1462, or a corresponding RNA sequence,
wherein, preferably, the fragment is as described above, i.e. being a continuous stretch of
nucleotides representing at least 20% etc. of the full-length 5’UTR the fragment is derived

from.

Preferably, the 5'UTR element comprises or consists of a nucleic acid sequence which has
an identity of at least about 40%, preferably of at least about 50%, preferably of at least
about 60%, preferably of at least about 70%, more preferably of at least about 80%, more
preferably of at least about 90%, even more preferably of at least about 95%, even more
preferably of at least about 99% to a nucleic acid sequence extending from the nucleotide
position immediately 3’ to the 5'TOP to the nucleotide position immediately 5’ to the start
codon (located at the 3’ end of the sequences), e.g. the nucleotide position immediately 5’
to the ATG sequence, of a nucleic acid sequence selected from SEQ ID NOs. 1-1363, SEQ
ID NO. 1435, SEQ ID NO. 1461 or SEQ ID NO. 1462, or a corresponding RNA sequence,
or wherein the at least one 5'UTR element comprises or consists of a fragment of a nucleic
acid sequence which has an identity of at least about 40%, preferably of at least about 50%,
preferably of at least about 60%, preferably of at least about 70%, more preferably of at
least about 80%, more preferably of at least about 90%, even more preferably of at least
about 95%, even more preferably of at least about 99% to a nucleic acid sequence
extending from the nucleotide position immediately 3’ to the 5'TOP to the nucleotide
position immediately 5’ to the start codon (located at the 3’ end of the sequences), e.g. the

nucleotide position immediately 5’ to the ATG sequence, of a nucleic acid sequence
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selected from SEQ ID NOs. 1-1363, SEQ ID NO. 1435, SEQ ID NO. 1461 or SEQ ID NO.
1462, or a corresponding RNA sequence, wherein, preferably, the fragment is as described
above, i.e. being a continuous stretch of nucleotides representing at least 20% etc. of the

full-length 5'UTR the fragment is derived from.

Preferably, the above defined fragments and variants (e.g. exhibiting at least 40% identity) of
the sequences according to SEQ ID NOs. 1-1363, SEQ ID NO. 1435, SEQ ID NO. 1461 or

SEQ ID NO. 1462, are functional fragments and variants as described herein.

Furthermore, the artificial nucleic acid molecule according to the present invention may
comprise more than one 5'UTR elements as described above. For example, the artificial
nucleic acid molecule according to the present invention may comprise one, two, three,
four or more 5'UTR elements, wherein the individual 5’UTR elements may be the same or
they may be different. For example, the artificial nucleic acid molecule according to the
present invention may comprise two essentially identical 5’UTR elements as described
above, e.g. two 5’UTR elements comprising or consisting of a nucleic acid sequence which
is derived from a nucleic acid sequence selected from the group consisting of SEQ 1D NOs.
1-1363, SEQ ID NO. 1435, SEQ ID NO. 1461 or SEQ ID NO. 1462, from the homologs of
SEQ ID NOs. 1-1363, SEQ ID NO. 1435, SEQ ID NO. 1461 or SEQ ID NO. 1462 , from a
variant thereof, or a corresponding RNA sequence or from functional variants thereof,

functional fragments thereof, or functional variant fragments thereof as described above.

In a particularly preferred embodiment, the 5'UTR element comprises or consists of a
nucleic acid sequence which is derived from a 5’"UTR of a TOP gene encoding a ribosomal
protein or from a variant of a 5'UTR of a TOP gene encoding a ribosomal protein.
Particularly preferred 5’UTR elements comprise or consist of a nucleic acid sequence
which are derived from a 5° UTR of a TOP gene coding for a ribosomal protein selected
from RPSA, RPS2, RPS3, RPS3A, RPS4, RPS5, RPS6, RPS7, RPSs, RPS9, RPS10, RPS11,
RPS12, RPS13, RPS14, RPS15, RPS15A, RPS16, RPS17, RPS18, RPS19, RPS20, RPS21,
RPS23, RPS24, RPS25, RPS26, RPS27, RPS27A, RPS28, RPS29, RPS30, RPL3, RPL4,
RPL5, RPL6, RPL7, RPL7A, RPLs8, RPL9, RPL10, RPL10A, RPL11, RPL12, RPL13,
RPL138A, RPL14, RPL15, RPL17, RPL1s, RPL18A, RPL19, RPL21, RPL22, RPL23,
RPL23A, RPL24, RPL26, RPL27, RPL27A, RPL28, RPL29, RPL30, RPL31, RPL32,
RPL34, RPL35, RPL35A, RPL36, RPL36A, RPL37, RPL37A, RPL38, RPL39, RPL40,
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RPL41, RPLPo, RPLP1, RPLP2, RPLP3, UBA52. Particularly preferred are nucleic acid
sequences which are derived from a 5 UTR of TOP genes vertebrate coding for ribosomal

proteins, such as mammalian ribosomal proteins e.g. human or mouse ribosomal proteins.

For example, the 5’UTR element comprises or consists of a nucleic acid sequence which is
derived from a 5'UTR of a nucleic acid sequence according to any ofSEQ ID NOs: 170,
232, 244, 259, 1284, 1285, 1286, 1287, 1288, 1289, 1290, 1291, 1292, 1293, 1294,
1295, 1296, 1297, 1298, 1299, 1300, 1301, 1302, 1303, 1304, 1305, 1306, 1307, 1308,
1309, 1310, 1311, 1312, 1313, 1314, 1315, 1316, 1317, 1318, 1319, 1320, 1321, 1322,
1323, 1324, 1325, 1326, 1327, 1328, 1329, 1330, 1331, 1332, 1333, 1334, 1335, 1336,
1337, 1338, 1339, 1340, 1341, 1342, 1343, 1344, 1346, 1347, 1348, 1349, 1350, 1351,
1352, 1353, 1354, 1355, 1356, 1357, 1358, 1359, or 1360; a corresponding RNA
sequence, a homolog thereof, or a variant thereof as described herein, preferably lacking
the 5'TOP motif. As described above, the sequence extending from position 5 to the
nucleotide immediately 5’ to the ATG (which is located at the 3’end of the sequences)

corresponds to the 5’UTR of said sequences.

Preferably, the 5’UTR element comprises or consists of a nucleic acid sequence which has
an identity of at least about 40%, preferably of at least about 50%, preferably of at least
about 60%, preferably of at least about 70%, more preferably of at least about 80%, more
preferably of at least about 90%, even more preferably of at least about 95%, even more
preferably of at least about 99% to the 5'UTR of a nucleic acid sequence according to any
of SEQ ID NOs: 170, 232, 244, 259, 1284, 1285, 1286, 1287, 1288, 1289, 1290, 1291,
1292, 1293, 1294, 1295, 1296, 1297, 1298, 1299, 1300, 1301, 1302, 1303, 1304, 1305,
1306, 1307, 1308, 1309, 1310, 1311, 1312, 1313, 1314, 1315, 1316, 1317, 1318, 1319,
1320, 1321, 1322, 1323, 1324, 1325, 1326, 1327, 1328, 1329, 1330, 1331, 1332, 1333,
1334, 1335, 1336, 1337, 1338, 1339, 1340, 1341, 1342, 1343, 1344, 1346, 1347, 1348,
1349, 1350, 1351, 1352, 1353, 1354, 1355, 1356, 1357, 1358, 1359, or 1360; or a
corresponding RNA sequence, preferably lacking the 5'TOP motif, or wherein the at least
one 5'UTR element comprises or consists of a fragment of a nucleic acid sequence which
has an identity of at least about 40%, preferably of at least about 50%, preferably of at least
about 60%, preferably of at least about 70%, more preferably of at least about 80%, more

preferably of at least about 90%, even more preferably of at least about 95%, even more
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preferably of at least about 99% to the 5'UTR of a nucleic acid sequence according to SEQ
ID NOs: 170, 232, 244, 259, 1284, 1285, 1286, 1287, 1288, 1289, 1290, 1291, 1292,
1293, 1294, 1295, 1296, 1297, 1298, 1299, 1300, 1301, 1302, 1303, 1304, 1305, 1306,
1307, 1308, 1309, 1310, 1311, 1312, 1313, 1314, 1315, 1316, 1317, 1318, 1319, 1320,
1321, 1322, 1323, 1324, 1325, 1326, 1327, 1328, 1329, 1330, 1331, 1332, 1333, 1334,
1335, 1336, 1337, 1338, 1339, 1340, 1341, 1342, 1343, 1344, 1346, 1347, 1348, 1349,
1350, 1351, 1352, 1353, 1354, 1355, 1356, 1357, 1358, 1359, or 1360; or a
corresponding RNA sequence, wherein, preferably, the fragment is as described above, i.e.
being a continuous stretch of nucleotides representing at least 20% etc. of the full-length
5’UTR, preferably lacking the 5'TOP motif. Preferably, the fragment exhibits a length of at
least about 20 nucleotides or more, preferably of at least about 30 nucleotides or more,
more preferably of at least about 40 nucleotides or more. Preferably, the fragment is a

functional fragment as described herein.

Preferably, the 5’UTR element comprises or consists of a nucleic acid sequence which is
derived from a 5'UTR of a TOP gene encoding a ribosomal Large protein (RPL) or from a
variant of a 5’UTR of a TOP gene encoding a ribosomal Large protein (RPL). For example,
the 5'UTR element comprises or consists of a nucleic acid sequence which is derived from
a 5'UTR of a nucleic acid sequence according to any of SEQ ID NOs: 67, 259, 1284-1318,
1344, 1346, 1348-1354, 1357, 1461 and 1462, a corresponding RNA sequence, a homolog

thereof, or a variant thereof as described herein, preferably lacking the 5'TOP motif.

Preferably, the 5'UTR element comprises or consists of a nucleic acid sequence which has
an identity of at least about 40%, preferably of at least about 50%, preferably of at least
about 60%, preferably of at least about 70%, more preferably of at least about 80%, more
preferably of at least about 90%, even more preferably of at least about 95%, even more
preferably of at least about 99% to the 5'UTR of a nucleic acid sequence according to any
of SEQ ID NOs. 67, 259, 1284-1318, 1344, 1346, 1348-1354, 1357, and 1358 or a
corresponding RNA sequence, preferably lacking the 5'TOP motif, or wherein the at least
one 5’UTR element comprises or consists of a fragment of a nucleic acid sequence which
has an identity of at least about 40%, preferably of at least about 50%, preferably of at least
about 60%, preferably of at least about 70%, more preferably of at least about 80%, more

preferably of at least about 90%, even more preferably of at least about 95%, even more



10

15

20

25

30

WO 2013/143699 PCT/EP2013/000937
36

preferably of at least about 99% to the 5'UTR of a nucleic acid sequence according to SEQ
ID NOs: 67, 259, 1284-1318, 1344, 1346, 1348-1354, 1357, 1461 and 1462 or a
corresponding RNA sequence, wherein, preferably, the fragment is as described above, i.e.
being a continuous stretch of nucleotides representing at least 20% etc. of the full-length
5'UTR, preferably lacking the 5'TOP motif. Preferably, the fragment exhibits a length of at
least about 20 nucleotides or more, preferably of at least about 30 nucleotides or more,
more preferably of at least about 40 nucleotides or more. Preferably, the fragment is a

functional fragment as described herein.

In a particularly preferred embodiment, the 5’UTR element comprises or consists of a nu-
cleic acid sequence which is derived from the 5’UTR of a ribosomal protein Large 32 gene
(RPL32), a ribosomal protein Large 35 gene (RPL35), a ribosomal protein Large 21 gene
(RPL21), an ATP synthase, H+ transporting, mitochondrial F1 complex, alpha subunit 1,
cardiac muscle (ATP5A1) gene, an hydroxysteroid (17-beta) dehydrogenase 4 gene
(HSD17B4), an androgen-induced 1 gene (AIG1), cytochrome c oxidase subunit Vic gene
(COX6C), or a N-acylsphingosine amidohydrolase (acid ceramidase) 1 gene (ASAH1) or
from a variant thereof, preferably from a vertebrate ribosomal protein Large 32 gene
(RPL32), a vertebrate ribosomal protein Large 35 gene (RPL35), a vertebrate ribosomal pro-
tein Large 21 gene (RPL21), a vertebrate ATP synthase, H+ transporting, mitochondrial F1
complex, alpha subunit 1, cardiac muscle (ATP5A1) gene, a vertebrate hydroxysteroid (17-
beta) dehydrogenase 4 gene (HSD17B4), a vertebrate androgen-induced 1 gene (AIG1), a
vertebrate cytochrome c oxidase subunit Vic gene (COX6C), or a vertebrate N-
acylsphingosine amidohydrolase (acid ceramidase) 1 gene (ASAHT) or from a variant
thereof, more preferably from a mammalian ribosomal protein Large 32 gene (RPL32), a
ribosomal protein Large 35 gene (RPL35), a ribosomal protein Large 21 gene (RPL21), a
mammalian ATP synthase, H+ transporting, mitochondrial F1 complex, alpha subunit 1,
cardiac muscle (ATP5AT) gene, a mammalian hydroxysteroid (17-beta) dehydrogenase 4
gene (HSD17B4), a mammalian androgen-induced 1 gene (AIG1), a mammalian cyto-
chrome c oxidase subunit Vic gene (COX6C), or a mammalian N-a.cylsphingosine amido-
hydrolase (acid ceramidase) 1 gene (ASAH1) or from a variant thereof, most preferably from
a human ribosomal protein Large 32 gene (RPL32), a human ribosomal protein Large 35
gene (RPL35), a human ribosomal protein Large 21 gene (RPL21), a human ATP synthase,

H+ transporting, mitochondrial F1 complex, alpha subunit 1, cardiac muscle (ATP5AT1)
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gene, a human hydroxysteroid (17-beta) dehydrogenase 4 gene (HSD17B4), a human an-
drogen-induced 1 gene (AIG1), a human cytochrome c oxidase subunit Vic gene (COX6C),
or a human N-acylsphingosine amidohydrolase (acid ceramidase) 1 gene (ASAH1) or from a
variant thereof, wherein preferably the 5’UTR element does not comprise the 5'TOP of said

gene.

Accordingly, in a particularly preferred embodiment, the 5'UTR element comprises or
consists of a nucleic acid sequence which has an identity of at least about 40%, preferably
of at least about 50%, preferably of at least about 60%, preferably of at least about 70%,
more preferably of at least about 80%, more preferably of at least about 90%, even more
preferably of at least about 95%, even more preferably of at least about 99% to the nucleic
acid sequence accord'ing to SEQ ID No. 1368, or SEQ ID NOs 1452-1460 or a
corresponding RNA sequence, or wherein the at least one 5’'UTR element comprises or
consists of a fragment of a nucleic acid sequence which has an identity of at least about
40%, preferably of at least about 50%, preferably of at least about 60%, preferably of at
least about 70%, more preferably of at least about 80%, more preferably of at least about
90%, even more preferably of at least about 95%, even more preferably of at least about
99% to the nucleic acid sequence according to SEQ ID No. 1368, or SEQ ID NOs 1452-
1460 wherein, preferably, the fragment is as described above, i.e. being a continuous
stretch of nucleotides representing at least 20% etc. of the full-length 5’UTR. Preferably, the
fragment exhibits a length of at least about 20 nucleotides or more, preferably of at least
about 30 nucleotides or more, more preferably of at least about 40 nucleotides or more.

Preferably, the fragment is a functional fragment as described herein.

Preferably, the at least one 5’UTR element exhibits a length of at least about 20 nucleotides
or more, preferably of at least about 30 nucleotides or more, more preferably of at least
about 40 nucleotides or more. However, it may be preferred if the 5’UTR element of the
artificial nucleic acid molecule is rather short. Accordingly, it may have a length of less than
about 200, preferably less than 150, more preferably less than 100 nucleotides. For
example, the 5’'UTR may have a length of less than about 25, 30, 35, 40, 45, 50, 55, 60, 65,
70, 80, 85, 90, 95, 100, 105, 110, 115, 120, 125, 130, 135, 140, 145, 150, 155, 160, 165,
170, 175, 180, 185, 190, 195, 200 nucleotides Preferably, the 5’UTR element may have a
length of about 20-25, 26-30, 31-35, 36-40, 41-45, 46-50, 51-55, 56-60, 61-65, 66-70, 71-
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80, 81-85, 86-90, 91-95, 96-100, 101-105, 106-110, 111-115, 116-120, 121-125, 126-
130, 131-135, 136-140, 141-145, 146-150, 151-155, 156-160, 161-165, 166-170, 171-
175, 176-180, 181-185, 186-190, 191-195, 196-200 or more nucleotides. For example, the
5'UTR element may have a length of about 20, 26, 31, 36, 41, 46, 51, 56, 61, 66, 71, 81,
86, 91, 96, 101, 106, 111, 116, 121, 126, 131, 136, 141, 146, 151, 156, 161, 166, 171,
176, 181, 186, 191 or 196 nuclectides. Preferably, the 5’UTR element may have a length
from about 20, 30, 40 or more to less than about 200 nucleotides, more preferably from
about 20, 30, 40 or more to less than about 150 nucleotides, most preferably from about

20, 30, 40 or more to less than about 100 nucleotides.

Preferred 5’UTR elements are derived from a 5" UTR of a TOP gene selected from RPSA,
RPS2, RPS3, RPS3A, RPS4, RPS5, RPS6, RPS7, RPS8, RPS9, RPS10, RPS11, RPS12, RPS13,

- RPS14, RPS15, RPS15A, RPS16, RPS17, RPS18, RPS19, RPS20, RPS21, RPS23, RPS24,

RPS25, RPS26, RPS27, RPS27A, RPS28,-RPS29, RPS30, RPL3, RPL4, RPL5, RPL6, RPL7,
RPL7A, RPL8, RPL9, RPL10, RPL10A, RPL11, RPL12, RPL13, RPL13A, RPL14, RPL15,
RPL17, RPL18, RPL18A, RPL19, RPL21, RPL22, RPL23, RPL23A, RPL24, RPL26, RPL27,
RPL27A, RPL28, RPL29, RPL30, RPL31, RPL32, RPL34, RPL35, RPL35A, RPL36, RPL36A,
RPL37, RPL37A, RPL38, RPL39, RPL40, RPL41, RPLPO, RPLP1, RPLP2, RPLP3, RPLPO,
RPLP1, RPLP2, EEF1A1, EEF1B2, EEF1D, EEF1G, EEF2, EIF3E, EIF3F, EIF3H, EIF2S3, EIF3C,
EIF3K, EIF3EIP, EIF4A2, PABPC1, HNRNPA1, TPT1, TUBB1, UBA52, NPM1, ATP5G2,
GNB2L1, NME2, UQCRB or from a variant thereof.

In some embodiments, the artificial nucleic acid molecule comprises a 5’'UTR element
which comprises or consists of a nucleic acid sequence which is derived from the 5’"UTR of
a vertebrate TOP gene, such as a mammalian, e.g. a human TOP gene, selected from RPSA,
RPS2, RPS3, RPS3A, RPS4, RPS5, RPS6, RPS7, RPS8, RPS9, RPS10, RPS11, RPS12, RPS13,
RPS14, RPS15, RPS15A, RPS16, RPS17, RPS18, RPS19, RPS20, RPS21, RPS23, RPS24,
RPS25, RPS26, RPS27, RPS27A, RPS28, RPS29, RPS30, RPL3, RPL4, RPL5, RPL6, RPL7,
RPL7A, RPL8, RPL9, RPL10, RPL10A, RPL11, RPL12, RPL13, RPL13A, RPL14, RPL15,
RPL17, RPL18, RPL18A, RPL19, RPL21, RPL22, RPL23, RPL23A, RPL24, RPL26, RPL27,
RPL27A, RPL28, RPL29, RPL30, RPL31, RPL32, RPL34, RPL35, RPL35A, RPL36, RPL36A,
RPL37, RPL37A, RPL38, RPL39, RPL40, RPL41, RPLPO, RPLP1, RPLP2, RPLP3, RPLPO,
RPLP1, RPLP2, EEF1A1, EEF1B2, EEF1D, EEF1G, EEF2, EIF3E, EIF3F, EIF3H, EIF2S3, EIF3C,
EIF3K, EIF3EIP, EIF4A2, PABPC1, HNRNPA1, TPT1, TUBB1, UBA52, NPM1, ATP5G2,
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GNB2L1, NME2, UQCRB or from a variant thereof, wherein preferably the 5’UTR element
does not comprise a TOP motif or the 5'TOP of said genes, and wherein optionally the
5'UTR element starts at its 5’-end with a nucleotide located at position 1, 2, 3, 4, 5, 6, 7, 8,
9 or 10 downstream of the 5'terminal oligopyrimidine tract (TOP) and wherein further
optionally the 5'UTR element which is derived from a 5’"UTR of a TOP gene terminates at its
3’-end with a nucleotide located at position 1, 2, 3, 4, 5, 6, 7, 8, 9 or 10 upstream of the
start codon (A(U/T)G) of the gene it is derived from.

In a particularly preferred embodiment, the artificial nucleic acid molecule further

comprises a histone stem-loop.

Accordingly, it is particularly preferred that the artificial nucleic acid molecule according to

the present invention comprises:

a.  at least one 5’-untranslated region element (5’UTR element) which comprises or
consists of a nucleic acid sequence which is derived from the 5'UTR of a TOP gene

or which is derived from a variant of the 5’UTR of a TOP gene as described above;
b. at least one open reading frame (ORF); and

c.  atleast one histone stem-loop.

The combination of a 5'UTR element as described above with a histone stem-loop may
have a particularly advantageous effect in providing prolonged and possibly also enhanced

translation of an RNA molecule.

In the context of the present invention, such a histone stem-loop is typically derived from a
histone gene and comprises an intramolecular base pairing of two neighbored entirely or
partially reverse complementary sequences, thereby forming a stem-loop. A stem-loop can
occur in single-stranded DNA or, more commonly, in RNA. The structure is also known as a
hairpin or hairpin loop and usually consists of a stem and a (terminal) loop within a
consecutive sequence, wherein the stem is formed by two neighbored entirely or partially
reverse complementary sequences separated by a short sequence as sort of spacer, which
builds the loop of the stem-loop structure. The two neighbored entirely or partially reverse

complementary sequences may be defined as e.g. stem-loop elements stem1 and stem2.
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The stem loop is formed when these two neighbored entirely or partially reverse
complementary sequences, e.g. stem-loop elements stem1 and stem2, form base-pairs with
each other, leading to a double stranded nucleic acid sequence comprising an unpaired
loop at its terminal ending formed by the short sequence located between stem-loop
elements stem1 and stem2 on the consecutive sequence. The unpaired loop thereby
typically represents a region of the nucleic acid which is not capable of base pairing with
either of these stem-loop elements. The resulting lollipop-shaped structure is a key building
block of many RNA secondary structures. The formation of a stem-loop structure is thus
dependent on the stability of the resulting stem and loop regions, wherein the first
prerequisite is typically the presence of a sequence that can fold back on itself to form a
paired double strand. The stability of paired stem-loop elements is determined by the
length, the number of mismatches or bulges it contains (a small number of mismatches is
typically tolerable, especially in a long double strand), and the base composition of the
paired region. In the context of the present invention, optimal loop length is 3-10 bases,
more preferably 3 to 8, 3 to 7, 3 to 6 or even more preferably 4 to 5 bases, and most

preferably 4 bases.

Preferably, the at least one histone stem-loop is functionally associated to the ORF. This
means that the at least one histone stem-loop is preferably positioned within the artificial
nucleic acid molecule such that it is able to exert its function, for example, its function of
increasing protein production from the ORF or stabilizing the artificial nucleic acid

molecule.

Preferably, the histone stem-loop is located 3’ to the ORF. For example, the histone stem-
loop may be connected to the 3’-end of the ORF directly or via a linker, for example via a
stretch of nucleotides, such as 2, 4, 6, 8, 10 etc. nucleotides, e.g. comprising one or more
restriction sites, or the histone stem-loop may be located within or between or downstream
of other structures located 3’ to the ORF, such as within a 3’'UTR element, or between a
poly(A) sequence and a poly(C) sequence, or down-stream of a poly(A) and/or a poly(C)
sequence, or the histone stem-loop may be located at the 3’-end of the artificial nucleic
acid molecule. The term “located at the 3’-end” also includes embodiments, wherein the
histone stem-loop is followed in 3’-direction by few nucleotides which remain, e.g., after a

restriction enzyme cleavage.
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Preferably, the 5’"UTR element and the histone stem-loop are chosen and positioned such
that they exert at least an an additive, preferably a synergistic function on protein
production from the ORF of the artificial nucleic acid molecule. Preferably, protein
production from the ORF is increased at least in an additive, preferably in a synergistic way
by the 5’'UTR element and the histone stem-loop. Thus, the protein amount of the protein
encoded by the ORF, such as a reporter protein, e.g. luciferase, at a certain time point after
initiation of expression of the ORF, e.g. after transfection of a test cell line, is at least the
same, preferably higher than what would be expected if the protein production increasing
effects of the 5’UTR element and the histone stem-loop were purely additive. The additive,
preferably synergistic effect may, for example, be determined by the following assay. Four
artificial nucleic acid molecules, e.g. mRNAs, comprising an ORF encoding, e.g. a reporter
protein such as luciferase, are generated, i.e. (i) lacking a 5’UTR element and a histone
stem-loop (E0), (ii) containing a 5'UTR element derived from a 5’UTR of a TOP gene or of a
variant thereof (E1), (iii) containing a histone stem-loop (E2), and (iv) containing both the
5’UTR element and the histone stem-loop (E1E2). Expression of the ORF contained in the
artificial nucleic acid molecules is initiated, for example, by transfecting a test cell line,
such as a mammalian cell line, e.g. HELA cells, or primary cells, e.g. HDF cells. Samples
are taken at specific time points after initiation of expression, for example, after 6 hours, 24
hours, 48 hours, and/or 72 hours and the amount of protein produced by expression of the
ORF contained in the artificial nucleic acid molecules is measured, for example, by an
ELISA assay or a luciferase test, depending on the type of protein encoded by the ORF. The
predicted amount of protein at a certain time point after initiation of expression obtained by
construct E1E2 if the effects of the 3’'UTR element and the 5'UTR element were purely

additive (PPA) may be calculated as follows:

PPA, = (E1, - EQ) + (E2, - EO,) + EO,,

EO is the amount of protein obtained for the construct EO (lacking a 5’UTR and a histone
stem-loop), E1 is the amount of protein obtained for the construct E1, E2 is the protein
amount obtained for the construct E2, and x is the time point after initiation of expression.
The effect on increasing protein production is additive if E1E2, = PPA,, and synergistic in

the sense of the present invention if E1E2, > PPA,, wherein E1E2, is the amount of protein
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obtained from construct E1E2 at time point x. Preferably, E1E2 is at least 1.0, more
preferably at least 1.1, more preferably at least 1.3, more preferably at least 1.5, even more
preferably at least 1.75 times PPA at a given time point post initiation of expression, such as

24 hours, 48 hours or 72 hours post initiation of expression.

Thus, in a preferred embodiment, the present invention provides an artificial nucleic acid
molecule comprising (a.) at least one 5'UTR element which comprises or consists of a
nucleic acid sequence which is derived from the 5’UTR of a TOP gene or which is derived
from a variant of the 5'UTR of a TOP geneas described above; (b.) at least one open reading
frame (ORF); and (c.) at least one histone stem-loop as described herein, wherein the
histone stem-loop and the 5’UTR element act at least additively, preferably synergistically to
increase protein production from the ORF, preferably wherein ETE2 > PPA, preferably ETE2
is at least PPA, more preferably E1E2 is at least 1.1 times PPA, more preferably E1E2 is at
least 1.3 times PPA, even more preferably wherein E1E2 is at least 1.5 times PPA at a given
time point post initiation of expression of the ORF, for example 24 hours, preferably 48

hours post initiation of expression, wherein E1E2 and PPA are as described above.

Furthermore, it is preferred that the at least one histone stem-loop and the at least one
5’UTR element have an at least additive, preferably a synergistic effect on total protein
production from the artificial nucleic acid molecule in a certain time span, such as within
24 hours, 48 hours, or 72 hours post initiation of expression. The additive, preferably the
synergistic effect may be determined as described above, with the difference that the area
under the curve (AUC) for the amount of protein over time predicted for E1E2 if the effects -

are additive is compared to the actual AUC measured for E1E2.

In a preferred embodiment of the present invention, the inventive artificial nucleic acid mole-
cule comprises or codes for (a.) at least one 5’UTR element as described above, (b.) at least
one open reading frame; and (c.) at least one histone stem-loop, preferably according to at

least one of the following formulae (1) or (1l):

formula (1) (stem-loop sequence without stem bordering elements):

N2 GNy o] [No(U/M)Nga]l [N3sCNg.
[No 35]£ 04(Y) 04/1[ 35CNo.,]
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stem1 loop stem2

formula (1) (stem-loop sequence with stem bordering elements):

Ni.s No2GNas] NoulU/MNg.l N3 sCNo] N

\_Y_/ ~
stem1 stem1 loop stem2 stem?2
bordering element bordering element

wherein:

stem1 or stem2 bordering element N, is a consecutive sequence of 1 to 6, preferably of 2 to
6, more preferably of 2 to 5, even more preferably of 3 to 5, most preferably of 4 to 5 or 5 N,
wherein each N is independently from another selected from a nucleotide selected from A, U,

T, G and C, or a nucleotide analogue thereof;

stem1 [Ny,GN;;] is reverse complementary or partially reverse complementary with ele-
ment stem2, and is a consecutive sequence of between 5 to 7 nucleotides;

wherein N, is a consecutive sequence of 0 to 2, preferably of 0 to 1, more preferably of 1
N, wherein each N is independently from another selected from a nucleotide selected from
A, U, T, G and C or a nucleotide analogue thereof;

wherein N, is a consecutive sequence of 3 to 5, preferably of 4 to 5, more preferably of 4
N, wherein each N is independently from another selected from a nucleotide selected from
A, U, T, G and C or a nucleotide analogue thereof, and

wherein G is guanosine or an analogue thereof, and may be optionally replaced by a
cytidine or an analogue thereof, provided that its complementary nucleotide cytidine in

stem2 is replaced by guanosine;

loop sequence [No4(U/T)Ng,] is located between elements stem1 and stem2, and is a con-
secutive sequence of 3 to 5 nucleotides, more preferably of 4 nucleotides;
wherein each Ny, is independent from another a consecutive sequence of 0 to 4, preferably

of 1 to 3, more preferably of 1 to 2 N, wherein each N is independently from another
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selected from a nucleotide selected from A, U, T, G and C or a nucleotide analogue thereof;
and

wherein U/T represents uridine, or optionally thymidine;

stem2 [N;5CNg,l is reverse complementary or partially reverse complementary with ele-
ment stem1, and is a consecutive sequence of between 5 to 7 nucleotides;

wherein N, is a consecutive sequence of 3 to 5, preferably of 4 to 5, more preferably of 4
N, wherein each N is independently from another selected from a nucleotide selected from
A, U, T, G and C or a nucleotide analogue thereof;

wherein N, is a consecutive sequence of 0 to 2, preferably of 0 to 1, more preferably of 1
N, wherein each N is independently from another selected from a nucleotide selected from
A, U, T, G or C or a nucleotide analogue thereof; and

wherein C is cytidine or an analogue thereof, and may be optionally replaced by a
guanosine or an analogue thereof provided that its complementary nucleotide guanosine in
stem1 is replaced by cytidine;

wherein stem1 and stem2 are capable of base pairing with each other forming a reverse
complementary sequence, wherein base pairing may occur between stem1 and stem2, e.g.
by Watson-Crick base pairing of nucleotides A and U/T or G and C or by non-Watson-Crick
base pairing e.g. wobble base pairing, reverse Watson-Crick base pairing, Hoogsteen base
pairing, reverse Hoogsteen base pairing or are capable of base pairing with each other
forming a partially reverse complementary sequence, wherein an incomplete base pairing
may occur between stem1 and stem2, on the basis that one ore more bases in one stem do

not have a complementary base in the reverse complementary sequence of the other stem.

In the above context, a wobble base pairing is typically a non-Watson-Crick base pairing
between two nucleotides. The four main wobble base pairs in the present context, which
may be used, are guanosine-uridine, inosine-uridine, inosine-adenosine, inosine-cytidine

(G-U/T, I-UrT, I-A and I-C) and adenosine-cytidine (A-C).

Accordingly, in the context of the present invention, a wobble base is a base, which forms a
wobble base pair with a further base as described above. Therefore, non-Watson-Crick base
pairing, e.g. wobble base pairing, may occur in the stem of the histone stem-loop structure

according to the present invention.
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In the above context, a partially reverse complementary sequence comprises maximally
two, preferably only one mismatch in the stem-structure of the stem-loop sequence formed
by base pairing of stem1 and stem2. In other words, stem1 and stem2 are preferably
capable of (full) base pairing with each other throughout the entire sequence of stem1 and
stem2 (100% of possible correct Watson-Crick or non-Watson-Crick base pairings), thereby
forming a reverse complementary sequence, wherein each base has its correct Watson-
Crick or non-Watson-Crick base pendant as a complementary binding partner.
Alternatively, stem1 and stem2 are preferably capable of partial base pairing with each
other throughout the entire sequence of stem1 and stem2, wherein at least about 70%,
75%, 80%, 85%, 90%, or 95% of the 100% possible correct Watson-Crick or non-Watson-
Crick base pairings are occupied with the correct Watson-Crick or non-Watson-Crick base
pairings and at most about 30%, 25%, 20%, 15%, 10%, or 5% of the remaining bases are

unpaired.

According to a preferred embodiment of the invention, the at least one histone stem-loop
sequence (with stem bordering elements) of the inventive nucleic acid sequence as defined
herein comprises a length of about 15 to about 45 nucleotides, preferably a length of about
15 to about 40 nucleotides, preferably a length of about 15 to about 35 nucleotides, pref-
erably a length of about 15 to about 30 nucleotides and even more preferably a length of

about 20 to about 30 and most preferably a length of about 24 to about 28 nucleotides.

Furthermore, the at least one histone stem-loop sequence (without stem bordering elements)
of the inventive artificial nucleic acid molecule as defined herein may comprise a length of
about 10 to about 30 nucleotides, preferably a length of about 10 to about 20 nucleotides,
preferably a length of about 12 to about 20 nucleotides, preferably a length of about 14 to
about 20 nucleotides and even more preferably a length of about 16 to about 17 and most

preferably a length of about 16 nucleotides.

Preferably, the inventive artificial nucleic acid molecule may comprise or code for (a.) at least
one 5'UTR element as described above; at least one open reading frame; and (c.) at least one
histone stem-loop sequence according to at least one of the following specific formulae (la) or

(la):
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formula (la) (stem-loop sequence without stem bordering elements):

[No.1GN; 5] [Ny 5(U/T)Ng,] [N3 sCNg]

“ —~ AN ~ J - ~ J
stemt1 loop stem?2

formula (l1a) (stem-loop sequence with stem bordering elements):

Ny.5 [NosGN3 5] [N 3(U/TINg 51 IN3 sCNosT Ny

~— ———— '\ -~ ) e o
stem1 stem1 loop stem2 stem2
bordering element bordering element

wherein N, C, G, T and U are as defined above.

Preferably, the inventive artificial nucleic acid molecule may comprise or code for (a.) at least
one 5'UTR element as described above; at least one open reading frame; and (c.) at least one

histone stem-loop sequence according to at least one of the following specific formulae (Ib) or

(lib):

formula (Ib) (stem-loop sequence without stem bordering elements):

[N;GN,] [NL(U/T)N;] [NL,CN, ]
%F___J\ ~

S —

stem] loop stem2

formula (llb) (stem;loop sequence with stem bordering elements):

Nas [N;GN,] [IN,(U/T)N,] [INL,CNL] Ny
—— ;7\ ~ _J \ Y—JH—’

stem1 stem] loop stem2  stem2
bordering element bordering element

wherein N, C, G, T and U are as defined above.
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Preferably, the inventive artificial nucleic acid molecule may comprise or code for (a.) at least
one 5'UTR element as described above; at least one open reading frame; and (c.) at least one
histone stem-loop sequence according to at least one of the following specific formulae (Ic) to
(1h) or (lic) to (I1h), shown alternatively in its stem-loop structure and as a linear sequence rep-
resenting histone stem-loop sequences as generated according to Example 1:

formula (Ic): (metazoan and protozoan histone stem-loop consensus sequence without stem
bordering elements):

N U
N

OZZZZZ
NZzZzzZzZ

N-N (stem-loop structure)

NGNNNNNNUNNNNNCN
(linear sequence) (SEQ ID NO: 1391)

formula (llc): (metazoan and protozoan histone stem-loop consensus sequence with stem
bordering elements):

N U

N N

N-N

N-N

N-N

N-N

G-C

N*N*NNNN-NNNN*N*N* (stem-loop structure)

N*N*NNNNGNNNNNNUNNNNNCNNNN*N*N*
(linear sequence) (SEQ ID NO: 1392)

formula (Id): (without stem bordering elements)
NU
N N

N-N (stem-loop structure)

NCNNNNNNUNNNNNGN
(linear sequence) (SEQ ID NO: 1393)
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formula (1ld): (with stem bordering elements) -

NU

N N
N-N
N-N
N-N
N-N
C-G

N*N*NNNN-NNNN*N*N* (stem-loop structure)

N*N*NNNNCNNNNNNUNNNNNGNNNN*N*N*
(linear sequence) (SEQ ID NO: 1394)

formula (le): (protozoan histone stem-loop consensus sequence without stem bordering
elements)
N U
N N
N-N
N-N
N-N
N-N
G-C

D-H (stem-loop structure)

DGNNNNNNUNNNNNCH
(linear sequence) (SEQ 1D NO: 1395)

formula (lle): (protozoan histone stem-loop consensus sequence with stem bordering ele-
ments)

NU

N N
N-N
N-N
N-N
N-N
G-C

N*N*NNND-HNNN*N*N* (stem-loop structure)

N*N*NNNDGNNNNNNUNNNNNCHNNN*N*N*
(linear sequence) (SEQ ID NO: 1396)
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formula (If): (metazoan histone stem-loop consensus sequence without stem bordering ele-
ments)

NU

N N

Y-V

Y-N

B-D

N-N

G-C

N-N (stem-loop structure)

NGNBYYNNUNVNDNCN
(linear sequence) (SEQ ID NO: 1397)

formula (Iif): (metazoan histone stem-loop consensus sequence with stem bordering ele-
ments)

N U
N N
Y-V
Y-N
B-D
N-N
G-C
N*N*NNNN-NNNN*N*N* (stem-loop structure)

N*N*NNNNGNBYYNNUNVNDNCNNNN*N*N*
(linear sequence) (SEQ ID NO: 1398)

formula (lg): (vertebrate histone stem-loop consensus sequence without stem bordering ele-
ments)

NU
D H

Y-A

Y-B

Y-R

H-D

G-C

N-N (stem-loop structure)

NGHYYYDNUHABRDCN
(linear sequence) (SEQ ID NO: 1399)
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formula (llg): (vertebrate histone stem-loop consensus sequence with stem bordering
elements)

NU

D H

Y-A

Y-B

Y-R

H-D

G-C

N*N*HNNN-NNNN*N*H* (stem-loop structure)

N*N*HNNNGHYYYDNUHABRDCNNNN*N*H*
(linear sequence) (SEQ 1D NO: 1400)

formula (th): (human histone stem-loop consensus sequence (Homo sapiens) without stem
bordering elements)

YU

D H

U-A

C-S

Y-R

H-R

G-C

D-C (stem-loop structure)

DGHYCUDYUHASRRCC
(linear sequence) (SEQ ID NO: 1401)

formula (Ilh): (human histone stem-loop consensus sequence (Homo sapiens) with stem
bordering elements)

YU
D H
U-A
C-S
Y-R
H-R
G-C
N*H*AAHD-CVHB*N*H* (stem loop structure)

N*H*AAHDGHYCUDYUHASRRCCVHB*N*H*
(linear sequence) (SEQ ID NO: 1402)
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wherein in each of above formulae (Ic) to (Ih) or (llc) to (l1h):

N, C, G, A, T and U are as defined above;

each U may be replaced by T;

each (highly) conserved G or C in the stem elements 1 and 2 may be replaced by its
complementary nucleotide base C or G, provided that its complementary nucleotide in the

corresponding stem is replaced by its complementary nucleotide in parallel; and/or

G ATUCGCR Y MKS W,H,B,V, D, and N are nucleotide bases as defined in the

following Table:

abbreviation | Nucleotide bases remark
G G Guanine
A A Adenine
T T Thymine
U U Uracile
C C Cytosine
R GorA Purine
Y T/U or C Pyrimidine
M AorC Amino
K GorT/U Keto
S GorC Strong (3H bonds)
w Aor T/U Weak (2H bonds)
H AorCorT/U Not G
B GorT/UorC Not A
\'% GorCorA Not T/U
D GorAorT/U Not C
N GorCorT/Uor A |Any base
* Present or not Base may be present or not

In this context, it is particularly preferred that the histone stem-loop sequence according to
at least one of the formulae (1) or (la) to (Ih) or (Il) or (l1a) to (Ith) of the present invention is
selected from a naturally occurring histone stem-loop sequence, more particularly preferred

from protozoan or metazoan histone stem-loop sequences, and even more particularly pre-
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ferred from vertebrate and mostly preferred from mammalian histone stem-loop sequences

especially from human histone stem-loop sequences.

Further preferably, the histone stem-loop sequence according to at least one of the specific
formulae (1) or (la) to (IH) or (I1) or (l1a) to (11h) of the present invention is a histone stem-loop
sequence comprising at each nucleotide position the most frequently occurring nucleotide,
or either the most frequently or the second-most frequently occurring nucleotide of naturally
occurring histone stem-loop sequences in metazoa and protozoa (Fig. 1), protozoa (Fig. 2),
metazoa (Fig. 3), vertebrates (Fig. 4) and humans (Fig. 5) as shown in figures 1-5. In this con-
text, it is particularly preferred that at least 80%, preferably at least 85%, or most preferably
at least 90% of all nucleotides correspond to the most frequently occurring nucleotide of

naturally occurring histone stem-loop sequences.

Further preferably, the histone stem-loop sequence according to at least one of the specific
formulae (1) or (la) to (Ih) of the present invention may be selected from following histone
stem-loop sequences or corresponding RNA sequences (without stem-bordering elements)

representing histone stem-loop sequences as generated according to Example 1:

VGYYYYHHTHRVVRCB (SEQ ID NO: 1403 according to formula (ic))
SGYYYTTYTMARRRCS (SEQ ID NO: 1404 according to formula (Ic))
SGYYCTTTTMAGRRCS (SEQ ID NO: 1405 according to formula (Ic))

DGNNNBNNTHVNNNCH (SEQ ID NO: 1406 according to formula (le))
RGNNNYHBTHRDNNCY (SEQ ID NO: 1407 according to formula (le))
RGNDBYHYTHRDHNCY (SEQ ID NO: 1408 according to formula (le))

VGYYYTYHTHRVRRCB (SEQ 1D NO: 1409 according to formula (If))
SGYYCTTYTMAGRRCS (SEQ ID NO: 1410 according to formula (if))
SGYYCTTTTMAGRRCS (SEQ ID NO: 1411 according to formula (If)

GGYYCTTYTHAGRRCC (SEQ ID NO: 1412 according to formula (Ig))
GGCYCTTYTMAGRGCC (SEQ ID NO: 1413 according to formula (1g))
GGCTCTTTTMAGRGCC (SEQ ID NO: 1414 according to formula (Ig))
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DGHYCTDYTHASRRCC (SEQ ID NO: 1415 according to formula (lh))
GGCYCTTTTHAGRGCC (SEQ ID NO: 1416 according to formula (1h))
GGCYCTTTTMAGRGCC (SEQ ID NO: 1417 according to formula (1h))

Furthermore, in this context, following histone stem-loop sequences (with stem bordering
elements) as generated according to Example 1 according to one of specific formulae (ll) or

(I1a) to (Ith) and the corresponding RNA sequences are particularly preferred:

H*H*HHVVGYYYYHHTHRVVRCBVHH*N*N*
(SEQ ID NO: 1418 according to formula (lic))

M*H*MHMSGYYYTTYTMARRRCSMCH*H*H*
(SEQ ID NO: 1419 according to formula (lic))

M*M*MMMSGYYCTTTTMAGRRCSACH*M*H*
(SEQ 1D NO: 1420 according to formula (llc))

N*N*NNNDGNNNBNNTHVNNNCHNHN*N*N*
(SEQ ID NO: 1421 according to formula (lle))

N*N*HHNRGNNNYHBTHRDNNCYDHH*N*N*
(SEQ 1D NO: 1422 according to formula (lle))

N*H*HHVRGNDBYHYTHRDHNCYRHH*H*H*
(SEQ ID NO: 1423 according to formula (lle))

H*H*MHMVGYYYTYHTHRVRRCBVMH*H*N*
(SEQ ID NO: 1424 according to formula (11f))

M*M*MMMSGYYCTTYTMAGRRCSMCH*H*H*
(SEQ ID NO: 1425 according to formula (11f)

M*M*MMMSGYYCTTTTMAGRRCSACH*M*H*
(SEQ ID NO: 1426 according to formula (lIf))

H*H*MAMGGYYCTTYTHAGRRCCVHN*N*M*
(SEQ ID NO: 1427 according to formula (l1g))
H*H*AAMGGCYCTTYTMAGRGCCVCH*H*M*
(SEQ ID NO: 1428 according to formula (1lg))

M*M*AAMGGCTCTTTTMAGRGCCMCY*M*M*
(SEQ ID NO: 1429 according to formula (llg))

N*H*AAHDGHYCTDYTHASRRCCVHB*N*H*
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(SEQ ID NO: 1430 according to formula (11h))

H*H*AAMGGCYCTTTTHAGRGCCVMY*N*M*
(SEQ ID NO: 1431 according to formula (1lh))

H*M*AAAGGCYCTTTTMAGRGCCRMY*H*M*
(SEQ ID NO: 1432 according to formula (Ih))

A particular preferred histone stem-loop sequence is the sequence according to SEQ 1D NO:

1433 (CAAAGGCTCTTTTCAGAGCCACCA) or the corresponding RNA sequence.

Thus, in a particularly preferred embodiment, the artificial nucleic acid molecule according
to the present invention comprises (a.) at least one 5'UTR element as described above; (b.)
at least one open reading frame; and (c.) at least one histone-stem loop which comprises or
consists of a sequence having a sequence identity of at least about 75%, preferably of at
least about 80%, preferably at least about 85%, more preferably at least about 90%, even
more preferably at least about 95% to the sequence according to SEQ ID NO. 1433 or the
corresponding RNA sequence, wherein preferably positions 6, 13 and 20 of the sequence
having a sequence identity of at least about 75%, preferably of at least about 80%, prefera-
bly at least about 85%, more preferably at least about 90%, even more preferably at least
about 95% to the sequence according to SEQ ID NO. 1433 or the corresponding RNA se-
quence are conserved, i.e. are identical to the nucleotides at positions 6, 13 and 20 of SEQ

ID NO. 1433.

According to a further preferred embodiment, the inventive artificial nucleic acid molecule
comprises or codes for at least one histone stem-loop sequence showing at least about 80%,
preferably at least about 85%, more preferably at least about 90%, or even more preferably
at least about 95% sequence identity with the not to 100% conserved nucleotides in the
histone stem-loop sequences according to at least one of specific formulae (1) or (la) to (lh)

or (I) or (lla) to (llh) or with a naturally occurring histone stem-loop sequence.

Furthermore, the artificial nucleic acid molecule according to the present invention may
comprise more than one histone stem-loop as described herein. For example, the artificial
nucleic acid molecule according to the present invention may comprise one, two, three,
four or more histone stem-loops, wherein the individual histone stem-loops may be the

same or they may be different. For example, the artificial nucleic acid molecule according
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to the present invention may comprise two histone stem-loops, wherein each histone stem-

loop sequence may be selected from the group consisting of SEQ ID NOs. 1391-1433.

In a particularly preferred embodiment, the present invention provides an artificial nucleic

acid molecule comprising:

a. at least one 5’-untranslated region element (5'UTR element) which comprises or
consists of a nucleic acid sequence which is derived from the 5'UTR of a TOP gene or

which is derived from a variant of the 5’UTR of a TOP gene as described above;
b. at least one open reading frame (ORF); and

C. at least one histone stem-loop, wherein preferably the sequence of the histone stem-
loop is selected from the group consisting of sequences according to formulae (1) or (la) to
(1h) or (1) or (lla) to (Ilh), such as a sequence selected from the group consisting of SEQ ID

NOs: 1391-1433, preferably from the group consisting of SEQ ID NOs. 1403-1433.

Thus, for example, the artificial nucleic acid molecule according to the present invention
may comprise at least one 5’UTR element which is derived from the 5'UTR of a sequence
selected from the group consisting of SEQ ID NOs. 1-1363, SEQ ID NO. 1435, SEQ ID NO.
1461 or SEQ ID NO. 1462, from a homolog thereof, from a variant thereof, or from a corre-
sponding RNA sequence, such as a 5'UTR element which comprises or consists of a nucleic
acid sequence which has an identity of at least about 40%, preferably of at least about 50%,
preferably of at least about 60%, preferably of at least about 70%, more preferably of at least
about 80%, more preferably of at least about 90%, even more preferably of at least about
95%, even more preferably of at least about 99% to a nucleic acid sequence extending from
nucleotide position 5 to the nucleotide position immediately 5’ to the start codon (located at
the 3’ end of the sequences), e.g. the nucleotide position immediately 5’ to the ATG se-
quence, of a nucleic acid sequence selected from SEQ ID NOs. 1-1363, SEQ ID NO. 1435,
SEQ ID NO. 1461 or SEQ ID NO. 1462, or a corresponding RNA sequence, or at least one
5’UTR element which comprises or consists of a fragment of a nucleic acid sequence which
has an identity of at least about 40%, preferably of at least about 50%, preferably of at least
about 60%, preferably of at least about 70%, more preferably of at least about 80%, more

preferably of at least about 90%, even more preferably of at least about 95%, even more
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preferably of at least about 99% to a nucleic acid sequence extending from nucleotide posi-
tion 5 to the nucleotide position immediately 5 to the start codon (located at the 3’ end of
the sequences), e.g. the nucleotide position immediately 5’ to the ATG sequence, of a nu-
cleic acid sequence selected from SEQ ID NOs. 1-1363, SEQ ID NO. 1435, SEQ ID NO.
1461 or SEQ ID NO. 1462, or a corresponding RNA sequence, preferably lacking the 5'TOP
motif, wherein, preferably, the fragment is as described above, i.e. being a continuous
stretch of nucleotides representing at least 20% etc. of the full-length 5’UTR the fragment is
derived from, (b.) at least one open reading frame, and (c.) at least one histone stem-loop
sequence selected from the group consisting of SEQ 1D NOs: 1391-1433, preferably from
the group consisting of SEQ 1D NOs: 1403-1433, preferably wherein the at least one histone
histone-stem loop comprises or consists of a sequence having a sequence identity of at least
about 75%, preferably of at least about 80%, preferably at least about 85%, more preferably
at least about 90%, even more preferably at least about 95% to the sequence according to
SEQ ID NO. 1433 or the corresponding RNA sequence, wherein preferably positions 6, 13
and 20 of the sequence having a sequence identity of at least about 75%, preferably of at
least about 80%, preferably at least about 85%, more preferably at least about 90%, even
more preferably at least about 95% to the sequence according to SEQ ID NO. 1433 or the
corresponding RNA sequence are conserved, i.e. are identical to the nucleotides at positions
6, 13 and 20 of SEQ ID NO. 1433.

Furthermore, for example, the artificial nucleic acid molecule according to the present in-
vention may comprise at least one 5'UTR element which comprises or consists of a nucleic
acid sequence which is derived from a 5'UTR of a TOP gene encoding a ribosomal protein
or from a variant of a 5’"UTR of a TOP gene encoding a ribosomal protein, e.g. which com-
prises or consists of a nucleic acid sequence which is derived from a 5'UTR of a nucleic .
acid sequence according to any of SEQ ID NOs: 170, 232, 244, 259, 1284, 1285, 1286,
1287, 1288, 1289, 1290, 1291, 1292, 1293, 1294, 1295, 1296, 1297, 1298, 1299, 1300,
1301, 1302, 1303, 1304, 1305, 1306, 1307, 1308, 1309, 1310, 1311, 1312, 1313, 1314,
1315, 1316, 1317, 1318, 1319, 1320, 1321, 1322, 1323, 1324, 1325, 1326, 1327, 1328,
1329, 1330, 1331, 1332, 1333, 1334, 1335, 1336, 1337, 1338, 1339, 1340, 1341, 1342,
1343, 1344, 1346, 1347, 1348, 1349, 1350, 1351, 1352, 1353, 1354, 1355, 1356, 1357,
1358, 1359, or 1360;, a corresponding RNA sequence, a homolog thereof, or a variant

thereof as described herein, and at least one histone stem-loop sequence selected from the
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group consisting of SEQ 1D NOs: 1391-1433, preferably from the group consisting of SEQ
ID NOs: 1403-1433, preferably wherein the at least one histone-stem loop comprises or
consists of a sequence having a sequence identity of at least about 75%, preferably of at
least about 80%, preferably at least about 85%, more preferably at least about 90%, even
more preferably at least about 95% to the sequence according to SEQ ID NO. 1433 or the
corresponding RNA sequence, wherein preferably positions 6, 13 and 20 of the sequence
having a sequence identity of at least about 75%, preferably of at least about 80%, prefera-
bly at least about 85%, more preferably at least about 90%, even more preferably at least
about 95% to the sequence according to SEQ ID NO. 1433 or the corresponding RNA se-
quence are conserved, i.e. are identical to the nucleotides at positions 6, 13 and 20 of SEQ

ID NO. 1433.

In a further embodiment, the artificial nucleic acid molecule according to the present inven-
tion may comprise at least one 5’UTR element which comprises or consists of a nucleic
acid sequence which is derived from a 5’UTR of a TOP gene encoding a ribosomal Large
protein or from a variant of a 5’UTR of a TOP gene encoding a ribosomal Large protein, e.g.
which comprises or consists of a nucleic acid sequence which is derived from a 5’UTR of a
nucleic acid sequence according to any of SEQ ID NOs: 67, 259, 1284-1318, 1344, 1346,
1348-1354, 1357, 1461 and 1462, a corresponding RNA sequence, a homolog thereof, or a
variant thereof as described herein, and at least one histone stem-loop sequence selected
from the group consisting of SEQ ID NOs: 1391-1433, preferably from the group consisting
of SEQ ID NOs: 1403-1433, preferably wherein the at least one histone histone-stem loop
comprises or consists of a sequence having a sequence identity of at least about 75%, pref-
erably of at least about 80%, preferably at least about 85%, more preferably at least about
90%, even more preferably at least about 95% to the sequence according to SEQ ID NO.
1433 or the corresponding RNA sequence, wherein preferably positions 6, 13 and 20 of the
sequence having a sequence identity of at least about 75%, preferably of at least about
80%, preferably at least about 85%, more preferably at least about 90%, even more pref-
erably at least about 95% to the sequence according to SEQ ID NO. 1433 or the corre-
sponding RNA sequence are conserved, i.e. are identical to the nucleotides at positions 6,
13 and 20 of SEQ ID NO. 1433.
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As preferred example, the artificial nucleic acid molecule according to the present invention
may comprise a 5'UTR element which comprises or consists of a nucleic acid sequence
which has an identity of at least about 90%, preferably of at least about 95%, even more
preferably of at least about 99% to the nucleic acid sequence according to SEQ ID NO:
1368 or SEQ ID NOs: 1452-1460 and a histone stem-loop sequence selected from the
group consisting of SEQ ID NOs: 1403-1433, e.g. according to SEQ ID NO: 1433, or
wherein the histone histone-stem loop comprises or consists of a sequence having a se-
quence identity of about 90%, even more preferably at least about 95% to the sequence
according to SEQ ID NO. 1433 or the corresponding RNA sequence, wherein positions 6,
13 and 20 of the sequence having a sequence identity of at least about 90%, even more
preferably at least about 95% to the sequence according to SEQ ID NO. 1433 or the corre-
sponding RNA sequence are conserved, i.e. are identical to the nucleotides at positions 6,
13 and 20 of SEQ ID NO. 1433.

In some embodiments, the histone stem-loop sequence according to component (c.) is not
derived from a mouse histone gene, e.g. from mouse histone gene H2A614. In one
embodiment, the artificial nucleic acid molecule of the invention neither contains a mouse
histone stem-loop sequence nor contains mouse histone gene H2A614. Furthermore, in one
embodiment, the inventive artificial nucleic acid molecule does not contain a stem-loop
processing signal, more specifically, a mouse histone processing signal and, most
specifically, does not contain mouse histone stem-loop processing signal H2kA614. Also, in
one embodiment, the inventive nucleic acid molecule may contain at least one mammalian
histone gene. However, in one embodiment, the at least one mammalian histone gene is

not Seq. ID No. 7 of WO 01/12824.

Preferably, the inventive artificial nucleic acid molecule comprises no histone downstream

element (HDE).

The term “histone downstream element (HDE)” refers to a purine-rich polynucleotide stretch
of about 15 to 20 nucleotides 3’ of naturally occurring stem-loops, which represents the
binding site for the U7 snRNA involved in processing of histone pre-mRNA into mature
histone mRNA. For example in sea urchins the HDE is CAAGAAAGA (Dominski, Z. and W.
F. Marzluff (2007), Gene 396(2): 373-90).
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Preferably, the artificial nucleic acid molecule according to the present invention further

comprises a poly(A) sequence or a poly(A) signal.

Therefore, it is particularly preferred that the inventive artificial nucleic acid molecule com-
prises or codes for (a.) at least one 5’UTR element as described above, (b.) at least one open
reading frame, preferably encoding a peptide or protein; (c.) at least one histone stem-

loopas described herein, and (d.) a poly(A) sequence or a polyadenylation signal.

A polyadenylation signal is defined herein as a signal which conveys polyadenylation to a
(transcribed) mRNA by specific protein factors (e.g. cleavage and polyadenylation specific-
ity factor (CPSF), cleavage stimulation factor (CstF), cleavage factors | and 11 (CF | and CF 1),
poly(A) polymerase (PAP)).

Preferably, the polyadenylation signal comprises the consensus sequence NN(U/T)ANA,
with N = A or U, preferably AA(U/T)AAA or A(U/TY(U/T)AAA. Such consensus sequence
may be recognised by most animal and bacterial cell-systems, for example by the
polyadenylation-factors, such as cleavage/polyadenylation specificity factor (CPSF)
cooperating with CstF, PAP, PAB2, CFl and/or CFIl. The polyadenylation signal is preferably
located within the artificial nucleic acid molecule such that the above described machinery
is able to effect polyadenylation of the artificial nucleic acid molecule. For example, the
polyadenylation signal may be located less than about 50 nucleotides, more preferably less
than about 30 nucleotides, most preferably less than about 25 nucleotides, for example 21

nucleotides, upstream of the 3’-end of the artificial nucleic acid molecule.

Additionally or alternatively to the polyadenylation signal, in some embodiments, the
artificial nucleic acid molecule according to the present invention may further comprise a
poly(A) sequence. The length of the poly(A) sequence may vary. For example, the poly(A)
sequence may have a length of about 20 adenine nucleotides up to about 400 adenine
nucleotides, such as about 20 adenine nucleotides up to about 300 adenine nucleotides,
preferably about 40 to about 200 adenine nucleotides, more preferably about 50 to about
100 adenine nucleotides, such as about 60, 70, 80, 90 or 100 adenine nucleotides. The

term about refers to a deviation of + 10%.
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The poly(A) sequence is preferably located 3’ to the ORF. For example, the poly(A)
sequence may be connected to the 3’-end of the ORF directly or via a linker, for example
via a stretch of nucleotides, such as 2, 4, 6, 8, 10, 20 etc. nucleotides, such as via a linker of
1-50, preferably 1-20 nucleotides, e.g. comprising one or more restriction sites, or the
poly(A) sequence may be located within or between or downstream of other structures
located 3’ to the ORF, such as between a 3'UTR element and a poly(C) sequence, or down-
stream of a 3'UTR element and/or a poly(C) sequence, or the poly(A) sequence may be
located at the 3’-end of the artificial nucleic acid molecule. The term “located at the 3’-end”
also includes embodiments, wherein the poly(A) sequence is followed in 3’-direction by few

nucleotides which remain, e.g. after a restriction enzyme cleavage.

It is particularly preferred that the inventive atrtificial nucleic acid molecule comprises in 5’-

to 3’-direction or codes in 5'- to 3’-direction for

(@)  atleast one 5'UTR element derived from a TOP gene as described herein;

(b.)  at least one open reading frame, preferably encoding a peptide or protein;

(c.)  at least one histone stem-loop, optionally without a histone downstream element 3’
to the histone stem-loop, as described herein; and

(d.)  a poly(A) sequence and/or a polyadenylation signal.

In another particularly preferred embodiment, the inventive nucleic acid molecule accord-
ing to the present invention comprises in 5’- to 3’-direction or codes in 5’- to 3’-direction

for:

(@)  atleast one 5’UTR element derived from a TOP gene as described above;
(b.)  atleast one open reading frame, preferably encoding a peptide or protein;
(d.)  apoly(A) sequence; and

(c)  atleast one histone stem-loop as described herein.

Thus, the poly(A) sequence and the histone stem-loop of an artificial nucleic acid molecule
according to the present invention may be positioned in any desired order from 5’ to 3'.

Particularly, the poly(A) sequence may be located 5’ as well as 3’ of the histone stem-loop.
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Accordingly, in one embodiment, the artificial nucleic acid molecule according to the pre-

sent invention comprises

(@)  at least one 5’-untranslated region element (5'UTR element) which comprises or
consists of a nucleic acid sequence which is derived from the 5’UTR of a TOP gene

or which is derived from a variant of the 5’"UTR of a TOP gene;
(b.) at least one open reading frame (ORF);
(c.) a histone stem-loop; and

(d)  apoly(A) sequence and/or a polyadenylation signal, wherein the poly(A) sequence is

located 5 or 3’ of the histone stem-loop.

In a further preferred embodiment, the artificial nucleic acid molecule according to the
present invention further comprises a poly(C) sequence. A poly(C) sequence in the context
of the present invention preferably consists of about 10 to about 200 cytidine nucleotides,
more preferably of about 10 to about 100 cytidine nucleotides, more preferably of about 10
to about 50 cytidine nucleotides, even more preferably of about 20 to about 40 cytidine
nucleotides, such as about 20, about 25, about 30, about 35, about 40, preferably about 30
cytidine nucleotides. The poly(C) sequence is preferably located 3’ to the ORF of the
artificial nucleic acid molecule. For example, the poly(C) sequence may be connected to
the 3’-end of the ORF directly or via a linker of a stretch of nucleotides, such as 2, 4, 6, 8,
10, 20 etc. nucleotides, such as via a linker of 1-50, preferably of 1-20 nucleitides, e.g.
comprising one or more restriction sites, or the poly(C) sequence may be located within,
between or downstream of any other structures located 3’ to the ORF. For example, the
poly(C) sequence may be part of a 3’UTR element or may be located between a poly(A)
sequence and a histone stem-loop, or the poly(C) sequence may be located at the 3’-end of
the artificial nucleic acid molecule. The term “located at the 3’-end” also includes
embodiments, wherein the poly(C) sequence is followed in 3’-direction by a few
nucleotides which remain, e.g., after a restriction enzyme cleavage. In a particularly
preferred embodiment, the poly(C) sequence is located between a poly(A) sequence and a

histone stem-loop.
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In a particularly preferred embodiment, the poly(C) sequence is located 5’ to the histone

stem-loop.

Thus, in a particularly preferred embodiment, the artificial nucleic acid molecule according
to the present application comprises the structure 5’-[ORF]-[optional linker]-[3"UTR
element]-[optional linker]-[poly(A) sequence]-[optional linker]-[poly(C) sequence]-[optional
linker]-[histone stem-loop]-3’, wherein the optional linkers may be independently of each
other present or absent and may be a stretch of 1-50 nucleotides, e.g. comprising one or

more restriction sites.

In a further embodiment, the artificial nucleic acid molecule according to the present
invention further comprises a 3’UTR element. Thus, in some embodiments, the artificial
nucleic acid molecule according to the present invention may comprise at least one 5'UTR
element as described above, at least one open reading frame, at least one histone stem-loop
as described herein and at least one 3’UTR element as described herein. Furthermore, in
some embodiments, the artificial nucleic acid molecule according to the present invention
may comprise at least one 5'UTR element as described above, at least one open reading
frame, at least one histone stem-loop as described herein, at least one 3’UTR element as
described herein, and a poly(A) sequence and/or a polyadenylation signal as described

herein. In some embodiments, the histone stem-loop may be part of the 3'UTR element.

The term '3’UTR element’ refers to a nucleic acid sequence which comprises or consists of
a nucleic acid sequence that is derived from a 3'UTR or from a variant of a 3'UTR. A 3'UTR
element in the sense of the present invention may represent the 3’'UTR of an mRNA, e.g., in
the event that the artificial nucleic acid molecule is an mRNA, or it may represent a
sequence in a nucleic acid construct, such as a vector construct, that when transcribed
represents the 3’UTR of the transcription product, such as the mRNA. Thus, in the sense of
the present invention, preferably, a 3'UTR element may be the 3'UTR of an mRNA,
preferably of an artificial mRNA, or it may be the transcription template for a 3’'UTR of an
mRNA. Thus, a 3’UTR element preferably is a nucleic acid sequence which corresponds to
the 3’UTR of an mRNA, preferably to the 3'UTR of an artificial mRNA, such as an mRNA
obtained by transcription of a genetically engineered vector construct. Preferably, the 3’'UTR

element fulfils the function of a 3’UTR or encodes a sequence which fulfils the function of a
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3'UTR. The term ‘3UTR element’ furthermore refers to a fragment or part of a 3'UTR of an
artificial nucleic acid sequence, such as an artificial mRNA, or which codes for a part or
fragment of a 3'UTR of an artificial nucleic acid molecule. This means that the 3'UTR
element in the sense of the present invention may be comprised in the 3'UTR of an artificial
nucleic acid sequence, such as an artificial mRNA, or which codes for a 3’UTR of an

artificial nucleic acid molecule.

In the context of the present invention, the 3’'UTR element may be derived from any 3’UTR
of a gene or from a variant thereof, such as from a 3’UTR which is naturally associated with
the ORF of the artificial nucleic acid molecule according to the present invention or any

other 3'UTR of a naturally occurring gene or of a variant thereof.

Preferably, the 3’UTR element is functionally linked to the ORF. This means preferably that
the 3'UTR element is associated with the ORF such that it may exert a function, such as a
stabilizing function on the expression of the ORF or a stabilizing function on the artificial
nucleic acid molecule. Preferably, the ORF and the 3'UTR element are associated in 5’23’
direction. Thus, preferably, the artificial nucleic acid molecule comprises the structure 5’-
ORF-(optional)linker-3’"UTR element-3’, wherein the linker may be present or absent. For
example, the linker may be one or more nucleotides, such as a stretch of 1-50 or 1-20
nucleotides, e.g., comprising or consisting of one or more restriction enzyme recognition

sites (restriction sites).

Preferably, the at least one 5’UTR element and the at least one 3'UTR element are
functionally linked to the ORF. This means preferably that the 5'UTR element and the
3'UTR element are associated with the ORF such that they may exert a function, preferably
in an additive, more preferably in a synergistic manner, such as a stabilizing function on the
expression of the ORF, a protein production increasing function for the protein encoded by
the ORF, or a stabilizing function on the artificial nucleic acid molecule. Preferably, the
5'UTR element, the ORF, and the 3’UTR element are associated in 5’3’ direction. Thus,
preferably, the artificial nucleic acid molecule comprises the structure 5’-5’UTR element-
(optional)linker-ORF-(optional)linker-3'UTR element-3’, wherein the linker may be present

or absent. For example, the linker may be one or more nucleotides, such as a stretch of 1-50
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or 1-20 nucleotides, e.g., comprising or consisting of one or more restriction enzyme

recognition sites (restriction sites).

In a particularly preferred embodiment, the 5’UTR element and the 3’UTR element are
heterologous, e.g. preferably the 5’UTR and the 3’UTR are derived from different genes of
the same or of different species. Preferably, the 3’UTR is not derived from the TOP gene the
5'UTR is derived from.

In a preferred embodiment, the 3’UTR element is chosen such that it exerts at least an
additive, preferably a synergistic function with the 5’UTR element on the protein production
from the ORF of the artificial nucleic acid molecule. Preferably, the protein production is
increased in at least an additive, preferably a synergistic way by the 3’UTR element and the
5’UTR element. Thus, the protein amount of the protein encoded by the ORF, such as a
reporter protein, e.g. luciferase, at a certain time point after initiation of expression of the
ORF, e.g. after transfection of a test cell or cell line, is preferably at least the same,
preferably higher than what would be expected if the protein production increasing effects
of the 3’'UTR element and the 5'UTR element were purely additive. The additive, preferably
the synergistic effect may, for example, be determined by the following assay. Four artificial
nucleic acid molecules, e.g. mMRNAs, comprising an ORF encoding, e.g. a reporter protein
such as luciferase, are generated, i.e. (i) lacking UTR elements (E0), (ii) containing a 5'UTR
element derived from a 5’"UTR of a TOP gene or of a variant thereof (E1), (iii) containing a
test 3’"UTR element (E2), and (iv) containing both the 5’UTR element and the test 3'UTR
element (E1E2). Expression of the ORF contained in the artificial nucleic acid molecules is
initiated, for example, by transfecting a test cell line, such as a mammalian cell line, e.g.
HELA cells, or primary cells, e.g. HDF cells. Samples are taken at specific time points after
initiation of expression, for example, after 6 hours, 24 hours, 48 hours, and 72 hours and
the amount of protein produced by expression of the ORF contained in the artificial nucleic
acid molecules is measured, for example, by an ELISA assay or a luciferase test, depending
on the type of protein encoded by the ORF. The predicted amount of protein at a certain
time point after initiation of expression obtained by construct ET1E2 if the effects of the
3’UTR element and the 5’UTR element were purely additive (PPA) may be calculated as

follows:
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PPA, = (E1, - EO,) + (E2, - EO,) + EQ,,

EO is the amount of protein obtained for the construct EO (lacking UTRs), E1 is the amount of
protein obtained for the construct E1, E2 is the protein amount obtained for the construct
E2, and x is the time point after initiation of expression. The effect on increasing protein
production is additive if E1E2, = PPA, and synergistic in the sense of the present invention if
E1E2, > PPA,, wherein E1E2, is the amount of protein obtained from construct E1E2 at time
point x. Preferably, ETE2 is at least 1.0, preferably at least 1.1, more preferably at least 1.3,
more preferably at least 1.5, even more preferably at least 1.75 times PPA at a given time
point post initiation of expression, such as 24 hours, 48 hours or 72 hours post initiation of

expression.

Thus, in a preferred embodiment, the present invention provides an artificial nucleic acid
molecule comprising (a.) at least one 5'UTR element which comprises or consists of a
nucleic acid sequence which is derived from the 5’UTR of a TOP gene or which is derived
from a variant of the 5’UTR of a TOP gene; (b.) at least one open reading frame (ORF); (c.)
at least one histone stem-loop, and at least one 3’UTR element, wherein preferably the
3’UTR element and the 5'UTR element act at least additively, preferably synergistically to
increase protein production from the ORF, preferably wherein E1E2 > PPA, preferably E1E2
is at least 1.0 times PPA, preferably E1E2 is at least 1.1 times PPA, more preferably ETE2 is
at least 1.3 times PPA, even more preferably wherein E1E2 is at least 1.5 times PPA at a
given time point post initiation of expression of the ORF, for example 24 hours, preferably

48 hours post initiation of expression, wherein E1E2 and PPA are as described above.

Furthermore, it is preferred that the 3’UTR element and the 5'UTR element have at least an
additive, preferably a synergistic effect on the total protein production from the artificial
nucleic acid molecule in a certain time span, such as within 24 hours, 48 hours, or 72
hours post initiation of expression. The additive or the synergistic effect may be determined
as described above, with the difference that the area under the curve (AUC) for the amount
of protein over time predicted for E1E2 if the effects were purely additive is compared to the

actual AUC measured for ET1E2.
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In a preferred embodiment, the 3'UTR element comprises or consists of a nucleic acid
sequence which is derived from the 3’"UTR of a stable mRNA or from a variant of the 3'UTR
of a stable mRNA. Thus, in a preferred embodiment, the 3’'UTR element comprises or
consists of a sequence which is derived from a gene providing a stable mRNA or from a
variant of a 3’'UTR of a gene providing a stable mRNA. The term “stable mRNA”, preferably
refers to mRNAs which exhibit a longer half-life in mammalian cells than the average half-
life of mMRNA molecules in mammalian cells. Preferably, a stable mRNA in the sense of the
present application refers to an mRNA which exhibits a half-life of more than 5 hours,
preferably more than 8 hours, in a mammalian cell, such as in a mammalian cell line, e.g.
in HELA cells, or in primary cells, e.g. in HDF cells, preferably determined by using a

transcription inhibitor such as actinomycin D.

For example, the half-life of an mRNA in mammalian cells, such as HELA or HDF cells, may
be determined by culturing the cells in presence of a transcription inhibitor, e.g.
actinomycin D, 5,6-dichloro-1-B-D-ribofuranosylbenzimidazole (DRB), or a-amanitin,
harvesting the cells at different time points after inhibition of transcription, and determining
the amount of the mRNA present in the cell samples by methods well known to the person
skilled in the art, e.g. by quantitative RT-PCR. The half-life of a particular mRNA may be
calculated based on the amounts of the particular mRNA measured at the different time
points post inhibition of transcription. Alternatively, pulse-chase methods, e.g. using
radioactively labelled nucleotides, or constructs comprising inducible promoters may be

used for determining the half-life of an mRNA in mammalian cells.

It is particularly preferred that the enhanced stability of a stable mRNA in the sense of the
present invention is affected by its 3’UTR. Thus, preferably, the 3'UTR element comprises or
consists of a nucleic acid sequence which is derived from the 3'"UTR of a stable mRNA
which exhibits a half-life of more than 5 hours, preferably more than 8 hours, in a
mammalian cell, such as in a mammalian cell line, e.g. in HELA cells, or in mammalian
primary cells, such as HDF cells, preferably determined by using a transcription inhibitor
such as actinomycin D, wherein the enhanced stability of said stable mRNA is effected by
its 3’'UTR. The ability of a 3’UTR for enhancing stability may be tested as described herein,
e.g. by using a reporter open reading frame such as a luciferase encoding open reading

frame. Alternatively, an artificial construct encoding the test stable mRNA may be
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generated, wherein the 3'UTR of the stable mRNA is replaced with a reference 3’UTR, such
as a 3’UTR of a short lived mRNA, e.g. a Myc 3’UTR. The stability of the wild type stable
mRNA and the 3'UTR modified mRNA may be determined as described above. In the event
the 3'UTR modified mRNA exhibits a shorter half-life than the wild type stable mRNA, it
may be concluded that a stability enhancing effect is exerted by the 3’'UTR of the stable
mRNA.

In a particularly preferred embodiment, the 3’UTR element comprises or consists of a
nucleic acid sequence which is derived from a 3’UTR of a gene selected from the group
consisting of an albumin gene, an a-globin gene, a B-globin gene, a tyrosine hydroxylase
gene, a lipoxygenase gene, and a collagen alpha gene, such as a collagen alpha 1(I) gene,
or from a variant of a 3’'UTR of a gene selected from the group consisting of an albumin
gene, an a-globin gene, a B-globin gene, a tyrosine hydroxylase gene, a lipoxygenase gene,
and a collagen alpha gene, such as a collagen alpha 1(I) gene. In a particularly preferred
embodiment, the 3’'UTR element comprises or consists of a nucleic acid sequence which is
derived from a 3’UTR of an albumin gene, preferably a vertebrate albumin gene, more
preferably a mammalian albumin gene, most preferably a human albumin gene. In another
particularly preferred embodiment, the 3’UTR element comprises or consists of a nucleic
acid sequence which is derived from a 3'UTR of an a-globin gene, preferably a vertebrate
a-globin gene, more preferably a mammalian a-globin gene, most preferably a human -
globin gene. For example, the 3'UTR element may comprise or consist of the center, a-
complex-binding portion of the 3’UTR of an a-globin gene, such as of a human a-globin

gene.

Preferably, the at least one 3’UTR element comprises or consists of a nucleic acid sequence
which is derived from the 3’UTR of a vertebrate albumin gene, a vertebrate a-globin gene, a
vertebrate B-globin gene, a vertebrate tyrosine hydroxylase gene, a vertebrate lipoxygenase
gene, and a vertebrate collagen alpha gene, such as a vertebrate collagen alpha 1(I) gene, or
from a variant thereof, preferably from the 3'UTR of a mammalian albumin gene, a
mammalian a-globin gene, a mammalian B-globin gene, a mammalian tyrosine hydroxylase
gene, a mammalian lipoxygenase gene, and a mammalian collagen alpha gene, such as a
mammalian collagen alpha 1(l) gene, or from a variant thereof, more preferably from the

3'UTR of a human albumin gene, a human a-globin gene, a human B-globin gene, a human
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tyrosine hydroxylase gene, a human lipoxygenase gene, and a human collagen alpha gene,
such as a human collagen alpha 1(1) gene, or from a variant thereof, even more preferably
from the 3’UTR of the human albumin gene according to GenBank Accession number
NM_000477.5 or from a variant thereof. In a preferred embodiment, the 3'UTR element is
not derived from the 3'UTR of a Xenopus albumin gene. Preferably, the 3’UTR element
does not comprise a poly(A) limiting element B (PLEB) of a 3'UTR from a Xenopus albumin
gene. Preferably, the 3'UTR element does not consist of a PLEB of a 3'UTR from a Xenopus

albumin gene.

In one embodiment, the 3’'UTR element and the at least one open reading frame are
heterologous, e.g. preferably the 3'UTR element and the ORF are derived from different
genes of the same or of different species. Preferably, the ORF does not encode an a-globin
protein if the 3’UTR element is derived from an a-globin gene. Preferably, the ORF does not
encode a B-globin protein if the 3’UTR element is derived from a B-globin gene. Preferably,
the ORF does not encode an albumin protein if the 3’'UTR element is derived from an
albumin gene. Preferably, the ORF does not encode a tyrosine hydroxylase protein if the
3’UTR element is derived from a tyrosine hydroxylase gene. Preferably, the ORF does not
encode a lipoxygenase protein if the 3’UTR element is derived from a lipoxygenase gene.
Preferably, the ORF does not encode a collagen alpha protein if the 3’'UTR element is
derived from a collagene alpha gene.

In one embodiment, the artificial nucleic acid molecule may consist of at least two
sequence parts that are derivable from two different genes, the 5’UTR element which is
derivable from a TOP gene and the open reading frame and the 3’'UTR which may be
derivable from the gene encoding the desired protein product. More preferably, the artificial
nucleic acid molecule consists of three sequence parts that are derivable from three
different genes: the 5’UTR element which is derivable from a TOP gene, the open reading
frame which is derivable from the gene encoding the desired gene product and the 3'UTR
element which may be derivable from a gene that relates to an mRNA with an enhanced

half-life, for example a 3'UTR element as defined and described below.

In some embodiments, the 3’UTR element consists of a histone stem-loop. In some
embodiments, the 3’"UTR element of the artificial nucleic acid molecule may comprise a

histone stem-loop in addition to the nucleic acid sequence derived from the 3’UTR of a
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gene, such as of a gene providing a stable mRNA, such as of an albumin gene, an a-globin
gene, a B-globin gene, a tyrosine hydroxylase gene, a lipoxygenase gene, or a collagen
alpha gene, such as a collagen alpha 1(l) gene as described above. Such artificial nucleic
acid molecule according to the present invention, for example, may comprise in 5’-to-3'-
direction a 5’UTR element, an ORF, a 3’UTR element, preferably comprising a
polyadenylation signal, a histone stem-loop and an optional poly(A) sequence. It may also
comprise in 5’-to-3’-direction a 5’UTR element as described above, an ORF, a 3'UTR
element, e.g. comprising a polyadenylation signal, a poly(A) sequence and a histone stem-

loop.

The term ‘a nucleic acid sequence which is derived from the 3’UTR of a [...] gene’
preferably refers to a nucleic acid sequence which is based on the 3’UTR sequence of a [...]
gene or on a part thereof, such as on the 3’'UTR of an albumin gene, an a-globin gene, a -
globin gene, a tyrosine hydroxylase gene, a lipoxygenase gene, or a collagen alpha gene,
such as a collagen alpha 1(l) gene, preferably of an albumin gene or an a-globin gene on a
part thereof. This term includes sequences corresponding to the entire 3'UTR sequence, i.e.
the full length 3’UTR sequence of a gene, and sequences corresponding to a fragment of the
3’UTR sequence of a gene, such as an albumin gene, a-globin gene, B-globin gene, tyrosine
hydroxylase gene, lipoxygenase gene, or collagen alpha gene, such as a collagen alpha 1(I)
gene, preferably of an albumin or a-globin gene. A fragment in this context preferably
consists of a continuous stretch of nucleotides corresponding to a continuous stretch of
nucleotides in the full-length 3’UTR, which represents at least 20%, preferably at least 30%,
more preferably at least 40%, more preferably at least 50%, even more preferably at least
60%, even more preferably at least 70%, even more preferably at least 80%, and most
preferably at least 90% of the full-length 3’UTR. Such a fragment, in the sense of the present
invention, is preferably a functional fragment as described herein. The term '3’'UTR of a [...]
gene’ preferably refers to the 3’UTR of a naturally occurring gene, such as of a naturally
occurring albumin gene, o-globin gene, B-globin gene, tyrosine hydroxylase gene,
lipoxygenase gene, or collagen alpha gene, such as a collagen alpha 1(l) gene, preferably of

a naturally occurring albumin or a-globin gene.

The terms ‘variant of the 3’UTR of a [...] gene’ and ’variant thereof’ in the context of a

3’UTR refers to a variant of the 3’UTR of a naturally occurring gene, such as a naturally
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occurring albumin gene, a naturally occurring a-globin gene, a naturally occurring p-globin
gene, a naturally occurring tyrosine hydroxylase gene, a naturally occurring lipoxygenase
gene, or a naturally occurring collagen alpha gene, such as a collagen alpha 1(l) gene,
preferably to a variant of the 3’"UTR of a vertebrate albumin gene, a vertebrate o-globin
gene, a vertebrate B-globin gene, a vertebrate tyrosine hydroxylase gene, a vertebrate
lipoxygenase gene, and a vertebrate collagen alpha gene, such as a vertebrate collagen

alpha 1(l) gene, preferably to a variant of the 3’'UTR of a mammalian albumin gene, a

.mammalian a-globin gene, a mammalian B-globin gene, a mammalian tyrosine hydroxylase

gene, a mammalian lipoxygenase gene, and a mammalian collagen alpha gene, such as a
mammalian collagen alpha 1(l) gene, or to a variant of the 3’UTR of a human albumin gene,
a human a-globin gene, a human B-globin gene, a human tyrosine hydroxylase gene, a
human lipoxygenase gene, and a human collagen alpha gene, such as a human collagen
alpha 1(l) gene. Such variant may be a modified 3'UTR of a gene. For example, a variant
3’UTR may exhibit one or more nucleotide deletions, insertions, additions and/or
substitutions compared to the naturally occurring 3’UTR from which the variant is derived.
Preferably, a variant of a 3’UTR is at least 40%, preferably at least 50%, more preferably at
least 60%, more preferably at least 70%, even more preferably at least 80%, even more
preferably at least 90%, most preferably at least 95% identical to the naturally occurring
3'UTR the variant is derived from. Preferably, the variant is a functional variant as described
herein.

The term ’a nucleic acid sequence which is derived from a variant of the 3'UTR of a [...]
gene’ preferably refers to a nucleic acid sequence which is based on a variant of the 3'UTR
sequence of a gene, such as on a variant of the 3’UTR of an albumin gene, an a-globin
gene, a B-globin gene, a tyrosine hydroxylase gene, a lipoxygenase gene, or a collagen
alpha gene, such as a collagen alpha 1(I) gene, or on a part thereof as described above. This
term includes sequences corresponding to the entire sequence of the variant of the 3’UTR of
a gene, i.e. the full length variant 3’UTR sequence of a gene, and sequences corresponding
to a fragment of the variant 3’UTR sequence of a gene. A fragment in this context preferably
consists of a continuous stretch of nucleotides corresponding to a continuous stretch of
nucleotides in the full-length variant 3’"UTR, which represents at least 20%, preferably at
least 30%, more preferably at least 40%, more preferably at least 50%, even more
preferably at least 60%, even more preferably at least 70%, even more preferably at least

80%, and most preferably at least 90% of the full-length variant 3’UTR. Such a fragment of
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a variant, in the sense of the present invention, is preferably a functional fragment of a

variant as described herein.

The terms ‘functional variant’, ‘functional fragment’, and ‘functional fragment of a variant’
(also termed ‘functional variant fragment’) in the context of the present invention, mean that
the fragment of the 5’UTR or the 3’UTR, the variant of the 5’UTR or the 3'UTR, or the
fragment of a variant of the 5'UTR or the 3’UTR of a gene fulfils at least one, preferably
more than one, function of the naturally occurring 5'UTR or 3’UTR of the gene of which the
variant, the fragment, or the fragment of a variant is derived. Such function may be, for
example, stabilizing mRNA and/or stabilizing and/or prolonging protein production from an
mRNA and/or increasing protein production from an mRNA, preferably in a mammalian
cell, such as in a human cell. It is particularly preferred that the variant, the fragment, and
the variant fragment in the context of the present invention fulfil the function of stabilizing
an mRNA, preferably in a mammalian cell, such as a human cell, compared to an mRNA
comprising a reference 5'UTR or lacking a 5'UTR and/or a 3’UTR, and/or the function of
stabilizing and/or prolonging protein production from an mRNA, preferably in a mammalian
cell, such as in a human cell, compared to an mRNA comprising a reference 5'UTR or
lacking a 5'UTR and/or a 3'"UTR, and/or the function of increasing protein production from
an mRNA, preferably in a mammalian cell, such as in a human cell, compared to an mRNA
comprising a reference 5'UTR or lacking a 5’UTR and/or a 3’UTR. A reference 5'UTR may
be, for example, a 5’UTR naturally occurring in combination with the ORF. Furthermore, a
functional variant, a functional fragment, or a functional variant fragment of a 5’UTR or of a
3'UTR of a gene preferably does not have a substantially diminishing effect on the efficiency
of translation of the mRNA which comprises such variant of a 5’UTR and/or such variant of
a 3'UTR compared to the wild type 5’UTR and/or 3’UTR from which the variant is derived.
A particularly preferred function of a “functional fragment”, a “functional variant” or a
“functional fragment of a variant” of the 3’UTR of a gene, such as an albumin gene, a-
globin gene, B-globin gene, tyrosine hydroxylase gene, lipoxygenase gene, or collagen
alpha gene, such as a collagen alpha 1(1) gene, in the context of the present invention is the
stabilization and/or prolongation of protein production by expression of an mRNA carrying
the functional fragment, functional variant or functional fragment of a variant as described

above. A particularly preferred function of a “functional fragment”, a “functional variant” or
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a “functional fragment of a variant” of the 5'UTR in the context of the present invention is

the protein production increasing function.

Preferably, the efficiency of the one or more functions exerted by the functional variant, the
functional fragment, or the functional variant fragment, such as mRNA and/or protein
production stabilizing efficiency and/or the protein production increasing efficiency, is at
least 40%, more preferably at least 50%, more preferably at least 60%, even more
preferably at least 70%, even more preferably at least 80%, most preferably at least 90% of
the mRNA and/or protein production stabilizing efficiency and/or the protein production
increasing efficiency exhibited by the naturally occurring 5’UTR and/or 3'UTR of which the

variant, the fragment or the variant fragment is derived.

In the context of the present invention, a fragment or part of the 3’UTR of a gene, such as an
albumin gene, a-globin gene, B-globin gene, tyrosine hydroxylase gene, lipoxygenase gene,
or collagen alpha gene, such as a collagen alpha 1(I) gene, or of a variant thereof preferably
exhibits a length of at least about 40 nucleotides, preferably of at least about 50 nucleotides,
preferably of at least about 75 nucleotides, more preferably of at least about 100
nucleotides, even more preferably of at least about 125 nucleotides, most preferably of at
least about 150 nucleotides. Preferably, such fragment of the 3'UTR of a gene or of a variant

of the 3’UTR of a gene is a functional fragment as described above.

In the context of the present invention, a fragment or part of the 5'UTR of a TOP gene or of
a variant thereof preferably exhibits a length of at least about 20 nucleotides, preferably of
at least about 30 nucleotides, more preferably of at least about 50 nucleotides. Preferably,
such fragment of the 5’UTR of a TOP gene or of a variant of the 5’UTR of a TOP gene is a

functional fragment as described above.

In some embodiments, the 3’UTR element of the artificial nucleic acid molecule according
to the present invention comprises or consists of a “functional fragment”, a “functional
variant” or a “functional fragment of a variant” of the 3’'UTR of a gene, such as of an
albumin gene, a-globin gene, B-globin gene, tyrosine hydroxylase gene, lipoxygenase gene,

or collagen alpha gene, such as a collagen alpha 1(I) gene, or of a variant thereof.
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In some embodiments, the at least one 5’UTR element of the artificial nucleic acid molecule
according to the present invention comprises or consists of a “functional fragment”, a

“functional variant” or a “functional fragment of a variant” of the 5’UTR of a TOP gene.

Preferably, the 3’UTR element of the artificial nucleic acid molecule according to the
present invention increases the stability of the artificial nucleic acid molecule, e.g. increases
the stability of an mRNA according to the present invention, compared to a respective
mRNA (reference mRNA) lacking a 3'UTR element. Preferably, the at least one 3'UTR
element of the artificial nucleic acid molecule according to the present invention increases
the stability of protein production from the artificial nucleic acid molecule according to the
present invention, e.g. from an mRNA according to the present invention, compared to a
respective mRNA lacking a 3'UTR element. Preferably, the at least one 3'UTR element of
the artificial nucleic acid molecule according to the present invention prolongs protein
production from the artificial nucleic acid molecule according to the present invention, e.g.
from an mRNA according to the present invention, compared to a respective mRNA lacking
a 3'UTR element. Preferably, the at least one 3’UTR element of the artificial nucleic acid
molecule according to the present invention increases the protein production from the
artificial nucleic acid molecule according to the present invention, e.g. from an mRNA
according to the present invention, compared to a respective mRNA lacking a 3'UTR
element. Preferably, the at least one 3’"UTR element of the artificial nucleic acid molecule
according to the present invention does not negatively influence translational efficiency of
an mRNA compared to the translational efficiency of a respective mRNA lacking a 3’'UTR
element. The term ‘respective mRNA' in this context means that - apart from the different
3’UTR - the reference mRNA is comparable, preferably identical, to the mRNA comprising
the 3’'UTR element.

Preferably, the at least one 5’UTR element of the artificial nucleic acid molecule according
to the present invention increases the stability of the artificial nucleic acid molecule, e.g.
increases the stability of an mRNA according to the present invention, compared to a
respective mRNA (reference mRNA) lacking a 5’UTR element or comprising a reference
5’UTR element, such as a 5’UTR naturally occurring in combination with the ORF.
Preferably, the at least one 5’UTR element of the artificial nucleic acid molecule according

to the present invention increases protein production from the artificial nucleic acid
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molecule according to the present invention, e.g. from an mRNA according to the present
invention, compared to a respective mRNA lacking a 5'UTR element or comprising a
reference 5'UTR element, such as a 5’UTR naturally occurring in combination with the
ORF. The term ’respective mRNA’ in this context means that - apart from the different
5'UTR - the reference mRNA is comparable, preferably identical, to the mRNA comprising

the inventive 5’UTR element.

Preferably, the histone stem-loop of the artificial nucleic acid molecule according to the
present invention increases the stability of the artificial nucleic acid molecule, e.g. increases
the stability of an mRNA according to the present invention, compared to a respective
mRNA (reference mRNA) lacking a histone stem-loop. Preferably, the histone stem-loop of
the artificial nucleic acid molecule according to the present invention increases protein
production from the artificial nucleic acid molecule according to the present invention, e.g.
from an mRNA according to the present invention, compared to a respective mRNA lacking
a histone stem-loop. The term ‘respective mRNA' in this context means that - apart from the
histone stem loop - the reference mRNA is comparable, preferably identical, to the mRNA

comprising the a histone stem-loop.

Preferably, the at least one 5'UTR element and the at least one 3’UTR element act
synergistically to increase protein production from the artificial nucleic acid molecule
according to the present invention, e.g. from an mRNA according to the present invention,

as described above.

Preferably, the at least one 5'UTR element and the histone stem-loop act synergistically to
increase protein production from the artificial nucleic acid molecule according to the
present invention, e.g. from an mRNA according to the present invention, as described

above.

The term ‘stabilizing and/or prolonging protein production from an mRNA’ preferably
means that the protein production from the mRNA is stabilized and/or prolonged compared

to the protein production from a reference mRNA, e.g. lacking a 3'UTR element.
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‘Stabilized protein expression’ in this context preferably means that there is more uniform
protein production from the artificial nucleic acid molecule according to the present
invention over a predetermined period of time, such as over 24 hours, more preferably over
48 hours, even more preferably over 72 hours, when compared to a reference nucleic acid
molecule, for example, lacking a 3'UTR element. Thus, the level of protein production, e.g.
in a mammalian system, from the artificial nucleic acid molecule comprising a 3'UTR
element according to the present invention, e.g. from an mRNA according to the present
invention, preferably does not drop to the extent observed for a reference nucleic acid
molecule. For example, the amount of a protein (encoded by the ORF) observed 6 hours
after initiation of expression, e.g. 6 hours post transfection of the artificial nucleic acid
molecule according to the present invention into a cell, such as a mammalian cell, may be
comparable to the amount of protein observed 48 hours after initiation of expression, e.g.
48 hours post transfection. Thus, the ratio of the amount of protein encoded by the ORF,
such as of a reporter protein, e.g., luciferase, observed at 48 hours post initiation of
expression, e.g. 48 hours post transfection, to the amount of protein observed 6 hours after
initiation of expression, e.g. 6 hours post transfection, is preferably above 0.4, preferably
above 0.5, more preferably above 0.6, even more preferably above 0.7, e.g. between about
0.4 and about 4, preferably between about 0.65 and about 3, more preferably between
about 0.7 and 2 for a nucleic acid molecule according to the present invention. Thus, in
one embodiment, the present invention provides an artificial nucleic acid molecule as
described above, wherein the ratio of the (reporter) protein amount observed 48 hours after
initiation of expression to the (reporter) protein amount observed 6 hours after initiation of
expression, preferably in a mammalian expression system, such as in mammalian cells, is
preferably between about 0.4 and 4, preferably between about 0.65 and about 3, more
preferably between about 0.7 and 2.

‘Increased protein expression’ in the context of the present invention may refer to increased
protein expression at one time point after initiation of expression compared to a reference
molecule or to an increased total protein production within a certain time period after
initiation of expression. Thus, the protein level observed at a certain time point after
initiation of expression, e.g. after transfection, of the artificial nucleic acid molecule
according to the present invention, e.g. after transfection of an mRNA according to the
present invention, for example, 24, 48, or 72 hours post transfection, or the total protein

produced in a time span of, e.g. 24, 48 or 72 hours, is preferably higher than the protein
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level observed at the same time point after initiation of expression, e.g. after transfection, or
the total protein produced within the same time span, for a reference nucleic acid molecule,
such as a reference mRNA comprising a reference 5'UTR element or lacking a 5'UTR
element and/or 3’UTR element and/or a histone stem-loop. As set forth above, it is a
particularly preferred function of the 5’UTR element and the histone stem-loop to effect an
increase in protein production from the artificial nucleic acid molecule. Preferably, the
increase in protein production effected by the 5’'UTR element and the histone stem-loop
compared to a reference nucleic acid molecule lacking such 5’UTR element and a histone
stem-loop at a given time point post initiation of expression is at least 1.5-fold, more
preferably at least 2-fold, more preferably at least 3-fold, more preferably at least 4-fold,
more preferably at least 5-fold, even more preferably at least 10-fold, even more preferably
at least 15-fold of the protein production observed for a reference nucleic acid molecule
lacking the 5'UTR element and a histone stem-loop. The same holds preferably for the total
protein production in a given time period, for example in a time period of 24, 48 or 72

hours post initiation of expression.

Said increase in stability of the artificial nucleic acid molecule, said increase in stability of
protein production, said prolongation of protein production and/or said increase in protein
production is preferably determined by comparison with a respective reference nucleic acid
molecule lacking a 5’UTR element and/or a 3’UTR element and/or a histone stem-loop, e.g.
an mRNA lacking a 5'UTR element and/or a 3’UTR element and/or a histone stem-loop, or
a reference nucleic acid molecule comprising a reference 5’UTR element and/or a reference
3’UTR element, such as a 3’'UTR and/or a 5’UTR naturally occurring with the ORF or a
5’UTR and/or a 3’UTR of a reference gene.

The mRNA and/or protein production stabilizing effect and efficiency and/or the protein
production increasing effect and efficiency of the variants, fragments and/or variant
fragments of the 3’UTR of an albumin gene as well as the mRNA and/or protein production
stabilizing effect and efficiency and/or the protein production increasing effect and
efficiency of the 3'UTR element, the at least one 5’UTR element, or the histone stem-loop of
the artificial nucleic acid molecule according to the present invention may be determined
by any method suitable for this purpose known to the skilled person. For example, artificial

mRNA molecules may be generated comprising a coding sequence for a reporter protein,
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such as luciferase, and no 3’UTR and/or no 5’UTR and/or no histone stem-loop, a S’UTﬁ
derived from a TOP gene and/or a 3'UTR derived from a gene as described above and/or a
histone stem-loop as described above, a 5'UTR derived from a reference gene and/or a
3’UTR derived from a reference gene (i.e., a reference 3'UTR or a reference 5’UTR, such as
a 5'UTR or a 3’UTR naturally occurring with the ORF), as 3’UTR a variant of a 3’UTR of a
gene as described above, as 3'UTR a fragment of a 3’UTR of a gene as described above, or
as 3'UTR a fragment of a variant of a 3’'UTR of a gene as described above, as 5’UTR a
variant of a 5'UTR of a TOP gene, as 5’UTR a fragment of a 5'UTR of a TOP gene, or as
5'UTR a fragment of a variant of a 5’UTR of a TOP gene. Such mRNAs may be generated,
for example, by /n vitro transcription of respective vectors such as plasmid vectors, e.g.
comprising a T7 promoter and a sequence encoding the respective mRNA sequences. The
generated mRNA molecules may be transfected into cells by any transfection method
suitable for transfecting mRNA, for example they may be electroporated into mammalian
cells, such as HELA or HDF cells, and samples may be analyzed certain time points after
transfection, for example, 6 hours, 24 hours, 48 hours, and 72 hours post transfection. Said
samples may be analyzed for mRNA quantities and/or protein quantities by methods well
known to the skilled person. For example, the quantities of reporter mRNA present in the
cells at the sample time points may be determined by quantitative PCR methods. The
quantities of reporter protein encoded by the respective mRNAs may be determined, e.g.,
by ELISA assays or reporter assays such as luciferase assays depending on the reporter
protein used. The effect of stabilizing protein expression and/or prolonging protein
expression may be, for example, analyzed by determining the ratio of the protein level
observed 48 hours post transfection and the protein level observed 6 hours post
transfection. The closer said value is to 1, the more stable the protein expression is within
this time period. Said value may also be above 1 if the protein level is higher at the later
time point. Such measurements may of course also be performed at 72 or more hours and
the ratio of the protein level observed 72 hours post transfection and the protein level
observed 6 hours post transfection may be determined to determine stability of protein

expression.

Preferably, the 3’UTR element of the artificial nucleic acid molecule according to the
present invention comprises or consists of a nucleic acid sequence which has an identity of

at least about 40%, preferably of at least about 50%, preferably of at least about 60%,
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preferably of at least about 70%, more preferably of at least about 80%, more preferably of
at least about 90%, even more preferably of at least about 95%, even more preferably of at
least about 99%, most preferably of 100% to a nucleic acid sequence selected from SEQ 1D
NOs. 1369-1377 and 1434 and corresponding RNA sequences, wherein the variants of the
sequences according to SEQ ID NOs. 1369-1377 and 1434 are preferably functional
variants as described above. SEQ ID NOs. 1369, 1371 and 1434, variants thereof, and

corresponding RNA sequences are particularly preferred.

The 3’UTR element of the artificial nucleic acid molecule according to the present
invention may also comprise or consist of a fragment of a nucleic acid sequence which has
an identity of at least about 40%, preferably of at least about 50%, preferably of at least
about 60%, preferably of at least about 70%, more preferably of at least about 80%, more
preferably of at least about 90%, even more preferably of at least about 95%, even more
preferably of at least about 99%, most preferably of 100% to the nucleic acid sequence
according to SEQ ID No. 1369-1377 and 1434 and of corresponding RNA sequences,
wherein the fragment is preferably a functional fragment or a functional variant fragment as
described above. Preferably, the fragment is as described above, i.e. being a continuous
stretch of nucleotides representing at least 20% etc. of the full-length 3’UTR the fragment is
derived from. Such fragment preferably exhibits a length of at least about 40 nucleotides,
preferably of at least about 50 nucleotides, preferably of at least about 75 nucleotides, more
preferably of at least about 100 nucleotides, even more preferably of at least about 125

nucleotides, most preferably of at least about 150 nucleotides.

For example, such fragment may exhibit a nucleic acid sequence according to SEQ 1D Nos.

1378-1390, such as:

AAAAGCATCT CAGCCTACCA TGAGAATAAG AGAAAGAAAA TGAAGATCAA AAGCTTATTC
ATCTGTTTTT CTTTTTCGTT GGTGTAAAGC CAACACCCTG TCTAAAAAAC ATAAATTTCT

TTAATCATTT TGCCTCTTTT CTCTGTGCTT CAATT (SEQ ID No. 1378)

CATCACATTT AAAAGCATCT CAGCCTACCA TGAGAATAAG AGAAAGAAAA TGAAGATCAA
AAGCTTATTC ATCTGTTTTT CTTTTTCGTT GGTGTAAAGC CAACACCCTG (SEQ ID No.
1379)
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AAAAGCATCT
ATCTGTTTTT
1380)

CAGCCTACCA
CTTTTTCGTT
1381)

TGAGAATAAG
GGTGTAAAGC
1382)

AGAAAGAAAA
CAACACCCTG
1383)

TGAAGATCAA
TCTAAAAAAC
1384)

AAGCTTATTC
ATAAATTTCT
1385)

ATCTGTTTTT
TTAATCATTT
1386)

CAGCCTACCA
CTTTTTCGTT
TGCCTCTTTT

CAGCCTACCA
CTTTTTCGTT

TGAGAATAAG
GGTGTAAAGC

AGAAAGAAAA
CAACACCCTG

TGAAGATCAA
TCTAAAARAC

AAGCTTATTC
ATAAATTTCT

ATCTGTTTTT
TTAATCATTT

CTTTTTCGTT
TGCCTCTTTT

TGAGAATAAG
GGTGTAAAGC
CTCTGTGCTT

79

TGAGAATAAG
GGTGTAAAGC

AGAAAGAAAA
CAACACCCTG

TGAAGATCAA
TCTAAAAAAC

AAGCTTATTC
ATAAATTTCT

ATCTGTTTTT
TTAATCATTT

CTTTTTCGTT
TGCCTCTTTT

GGTGTAAAGC
CTCTGTGCTT

AGAAAGAAAA
CAACACCCTG
CAATTAATAA

AGAAAGAAAA
CAACACCCTG

TGAAGATCAA
TCTAAAARAAC

AAGCTTATTC
ATAAATTTCT

ATCTGTTTTT
TTAATCATTT

CTTTTTCGTT
TGCCTCTTTT

GGTGTAAAGC
CTCTGTGCTT

CAACACCCTG
CAATTAATAA

TGAAGATCAA
TCTAAAAAAC

PCT/EP2013/000937

TGAAGATCAA
TCTAAAARAAC

AAGCTTATTC
ATAAATTTCT

ATCTGTTTTT
TTAATCATTT

CTTTTTCGTT
TGCCTCTTTT

GGTGTAAAGC
CTCTGTGCTT

CAACACCCTG
CAATTAATAA

TCTAAAAAAC
AAAATGGAAA

AAGCTTATTC
ATAAATTTCT

A (SEQ ID No. 1387)

AAGCTTATTC
(SEQ ID No.

ATCTGTTTTT
(SEQ 1D No.

CTTTTTCGTT
(SEQ ID No.

GGTGTAAAGC
(SEQ ID No.

CAACACCCTG
(SEQ ID No.

TCTAAAAAAC
(SEQ ID No.

ATAAATTTCT
(SEQ ID No.

ATCTGTTTTT
TTAATCATTT
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TGAAGATCAA AAGCTTATTC ATCTGTTTTT CTTTTTCGTT GGTGTAAAGC CAACACCCTG
TCTAAAAAAC ATAAATTTCT TTAATCATTT TGCCTCTTTT CTCTGTGCTT CAATTAATAA
A (SEQID No. 1388)

CTTTTTCGTT GGTGTAAAGC CAACACCCTG TCTAAAAAAC ATAAATTTCT TTAATCATTT
TGCCTCTTTT CTCTGTGCTT CAATTAATAA A (SEQ ID No. 1389)

AAGCTTATTC ATCTGTTTITT CTTTTTCGTT GGTGTAAAGC CAACACCCTG TCTAAAAAAC
(SEQ ID No. 1390)

or the corresponding RNA sequence, or a nucleic acid sequence which is at least 40%,
preferably at least about 50%, preferably at least about 60%, preferably at least about 70%,
more preferably at least about 80%, more preferably at least about 90%, even more
preferably at least about 95%, even more preferably at least about 99% identical to said
nucleic acid sequences or the corresponding RNA sequence. Thus, the at least one 3'UTR
element of the artificial nucleic acid molecule according to the present invention may
comprise or consist of a nucleic acid fragment as described above. Obviously, the
thymidine nucleotides comprised in the fragments according to SEQ ID Nos. 1378-1390

may be replaced by uridine nucleotides.

Preferably, said variants, fragments or variant fragments are functional variants, functional
fragments, or functional variant fragments as described above, exhibiting at least one
function of the nucleic acid sequence according to SEQ ID Nos. 1369-1377 and 1434, such
as stabilization of the artificial nucleic acid molecule according to the invention, stabilizing
and/or prolonging protein expression from the artificial nucleic acid molecule according to
the invention, and/or increasing protein production, preferably with an efficiency of at least
40%, more preferably of at least 50%, more preferably of at least 60%, even more
preferably of at least 70%, even more preferably of at least 80%, most preferably of at least
90% of the stabilizing efficiency and/or protein production increasing efficiency exhibited
by the nucleic acid sequence according to SEQ ID Nos. 1369-1377 and 1434. Preferably,
variants, fragments or variant fragments are functional variants, functional fragments, or
functional variant fragments exhibit the function of acting synergistically with the 5'UTR

element to increase protein production from the artificial nucleic acid molecule.
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Preferably, the 3’UTR element of the artificial nucleic acid molecule according to the
present invention exhibits a length of at least about 40 nucleotides, preferably of at least
about 50 nucleotides, preferably of at least about 75 nucleotides, more preferably of at least
about 100 nucleotides, even more preferably of at least about 125 nucleotides, most
preferably of at least about 150 nucleotides. For example, the 3’'UTR may exhibit a length of
about 50 to about 300 nucleotides, preferably of about 100 to about 250 nucleotides, more
preferably of about 150 to about 200 nucleotides.

Furthermore, the artificial nucleic acid molecule according to the present invention may
comprise more than one 3'UTR elements as described above. For example, the artificial
nucleic acid molecule according to the present invention may comprise one, two, three,
four or more 3’UTR elements, wherein the individual 3’'UTR elements may be the same or
they may be different. For example, the artificial nucleic acid molecule according to the
present invention may comprise two essentially identical 3’'UTR elements as described
above, e.g. two 3’"UTR elements comprising or consisting of a nucleic acid sequence which
is derived from the 3’UTR of an albumin gene or an a-globin gene or from a variant of the
3’UTR of an albumin gene or of an a-globin gene, such as a nucleic acid sequence
according to SEQ ID No. 1369, 1371, 1376, or 1434, functional variants thereof, functional

fragments thereof, or functional variant fragments thereof as described above.

In a preferred embodiment, the artificial nucleic acid molecule comprises (a.) at least one
5'UTR element which comprises or consists of a nucleic acid sequence which is derived
from the 5'UTR of a TOP gene encoding a ribosomal protein as described above, for
example, encoding a ribosomal Large protein, or from a variant thereof, (b.) at least one
open reading frame, (c.) at least one histone stem-loop as described herein, such as at least
one histone stem-loop according to SEQ ID NOs. 1391-1433, optionally (d.) a poly(A)
sequence or a poly(A) signal, optionally (e.) a poly(C) sequence, and optionally (f.) at least
one 3’UTR element, preferably derived from a gene providing a stable mRNA, e.g., which
comprises or consists of a nucleic acid sequence which is derived from the 3’UTR of an
albumin gene or an a-globin gene, such as a sequence selected from the group consisting of

SEQ ID NOs: 1369, 1371, and 1434 or a variant thereof as described herein.
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Preferably, the sequence of elements of the artificial nucleic acid molecule in 5'-to-3'-
direction is 5’-[at least one 5'UTR]-[ORF]-[optional at least one 3’UTR]-[optional poly(A)

sequence]-[optional poly(C) sequence]-[at least one histone stem-loop]-3’.

In a particularly preferred embodiment, the artificial nucleic acid moleucle comprises (a.) at
least one 5’UTR element which comprises or consists of a nucleic acid sequence which is
derived from the 5’UTR of a ribosomal protein Large 32 gene (RPL32), a ribosomal protein
Large 35 gene (RPL35), a ribosomal protein Large 21 gene (RPL21), an ATP synthase, H+
transporting, mitochondrial F1 complex, alpha subunit 1, cardiac muscle (ATP5A1) gene, an
hydroxysteroid (17-beta) dehydrogenase 4 gene (HSD17B4), an androgen-induced 1 gene
(AlIG1), cytochrome c oxidase subunit Vic gene (COX6C), or a N-acylsphingosine
amidohydrolase (acid ceramidase) 1 gene (ASAH1) or from a variant thereof, preferably
from a vertebrate ribosomal protein Large 32 gene (RPL32), a vertebrate ribosomal protein
Large 35 gene (RPL35), a vertebrate ribosomal protein Large 21 gene (RPL21), a vertebrate
ATP synthase, H+ transporting, mitochondrial F1 complex, alpha subunit 1, cardiac muscle
(ATP5AT1) gene, a vertebrate hydroxysteroid (17-beta) dehydrogenase 4 gene (HSD17B4), a
vertebrate androgen-induced 1 gene (AIG1), a vertebrate cytochrome c oxidase subunit Vic
gene (COX6C), or a vertebrate N-acylsphingosine amidohydrolase (acid ceramidase) 1 gene
(ASAHT) or from a variant thereof, more preferably from a mammalian ribosomal protein
Large 32 gene (RPL32), a ribosomal protein Large 35 gene (RPL35), a ribosomal protein
Large 21 gene (RPL21), a mammalian ATP synthase, H+ transporting, mitochondrial F1
complex, alpha subunit 1, cardiac muscle (ATP5A1) gene, a mammalian hydroxysteroid
(17-beta) dehydrogenase 4 gene (HSD17B4), a mammalian androgen-induced 1 gene
(AIG1), a mammalian cytochrome c oxidase subunit Vic gene (COX6C), or a mammalian N-
acylsphingosine amidohydrolase (acid ceramidase) 1 gene (ASAH1) or from a variant
thereof, most preferably from a human ribosomal protein Large 32 gene (RPL32), a human
ribosomal protein Large 35 gene (RPL35), a human ribosomal protein Large 21 gene
(RPL21), a human ATP synthase, H+ transporting, mitochondrial F1 complex, alpha subunit
1, cardiac muscle (ATP5A1) gene, a human hydroxysteroid (17-beta) dehydrogenase 4 gene
(HSD17B4), a human androgen-induced 1 gene (AIGT), a human
cytochrome c oxidase subunit Vic gene (COX6C), or a human N-acylsphingosine
amidohydrolase (acid ceramidase) 1 gene (ASAH1) or from a variant thereof, wherein

preferably the 5’UTR element does not comprise the 5'TOP of said gene, such as the
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sequence according to SEQ ID NO: 1368 or SEQ ID NOs 1452-1460 or a variant thereof,

(b.) at least one open reading frame, (c.) at least one histone stem-loop, such as at least one

histone stem-loop according to SEQ ID NOs. 1391-1433, optionally (d.) a poly(A) sequence

and/or a poly(A) signal, optionally (e.) a poly(C) sequence, and optionally (f.) at least one

3’UTR element which comprises or consists of a nucleic acid sequence which is derived

from an albumin gene or an a-globin gene, such as a sequence selected from the group

consisting of SEQ ID NOs: 1369, 1371, and 1434 or a variant thereof as described herein.

In a particularly preferred embodiment, the artificial nucleic acid molecule according to the

present invention comprises:

(a.)

at least one 5’UTR element which comprises or consists of a nucleic acid sequence
which has an identity of at least about 40%, preferably of at least about 50%,
preferably of at least about 60%, preferably of at least about 70%, more preferably of
at least about 80%, more preferably of at least about 90%, even more preferably of at
least about 95%, even more preferably of at least about 99% to the nucleic acid
sequence according to SEQ ID No. 1368 or SEQ ID NOs. 1452-1460, or a

corresponding RNA sequence,
at least one open reading frame,

at least one histone stem-loop as described herein, such as a histone stem-loop
sequence according to any one of SEQ ID NOs. 1391-1433, preferably a histone
stem-loop sequence having a sequence identity of at least about 75%, preferably of at
least about 80%, preferably at least about 85%, more preferably at least about 90%,
even more preferably at least about 95% to the sequence according to SEQ ID NO.
1433 or a corresponding RNA sequence, wherein preferably positions 6, 13 and 20
of the sequence having a sequence identity of at least about 75%, preferably of at
least about 80%, preferably at least about 85%, more preferably at least about 90%, |
even more preferably at least about 95% to the sequence according to SEQ 1D NO.
1433 or the corresponding RNA sequence are conserved, i.e. are identical to the
nucleotides at positions 6, 13 and 20 of SEQ ID NO. 1433,
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(d.) optionally, a poly(A) sequence or a poly(A) signal as described herein,

(e.) optionally, a poly(C) sequence, and

(f)  optionally, a 3'UTR element, preferably a 3'UTR element which is derived from a
gene providing a stable mRNA, such as a 3'UTR element which comprises or consists
of a nucleic acid sequence which has an identity of at least about 40%, preferably of
at least about 50%, preferably of at least about 60%, preferably of at least about 70%,
more preferably of at least about 80%, more preferably of at least about 90%, even
more preferably of at least about 95%, even more preferably of at least about 99%,
most preferably of 100% to the nucleic acid sequence according to SEQ ID No.
1369, 1371, or 1434 or a corresponding RNA sequence.

Thus, in a particularly preferred embodiment, the present invention provides an artificial

nucleic acid molecule comprising a 5’'UTR element which comprises or consists of a

nucleic acid sequence which has an identity of at least about 90% to the nucleic acid

sequence according to SEQ ID No. 1368 or SEQ ID NOs. 1452-1460, or a corresponding

RNA sequence, a histone stem-loop comprising a sequence which has an identity of at least

about 90% to the sequence according to SEQ ID NO. 1434 or a corresponding RNA

sequence, optionally a poly(A) sequence and/or a poly(A) signal as described herein,
optionally a poly(C) sequence, and optionally a 3'UTR element which comprises or consists
of a nucleic acid sequence which has an identity of at least about 90% to the nucleic acid

sequence according to SEQ ID No. 1369, 1371 or 1434.

Preferably, the artificial nucleic acid molecule according to the present invention does not
contain one or two or at least one or all but one or all of the components of the group con-
sisting of: a sequence encoding a ribozyme (preferably a self-splicing ribozyme), a viral nu-
cleic acid sequence, a histone stem-loop processing signal, in particular a histone stem-loop
processing sequence derived from mouse histon H2A614 gene, a Neo gene, an inactivated
promoter sequence and an inactivated enhancer sequence. Even more preferably, the nu-
cleic acid according to the invention does not contain a ribozyme, preferably a self-splicing
ribozyme, and one of the group consisting of: a Neo gene, an inactivated promotor se-
quence, an inactivated enhancer sequence, a histon stem-loop processing signal, in particu-

lar a histon-stem loop processing sequence derived from mouse histon H2A614 gene. Ac-
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cordingly, the nucleic acid may in a preferred mode neither contain a ribozyme, preferably
a self-splicing ribozyme, nor a Neo gene or, alternatively, neither a ribozyme, preferably a
self-splicing ribozyme, nor any resistance gene (e.g. usually applied for selection). In an
other preferred mode, the nucleic acid molecule of the invention may neither contain a
ribozyme, preferably a self-splicing ribozyme, nor a histone stem-loop processing signal, in
particular a histone stem-loop processing sequence derived from mouse histone H2A614

gene.

Furthermore, it is preferred that the inventive artificial nucleic acid molecule according to

the present invention does not comprise an intron.

The artificial nucleic acid molecule according to the present invention may be RNA, such
as mRNA, DNA, such as a DNA vector, or may be a modified RNA or DNA molecule. It
may be provided as a double-stranded molecule having a sense strand and an anti-sense

strand, for example, as a DNA molecule having a sense strand and an anti-sense strand.

The invention also provides an artificial nucleic acid molecule which is an mRNA molecule
comprising a, 5’UTR element, an open reading frame, a histone stem-loop as described

herein, an optional 3’UTR element as described herein and an optional poly(A) sequence.

The artificial nucleic acid molecule according to the present invention may further comprise

a 5’-cap. The optional 5’-cap is preferably attached to the 5’-side of the 5'UTR element.

The invention provides an artificial nucleic acid molecule which may be a template for an
RNA molecule, preferably for an mRNA molecule, which is stabilised and optimized with
respect to translation efficiency. In other words, the artificial nucleic acid molecule may be
a DNA or RNA which may be used for production of an mRNA. The obtainable mRNA,
may, in turn, be translated for production of a desired peptide or protein encoded by the
open reading frame. If the artificial nucleic acid molecule is a DNA, it may, for example, be
used as a double-stranded storage form for continued and repetitive in vitro or in vivo

production of mRNA.
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Potential transcription systems are in vitro transcription systems or cellular transcription
systems etc. Accordingly, transcription of an artificial nucleic acid molecule according to
the invention, e.g. transcription of an artificial nucleic acid molecule comprising a 5’"UTR
element, an open reading frame, a histone stem-loop, a 3’UTR element, and a
polyadenylation-signal, may result in an mRNA molecule comprising a 5'UTR element, an

open reading frame, a histone stem-loop, a 3’UTR element and a poly(A) sequence.

For example, the artificial nucleic acid molecule according to the present invention may

comprise a nucleic acid sequence corresponding to the DNA sequence

CATCACATTT AAAAGCATCT CAGCCTACCA TGAGAATAAG AGAAAGAAAA TGAAGATCAA
AAGCTTATTC ATCTGTTTTT CTTTTTCGTT GGTGTAAAGC CAACACCCTG TCTAAAAAAC
ATAAATTTCT TTAATCATTT TGCCTCTTTT CTCTGTGCTT CAATTAATAA AAAATGGAAA
GAATCTAGAT CTAAAAAAAA AAAAAAAAAA AAAAAAAAAA AAAAAAAAAA AAAARAAAAAA
AAAAAAAAAA AAAAAA (SEQ ID No. 1377).

Transcription of such a sequence may result in an artificial nucleic acid molecule

comprising a corresponding RNA sequence.

Such artificial RNA molecule may also be obtainable in vitro by common methods of

chemical synthesis without being necessarily transcribed from a DNA progenitor.

In a particularly preferred embodiment, the artificial nucleic acid molecule according to the
present invention is an RNA molecule, preferably an mRNA molecule comprising in 5'-to-
3’-direction a 5'UTR element as described above, an open reading frame, an optional
3’'UTR element as described above, an optional poly(A) sequence, an optional poly(C)

sequence, and a histone stem-loop as described herein.

In some embodiments, the artificial nucleic acid molecule comprises further elements such
as an IRES-motif. An internal ribosome entry side (IRES) sequence or IRES-motif may
separate several open reading frames, for example if the artificial nucleic acid molecule
encodes for two or more peptides or proteins. An IRES-sequence may be particularly helpful

if the mRNA is a bi- or multicistronic RNA.
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Furthermore, the artificial nucleic acid molecule may comprise additional 5’-elements such
as a promoter or enhancer sequence. The promoter may drive and or regulate transcription
of the artificial nucleic acid molecule according to the present invention, for example of an

artificial DNA molecule according to the present invention.

In preferred embodiments, the invention provides artificial nucleic acid molecules,
preferably mRNA molecules, comprising in 5’-to-3’-direction at least one of the following

structures:

5’-cap — 5’UTR element — ORF — 3'UTR element — histone stem-loop — poly(A) sequence
5’-cap — 5’UTR element — ORF — 3'UTR element — poly(A) sequence — histone stem-loop

5’-cap - 5'UTR element — ORF — IRES — ORF - 3’UTR element - histone stem-loop -
poly(A) sequence

5’-cap — 5’UTR element — ORF — IRES — ORF - 3'UTR element — poly(A) sequence — histone

stem-loop

5’-cap — 5’UTR element — ORF — 3’UTR element — poly(A) sequence — poly(C) sequence —

histone stem-loop

5’-cap - 5’UTR element ~ ORF — IRES — ORF - 3’UTR element — poly(A) sequence — poly(C)

sequence ~ histone stem-loop

5’-cap — 5’UTR element — ORF — IRES — ORF — 3’UTR element - histone stem-loop —
poly(A) sequence — poly(C) sequence

More preferably, the inventive artificial nucleic acid molecule comprises or codes for (a.) a
5’UTR-element; (b.) an open reading frame, preferably encoding a peptide or protein; (c.) at
least one histone stem-loop, optionally (d.) a poly(A) sequence and/or polyadenylation sig-
nal; (e.) optionally a poly(C) sequence; and (f.) optionally a 3’UTR element, preferably for

increasing the expression level of an encoded protein, wherein the encoded protein is pref-
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erably no histone protein, no reporter protein and/or no marker or selection protein, as de-
fined above. The elements (c.) to (f.) of the inventive artificial nucleic acid molecule may
occur in the inventive artificial nucleic acid molecule in any sequence, i.e. the elements
(@), (b.), (c)), (d.), (e.) and (f.) may, for example, occur in the sequence (a.), (b.), (c.), (d.), (e.)
and (f.), or (a.), (b.), (d.), (c.), (e.) and (f.), or (a.), (b.), (c.), (d.), (f.) and (e.), or (a.), (b.), (d.),
(c.), (f) and (e.), or (a.), (b.), (e), (d.), (c.) and (f.), or (a.), (b.), (e.), (d.), (f.) and (c.), or (a.),
(b.), (c), (f.), (e.) and (d.) etc., wherein further elements as described herein, may also be
contained, such as a 5’-CAP structure, stabilization sequences, IRES sequences, etc. Each of
the elements (a.) to (f.) of the inventive artificial nucleic acid molecule, particularly b), may
occur in di- or multicistronic constructs and/or each of the elements (a.), (c.) and (f.) may
also be repeated at least once, preferably twice or more in the inventive artificial nucleic
acid molecule. As an example, the inventive artificial nucleic acid molecule may comprise
its sequence elements (a.), (b.), (c.) and optionally (d.) in e.g. the following order. In all
cases the artificial nucleic acid molecule may additionally comprise one or more optional

3’UTR element(s) and/or a poly(C) sequence as defined herein:

5’UTR — ORF - histone stem-loop - 3’; or

5'UTR ~ ORF - ORF - histone stem-loop — 3’; or

5" UTR - ORF — IRES - ORF - histone stem-loop - 3’; or

5" UTR - ORF - histone stem-loop — poly(A) sequence — 3’; or

5" UTR - ORF - histone stem-loop — polyadenylation signal — 3’; or

5" UTR - ORF — ORF - histone stem-loop — polyadenylation signal - 3’; or

5" UTR - ORF - histone stem-loop — histone stem-loop - 3’; or

5" UTR — ORF - histone stem-loop — histone stem-loop — poly(A) sequence — 3’; or
5" UTR — ORF — histone stem-loop — histone stem-loop — polyadenylation signal- 3’; or
5" UTR — ORF - histone stem-loop — poly(A) sequence — histone stem-loop — 3’; or
5" UTR — ORF - poly(A) sequence - histone stem-loop - 3’; or

5 UTR — ORF - poly(A) sequence - histone stem-loop — histone stem-loop — 3’;etc.

It is preferred that the above sequences comprise a poly(C) sequence. Preferably, this
poly(C) sequence is located 5’ to the histone stem-loop, preferably between the poly(A) se-

quence and the histone stem-loop sequence.
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In this context, it is particularly preferred that the inventive artificial nucleic acid molecule
comprises or codes for a) a 5'UTR element, b) an open reading frame, preferably encoding a
peptide or protein; c) at least one histone stem-loop, and d) a poly(A) sequence or polyade-
nylation sequence; preferably for increasing the expression level of an encoded protein,
wherein the encoded protein is preferably no histone protein, no reporter protein (e.g.
Luciferase, GFP, EGFP, B-Galactosidase, part‘icularly EGFP) and/or no marker or selection
protein (e.g. alpha-Globin, Galactokinase and Xanthine:Guanine phosphoribosyl transferase

(GPT)).

The open reading frame of the artificial nucleic acid molecule is not particularly limited. For
example, the open reading frame may encode a protein or peptide that may be used for
therapy of a disease. The particular choice of the protein or peptide depends on the disease
to be treated and is not the subject of the invention. Accordingly, the artificial nucleic acid
molecule may be for use in treatment of a disease that is treatable with the protein or
peptide that is encoded by the open reading frame. The open reading frame may also
encode a protein or peptide that may be used as an antigen for vaccination. Again, the
particular choice of the protein or peptide depends on the disease or infection to be
prevented. Accordingly, the artificial nucleic acid molecule may be for use in prevention of

a disease by inducing a specific immune response.

However, the encoded protein is preferably no histone protein. In the context of the present
invention, such a histone protein is typically a strongly alkaline protein found in eukaryotic
cell nuclei, which package and order the DNA into structural units called nucleosomes.
Histone proteins are the chief protein components of chromatin, act as spools around which
DNA winds, and play a role in gene regulation. Without histones, the unwound DNA in
chromosomes would be very long (a length to width ratio of more than 10 million to one in
human DNA). For example, each human cell has about 1.8 meters of DNA, but wound on
the histones it has about 90 millimeters of chromatin, which, when duplicated and con-
densed during mitosis, result in about 120 micrometers of chromosomes. More preferably,
in the context of the present invention, such a histone protein is typically defined as a highly
conserved protein selected from one of the following five major classes of histones: H1/HS5,
H2A, H2B, H3, and H4", preferably selected from mammalian histone, more preferably

from human histones or histone proteins. Such histones or histone proteins are typically




10

15

20

25

30

WO 2013/143699 PCT/EP2013/000937
920

organised into two super-classes defined as core histones, comprising histones H2A, H2B,

H3 and H4, and linker histones, comprising histones H1 and H5.

In this context, linker histones, are preferably excluded from the scope of protection of the
pending invention, preferably mammalian linker histones, more preferably human linker
histones, are typically selected from H1, including H1F, particularly including H1FO,
H1FNT, H1FOO, HI1FX, and H1H1, particularly including HISTIH1A, HIST1H1B,
HISTIH1C, HISTIH1D, HISTIH1E, HISTTHIT.

Furthermore, in some embodiments, core histones which are preferably excluded from the
scope of protection of the pending invention, preferably mammalian core histones, more
preferably human core histones, are typically selected from H2A, including H2AF, particu-
larly including H2AFB1, H2AFB2, H2AFB3, H2AF), H2AFV, H2AFX, H2AFY, H2AFY2,
H2AFZ, and H2A1, particularly including HISTIH2AA, HIST1IH2AB, HIST1H2AC,
HISTIH2AD, HISTIH2AE, HISTTIH2AG, HISTTH2AI, HIST1H2A), HIST1H2AK,
HISTIH2AL, HISTIH2AM, and H2A2, particularly including HIST2ZH2AA3, HIST2H2AC;
H2B, including H2BF, particularly including H2BFM, H2BFO, H2BFS, H2BFWT H2BI,
particularly including HISTIH2BA, HIST1H2BB, HIST1H2BC, HISTIH2BD, HISTTH2BE,
HISTTH2BF, HISTTH2BG, HISTTH2BH, HlST1HZBi, HIST1H2B), HIST1H2BK, HISTTH2BL,
HIST1H2BM, HIST1H2BN, HISTTH2BO, and H2B2, particularly including HIST2H2BE;

* H3, including H3A1, particularly including HISTIH3A, HISTIH3B, HISTIH3C, HISTIH3D,

HISTTH3E, HISTTH3F, HISTIH3G, HISTTH3H, HIST1H3I, HIST1H3), and H3A2, particu-
larly including HIST2H3C, and H3A3, particularly including HIST3H3; H4, including H41,
particularly including HISTTH4A, HIST1IH4B, HIST1H4C, HISTIH4D, HISTTHA4E,
HISTIHAF, HISTIHAG, HISTIH4H, HIST1H4l, HIST1H4J, HISTIH4K, HIST1H4L, and
H44, particularly including HIST4H4, and H5.

Preferably, the protein encoded by the open reading frame is no reporter protein (e.g.
Luciferase, Green Fluorescent Protein (GFP), Enhanced Green Fluorescent Protein (EGFP), B-
Galactosidase) and no marker or selection protein (e.g. alpha-globin, Galactokinase and
Xanthine:guanine phosphoribosyl transferase (GPT)). Preferably, the artificial nucleic acid
molecule of the invention does not contain a (bacterial) Neo gene sequence (Neomycin

resistance gene).
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Preferably, the ORF does not code for a protein selected from the group consisting of
albumin proteins, o-globin proteins, B-globin proteins, tyrosine hydroxylase proteins,

lipoxygenase proteins, and collagen alpha proteins.

In a preferred embodiment, the open reading frame does not code for human albumin,
provided that the 3’UTR element is identical to the 3’'UTR of human albumin. In some
further embodiment, it is preferred that the open reading frame does not code for human
albumin according to GenBank Accession number NM_000477.5 provided that the 3'UTR
element is identical to the 3’UTR of human albumin. In some further embodiments, it is
preferred that the open reading frame does not code for human albumin or variants thereof
provided that the 3’"UTR element is a sequence which is identical to SEQ ID No. 1369 or to
a corresponding RNA sequence.

Furthermore, in some embodiments, it is preferred that the open reading frame does not
code for a reporter protein selected from the group consisting of globin proteins, luciferase
proteins, GFP proteins or variants thereof, for example, variants exhibiting at least 70%

sequence identity to a globin protein, a luciferase protein, or a GFP protein.

Preferably, the artificial nucleic acid molecule, preferably the open reading frame, is at least
partially G/C modified. Thus, the inventive artificial nucleic acid molecule may be
thermodynamically stabilized by modifying the G (guanosine)/C (cytidine) content of the
molecule. The G/C content of the open reading frame of an artificial nucleic acid molecule
according to the present invention may be increased compared to the G/C content of the
open reading frame of a corresponding wild type sequence, preferably by using the
degeneration of the genetic code. Thus, the encoded amino acid sequence of the nucleic
acid molecule is preferably not modified by the G/C modification compared to the coded
amino acid sequence of the particular wild type sequence. The codons of a coding
sequence or a whole nucleic acid molecule, e.g. an mRNA, may therefore be varied
compared to the wild type coding sequence, such that they include an increased amount of
G/C nucleotides while the translated amino acid sequence is maintained. In respect to the
fact that several codons code for one and the same amino acid (so-called degeneration of
the genetic code), the most favourable codons for the stability can be determined (so-called

alternative codon usage).
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Depending on the amino acid to be encoded by the coding region of the inventive nucleic
acid molecule as defined herein, there are various possibilities for modification of the nu-
cleic acid sequence, e.g. the open reading frame, compared to its wild type coding region.
In the case of amino acids which are encoded by codons which contain exclusively G or C
nucleotides, no modification of the codon is necessary. Thus, the codons for Pro (CCC or
CCQG), Arg (CGC or CGQ), Ala (GCC or GCG) and Gly (GGC or GGQ) require no modifica-

tion, since no A or U/T is present.

In contrast, codons which contain A and/or U/T nucleotides may be modified by substitu-
tion of other codons which code for the same amino acids but contain no A and/or U/T. For

example

the codons for Pro can be modified from CC(U/T) or CCA to CCC or CCG;

the codons for Arg can be modified from CG(U/T) or CGA or AGA or AGG to CGC or CGG;
the codons for Ala can be modified from GC(U/T) or GCA to GCC or GCG;

the codons for Gly can be modified from GG(U/T) or GGA to GGC or GGG.

In other cases, although A or (U/T) nucleotides cannot be eliminated from the codons, it is
however possible to decrease the A and (U/T) content by using codons which contain a

lower content of A and/or (U/T) nucleotides. Examples of these are:

The codons for Phe can be modified from (U/TY(U/T)U/T) to (U/T) (U/MC;

the codons for Leu can be modified from (U/T) (UMA, (U/T) (UMG, CU/T) (U/T) or
C(U/MA to C(U/M)C or C(U/MG;

the codons for Ser can be modified from (U/T)C(U/T) or (U/T)CA or AG(U/T) to (U/T)CC,
(U/MCG or AGC;

the codon for Tyr can be modified from (U/T)A(U/T) to (U/T)AC;

the codon for Cys can be modified from (U/T)G(U/T) to (U/T)GC;

the codon for His can be modified from CA(U/T) to CAC;

the codon for Gln can be modified from CAA to CAG;

the codons for lle can be maodified from A(U/T)(U/T) or A(U/T)A to A(U/T)C;

the codons for Thr can be modified from AC(U/T) or ACA to ACC or ACG;

the codon for Asn can be modified from AA(U/T) to AAC;
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the codon for Lys can be modified from AAA to AAG;

the codons for Val can be modified from G(U/T)(U/T) or G(U/T)A to G(U/T)C or GU/TG;
the codon for Asp can be modified from GA(U/T) to GAC;

the codon for Glu can be modified from GAA to GAG;

the stop codon (U/T)AA can be modified to (U/T)AG or (U/T)GA.

In the case of the codons for Met (A(U/T)G) and Trp ((U/T)GG), on the other hand, there is

no possibility of sequence modification without altering the encoded amino acid sequence.

The substitutions listed above can be used either individually or in all possible combina-
tions to increase the G/C content of the open reading frame of the inventive nucleic acid
sequence as defined herein, compared to its particular wild type open reading frame (i.e.
the original sequence). Thus, for example, all codons for Thr occurring in the wild type se-
quence can be modified to ACC (or ACQ).

Preferably, the G/C content of the open reading frame of the inventive artificial nucleic acid
molecule as defined herein is increased by at least 7%, more preferably by at least 15%,
particularly preferably by at least 20%, compared to the G/C content of the wild type cod-
ing region. According to a specific embodiment at least 5%, 10%, 20%, 30%, 40%, 50%,
60%, more preferably at least 70 %, even more preferably at least 80% and most preferably
at least 90%, 95% or even 100% of the substitutable codons in the open reading frame of
the inventive artificial nucleic acid molecule or a fragment, variant or derivative thereof are

substituted, thereby increasing the G/C content of said open reading frame.

In this context, it is particularly preferable to increase the G/C content of the open reading
frame of the inventive nucleic acid sequence as defined herein, to the maximum (i.e. 100%

of the substitutable codons), compared to the wild type open reading frame.

Furthermore, the open reading frame is preferably at least partially codon-optimized.
Codon-optimization is based on the finding that the translation efficiency may be deter-
mined by a different frequency in the occurrence of transfer RNAs (tRNAs) in cells. Thus, if
so-called “rare codons” are present in the coding region of the inventive artificial nucleic

acid molecule as defined herein, to an increased extent, the translation of the corresponding
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modified nucleic acid sequence is less efficient than in the case where codons coding for

relatively “frequent” tRNAs are present.
y q p

Thus, the open reading frame of the inventive nucleic acid sequence is preferably modified
compared to the corresponding wild type coding region such that at least one codon of the
wild type sequence which codes for a tRNA which is relatively rare in the cell is exchanged
for a codon which codes for a tRNA which is comparably frequent in the cell and carries
the same amino acid as the relatively rare tRNA. By this modification, the open reading
frame of the inventive artificial nucleic acid molecule as defined herein, is modified such
that codons for which frequently occurring tRNAs are available may replace codons which
correspond to rare tRNAs. In other words, according to the invention, by such a modifica-
tion all codons of the wild type open reading frame which code for a rare tRNA may be
exchanged for a codon which codes for a tRNA which is more frequent in the cell and
which carries the same amino acid as the rare tRNA. Which tRNAs occur relatively fre-
quently in the cell and which, in contrast, occur relatively rarely is known to a person
skilled in the art; cf. e.g. Akashi, Curr. Opin. Genet. Dev. 2001, 11(6): 660-666. Accord-
ingly, preferably, the open reading frame is codon-optimized, preferably with respect to the
system in which the nucleic acid molecule according to the present invention is to be ex-
pressed, preferably with respect to the system in which the nucleic acid molecule according
to the present invention is to be translated. Preferably, the codon usage of the open reading
frame is codon-optimized according to mammalian codon usage, more preferably accord-
ing to human codon usage. Preferably, the open reading frame is codon-optimized and

G/C-content modified.

For further improving degradation resistance, e.g. resistance to /n vivo degradation by an
exo- or endonuclease, and/or for further improving protein production from the artificial
nucleic acid molecule according to the present invention, the artificial nucleic acid mole-
cule may further comprise modifications, such as backbone modifications, sugar modifica-
tions and/or base modifications, e.g., lipid-modifications or the like. Preferably, the tran-
scription and/or the translation of the artificial nucleic acid molecule according to the pre-

sent invention is not significantly impaired by said modifications.

Nucleotide analogues/modifications that may be used in the context of the present inven-

tion may be selected, for example, from 2-amino-6-chloropurineriboside-5'-triphosphate, 2-
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aminoadenosine-5'-triphosphate, 2-thiocytidine-5'-triphosphate, ~2-thiouridine-5'-triphos-
phate, 4-thiouridine-5'-triphosphate, 5-aminoallylcytidine-5'-triphosphate, 5-
aminoallyluridine-5'-triphosphate,  5-bromocytidine-5'-triphosphate, ~ 5-bromouridine-5'-
triphosphate, 5-iodocytidine-5'-triphosphate, 5-iodouridine-5'-triphosphate, 5-
methylcytidine-5'-triphosphate, 5-methyluridine-5'-triphosphate, 6-azacytidine-5'-
triphosphate, ~ 6-azauridine-5'-triphosphate,  6-chloropurineriboside-5'-triphosphate, ~ 7-
deazaadenosine-5'-triphosphate, ~ 7-deazaguanosine-5'-triphosphate, 8-azaadenosine-5'-
triphosphate, 8-azidoadenosine-5'-triphosphate, benzimidazole-riboside-5'-triphosphate,
N1-methyladenosine-5'-triphosphate, N1-methylguanosine-5'-triphosphate, N6-
methyladenosine-5'-triphosphate, O6-methylguanosine-5'-triphosphate, pseudouridine-5'-
triphosphate, or puromycin-5'-triphosphate, xanthosine-5'-triphosphate. Particular prefer-
ence is given to nucleotides for base modifications selected from the group of base-modified
nucleotides  consisting of  5-methylcytidine-5'-triphosphate,  7-deazaguanosine-5'-

triphosphate, 5-bromocytidine-5'-triphosphate, and pseudouridine-5'-triphosphate.

Further, lipid-modified artificial nucleic acid molecules may typically comprise at least one
linker which is covalently linked with the artificial nucleic acid molecule, and at least one
lipid which is covalently linked with this linker. Alternatively, a lipid-modified artificial nu-
cleic acid molecule may comprise at least one artificial nucleic acid molecule as defined
herein and at least one, preferably bifunctional lipid which is covalently linked, preferably
without a linker, with that artificial nucleic acid molecule. According to.a third alternative,
a lipid-modified artificial nucleic acid molecule may comprise an artificial nucleic acid
molecule as defined herein, at least one linker which is covalently linked with that artificial
nucleic acid molecule, at least one lipid which is covalently linked with this linker, and
additionally at least one, preferably bifunctional lipid which is covalently linked, preferably

without a linker, with the artificial nucleic acid molecule.
In a further aspect, the present invention provides a vector comprising

(a.) at least one 5’-untranslated region element (5'UTR element) which comprises or
consists of a nucleic acid sequence which is derived from the 5’UTR of a TOP gene

or which is derived from a variant of the 5’'UTR of a TOP gene;

(b.)  at least one open reading frame and/or at least one cloning site; and
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(c)  optionally, at least one histone stem-loop.

The cloning site may be suitable for accepting an open reading frame, i.e. an open reading
frame coding for a protein or peptide to be expressed may be cloned into the vector via the

cloning site.

The at least one 5’UTR element, the at least one ORF, and the at least one optional histone
stem-loop are as described herein for the artificial nucleic acid molecule according to the
present invention. The cloning site may be any sequence that is suitable for introducing an
open reading frame or a sequence comprising an open reading frame, such as one or more

restriction sites.

Thus, the vector comprising a cloning site is preferably suitable for inserting an open
reading frame into the vector. Preferably, it may be suitable for inserting an open reading
frame between the 5’UTR element and a desired 3’ structure such as a histone stem loop, a
polyl(A) sequence, a polyadenylation signal and/or a 3'UTR element, more-preferably it is
suitable for insertion 5’ to the 3’ structure and 3’ to the 5’UTR element. For example the 3’
structure may comprise a histone stem-loop, a poly(A) sequence or a polyadenylation signal
and/or a 3’UTR element as described above. Thereby the histone stem loop, the poly(A)
sequence and/or the polyadenylation signal and the 3'UTR element may occur in any order
that may be desired. Preferably, the cloning site or the ORF is located 5’ to the 3'UTR
structure, preferably in close proximity to the 5-end of the histone stem-loop, poly(A)
sequence, polyadenylation signal and/or a 3’UTR element as described above. For example,
the cloning site or the ORF may be directly connected to the 5’-end of the histone stem-
loop, poly(A) sequence, polyadenylation signal and/or a 3’'UTR element or they may be
connected via a stretch of nucleotides, such as by a stretch of 2, 4, 6, 8, 10, 20 etc.
nucleotides as described above for the artificial nucleic acid molecule according to the
present invention. Preferably, the cloning site or the ORF is located 3’ to the 5'UTR
element, preferably in close proximity to the 3’-end of the 5’UTR element. For example, the
cloning site or the ORF may be directly connected to the 3’-end of the 5’UTR element or
they may be connected via a stretch of nucleotides, such as by a stretch of 2, 4, 6, 8, 10, 20
etc. nucleotides as described above for the artificial nucleic acid molecule according to the

present invention.
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Preferably, the vector according to the present invention is suitable for producing the
artificial nucleic acid molecule according to the present invention, preferably for producing
an artificial mRNA according to the present invention, for example, by optionally inserting
an open reading frame or a sequence comprising an open reading frame into the vector and
transcribing the vector. Thus, preferably, the vector comprises elements needed for
transcription, such as a promoter, e.g. an RNA polymerase promoter. Preferably, the vector
is suitable for transcription using eukaryotic, prokaryotic, viral or phage transcription
systems, such as eukaryotic cells, prokaryotic cells, or eukaryotic, prokaryotic, viral or
phage /n vitro transcription systems. Thus, for example, the vector may comprise a promoter
sequence, which is recognizes by a polymerase, such as by an RNA polymerase, e.g. by a
eukaryotic, prokaryotic, viral, or phage RNA polymerase. In a preferred embodiment, the
vector comprises a phage RNA polymerase promoter such as an SP6 or T7, preferably a T7
promoter. Preferably, the vector is suitable for in vitro transcription using a phage based /n
vitro transcription system, such as a T7 RNA polymerase based /n vitro transcription system.
The vector may further comprise a poly(A) sequence and/or a polyadenylation signal and/or
a poly(C) sequence as described above for the artificial nucleic acid molecule according to

the present invention.

The vector may be an RNA vector or a DNA vector. Preferably, the vector is a DNA vector.
The vector may be any vector known to the skilled person, such as a viral vector or a

plasmid vector. Preferably, the vector is a plasmid vector, preferably a DNA plasmid vector.

In a preferred embodiment, the vector according to the present invention comprises or

codes for the artificial nucleic acid molecule according to the present invention.

Preferably, a vector according to the present invention comprises a sequence according to
SEQ ID NOs. 1-1363, SEQ ID NO. 1435, SEQ ID NO. 1461, SEQ ID NO. 1462, or a
sequence according to SEQ ID NOs. 1368 or 1452-1460, a fragment thereof as described
above, or a corresponding RNA sequence, or a sequence having an identity of at least about
40%, preferably of at least about 50%, preferably of at least about 60%, preferably of at
least about 70%, more preferably of at least about 80%, more preferably of at least about
90%, even more preferably of at least about 95%; even more preferably of at least about
99% to a sequence according to any one of SEQ ID NOs. 1-1363, SEQ ID NO. 1435, SEQ
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ID NO. 1461, SEQ ID NO. 1462, or a sequence according to SEQ ID NOs. 1368 or 1452-
1460, a fragment thereof as described above, preferably a functional fragment thereof, or a

corresponding RNA sequence.

Preferably, a vector according to the present invention comprises a sequence according to
any one of SEQ ID Nos. 1369-1390 and 1434, a fragment thereof as described above or a
corresponding RNA sequence, or a sequence having an identity of at least about 40%,
preferably of at least about 50%, preferably of at least about 60%, preferably of at least
about 70%, more preferably of at least about 80%, more preferably of at least about 90%,
even more preferably of at least about 95%; even more preferably of at least about 99% to a
sequence according to any one of SEQ ID Nos. 1369-1390 and 1434 or a fragment thereof
as described above, preferably a functional fragment thereof, or a corresponding RNA

sequence.

Preferably, a vector according to the present invention comprises a sequence according to
any one of SEQ ID Nos. 1391-1433 or a corresponding RNA sequence, or a sequence
having an identity of at least about 75%, preferably of at least about 80%, more preferably
of at least about 85%, even more preferably of at least about 90%; even more preferably of
at least about 95% to a sequence according to SEQ ID Nos. 1433 as described above or a

corresponding RNA sequence.

Preferably, the vector is a circular molecule. Preferably, the vector is a double-stranded
molecule, such as a double stranded DNA molecule. Such circular, preferably double
stranded DNA molecule may be used conveniently as a storage form for the inventive
artificial nucleic acid molecule. Furthermore, it may be used for transfection of cells, for
example, cultured cells. Also it may be used for in vitro transcription for obtaining an

artificial RNA molecule according to the invention.

Preferably, the vector, preferably the circular vector, is linearizable, for example, by
restriction enzyme digestion. In a preferred embodiment, the vector comprises a cleavage
site, such as a restriction site, preferably a unique cleavage site, located immediately 3’ to
the open reading frame or — if present — to the histone stem-loop, or - if present - to the

poly(A) sequence or the polyadenylation signal, or - if present - to the 3'UTR element, or - if
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present - to the poly(C) sequence. Thus, preferably, the product obtained by linearizing the
vector terminates at the 3’end with the 3’-end of the open reading frame, or - if present —
with the 3’-end of the histone stem loop, or - if present - with the 3’-end of the poly(A)
sequence or the 3’-end of the polyadenylation signal, or - if present - with the 3’-end of a
3’UTR element, plus some optional nucleotides, e.g. remaining from the restriction site after

cleavage.

In a further aspect, the present invention relates to a cell comprising the artificial nucleic
acid molecule according to the present invention or the vector according to the present
invention. The cell may be any cell, such as a bacterial cell, insect cell, plant cell,
vertebrate cell, e.g. a mammalian cell. Such cell may be, e.g., used for replication of the
vector of the present invention, for example, in a bacterial cell. Furthermore, the cell may
be used for transcribing the artificial nucleic acid molecule or the vector according to the
present invention and/or translating the open reading frame of the artificial nucleic acid
molecule or the vector according to the present invention. For example, the cell may be

used for recombinant protein production.

The cells according to the present invention are, for example, obtainable by standard
nucleic acid transfer methods, such as standard transfection methods. For example, the
artificial nucleic acid molecule or the vector according to the present invention may be
transferred into the cell by electroporation, lipofection, e.g. based on cationic lipids and/or
liposomes, calcium phosphate precipitation, nanoparticle based transfection, virus based

transfection, or based on cationic polymers, such as DEAE-dextran or polyethylenimine etc.

Preferably, the cell is a mammalian cell, such as a cell of a human subject, a domestic
animal, a laboratory animal, such as a mouse or rat cell. Preferably the cell is a human cell.
The cell may be a cell of an established cell line, such as a CHO, BHK, 293T, COS-7,
HELA, HEK etc. cell, or the cell may be a primary cell, such as a HDF cell, preferably a cell
isolated from an organism. In a preferred embodiment, the cell is an isolated cell of a
mammalian subject, preferably of a human subject. For example, the cell may be an
immune cell, such as a dendritic cell, a cancer or tumor cell, or any somatic cell etc.,

preferably of a mammalian subject, preferably of a human subject.
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In a further aspect, the present invention provides a pharmaceutical composition comprising
the artificial nucleic acid molecule according to the present invention, the vector according
the present invention, or the cell according to the present invention. The pharmaceutical
composition according to the invention may be used, e.g., as a vaccine, for example, for
genetic vaccination. Thus, the ORF may, e.g., encode an antigen to be administered to a
patient for vaccination. Thus, in a preferred embodiment, the pharmaceutical composition
according to the present invention is a vaccine. Furthermore, the pharmaceutical

composition according to the present invention may be used, e.g., for gene therapy.

Preferably, the pharmaceutical composition further comprises one or more pharmaceuti-
cally acceptable excipients, vehicles, fillers and/or diluents. In the context of the present
invention, a pharmaceutically acceptable vehicle typically includes a liquid or non-liquid
basis for the inventive pharmaceutical composition. In one embodiment, the pharmaceuti-
cal composition is provided in liquid form. In this context, preferably, the vehicle is based
on water, such as pyrogen-free water, isotonic saline or buffered (aqueous) solutions, e.g
phosphate, citrate etc. buffered solutions. The buffer may be hypertonic, isotonic or hypo-
tonic with reference to the specific reference medium, i.e. the buffer may have a higher,
identical or lower salt content with reference to the specific reference medium, wherein
preferably such concentrations of the afore mentioned salts may be used, which do not lead
to damage of mammalian cells due to osmosis or other concentration effects. Reference
media are e.g. liquids occurring in “in vivo” methods, such as blood, lymph, cytosolic lig-
uids, or other body liquids, or e.g. liquids, which may be used as reference media in “/n
vitrd’ methods, such as common buffers or liquids. Such common buffers or liquids are

known to a skilled person. Ringer-Lactate solution is particularly preferred as a liquid basis.

One or more compatible solid or liquid fillers or diluents or encapsulating compounds suit-
able for administration to a patient may be used as well for the inventive pharmaceutical
composition. The term "compatible" as used herein preferably means that these components
of the inventive pharmaceutical composition are capable of being mixed with the inventive
nucleic acid, vector or cells as defined herein in such a manner that no interaction occurs
which would substantially reduce the pharmaceutical effectiveness of the inventive phar-

maceutical composition under typical use conditions.
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The pharmaceutical composition according to the present invention may optionally further
comprise one or more additional pharmaceutically active components. A pharmaceutically
active component in this context is a compound that exhibits a therapeutic effect to heal,
ameliorate or prevent a particular indication or disease. Such compounds include, without
implying any limitation, peptides or proteins, nucleic acids, (therapeutically active) low
molecular weight organic or inorganic compounds (molecular weight less than 5000, pref-
erably less than 1000), sugars, antigens or antibodies, therapeutic agents already known in
the prior art, antigenic cells, antigenic cellular fragments, cellular fractions, cell wall com-
ponents (e.g. polysaccharides), modified, attenuated or de-activated (e.g. chemically or by

irradiation) pathogens (virus, bacteria etc.).

Furthermore, the inventive pharmaceutical composition may comprise a carrier for the arti-
ficial nucleic acid molecule or the vector. Such a carrier may be suitable for mediating dis-
solution in physiological acceptable liquids, transport and cellular uptake of the pharma-
ceutical active artificial nucleic acid molecule or the vector. Accordingly, such a carrier
may be a component which may be suitable for depot and delivery of an artificial nucleic
acid molecule or vector according to the invention. Such components may be, for example,
cationic or polycationic carriers or compounds which may serve as transfection or com-

plexation agent.

Particularly preferred transfection or complexation agents in this context are cationic or
polycationic compounds, including protamine, nucleoline, spermine or spermidine, or
other cationic peptides or proteins, such as poly-L-lysine (PLL), poly-arginine, basic poly-
peptides, cell penetrating peptides (CPPs), including HIV-binding peptides, HIV-1 Tat (HIV),
Tat-derived peptides, Penetratin, VP22 derived or analog peptides, HSV VP22 (Herpes sim-
plex), MAP, KALA or protein transduction domains (PTDs), PpT620, prolin-rich peptides,
arginine-rich peptides, lysine-rich peptides, MPG-peptide(s), Pep-1, L-oligomers, Calcitonin
peptide(s), Antennapedia-derived peptides (particularly from Drosophila antennapedia),
pAntp, plsl, FGF, Lactoferrin, Transportan, Buforin-2, Bac715-24, SynB, SynB(1), pVEC,
hCT-derived peptides, SAP, or histones.

Furthermore, such cationic or polycationic compounds or carriers may be cationic or poly-

cationic peptides or proteins, which preferably comprise or are additionally modified to
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comprise at least one —-SH moiety. Preferably, a cationic or polycationic carrier is selected

from cationic peptides having the following sum formula (1ll):
{(Arg);;(Lys)y;(His),;(Orn);;(Xaa),};  formula (1ll)

wherein | + m + n + 0 + x = 3-100, and |, m, n or o independently of each other is any
number selected from 0, 1,2, 3, 4,5, 6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20,
21-30, 31-40, 41-50, 51-60, 61-70, 71-80, 81-90 and 91-100 provided that the overall con-
tent of Arg (Arginine), Lys (Lysine), His (Histidine) and Orn (Ornithine) represents at least
10% of all amino acids of the oligopeptide; and Xaa is any amino acid selected from native
(= naturally occurring) or non-native amino acids except of Arg, Lys, His or Orn; and x is
any number selected from 0, 1, 2, 3, 4, 5, 6, 7, 8,9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19,
20, 21-30, 31-40, 41-50, 51-60, 61-70, 71-80, 81-90, provided, that the overall content of
Xaa does not exceed 90 % of all amino acids of the oligopeptide. Any of amino acids Arg,
Lys, His, Orn and Xaa may be positioned at any place of the peptide. In this context cati-

onic peptides or proteins in the range of 7-30 amino acids are particular preferred.

Further, the cationic or polycationic peptide or protein, when defined according to formula
{(Arg);(Lys)m (His),;(Orn),;(Xaa)} (formula (1)) as shown above and which comprise or are
additionally modified to comprise at least one -SH moeity, may be, without being restricted

thereto, selected from subformula (Illa):
{(Arg);(Lys),,; (His),;(Orn),;(Xaa'), (Cys),} subformula (1l1a)

wherein (Arg);(Lys),;(His),;(Om),; and x are as defined herein, Xaa’ is any amino acid se-
lected from native (= naturally occurring) or non-native amino acids except of Arg, Lys, His,
Orn or Cys and y is any number selected from 0, 1, 2, 3, 4,5, 6, 7,8, 9,10, 11, 12, 13, 14,
15,16, 17, 18, 19, 20, 21-30, 31-40, 41-50, 51-60, 61-70, 71-80 and 81-90, provided that
the overall content of Arg (Arginine), Lys (Lysine), His (Histidine) and Orn (Ornithine) repre-
sents at least 10% of all amino acids of the oligopeptide. Further, the cationic or polyca-

tionic peptide may be selected from subformula (llIb):

Cys, {(Arg);(Lys),;,(His),;(Orn),;(Xaa)} Cys, subformula (Iltb)
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wherein empirical formula {(Arg);(Lys);(His),;(Orn),;(Xaa),} (formula (1)) is as defined
herein and forms a core of an amino acid sequence according to (semiempirical) formula
() and wherein Cys, and Cys, are Cysteines proximal to, or terminal to

(Arg);;(Lys)m; (His),,(Orn),;(Xaa),.

Further preferred cationic or polycationic compounds, which can be used as transfection or
complexation agent may include cationic polysaccharides, for example chitosan, poly-
brene, cationic polymers, e.g. polyethyleneimine (PEI), cationic lipids, e.g. DOTMA: [1-
(2,3-sioleyloxy)propyl)]-N,N,N-trimethylammonium chloride, DMRIE, di-C14-amidine,
DOTIM, SAINT, DC-Chol, BGTC, CTAP, DOPC, DODAP, DOPE: Dioleyl phosphati-
dylethanol-amine, DOSPA, DODAB, DOIC, DMEPC, DOGS:
Dioctadecylamidoglicylspermin, DIMRI:  Dimyristo-oxypropy! dimethyl hydroxyethyl
ammonium bromide, DOTAP: dioleoyloxy-3-(trimethylammonio)propane, DC-6-14: O,O-
ditetradecanoyl-N-(a-trimethylammonioacetyl)diethanolamine chloride, CLIP1: rac-[(2,3-
dioctadecyloxypropyl)(2-hydroxyethyl)]-dimethylammonium chloride, CLIP6: rac-[2(2,3-
dihexadecyloxypropyl-oxymethyloxy)ethyl]trimethylammonium, CLIPS: rac-[2(2,3-
dihexadecyloxypropyl-oxysuccinyloxy)ethyl]-trimethylammonium, oligofectamine, or cati-
onic or polycationic polymers, e.g. modified polyaminoacids, such as [B-aminoacid-
polymers or reversed polyamides, etc., modified polyethylenes, such as PVP (poly(N-ethyl-
4-vinylpyridinium  bromide)), etc., modified acrylates, such as pDMAEMA
(poly(dimethylaminoethyl methylacrylate)), etc., modified Amidoamines such as pAMAM
(poly(amidoamine)), etc., modified polybetaaminoester (PBAE), such as diamine end modi-
fied 1,4 butanediol diacrylate-co-5-amino-1-pentanol polymers, etc., dendrimers, such as
polypropylamine dendrimers or pAMAM based dendrimers, etc., polyimine(s), such as PEl:
poly(ethyleneimine), poly(propyleneimine), etc., polyallylamine, sugar backbone based
polymers, such as cyclodextrin based polymers, dextran based polymers, chitosan, etc.,
silan backbone based polymers, such as PMOXA-PDMS copolymers, etc., blockpolymers
consisting of a combination of one or more cationic blocks (e.g. selected from a cationic
polymer as mentioned above) and of one or more hydrophilic or hydrophobic blocks (e.g

polyethyleneglycole); etc.
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In this context, it is particularly preferred that the inventive artificial nucleic acid molecule
or the inventive vector is complexed at least partially with a cationic or polycationic com-
pound, preferably cationic proteins or peptides. Partially means that only a part of the in-
ventive artificial nucleic acid molecule or the inventive vector is complexed with a cationic
or polycationic compound and that the rest of the inventive artificial nucleic acid molecule
or the inventive vector is in uncomplexed form (“free”). Preferably the ratio of complexed
nucleic acid to: free nucleic acid is selected from a range. of about 5:1 (w/w) to about 1:10
(w/w), more preferably from a range of about 4:1 (w/w) to about 1:8 (w/w), even more pref-
erably from a range of about 3:1 (w/w) to about 1:5 (w/w) or 1:3 (w/w), and most preferably
the ratio of complexed nucleic acid to free nucleic acid is selected from a ratio of about 1:1

(w/w).

The pharmaceutical composition according to the present invention may optionally further
comprise one or more adjuvants, for example, adjuvants for stimulating the innate immune
system or for enhancing cellular uptake of the artificial nucleic acid molecule or vector. In
this context, an adjuvant may be understood as any compound, which is suitable to initiate
or increase an immune response of the innate immune system, i.e. a non-specific immune
response. In other words, when administered, the inventive pharmaceutical composition
preferably elicits an innate immune response due to the adjuvant, optionally contained
therein. Preferably, such an adjuvant may be an adjuvant supporting the induction of an
innate immune response in a mammal. Such an adjuvant may be, for example, an
immunostimulatory nucleic acid, i.e. a nucleic acid that may bind to a Toll-like-receptor or

the like, preferably an immunostimulatory RNA.

Such adjuvants, preferably such immunostimulatory nucleic acids, may induce an innate,
i.e. unspecific, immune response which may support a specific, i.e. adaptive, immune re-
sponse to the peptide or protein, i.e. the antigen, encoded by the artificial nucleic acid

molecule of the pharmaceutical composition, preferably the vaccine.

The inventive pharmaceutical composition may also additionally comprise any further
compound, which is known to be immunostimulating due to its binding affinity (as ligands)
to human Toll-like receptors TLR1, TLR2, TLR3, TLR4, TLR5, TLR6, TLR7, TLR8, TLR9,
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TLR10, or due to its binding affinity (as ligands) to murine Toll-like receptors TLR1, TLR2,
TLR3, TLR4, TLR5, TLR6, TLR7, TLR8, TLR9, TLR10, TLR11, TLR12 or TLR13.

Further additives which may be included in the inventive pharmaceutical composition are,
.o ®, .

e.g., emulsifiers, such as, for example, Tween®; wetting agents, such as, for example, so-

dium lauryl sulfate; colouring agents; taste-imparting agents, pharmaceutical carriers; tablet-

forming agents; stabilizers; antioxidants; preservatives etc.

The pharmaceutical composition according to the present invention preferably comprises a
“safe and effective amount” of the components of the pharmaceutical composition, particu-
larly of the inventive nucleic acid sequence, the vector and/or the cells as defined herein.
As used herein, a “safe and effective amount” means an amount sufficient to significantly
induce a positive modification of a disease or disorder as defined herein. At the same time,
however, a “safe and effective amount” preferably avoids serious side-effects and permits a
sensible relationship between advantage and risk. The determination of these limits typically

lies within the scope of sensible medical judgment.

In a further aspect, the present invention provides the artificial nucleic acid molecule
according to the present invention, the vector according to the present invention, the cell
according to the present invention, or the pharmaceutical composition according to the
present invention for use as a medicament, for example, as vaccine (in genetic vaccination)

or in gene therapy.

The artificial nucleic acid molecule according to the present invention, the vector according
to the present invention, the cell according to the present invention, or the pharmaceutical
composition according to the present invention are particularly suitable for any medical
application which makes use of the therapeutic action or effect of peptides, polypeptides or
proteins, or where supplementation of a particular peptide or protein is needed. Thus, the
present invention provides the artificial nucleic acid molecule according to the present
invention, the vector according to the present invention, the cell according to the present
invention, or the pharmaceutical composition according to the present invention for use in
the treatment or prevention of diseases or disorders amenable to treatment by the

therapeutic action or effect of peptides, polypeptides or proteins or amenable to treatment
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by supplementation of a particular peptide, polypeptide or protein. For example, the
artificial nucleic acid molecule according to the present invention, the vector according to
the present invention, the cell according to the present invention, or the pharmaceutical
composition according to the present invention may be used for the treatment or prevention
of genetic diseases, autoimmune diseases, cancerous or tumour-related diseases, infectious

diseases, chronic diseases or the like, e.g., by genetic vaccination or gene therapy.

In particular, such therapeutic treatments which benefit from a stable, prolonged and/or
increased presence of therapeutic peptides, polypeptides or proteins in a subject to be
treated are especially suitable as medical application in the context of the present invention,
since the 5'UTR element in particular in combination with a histone stem-loop provides for
increased protein expression from the ORF of the inventive nucleic acid molecule. Thus, a
particularly suitable medical application for the artificial nucleic acid molecule according to
the present invention, the vector according to the present invention, the cell according to
the present invention, or the pharmaceutical composition according to the present invention
is vaccination, for example against infections or tumours. Thus, the present invention
provides the artificial nucleic acid molecule according to the present invention, the vector
according to the present invention, the cell according to the present invention, or the
pharmaceutical composition according to the present invention for vaccination of a subject,
preferably a mammalian subject, more preferably a human subject. Preferred vaccination
treatments are vaccination against infectious diseases, such as bacterial, protozoal or viral
infections, and anti-tumour-vaccination. Such vaccination treatments may be prophylactic

or therapeutic.

Depending on the disease to be treated or prevented, the ORF may be selected. For
example, the open reading frame may code for a protein that has to be supplied to a patient
suffering from total lack or at least partial loss of function of a protein, such as a patient
suffering from a genetic disease. Additionally, the open reading frame may be chosen from
an ORF coding for a peptide or protein which beneficially influences a disease or the
condition of a subject. Furthermore, the open reading frame may code for a peptide or
protein which effects down-regulation of a pathological overproduction of a natural peptide
or protein or elimination of cells expressing pathologically a protein or peptide. Such lack,

loss of function or overproduction may, e.g., occur in the context of tumour and neoplasia,
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autoimmune diseases, allergies, infections, chronic diseases or the like. Furthermore, the
open reading frame may code for an antigen or immunogen, e.g. for an epitope of a
pathogen or for a tumour antigen. Thus, in preferred embodiments, the artificial nucleic
acid molecule or the vector according to the present invention comprises an ORF encoding
an amino acid sequence comprising or.consisting of an antigen or immunogen, e.g. an
epitope of a pathogen or a tumour-associated antigen, a 5'"UTR element as described above,
preferably a histone stem-loop as described herein, and optional further components, such
as a 3'UTR element and/or a poly(A) sequence and/or a poly(C) sequence etc. as described

herein.

In the context of medical application, in particular, in the context of vaccination, it is
preferred that the artificial nucleic acid molecule according to the present invention is RNA,
preferably mRNA, since DNA harbours the risk of eliciting an anti-DNA immune response
and tends to insert into genomic DNA. However, in some embodiments, for example, if a
viral delivery vehicle, such as an adenoviral delivery vehicle is used for delivery of the
artificial nucleic acid molecule or the vector according to the present invention, e.g., in the
context of gene therapeutic treatments, it may be desirable that the artificial nucleic acid

molecule or the vector is a DNA molecule.

The artificial nucleic acid molecule according to the present invention, the vector according
to the present invention, the cell according to the present invention, or the pharmaceutical
composition according to the present invention may be administered orally, parenterally, by
inhalation spray, topically, rectally, nasally, buccally, vaginally or via an implanted reser-
voir. The term parenteral as used herein includes subcutaneous, intravenous, intramuscular,
intra-articular, intra-synovial, intrasternal, intrathecal, intrahepatic, intralesional, intracra-
nial, transdermal, intradermal, intrapulmonal, intraperitoneal, intracardial, intraarterial, and

sublingual injection or infusion techniques.

Preferably, the artificial nucleic acid molecule according to the present invention, the vector
according to the present invention, the cell according to the present invention, or the phar-
maceutical composition according to the present invention is administered parenterally, e.g.
by parenteral injection, more preferably by subcutaneous, intravenous, intramuscular, intra-

articular, intra-synovial, intrasternal, intrathecal, intrahepatic, intralesional, intracranial,
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transdermal, intradermal, intrapulmonal, intraperitoneal, intracardial, intraarterial, sublin-
gual injection or via infusion techniques. Particularly preferred is intradermal and intramus-
cular injection. Sterile injectable forms of the inventive pharmaceutical composition may be
aqueous or oleaginous suspension. These suspensions may be formulated according to
techniques known in the art using suitable dispersing or wetting agents and suspending

agents.

The artificial nucleic acid molecule according to the present invention, the vector according
to the present invention, the cell according to the present invention, or the pharmaceutical
composition according to the present invention may also be administered orally in any
orally acceptable dosage form including, but not limited to, capsules, tablets, aqueous sus-

pensions or solutions.

The artificial nucleic acid molecule according to the present invention, the vector according
to the present invention, the cell according to the present invention, or the pharmaceutical
composition according to the present invention may also be administered topically, espe-
cially when the target of treatment includes areas or organs readily accessible by topical
application, e.g. including diseases of the skin or of any other accessible epithelial tissue.
Suitable topical formulations are readily prepared for each of these areas or organs. For
topical applications, the artificial nucleic acid molecule according to the present invention,
the vector according to the present invention, the cell according to the present invention, or
the pharmaceutical composition according to the present invention may be formulated in a

suitable ointment suspended or dissolved in one or more carriers.

In one embodiment, the use as a medicament comprises the step of transfection of
mammalian cells, preferably /n vitro transfection of mammalian cells, more preferably /n
vitro transfection of isolated cells of a subject to be treated by the medicament. if the use
comprises the /n vitro transfection of isolated cells, the use as a medicament may further
comprise the (re)administration of the transfected cells to the patient. The use of the
inventive artificial nucleic acid molecules or the vector as a medicament may further
comprise the step of selection of successfully transfected isolated cells. Thus, it may be
beneficial if the vector further comprises a selection marker. Also, the use as a medicament

)

may comprise /n vitro transfection of isolated cells and purification of an expression-
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product, i.e. the encoded peptide or protein from these cells. This purified peptide or

protein may subsequently be administered to a subject in need thereof.

The present invention also provides a method for treating or preventing a disease or disorder

as described above comprising administering the artificial nucleic acid molecule according

-to the present invention, the vector according to the present invention, the cell according to

the present invention, or the pharmaceutical composition according to the present invention

to a subject in need thereof.

Furthermore, the present invention provides a method for treating or preventing a disease or
disorder comprising transfection of a cell with an artificial nucleic acid molecule according
to the present invention or with the vector according to the present invention. Said
transfection may be performed /in vitro or in vivo. In a preferred embodiment, transfection of
a cell is performed /n vitro and the transfected cell is administered to a subject in need
thereof, preferably to a human patient. Preferably, the cell which is to be transfected /n vitro
is an isolated cell of the subject, preferably of the human patient. Thus, the present
invention provides a method of treatment comprising the steps of isolating a cell from a
subject, preferably from a human patient, transfecting the isolated cell with the artificial
nucleic acid molecule according to the preseni invention or the vector according to the
present invention, and administering the transfected cell to the subject, preferably the

human patient.

The method of treating or preventing a disorder according to the present invention is

preferably a vaccination method and/or a gene therapy method as described above.

As described above, the 5’UTR element, preferably, the histone stem-loop, and optionally
the poly(A)sequence and/or the 3’UTR element are capable of increasing protein production
from an artificial nucleic acid molecule, such as an mRNA or vector, comprising these
elements and an OREF, preferably in an at least additive, preferably in a synergistic manner.
Thus, in a further aspect, the present invention relates to a method for increasing protein
production from an artificial nucleic acid molecule comprising the step of associating the
artificial nucleic acid molecule, preferably an ORF contained within the artificial nucleic

acid molecule, with (i) at least one 5’-untranslated region element (5’UTR element) which
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comprises or consists of a nucleic acid sequence which is derived from the 5’UTR of a TOP
gene or which is derived from a variant of the 5’'UTR of a TOP gene as described above,
preferably (ii) at least one histone stem-loop as described herein, and optionally one or
more futher elements, such as a poly(A)sequence and/or polyadenylation signal, and/or a
poly(C) sequence, and/or a 3’'UTR element, which comprises or consists of a nucleic acid
sequence derived from the 3’UTR of a chordate gene, preferably a vertebrate gene, more
preferably a mammalian gene, most preferably a human gene, or from a variant of the
3’UTR of a chordate gene, preferably a vertebrate gene, more preferably a mammalian

gene, most preferably a human gene as described above.

Associating the artificial nucleic acid molecule or the vector with a 5 ‘UTR element and
preferably a histone stem-loop as well as optional further elements in the context of the
present invention preferably means functionally associating or functionally combining an
artificial nucleic acid molecule, e.g. comprising an ORF, such as an mRNA or a vector, with
the 5’UTR element and optionally the histone stem-loop and/or the poly(A) sequence and/or
the 3'UTR element. This means that the artificial nucleic acid molecule, preferably the ORF
contained within the artificial nucleic acid molecule, the 5'UTR element and preferably the
histone stem-loop and the optional further elements, such as the poly(A)sequence and/or the
3’UTR element as described above, are associated or coupled such that the function of the
5'UTR element and the histone stem-loop and the optional further elements, e.g. protein
production increasing function, is exerted. Typically, this means that the 5’UTR element and
the histone stem-loop and optionally the poly(A)sequence and/or the 3'UTR element are
integrated into the artificial nucleic acid molecule, preferably into the mRNA molecule or
the vector, such that the open reading frame is positioned between the 5’UTR element and
the optional histone stem-loop and the optional poly(A)sequence and/or the optional 3’UTR

element.

The product of said method is preferably the artificial nucleic acid molecule according to
the present invention or the vector according to the present invention. Thus, e.g. the nature
and sequence of the elements, such as the 5’UTR element, the histone stem-loop, the
poly(A) sequence, the polyadenylation signal, the poly(C) sequence, and the 3'UTR element
are as described above for the artificial nucleic acid molecule according to the present

invention or the vector according to the present invention.
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In a further aspect, the present invention provides the use of at least one 5’-untranslated
region element (5’UTR element) which comprises or consists of a nucleic acid sequence
which is derived from the 5’UTR of a TOP gene or which is derived from a variant of the
5'UTR of a TOP gene as described above, preferably at least one histone stem-loop, and
optionally further elements, such as a poly(A)sequence and/or a polyadenylation signal,
and/or a poly(C) signal), and/or a 3’'UTR element which comprises or consists of a nucleic
acid sequence derived from the 3'UTR of a chordate gene, preferably a vertebrate gene,
more preferably a mammalian gene, most preferably a human gene, or from a variant of the
3’UTR of a chordate gene, preferably a vertebrate gene, more preferably a mammalian
gene, most preferably a human gene as described above for increasing protein production

from an artificial nucleic acid molecule, such as an mRNA or a vector.

The use according to the present invention preferably comprises associating the artificial
nucleic acid molecule with the 5'UTR element, preferably the histone stem-loop and
optional further elements, such as a poly(A)sequence or 3’'UTR element etc., as described

above.

The compounds and ingredients of the inventive pharmaceutical composition may also be
manufactured and traded separately of each other. Thus, the invention relates further to a kit
or kit of parts comprising an artificial nucleic acid molecule according to the invention, a
vector according to the present invention, a cell according to the invention, and/or a
pharmaceutical composition according to the invention. Preferably, such kit or kit of parts
may, additionally, comprise instructions for use, cells for transfection, an adjuvant, a means
for administration of the pharmaceutical composition, a pharmaceutically acceptable carrier
and/or an pharmaceutically acceptable solution for dissolution or dilution of the artificial

nucleic acid molecule, the vector, the cells or the pharmaceutical composition.

The following Figures, Sequences and Examples are intended to illustrate the invention fur-

ther. They are not intended to limit the subject-matter of the invention thereto.

Figure 1: shows the histone stem-loop consensus sequence generated from

metazoan and protozoan stem-loop sequences (as reported by Ddvila
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Lépez, M., & Samuelsson, T. (2008), RNA (New York, N.Y.), 14(1),
1-10. doi:10.1261/rna.782308). 4001 histone stem-loop sequences
from metazoa and protozoa were aligned and the quantity of the
occurring nucleotides is indicated for every position in the stem-loop
sequence. The generated consensus sequence representing all
nucleotides present in the sequences analyzed is given using the
single-letter nucleotide code. In addition to the consensus sequence,
sequences are shown representing at least 99%, 95% and 90% of the

nucleotides present in the sequences analyzed.

shows the histone stem-loop consensus sequence generated from
protozoan stem-loop sequences (as reported by Davila Lépez, M., &
Samuelsson, T. (2008), RNA (New York, N.Y.), 14(1), 1-10.
doi:10.1261/rma.782308). 131 histone stem-loop sequences from
protozoa were aligned and the quantity of the occurring nucleotides
is indicated for every position in the stem-loop sequence. The
generated consensus sequence representing all nucleotides present in
the sequences analyzed is given using the single-letter nucleotide
code. In addition to the consensus sequence, sequences are shown
representing at least 99%, 95% and 90% of the nucleotides present

in the sequences analyzed.

shows the histone stem-loop consensus sequence generated from
metazoan stem-loop sequences (as reported by Davila Lépez, M., &
Samuelsson, T. (2008), RNA (New York, N.Y.), 14(1), 1-10.
doi:10.1261/rna.782308). 3870 histone stem-loop sequences from
metazoa were aligned and the quantity of the occurring nucleotides
is indicated for every position in the stem-loop sequence. The
generated consensus sequence representing all nucleotides present in
the sequences analyzed is given using the single-letter nucleotide
code. In addition to the consensus sequence, sequences are shown
representing at least 99%, 95% and 90% of the nucleotides present

in the sequences analyzed.
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Figure 5:

Figure 6

Figure 7
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shows the histone stem-loop consensus sequence generated from
vertebrate stem-loop sequences (as reported by Davila Lépez, M., &
Samuelsson, T. (2008), RNA (New York, N.Y.), 14(1), 1-10.
doi:10.1261/rna.782308). 1333 histone stem-loop sequences from
vertebrates were aligned and the quantity of the occurring
nucleotides is indicated for every position in the stem-loop sequence.
The generated consensus sequence representing all nucleotides
present in the sequences analyzed is given using the single-letter
nucleotide code. In ‘addition to the consensus sequence, sequences
are shown representing at least 99%, 95% and 90% of the

nucleotides present in the sequences analyzed.

shows the histone stem-loop consensus sequence generated from
human (Homo sapiens) stem-loop sequences (as reported by Davila
Lépez, M., & Samuelsson, T. (2008), RNA (New York, N.Y.), 14(1),
1-10. doi:10.1261/rna.782308). 84 histone stem-loop sequences
from humans were aligned and the quantity of the occurring
nucleotides is indicated for every position in the stem-loop sequence.
The generated consensus sequence representing all nucleotides
present in the sequences analyzed is given using the single-letter
nucleotide code. In addition to the consensus sequence, sequences
are shown representing at least 99%, 95% and 90% of the

nucleotides present in the sequences analyzed.

shows the nucleotide sequence of a Photinus pyralis luciferase
encoding nucleic acid molecule PpLuc(GC) — ag — A64. This artificial
construct does not comprise a 5'UTR element or a histone stem loop.
The coding region for PpLuc(GC) is depicted in italics. The sequence
depicted in Figure 6 corresponds to SEQ ID No. 1364.

shows the nucleotide sequence of RPL32 — PpLuc(GC) — ag — A64 —
C30 - histoneSL. The 5'UTR of human ribosomal protein Large 32
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Figure 8

Figure 9

Figure 10

PCT/EP2013/000937
114

lacking the 5’ terminal oligopyrimidine tract was inserted 5" of the
ORF. A histoneSL was appended 3’ of A64 poly(A). The coding
region for PpLuc(GC) is depicted in italics. The 5’UTR element
sequence and the histone stem-loop sequence are underlined. The

sequence depicted in Figure 7 corresponds to SEQ ID No. 1365.

shows that the combination of the 5’UTR element derived from the
5’UTR of the TOP gene RPL32 and a histone stem-loop increases
protein production from mRNA strongly. The effect of the
combination of the 5'UTR element and the histone stem-loop on
luciferase expression from mRNA was examined. To this end,
different mRNAs were transfected into human dermal fibroblasts
(HDF) by lipofection. Luciferase levels were measured at 24 hours
after transfection. Luciferase was clearly expressed from mRNA
having neither 5’UTR element nor histoneSL. Strikingly however, the
combination of 5'UTR element and histoneSL strongly increased the
luciferase level. The magnitude of the rise in luciferase level due to
combining 5’UTR element and histoneSL in the same mRNA
indicates that they are acting synergistically. Data are graphed as
mean RLU + SD (relative light units + standard deviation) for

duplicate transfections. RLU are summarized in Example 5.1.

shows the nucleotide sequence of PpLuc(GC) — ag — A64 — histoneSL.
A histoneSL was appended 3’ of A64 poly(A). The coding region for
PpLuc(GC) is depicted in italics. The histone stem-loop sequence is
underlined. The sequence depicted in Figure 9 corresponds to SEQ
ID No. 1464.

shows the nucleotide sequence of rpl32 — PpLuc(GC) — ag — A64.
The 5’UTR of human ribosomal protein Large 32 lacking the 5’
terminal oligopyrimidine tract was inserted 5 of the ORF. The

coding region for PpLuc(GC) is depicted in italics. The 5’UTR
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Figure 11

Figure 12

Figure 13
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element sequence is underlined. The sequence depicted in Figure 10

corresponds to SEQ ID No. 1463.

shows the nucleotide sequence of rpl32 — PpLuc(GC) — ag — A64 —
histoneSL. The 5'UTR of human ribosomal protein Large 32 lacking
the 5’ terminal oligopyrimidine tract was inserted 5’ of the ORF. A
histoneSL was appended 3’ of A64 poly(A). The coding region for
PpLuc(GC) is depicted in italics. The 5'UTR element sequence and
the histone stem-loop sequence are underlined. The sequence

depicted in Figure 11 corresponds to SEQ ID No. 1480.

is a graphical representation of the effect of the 5'UTR element
derived from the 5'UTR of the TOP gene RPL32, the histone stem-
loop, and the combination of the 5’UTR element and the histone
stem-loop on luciferase expression from mRNA. A variety of mRNAs
were transfected into human dermal fibroblasts (HDF) by lipofection.
Luciferase levels were measured at 8, 24, and 48 hours after
transfection. Both, either the histone stem-loop or the 5'UTR element
increase luciferase levels compared to mRNA lacking both these
elements. Strikingly, the combination of 5'UTR element and histone
stem-loop further strongly increases the luciferase level, much above
the level observed with either of the individual elements, thus acting
synergistically. Data are graphed as mean RLU + SEM (relative light
units + standard error) for triplicate transfections. RLU are

summarized in Example 5.2.

shows the nucleotide sequence of rpl32 — PpLuc(GC) - albumin7 -
A64 - C30 - histoneSL. The albumin7 3’UTR element replaced the
alpha-globin 3’UTR element in the construct shown in Figure 7
(which contains the rpl32 5’UTR element). The 5'UTR element
sequence is underlined. The sequence depicted in Figure 13
corresponds to SEQ 1D No. 1481.
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Figure 14

Figure 15

Figure 16

Figure 17

Figure 18
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shows the nucleotide sequence of rpl35 — PpLuc(GC) - albumin7 —
A64 - C30 - histoneSL. The 5'UTR of human ribosomal protein Large
35 lacking the 5’ terminal oligopyrimidine tract replaced the rpl32
5’UTR element in the construct shown in Figure 13. The 5’UTR
element sequence is underlined. The sequence depicted in Figure 14

corresponds to SEQ ID No. 1436.

shows the nucleotide sequence of rpl21 — PpLuc(GC) — albumin? —
A64 - C30 - histoneSL. The 5'UTR of human ribosomal protein Large
21 lacking the 5’ terminal oligopyrimidine tract replaced the rpl32
5’UTR element in the construct shown in Figure 13. The 5'UTR
element sequence is underlined. The sequence depicted in Figure 15

corresponds to SEQ ID No. 1437.

shows the nucleotide sequence of atp5al — PpLuc(GC) — albumin7 —
A64 - C30 - histoneSL. The 5’UTR of human ATP synthase, H+
transporting, mitochondrial F1 complex, alpha subunit 1 lacking the
5’ terminal oligopyrimidine tract replaced the rpl32 5'UTR element
in the construct shown in Figure 13. The 5’UTR element sequence is
underlined. The sequence depicted in Figure 16 corresponds to SEQ
ID No. 1438.

shows the nucleotide sequence of HSD17B4 - PpLuc(GC) -
albumin7 - A64 - C30 - histoneSL. The 5’UTR of human
hydroxysteroid (17-beta) dehydrogenase 4 lacking the 5’ terminal
oligopyrimidine tract replaced the rpl32 5'UTR element in the
construct shown in Figure 13. The 5'UTR element sequence is
underlined. The sequence depicted in Figure 17 corresponds to SEQ
ID No. 1439.

shows the nucleotide sequence of AIG1 — PpLuc(GC) — albumin7 —
A64 - C30 - histoneSL. The 5'UTR of human androgen-induced 1
lacking the 5’ terminal oligopyrimidine tract replaced the rpl32
5'UTR element in the construct shown in Figure 13. The 5'UTR
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Figure 19

Figure 20

Figure 21

Figure 22
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element sequence is underlined. The sequence depicted in Figure 18
corresponds to SEQ ID No. 1440.

shows the nucleotide sequence of COX6C - PpLuc(GC) — albumin7 —
A64 - C30 - histoneSL. The 5’UTR of human cytochrome c oxidase
subunit Vlc lacking the 5’ terminal oligopyrimidine tract replaced the
rpl32 5’UTR element in the construct shown in Figure 13. The 5’UTR
element sequence is underlined. The sequence depicted in Figure 19

corresponds to SEQ ID No. 1441.

shows the nucleotide sequence of ASAH1 — PpLuc(GC) — albumin7 —
A64 - C30 - histoneSL. The 5'UTR of human N-acylsphingosine
amidohydrolase (acid ceramidase) 1 lacking the 5’ terminal
oligopyrimidine tract replaced the rpl32 5'UTR element in the
construct shown in Figure 13. The 5'UTR element sequence is
underlined. The sequence depicted in Figure 20 corresponds to SEQ
ID No. 1442.

is a graphical representation of the effect of the 5’UTR element
derived from the TOP genes RPL32, RPL35, RPL21, ATP5AT1,
HSD17B4, AlIG1, COX6C and ASAH1 on luciferase expression from
mRNA. The mRNAs were transfected into human dermal fibroblasts
(HDF) by lipofection. Luciferase levels were measured at 24, 48, and
72 hours after transfection. The 5'UTR elements strongly increase
luciferase levels compared to mRNA lacking a 5'UTR element. Data
are graphed as mean RLU + SEM (relative light units + standard error)

for triplicate transfections. RLU are summarized in Example 5.3.

shows the nucleotide sequence of rpl35 — PpLuc(GC) — ag — A64.
The 5'UTR of human ribosomal protein Large 35 lacking the 5’
terminal oligopyrimidine tract replaced the rpl32 5’UTR element in
the construct shown in Figure 10. The coding region for PpLuc(GC) is
depicted in italics. The 5’UTR element sequence is underlined. The

sequence depicted in Figure 22 corresponds to SEQ 1D No. 1466.
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Figure 23

Figure 24

Figure 25

Figure 26

Figure 27
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shows the nucleotide sequence of rpl21 - PpLuc(GC) - ag — A64.
The 5’UTR of human ribosomal protein Large 21 lacking the 5’
terminal oligopyrimidine tract replaced the rpl32 5'UTR element in
the construct shown in Figure 10. The coding region for PpLuc(GC) is
depicted in italics. The 5’UTR element sequence is underlined. The
sequence depicted in Figure 23 corresponds to SEQ 1D No. 1467.
shows the nucleotide sequence of atp5al — PpLuc(GC) - ag ~ A64.
The 5’UTR of human ATP synthase, H+ transporting, mitochondrial
F1 complex, alpha subunit 1 lacking the 5’ terminal oligopyrimidine
tract replaced the rpl32 5’UTR element in the construct shown in
Figure 10. The coding region for PpLuc(GC) is depicted in italics. The
5’UTR element sequence is underlined. The sequence depicted in
Figure 24 corresponds to SEQ ID No. 1468.

shows the nucleotide sequence of HSD17B4 — PpLuc(GC) - ag -
A64. The 5’"UTR of human hydroxysteroid (17-beta) dehydrogenase 4
lacking the 5’ terminal oligopyrimidine tract replaced the rpl32
5'UTR element in the construct shown in Figure 10. The coding
region for PpLuc(GC) is depicted in italics. The 5'UTR element
sequence is underlined. The sequence depicted in Figure 25
corresponds to SEQ 1D No. 1469.

shows the nucleotide sequence of AIG1 — PpLuc(GC) — ag — A64.
The 5’UTR of human androgen-induced 1 lacking the 5’ terminal
oligopyrimidine tract replaced the rpl32 5'UTR element in the
construct shown in Figure 10. The coding region for PpLuc(GC) is
depicted in italics. The 5’UTR element sequence is underlined. The
sequence depicted in Figure 26 corresponds to SEQ ID No. 1470.
shows the nucleotide sequence of COX6C — PpLuc(GC) — ag — A64.
The 5’UTR of human cytochrome c oxidase subunit Vic lacking the
5’ terminal oligopyrimidine tract replaced the rpl32 5’UTR element
in the construct shown in Figure 10. The coding region for
PpLuc(GC) is depicted in italics. The 5’UTR element sequence is
underlined. The sequence depicted in Figure 27 corresponds to SEQ
ID No. 1471.
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Figure 28

Figure 29

Figure 30

Figure 31

Figure 32
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shows the nucleotide sequence of ASAH1 — PpLuc(GC) — ag — A64.
The 5’UTR of human N-acylsphingosine amidohydrolase (acid
ceramidase) 1 lacking the 5’ terminal oligopyrimidine tract replaced
the rpl32 5’UTR element in the construct shown in Figure 10. The
coding region for PpLuc(GC) is depicted in italics. The 5'UTR
element sequence is underlined. The sequence depicted in Figure 28
corresponds to SEQ 1D No. 1472.

shows the nucleotide sequence of rpl35 — PpLuc(GC) — ag — A64 —
histoneSL. The 5’UTR of human ribosomal protein Large 35 lacking
the 5’ terminal oligopyrimidine tract replaced the rpl32 5'UTR
element in the construct shown in Figure 11. The coding region for
PpLuc(GC) is depicted in italics. The 5’UTR element sequence and
the histone stem-loop sequence are underlined. The sequence
depicted in Figure 29 corresponds to SEQ ID No. 1473.

shows the nucleotide sequence of rpl21 — PpLuc(GC) — ag — A64 -
histoneSL. The 5’UTR of human ribosomal protein Large 21 lacking
the 5 terminal oligopyrimidine tract replaced the rpl32 5'UTR
element in the construct shown in Figure 11. The coding region for
PpLuc(GC) is depicted in italics. The 5'UTR element sequence and
the histone stem-loop sequence are underlined. The sequence
depicted in Figure 30 corresponds to SEQ ID No. 1474.

shows the nucleotide sequence of atp5al — PpLuc(GC) — ag — A64 —
histoneSL. The 5’UTR of human ATP synthase, H+ transporting,
mitochondrial F1 complex, alpha subunit 1 lacking the 5’ terminal
oligopyrimidine tract replaced the rpl32 5'UTR element in the
construct shown in Figure 11. The coding region for PpLuc(GC) is
depicted in italics. The 5'UTR element sequence and the histone
stem-loop sequence are underlined. The sequence depicted in Figure
31 corresponds to SEQ 1D No. 1475.

shows the nucleotide sequence of HSD17B4 - PpLuc(GC) - ag — A64
— histoneSL. The 5'UTR of human hydroxysteroid (17-beta)
dehydrogenase 4 lacking the 5’ terminal oligopyrimidine tract

replaced the rpl32 5’UTR element in the construct shown in Figure
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Figure 33

Figure 34

Figure 35

Figure 36
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11. The coding region for PpLuc(GC) is depicted in italics. The
5’UTR element sequence and the histone stem-loop sequence are
underlined. The sequence depicted in Figure 32 corresponds to SEQ
ID No. 1476.

shows the nucleotide sequence of AIG1 - PpLuc(GC) — ag — A64 —
histoneSL. The 5'UTR of human androgen-induced 1 lacking the 5’
terminal oligopyrimidine tract replaced the rpl32 5’UTR element in
the construct shown in Figure 11. The coding region for PpLuc(GC) is
depicted in italics. The 5'UTR element sequence and the histone
stem-loop sequence are underlined. The sequence depicted in Figure
33 corresponds to SEQ ID No. 1477.

shows the nucleotide sequence of COX6C - PpLuc(GC) — ag — A64 -
histoneSL. The 5’UTR of human cytochrome c oxidase subunit Vic
lacking the 5’ terminal oligopyrimidine tract replaced the rpl32
5'UTR element in the construct shown in Figure 11. The coding
region for PplLuc(GC) is depicted in italics. The 5’UTR element
sequence and the histone stem-loop sequence are underlined. The
sequence depicted in Figure 34 corresponds to SEQ ID No. 1478.
shows the nucleotide sequence of ASAHT — PpLuc(GC) - ag — A64 —
histoneSL. The 5’UTR of human N-acylsphingosine amidohydrolase
(acid ceramidase) 1 lacking the 5’ terminal oligopyrimidine tract
replaced the rpl32 5'UTR element in the construct shown in Figure
11. The coding region for PpLuc(GC) is depicted in italics. The
5’UTR element sequence and the histone stem-loop sequence are
underlined. The sequence depicted in Figure 35 corresponds to SEQ
ID No. 1479.

is a graphical representation of the effect of 5’UTR elements derived
from 5’UTRs of the TOP genes RPL35, RPL21, ATP5A1, HSD17B4,
AIG1, COX6C and ASAH1, the histone stem-loop, and the
combination of 5’UTR elements and histone stem-loop on luciferase
expression from mRNA. The different mRNAs were transfected into
human dermal fibroblasts (HDF) by lipofection. Luciferase levels

were measured at 8, 24, and 48 hours after transfection. Both, either
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Figure 37

Figure 38

Figure 39
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the histone stem-loop or the 5’UTR elements increase luciferase
levels compared to mRNA lacking both these elements. Strikingly,
the combination of 5'UTR elements and histone stem-loop further
strongly increases the luciferase level, much above the level
observed with either of the individual elements, thus acting
synergistically. Data are graphed as mean RLU + SEM (relative light
units + standard error) for triplicate transfections. The synergy
between 5'UTR elements and histone stem-loop is summarized in

example 5.4.

shows the nucleotide sequence of mrpl21 — PpLuc(GC) — albumin?7 —
A64 — C30 - histoneSL. The 5’UTR of murine ribosomal protein Large
21 lacking the 5’ terminal oligopyrimidine tract replaced the rpl32
5’UTR element in the construct shown in Figure 13. The 5’UTR
element sequence is underlined. The sequence depicted in Figure 36

corresponds to SEQ ID No. 1443.

shows the nucleotide sequence of mrpl35A — PpLuc(GC) — albumin?
_ A64 — C30 - histoneSL. The 5'UTR of murine ribosomal protein
Large 35A lacking the 5’ terminal oligopyrimidine tract replaced the
rpl32 5'UTR element in the construct shown in Figure 13. The 5’'UTR
element sequence is underlined. The sequence depicted in Figure 37

corresponds to SEQ ID No. 1444.

is a graphical representation of the effect of the 5'UTR elements
derived from 5’UTRs of mouse TOP genes on luciferase expression
from mRNA. mRNAs containing either a mouse or a human 5'UTR
element were transfected into human dermal fibroblasts (HDF) by
lipofection. Luciferase levels were measured at 24, 48, and 72 hours
after transfection. Mouse 5’UTR elements strongly increase luciferase
levels compared to mRNA lacking a 5’UTR element, similarly as the
human 5’UTR element. Data are graphed as mean RLU + SEM
(relative light units + standard error) for triplicate transfections. RLU

are summarized in Example 5.5.
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SEQ ID No
SEQ ID No
SEQ ID No
SEQ ID No
SEQ ID No
SEQ ID No

SEQ ID No
SEQ ID No
SEQ ID No
SEQ ID No
SEQ ID No
SEQ ID No
SEQ ID No
SEQ ID No
SEQ ID No
SEQ ID No
SEQ ID No
SEQ ID No
SEQ ID No
SEQ ID No
SEQ ID No
SEQ ID No
SEQ ID No
SEQ ID No
SEQ ID No
SEQ ID No
SEQID No
SEQ ID No
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. 1-1363. 1435, and 1461-1462 sequences comprising 5'UTRs of TOP genes

. 1364
. 1365
. 1366
. 1367
. 1368

. 1369
. 1370
. 1371
. 1372
. 1373
. 1374
. 1375
. 1376
L1377
.1378
. 1379
. 1380
. 1381
. 1382
. 1383
. 1384
. 1385
. 1386
.1387
. 1388
. 1389
. 1390

SEQ ID NO. 1391
SEQ ID NO. 1392

PpLuc(GC) - ag — A64 (Fig. 6)

RPL32 ~ PpLuc(GC) - ag — A64 — C30 —~ histoneSL (Fig. 7)
fragment of the 5’UTR of human ribosomal protein Large 32
fragment of the 5’UTR of human ribosomal protein Large 32
5’UTR of human ribosomal protein Large 32 lacking the 5’ terminal
oligopyrimidine tract

Human albumin 3’UTR

3’UTR of Homo sapiens hemoglobin, alpha 1 (HBA1)
3'UTR of Homo sapiens hemoglobin, alpha 2 (HBA2)
3’UTR of Homo sapiens hemoglobin, beta (HBB)

3’UTR of Homo sapiens tyrosine hydroxylase (TH)

3'UTR of Homo sapiens arachidonate 15-lipoxygenase (ALOX15)
3'UTR of Homo sapiens collagen, type |, alpha 1 (COL1AT)
albumin7 3'UTR

Human albumin 3’UTR + poly(A) sequence

Human albumin 3’UTR fragment 1

Human albumin 3’UTR fragment 2

Human albumin 3’UTR fragment 3

Human albumin 3’UTR fragment 4

Human albumin 3’UTR fragment 5

Human albumin 3’UTR fragment 6

Human albumin 3’'UTR fragment 7

Human albumin 3’UTR fragment 8

Human albumin 3'UTR fragment 9

Human albumin 3’UTR fragment 10

Human albumin 3’UTR fragment 11

Human albumin 3’UTR fragment 12

Human albumin 3’UTR fragment 13

Sequence according to formula (Ic)

Sequence according to formula (lic):
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SEQ ID NO
SEQ ID NO
SEQ ID NO
SEQ ID NO
SEQ ID NO
SEQ ID NO
SEQ ID NO
SEQ ID NO
SEQ ID NO
SEQ ID NO
SEQ ID NO
SEQ ID NO
SEQ ID NO
SEQ ID NO
SEQ ID NO
SEQ ID NO
SEQ ID NO
SEQ ID NO
SEQ ID NO
SEQ ID NO
SEQ ID NO
SEQ ID NO
SEQ ID NO
SEQ ID NO
SEQ ID NO
SEQ ID NO
SEQ ID NO
SEQ ID NO
SEQ ID NO
SEQ ID NO
SEQ ID NO
SEQ ID NO
SEQ ID NO

. 1393
. 1394
. 1395
. 1396
. 1397
. 1398
. 1399
. 1400
. 1401

. 1402
. 1403
. 1404
. 1405
. 1406
. 1407
. 1408
. 1409
. 1410
. 1411

L1412
. 1413
. 1414
. 1415
. 1416
L1417
. 1418
. 1419
. 1420
. 1421

. 1422
. 1423
. 1424
. 1425

123

Sequence according to formula (Id):
Sequence according to formula (lld)
Sequence according to formula (le)

Sequence according to formula (lle)
Sequence according to formula (If)

Sequence according to formula (ilf)
Sequence according to formula (Ig)

Sequence according to formula (llg)
Sequence according to formula (lh)
Sequence according to formula (lih)
Sequence according to formula (Ic
Sequence according to formula (Ic

Sequence according to formula (Ic

(

(

(Ic)
(Ic)
(Ic)
Sequence according to formula (le)
Sequence according to formula (le)
Sequence according to formula (le)
Sequence according to formula (If)
Sequence according to formula (If)
Sequence according to formula (If)
Sequence according to formula (Ig)
Sequence according to formula (Ig)
Sequence according to formula (1g)
Sequence according to formula (lh)
Sequence according to formula (lh)
Sequence according to formula (1h)
Sequence according to formula (llc

Sequence according to formula (llc

Sequence according to formula (lle

lle

)

)
Sequence according to formula (llc)
)
Sequence according to formula (lle)
)

Sequence according to formula (lle

Sequence according to formula (lIf)

(
(
(
(
(
(

Sequence according to formula (IIf)

PCT/EP2013/000937
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SEQ ID NO
SEQID NO
SEQ ID NO
SEQ ID NO
SEQ ID NO
SEQ ID NO
SEQ ID NO
SEQ ID NO
SEQ ID NO
SEQ ID NO
SEQ ID NO
SEQ ID NO
SEQID NO
SEQ ID NO
SEQ ID NO
SEQ ID NO
SEQID NO
SEQID NO
SEQID NO
SEQ ID NO
SEQ ID NO
SEQ ID NO
SEQ ID NO
SEQ ID NO
SEQ ID NO
SEQID NO

 SEQIDNO

SEQ ID NO

SEQ ID NO

. 1426
. 1427
. 1428
. 1429
. 1430
. 1431
. 1432
. 1433
. 1434
. 1435
. 1436
. 1437
. 1438
. 1439
. 1440
. 1441
. 1442
. 1443
. 1444
. 1445
. 1446
. 1447
. 1448
. 1449
. 1450
. 1451
. 1452

. 1453

. 1454
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Sequence according to formula (IIf)
Sequence according to formula (llg)
Sequence according to formula (llg)
Sequence according to formula (llg)
Sequence according to formula (llh)
Sequence according to formula (ilh)
Sequence according to formula (llh)
Example histone stem-loop sequence
Center, a-complex-binding portion of the 3’UTR of an a-globin gene
ATP synthase lipid-binding protein, mitochondrial (atp5g2)

RPL35 - PpLuc(GC) - albumin7 — A64 - C30 — histoneSL (Fig. 14)
RPL21 - PpLuc(GC) - albumin7 — A64 — C30 — histoneSL (Fig. 15)
ATP5A1 - PpLuc(GC) - albumin7 — A64 — C30 - histoneSL (Fig. 16)
HSD17B4 ~ PpLuc(GC) — albumin7 — A64 — C30 - histoneSL (Fig. 17)
AIG1 - PpLuc(GC) - albumin7 — A64 — C30 - histoneSL (Fig. 18)
COX6C — PpLuc(GC) - albumin7 — A64 — C30 - histoneSL (Fig. 19)
ASAH1 - PpLuc(GC) - albumin7 — A64 — C30 — histoneSL (Fig. 20)
mRPL21 — PpLuc(GC) — albumin7 — A64 — C30 - histoneSL (Fig. 37)
mRPL35A — PpLuc(GC) — albumin7 — A64 — C30 - histoneSL (Fig. 38)
RPL35 — PpLuc(GC) — A64 — C30 — histoneSL

RPL21 - PpLuc(GC) — A64 — C30 - histoneSL

ATP5A1 — PpLuc(GC) — A64 — C30 — histoneSL

HSD17B4 — PpLuc(GC) — A64 — C30 — histoneSL

AIG1 - PpLuc(GC) — A64 — C30 - histoneSL

COX6C - PpLuc(GC) — A64 — C30 - histoneSL

ASAH1 - PpLuc(GC) — A64 — C30 - histoneSL

5’UTR of human ribosomal protein Large 35 (RPL35) lacking the 5’
terminal oligopyrimidine tract

5’UTR of human ribosomal protein Large 21 (RPL21) lacking the 5’
terminal oligopyrimidine tract

5'UTR of human ATP synthase, H+ transporting, mitochondrial F1
complex, alpha subunit 1, cardiac muscle (ATP5A1) lacking the 5’

terminal oligopyrimidine tract
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SEQ ID NO. 1455  5’UTR of human hydroxysteroid (17-beta) dehydrogenase 4
(HSD17B4) lacking the 5’ terminal oligopyrimidine tract
SEQ ID NO. 1456  5’UTR of human androgen-induced 1 (AIG1) lacking the 5’ terminal
oligopyrimidine tract

SEQ ID NO. 1457  5’UTR of human cytochrome c oxidase subunit Vic (COX6C) lacking
the 5’ terminal oligopyrimidine tract

SEQID NO. 1458  5'UTR of human N-acylsphingosine amidohydrolase (acid
ceramidase) 1 (ASAH1) lacking the 5’ terminal oligopyrimidine tract

SEQID NO. 1459  5'UTR of mouse ribosomal protein Large 21 (mRPL21) lacking the 5
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30

SEQID NO. 1460  5'UTR of mouse ribosomal protein large 35A (mRPL35A) lacking the
5’ terminal oligopyrimidine tract

SEQ ID NO. 1461 Mouse ribosomal protein Large 21 (mRPL21)

SEQID NO. 1462  Mouse ribosomal protein large 35A (mRPL35A)

SEQID NO. 1463  RPL32 - PpLuc(GC) — ag — A64 (Fig. 10)

SEQID NO. 1464  PplLuc(GC) — ag — A64 — histoneSL (Fig. 9)

SEQID NO. 1465  PpLuc(GC) — albumin7 — A64 — C30 — histoneSL

SEQID NO. 1466  RPL35 - PpLuc(GC) - ag — A64 (Fig. 22)

SEQID NO. 1467  RPL21 - PpLuc(GC) — ag — A64 (Fig. 23)

SEQID NO. 1468  atp5at — PpLuc(GC) — ag — A64 (Fig. 24)

SEQID NO. 1469  HSD17B4 - PpLuc(GC) - ag — A64 (Fig. 25)

SEQID NO. 1470  AIGT - PpLuc(GC) — ag ~ A64 (Fig. 26)

SEQ ID NO. 1471 COX6C - PpLuc(GC) - ag — A64 (Fig. 27)

SEQID NO. 1472 ASAH1 - PpLuc(GC) — ag — A64 (Fig. 28)

SEQID NO. 1473  RPL35 - PpLuc(GC) — ag — A64 - histoneSL (Fig. 29)

SEQID NO. 1474  RPL21 - PpLuc(GC) — ag — A64 - histoneSL (Fig. 30)

SEQ ID NO. 1475 atp5al — Ppluc(GC) - ag — A64 — histoneSL (Fig. 31)

SEQID NO. 1476 ~ HSD17B4 — PpLuc(GC) — ag — A64 - histoneSL (Fig. 32)

SEQID NO. 1477  AIG1 - PpLuc(GC) — ag — A64 — histoneSL (Fig. 33)

SEQID NO. 1478  COX6C - PpLuc(GC) - ag — A64 — histoneSL (Fig. 34)

SEQID NO. 1479  ASAH1 - PpLuc(GC) — ag — A64 — histoneSL (Fig. 35)

SEQID NO. 1480  RPL32 - PpLuc(GC) — ag — A64 - histoneSL (Fig. 11)

SEQ ID NO. 1481 RPL32 - PpLuc(GC) - albumin7 — A64 — C30 — histoneSL (Fig. 13)

terminal oligopyrimidine tract
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1. Preparation of DNA-templates

A vector for in vitro transcription was constructed containing a T7 promoter followed by a

GC-enriched sequence coding for Photinus pyralis luciferase (PpLuc(GC)) and an A64

poly(A) sequence. The poly(A) sequence was followed by a restriction site used for lineari-

zation of the vector before /in vitro transcription. mRNA obtained from this vector accord-

ingly by /n vitro transcription is designated as ,PpLuc(GC) — A64".

This vector was modified to include untranslated sequences 5’ or 3’ of the open reading

frame. In summary, vectors comprising the following mRNA encoding sequences have been

generated:

SEQ ID No.
SEQ ID No.
SEQ ID NO
SEQ ID NO

SEQ ID NO.
SEQ ID NO.
SEQ ID NO.
SEQ ID NO.
SEQ ID NO.
SEQ ID NO.
SEQ ID NO.
SEQ ID NO.
SEQ ID NO.
SEQ ID NO.
SEQ ID NO.
SEQ ID NO.
SEQ ID NO.
SEQ ID NO.
SEQ ID NO.

1364
1365
. 1436
. 1437
1438
1439
1440
1441
1442
1443
1444
1445
1446
1447
1448
1449
1450
1451
1463

PpLuc(GC) — ag — A64 (Fig. 6)

RPL32 ~ PpLuc(GC) — ag — A64 — C30 — histoneSL (Fig. 7):

RPL35 — PpLuc(GC) - albumin7 — A64 — C30 — histoneSL (Fig. 14)
RPL21 — PpLuc(GC) - albumin7 — A64 — C30 — histoneSL (Fig. 15)
ATP5A1 — PpLuc(GC) — albumin7 — A64 — C30 — histoneSL (Fig. 16)
HSD17B4 - PpLuc(GC) - albumin7 — A64 — C30 - histoneSL (Fig. 17)
AIG1 - PpLuc(GC) - albumin7 — A64 — C30 - histoneSL (Fig. 18)
COX6C — PpLuc(GC) — albumin7 ~ A64 — C30 — histoneSL (Fig. 19)
ASAH1 - PpLuc(GC) — albumin7 — A64 — C30 - histoneSL (Fig. 20)
mRPL21 ~ PpLuc(GC) - albumin7 ~ A64 — C30 - histoneSL (Fig. 37)
mRPL35A — PpLuc(GC) ~ albumin7 — A64 — C30 - histoneSL (Fig. 38)
RPL35 - PpLuc(GC) — A64 —~ C30 — histoneSL

RPL21 - PpLuc(GC) — A64 — C30 — histoneSL

ATP5A1 — PpLuc(GC) - A64 — C30 — histoneSL

HSD17B4 — PpLuc(GC) - A64 — C30 — histoneSL

AIG1 - PpLuc(GC) — A64 — C30 - histoneSL

COX6C — PpLuc(GC) — A64 — C30 - histoneSL

ASAH1 - PpLuc(GC) — A64 — C30 — histoneSL

RPL32 - PpLuc(GC) - ag — A64 (Fig. 10)
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SEQ ID NO. 1464
SEQ ID NO. 1465
SEQ ID NO. 1466
SEQ ID NO. 1467
SEQ ID NO. 1468
SEQ ID NO. 1469
SEQ ID NO..1470
SEQ ID NO. 1471
SEQ ID NO. 1472
SEQ ID NO. 1473
SEQ ID NO. 1474
SEQ ID NO. 1475
SEQ ID NO. 1476
SEQ ID NO. 1477
SEQ ID NO. 1478
SEQ ID NO. 1479
SEQ ID NO. 1480
SEQ ID NO. 1481
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PpLuc(GC) — ag — A64 — histoneSL (Fig. 9)

PpLuc(GC) - albumin? — A64 — C30 - histoneSL

RPL35 — PpLuc(GC) - ag — A64 (Fig. 22)

RPL21 — PpLuc(GC) — ag — A64 (Fig. 23)

atp5al — PpLuc(GC) — ag — A64 (Fig. 24)

HSD17B4 - PpLuc(GC) — ag — A64 (Fig. 25)

AIGT - PpLuc(GC) — ag — A64 (Fig. 26)

COX6C - PpLuc(GC) - ag — A64 (Fig. 27)

ASAH1 - PpLuc(GC) — ag — A64 (Fig. 28)

RPL35 — PpLuc(GC) — ag — A64 — histoneSL (Fig. 29)
RPL21 - PpLuc(GC) - ag — A64 — histoneSL (Fig. 30)
atp5al —~ PpLuc(GC) — ag — A64 — histoneSL (Fig. 31)
HSD17B4 — PpLuc(GC) - ag — A64 — histoneSL (Fig. 32)
AIG1 - PpLuc(GC) — ag — A64 — histoneSL (Fig. 33)
COX6C — PpLuc(GC) — ag — A64 — histoneSL (Fig. 34)
ASAH1 - PpLuc(GC) — ag — A64 - histoneSL (Fig. 35)
RPL32 — PplLuc(GC) — ag — A64 ~ histoneSL (Fig. 11)
RPL32 — PpLuc(GC) — albumin7 — A64 — C30 - histoneSL (Fig. 13)

2. In vitro transcription

The DNA-template according to Example 1 was linearized and transcribed /n vitro using T7-
Polymerase. The DNA-template was then digested by DNase-treatment. mRNA transcripts
contained a 5'-CAP structure obtained by adding an excess of N7-Methyl-Guanosine-5'-
Triphosphate-5'-Guanosine to the transcription reaction. mRNA thus obtained was purified

and resuspended in water.

3. Luciferase expression by mRNA lipofection

Human dermal fibroblasts (HDF) were seeded in 24 well plates at a density of 5x10* cells
per well. The following day, cells were washed in opti-MEM and then transfected with
50 ng per well of Lipofectamine2000-complexed PpLuc-encoding mRNA in opti-MEM. As a
control, mRNA not coding for PpLuc was lipofected separately. mRNA coding for Renilla

reniformis luciferase (RrLuc) was transfected together with PpLuc mRNA to control for trans-
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fection efficiency (20 ng of RrLuc mRNA per well). 90 minutes after start of transfection,
opti-MEM was exchanged for medium. 24, 48, 72 hours after transfection, medium was
aspirated and cells were lysed in 200 pl of lysis buffer (25 mM Tris, pH 7.5 (HCl), 2 mM
EDTA, 10% glycerol, 1% Triton X-100, 2 mM DTT, 1 mM PMSF). Lysates were stored at
-20°C until luciferase activity was measured.

Alternatively, HDF were seeded in 96 well plates one to three days before transfection at a
density of 10* cells per well. Immediately before lipofection, cells were washed in opti-
MEM. Cells were lipofected with 25 ng of PpLuc-encoding mRNA per well complexed

with Lipofectamine2000. In some experiments, mRNA coding for Renilla reniformais
luciferase (RrLuc) was transfected together with PpLuc mRNA to control for transfection
efficiency (2.5 ng of RrLuc mRNA per well). 90 minutes after start of transfection, opti-
MEM was exchanged for medium. At various time points post transfection, medium was
aspirated and cells were lysed in 100 pl of lysis buffer (Passive Lysis Buffer, Promega). Lys-

ates were stored at -80°C until luciferase activity was measured.

4. Luciferase measurement

Luciferase activity was measured as relative light units (RLU) in a BioTek SynergyHT plate
reader. PpLuc activity was measured at 15 seconds measuring time using 50 pl of lysate and
200 pl of luciferin buffer (75 pM luciferin, 25 mM Glycylglycin, pH 7.8 (NaOH), 15 mM
MgSO4, 2 mM ATP). RrlLuc activity was measured at 15 seconds measuring time using 50 pl
of lysate and 200 pl of coelenterazin buffer (40 upM coelenterazin in phosphate buffered
saline adjusted to 500 mM NaCl).

Alternatively, luciferase activity was measured as relative light units (RLU) in a Hidex Cha-
meleon plate reader. PpLuc activity was measured at 2 seconds measuring time using 20 pl
of lysate and 50 pl of luciferin buffer (Beetle-Juice, PJK GmbH). RrLuc activity was meas-
ured at 2 seconds measuring time using 20 pl of lysate and 50 pl of coelenterazin buffer

(Renilla-Juice, PJK GmbH).

Results

5.1 The combination of 5’UTR elements derived from 5'UTRs of TOP genes and histone

stem-loop increases protein expression strongly.
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To investigate the effect of the combination of a 5’UTR element derived from a 5'UTR of a
TOP gene and a histone stem-loop (histoneSL) on protein expression from mRNA, mRNAs
with different UTRs were synthesized: mRNAs either lacked both 5’UTR element and
histoneSL, or contained both 5’UTR element and histoneSL. Luciferase-encoding mRNAs or
control mMRNA were transfected into human dermal fibroblasts (HDF). Luciferase levels were

measured at 24 hours after transfection (see following Table 1 and Figure 8).

Table 1:

mRNA RLU at 24 hours
control RNA 588
PpLuc(GC) — ag — A64 12246
RPL32 — PpLuc(GC) — ag — A64 — C30 — histoneSL 319840

Luciferase was clearly expressed from mRNA having neither 5’UTR element nor histoneSL.
Strikingly however, the combination of 5'UTR element and histoneSL strongly increased the
luciferase level. The magnitude of the rise in luciferase level due to combining 5'UTR

element and histoneSL in the same mRNA indicates that they are acting synergistically.

5.2 The combination of 5’UTR elements derived from 5'UTRs of TOP genes and histone
stem-loop increases protein expression from mRNA in a synergistic manner.

To investigate the effect of the combination of a 5'UTR element derived from a 5'UTR of a
TOP gene and histone stem-loop on protein expression from mRNA, mRNAs with different
UTRs were synthesized: mRNAs either lacked both 5’UTR element and histone stem-loop,
or contained either a 5’UTR element or a histone stem-loop, or both 5’UTR element and
histone stem-loop. Luciferase-encoding mRNAs were transfected into human dermal
fibroblasts (HDF). Luciferase levels were measured at 8, 24, and 48 hours after transfection

(see following Table 2 and Figure 12).

Table 2:
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mRNA RLU at 8 RLU at 24 RLU at 48
hours hours hours

PpLuc(GC)-ag-A64 13110 25861 14362
PpLuc(GC)-ag-A64-histoneSL - 88640 97013 57026
rpl32-PpLuc(GC)-ag-A64 155654 212245 102528
rpl32-PpLuc(GC)-ag-A64—

: 301384 425825 161974

histoneSL

Luciferase was clearly expressed from mRNA having neither 5°UTR element nor histone
stem-loop. Both, either the histone stem-loop or the 5’UTR element increased luciferase
levels compared to mRNA lacking both these elements. Strikingly however, the
combination of 5'UTR element and histone stem-loop further strongly increased the
luciferase level, much above the level observed with either of the individual elements. The
magnitude of the rise in luciferase level due to combining 5'UTR element and histone stem-
loop in the same MRNA demonstrates that they are acting synergistically.

The synergy between 5’UTR element and histone stem-loop was quantified by dividing the
signal from mRNA combining both elements by the sum of the signal from mRNA lacking
both elements plus the rise in signal effected by the 5’UTR element plus the rise in signal
effected by the histone stem-loop. This calculation was performed for the three time points
individually and for total protein expressed from O to 48 hours calculated from the area

under the curve (AUC) (see following Table 3).

Table 3:
8h
rpi32  |histoneSL |RLU A RLU RLU predicted (additive) synergy
— — 13110
— + 88640 75530
+ — 155654 142544
+ 301384 231184 1,30
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24 h
pI32  |histoneSL |RLU A RLU RLU predicted (additive) synergy
— — 25861
— + 97013 71152
+ — 212245 186384
+ + 425825 283397 1,5C
48 h
rpl32 | histoneSL |RLU A RLU RLU predicted (additive) synergy
— — 14362
— + 57026 42664
+ — 102528 88166

+ 161974 145192 1,12
AUC 0 - 48 hours
rpl32  [histoneSL |RLU A RLU RLU predicted (additive) synergy
— — 846881
— + 3688000 2841119

— 7343000 6496119

+ 14080000 10184119 1,38

The synergy thus calculated specifies how much higher the luciferase level from mRNA
combining 5’UTR element and histone stem-loop is than would be expected if the effects of
5’UTR element and histone stem-loop were purely additive. This result confirms that the
combination of 5'UTR element and histone stem-loop effects a markedly synergistic

increase in protein expression.

5.3 5’UTR elements derived from 5’UTRs of TOP genes increase protein expression from
mRNA.

To investigate the effect of 5’UTR elements derived from 5'UTRs of TOP genes on protein
expression from mRNA, mRNAs with one of different 5’UTR elements were synthesized. In
addition, mRNAs contained the albumin7 3’UTR element. Luciferase-encoding mRNAs
were transfected into human dermal fibroblasts (HDF). Luciferase levels were measured at

24, 48, and 72 hours after transfection (see following Table 4 and Figure 21).
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Table 4:
5'UTR RLU at 24 hours RLU at 48 hours RLU at 72 hours
none 114277 121852 68235
rpl32 332236 286792 114148
rpl35 495917 234070 96993
rpl21 563314 352241 156605
atp5al 1000253 538287 187159
HSD17B4 1179847 636877 299337 |
AIG1 620315 446621 167846
COXe6C 592190 806065 173743
ASAHI1 820413 529901 198429

Luciferase was clearly expressed from mRNA lacking a 5'UTR element. Strikingly however,

all 5’UTR elements strongly increased the luciferase level.

5.4 The combination of 5UTR elements derived from 5"UTRs of TOP genes and histone

stem-loop increases protein expression from mRNA in a synergistic manner.

To investigate the effect of the combination of 5UTR elements derived from the 5UTRs of TOP
genes and histone stem-loop on protein expression from mRNA, mRNAs with different UTRs

were synthesized: mRNAs either lacked both 5’UTR element and histone stem-loop, or con-

tained a histone stem-loop, or contained one of different 5'UTR elements derived from

5"UTRs of TOP genes, or contained both one of different 5UTR elements and a histone

stem-loop. In addition, mRNAs contained the alpha-globin 3'UTR element. Luciferase-

encoding mRNAs were transfected into human dermal fibroblasts (HDF). Luciferase lev-

els were measured at 8, 24, and 48 hours after transfection (see Figure 36). Luciferase was

clearly expressed from mRNA having neither 5’UTR element nor histone stem-loop. The
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histone stem-loop increased the luciferase level. All 5’UTR elements also increased the
luciferase level. Strikingly however, the combinations of 5UTR element and histone stem-loop
further strongly increased the luciferase level, much above the level observed with either of the
individual elements. The magnitude of the rise in luciferase level due to combining 5’UTR
element and histone stem-loop in the same mRNA demonstrates that they are acting syner-

gistically.

The synergy between 5 UTR element and histone stem-loop was quantified by dividing the
signal from mRNA combining both elements by the sum of the signal from mRNA lack-
ing both elements plus the rise in signal effected by the 5"UTR element plus the rise in signal
effected by the histone stem-loop. This calculation was performed for total protein expressed

from O to 48 hours calculated from the area under the curve (AUC) (see following Table 5).

Table 5:

TOP 5’'UTR Synergy with histone stem-loop

35L 2,50
21L 3,25
atpsal 3,00
HSD17B4 3,55
AIG1 1,52
COX6C 3,19

The synergy thus calculated specifies how much higher the luciferase level from mRNA
combining 5’"UTR element and histone stem-loop is than would be expected if the effects of
5UTR element and histone stem-loop were purely additive. The luciferase level from
mRNA combining 5UTR element and histone stem-loop was up to more than three times
higher than if their effects were purely additive. This result confirms that the combination of
5'UTR element and histone stem-loop effects a markedly synergistic increase in protein ex-

pression.
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5.5 5’UTR elements derived from 5"UTRs of mouse TOP genes increase protein expression

from mRNA.

To investigate the effect of TOP 5UTR elements derived from 5"UTRs of mouse TOP genes on

protein expression from mRNA, mRNAs with two different mouse 5UTR elements were

synthesized. In addition, mRNAs contained the albumin7 8’'UTR element. Luciferase-

encoding mRNAs were transfected into human dermal fibroblasts (HDF). For compari-

son, mRNA containing the human rpl32 5’UTR element was transfected. Luciferase lev-

els were measured at 24, 48, and 72 hours after transfection (see following Table 6 and

Figure 89).

Table 6:

5"UTR RLU at 24 hours RLU at 48 hours RLU at 72 hours

none 114277 121852 68235
rpls2 332236 286792 114148
mrpl21 798233 351894 139249
mrpl35A 838609 466236 174949

Luciferase was clearly expressed from mRNA lacking a 5UTR element. Both mouse 5'UTR

elements strongly increased the luciferase level, similarly as the human 5UTR element.

Sequences:

Homo sapiens alpha-2-macroglobulin (A2M): gctccttctttctg-

caacatg (Seq ID No: 1)

Homo sapiens acyl-CoA dehydrogenase, C-4 to C-12 straight ch
ain (ACADM) :

ggctctctttccgecgetgcggtcagectecggegtecccacagagagggccagaggtggaaa
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cgcagaaaaccaaaccaggactatcagagattgcccggagaggggatg
(Seq ID No: 2)

Homo sapiens arylsulfatase E (chondrodysplasia punctata 1)
(ARSE) : cttcctcttcttgatcggggattcaggaaggagcccaggagcagag-
gaagtagagagagagacaacatg (Seqg ID No: 3)

Homo sapiens Bruton agammaglobulinemia tyrosine kinase
(BTK) : tgtccttcctctctggactgtaagaatatgtctccagggeccag-
tgtctgctgcgatcgagtcccaccttccaagtcctggcatectcaatgecatctgggaage—
tacctgcattaagtcaggactgagcacacaggtgaactccagaaagaagaagctatg
(Seq ID No: 4)

Homo sapiens complement component 2 (C2): tgac-
cttttececctececcgeggetcectectacctcectegecgececctagggaggacaccatg
(Seg ID No: 5)

Homo sapiens cyclin-dependent kinase 4 (CDK4):
gggcctctctagecttgeggectgtgtectatggtecgggecctectgegtccagetgetecg-
gaccgagctcgggtgtatggggccgtaggaaccggctecggggccccgataac—
gggccgcccccacagcaccccecgggcectggegtgagggtecteeccttgatctgagaatyg
(Seq ID No: 6)

Ho-

mo sapiens cytochrome P450, family 17, subfamily A, polypept
ide 1 (CYP17Al1l): agctcttctactccactgctgtctatcttgectgeccggecace-
cagccaccatg (Seq ID No: 7)

Homo sapiens endoglin (ENG): cttcctctacccggttgg-
caggcggcctggcccagceccccttctctaaggaagcg-
catttcctgcctececctgggeccggecgggetggatg (Seq ID No: 8)

Ho-

mo sapiens excision repair cross-complementing rodent repair
deficiency, complementation group 3 (ERCC3):
tcttctctctgetgectgtagetgeccatg (Seq ID No: 9)

Ho-

mo sapiens excision repair cross-complementing rodent repair
deficiency, complementation group 5 (ERCC)S):
ctgtctttcttccgggaggcggtgacagctgctgagacgtgttgcagecagag-
tctctcecegetttaatgegeteccattagtgeccgteccecactggaaaac-
cgtggcttctgtattatttgccatctttgttgtgtaggag-
cagggagggcttcctceccggggtectaggecggecggtgcagtececgtecgtagaagaatt-
agagtagaagttgtcggggtccgctcttaggacgcagecgcectcatg

(Seq ID No: 10) '

Homo sapiens ferritin, light polypeptide (FTL):
cgtcccctcegecagttcggeggteccecgegggtectgtetettgettcaacagtgtttggacyg
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gaacagatccggggactctcttccagecctccgaccgecctecgatttectcecteecgettge
aacctccgggaccatcttctcggccatctcctgecttctgggacctgeccagcacecgttttt
gtggttagctccttcttgeccaaccaaccatg (Seq ID No: 11)

Homo sapiens galactosylceramidase (GALC):
ccgcctceccecctgggecgecggagtcatgtgacccacacaatg (Seqg ID No: 12)

Homo sapiens gap junction protein, alpha 1, 43kDa (GJAL):
ttttctttcattagggggaaggcgtgaggaaagtaccaaacagcagcggag-
ttttaaactttaaatagacaggtctgagtgcctgaactt-
gccttttcattttacttcatcctccaaggagttcaatcacttggegtgacttcac—
tacttttaagcaaaagagtggtgcccaggcaacatg (Seq ID No: 13)

Homo sapiens gap junction protein, beta 1, 32kDa (GJB1l):
cattctctgggaaagggcagcagcagccaggtgtggcag-
tgacagggaggtgtgaatgaggcaggatg (Seq ID No: 14)

Homo sapiens glucose-6-phosphate isomerase (GPI):
cgctccttcecctectcecggectecgegtctcactcagtgtaccttcectagtececgecatg
(Seqg ID No: 15)

Ho-

mo sapiens hydroxyacyl-CoA dehydrogenase/3-ketoacyl-CoA thio
lase/enoyl-CoA hydratase (trifunc-

tional protein), alpha subunit (HADHA): ctgtcctcttcagctcaa-
gatg (Seq ID No: 16)

Ho-

mo sapiens hydroxyacyl-CoA dehydrogenase/3-ketoacyl-CoA thio
lase/enoyl-CoA hydratase (trifunc-

tional protein), beta subunit (HADHB): gggccctttctgggcag-
gacccgccceccttggtceccecgcagagecttggtacttggacctgaaccttgetecga-
gagggagtcctcgcggacgtcagccaagattccagaatg (Seq ID No: 17)

Homo sapiens complement factor H (CFH): cttccttttgcag-
caagttctttcctgcactaatcacaattcttggaagaggagaactggacgtt-
gtgaacagagttagctggtaaatgtcctcttaaaagatccaaaaaatyg

(Seq ID No: 18)

Homo sapiens sarcoglycan, gamma

(35kDa dystrophin-associated glycoprotein) (SGCG):
agccctttcectccagggacagttgctgaagcecttcatectttgetctecattcetg-
taagtcatagaaaagtttgaaacattctgtctgtggtagagctcgggeccagectgtag-
ttcattcgccagtgtgcttttcttaatatctaagatg (Seq ID No: 19)

Homo sapiens lipase A, lysosomal acid, cholesterol esterase
(LIPA): ggtcccctatceccgcecaccceccggececcctgagagcectggcactgecgactecgaga—
cagcggcccggcaggacagctccagaatg (Seq ID No: 20)



10

15

20

25

30

35

40

WO 2013/143699 PCT/EP2013/000937
137

Homo sapiens lipoprotein lipase (LPL):
cccectettectectectcaagggaaagetgeccacttectagetgecctgecatccectt
taaagggcgacttgctcagcgccaaac-
cgcggctccagceccctcteccagcectecggetcageecggctcatcagtecggtececgegectt-
gcagctcctccagagggacgcgecccgagatg (Seq ID No: 21)

Ho-
mo sapiens mutL homolog 1, colon cancer, nonpolyposis type 2
(E. coli) (MLH1): ggctcttctggcgccaaaatg (Seq ID No: 22)

Homo sapiens Niemann-Pick disease, type Cl (NPC1):
cttccttectgaccggegegeg-
cagcctgctgccgeggtcagegectgectectgectectcececgetectectgegecggggtget
gaaacagcccggggaagtagagccgectceccggggagecccaaccagecgaac-
gccgceccggcegtcagcagecttgecgeggeccacagcatg (Seqg ID No: 23)

Homo sapiens peroxisomal biogenesis factor 12 (PEX12):
gcgcctctcectteccgeccaggcatcecccagaggtecctggtggtttcattteccgggtgeggett
ctgtcataaagcggagacctcccttcaaacgtggecgtecgtgggttgttt-
gcgcctcgcecctggggtcagcgagcaaggacgggecgcecgggcecggggatactcaaa-
gccaacagctggagtcagcccttgtgtceccecgggctcacagtggecac-
gactgaatcctcagagtcggctggcttttgagctctcacgattggggag-
gagggggcgtttctggttcgcagctccagag-
gattgcgttccttcceccccatacctgteccccacagtcacgctcectgecctgacgtgecag-
catttgacaagttaccccctecgceccacatactacttccacccacgtecgagttaacttt-
gttcttaaccttcttgagactaccctcggectccaggtettttttteccag-
ttcatttttgcccataagattgagtttcgagtttcagatatcatgcagaaagtttac-
ctttaagactgagcacccatctgatactcttcctecccgaaaaagttcatgctcacgaga-
gagtttgtgggaaaagtgaaagccagtacacgcaggaaactatg (Seq ID No: 24)

Homo sapiens peroxisomal biogenesis factor 6 (PEX6):
cgctccttcacecctectegttggtgtectgtcaccatg (Seqg ID No: 25)

Homo sapiens phosphofructokinase, muscle (PFKM): gagccttctt-
gtcagcatctgttagtggaggttgggaagcctctcctecttcececcecteecctettt-
gcctccac-
ctggctcctccecceccatgttcecgtccatcaccecteccecectttecccaaggacaatctgcaa—-
gaaagcagcggcggaggagagctaagactaaaagagtggatcatg

(Seq ID No: 26)

Homo sapiens serpin peptidase inhibitor, clade A (al-
pha-1 antiproteinase, antitrypsin), member 1 (SERPINAL):
ctgtctcctcagcettcaggcaccaccactgacctgggacagtgaatcgacaatg
(Seq ID No: 27)

Homo sapiens phosphatase and tensin homolog (PTEN):

agttctctcctctcggaagctgcageccatgatggaagtttgagagttgagecgetgtgag
gcgaggccgggctcaggcgagggagatgagagacggcggcggeccgcggecccggageccect
ctcagcgcecctgtgagcagccgecgggggcagegeccteggggagecggecggectgeggeg
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gcggcagcggcggcegtttctcgectectettegtettttctaaccgtgecagectecttect
cggcttctcctgaaagggaaggtggaagccgtgggctcgggcgggageccggctgaggege
ggcggcggceggcggcacctcececcgctcecectggagcgggggggagaagcggcggeggceggcegg
ccgcggcggctgcagctccagggagggggtcectgagtegectgtcaccattteccagggetg
ggaacgccggagagttggtctctcecceccecttcectactgectccaacacggecggeggecggcecgge
ggcacatccagggacccgggccggttttaaacctcecececgteccgecgecgecgcaccecccg
tggcccgggetceccggaggecgecggeggaggcagecgttecggaggattattecgtettete
cccattccgcectgceccgecgetgeccaggecctctggectgectgaggagaagcaggcececcagtege
tgcaaccatccagcagccgcecgcagcagecattaccecggectgeggtccagageccaagegg
cggcagagcgaggggcatcagctaccgccaagtccagagccatttceccatcecctgcagaaga
agccccgccaccagcagcttctgeccatcectetectectectttttettcageccacaggetcece
cagacatg (Seq ID No: 28)

Homo sapiens solute carrier family 3 (cys-

tine, dibasic and neutral amino acid transporters, activator
of cystine, dibasic and neutral amino acid transport), memb
er 1 (SLC3Al): cctcccttactgcaggaaggcactccgaagacataagtcggtga-

gacatg (Seq ID No: 29)

Homo sapiens aldehyde dehydrogenase 3 family, member A2
(ALDH3A2): ccgcctcccactccccagcgecceccggaccgtgecagttectetgecag-
gaccaggccatg (Seq ID No: 30)

Homo sapiens bleomycin hydrolase (BLMH):
gtttctcccagcctcagectcccecgecgecgecgecgecgececgecgecgagecggtttece
tttttccggecgeteccgggtgecgagagacaggtcgggecccectaggcagcgagcecg-
cagcgcaatcccggcegetcecgecccaaggaccctggaagcetaccgttacececcgecggg-
cagcgtgggcgccatg (Seq ID No: 31)

Homo sapiens cathepsin K (CTSK):
cctcctectcecttacccaaattttccagecgatcactggagectgactteecg-
caatcccgatggaataaatctagcaccecctgatggtgtgeccacacttt-
gctgccgaaacgaagccagacaacagatttccatcagcaggatg (Seq ID No: 32)

Homo sapiens GM2 ganglioside activator (GM2A): gcttétttgcg—
taaccaatactggaaggcatttaaaggcacctctgccgccacagaccttgcag-
ttaactccgcecctgacccacccttceccgatg (Seq ID No: 33)

Homo sapiens hydroxysteroid (17-beta) dehydrogenase 4
(HSD17B4): ccgcctcctectgtececcgecagtcggegteccageggetectgett-
gttcgtgtgtgtgtcgttgcaggceccttattcatg (Seq ID No: 34)

Homo sapiens neutrophil cytosolic factor 2 (NCF2):
ctctctctgcttcectttecttttectectectcatggtagggttatgagtcagttgeccaaaagg
tggggacatttcctgatgcatttgcaacactgagaagttatcttaagggaggctgggcecce
cattctactcatctggcccagaaagtgaacaccttgggggccactaaggcagecctgceta
ggggagacgctccaacctgtcttctctctgtctectggcagetctettggectectagtt
tctacctaatcatg (Seq ID No: 35)
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Homo sapiens 3-oxoacid CoA transferase 1 (OXCT1):
cagcctcctcecctgectcaccgecccgaagatg (Seq ID No: 36)

Homo sapiens sulfite oxidase (SUOX): ccgccccttctcgagaactcg-
cagagctgggctggtaaaattgcagtgctgaagacactggacccg-
caaaaggctgtccctcccaaacctgggattctgggcectcactgagttcacctgecgag-
tcagccctacctgecactgectcectggtctagtacaaacaggctgectggcattgagggac—
ggagtctccaactcctggcectctagecagtectectgtgtaggtcteccaaagtgctag-
tgtgtccggaattggtgggttcttggtctcactgacttcaagaatgaagccgcg-
gaccctcgcagtctgctacaatg (Seq ID No: 37)

Homo sapiens albumin (ALB): ttttctcttctgtcaacccca-
cacgcctttggcacaatg (Seqg ID No: 38)

Homo sapiens arylsulfatase A (ARSA):
ctccctctagegecttccecececggeccgacteccgectggtcagegeccaagtgacttac—
gcccccgaccctgagceccggaccgcetaggecgaggaggatcagatctecgetega-
gaatctgaaggtgccctggtcctggaggagttcececgtcccagececcgeggtctececcgg-
tactgtcgggccccggecctcectggagcttcaggaggecggececgtcagggteggggag—-
tatttgggtccggggtctcagggaagggcggcgecctgggtctgecggtatcggaaa-
gagcctgctggagccaagtagccecctcectetecttgggacagaccceccteggteccatg
(Seq ID No: 39)

Homo sapiens elastin (ELN): ctccctccctcectttcecectcacagecgac—

gaggcaacaattaggctttggggataaaacgaggtgcggagagcgggctgggg-
catttctccccgagatg (Seq ID No: 40)

Homo sapiens hemoglobin, alpha 2 (HBAZ): cactcttctggtcccca-
cagactcagagagaacccaccatg (Seq ID No: 41)

Homo sapiens hexosaminidase B (beta polypeptide) (HEXB):
cttcctctgatccgggeecgggecgggaagtcgggteccgaggcectececggecteggcagac—
cgggcggaaagcagccgagcggceccatg (Seq ID No: 42)

Homo sapiens mannosidase, alpha, class 2B, member 1
(MAN2B1) : cggcctttccagggccggggaaccccaggaggaagctgectgagecatg
(Seq ID No: 43)

Homo sapiens recombination activating gene 2 (RAG2): cac-
tctctttacagtcagccttctgettgecacagtcatagtgggcagtcag-
tgaatcttccccaagtgectgacaattaatacctggtttagcggcaaagattcaga-
gaggcgtgagcagcccctctggecttcagacaaaaatctacgtaccatcagaaactatg
(Seq ID No: 44)

Home sapiens CD53 molecule (CD53): tctccttttacacaaatagccccg-
gatatctgtgttaccagccttgtctcggeccacctcaaggataatcac—
taaattctgccgaaaggactgaggaacggtgcctggaaaagggcaagaatatcacgg-
catg (Seq ID No: 45)
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Homo sapiens Fc fragment of IgG, low affinity IIIa, receptor
(CDl6a) (FCGR3A): tggtccctttagggctccggatatctttggtgacttgte-
cactccagtgtggcatcatg (Seq ID No: 46)

Homo sapiens interleukin 1, beta (IL1B): aaac-
ctcttcgaggcacaaggcacaacaggctgctctgggattctcttcageccaatcttcatt-
gctcaagtgtctgaagcagccatg (Seq ID No: 47)

Homo sapiens CD4 molecule (CD4): ctgtctctcttcatttaagcac-
gactctgcagaaggaacaaagcaccctccccactgggetectggtt-
gcagagctccaagtcctcacacagatacgectgtttgagaagcagcgggcaagaaagac—
gcaa-
gcccagaggccctgceccatttectgtgggctcaggtecctactggetcaggeccctgectece
ctcggcaaggccacaatg (Seq ID No: 48)

Homo sapiens serpin peptidase inhibitor, clade A (al-

pha-1 antiproteinase, antitrypsin), member 5 (SERPINAS):
agccctctgececctttctgagececcgagggactgecaccteccactgtgtgcacactcage—
tacgggacacatttcaggtatccaaggcagcagaggtgag-
tgggtcccececgagetcetgtgaccttatgcecteccacactaactcectgg-
cagagcctccgtttectcatagaacaaagaacagccaccatg (Seqg ID No: 49)

Homo sapiens vitronectin (VTN):
tgccctectteectgtetetgectectecectececttectcaggecatcagagecgga=-
gacttcagggagaccagagcccagcttgeccaggcactgagctagaagccecctgecatg
(Seq ID No: 50)

Homo sapiens aldehyde dehydrogenase 9 family, member Al
(ALDHO9A1) :
ccgccccteccgeggecccgeccctececcgecggceccecgtcagectectgeecgeg-
gagctgcgtccgccactcatg (Seq ID No: 51)

Homo sapiens annexin Al (ANXAl): cttcctttaaaatcc-
tataaaatcagaagcccaagtctccactgccagtgtgaaatcttcagagaa-
gaatttctctttagttctttgcaagaaggtagagataaagacactttttcaaaaatg
(Seq ID No: 52)

Ho-

mo sapiens ATPase, Na+/K+ transporting, alpha 1 polypeptide
(ATP1Al): ttttctctctgattctccagcgacaggacccggcecgecgggcactgag-
caccgccaccatg (Seq ID No: 53)

Ho-

mo sapiens ATPase, Na+/K+ transporting, alpha 2 polypeptide
(ATP1A2): ctttctctgtctgccagggtctccgactgtcecccagac-
gggctggtgtgggcttgggatcctectggtgacctctcecccgctaaggtecctcagecac-
tctgccccaagatg (Seq ID No: 54)
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Homo sapiens calcium channel, ‘voltage-dependent, beta 3 subu
nit (CACNB3):
ccctecttegegetetetegetecectgecgecgececgcagggetgeggggeteggtggea
tctcecegggegecggecegecagtectt-
gcccctgectecgggecgcteccgececcecggegecgcectecgetecececcgacccg-
gactcccccatg (Seqg ID No: 55)

Homo sapiens cholinergic receptor, nicotinic, alpha 7 (neu-
ronal) (CHRNA7): gtgcctctgtggccgcaggcgcaggcccgggcgacageccga—
gacgtggagcgcgccggctcgectgcagectccgggactcaacatg (Seqg ID No: 56)

Ho-

mo sapiens cytochrome P450, family 51, subfamily A, polypept
ide 1 (CYP51Al1): gcttctctcgttcecgtcgattgggaggageggtggegac—
ctcggcecttcagtgtttccgacggagtgaatg (Seq ID No: 57)

Homo sapiens glutamate decarboxylase 1 (brain, 67kDa)
(GAD1l): atctctctcttctcctggcecgctecgegtgcgagagggaactagcgagaac—
gaggaagcagctggaggtgacgccgggcagattacgcctgtcagggccgagccgagcg-
gatcgctgggecgectgtgcagaggaaaggcgggagtgccecggetegetgteg-
cagagccgagcectgtttctgegecggaccagtcgaggactctggacag-
tagaggccccgggacgaccgagctgatg (Seq ID No: 58)

Homo sapiens gamma-glutamyl carboxylase (GGCX) :
aattctcctggcggectececgttcagacgecggcagectgtgacccacctgectectecg-
cagagcaatg (Seq ID No: 59)

Homo sapiens glutamate receptor, metabotropic 3 (GRM3):
tccectcetttecccaacctectecctetettectactecaccectecgtttteccac-
tccceccactgactcggatgectggatgttectgecaccgggecagtggtecagegtg-
cagccgggagggggcaggggcagggggcactgtgacaggaagctgcgegcacaagtt-
ggccatttcgagggcaaaataagttctceccttggatttggaaaggacaaagccagtaa-
gctacctcttttgtgtcggatgaggaggaccaaccatgagccagagecccgggtyg-
caggctcaccgccgceccgctgccaccgeggtcagectceccagttectgeccaggagtt-
gtcggtgcgaggaattttgtgacaggctctgttagtctgttecteccttattt-
gaaggacaggccaaagatccagtttggaaatgagagaggactagcatgacacatt-
ggctccaccattgatatctcccagaggtacagaaacaggattcatgaagatg

{(Seq ID No: 60)

Homo sapiens guanylate cyclase 1, soluble, alpha 3
(GUCY1A3):
ggttcctttggggtgatcaaagagggagacacagacacagagagacaaaggcaaggagga
ctgtctgggagccacgcgggcgatacagtttccgaggcacgecgegteccgectagectyg
ttgaacaggtagacatgagcgacccaagctgcggatttgcgaggcgcgeccctggagetge
tagagatccggaagcacagccccgaggtgtgcgaagccaccaagtcaagttcctaacgag
tcttcagaggaggcagcaggaagctcagagagctgcaaagcaaccgtgceeccatctgtcaa
gacattcctgagaagaacatacaagaaagtcttcctcaaagaaaaaccagtcggagccga
gtctatcttcacactttggcagagagtatttgcaaactgattttcccagagtttgaacgg
ctgaatgttgcacttcagagaacattggcaaagcacaaaataaaagaaagcaggaaatct
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ttggaaagagaagactttgaaaaaacaattgcagagcaagcagttgcagcaggagttcca
gtggaggttatcaaagaatctcttggtgaagaggtttttaaaatatgttacgaggaagat
gaaaacatccttggggtggttggaggcacccttaaagattttttaaacagcttcagtacc
cttctgaaacagagcagccattgccaagaagcaggaaaaaggggcaggcttgaggacgcecc
tccattctatgcctggataaggaggatgattttctacatgtttactacttcttcectaag
agaaccacctccctgattcttccecggcatcataaaggcagectgctcacgtattatatgaa
acggaagtggaagtgtcgttaatg (Seq ID No: 61)

Homo sapiens 3-hydroxy-3-methylglutaryl-CoA reductase
(HMGCR) : ggctccttccgctceccgecgactgegttaactg-
gagccaggctgagcgtcggecgecggggttecggtggectctagtgagatctggag-
gatccaaggattctgtagctacaatg (Seq ID No: 62)

Homo sapiens IMP (inosine 5'-monophosphate) dehydrogenase 2
(IMPDH2) : aggtctctgcggcgcggtcctcggagacacgeggeggtgtectgtgtt-
ggccatg (Seqg ID No: 63)

Homo sapiens leukotriene A4 hydrolase (LTA4H):
acttcctttcccggegtgcaccgcgaatcectectectettetttac-
ctctctceccectectectcaggttctectatcgacgagtectggtagetgagegttgggetg-
taggtcgctgtgctgtgtgatcccccagagccatg (Seqg ID No: 64)

Homo sapiens neuropeptide Y receptor Y1 (NPY1R): ccttctttaa-
taagcaggagcgaaaaagacaaattccaaagaggattgttcagttcaagggaatgaa-
gaattcagaataattttggtaaatggattccaatatggggaataagaataa-
gctgaacagttgacctgctttgaagaaacatactgtccatttgtctaaaa-
taatctataacaaccaaaccaatcaaaatg (Seq ID No: 65)

Homo sapiens pyruvate dehydrogenase (lipoamide) beta (PDHB):
cggcccctcectgttgtecgtttggcagcggatagaggacacgaccaagatg
(Seq ID No: 66)

Homo sapiens ribosomal protein L36a-like (RPL36AL):
cttccetttectgttaggecgagagetgcgaaaggcga-
gagctgcgaagggccaggtgtcgggcgctgtttctegttttcatcatataga-
caaaacagccctgctgcaaagatg (Seq ID No: 67)

Homo sapiens ATPase, Ca++ transporting, type 2C, member 1
(ATP2C1) : gcttcttctcacgccgggagcaggctcccgectecgcac-
cgctgccececgecgag-
cagctcctcecttcecteeccgaggecgecgeggggegecceccgegageeccegeggetga-
gaccccgcagcectggaggagggcectgtceccggggettt-
ggatgctgctgctaggggtggtgggagcageccgtgggacgegtggecgg-
gagcgggggtgacagcctgggattceccgggggettectettectt-
gtcctcectectetectetcectatteccagtgtggecgtggetgacactaaagacttt-
gtagccatcaacccgagtgcagtttcgatggaaaatg (Seq ID No: 68)

Homo sapiens UDP-glucose pyrophosphorylase 2 (UGP2):
ccgcctectttcattgaagaaatttaagttecgtgtggttttaccttttcecgggagtctceca



10

15

20

25

30

35

40

WO 2013/143699 PCT/EP2013/000937
143

gctggccctcatttgtgteccggagectcaggagttecccaaaccgactcagtegecaccaagt
ttccecgtecttttggaattggggaaggagtttcetttetttettttecttttttecttgagecag
ttttaatcgctttgaataaatactcccttaagtagttaaatataggaggagaaagaatac
atcggttgttaaagcaggagaggaagagagacctgccectgtagecgtgactcectctagaaa
aaaaaaaaaaaagccggagtattttactaagcccctaaaatg (Seq ID No: 69)

Homo sapiens ATPase, Na+/K+ transporting, beta 1 polypeptide
(ATP1B1): cctcctecctgectectgecttggectcecctecgeecgegegtctegecac—
tccgagagccgcagcggcagcecggcgegtectgectgcagagageccaggecggagaa-
gccgagcggcgcagaggacgccagggcgecgcgecgcagecacccaccctecggac-
cgcggcagctgctgaccecgeccatcgecatg (Seq ID No: 70)

Homo sapiens glycoprotein M6B (GPM6B): ctgtctttatggaccag-
taggcagagcgaaattgacgctgacaagacttttgcatcttggaagggactg-
taatctactgtagtgaagaacagagcctctcaatcagacgggtgtaaataagagac-

ggaggggagtccaaaagaaaaggaagaggaggaaaaacaagtgtgtgttggggg-
gaacagggggaaaagcatttttggtggatggtatg (Seq ID No: 71)

Homo sapiens wntless homolog (Drosophila) (WLS): gctcctttaa-
gcgtccacaggcggcggagcggccacaatcacagectecgggcattgggg-
gaacccgagccggctgecgecgggg-
gaatccgtgcgggcgcecttceccgtecccggtecccatectecgecgegetceccagcac-
ctctgaagttttgcagcgcccagaaaggaggcgaggaaggagggagtgtgtgagag—
gagggagcaaaaagctcaccctaaaacatttatttcaaggagaaaa-
gaaaaagggggggcgcaaaaatg (Seq ID No: 72)

Homo sapiens flavin containing monooxygenase 3 (FMO3):
ttttctctttcaaactgcccagacggttggacaggacgtagacacacagaagaaaa-
gaagacaaagaacgggtaggaaaattaaaaaggttaccatg (Seqg ID No: 73)

Homo sapiens multiple C2 domains, transmembrane 1 (MCTPI1):
cagcctcttttgecggtattcagtgaagaaagcaagtctaaatatgcagttctctcac-
tggagtgaaagatgttttgttcatttctaatcaactatg (Seqg ID No: 74)

Homo sapiens structural maintenance of chromosomes 4 (SMC4):
ccgcecctcectecggecgageccgecctcettectgaagaggegtttctggaccac—
tgagccccgectceccactgtgagcggaaccectac-
cgtttttaaaaaaatctttttcaaaacttgccaggttgtctttccaaatatttttaa-
taatagtgctgctgctgtagaccacagagaaaagaatccecctcecgectcttecttttcac-
ttagtagaaacttctaccgecgtaggtcececgecaggagttegegcatgegecag-
gagcgacaataagatggcggtgataatcgccgcactttttttcaaattagtg-
gatcccagaaatcattgcgcgcatttgtaacgaatttccgttecgagttt-
gtattttaggcgccattttcgagtgaaggacccggageccgaaacaccggtaggagecggg-
gaggtgggtactacacaaccgtctccagccttggtctgagtggactgtcctgecagecgac-
catg (Seqg ID No: 75)

Homo sapiens GLE1l RNA export mediator homolog (yeast)
(GLE1) :
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tggcctteccggeggctgattecgagggettgtttggtcagaaggggggecgtcagagaagce
tgccccttagccaaccatg (Seqg ID No: 76)

Homo sapiens tripartite motif containing 6 (TRIM6): gag-
tcttteggectgggtggaggacgecggectgecttcaagtectt-
ggctctgatccaggccacagattccaggattctacaggcaggaaacatctta-
gaaatcagggttgggcaggcaggagccaggagagtagctacaatg

(Seq ID No: 77)

Homo sapiens ecotropic viral integration site 2A (EVIZ2A):
tatccttttttactgcagatttactttaaggctcatattctccaagte-
tattctgctttaaaaagaagacaagaaaagaagtggtttatcaaaatcac-
gttataatcagattttgaccaagcattttgtaagtatacaaatgtcagccaatgacata-
taacaaccatttcttataaaaccttgatgttcaaaagcctgactagcagtggcatccatyg
(Seq ID No: 78)

Homo sapiens heterogeneous nuclear ribonucleoprotein L
(HNRNPL) : tgctcttttcgatccgggacggccggtcaggctcgececgeccgagectgga—
gaactacgatgacccgcacaaaacccctgectceccccagtt-
gtccacatcaggggcctgattgacggtgtggtggaagcagaccttgtggaggectt-
gcaggagtttggacccatcagctatgtggtggtaatg (Seqg ID No: 79)

Homo sapiens mitochondrial translational initiation factor 2
(MTIF2): v
cattcttccgggtccagaaggtgatctceccgeccecgtgetcagaatccaggggeccggggcet
gtagattccttgacaaggatatcctagcggcgaaacaacaccgtactgggagtcagaac-
gtctgggttctagtcttgactgccattaactagcggtatgacattggagaagetttttt-
gacccttctggatttccecgtttecttttectgtaaaatgaggagecttggaagatcecg-
gaaaatgaggcccataggaaacaagtgacttgctgagtccagataacac—
tgactgtcagagagaaacatg (Seq ID No: 80)

Ho- :

mo sapiens nuclear factor of kappa light polypeptide gene en
hancer in B-cells inhibitor, zeta (NFKBIZ): tggcctcctctt-
gccacgaggtcagacggcgagttcttaga-
gaaaaaggctgcttagctgctgcttatcatgtaac-
ctcaaaaggaaactgatcgtctttctcatgctgtcacgtactt-
gggttattatcgctgattacagctggaaacaattgatttgctcttacgtattt-
gtgtgacttgactcttcaaacacaaaggttaacaggaa-
gatctcgagggccctggctgaacttcaccttttggetttett-
ggcctgatgctgaactctcgaggttgagccccatatg (Seq ID No: 81)

Ho-

mo sapiens v-erb-b2 erythroblastic leukemia viral oncogene h
omolog 3 (avian) (ERBB3): atccctccccg-
gactccggctceccggcetecgattgcaatttgcaacctecgcectgecgtecgecgecag-
cagccaccaattcgccagcggttcaggtggctett-
gcctcgatgtcecctagectaggggecceccecgggecggactt-
ggctgggctcccttcaccctetgecggagtcatg (Seq ID No: 82)
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Homo sapiens podoplanin (PDPN): ccgcctcctcgggagagataaatg
(Seq ID No: 83)

Homo sapiens ribonucleotide reductase M1 (RRM1): gcgccccttt-
gtgcgtcacgggtggcgggcgcgggaaggggatttggattgttgegectectgectctgaa-
gaaagtgctgtctggctccaactccagttctttccectgagcagegectggaac—
ctaacccttcccactctgtcaccttctcgatececcgecggegetttagageccgcag-
tccagtcttggatccttcagagcecctcageccactagectgegatg (Seqg ID No: 84)

Homo sapiens solute carrier family 2 (facili-

tated glucose transporter), member 4 (SLC2A4):
gcgtcttttcccccagececcgetceccaccagatccgecgggageecccac—
tgctctcecgggtecttggettgtggetgtgggteccatcgggeccgecctegecac—
gtcactccgggacccccgeggectceccgecaggttctgecgectccaggeccggagtcaga—-
gactccaggatcggttctttcatcttcgeccgeccectgegegteccagetettcectaagac—
gagatg (Seq ID No: 85)

Homo sapiens steroid-5-alpha-reductase, alpha polypeptide 1
(3-0ox0-5 alpha-steroid delta 4-dehydrogenase alpha 1)
(SRD5A1) : aaccctttctgcagagtcccggcagtgecgggactceccgyg-
tagccgceccectecggtagecgeccectectgecceccgegecgecgecctatatgtt-
gcccgccgecggcectcectggggcatggagcacgctgeccagecctggegatg

(Seq ID No: 86)

Homo sapiens thromboxane A synthase 1 (platelet) (TBXAS1):
gttcccttttctacctgcagagcacggttcccataagggcggcga-
gatcagcctcctgtctcatctggaagaccaccactctggggtctcagaggaatg
(Seq ID No: 87)

Homo sapiens transketolase (TKT):
ctatctctgtgtgtccgecgtgtgecgeccecggtccececgectgecgecaccatg
(Seg ID No: 88)

Ho-

mo sapiens tumor necrosis factor receptor superfamily, membe
r 1A (TNFRSF1A): cctcctcctccagcectcttectgtecccgetgttgecaacac-
tgcctcactcttececcteccac-
cttctctececectectctetgetttaattttctcagaattctectggactgaggetecag-
ttctggcctttggggttcaagatcactgggaccaggceccgtgatctctatgecccgag-
tctcaaccctcaactgtcaccccaaggcacttgggacgtecctggacagaccgag-
tcccgggaagccccagcactgecgcectgceccacactgecctgageccaaatgggggagtga-
gaggccatagctgtctggcatg (Seq ID No: 89)

Homo sapiens tubulin, beta 2A class IIa (TUBB2A): ag-
gtctctgcgcagcccageccgecggtccacgeccgcgecac-
cgctccgagggccagcgceccacccgcecteccgcagecggcaccatg (Seqg ID No: 90)

Homo sapiens actin, beta (ACTB): tcgccttt-
gccgatcecgecgeccgtccacacccgecgecagectcaccatg (Seq ID No: 91)
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Homo sapiens adenylosuccinate synthase (ADSS):
ggctccttettectectgecatgtggectggeggecgcagagcagttcagttecgetcac—
tcctcecgecggecegectcectecttegggectetectecgegtcactggagecatg

{Seq ID No: 92)

Homo sapiens alanyl (membrane) aminopeptidase (ANPEP):
cgttctctgcctggectgaggcteccctgagecgectecccaccatcaccatyg
(Seq ID No: 93)

Homo sapiens beaded filament structural protein 1, filensin
(BFSP1): gcctcctttctttctcageccagacctggecctectggagagggtttt—
ggagtcctgggtaggcagggtacctcaggcagcaggcagcacacctt-
ggatgtgagctgaatggattttcaaatttcacagaaggagcctccatgctgga-
gaaagtatgtatg (Seq ID No: 94)

Homo sapiens basic transcription factor 3 (BTF3):
cggcecctecectttagetgecatett-
gcgtceccecgcecgtgtgtgecgectaatcectcaggtggtccacccgagaccecttgagecac—-
caaccctagtccccececgegeggeccettattegetcecgacaagatg

(Seq ID No: 95)

Ho-

mo sapiens complement component 1, g subcomponent binding pr
otein (ClQBP): ttgtcctttgcatctgcacgtgttcgcagtcgtttccgecgatg
(Seq ID No: 96)

Homo sapiens calsequestrin 1 (fast-twitch, skeletal muscle)
(CASQl): tttcctttcttaatatggcgatgagctcttaggccagtgtggggac—
cggggctgaggtgcectggacactggaggagggggagggaaggageeectgg-
gagcctggggtagaagtgtaggaggtgggaggattccggecccg-
catggagctgtcctggcctcagaaggttatccgtctctectgccaaccatggaga-
catatttagacaggaccaggtggggactgaggggtgccaatttcaggggg-
cagctcecggtteectecececgeccectgetectattecteccacctgacecttttteeett-
ggctctgtcggcagtttctccaggacccagcagtgeccctctgtceccac-
tgctctgggccattccccaatecceectceccacttgagecccectaactcagaatectgg-
gacccaggggcccctceccctaccececcagctaacctettctggaccagga-
gagccaacccagatcccactacctccatg (Seq ID No: 97)

Homo sapiens caveolin 3 (CAV3):
gtctctctgcececcecctcetectgecccaagtattttcagececcagecggeccacacagecteg-
gatctcctcctgtggatccccccagetctgegatg (Seq ID No: 98)

Homo sapiens serpin peptidase inhibitor, clade H

(heat shock protein 47), member 1, (colla-

gen binding protein 1) (SERPINHI1):
aggtctttggctttttttggcggagctggggcgececctccggaagegtttccaactttcecea

gaagtttctcgggacgggcaggagggggtggggactgccatatatagatcccgggagecag
gggagcgggctaagagtagaatcgtgtegcggctcgagagcgagagtcacgtecececggege
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tagcccageccgacccaggeccaccgtggtgcacgcaaaccacttectggecatg
(Seqg ID No: 99)

Homo sapiens CD68 molecule (CD68): tttcctcctttccaaga-
gagggctgagggagcagggttgagcaactggtgcagacagcctagctggacttt-
gggtgaggcggttcagccatg (Seq ID No: 100)

Homo sapiens cell division cycle 20 homolog (S. cerevisiae)
(CDC20) : gggtccctttctgtcccctgagecac-
cgtcgcectcectttectceccagggectcececgtaggecaccaactg-
caaggacccctccccctgecgggcecgetceccatg (Seq ID No: 101)

Homo sapiens cadherin 13, H-cadherin (heart) (CDH13):
gagcctctcctcaaagcectggcectcecccacggaaaatatgctcagtgcagecgegtg-
catgaatgaaaacgccgccgggcgcttctagtcggacaaaatg (Seq ID No: 102)

Homo sapiens regulator of chromosome condensation

(RCC1) and BTB (POZ) domain containing protein 2 (RCBTB2):
cgctcccecttegtttecgtectecggecgggcacccgageg-
catcccgccgaggceccgggecgtttcagggg-
gaggcgccaactcatcgcggcgeccgggeccctgaccgtgcagtaaccgectacccag-
gaggcggagcggacaaggctccggcctgcgaggagtcacattaactttgctctagaaga-
caactttacaaggatctaaaaggaacaggattaaagatgactgaa-
tactgggttccagaaatttaaaacaatcagcttagcaaatcatatattcecttctgtg-
gagctgagaattgatgtccgctcttceccecgtgatttggaactttccaatcccaga-
gaaaagttgacaaagggactgcccaggactgagtccatatg (Seq ID No: 103)

Homo sapiens cold inducible RNA binding protein (CIRBP):
cccccecctecactcecgegegttaggaggetcecgggtegttgtggtgegetgtettecegett-
gcgtcagggacctgcccgactcagtggeccgeccatg (Seqg ID No: 104)

Homo sapiens LIM domain binding 2 (LDB2):
cctcctcectectetecctetectetectgetatagagggetcecgacagecag-
ttcccagccagecgtgttcagectgectgectgectgectectgtgtgtgtgtgagegtgtyg
tgcgtgcgtctactttgtactgggaagaacacagcccatgtgctctgcatggac-
gttactgatactctgtttagcttgattttcgaaaagcaggcaagatg

(Seq ID No: 105)

Homo sapiens chloride channel, nucleotide-sensitive, 1A
(CLNS1A): ctgcctcttceccagggcgggcggtgtggtgcacgecatt-
gctgtgctccaactcecctcagggectgtgttgecgcactectgetgcetatg

(Seq ID No: 1006)

Homo sapiens collapsin response mediator protein 1 (CRMP1):
cctcecctectteteeccgecctectecgecgatecgggeggtgetggcagecg-
gagcggcggcgggcgggccgagcagecggggcagecgegegtgggcatccac—
gggcgccgagcctcecegtececgtgtcectcectatcecectecccgggecttt-
gtcagcgcgcecccgectgggagcggggceccgagagegecggtteccagtcagacagececg-
caggtcagcggccgggccgagggcgccagagggggceccatg (Seqg ID No: 107)
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Homo sapiens catenin (cadherin-associated protein), delta 1
(CTNND1): ttgcctttggctgggtgcaacttccattttaggtgttggatctgagggg-
gaaaaaaaagagagagggagagagagagaaagaagagcaggaaagatcccgaaaggag-
gaagaggtggcgaaaaatcaactgccctgctggatttgtctttctcagcacctt-
ggcgaagccttgggtttctttcttaaaggactgatttttagaactccacattt-
gaggtgtgtggcttttgaagaaaatgtatgtactgacgggaaaaggaggataa-
gcaagtcgaatttttgtcttacgctctctecttectgettectectt-
gctgtggtggctgggatgcttcttccatgattttttgaatcta-
gactgggctgttctctgtgttaaaccaatcagttgcgaccttctcttaacag-
tgtgaagtgagggggtctctctcecctecttcectecttectetgtgattcac-
cttcectttttaccctgecctgeggeggeteccgececttaccttecatg

(Seq ID No: 108)

Homo sapiens diacylglycerol kinase, alpha 80kDa {(DGKA):
ccgtcccectceccageccagetegggcectceccagetccagegecggegettcagectgecgac—
cgcgagccctctcaagcaagatataacttcecccaagtcacacagtggtatcagagctaa-
gaatgggacccagatatgactgatctagttctgttccaaaaccgtgctgtatta-
tattaacgcctaccctctgaagaggtccaagcaacggaagtactactacgaa-
gctgcctttctggccatccttgagaaaaatagacagatgagttcecctgceccagtgag-
tccctaggectceccatcectcetceteecttgetgtaccaccttcaccac-
catccatgcgaccccaagagccttaatgactctagaagagactccaggcaggggaa-
gctgaaaggacctttcactccctacttttggccagggecttectgtgecacctgceccaa-
gaccagcaggcctaccctctgaagaggtccaagcaacggaagtactactacgaa-
gctgcctttctggccatccttgagaaaaatagacagatg (Seq ID No: 109)

Homo sapiens aspartyl-tRNA synthetase (DARS): cgatctttctg-
gagccgcacctccacgcggagtccgagecgecgtgtgectgagaccccagggtcgg-
gagggcggagactgggagggagggagaagcccctttggectgecttacggaa-
gcctgcgagggagggtggtgtccactgeccagttcecegtgteccgatyg

(Seg ID No: 110)

Homo sapiens dynein, cytoplasmic 1, intermediate chain 2
(DYNC1I2): agttcttctcgatcgtgtcagtttgtaaggcgagggcggaagttggat-
tcctggcecctgagaatattaggecgtagtttteccagtttttggcaaagcggaaa-
tacttaaggcccctgggttgactgggttctttgttttatctaccggettectgetttac-
gacaggtcacaaacatg (Seq ID No: 111)

Homo sapiens dedicator of cytokinesis 1 (DOCK1):
tttccteecccatcectgtegeggetcgaaaggaatggaaaatggecggectagacgeggag-
tttcctgcccgaccecgeggeggeteccggeggegecatg (Seq ID No: 112)

Homo sapiens dihydropyrimidinase-like 2 (DPYSLZ2):
ctctctettttttttecgecctagetggggectgtgttggaggagaggaagaaagagaga—
cagaggattgcattcatccgttacgttcttgaaatttcctaatagcaagaccagcgaa-
gcggttgcacccttttcaatectt-
gcaaaggaaaaaaacaaaacaaaacaaaaaaaacccaagtccccttececcggecagttttt-
gccttaaagctgecctcttgaaattaattttttecccaggagagagatg

(Seq ID No: 113)
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Homo sapiens developmentally regulated GTP binding protein 2
(DRG2): tgttctctttggcttccgggcgcacgctactectgtcecgecgecgtcagaccg-
gaattgccggtgccgccgecaccgetgtectgtgegeccacctcectgetgcectaccatg
(Seq ID No: 114)

Ho-

mo sapiens eukaryotic translation elongation factor 1 alpha
1 (EEF1Al): cgttctttttcgcaacgggttt-
gccgccagaacacaggtgtecgtgaaaactacccctaaaagccaaaatg

(Seqg ID No: 115)

Ho-

mo sapiens eukaryotic translation elongation factor 1 gamma
(EEF1G): tctcctctttcccecteccttecteteccgggeggettactttgegg-
cagcgccgagaaccccacccectttetttgeggaatcaccatg (Seg ID No: 116)

Ho-

mo sapiens eukaryotic translation initiation factor 2, subun
it 3 gamma, 52kDa (EIF2S3): atttccttcctcttttggcaacatggcgggce
(Seq ID No: 117)

Homo sapiens eukaryotic translation initiation factor 4B
(EIF4B) : gggtcttttgcgttctctttccctctcceccaacatg
(Seq ID No: 118)

Ho-

mo sapiens eukaryotic translation initiation factor 4 gamma,
2 (EIF4G2): tattcttttgaagattcttcgttgtcaagccgccaaagtg

(Seq ID No: 119)

Homo sapiens epithelial membrane protein 1 (EMP1):
cttccceccectcagtgecggtcacatacttccagaagagecggaccagggctgetgceccagecac-
ctgccactcagagcgectctgtcgectgggacccttcagaactcectettt-
gctcacaagttaccaaaaaaaaaagagccaacatg (Seq ID No: 120)

Homo sapiens fibrillarin (FBL): cgctcttttccacgtgcgaaagccccg-
gactcgtggagttgtgaacgccgcggactccggagecgcacaaaccagggctegecatg
(Seq ID No: 121)

Homo sapiens exostoses (multiple)-like 2 (EXTLZ2): ctgtccctt-
gctccaggcgectcactttgecgggeggecactttttecaggttgttaatccagectaatgga-
gaaggatagatgcacgctacttggtttagaaaaaaaaacaaaaatgagcaaacgagac—
gccccttecgttttatgataactaagctgcagggaaataaatcggctggecctactg-
caatctactgcactcgagaaacatcacagaaaattctttgatttatcttaa-
tagtgacaagtgagcctgcttctgtcaattactgaagctataaggagat-
tttttaaaaattaaacttcaacacaatg (Seq ID No: 122)

Homo sapiens solute carrier family 37 (glu-
cose-6-phosphate transporter), member 4 (SLC37A4):
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ccgcctctgttcaggacactgggtcecceccttggagectecececcaggettaatgattgtccag
aaggcggctataaagggagcctgggaggctgggtggaggagggagcagaaaaaacccaac
tcagcagatctgggaactgtgagagcggcaagcaggaactgtggtcagaggctgtgcegtce
ttggctggtagggcctgectcecttttctaccatg (Seq ID No: 123)

Homo sapiens GDP dissociation inhibitor 2 (GDI2):
agccctceceectectegeteecteccecectecteteececcgeccag-
ttcttctcecttecegtctgaggtggeggteggtetegectt-
gtcgccagctccattttectectetttectettecececctttecttecgegeccaa-
gagcgcctcecccagectecgtagggtggtcacggageccecectgegectttteectt-
gctcgggtcctgecgteccgegectgeccegecatg (Seq ID No: 124)

Ho-

mo sapiens UDP-Gal:betaGlcNAc beta 1,4- galactosyltransferas
e, polypeptide 1 (B4GALT1l): cacccttcttaaagcggcggcgggaagatg
(Seq ID No: 125)

Homo sapiens GDP-mannose 4, 6—dehydratase (GMDS):
ggccctcecctgcac—
ggcctccecgtgegeccctgtcagactgtggecggecggtegecgeggtgegetctecectece
tgcccgcagcecctggagaggcgcttecgtgectgcacaccecececgegttectgecggecac—
cgcgcctgcecctectgecgegecteccgeecctgecgecgaccgecacgeccgecgegggacatg
(Seq ID No: 126)

Homo sapiens histone deacetylase 2 (HDAC2):
ggccccctectecgecgagttggtgeccgectgecaccteccgattecgagetttecggecac—
ctctgccgggtggtaccgageccttceccecggegececectectetecteccac-
cggcctgececcttececegegggactatcgeccececcac—
gtttccctcagececttttetecteccggecgagecgcggcggcagcagcagcagcagecag-
cagcaggaggaggagcccggtggcggcggtggceccggggagceccatg

(Seq ID No: 127)

Homo sapiens protein arginine methyltransferase 2 (PRMT2):
gggccttccecggectgacggectgegtgecactgegettgegegggtt-
gagggcggtggctcaggctcctggaaaggaccgtccaccecctecgegetggeggtgtg-
gacgcggaactcagcggagaaacgcgattgagagcagtgtgtggattacactatcactg-
gaaaaatacgaattgagaagaaggaaaagactggaagatgcagacctt-
ggttcctgttagtggaaacactgtaaggtcccagaaatggaaaagaaaatgaaa-
taaatcagcagttatgaggcagagcctaagagaactatg (Seq ID No: 128)

Homo sapiens immunoglobulin (CD79A) binding protein 1
(IGBP1l): gttcctctctccccaagatg (Seq ID No: 129)

Ho-
mo sapiens eukaryotic translation initiation factor 3, subun
it E (EIF3E): actcccttttctttggcaagatg (Seq ID No: 130)

Homo sapiens activated leukocyte cell adhesion molecule (AL-
CAM) :
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gtccctctactcagagcagecccggagaccgetgecgecgetgecgetgetaccaccgetyg
ccacctgaggagacccgccgceccccccgtegecgectectgegagtecttecttagecacct
ggcgtttcatgcacattgccactgccattattattatcattccaatacaaggaaaataaa
agaagataccagcgaaaagaaccgcttacacctttccgaattactcaagtgtctcecctgga
aacagagggtcgttgtccccggaggagcageccgaagggeccgtgggetggtgttgacegyg
gagggaggaggagttgggggcattgcgtggtggaaagttgcgtgcggcagagaaccgaag
gtgcagcgccacagcccaggggacggtgtgtctgggagaagacgctgeccecectgegtcggg
acccgccagcgcgcgggcecaccgecggggeccgggacgacgcecccectectgeggegtggact
ccgtcagtggcccaccaagaaggaggaggaatatg (Seq ID No: 131)

Homo sapiens acyloxyacyl hydrolase (neutrophil) (AOAH):
ttttctttatcctgcagtcectttacctcagcagaaccgcacac—
cacagactccctccagcectcectttgtgtgtggctctctcagggtccaacaagagcaa—
gctgtgggtctgtgagtgtttatgtgtgcttttattcacttcacac-
ttattgaaaagtgtgtatgtgagagggtggggtgtgtgtgtcaaagagagtgaggaaga-
gaaggagagagagatcaattgattctgcagcctcagctccagcatccctcagttgg-
gagcttccaaagccgggtgatcacttggggtgcatagctcecggagatg

(Seq ID No: 132) ‘

Homo sapiens ADP-ribosylation factor 1 (ARF1):
ccgccceccttaccecggegtgececcgecgeccggaggcgcectgac—
gtggccgceccgtcagagceccgecatcttgtgggagcaaaaccaacgcectggctcggagcag-
cagcctctgaggtgtccctggeccagtgtecttceccacctgteccacaagecatg

(Seq ID No: 133)

Homo sapiens ADP-ribosylation factor 6 (ARF®6):
gcgccttttccggcagecggcggecggcagaactgggaggaggagttggaggeecg-
gagggagcccgcecgcectcecggggecggcggctggaggcagegcaccgagttececgegag-
gatccatgacctgacggggccccg-
gagccgcgctgcectctegggtgtcecctgggtecggtggggagececcagtgeteg-
caggccggcgggcgggccggagggctgcagtcteccctecgecggtgagaggaaggcggag-
gagcgggaaccgcggcggcegetcgegeggegectgcggggggaagggcag-
ttccgggececgggecgegectcagcagggcggcggctecccagegecag-
tctcagggcccgggtggecggecggecgactggagaaatcaagtt-
gtgcggtcggtgatgccecgagtgagecggggggectgggectctgeeccttag-
gaggcaactcccacgcaggccgcaaaggegcetcectegeggecga-
gaggcttcgtttcggtttcgecggecggeggecggegttgttggetgaggggacccgg-
gacacctgaatgccccecggecccggetectceccgacgegatg (Seq ID No: 134)

Homo sapiens ras homolog family member A (RHOA):
cgcccteccegecgecgeccgecctegetcectetegege-
taccctceccecgcececgeccgeggtectecgteggttetectegttagtceccac-
ggtctggtcttcagctacccgecttegtcteccgagtttgecgactegeggac-
cggcgtccececcggecgcgaagaggectggactcggattcgttgecctgagecaatyg
(Seq ID No: 135)

Homo sapiens ras homolog family member G (RHOG):
cggcctececegcetcetcacttecttectecgagecccggagecgetgeccgecgeeccccagcectecce
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ccgcctcecggggagggcaccaggtcactgcageccagaggggtccagaagagagaggaggca
ctgcctccactacagcaactgcacccacgatg (Seq ID No: 136)

Ho-

mo sapiens ATP synthase, H+ transporting, mitochondrial F1l c
omplex, O subunit (ATP50): ctctcttcccactcgggtttgaccta-
cagccgcccgggagaagatg (Seq ID No: 137)

Homo sapiens B lymphoid tyrosine kinase (BLK): ccac-
ctctgtctgctgccggcagaaagccacaagccatgaaaactgattgagatgagaa-
gaattcatctgggactggcttttgctttaggatggtgttggaagttgctecgtt-
gtcgctaggagcctgctccactgtaagggtgtcaggatctgaagagce-
tatggtgaaacaccactgaagcattgccaaggatg (Seq ID No: 138)

Homo sapiens B-cell translocation gene 1, anti-proliferative
(BTGl) : gcatctcttcgcecctctcggagectggaaatgcagectattga-
gatcttcgaatgctgcggagctggaggecggaggcagctggggaggtccgagecgatgtgac
caggccgccatcgctcgtctcttectctcectectgecgectectgtctecgaaaa-
taacttttttagtctaaagaaagaaagacaaaagtagtcgtccgcccctcac-
gccctetettectetecagectteecgeeccggtgaggaa—
gcccggggtggcetgectecgecgtecggggeccgecgeccgeccgageccccagccgeccccgggecg
cccccgcacgceccgeccccatg (Seq ID No: 139)

Homo sapiens calcium modulating ligand (CAMLG): cggcctctag-
tcatcgcectcgcagecggecggeccaacatcaccgeccactgceccacccectecccagactgtg-
gacgggaggatg (Seq ID No: 140)

Homo sapiens calnexin (CANX): aggcctcttggttctgcggcacgtgac-
ggtcgggccgectcececgectectectetttactgecggegeggggcaaggtgtgecgggecgg-
gaaggggcacgggcacccccgcggtccccgggaggctagagatcatg

(Seq ID No: 141)

Homo sapiens calpain 2, (m/II) large subunit (CAPN2): cgac-
ctttctctgcgcagtacggccgeccgggaccgcagcatg (Seq ID No: 142)

Homo sapiens caveolin 1, caveolae protein, 22kDa (CAV1):
gcgectttttttecceccatacaatacaagatecttecttectcagtteeccttaaa-
gcacagcccagggaaacctcctcacagttttcatccagccacgggeccagcecatg
(Seq ID No: 143)

Homo sapiens CDld molecule (CD1D): cgacctctttgcagctcg-
cacagctaagggcgagggcgcccttcggcagaagcagcaaaccgecggcaa—
gcccagcgaggagggctgccggggtctgggettgggaattggectggcaceccageg-
gaaagggacgtgagctgagcggcgggggagaagagtgcgcaggtcagagggcggcegeg-
cagcggcgctccgecgaggtcecccacgecgggegatatg (Seq ID No: 144)

Homo sapiens CD22 molecule (CD22): tctcctttt-
gctctcagatgctgccagggtccctgaagagggaagacacgcggaaacaggcett-
gcacccagacacgacaccatg (Seq ID No: 145)
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Homo sapiens CD37 molecule (CD37): cttcctctttt-
ggggttcttcectttctctctcagectctecegtctectetttectectectecagectetttettte
tccctgtcecteccccactgtcagecacctettectgtgtggtgagtggaccgettaccccac-
taggtgaagatg (Seq ID No: 146)

Homo sapiens CD38 molecule (CD38): gcctctctctt-
gctgecctagectectgcececggectcatcecttecgeccagecaacceccgectggagecctatg
(Seq ID No: 147)

Homo sapiens CD48 mclecule (CD48):

.cggcctttttctageccaggctctcaactgtctecctgegttgetgggaagttetg-

gaaggaagcatg (Seq ID No: 148)

Homo sapiens chromogranin B (secretogranin 1) (CHGB):
cttcctttccgecacaggggeccgeccgageggggecatg (Seq ID No: 149)

Homo sapiens chloride channel, voltage-sensitive 3 (CLCN3):
ttccectteegtgggtcagggecggtecggteccggaacctgcagecectttcececcag-
tgttctagttcgccecgtgacccggaataatgagcaaggagggtgtggtgggttgaaa-
gccatcctactttactceccgagttagagcatggattcagttttagtcttaagggg-
gaagtgagattggagatttttatttttaattttgggcagaagcaggtt-
gactctagggatctccagagcgagaggatttaacttcatgttgcteccecgtgttt-
gaaggaggacaataaaagtcccaccgggcaaaattttcgtaacctctgcggtagaaaac-
gtcaggtatcttttaaatcgcgatagttttcgctgtgtcaggectttcttcggtg-
gagctccgagggtagctaggttctaggtttgaaacagatgcagaatccaaaggcagcg-
caaaaaacagccaccgattttgctatgtctctgagctgcgagataatcagacagc-
taaatg (Seq ID No: 150)

Homo sapiens colipase, pancreatic (CLPS):
ttcececttecgtgggtcagggecggteccggtccggaacctgcagcecececttteccag-
tgttctagttcgcccgtgacccggaataatgagcaaggagggtgtggtgggttgaaa-
gccatcctactttactceccgagttagagcatggattcagttttagtecttaagggg-
gaagtgagattggagatttttatttttaattttgggcagaagcaggtt-
gactctagggatctccagagcgagaggatttaacttcatgttgcteccecgtgttt-
gaaggaggacaataaaagtcccaccgggcaaaattttcgtaacctcectgecggtagaaaac—
gtcaggtatcttttaaatcgcgatagttttcgctgtgtcaggctttcttecggtg-
gagctccgagggtagctaggttctaggtttgaaacagatgcagaatccaaaggcagcg-
caaaaaacagccaccgattttgctatgtctctgagctgcgagataatcagacage-
taaatg (Seq ID No: 151)

Homo sapiens cytochrome c oxidase subunit IV isoform 1
(COX4I1): ctacccttttccgectccacggtgacctcecgtgeggecgggtgegggeg-
gagtcttcctcgatccecgtggtgecteccgeggegeggecttgetectetteccggtegegg-
gacaccgggtgtagagggcggtcgcggcgggcagtggcggecagaatyg

(Seq ID No: 152)

Homo sapiens cytochrome c oxidase subunit VIIc (COX7C):
ctttcttttcagtccttgcgcaccggggaacaaggtcgtgaaaaaaaaggtcttggtgag
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gtgccgccatttcatctgtectcattctectgecgectttegecagagettccagcagegg-
tatg (Seq ID No: 153)

Homo sapiens activating transcription factor 2 (ATF2):
cagccttttcectccaggggtgectttgtaaacacggctgtgctcagggectecgegggtgac-
cgaaaggatcatgaactagtgacctggaaagggtactagatggaaacttga-
gaaaggactgcttattgataacagctaaggtattcctggaagcagagtaaataaa-
gctcatggcccaccagctagaaagtattcttgeccatgagaaaaagaatgtga-
taagttattcaacttatg (Seq ID No: 154)

Homo sapiens casein kinase 1, alpha 1 (CSNK1Al):
agatccctttcccagagtgctctgegecgtgaagaageggcectecccggggactggggg-
cattttgtgttggctggagctggagtaacaagatggecgtcgteccgeggag-
tgacaggggtccctctgggeccggageecggecggcagtggtggcagegg-
tatcgccgccctagcectcaccgegeccecctttteccagececcgecgacgtcgeccgcgcaa-
gcgaggcagcggcggccgccgagaaacaagtggeccagectggtaaccgecgagaa-
gcccttcacaaactgcggectggcaaaaagaaac—
ctgactgagcggcggtgatcaggttccectcectgectgattctgggeccccgaacceccgg-
taaaggcctceccgtgttcecegtttectgecgecctecteecgtagecttgectagtgtag-
gagccccgaggectcececgtectcectteccagaggtgtecggggett-
ggccccagcectceccatcttegtctctcaggatg (Seqg ID No: 155)

Homo sapiens catenin (cad-

herin-associated protein), beta 1, 88kDa (CTNNB1l): aa-
gcctcecteggtctgtggcagcagegttggecccggecccgggagcggagagcgaggg-
gaggcggagacggaggaaggtctgaggagcagcttcagtccccgecgageccgccaccg-
caggtcgaggacggtcggactcccgecggecgggaggagcectgtteecectgagggtattt-
gaagtataccatacaactgttttgaaaatccagcgtggacaatg

(Seq ID No: 156)

Homo sapiens dCMP deaminase (DCTD) :
ccgcctectececccgacttecttececctgagcacggecggcggcecggggacgagcac—
cggcctgcgcgeggagecggecaccggatgacccaacatg (Seq ID No: 157)

Homo sapiens damage-specific DNA binding protein 1, 127kDa
(DDB1): ctgtcttttcgcttgtgtccctectttctagtgtcgecgectcgagtcececegac—
gggccgctccaagcctcgacatg (Seqg ID No: 158)

Homo sapiens desmin (DES): ctgtctcccctcgccgcatccac-
tctccggeccggeccgectgeccgecgectectecgtgecgeccgecagectcgecccgecgceccg
tcaccatg (Seq ID No: 159)

Homo sapiens deoxyhypusine synthase (DHPS):
cgttccctacttectgtgetecttgecggagacgecgegecgtecggggtttaac-
gcgtttctgggecgeccgtaageccggectaggggcagetttgactecgagagecgge—
tataggcgcatg (Seq ID No: 160)

Homo sapiens dihydrolipoamide S-acetyltransferase (DLAT):
caccctttcggatgectcecceccectagaaccctaccactttceccaccectttecgtetgttatt
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tctcccaaacttgecgeccgcacaggceccctectggaacactectgecececgtagtgeccctce
gtccccgctcececgtagagaaagagegtgegtgecgegeatttcectggectggggagegggtyg
gagtaaacctgcgggaaccattttacgacaacgtgcggctgtgcggtgtggectgacggea
acgccgctgctcecttggagaggtcactccggagacggegttggttttggggtgtggggggt
tggtggcactatg (Seq ID No: 161)

Homo sapiens down-regulator of transcription 1, TBP-binding
(negative cofactor 2) (DR1l): ccttccctggcatctggagggaccaccgtt-
gccgcecgtcectteggettceccacgatctgegttegggectacgecggeccacggecggcagecac—
tgcgactcccactgtgecctggcectcectgteccatattag-
ttcccaggcggecgtecgecgttccagcageggcagecggcagcecggcagcggceg-
gacatgttgtgaggcggcggcgcegggtgtctgaaggatggtttggeccgaggeggegg-
caacggctgctggcggcggcggcagcggcageggggectcecgggctectata-
gagccgagcccgctgggtacccgececcggtaccgecggecgaggceccagtgececctggatett-
gcctcectgetecgacgecgttggggaccagttaggecgacagegeccgeccctcectgag-
gagacacgaaggtggttccccagecgectcaaatttccggaccac-
cgcgctttcecctectcagectgggetgtgetctectctagaatcctcgggececcecac-
tttcttcccaaactcatcctaaatctctcacacacgecgagtgttcccagecctcaa-
gccagctgctcectecgttcecattttcectgcaccectettegecaaagcaceccecceccgggatcac—-
tctccgagggcgactttttgagaaatctcggtggagtagtggaccagagectggggag-
tttttaaaagccggggecgcgagaaacaggaaggtactatg (Seq ID No: 162)

Homo sapiens endothelin receptor type A (EDNRA):
ttttctttttcecgtgcgageecctecgegegegegtacagtcatececegectggtctgac—
gattgtggagaggcggtggagaggcttcatccatcccaccecggtegtecgecggg-
gattggggtcccagcgagacctcecccgggagaagcagtgecccaggaggttttectgaa-
gccggggaagctgtgcagceccgaagccgccgccgcgceccggagcccgggacac-
cggccaccctcececgecgcecacccaccctegecggectecggettectectggeccaggegecge
gcggacccggcagctgtectgecgcacgecgagectceccacggtgaaaaaaaagtgaaggtg-
taaaagcagcacaagtgcaataagagatatttcctcaaatttgcecctcaagatg

(Seq ID No: 163)

Ho-

mo sapiens eukaryotic translation elongation factor 1 alpha
2 (EEF1A2): cagtccctctggctgagacctcggctccggaatcactg-
cagcccceccectegecectgageccagagecaccccgggtcecececgecageccctcacactcececcag-
caaaatg (Seq ID No: 164)

Homo sapiens eukaryotic translation elongation factor 2
(EEF2) :
cgttctcttcececgecgtegtegecgeccateccteggegegactegettettteggttcectac-
ctgggagaatccaccgccatccgccaccatg (Seq ID No: 165)

Homo sapiens eukaryotic translation initiation factor 4A2
(EIF4A2): ctgtcttttcagtcgggcgctgagtggtttttcecggatcatg
{(Seq ID No: 166)
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Homo sapiens egf-like module containing, mucin-like, hormone
receptor-like 1 (EMR1l): gtttcttttctttgaatgacagaactacag-
cataatg (Seg ID No: 167)

Homo sapiens enolase 2 (gamma, neuronal) (ENO2):
gcgcctectcececgeccgecgeccgggagecgcageccgecgecgeccactgecac-
tcececgetcectcectcagegecgecgtcgecaccgecaccgceccaccgcecactaccac—
cgtctgagtctgcagtcccgagatcccageccatcatg (Seqg ID No: 168)

Homo sapiens esterase D (ESD):
ccgcecttttacttecggeccgettecttctggtcactcecgecaccgtagaatcgectac—-
catttggtgcaagcaaaaagcaatcagcaattggacaggaaaagaatg

(Seq ID No: 169)

Homo sapiens Finkel-Biskis-Reilly murine sarcoma virus
(FBR-MuSV) ubiquitously expressed (FAU):
cttcecctetttectecgactceccatettecgeggtagetgggaccgecgttcagtegecaatatyg
(Seq ID No: 170)

Homo sapiens Friend leukemia virus integration 1 (FLI1):
ctgtctctttcgctcececgectacaacaacaaacgtgcacaggggagtgaggg-
cagggcgctcgcagggggecac-
gcagggagggcccagggcgccagggaggccgegecgggctaatccgaaggggctgcgagg
tcaggctgtaaccgggtcaatgtgtggaatattggggggctcggectgcagacttgge-
caaatg (Seq ID No: 171)

Homo sapiens fibromodulin (FMOD): gccccttttcacaatatttgattag-
gaatttggggcgggaccctggtctggcacaggcacgcacactctcag-
tagactctttcactcctctctctcecttectcectetcacac-
gttctccaacccaaggaggccagacagagggacgtggtcac—
tctctgaaaagttcaacttgagagacaaaatg (Seq ID No: 172)

Homo sapiens ferritin, heavy polypeptide 1 (FTHI1):
cgttcttcgeccgagagtcgtecggggtttecctgettcaacagtgettggac-
ggaacccggcgctcecgttceccecccaccecggecggeccgeccatagcecagcecectecgtcac—
ctcttcaccgcaccctecggactgecccaaggecccecgecgceccgecteccagegecgeg-
cagccaccgccgceccgceccgcecgectctecttagtecgeecgecatg (Seq ID No: 173)

Homo sapiens glyceraldehyde-3-phosphate dehydrogenase
(GAPDH) : cgctctctgctcctcctgttcgacagtcageccgcatecttetttt-
gcgtcgccagccgagceccacatcgectcagacaccatg (Seq ID No: 174)

Homo sapiens glycyl-tRNA synthetase (GARS): caccctctctg-
gacagcccagggccgcaggctcatg (Seq ID No: 175)

Homo sapiens glutamic-oxaloacetic transaminase 2, mitochondr
ial (aspartate aminotransferase 2) (GOT2):
ctgtccttaccttcagcaggagecggttecctgtgtgtgtgtecgetegeecctectgetec
gtcctgeggctgeccactgeccctectacggtccaccatg (Seq ID No: 176)
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Ho-

mo sapiens general transcription factor IIF, polypeptide 1,
74kDa (GTF2F1): gcgcctcttccggttac-
cttttcccagcgeccagaggegectagggttggggtecctecgectcaggcacaga-
gacccgacaccgagcggcggcttcecceccgggatcgagggacgcgcacgccagaggagac—
gaaaggaacccgggtcggaccagatcggaaccactgaccattgecccatg

(Seqg ID No: .177)

Homo sapiens glycogen synthase 1 (muscle) (GYS1):
cggcctecttectgectaggtecccaacgettcggggcaggggtgeggtecttgcaa-
taggaagccgagcgtcttgcaagcttcececgtecgggecaccagctactcggecceg-
caccctacctggtgcattcecctagacacctceccggggteccctacctggagatcececeg-
gagccccccttcecctgegecagecatg (Seq ID No: 178)

Homo sapiens major histocompatibility complex, class I, C
(HLA-C) : cattctccccagaggccgagatg (Seq ID No: 179)

Ho-

mo sapiens major histocompatibility complex, class II, DP be
ta 1 (HLA-DPB1l): gctccctttagcgagtccttcecttttectgactg-
cagctcttttcattttgccatcctttteccagectccatg (Seq ID No: 180)

Homo sapiens 3-hydroxy-3-methylglutaryl-CoA synthase 1 (sol-
uble) (HMGCS1): ctgtcctttcgtggctcac-
tcectttectetgetgecgectecggtcacgettgetetttecaccatg

(Seq ID No: 181)

Homo sapiens hippocalcin (HPCA): ccgccttccctgegecag-
tcggtgtctececgegtegetgggtgggacttggectecggecggcecatg
(Seq ID No: 182)

Homo sapiens hydroxysteroid (17-beta) dehydrogenase 2
(HSD17B2) : ctcccttctt-
gactctctgttcacagaactcaggctgcecctccageccagectttgecececgectagactcac—
tggccctgagcacttgaaggtgcagcaagtcactgagaatg (Seg ID No: 183)

Homo sapiens heat shock 60kDa protein 1 (chaperonin)
(HSPD1) : ctgtccctcactcgccgceccgacgacctgtectecgecgagecgecacgectt-
gccgccgccccgcagaaatg (Seq ID No: 184)

Homo sapiens intercellular adhesion molecule 3 (ICAM3):
ccgcecttttececcectgectgeccttegggcacctcaggaaggcaccttectetgteca-
gaatg (Seq ID No: 185)

Homo sapiens inositol polyphosphate-l-phosphatase (INPP1):
cgtcctcectggecgegectgecggecgecacgcecccagcecgeccctegectaacctcecgegeccgg
gccgcgcectectectectectgetececeecgecgettecgtttectegagggaaaggetgetyg
cctcctgectetgtectecateccececggettagectgacggecccagagggtgggtgeccaattcece
accagcagctgcaactgaaaagcaaggttcagaaatg (Seqg ID No: 186)
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Homo sapiens interferon regulatory factor 2 (IRF2):
gtttcctctecttgttttgetttcgatctggactgttctcaggcaageccggggag—
taacttttagttttgctcctgecgattattcaactgac-
gggctttcatttccatttcacataccctagcaacacttataccttgcggaatt-
gtattggtagcgtgaaaaaagcacactgagagggcaccatg (Seq ID No: 187)

Homo sapiens inter-alpha-trypsin inhibitor heavy chain 2
(ITIHZ): ttttcttcttttttcttctttcttaaagcgaactg-
tactcctctgctgttecectttgaacttggttcagtaggaagaagtga-
tatcctccecccagaccatctgetttggggagecttggcaaaactgtccagcaaaatyg
(Seq ID No: 188)

Homo sapiens karyopherin (importin) beta 1 (KPNB1):
ccgccttectececctecctegetececcteectgegegecgectctcac—~
tcacagcctcecttecttetttetecectecgecteccgagecac—
cagcgcgctctgagctgceccccagggtceccteccececgeccgeccagecageccattt-
ggagggaggaagtaagggaagaggagaggaaggggagccggaccgactacccaga-
cagagccggtgaatgggttt-
gtggtgacccccgeccceccaccccaccctcecectteccacccgaccececcaaccceccatece
cagttcgagccgceccgeccgaaaggccgggecgtecgtecttaggaggag-
tcgccgeccgecgecaccteegecatg (Seq ID No: 189)

Homo sapiens karyopherin alpha 3 (importin alpha 4) (KPNA3):
ctctcceccectectececcectecegeteccaagattecgecgecgecgeccgecgecagecgecag-
gagtagccgccgccggagccgcgcgcagecatg (Seq ID No: 190)

Homo sapiens keratin 19 (KRT19): gctcctcccgcgaatcg-
cagcttctgagaccagggttgctccgtececgtgeteccgectcecgecatg
(Seqg ID No: 1091)

Homo sapiens laminin, beta 1 (LAMBl): attcccttcttt-
gggctcgggggctcccggagcagggcgagagectecgecgtcgeccggaaaggaagacgggaa-
gaaagggcaggcggctcggegggecgtcttcectceccactectectgecgegteccecegtggetg-
cagggagccggcatg (Seq ID No: 192)

Homo sapiens ribosomal protein SA (RPSA): ctgtcttttccgtgce-
tacctgcagaggggtccatacggecgttgttctggattcecegtceg-
taacttaaagggaaattttcacaatg (Seq ID No: 193)

Homo sapiens lymphocyte cytosolic protein 1 (L-plastin)
(LCP1): ttttctttcctggctgatgatttgtcattctagtcacttcctgectt-
gtgaccacacacccaggcttgacaaagctgttctgcagatcagaaa-
gaaggggttcctggtcatacaccagtactaccaaggacagcttttttcctgcaa-
gatctgttacctaaagcaataaaaaatg (Seq ID No: 194)

Homo sapiens lectin, galactoside-binding, soluble, 1
(LGALS1) :
ccatctctctcgggtggagtcttctgacagctggtgecgectgeccgggaacatcectectyg
gactcaatcatg (Seq ID No: 195)
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Homo sapiens SH2 domain containing 1A (SH2DI1A):
ttctectettttttgcacatctggctgaactgggagtcaggtggttgactt-
gtgcctggctgcagtagcagcggcatctcecccttgcacag-
ttctcectecteggectgecccaagagtccaccaggeccatg (Seq ID No: 196)

Homo sapiens mannosidase, alpha, class 2A, member 1
(MAN2Al) : tgttcctttcccctececgettctctgac-
ctagctgcgcggccccggceccgggagcectgceccgaacccecgcecgecteccecectgggtgaggag-
gacacgcctgccecctcecgtcgagaaaacttttectgecgactcagttggggeggecggtgg-
caggaagtgcgggcagcgacctctcctcececgectgeccecgecgegecctgecg-
gaggtcggcgctgagcttgcgatcaagtttgtgggggeccecectteccagtt-
gccggcgagtctegectcgagaggggcgcecccgaccceccggggagggegg-
caggccagggcgaaggccaagggcgtgtggtggcgecggagactaggtgcggag-
caaggcggggactcgcacccgcatccgagagecgecggaggtcgcgcageccggga—
gaagggagcctccggcggctgcttcecctagagtccacagtgecgetgtectecttt-
ggctgaggagagtgtcctggeccccgagtctatcgaggaaaatg (Seq ID No: 197)

Homo sapiens myelin basic protein (MBP): ccgcctcttttcccga-
gatgccccggggagggaggacaacaccttcaaagacaggceccctctgagtceccgac—
gagctccagaccatccaagaagacagtgcagccacctccgagagectggatgtgatyg
(Seq ID No: 198)

Homo sapiens melanocortin 1 receptor (al-

pha melanocyte stimulating hormone receptor) (MC1R):
cattcttcccaggacctcagcgcageccctggecccaggaaggcaggagacagaggccag-
gacggtccagaggtgtcgaaatgtcctggggacctgagcagcagccaccagggaa—
gaggcagggagggagctgaggaccaggcttggttgtgagaatccctgagcccaggcgg-
tagatgccaggaggtgtctggactggctgggccatgecctgggctgac-
ctgtccagccagggagagggtgtgaggg-
cagatctgggggtgcccagatggaaggaggcaggcatgggg-
gacacccaaggccccctggcagcaccatgaactaagcaggacacctggaggggaa-
gaactgtggggacctggaggcctccaacgactccttectgettecctggacaggactatg
(Seq ID No: 199)

Homo sapiens malic enzyme 1, NADP(+)-dependent, cytosolic
(ME1l) : gggcctttcccagtgcggccgeccgeccgceccacagctgcagtcagcac—
cgtcaccccagcagcatcecgecgectgecac-
cgcgcgtgcggcecccgceccccggcecctgaccececgecgecgaaccecggcgeccagecatg
(Seqg ID No: 200)

Homo sapiens myocyte enhancer factor 2C (MEF2C):
agctctctgctcgcetcectgetcgcagtcacagacacttgagcacacgcgtacacccagaca
tcttcgggctgectattggattgactttgaaggttctgtgtgggtcgecgtggetgecatgt
ttgaatcaggtggagaagcacttcaacgctggacgaagtaaagattattgttgttatttt
ttttttctctctectetectectecttaagaaaggaaaatatcecccaaggactaatctgatcggg
tcttcettecatcaggaacgaatgcaggaatttgggaactgagectgtgcaagtgctgaaga
aggagatttgtttggaggaaacaggaaagagaaagaaaaggaaggaaaaaatacataatt
tcagggacgagagagagaagaaaaacggggactatg (Seqg ID No: 201)
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. Homo sapiens mannosyl (al-

pha-1,3-)-glycoprotein beta-1,2-N-acetylglucosaminyltransfer
ase (MGAT1): agcccttcttggggaagtcagctacccagcagectgtag-
tcctcecggcectacccaccctcaccgectggggteccatggtgagacagetgggtggg—
catcaggcttctgcagagggccaggccggagggagctgggcgagggag-
tggggctggctcecctggcecttgcaccggecctecgtggaatccaggcctcagac—
ctgatcgctggcgaaactggctctgtgcgctg-
gagcccctggtcettctgegtcectgtectecctececggecagactttactectggetcagega
caggtatttgctatggaagagctgtccctecectecceccteggtgggectgggtceccac—
ctccacctecctecttcaggteccgecaccttectececctttaaaacaccageccgggceg-
cagacccgttctaggcttttccatggtgettcecgecaaagettgtgaccgag-
tcctteeccgectagggetggtgggectececcectgetgg-
taggtctctcttcecgectttectttactcagaactgaagctctcattceccacccac-
caaggaaaaacaaaagggaagaagccacagctggcccecggecttgetttgg-
cacaggtgtttccccccggececccecgteggg-
caccctggttectgttetgteccctgecccac—
gcgaccctggggctcecccacccgggectcectcagectecececctgggttggggtggggg-
gactggctcccagcccttggcctagggtttggtgaacgccttthtg—
gactgcgggcccacttcaggcgcggctceccaggctgggecagetgegectg-
gagggccgagggcaggggtggggtcgggcgtccaccctcagggttgegeccagggagecg-
gaaagccgactcccgaagttggggtecctgggaaaacttgggtcctgggttgactgagaa—
gcggcggggaaaggaggcgggccaggaggagggggcecctggcggac-
gccggecggggggcggggcgcggeggggctgtecggtcacgeccctecag-
tccgceccececgeccegececgectgecggggaagggceccacgtt-
gceccgeccggecgtecggececcggegegecgcagaaagggetggegag-
tcgaaaggcgaggcggcecgcecggecagegcettgggacgecgectgggcac-
cgggctcgctcecectgcecgececcggagecaggceccaagttecggggecaggacgtcgggaggac—
ctggtgcatggctgcctcctaatceccatagtccagaggaggcatcecctaggactgecggg-
caagggagccgggcaagcccagggcagcecttgaac-
cgtcccctggectgecctecceccggtgggggeccaggatg (Seq ID No: 202)

Ho-

mo sapiens mitogen-activated protein kinase kinase kinase 11
(MAP3K11): ctgcctcccgeccccggggceccaaagtacaaagggaggaggaa—
gaagggagcggggtcggagccgtcggggccaaaggagacggggccaggaacaggcag-
tctcggceccaactgecggacgctcecectccacccectgegcaaaaagacccaaccggagtt-
gaggcgctgcccecctgaaggecccaccttacacttggecgggggecyg-
gagccaggctcccaggactgctccagaaccgagggaagctcgggtcecctccaa—-
gctagccatggtgaggcgeccggaggeccccggggecccacceceecggectgaccacac—
tgcecctgggtgcecectcecteccagaageccgagatgcggggggeccgggagacaacac-
tcctggctcceccagagaggcgtgggtctggggetgagggccagggeccg-

gatgcccaggttccgggactagggceccttggcageccagecgggggtggggaccacggg-
cacccagagaaggtcctccacacatcecccagegecggetcecceccggecatg

(Seq ID No: 203)

Homo sapiens membrane protein, palmitoylated 1, 55kDa
(MPP1) :
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ccgccttcteecgecageccccgcaggecccecgggecctgtcattecccagegetgeectgtett
gcgttccagtgttccagettctgecgagatg (Seqg ID No: 204)

Homo sapiens v-myc myelocytomatosis viral oncogene homolog
(avian) (MYC): ggccctttataatgcgagggtctggacggctgag-
gacccccgagctgtgectgctegeggecgecac-
cgccgggcecccggecgtecctggectececctectgectcgagaaggg-
cagggcttctcagaggcttggcgggaaaaagaacggagggagggatcgcecgctgag-
tataaaagccggttttcggggctttatctaactecgetgtagtaattccagecga-
gaggcagagggagcgagcgggcggccggctagggtggaagageccgggcgag-
cagagctgcgctgcgggecgtectgggaagggagatccggagcgaa—
tagggggcttcgcctctggeccagecctecececgetgatccceccagecagecggteecg-
caacccttgccgcatccacgaaactttgecccatagcagecgggcgggcactttgecactg-
gaacttacaacacccgagcaaggacgcgactctceccgacgecggggaggce-
tattctgcccatttggggacacttceccgecgetgeccag-
gacccgcttctctgaaaggctctecttgecagetgettagacgetg

(Seq ID No: 205)

Homo sapiens nuclear cap binding protein subunit 1, 80kDa
(NCBP1) : tggcctctcggttccgecggegcaccggagggcageatg
(Seq ID No: 206)

Homo sapiens necdin homolog (mouse) (NDN): cttcctctccag-
gaatccgcggagggagcgcaggctcgaagagctecctggacgcagaggecctgeectt—
gccagacggcgcagacatg (Seq ID No: 207)

Homo sapiens NADH dehydrogenase (ubiqui-
none) 1 beta subcomplex, 5, 16kDa (NDUFBS):
ccttcttectectgeccgtagtagecatg (Seq ID No: 208)

Homo sapiens NADH dehydrogenase (ubiqui-

none) Fe-S protein 4, 18kDa (NADH-coenzyme Q reductase)
(NDUFS4) : ccgtcctttcatcctggegtttgectgcagcaagatg

(Seq ID No: 209)

Ho-

mo sapiens nuclear factor of kappa light polypeptide gene en
hancer in B-cells 2 (p49/pl00) (NFKB2): tgccccttccccggccaa-
gcccaactceccggatctegetctceccaccggatctcacccgeccacacccg-
gacaggcggctggaggaggcgggcgtctaaaattctgggaagcagaacctggecg-
gagccactagacagagccgggcctagcccagagacatg (Seqg ID No: 210)

Homo sapiens non-metastatic cells 2, protein

(NM23B) expressed in (NME2):
gcccctectcecegecgecggceteccecgggtgtggtggtegecac—
cagctctctgctctecccagegcagegecgecgececcggeccctccagetteccecggaccatyg
(Seqg ID No: 211)
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Homo sapiens nucleophosmin (nucleo-

lar phosphoprotein B23, numatrin) (NPM1):
gcgtcctttcecectggtgtgattccgtectgegeggttgttctetggagecagegttetttt
atctccgtccgecttcectetectacctaagtgegtgeccgecaccegatyg

(Seq ID No: 212)

Homo sapiens 5'-nucleotidase, ecto (CD73) (NTS5E):
cattccttttgtagaaaaacccgtgcctcgaatgaggcgagactcagagag-
gacccaggcgcggggcggacccectccaattecttectecgegeccccgaaagagcggeg-
caccagcagccgaactgccggcgeccaggctcececctggtececggecgggatgeggeecgg-
tacccgctceccececcgecgggaacaacctcectecactettectg-
cagggagctggtgccagccgacageccgegceccagggecgetecgggtaccagggteg-
gatcgggtgacgtcgcgaacttgecgectggccgccaagecggecteccaggectgaa—
gaaggacccgccccggcecttgacccgggecccgcecccteccagecggggecac—
cgagccccggcecctagcectgctcecgeccectactcgecggecac-
tcgccecggetecgeccgetttecgecacccagttcacgecgeccacagectatg

(Seq ID No: 213)

Homo sapiens phosphatidylethanolamine binding protein 1
(PEBP1) : gcgtcttcccgagccag-
tgtgctgagctctcecgegtegectectgtecgececgegectggectacecgecggecac—
tcccggcectgecacgctetgettggectegecatg (Seqg ID No: 214)

Homo sapiens poly(A) binding protein, cytoplasmic 1
(PABPC1): gcttccccttctccececggecggttagtgectgagagtgeggag-
tgtgtgctccgggecteg-
gaacacacatttattattaaaaaatccaaaaaaaatctaaaaaaatcttttaaaaaaccc
caaaaaaatttacaaaaaatccgcgtctccececcgecgga-
gacttttattttttttcttcctcttttataaaataacccggtgaagcagccgagac-
cgacccgcecccgeccgeggeccecgcagcagctccaagaaggaaccaagagac-
cgaggccttccecgectgeccggacccgacaccgceccaccctegetecececgecggcagecgg-
cagccagcggcagtggatcgaccccgttectgeggecgttgagtag-
ttttcaattccggttgatttttgtecctectgegett-
gctcceccgcetcececctececcececcggetececggeccccagecccggcac—
tcgctctectectctcacggaaaggtecgecggectgtggeccctgecgggcagecgtgecga—
gatg (Seq ID No: 215)

Homo sapiens proprotein convertase subtilisin/kexin type 2
(PCSK2): cgctctttctctccggtacacacagctccceccacatteg-
cacccctgecceccgegegecgggceccgectgactgcacggectteccecteccagecagatgetg-
gagaacacacactgattcgctgctttccaagaccctgttcagtctctttctctata-
caaagatttttttaaaaactatatataagaattctttatttgcaccctceccteccgag-
tccectgecteccgecagectgegegectectagcaccacttttcactcccaaagaaggatyg
(Seq ID No: 216)

Homo sapiens phosphogluconate dehydrogenase (PGD):
gggtctttcectcactcecgtcecctecgegegtecgecgetectteggttetgetectgtecgecy
ccatg (Seq ID No: 217)



10

15

20

25

30

35

40

WO 2013/143699 PCT/EP2013/000937
163

Homo sapiens phosphoglucomutase 1 (PGM1):
cgctccceccttteceectececegecggacctgecaggaggtgggetggegeg-
gagggagggccctgtcecccecctgtecctttaaggaggagggecaaacgccggectagag-
tgcggcgtagcccccaccecgecgtgecctcaccccagagcagetg-
cagcctcagccggceccgceccctcecgeccagccaagtccgecgetectgaccececcggecag-
caagtcgccaccatg (Seq ID No: 218)

Homo sapiens solute carrier family 25 (mitochon-

drial carrier; phosphate carrier), member 3 (SLC25A3):
cggcctctgtgagccgcaacctttccaagggagtggtt-
gtgtgatcgccatcttagggagtgagtgtggccgggecttectectgtggegggtgtggg-
gagcggagcccagagctcctgtggggeccgetgectttggeggtgggeccagecgggag-
cagcctctttcgaaggeccgecgtgacctcettcaagggecgtggagacgg-
gaaggaaaaggccccggttggggttccagggcgeccggtaacgttaaccggecgectt-
gcctgtcctctaaccgtecgectecectectececctagaaagatg (Seq ID No: 219)

Homo sapiens pim-1 oncogene (PIM1):
cctccectttactecctggetgecggggegagecgggegtetgetg-
cagcggccgceggtggctgaggaggccecgagaggagtcggtggcagecggeggeggcgg-
gaccggcagcagcagcagcagcagcagcagcagcaaccac-
tagcctectgeccecgecggcecgectgecgcacgagecccac-
gagccgctcaccccgecgttctcagegectgeccgacceccgetggecgegecctececgecge
cagtcccggcagcgceccctcagttgtectceccgactecgeececteggecttecgegecagecg-
cagccacagccgcaacgeccacccg-
cagccacagccacagccacagcecccaggcatagecttegg-
cacagccccggcectecggetcectgecggcagcectectectgggecac-
cgtccctgecgeccgacatcctggaggttgggatg (Seq ID No: 220)

Homo sapiens pyruvate kinase, muscle (PKM2):
ggatctcttecgtctttgcagecgtageccgagtecggtcagegecggaggtgageggtg=-
caggaggctacgccatcagtccccaccaagggccagtecgeccggctagtgeg—-
gaatcccggcgcgecggceccggeccecgggcacgcaggcagggcggcgeag-
gatccagggcgtctgggatgcagtggagctcagagagaggagaacggctcecctecac-
gcctggggcctgcectcecttcagaagtceccceccagegecgttecttccagatcaggacctcag-
cagccatg (Seq ID No: 221)

Homo sapiens pleiomorphic adenoma gene-like 1 (PLAGL1):
cggcctcctecggegcagcecatectettggetgecgegggeggcaaagecccacggecatctg
ccatttgtcattcagcccgtecggtaccgececcgagecttgatttagacacggectggggceg
tgctctggectcactcteccgggegggtgctggacggacggacggacggggcagecgtget
cacagctcagcagcgcggggcecttggcecgecgeggggegetteccecgggtcgecgtecatgge
cgcggaggtggcacgcccgagcggectcecgectgagetecgggggtegtecgeccecgeaggy
attgctgtcacgtctaatgtggctgctgectcgtgtcacatctgaaactcatctgtacct
cacttagaaagtggttctgattagacaagacttttcgttgcagtcgacagaaacctaatyg
ggaccattgaagaattccaaacaggtatttgcataggaatcagaggagttaatcttgtct
cttctcacaggtttgaatcttcagacaaacttctgggaggactcggtcecctgectegeag
cagatgttccctgtcactcagtaggcatatg (Seg ID No: 222)
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Homo sapiens phospholipase D2 (PLD2):
tgctctcttggectccggaacccececgecgggegetggecteccgtetgecagggatg
(Seqg ID No: 223)

Homo sapiens proteolipid protein 2 (colo-

nic epithelium-enriched) (PLP2): cccccttcccggccagacggeggg-
caagacagctgggtgtacagcgtcctcgaaaccacgagcaagtgag-
cagatcctccgaggcaccagggactccagcccatgeccatg (Seq ID No: 224)

Homo sapiens pinin, desmosome associated protein (PNN): cag-
tcctttecgegectecggecggegeggecatageeccggeteggectgtaaagcagtctcaa-
gcctgccgcagggagaagatg (Seq ID No: 225)

Homo sapiens phosphoribosyl pyrophosphate amidotransferase
(PPAT) : ggtccttccacgtgctttcggecggecgacatg (Seqg ID No: 226)

Ho-

mo sapiens protein phosphatase 1, catalytic subunit, gamma i
sozyme (PPPICC): tgttcttctcgtggttccagtggggagagaaggag-
gaagtagggagcggggtggcaggggggggacccgccgeggcetgcectgccaccgceccgecac-
caccgcctctgectcgtggecgtgggaaaggaggtgtgag-
tccegggegegagecggeggeggegecgetgegggagggtcggeggtgggaaggegatg
(Seqg ID No: 227)

Homo sapiens protein phosphatase 1, regulatory subunit 8
(PPP1R8): cggtcttccagtttcccggcecgtgecttagggcgegeccaaatgggagggg-
gagacgcaagatg (Seq ID No: 228)

Homo sapiens protein phosphatase 6, catalytic subunit
(PPP6C) : cggcctccgccgctgecgecgecgectgcectacageccgeccgecgecgetgtt—
gccgeggcttgttattcecttaaaatg (Seq ID No: 229)

Homo sapiens protein kinase C substrate 80K-H (PRKCSH):
ctttctttctgcagcaggaaccgecggctgctggacaagaggggtgcggtggatactgac-
ctttgctccggectegtcgtgaagacacagcgcatctececeecgetg-
taggcttcctcccacagaacccgtttcgggectcagagecgtctggtgagatg

(Seqg ID No: 230)

Homo sapiens mitogen-activated protein kinase 6 (MAPKS6):

cgccccectcettectegecctectectegegggtecggggttacatggecggecgactgecggcaaa
gcgagagcctcggagacgceccgctgecgceccagecacagecggagacctgagcecgacactggg
ggcagtccgcgagccccgcactctctcgatgagtcggagaagtceccegttgtatcagagta
agatggacggtagctttgattgtgattgtggtgagctggagccacctgatcactaacaaa
agacatcttctgttaaccaacagccgccagggcttcecctgttgaaataaatatatagcaac
aaaggaaaaaaagaagcaaaacggaaatagtgcttaccagcaccttagaatgatgctgct
caggaccagtccaacactgaatgtatctgcactgtgaggagaatgttcatagaagcctgt
tgtgtgcatatttattcacatttttgttaaatgttaaatcgtttagcacggtaatctgag
tgcacagtatgtcatttcattccgtttgagtttcttgttttecgttaaatgtctgcagagt
tgctgcccectttecttgaactatgagtactgcaatctttttaattctcaatatgaatagag
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ctttttgagctttaaatctaaggggaactcgacaggcctgtttggcatatgcaatgaaca
tcaagaaaccatcttgctgtggaagcataattatttttcttctcecctttttgaaagatct
ttcecttttgatgccagttttcttecttgtttacacaagttcaatttgaaaggaaaaggca
atagtaagggtttcaaaatg (Seq ID No: 231)

Homo sapiens phosphoribosyl pyrophosphate synthetase 2
(PRPS2) : cctccecttecctacatctageccgecgecgecttteeccgeteccgecagecag-
cagcctcccgegtegetgtegetgttgectecgecac-
ctectecgecgecgegegeccectecggagttecgegecccaccatg

(Seq ID No: 232)

Ho-

mo sapiens phosphoribosyl pyrophosphate synthetase-associate
d protein 1 (PRPSAP1):
ttgcctctggetcectgaggecggecggecgecgggecgectgegaaggectecggeecgetgtag-
tcagtggtgtggggtgcgcaagggcacggacctcggagctctcecececgecttgegecgag-
tttctcagcgccttcecceccacccaaaccggggtctegecagtcggaagcactcagagtg-
cagccccgcecgcggggccggtegtaaccgecgecgecgggecggacgatyg

(Seqg ID No: 233)

Homo sapiens proteasome (pro-
some, macropain) subunit, beta type, 5 (PSMB5): ag-
ttctttctgcecccacactagacatg (Seq ID No: 234)

Homo sapiens proteasome (pro-
some, macropain) 26S subunit, non-ATPase, 13 (PSMD13):
tgttcttctgtgccgggggtcttecctgetgtcatg (Seq ID No: 235)

Homo sapiens protein tyrosine phosphatase, receptor type, N
(PTPRN) : cagcccctectggecaggctcecceccecgecagegtegectgeggetcecggececgg-
gagcgagcgcccggagctcggaaagatg (Seq ID No: 236)

Homo sapiens RAB3A, member RAS oncogene family (RAB3A):
ctccctttgcaggacgtcacggaggactg-
caggggcctgagccgctgcectgeccgeccgeccgecgcgcagecceccacatcaacgecac—
cggggtcctgtcaccgccaccgccaaaaaagtcaccgececgectagggtcgecgtt-
gcatcggtgcagggcaagatg (Seq ID No: 237)

Ho-

mo sapiens RNA binding motif, single stranded interacting pr
otein 2 (RBMS2): ctctctctctctctctctcecgetcecgttcectaacattaaaga-
gaaaatg (Seq ID No: 238)

Ho-

mo sapiens reticulocalbin 1, EF-hand calcium binding domain
(RCN1): gcgcecceccectcectgetececggectcggggecgggecactggecggagggactggecag-
tcecectectecgegecggecccaacccectgtecgetgecgecgegeteccgag-
tceccatteccgagetgeegetgtt-
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gtcgctecgetcagegtctececctectecggecgeecctectectecgggacgatg
(Seq ID No: 239)

Homo sapiens radixin (RDX): ccgccttttcccgceg-
gaggcgccgagcggcecatattgeg-
gagctgtctgcggtggcggcggecgectetegtectecececgeggeccagegcetcgecaccac—
cgcttctcectecctgtecgcagecgegecgecgegcagegececcagecacac—
gccggcgggcagaagceccgceccgcectcectcececggaaagtgataacagaattcattgaagtgga-
gaatttttaaagaaggtaacaaaaagagaaagaaaatg (Seq ID No: 240)

Homo sapiens replication factor C (activator 1) 1, 145kDa
(RFC1): tcgccttcttgcacttcgcgggagaagttgtt-
ggcgcgaatggatcctgagcctcgataacagattcctcaac-
cggcccacccgccagcecagcecagegecttcatcctggggetgcecgatg

(Seq ID No: 241)

Homo sapiens ring finger protein 4 (RNF4): gcatctttctcgag-
gagctctcctgggcggctgaagaaggagcttettcecteccggag-
tgcgccggecggtggecgectgecggacctaactagecteccaggttaggccgagetttgegg-
gaaagcagcggacttgaaaatactggaaatctgtccggatccaaattattttgcaa-
gccagatgagtaaccagagggcatgaaaggttgagaacatttgacttccctgcaaac-
cttggtatagatcacttccttttctgtaggaaaggaaaggcaccaaagagcacaatg
(Seq ID No: 242)

Homo sapiens ribophorin I (RPN1): tgctcttcccggtcatg
(Seq ID No: 243)

Homo sapiens ribosomal protein S27a (RPS27A):
cgttcttcecttttecgatecegecatectgeggtggageccgecaccaaaatg
(Seq ID No: 244)

Homo sapiens secreted and transmembrane 1 (SECTM1):
cttcctttagecgtgaaccgecgggtgecggtgectecccgtgaaaataataaattcac-
cgtcacgcttgttgtgaacgcgggtggttceccgaaacttggaggetteececg-
taaacccagctccttectcatctgg-
gaggtgggtcccgecgcgggtccgecgectcecctcectggececcteecctectegtgtetttcea
ttttcectggggecteccggggegeggagaagectgcatcccagaggagegegtccaggageg-
gacccgggagtgtttcaagagccagtgacaaggaccaggggcccaagtcccaccagce-
catg (Seq ID No: 245)

Homo sapiens small glutamine-rich tetratricopeptide repeat
(TPR) —containing, alpha (SGTA): ctttcttttgcg-
caggcgtcgcgeccctggggeccggggecgggecggcaccgcggtgcgcaagegcaac-
cgtcggtgggtcggggatcggtcgectgagaggtatcacctecttctgggectcaagatyg
(Seq ID No: 2406)

Ho-
mo sapiens SH3 domain binding glutamic acid-rich protein 1lik
e (SH3BGRL): agttctccttccaccttcccccacccttectcectgecaac—
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cgctgtttcagcccecctagctggattccagecattgetg-
cagctgctccacagcccttttcaggacccaaacaaccgcagecgetgttecccaggatg
(Seq ID No: 247)

Homo sapiens solute carrier family 1 (gluta-

mate/neutral amino acid transporter), member 4 (SLC1A4):
cgccctcectacttececcecgtetgegtecgegttegeggectecegttt-
gcatcatccccgtctgegtecgegttecgeggectecegttt-
gcatcatctccageccggeggectgecteccagggaggectgggecgecgatcecctectecgececgegyg
ctccaacccgcactctgegectctectegectttetegeac—
ctgctcctgecgeccaggcccggagacccecccggggeggetteccagaacctgeggag-
cacaactggccgaccgacccattcattgggaacccecgtcttttgeccagagecccac-
gtccecctgeccacctctagetecggagecggegtgtagegecatg (Seq ID No: 248)

Ho-
mo sapiens small nuclear RNA activating complex, polypeptide
2, 45kDa (SNAPC2): ctgcctctttctgagcggcatg (Seqg ID No: 249)

Homo sapiens sorting nexin 1 (SNX1): ctatctctcga-
taaagttgttgttgcggcttccgecgecgggtggaagaagatg (Seq ID No: 250)

Homo sapiens signal recognition particle 54kDa (SRP54):
ctatctctcatcttteccgcectecttagectgggagtgectececgectagtcac-
ttttcttaaggtggctcgtcgaggcctgacttcttccececgaaatcacgtecctaga-
cagcctcecctattttaccactaactttactectgcagttattcagecggtag-
gaaactgaaaccaaaaaccagtgtaagcaagtaaacatctaaactgtttcag-
gagccgcegtagaaggaacgcggcggtgtgecceccggaagcggaagtagattctectata-
gaaaggctggactacgcggagtggtgacgtttcctcattgggcggaaggttcecgetgg-
cactccgttggtcttccagectggtgggagttgacgacgtggtgectgggecgttgg-
gaccctactttatctagttcgggaagttgggttgtggggtcat-
acctgtctgtctgctcecccagetttettgggtttecttecgac—
ggcgtggggcctcgctaaggaattcccggeccctcagggccac—
ggctttagcggtgtcttttgcgagttcttecgtaagtacatcttaaagctgtcaagatyg
(Seqg ID No: 251)

Homo sapiens signal sequence receptor, beta (translo-
con—-associated protein beta) (SSR2): cggtctttcggatgctgac-
gctctcttectgtectttgtggctecggaaaggegtttgggatgccaacgatg

(Seq ID No: 252)

Ho-

mo sapiens signal transducer and activator of transcription
6, interleukin-4 induced (STAT6): ttttctttttggtggtggtggtg-
gaaggggggaggtgctagcagggccagccttgaactcgectggacagagctacagac-
ctatggggcctggaagtgecccgectgagaaagggagaagacagcagaggggtt-
gccgaggcaacctccaagtcccagatcatg (Seq ID No: 253)

Homo sapiens suppressor of Ty 4 homolog 1 (S. cerevisiae)
(SUPT4H1) : tgttcttcccatcggcgaagatg (Seq ID No: 254)
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Homo sapiens transcription factor 7

(T-cell specific, HMG-box) (TCF7):
ggtccttceccectaaaacttggcactgecgatactecccageccgttecttecccaagtcagg
aacttgcaggggaccccttggcaattctttttctctcaagagcagacageccttcagtecce
agccgctgccagggcectggtgtgtctgacccagetgtggtttttccaggectgaaggecce
ggagtgcaccagcggcatg (Seq ID No: 255)

Homo sapiens TEA domain family member 4 (TEAD4): cag-
tctcctececccgaggtgccggtggeccececgecgecac—
tccctecggetcecctcecectecccgecgeggegegecatectecatteccagecctcattececgeg-
cattccagcgtcectcectegecacactcgaggccagggggcgggagggccg-
cagctccggecgecgecgegtcececgecaggtgagaggcgcecccgcgeccgecg-
cacccgccggegccctcacgggeccgecgcecgceccccacgeccgeccgcagecgac—
cgctcgcgecgegtgectecggectgetettttectttecgececgececgegtteeccgectt-
ggacctctgcgctccgacgegetecegtceccgac—
ctctggcttccctecgegeteccggegetgetegetgececcectectecegetteecctectgte
cgcccecgegcecteccectectegetececcggttgactcactectccaggaa-
tagggatccccecgtgttttceecgtcagtceccattctgg-
gaaaactcctccctcececgegegetecgeteccecgeteccgetgggegecac-
cggggccggtcecggecgeggggtgggettggeccecgeggecccgecttcac—
tgcgccgecccgtcggeecccggecggageccggctetgegegetgac-
gccctgtcecgtceccecgecagaacgatcgeccgeggecggaagagttggegetcecggggeg-
gactccttggaactggcttagcgcacccatceccacctteeccgcaccctgggaccggteg-
gaacgagctgattgcccgctacatcaagctccggacagggaagacccgcaccaggaa-
gcaggtctccagccacatccaggtgctggctcgtcgcaaagctecgecga-
gatccaggccaagctaaaggaccaggcagctaaggacaaggccctgcagagcatg

(Seq ID No: 256)

Homo sapiens G protein-coupled receptor 137B (GPR137B):
ttttctttecteccagtectecggggectgcaggectgagecgecgatgegegga-
gaccceccgcecgggggcecggecggeggecgtgageccecgatg (Seqg ID No: 257)

Homo sapiens tumor protein, translationally-controlled 1
(TPT1): cggccttttccgecccgectccceecteccececcgagegecgcectecggetgcac—
cgcgctcgecteccgagtttcaggetecgtgetaagectagegeecgtegtecgteteeccttcag-
tcgccatcatg (Seq ID No: 258)

Ho-

mo sapiens ubiquitin A-52 residue ribosomal protein fusion p
roduct 1 (UBA52): ctatcttctttttcttcagcgaggcggccgagctgacg-
caaacatg (Seq ID No: 259)

Ho-

mo sapiens ubiquinol-cytochrome c¢ reductase core protein II
(UQCRC2) : cggcctccgccaccatcttgetttectttaateccggecagtgac—
cgtgtgtcagaacaatcttgaatcatg (Seq ID No: 260)

Homo sapiens ubiquitin specific peptidase 1 (USP1):
ctgcctttcecgtgtctctgcagecgtggagactggaaccggcaatttcaaaggacgccacgt
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tcaatcgcagcgctggcgecgggcggaggctaaaacacgggggtcctgagactgaggaaaa
cgcgccaagttcceccteggtggecggagtgctaaagaccctageggttcaggegttcggeg
agcggggccgctgecttgttgegectectggetetececcggggcgggegcagatgggcgceccgce
tccecgggatgtagttggtgttggtgcaagacgggagcgagecggecggtecggggtteceget
cttgggagcggatggtcactcecccececgecggggagggecgagecgaccagattttectgggge
cggggacccggcgggctcggggcagggactcacctgtcgecacccacactcattegggttyg
gacttgccggegtcaccgceccgcecggacttcecgetttgggeccatgaccagatataattggtga
ttacaactttcctctataaattaactcttgacactecttgggatttgaagaaaaaaatg
(Seq ID No: 261)

Homo sapiens voltage-dependent anion channel 2 (VDAC2):
gtgtctccttcacttegeccteccagetgectggagectgecageccgac-
cgcgagcgtgccaagcggcttcagcagectagecggageggtggceggecggecceectcag-
gacaccaccagattcccctcttceccgeggectegecatg (Seq ID No: 262)

Homo sapiens vimentin (VIM): gcctcttctececgggagccagtccgegecac—
cgccgceccgeccaggecatecgeccaccctecgecagecatg (Seqg ID No: 263)

Homo sapiens very low density lipoprotein receptor (VLDLR):
cccceccteccecgetgetcaccecgetcectecggecgeecgeecggtgegggtgectecgetac-
cggctcctctececgttectgtgetetcttetgetectecggectecceccaccecectecteectteec
tcctectcececcttgectecectectectgcagegectgeattattttetgeceg-
caggctcggcttgcactgetgectgcagecccggggaggtggctgggtgggtggggagga-
gactgtgcaagttgtaggg-
gagggggtgccctcttcttccccecgetcececctteccececegecaactecttecectecttetece
ccctttcccecctececcgeccccaccttettectectttcggaaggactggtaactt-
gtcgtgcggagcgaacggcecggcggcggcggcggcggecggcaccatccaggcgggeac
catg (Seq ID No: 264)

Ho-

mo sapiens wingless-type MMTV integration site family, membe
r 10B (WNT1O0B): agtcctttgctcgccggcttgctagctctctcgatcac-
tccectececttectecctececttectceccggecggecgecggeggegetggggaa—
gcggtgaagaggagtggcccggccctggaagaatgeggctctgacaaggg-
gacagaacccagcgcagtctccecccacggtttaagcagcactagtgaa-
gcccaggcaacccaaccgtgcectgtectcggaccceccgcacccaaaccactg-
gaggtcctgatcgatctgcccaccggagectccgggcecttcgacatyg

(Seq ID No: 265)

Ho-

mo sapiens CCHC-type zinc finger, nucleic acid binding prote
in (CNBP): cagcctctaccttgcgagccgtcectteccccaggectgegtececgag—-
tctccgeecgetgecgggeccgecteccgacgecggaagatctgactgecagecatg

(Seq ID No: 266)

Homo sapiens zinc finger protein 43 (ZNF43): gggccttt-
gtctctggctgcagttggagctctgegtectegtettegttecttetgtgtectetgetget
agaggtccagcctectgtggctcectgtgacctgecgggtattgggggatccacagctaagac-
gccaggaccccececcggaagcectagaaatg (Seq ID No: 267)
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Homo sapiens zinc finger protein 74 (ZNF74):

cagtccttttgtgggagtccggtctgtccacttgecggtecectcagaccgtecggeggtcet
ctgtccgcttcgggacctgtecgectggtecgetececgegtecgatggectectggecgecggaa
ccttaggcctggecctggtectecgagegegggttecgecgggaggagegtgtggegggggt
gtgccggggcgtgagtgcgeccgagecatggggectgagectggtgtggggagtgggtatctg
cggagccggcctgaaccccacctcagecgggecgecggggagggggectecgtgegtgtgatce
gtgcagctgtgagcgcgtggeccgecccecgeggggctceccgetgcaggceceecctcagecececagg
agcagtactcgctcttcagggcctgeccctggatcctggaggctacacagctgeccactcece
tcctggggaggctgecgtggaggecatg (Seq ID No: 268)

Homo sapiens zinc finger protein 85 (ZNF85): gggccttt-
gtctctcgctgcagectgagctctaggtettgttttecctgettt-
gtgttttctgctcgtggacgcccagecctectgtggececectgtggectgcaggtattggga-
gatccacagctaagacgccgggaccccctggaagcectagaaatg

(Seq ID No: 269)

Homo sapiens zinc finger protein 91 (ZNF91): gggccttt-
gtctctcgctgccgecggagtttccaggtcectecgacttcac—
tgctctgtgtcctctgcecteccaggaggeccagectgtgtggecctgtgacctg-
caggtattggagagccacagctaagatg (Seq ID No: 270)

Homo sapiens zinc finger protein 141 (ZNF141): gggtcttt-
gcgtctggctactaccagaccgecgggttaggggcttcatctctcectgegttectcagtt-
gtgggaggccttggtgattcggccacagectcagecteccgtcgetetgtgacctgeggg-
tattggatgattggtagctaagactcccgaatacttcagaagtggggaaatg

(Seq ID No: 271)

Homo sapiens zinc finger protein 205 (ZNF205):
tgttctttctagctctgaaatagaaaatg (Seq ID No: 272)

Homo sapiens transmembrane protein 187 (TMEM187):
ctcccttttecggagatttgaattteccecccagegaggcgagtgaggcgaaataccecg-
tatggtgatagctggccttttcgecgccaatactgaaaaaggcagaac-
gttcctccgectggcgccagecaatcagcaggactcecctgecttecttecggggcaaggteg-
cagcatctgcctcggaaatcacgaaatcacggggecttcectttctgetggetcagecgg-
gaggcccagagtgttctgcagaggctgcgtattgaaggctgectctctgaa-
gcteccctgeccccaggtcacgeccgecggttccagatg (Seq ID No: 273)

Homo sapiens histone cluster 2, H2be (HIST2HZ2BE):
acttcttttcttggctaageccgegtttgtactgtgtecttaccatg
(Seqg ID No: 274)

Homo sapiens solute carrier family 25 (mitochon-

drial carrier; oxoglutarate carrier), member 11 (SLC25A1ll):
ccgeccectttgegetgegegectgegeccgegecggetteccagegggtgtecggacctga~
gagctggaggggcgtgcgcgcgecctegcectcectgttgegegegeggtgtcacctt-
gggcgcgagcggggcecgcgegegcacgggacccggagecgagggccattgagtggegatg
(Seq ID No: 275)
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Homo sapiens tyrosylprotein sulfotransferase 2 (TPST2):
cctccececctteccecggetggggcggectggagagecgggagtecgetgggtgegtggggcetyg
cctcgecgegtcectecgecacgggectcectgeccagecagacagecttggcacacaggcacaagygg
ctggagcccagagatgagagtgcccaagggagatgtgagecctggecgggctgeccgetaac
ctgtcgctgaagccccagaagcgggecctcaggceccaggcectacccectgectecggeccag-
catg (Seqg ID No: 276)

Homo sapiens sorbin and SH3 domain containing 2 (SORBS2):
aagcctcttttatacatctcttcagggaagagagaagcaatgggcatgttagtata-
caatgatcacagccacgcaggcctgcaagctgecttttggacaggectgtt-
gactgccgttccaattagctgattggagaatgtggaatgcagagtgataatgctgecata-
tctgctatcaggcagcagcaaaggtttttgtcttgggaaggcaagcttteccectgecaa-
tattatctcagcagctccctagctgcttaccctgaaaacgagggatccaaac—
ggagggtgttgcactctgctaacgctggtcctgtgegtggectgtggecatatgagegg-
caggtctgaaaaagcaggtgtgtgctgggacgggcactggactggaacgcaggcggac—
gctctcgggtttacctgettectgttaacagattgtgggetecccagggecatatgtetg-
cacgctgaggccgaggcggagaaggggcttectgagcgtecccagtacactgacagaga-
cacttggattggacttaatcttaaacctctggagttcaagac-
cttttaaaaagggctaaataaacaatctctacatgtaaaaggccactgactcc-
tacttcctctgtatagagcaactgttgaactcagctgectgtaggaaaactgaa-
gactttaataacaaactctccaaggtgaaaatg (Seq ID No: 277)

Homo sapiens G protein-coupled receptor 65 (GPR65):
gtttctcttcttgacttgatgcaggcacagatttatcaagctcctcag-
tcaacaaacacatcaccggaagaaatatggaaggaaaggaattttaaaaggaaatac-
caatctctgtgcaaacaaagccttgtatattcatgtttgcaccaatctactgtgagat-
ttatgaagaaaaacaaattgcggacaactctctatgtacacttacaaatgcctcagtt-
gatgcttgtgggctgtttgtcagegttctgtga-
taatgaacacatggacttctgtttattaaattcagttgacccctttageccaattgccag-
gagcctggatttttacttccaactgctgatatctgtgtaaaaatt-
gatctacatccaccctttaaaagcattgatgaattaattagaactttagacaacaaa-
gaaaaattgaaaaagaattctcagtaaaagcgaattcgatgttcaaaacaaactacaaa-
gagacaagacttctctgtttactttctaagaactaatataattgctac-
cttaaaaaggaaaaaatg (Seq ID No: 278)

Homo sapiens nipsnap homolog 1 (C. elegans) (NIPSNAP1):
gggccttcctgcaacctttgecggectccaacatg (Seg ID No: 279)

Ho-

mo sapiens inhibitor of kappa light polypeptide gene enhance
r in B-cells, kinase complex-associated protein (IKBKAP):
gcttctttgcagecgecttcagegttttcecectggagggegectecateectt-
ggaggcctagtgccgtcggagagagagecgggagceccgcggacagagacgegtgeg-
caattcggagccgactctgggtgcggactgtgggagctgactctggg-
tagccggctgegegtggectggggaggcgaggccggacgcacctetgttt-
gggggtcctcagagattaatgattcatcaagggatagttgtacttgtctcgtgg-
gaatcacttcatcatg (Seq ID No: 280)
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Homo sapiens COP9 constitutive photomorphogenic homolog subu
nit 3 (Arabidopsis) (COPS3):
ctgccttcgecgetcgggecgecccgggggaaaacatg (Seqg ID No: 281)

Homo sapiens pirin (iron-binding nuclear protein) (PIR):
ccgcectcectctaggeccgecggecgecgaagegcectgagtcacggtgaggctactg-
gacccacactctcttaacctgccctecectgecac-
tcgctcececggeggetettecgegtcacceeccgecgetaaggetecaggtgecgetaceg-
cagcgtgagtacctggggctcctgcaggggtccactagcecctceccatecte—-
tacagctcagcatcagaacactctctttttagactccgatatg (Seqg ID No: 282)

Homo sapiens THO complex 5 (THOCS): ccttccttacttccggttcte-
tatggtgcgcgggcaagctttgctccgecteccggcag-
tggcttactcccggtgecaggttcecttggagetgtgaggaggaacaaccatg

{(Seq ID No: 283)

Homo sapiens RuvB-like 1 (E. coli) (RUVBL1): gggccttt-
gcaaaattgcectagtaacggccgcatggtaactcaggcgccgggcgcac—
tgtcctagctgctggttttccacgectggttttagectcceggegtectgcaaaatg
(Seqg ID No: 284)

Homo sapiens Kruppel-like factor 7 (ubiquitous) (KLF7):
tttcctttttagttgactgaaacaaaacaaaacaaaagggccactg-
gatgtctgccttcttggggggtgagccaga-
cagactgacaaacaaacagccccaactgtgttcgggggagggtttcgectcececegtttt-
gcccggcagcagcagcatg (Seqg ID No: 285)

Homo sapiens USOl vesicle docking protein homolog (yeast)
(USO1l): gctccceccttttgecttcaaccttcgagecgeccacgtaatgccac—
gtccccgegecatgegecatcecttggeecgetgectggeggetgtttecgggecttagagggetg-
gagtggccgccgagttggaggcggtggtggcagcagtaggagtgtgtagagtgegg-
gattgggggccaggccctgcggagggcgggggaagttgtecttetttttttteecg-
gaggggccggtaaacctggtggctgaacggcaagatg (Seq ID No: 286)

Homo sapiens unc-5 homolog C (C. elegans) (UNCSC):
cccceccettttggeccectgectttggagaaagtggagtgtggegettggtt-
gtcgttatttcttcggactgcttcgecggtgcacggattcagettectgeccag-
tggggctttcagectgtttgcgegtctectetgtecceccteccctecceceecggcacac—
ctctgtctacgatg (Seq ID No: 287)

Homo sapiens RNA terminal phosphate cyclase domain 1
(RTCD1) : gcttcttccgetttctegtcaggectecctgecgecccaggcatgaac—
caaggtttctgaactactgggcgggagccaacgtctcttectttctceccgetectggeg-
gaggctttgtcgctgcgggctgggeccccagggtgtceccccatg (Seq ID No: 288)

Homo sapiens eukaryotic translation initiation factor 3, sub
unit A (EIF3A):
ggctccttecttteecgtectcectggeccggetgggegecgggcgactgectggecgaggegegtagg
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gaccttacgctggttcceccttegtctectectececggecegggecactagagagttegetg
acgccgggtgagctgagectgccgeccaagatg (Seq ID No: 289)

Ho-

mo sapiens eukaryotic translation initiation factor 3, subun
it D (EIF3D): gtttcctcttttcctggtttctcaagagtgctgctgctaac-
gcggtccceccggcacgcecaccatctgttgecatcececggecggeccgaggecattgecagat-
tttggaagatg (Seqg ID No: 290)

Ho-
mo sapiens eukaryotic translation initiation factor 3, subun
it F (EIF3F): ccgcctccttctttctcgacaagatg (Seq ID No: 291)

Ho-

mo sapiens eukaryotic translation initiation factor 3, subun
it G (EIF3G): cgctctctggccgggecttgggectgecgtggagaatactttttg-
cgatg (Seq ID No: 292)

Ho-

mo sapiens eukaryotic translation initiation factor 3, subun
it H (EIF3H): gtttctctttcttcctgtctgcttggaaagatg

(Seq ID No: 293)

Ho-

mo sapiens eukaryotic translation initiation factor 3, subun
it I (EIF3I): aaaccttttccggtcttactcacgttgcggecttectcecgegteca-
cagccgggatg (Seq ID No: 294)

Ho-

mo sapiens eukaryotic translation initiation factor 3, subun
it J (EIF3J): ctccctctcacacacgctcacacccggctcgagatg

(Seq ID No: 295)

Homo sapiens poly(A) binding protein, cytoplasmic 4 (induc-
ible form) (PABPC4):
ccgcctctectcececgecccgggtegetgeccgectececgecgetttecgggettecgecagectgag
gaaaaaaagagaaaaagataaaaaaaatctgaaaacgcttcaaaatcctgaaaaaaaaaa
aggaaaagaaaaaacgaatcctcggagaacccgcggggaagtcactttegtacgettecg
gcctgeccccgegcecccgceccgecgcagegcettggegtecgteggtectecgtecegteggtecg
ggggtgagccgcecccgcecccggceccgeecgtgecctececccecgcectecgggecccgagccccygeyg
ccccgegectgeccecggegecaccacgtgtecgtgetgeccttegeecgeccgeccgggygcet
cgccgagtcggcgcccacaaagatttggtttcecctctgecccecggecggttgtaatcttaaa
ccgccggagceccgaggectatatttatagagaaacgecgtgtccccgaggececgecgtggge
agcgtccggtcgectcttaaaggatttttaceccttcggaaggggattcececegtttaattt
ttttcecctactttgattttttgaaatttggagecttcgcaccaggaccgcggagaagtgcaa
agtcgcggggagggccgtattgtgcggagagecttttgtectgeggtgectgeggeecgtggg
agccggcccccgcecteccegttteegtecececgtecteccaageccgecgactceccagetegtect
cgccgcecgecggtgecacctgtgageccgecggegegggeccgggcecteccgaaggegececttt
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gtcctgcggecgggcecccgataagaagtcecctecctggeggggetcggggtggtggggggcecggyg
gagatg (Seq ID No: 296)

Homo sapiens receptor-interacting serine-threonine kinase 2
(RIPK2): agctctttcgcggcgctacggcgttggcaccagtctctagaaaa-
gaagtcagctctggttcggagaagcagcggctggegtgggeccateccggg-
gaatgggcgccctcgtgacctagtgttgecggggcaaaaagggtett-
gccggcectcecgcectegtgcaggggegtatcectgggecgectgagegeggegtgggagecttgg-
gagccgccgcagcagggggcacacccggaaccggectgagegececgggaccatg

(Seq ID No: 297)

Homo sapiens neuropilin 1 (NRP1l): ctttcttttctccaagac-
gggctgaggattgtacagctctaggcggagttggggctcttcggatcgecttagat-
tctcctectttgectgcatttecceccacgtectegtteteececgegtetgectgeg-
gacccggagaagggagaatg (Seq ID No: 298)

Homo sapiens guanine monphosphate synthetase (GMPS):
tggtcttctctccecgeggegectggggeccgegeteecgetgetgtt-
gctccattcggegettttcectggeggetggectectetecgetgecggetgetectecgac-
caggcctccttctcaacctcageccgecggegecgacecttecgg-
caccctcccegeccegtcectegtactgtegecgtcaccgeecgeggetecggecctggece—
cgatg (Seq ID No: 299)

Homo sapiens far upstream element (FUSE) binding protein 1
(FUBP1): ttttctttctttcttagctgttagctgagaggaagtctctgaacaggcgg-
cagcggctcttatagtgcaaccatg (Seq ID No: 300)

Ho-

mo sapiens eukaryotic translation initiation factor 2B, subu
nit 5 epsilon, 82kDa (EIF2B5): gatccttttt-
gtcccecctactgcgtgeggtggecagettecttgeggaagtggtgaccgtgagagaagaa-
gatg (Seq ID No: 301)

Ho-

mo sapiens eukaryotic translation initiation factor 2, subun
it 2 beta, 38kDa (EIF2S2): gtttcctttcgctgatgcaagagcctag-
tgcggtggtgggagaggtatcggcagggg-
cagcgctgccgecggggectggggctgaccecgtectgacttceecgtececgtgeccgageccac
tcgagccgcagccatg (Seq ID No: 302)

Ho-

mo sapiens adaptor-related protein complex 1, sigma 2 subuni
t (AP1S2): cctcccctctceccgectaa-
gcctgccectatgceccagecgggtgtecteccccacagcaccacggettcectettectcag-
cacggcgacaggggcttccecccttecgeecgecgecgecgecgeccggecaa—
gctccgeccgecgeccgcecggeccgeggecgecatg (Seq ID No: 303)

Homo sapiens suppression of tumorigenicity 13 (co-
lon carcinoma) (Hsp70 interacting protein) (ST13):
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cgccccecttectgecgecggtcacgeccgageccagegectgggectggaaccgggecgtagecce
ccccagtttcgeccaccacctecctaccatg (Seq ID No: 304)

Homo sapiens solute carrier family 7 (cati-

onic amino acid transporter, y+ system), member 7 (SLCT7A7):
ctccetttettaaatgecttggggtgagagagaagagaggctagggtggggcatggag-
gacacagagagagagagtgctgtgtattccttcceccge-
tactgtcctgtcctcagctaacttgetctgggacagettcecccagggctacagatactg-
cactcagctgactgtcctttcttctgggeccecctggteccagagcagagctgacaaagga-
gattcctgagagagcaccttcttatcacagaaagtgctgagccaa-
gagctcctagctgcecccttttgecagatgtgaagggeccagtgaacctt-
ggacccagatggttgcttaatactccttteccectecctecactecttecttt-
gcgggctgcctcacctectceccacceccttcecttgettaaatceccataggecattt-
gtctggccttcecttttactgectggectgggaaggaggagcatcagaccacagatcecctg-
gaaggcacttctctccctgactgectgctcacactgccgtgagaacctgecttatatcecag-
gaccaaggaggcaatgccaggaagctggtgaagggtttcctctcctceccaccatg

(Seq ID No: 305)

Homo sapiens paired box 2 (PAX2):
ctcccecttttctectcaagtectgaagttgagtttgagaggcgacac-
ggcggcggcggcecgegetgcteccecgetectectgectececccatg (Seq ID No: 306)

Ho-

mo sapiens 5-aminoimidazole-4-carboxamide ribonucleotide for
myltransferase/IMP cyclohydrolase (ATIC): agccctcctacctgceg-
cacgtggtgccgccgcectgcectgecteccgectcgecctgaacccagtgectgecagecatg
(Seq ID No: 307)

Ho-

mo sapiens ATP synthase, H+ transporting, mitochondrial F1 c
omplex, alpha subunit 1, cardiac muscle (ATP5A1l): ccttcttt-
gcggctcggcecattttgtcececcagtcagteccggaggectgeggectgcagaagtac—
cgcctgcggagtaactgcaaagatg (Seq ID No: 308)

Homo sapiens cyclin Gl (CCNG1):
cggcccectteggectecgagectgaccctgatcagggecgagtt-
gtctcggcggcgctgecgaggecctccacccaggacag-
tccecectcececcgggectetcetectettgectacgagtecectetecteg-

taggcctctceggatctgatatcecgtggggtgaggtgagcaggececcggggagggtggttac—-
cgctgaggagctgcagtctctgtcaagatg (Seq ID No: 309)

Homo sapiens cadherin 16, KSP-cadherin (CDH16):
agctctcttcttgecttggcagectggaccaagggageccagtecttgggegetg-
gagggcctgtcctgaccatg (Seq ID No: 310)

Homo sapiens cyclin-dependent kinase inhibitor 1B

(p27, Kipl) (CDKN1B):
ttttcttcttecgtcagectecctteccaccgecatattgggeccactaaaaaaagggggetce
gtcttttcggggtgtttttctcceeccteeccctgtcececgettgectcacggetectgegact
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ccgacgccggcaaggtttggagagcggectgggttcgecgggaccecgecgggettgecaccegce
ccagactcggacgggctttgccaccctctecgettgectggteccectetectceteecgecce
tccegctecgecagtcecatttgatcagecggagactecggeggecgggecggggcetteeccge
agcccctgegegetcecctagagectcecgggecgtggetegteggggtetgtgtettttggete
cgagggcagtcgctgggcttccgagaggggttcgggectgecgtaggggegetttgttttgt
tcggttttgtttttttgagagtgcgagagaggcggtcgtgcagacccgggagaaagatyg
(Seq ID No: 311)

Homo sapiens chimerin (chimaerin) 2 (CHNZ2):
tctectettettectttgtgtgtgegecgageggagttggggcggagggagaagggg-
gaggtcgctctgtctgteccgtcteeccgecgectectgececeggte-
tactcgaagtgcggcgggagaggcgggagcccaggagagggtgcgg-
gagctggcggggcggctcggagctgccaggacgecctggtcccagecgegcacaggg-
gagcgtggacggcagaggggctcggcgggagecgar-
gatccgccecgtcecccggetgecccecteggectecctetgeteccac-
ctaccccctgacacccatagaaaagcgtgcaaaggecgcggagcgggacggaaac—
cacaaataaatagcggcggcggcagcgcgtcatctggtggagcaggaagtg-
caggcagagtccggaggctggtgctttctgegegtccccaggacttt-
gccatgggctgggggccgcggaggctgecgagcggecgggegaggg-
cagcggcggcggcgtceccgcaccggggctgagcgagcagcgacgcgaggggcgegegga-
gatg (Seqg ID No: 312)

Homo sapiens citrate synthase (CS): gggcctccttgag-
gaccccgggcectgggecgecgecgecggttegte-
tactctttccttcageccgectectttcaacctt-
gtcaacccgteggegeggectctggtgcagecggecggeggectectgttectgecg-
cagctctctccctttcecttacctcececccaccagateccecgga-
gatcgcccgecatggcetttacttactgeggeccgeccggetecttgggaac—
caaggcacccagtggcaagtactagctgagcatttgggagatgcttgtcttactt-
ggctgttgcttctcecctgectgectggggaaaaggaatgcatcttgtettgttett-
gcagcccggcatgccagtgcttectceccacgaatttgaaagacatattggctgacctga-
tacctaaggagcaggccagaattaagactttcaggcagcaacatggcaagac-
ggtggtgggccaaatcactgtggacatg (Seq ID No: 313)

Homo sapiens cathepsin S (CTSS): atttcttttcaagtcaatt-
gaactgaaatctccttgttgctttgaaatcttagaagagagcccac—
taattcaaggactcttactgtgggagcaactgctggttctatcacaatg
(Seq ID No: 314)

Homo sapiens deoxynucleotidyltransferase, terminal (DNTT):
cagtctccectceccecttctggagacaccaccagatgggeccagccagaggecagecag-
cagcctcttcccatg (Seq ID No: 315)

Homo sapiens dual specificity phosphatase 3 (DUSP3):
cgctctecegectegettgetectgecgggegtgcagggeccecgecgecgecatg
(Seq ID No: 316)

Homo sapiens coagulation factor II (throm-
bin) receptor-like 2 (F2RL2):
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catcctttccctgcggaggaccagggcaagtttecctgectgcacggcacaggagagcaaa
cttctacagacagaccaaggcttccatttgctgctgacacatggaactgaggtgaaattg
tgctccatgattttacagatttcataacgtttaagagacgggactcaggtcatcaaaatg
(Seq ID No: 317)

Ho-
mo sapiens Fc fragment of IgG, receptor, transporter, alpha
(FCGRT) : cgtcctctcagcatg (Seq ID No: 318)

‘Ho-

mo sapiens guanylate binding protein 2, interferon-inducible
(GBP2): ttacctctttttcttgtctctcgtcaggtctctgacattgacagagecctg-
gacgttggaggaagccccaggacgttggaggggtaaagtaaaagtccacagttac-
cgtgagagaaaaaagagggagaaagcagtgcagccaaactcggaagaaaagagaggag-
gaaaaggactcgactttcacattggaacaaccttctttccag-
tgctaaaggatctctgatctggggaacaacaccctggacatg (Seq ID No: 319)

Homo sapiens G protein pathway suppressor 1 (GPS1):
cgctctttctcecttcagcageccagecagetectgtgtcagggtecggggggtg-
cagaaagtcaggacagaatg (Seq ID No: 320)

Ho-

mo sapiens general transcription factor IIF, polypeptide 2,
30kDa (GTF2F2): gttcctcttttcctcggttcccagtgttcectgg-
caggtaaggaacgccggctcttcgectctcagecgeggettgtectttgttecggac-
gcccgctcectcageecctgeggctectggggtecgetgetgecatcecececgecacgectecac—
cggctgcagacccatg (Seq ID No: 321)

Homo sapiens glycogenin 1 (GYG1):
cgctccectecececggtgeccggettetectgagtcaccaac—
ctgaggctgcceccggecgectgegcacccggcagcaccatg (Seq ID No: 322)

Homo sapiens heat shock 70kDa protein 9 (mortalin) (HSPA9):
agctctttgccgtcggagegettgtttgetgectegtactectccatttatececgecatg
(Seq ID No: 323)

Homo sapiens iron-responsive element binding protein 2
(IREBZ): cttccttctttectcccttgecag-
tccgectgtcettecteccegtetteecctgeccggectececececttecttecececcgetggece
ccteccecggagggataatatggtcteccggegatg (Seq ID No: 324)

Homo sapiens origin recognition complex, subunit 1 (ORC1):
ccaccttcecttttcatttctagtgagacacacgectttggtectggecttteggececgtag-
ttgtagaaggagccctgcetggtgcaggttagaggtgecgcatccecececg-
gagctctcgaagtggaggcggtaggaaacggagggcttgecggctageccggaggaa—
gctttggagccggaagccatg (Seqg ID No: 325)
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Homo sapiens RAB1A, member RAS oncogene family (RABI1A):
cattcctttctttcgattaccecgtggegeggagagtcagggecggecggectgecggcagcaag
ggcggcggtggcggcggecggecagctgcagtgacatg (Seq ID No: 326)

Homo sapiens cytohesin 2 (CYTH2): gagtcttttcagcgctgag-
gactggcgctgaggaggcggcggtggctcecceggggegttt-
gagcgggctcacccgagcceccgcgggccaacgcggatccaggeccgactggecgggac-
cgccccggattccececgegggecttectagecgecatg (Seq ID No: 327)

Ho-

mo sapiens COP9 constitutive photomorphogenic homolog subuni
t 2 (Arabidopsis) (COPS2): atttctcctccccctecccggeccaagatg

(Seq ID No: 328)

Homo sapiens solute carrier family 9 (so-

dium/hydrogen exchanger), member 3 regulator 1 (SLCY9A3R1):
ggtcctctctcggcectcecctecgeggetecgeggeggeccgacggttectgggacacctgett-
gcttggccegtcecggeggctcagggettcectectgetgegeteccecggttegetggacgg-
gaagaagggctgggccgtcecgteceegtceccececateg-
gaaccccaagtcgcgccgectgacccgtcecgcagggcgagatg (Seq ID No: 329)

Homo sapiens peptidase (mitochondrial processing) beta
(PMPCB) : ctaccttccttctagcagaaatg (Seq ID No: 330)

Homo sapiens RAB3D, member RAS oncogene family (RAB3D):
cggcccttecteccgecttcectgggeggageccgegecgggatececgggtggetg-
caggctgctggcttctgcecggectgecggggtcggggtcgecggccagggccaagccg-
cagcgagttcacaggcggaacccctgcaggcggcgeccecctacgecgaggtcaccectgg-
gaaggagcgcagcccacccggeccctcecgecatccgagcaggac—
gcccgtcectectcectecectgaggatttcaggtcteecctgteccaggaggettgtgeccaa-
gatg (Seq ID No: 331)

Homo sapiens ATP-binding cassette, sub-family B (MDR/TAP):
tcttctctcggttcecctcetttectegectcaagatg (Seq ID No: 332)

Homo sapiens N-acylsphingosine amidohydrolase (ac-
id ceramidase) 1 (ASAHl): ggctcttctttgcctctgctggagtccggggag-
tggcgttggctgctagagcgatg (Seq ID No: 333)

Homo sapiens cytochrome c oxidase subunit VIc (COX6C):
ttttcctttagtcaggaaggacgttggtgttgaggttagcatacgtatcaaggacag-
taactaccatg (Seqg ID No: 334)

Ho-

mo sapiens COX15 homolog, cytochrome c oxidase assembly prot
ein (yeast) (COX15): gcttctcttttccttggcggaggagggagac—
cacagagccctgggttgtggaagaggtggctgttcecctgtcatcagtatg

(Seq ID No: 335)
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Homo sapiens c-src tyrosine kinase (CSK):
cccectteccccgectttettecctecgegaccegggecgtgegtecgteceectgecte
tgcctggcecggtccecctcectecectectecttgecacccatacctetttgtaceg-
caccccctggggacccctgegecccteccectceceeccecectgacecgcatggaccgteceg-
caggccgctgatgccgcccgeggecgaggtggececcggaccgcagtgecccaaga—
gagctctaatggtaccaagtgacaggttggctttactgtgactcggggac-
gccagagctcctgagaagatg (Seq ID No: 336)

Homo sapiens versican (VCAN): gagcctttctggggaa-
gaactccaggcgtgcggacgcaacagccgagaacattaggtgttgtggacaggagectgg-
gaccaagatcttcggccagecccgecatccteccecgecatcetteccagcaccgtceeceg-
caccctceccgecatcectteccegggecaccacgcttectatgtgaccecgecctgggcaac-
gccgaacccagtcgcecgcagegectgcagtgaattttecceccccaaactgcaataa-
gccgceccttccaaggccaagatg (Seqg ID No: 337)

Homo sapiens dystroglycan 1 (dystro-

phin-associated glycoprotein 1) (DAGl): gcgcctcttaggctt-
ggcggtggcggcggcggcagcettecgegecgaatcececcggg-
gagcggcggtggcggcgtcctggggccaggaggagcgaacac—
ctgccgeggtectcececgecggegetgggetetgtgtgecteccgggatggagecaggtgtg-
cagagggtgagaacccagctctgggaccaagtcacttgctteccttacttagcaagac-
tatcgacttgagcaaacttggacctgggatg (Seq ID No: 338)

Homo sapiens DEAD (Asp-Glu-Ala-Asp) box helicase 5 (DDX5):
cccectcettttggttacagacgtgagggectctttggagacgtaaacatctccgag-
tggcgagggtgggcggggctgggcttgggaaagggcggggtggettgettgaggtgtg-
gaaagaccagaagaaggtgaggtcaagagagtg-
cagaatgaggcattccaatggtgggtgggccctgacctgagagagtggecgecggg-
gaggggtgaaagcgcggcgatcctggaacgccagegggegttgeggec-
tatgcgcgaggggcggggcgattaggtcatagagecggctecceccagegttecctgeggeg-
taggaggcggtccagactataaaagcggctgeccggaaagcggccggceac—
ctcattcatttctaccggtctctagtagtg-
cagcttcggctggtgtcatcggtgtecttectceccgetgecgecececcg-
caaggcttcgccgtcatcgaggccatttccagecgacttgtcgcacgettttctata—~
tacttcgttcceccgccaaccgcaaccattgacgecatg (Seq ID No: 339)

Homo sapiens desmoplakin (DSP): gctcctctgcgeccctt-
gccgccctccgagceccacagcetttecteccgetectgecececggeccgtcgecgtcetecge
gctcgcagcecggcectcgggagggecccaggtagcgagcagecgacctecgegagecttecg-
cactcccgeccggttceccececcggecgtecgectatectt-
ggcccccteccgetttcectecgegecggececgectegettatgectecggegetgagecgete
tcccgattgeccgecgacatg (Seq ID No: 340)

Homo sapiens glutamyl-prolyl-tRNA synthetase (EPRS):
cttcctttegeggggtectecgtagttctggcacgagecaggegtactgacaggtggac-
cagcggactggtggagatg (Seq ID No: 341)

Homo sapiens acyl-CoA synthetase long-chain family member 4
(ACSL4) :
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gctcctcectcegtecccagegectagecgggcacgeggttectttttgegagettteccgagtge
caggcgccggccggctgecgaagacgecggtgggceccgecccteccgattgaaatcacagaaga
tattcgtgttcttcttaagagaaaaagaggacattttagctttctcagttgaaggcgtac
tttattgtcggcttccaaagattactaacttttatctgtatcactaagattgaactgect
tggctgtactgctattcttactgctgcttctattattgecttecttcagcacaataagget
ttcaaaagccaaagaataacaagaaataagcaccattttagaagcctttccactatg
(Seqg ID No: 342)

Homo sapiens fibroblast activation protein, alpha (FAP):
tggtccttttcaacggttttcacagatccagtgacccacgctctgaagacagaatt-
agctaactttcaaaaacatctggaaaaatg (Seq ID No: 343)

Ho-

mo sapiens UDP-N-acetyl-alpha-D-galactosamine:polypeptide N-
acetylgalactosaminyltransferase 3 (GalNAc-T3) (GALNT3):
ctgcctcteccaggcaacgcgggaggcccagcgggaaggcaggaggcggcggcggaggag-
gagctctactgagccgcaactgtggcgacagcaaccggagtcgcageccgecgccacctg-
cacctggcgcctagcecccac-
gtccagcgectgeccggecgecgettcececegecaccectgecctgeccaccecgeccaggtact
accattaaagataccttcttctcagcaaatctatgataaaaaatataagtaacagaa-
gaagaaataactgttatttgtcaagtgacaagcttttaatgtcagaatg

(Seq ID No: 344)

Homo sapiens glypican 3 (GPC3): acgtctcttgctcctcagggccac-
tgccaggcttgecgagtcecctgggactgectctecgectcececggetgecac—
tctececgegetcectectagetececctgecgaagcaggatg (Seq ID No: 345)

Homo sapiens interleukin enhancer binding factor 2, 45kDa
(ILF2): acgcctcttcagttgtctgctactcagaggaaggggcggtt-
ggtgcggcctccattgttegtgttttaaggegecatg (Seq ID No: 346)

Homo sapiens nucleosome assembly protein 1-like 1 (NAPIL1):
gggtcttttttagcgccatctgetcgeggegecgectectgetectececgetgetgetge
cgctgccgecctgagtcactgecctgecgecagcectececggecgectggetecccatactag-
tcgccgatatttggagttcttacaacatg (Seq ID No: 347)

Homo sapiens asparaginyl-tRNA synthetase (NARS):
cgctctctgatgcaacgccggaatcgcggaaaccgccggtgcacgttggagtcataa-—-
gacggcgtcggtgttgcagtctgtgtecttggaggtgaccagggccactgcaggcatg
(Seq ID No: 348)

Homo sapiens NADH dehydrogenase (ubiqui-
none) 1 alpha subcomplex, 10, 42kDa (NDUFAlOQ): cgtcccctt-
gggtccttgatcctgagctgaccgggtageccatg (Seq ID No: 349)

Homo sapiens NADH dehydrogenase (ubiqui-

none) Fe-S protein 2, 49kDa (NADH-coenzyme Q reductase)
(NDUFS2): ttctccttcccgcagtctgcageccggagtaagatg

(Seq ID No: 350)
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Homo sapiens NADH dehydrogenase (ubiqui-

none) Fe-S protein 5, 15kDa (NADH-coenzyme Q reductase)
(NDUFS5) : catcctttacggcaggcgteccgegtegetagetagtegttectgaa—-
gcggcggccagagaagagtcaagggcacgagcatcgggtagecatg

(Seq ID No: 351)

Homo sapiens phosphoenolpyruvate carboxykinase 2 (mitochon-
drial) (PCK2): ccctcctttttaa-
gcgcctcececcgcecagectcectgetgtggetcecgettecgecgegetecectectteccegectte
catacctccccggcectcecgeteggttectggeccacccecgecagececctgeccaggtgecatg
(Seq ID No: 352)

Homo sapiens serpin peptidase inhibitor, clade B (ovalbu-
min), member 6 (SERPINB6): ctcccttcgcgctccggacgggcgacgg—
tagctcgagacccgggactceccgeccgecteccecgecgagtattt-
gaggtccggggcecggctccggegectctgeccgecgttetgetegetegeteecegetetg
gagtctgccatcatg (Seqg ID No: 353)

Homo sapiens Rab geranylgeranyltransferase, alpha subunit
(RABGGTA) : ttctctcctcagacttcaagggctaccactggacccttececctgtett-
gaaccctgagccggcaccatg (Seq ID No: 354)

Homo sapiens Rab geranylgeranyltransferase, beta subunit
(RABGGTB) : ctctctcctttccecctgttagacatg (Seqg ID No: 355)

Homo sapiens small nuclear ribonucleoprotein polypeptide A
(SNRPA) : agttctctccgcacgcgggctggagaagcgggtecctacgecacgetttgtt-
gtcgcgctttgectecgtecttgeccectactecececgecttacctgacttectttteggag-
gaagatccttgagcagccgacgttgggacaaaggatttgga-
gaaacccagggctaaagtcacgtttttcctectttaagacttacctcaacacttcacte-
catg (Seq ID No: 356)

Ho-

mo sapiens sterol regulatory element binding transcription f
actor 2 (SREBF2): cgccctttctgtgcggecgecccgggecgcaac—
gcaaacatggcggcgggtggcacccgtecggtgaggeggtgccgggegggggtt-
gtcgggtgtcatgggcggtggcgacggcaccgecccececgegtecteccctgagegggacgg-
cagggggggcttctgcgctgagccgggegatg (Seq ID No: 357)

Homo sapiens translin (TSN): ctgccctttggac-
gcgcgcectcecggtteccgaacgcagcggacggcgcecctcaggcagecgecggceg-
gacagcccgtcecctceggegegecgegagectecggaggaccectagecgacggtegtggeg-
taagaccggggggacgcggcggtagcggecggecgttgegattgattgegetggtt-
gcctgcggcgtceccacttecttggecgeccttgetacactggectgattgttgtg-
cagccggcgccatg (Seq ID No: 358)

Homo sapiens Fanconi anemia, complementation group G
(FANCG) :
ccaccctttcectcgaggctgtggecteccgecgagagececgagecgggcecgcaccgecggecgtyg
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cgactgccccagtcagacacgacccecggcettctageccegectaagectgtttggggttge
tgactcgtttcctcecceccgagtttceccgecgggaactaactcttcaagaggaccaaccgeag
cccagagcttcecgcagacccggccaaccagaggcgaggttgagageccecggecgggecgcggg
gagagagcgtcccatctgtcctggaaagcectgggcgggtggattgggaccccgagagaag
caggggagctcggecggggtgcagaagtgcccaggccecteccegetggggttgggagett
gggcaggccagcttcacccttectaagtececgettetggtecteccgggeccagectecggeca
ccatg (Seqg ID No: 359)

Homo sapiens DEAD (Asp-Glu-Ala-Asp) box polypeptide 39B
(DDX39B) : ttccctccttegtcgetgtt-
gctgccgccatacgcgctctcececctgtttagetettectgttagaaatagtatcttt-
gttttcctttgctgttectcaatceccctactcttcaccecttgttttcacctatttt-
gcgagaacccatccagatccceccecctteccttcettecectgecggeccagttatyg

(Seq ID No: 360)

Homo sapiens RAB11A, member RAS oncogene family (RAB11A):
ccgccctttegectectecggecgegecaatg (Seq ID No: 361)

Homo sapiens SPARC-like 1 (hevin) (SPARCLI1):
agctctttceccecttttggtttgcaagcactgcecctgtaaagecctecgcatga-
gaggccagcctgctagggaaatccaggaatctgcaacaaaaacgatgacagtctgaaa-
tactctctggtgccaacctccaaattctegtcectgtcacttcagaccecccactagtt-
gacagagcagcagaatttcaactccagtagacttgaatatgcctctgggcaaagaa-
gcagagctaacgaggaaagggatttaaagagtttttcttgggtgttt-
gtcaaacttttattccctgtctgtgtgcagaggggattcaacttcaatttttectgcag-
tggctctgggtccageccecttacttaaagatctggaaagcatg (Seq ID No: 362)

Homo sapiens cyclin B2 (CCNB2): ctcccttttcag-
tccgcegtecctecctgggecgggetggecactettgecttecececegteectecatg
(Seq ID No: 363)

Ho-

mo sapiens cytochrome c oxidase subunit VIIa polypeptide 2 1
ike (COX7A2L): ggtccttctctggggcggtcgecgttggcagcggatgecgggaage-
cggactctgggcgtcatg (Seq ID No: 364)

Homo sapiens lysophosphatidic acid receptor 2 (LPAR2):
cgccectectcagcaacccgcacagggcgcaccecggacgctcectacecgetecegecgecag-
tcgeccgggecatgggectcgageccgeecccgaaccccececgecgagecegectt-
gtctgcggcgtgactggaggcccagatg (Seqg ID No: 365)

Homo sapiens adaptor-related protein complex 4, mu 1 subunit
(AP4M1) : cgttcttttgttccggggeccgcagggcgggg-
caggcccgactttcgecgtcettettgtcectactectccagaacggecatyg

(Seqg ID No: 366)

Homo sapiens budding uninhibited by benzimidazoles 3 homolog
(yeast) (BUB3):
cttcctctecgectcecttegectagectgegagtgttectgagggaagcaaggaggecggceg
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gcggccgcagcgagtggcgagtagtggaaacgttgettcectgaggggageccaagatg
(Seq ID No: 367)

Homo sapiens DEAD (Asp-Glu-Ala-Asp) box helicase 21 (DDX21):
ctacctcttcctctccacgeggttgagaagaccggtcecggecctgggcaacctgegectgaa—
gatg (Seqg ID No: 368)

Homo sapiens solute carrier family 33 (ace-

tyl-CoA transporter), member 1 (SLC33Al): tgctctctgccgcatt-
gatagcagcgagagctggaggtgttgggtcgggagaccagcecgttcecgatcccgecg-
caggtaggagctggtttccatcctggcaccacggcacacac—
ctccagecctcgagccecggcecgetgectgeccgggggtectecttcaggectetttgac-
gccgttccagggggecacctatccaggcatcecctectgggecctcectageccagag-
gactggctcccggcttcagcacteccgggctgcagtaa-
gaagtgcccttatcgctctgagecctgceccaccatceecgtgaaccac—
cgaaaccctggtccagcgcgacagccttggacctgggactggacggatccaaaac—
gctcagcctcggeccecccecccacagacggggcectcectgecategtectcectgatatg

(Seq ID No: 369)

Homo sapiens G protein-coupled receptor 37 like 1 (GPR37L1):
tgctcttcecctgggectggectgtectectgectcatccagecatg (Seq ID No: 370)

Homo sapiens neuronal regeneration related protein homolog
(rat) (NREP): ctgtctttctagcatgttgccctttttcaaccacattt-
gtgtttcaggtgtagagaggagagagagtgaacagggagcggggcttttgtctgtt-
ggtctccctggactgaagagagggagaatagaagcccaagactaagattctcaaaatg
(Seqg ID No: 371)

Homo sapiens vesicle-associated membrane protein 3 (cellu-
brevin) (VAMP3): gcttctctgctgaccctctctecgtecgecgetgecgecgecg-
cagctgccaaaatg (Seq ID No: 372)

Homo sapiens synaptosomal-associated protein, 29kDa
(SNAP29) : cctccttctgtttcecccagaccgagagecgegecggcecaccatg
(Seq ID No: 373)

Homo sapiens lon peptidase 1, mitochondrial (LONP1):
ccecectcettcectecgegtaggeccagetececctgaageggetgtttcgagecac—-
gcgcccatcgggtaccgaggcacgecgeccgggegtcacgtgegtttegeggegageg-
gaaatgacgcgagttgtgtgagccgccagtatggecgggctatg

(Seq ID No: 374)

Homo sapiens kinesin family member 3B (KIF3B):
ctgtctcteccccatcecggggecageggg-
gaatggctgagccaggggttcgeccgeccececgececgecgecgeccgecgeccgeccgecgecgee
gccgeccgettteggetcecgggectcaggaccgtagecatecctgagacattttgaatt-
gacacttctcaagatttgactggatcagagttcatcatg (Seqg ID No: 375)
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Homo sapiens transmembrane 9 superfamily member 2 (TMOSF2):
cttcctttatctctggecggecttgtagtegtcteccgagacteecccaccectectteccte
ttgaccccectaggtttgattgceccttteccececgaaacaactatcatg

(Seq ID No: 376)

Homo sapiens cytosolic iron-sulfur protein assembly 1
(CIAOl) : gagcctctgtcggceccgeggaagectggagtgggecggtacgcagac—
gcgcgcggtgagacccgctgtctgectcagecggactcectgecececgeccecac
ctccecectgegtcgggecgacatg (Seq ID No: 377)

Homo sapiens GRB2-related adaptor protein 2 (GRAP2):
caccctctttcagagtggtacatggaagacagcacaaagtg-
gatccatactctgaaatgcagtaactctgatgcttgaatttgtctceccttett-
gccagaaaggattctaataactcggtgtcaaagccaaga-
cataaactcaaccccttctcttccaaaagettcacgttacageatg

(Seq ID No: 378)

Homo sapiens leupaxin (LPXN): gtacctttctcggggtgtctgecg-
taactgcccagacttgecttggtttggtcagatgacacctectctgg-
gactggctagccagcgttcatg (Seq ID No: 379)

Homo sapiens SH3-domain binding protein 5 (BTK-associated)
(SH3BPS5): tttcctctgctceccgecgeggecggaggtatcececg-
catcggcgagctgcgtctccecgggtgtcggeccceggeggetecccgac—
cgtgcccggctgtggcgaggcggectccageccagectgtgg-
cagccgcgaccccecggggegcteccggageccactgegecggegecgegtgecggetgectg-
catg (Seq ID No: 380)

Ho-

mo sapiens phosphatidylinositol glycan anchor biosynthesis,
class B (PIGB): ctttcttccgccttaggaaggtggcggccagggatg

(Seqg ID No: 381)

Homo sapiens lipopolysaccharide-induced TNF factor (LITAF):
cggcccttttctecggggecgccecgagaggeccagectcagacctcececcggctcgacaggeggeg
cgggcggcggtgagtgcggecgcggggacgccggggcgcggggaccagegggagacagegg
ggggccggtggcgccagcacctgetgggggeccecgggcactgageccttggectggggect
cctgggatgccagggggcgegggtegggtegegggecatcgaggegeggeggagggcgtgg
gggcccggecggggcecggggtccggectceccagegectggteeccggecgegtetceggttgg
gttcagctcctgcgtcccagagtggecccgatcgegegtggcggggtcecgtecggeccecac
ccgaacgagcgcccttcgeggeccgeccgegtcececectececccggagaggacggecectggg
ctttttagaaaaaggcgcgattctctctagtgactcaggttgagatttccagaaatatcce
cccgggggttcagaaacaaaaccaaaacaaacaaaaaaaccccaacgaattcccaaatgce
tatttgccaaacatttgacttctaggggcgcgggtacccgegtttcectectececctgecececg
cgacttcgcgcaagatccgggaaggacacccgaggececcecctgggagaccctggggaggtga
aaatcagagagcgaagcgggccgtggcceccctaggectgacccecctcecececcgeggggtaagge
gggcaccccgcecgagcgcaggggtcctcttactgectgatggcacccagectctgggeccaga
cgccgctcaccgtccaccgeccggtgectgggtaaaatg (Seq ID No: 382)
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Homo sapiens etoposide induced 2.4 mRNA (EI24):
ccacccctteggectctgggecececgectegtggtgecggetggttettegegetcgeccga
cttcccageggeccecgtgecggeccgggcatgeccagtgecgggcg-
cagcggccccggccctggaagecgecccggecggagectggecctgecggtgggetagggg-
cagggccggagceccgecggeggcggagectgtggatecttcatgatgagagatttggg-
gacacttctctctcctgtgtgtagttgatagtttggtggtgaagagatg

(Seq ID No: 383)

Homo sapiens chromosome 14 open reading frame 2 (Cl4orf2):
tgacctttccgagttggctgcagattt-
gtggtgcgttctgagccgtctgtcctgegecaagatg (Seq ID No: 384)

Homo sapiens peroxiredoxin 6 (PRDX6): attcctccgcgcgectgg-
gacaggctgcttcttcgccagaaccaaccggttgett-
gctgtcccagcggecgecccecctcatcaccgtecgeccatg (Seq ID No: 385)

Homo sapiens solute carrier family 29 (nucleo-

side transporters), member 1 (SLC29A1l):
ctctcttccgcccggcecggeccacac—
cggtcaggcccggcecgcecgggctgegcectcecteccagetgtggetatggecccagecccga-
gatgaggagggagagaactaggggcccgcaggcctgggaatttccgtcecececac—
caagtccggatgctcactccaaagtctcag-
caggcccctgagggagggagctgtcageccagggaaaaccgagaacaccatcaccatg
(Seq ID No: 386)

Homo sapiens heterogeneous nuclear ribonucleoprotein F
(HNRNPF) : cgaccttcctgeccgggecgggeggtccgaggetgetggagtgecgtgag-
caggccgcgggaacgtcgeccgtcacctt-
gtctcggggectcecggegectgcecttceccgeccaaaacacgtttac-
cgcgcgcccgggcectcecccaccttgecggaagggaccccaccaccacttggatttetgtt-
gcaggttgagaacaaaaacatgcacctggagtttccccggageecctectgegtggtt-
gagcttcggtggaatttcggggctcttggctgccageccgegettgectggtag-
caacagaaaccagtcctgctegectececgtggacatttcattac-
catccagaagtgtctcccactgaaggcatccgtggttgtttttaagccacaaaaaa-
gccacacccaagatcacctgacacccaccctgacaagtgtccatg

(Seqg ID No: 387)

Homo sapiens islet cell autoantigen 1, 69kDa (ICAl):
ccgccececttteectegectteggetgacgetgacgtcggatgagtgateccggagggac—
gctccgaccgeggecgggaggctcecctgggggecggggctecgaggttataa-
tataacttatcctctcatgcttttttcctgececececttetececccaaatcatcaacaa-
tagaagaagaagaaaacatg (Seqg ID No: 388)

Homo sapiens PWP2 periodic tryptophan protein homolog
(yeast) (PWP2): gtgtctctgtgggcggccgeccgggttgagctgecggcacacgtg-
cgacggccgtgatg (Seq ID No: 389)

Homo sapiens glutaminyl-tRNA synthetase (QARS): gtttcttttag-
tttccggtgtctctgcaatg (Seqg ID No: 390)
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Homo sapiens stearoyl-CoA desaturase (delta-9-desaturase)
(SCD) : cggcctctgtctcectceccectececcgeccttaccteccacgegggac—
cgcccgcgccagtcaactcectcecgecactttgecectgecttggcagegga-
taaaagggggctgaggaaataccggacacggtcacccgtt-
gccagctctagcectttaaattcececggectecggggaccteccacgecac—
cgcggctagcgccgacaaccagctagecgtgcaaggecgecgeggctcagegegtac-
cggcgggcttcgaaaccgcagtcctcecggecgaccccgaacteccgetecg-
gagcctcagccccecctggaaagtgatcccggcatccgagageccaagatg

(Seq ID No: 391)

Ho-
mo sapiens fragile X mental retardation, autosomal homolog 1
(FXR1) : cggcctttgcggttccaacatg (Seq ID No: 392)

Homo sapiens musculin (MSC): tagccttttcaaaaggcgcagcttac-
cgcggtgcgcgcggattcectggacttgggecgeccaactcgtagtccac—
gctcceccecggggtcagcagaggggecgcectcacgetctecgecacccac-
ctcgctttctcaccecegegetteccggectgggtttttagtecttectt-
ggagcgctctctggcctecgecteccgeccagggagcggaaggcggagacagecga-
gactggccaggggggaggaaagaggacgcgtgtgggcaagggggacaacgggatg
(Seq ID No: 393)

Homo sapiens RNA binding motif protein 8A (RBM8A): cgac-
ctttcccectctgcgacagtttececcgaggtacctagtgtectgagecggcacagacga—
gatctcgatcgaaggcgagatg (Seq ID No: 394)

Homo sapiens heparan sulfate (glucosa-

mine) 3-O-sulfotransferase 1 (HS3ST1l): ggtcctctgcgccctgg-
cagccaggagtcgccgccacgaccgecgggtectcag-
tgggtgcctgcgecttcecteccecgececgectgeccecgggecatccagaaacttgete-
tacccgceccgcecgggtgetcecggecagtgetgeccatggecccagecccaggagcc—
tatttagggcgccggacgggctggacagaggcgcggctcagtaattgaaggcctgaaac—
gcccatgtgccactgactaggaggcttccectgectgecggecac—
ttcatgacccagcggcgecgecggeccagtgaagccaccgtggtgtceccageatg

(Seq ID No: 395)

Homo sapiens solute carrier family 12 (potas-

sium/chloride transporters), member 6 (SLCL2A6): ctgtctctt-
gtaggcagggatcacagtctgaaacgacagcaaggaa-
gaggtaggcagggaaaactaactggaaggaagtttaaatacagaaagag-
caaagtattatctaactataacaatg (Seq ID No: 396)

Homo sapiens apelin receptor (APLNR): cttcctccagggtctgga-
gaacccagaggcagctcctcecctgagtgectgggaaggactctggg—
catcttcagcccttcecttactctctgaggctcaageccagaaattcaggetgettgcagag-
tgggtgacagagccacggagctggtgtccctgggaccctctgeccgtcecttctectecac-
tccccagecatg (Seq ID No: 397)
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Homo sapiens calpain 1, (mu/I) large subunit (CAPN1):
cgctcttcctggttgggecectgecctgagectgeccaccgggaagceccagecctcagggactge
agcgacccccaaacacccctcecccaggatg (Seq ID No: 398)

Homo sapiens cyclin C (CCNC): cttcctttcgccgtcgeccgecgeggageg-
gagtcgagccgagctgatttgatcgaggagecgeggttaccggacgggctgggte-
tatggtcgctccgecgggecgetecgecggetggtgettttttatcagggecaa-
gctgtgttccatg (Seq ID No: 399)

Homo sapiens glutamate dehydrogenase 1 (GLUD1):
cttcctceccecctagtegecggggagtctgagaaagecgegectgtttegecgaccatcacgcac—
ctcccctceccgettgtggecatg (Seq ID No: 400)

Homo sapiens guanine nucleotide binding protein-like 1
(GNL1) : cctccttcecctcecgecgecggggecgecctecteggtgecactggetcectcecac-
gtgccagtagcccaccceccgcatcatectcectegectegetectggagggaagtgacta-
tatctcccececgtecgectteccatecgecgecgeggegg-
taattctgtcgggccecgeccgectgacgtcac—
ctgctagccceccecgectcectectagggteccecgggececctgecggegggggectgecccgggggg-
cagtcagttgaggcggcgggagctcggeggagggecgggccaggtgactggtcececggge-
catg (Seq ID No: 401)

Homo sapiens . lysophosphatidic acid receptor 4 (LPAR4): ag-
gcctttttgtgtectgtttgctaaaggcatgecgggctacagcattcaagagagggag-
tcgttaacaaagggaaagagataaatgtaaataa-
gctcacatttacagaatgagcggtttgcagtaaaaagctgcggcagcccagagtectge—
tactttaggctgggctaacctttcececctg-
taaaaaaaaaaaaaaaaaaaaaaaaaaaaaaatggataaaaatatgcac-
ttccaaagggcgagttgcccatttacatgtttattagctaattatctacaggcatcag-
cacattctctcatctagcacactctttcttggggaggaaaatatttcctaccggtcca-
tagtgtcagagtggtgaacccctgcagccagcaggcctcctgaaaaaaaagtccatg
(Seq ID No: 402)

Homo sapiens G protein-coupled receptor kinase 5 (GRK)S):
gctcctectttgcagagggggaaactcttgggectgagagcaggaataatgegg-
taggcaaggcgggctgctggctcccececcggeteccggcagcagcggecggcageeccgag-
cagcggcagcagcagcggcagcaccccaggcgectgacageecccgecggecggetecegtt-
gctgaccgccgactgtcaatg (Seq ID No: 403)

Homo sapiens glutamic-pyruvate transaminase (ala-

nine aminotransferase) (GPT): agccctttctgtccctcecccag-
tgaggccagctgcggtgaagagggtgctctecttgectggagttcectctgctac-
ggctgcccectecccagceccecctggcecccactaageccagacccagctgtegecattececac—
ttctggtcctgceccacctectgagetgecttececgectggtetgggtagagtcatyg
(Seq ID No: 404)

Homo sapiens hydroxyacyl-CoA dehydrogenase (HADH):
gggtctcctcgctgtcgecgecgetgecacaccatg (Seqg ID No: 405)
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Homo sapiens high density lipoprotein binding protein
(HDLBP) :
tcttectectttaccaagatggecggettgtecectgtttecgecacagttectaccttatgag
ctcggttttcttatgcttataagagtggaacagcaaaagctgg-
caggctgacagaggcggcctcaggacggaccttctggcectactgacecgtttt-
gctgtggttttccecggattgtgtgtaggtgtgagatcaaccatg

(Seg ID No: 4006)

Homo sapiens histidine triad nucleotide binding protein 1
(HINT1): gttcctcccttettecgagectctectetggecgecgegecgggagagagyg-
ccgagatg (Seq ID No: 407)

Homo sapiens heat shock 70kDa protein 1A (HSPAlA): ctac-
ctttttcgagagtgactccecgttgtcecccaaggettecccagagecgaacctgtgeggetg-
caggcaccggcgcgtcgagttteccggegteccggaaggaccgagetcttectegeg-
gatccagtgttccgtttccagceccecccaatctcagagecggagccgacagagag-
cagggaaccggcatg (Seq ID No: 408)

Homo sapiens nucleolin (NCL): cagtctttcgcctcag-
tctcgagctctegectggecttecgggtgtacgtgecteccgggatcttecag-
cacccgcggeccgceccatcecgecgtegettggettettectggactcatectgecgecactt-
gtccgcttcacactcecgecgceccatcatg (Seq ID No: 409)

Homo sapiens nuclear factor, interleukin 3 regulated
(NFIL3): ccgcccctttetttctectecgecggeccgagagcaggaacacgataac—
gaaggaggcccaacttcattcaataaggagcctgacggatttatcccagacgg-
tagaacaaaaggaagaatattgatggattttaaaccagagtttttaaagagcttgagaa-
tacggggaaattaatttgttctcctacacacatagatagggtaaggttgtttctgatg
(Seq ID No: 410)

Homo sapiens protein phosphatase 1, regulatory subunit 3C
(PPP1R3C) : cagtctctcccagcgaccgccgecgggggcaaggectg-
gagctgtggttcgaatttgtg-
caggcagcgggtgctggcttttagggtccgeccgectctctgectaatg

(Seq ID No: 411)

Homo sapiens protein tyrosine phosphatase, non-receptor type
14 (PTPN14):

agttctttccaactttttctcggecggagtgagecgcagecgggecgcagactecgggggcaggt
tgctgtgcttctececgggetcagecgectgetctectggetcaggtectecggggageccta
gacagacatcaagtggccactggcgctccttceccecctececcagetgagecatecteccecgge
ctcctecgggecgggacagecccgtgettaggtttttecteetttteteccececggtgegecte
tgctcggactctecgegecgggatecgeggeggaaaccteecteeectttegectectgegyg
ctcctteecttegeccctectececgeccagtcactggaatcaattececgtggggaatecggete
cgccgcecgcgaaggacagecttteccgecgecgggacteccggggecgecacgggggcecatgtaa
gcagctatcttccagagggccacactgggcatggacaccctttteecctgectggaggage
acaggtgatagtgtaattttccagtcacgaaactgctaaggccatctcaggggegtgtge
gccaggataggcgggcggcgtccgaggaccacatagecatg (Seq ID No: 412)
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Homo sapiens selenoprotein P, plasma, 1 (SEPP1):
ctttcttttaagttgataacaatcagctcaggggtttgctctgcttgcaaggtcactgea
agaatgaacattgaactttggactatacctgaggggtgaggtaaacaacaggactataaa
tatcagagtgtgctgctgtggctttgtggagctgccagagtaaagcaaaga-
gaaaggaagcaggcccgttggaagtggttgtgacaaccccagcaatg

(Seq ID No: 413)

Homo sapiens serine hydroxymethyltransferase 2 (mitochon-
drial) (SHMT2): agctcttctcgcgcatgcgttcteccgaac-
ggtcttcttccgacagettgectgecctagaccagagttggtggetggac-
ctcctgcgactteccgagttgegatg (Seq ID No: 414)

Ho-

mo sapiens tyrosine kinase with immunoglobulin-like and EGF-
like domains 1 (TIEl): tttcctcttcctccccagcaccgacccacactgac—
caacacaggctgagcagtcaggcccacag-
catctgaccccaggeccagcectcecgtectggetggecctgggteggectcectggagtatg
(Seq ID No: 415)

Homo sapiens coiled-coil domain containing 6 (CCDC6):
cctecctttccccageccgecgeggecatg (Seq ID No: 416)

Homo sapiens nuclear receptor coactivator 4 (NCOA4): ggac-
ctttcgcactcgggtcaggggtaaagcagcctgtcgecttgeccgggcagectggtgag-
tcggtgacctggcecctgtgaggagcagtgaggagaatg (Seq ID No: 417)

Homo sapiens chromatin assembly factor 1, subunit B (p60)

- (CHAF1B) : gtgcctctgactgtccgggtccctceccagecatttt-

gcagctttctcctgtcecttgaagaagtagaacggtgcccgagaaac—
gtttttccccttcgagactcaggaggatgaaagtcatcacttgtgaaatagectgg-
cacaacaaggagcccgtgtacagcctggacttccagcatg (Seq ID No: 418)

Ho-

mo sapiens 3'-phosphoadenosine 5'-phosphosulfate synthase 1
(PAPSS1): agccccgccccgctcecgetggectgecctectettgetaccctecccggeg-
cagagaaccccggctgcectcagecgegetceccgeggtcatg (Seq ID No: 419)

Homo sapiens Fas apoptotic inhibitory molecule 3 (FAIM3):
tgccctcecectettgetaccctcececcggegecaga—
gaaccccggctgctcagecgegecteccgeggtcatg (Seq ID No: 420)

Homo sapiens N-acetylated alpha-linked acidic dipeptidase 2
(NAALADZ2) : cagcctcctgccagcgcgctcectcetgtttectectgcageccecgaa-
gctcgcgaatgtagcaggcgccccaagcectecggtecctcaagaagecatggeg-
gaatccaggggccgtctgtacctttggatgtgecttggctgetgecgetgg-
catctttcctgatgggatttatggtgggtaagt (Seq ID No: 421)

Homo sapiens abl-interactor 1 (ABI1l): ctgtctctttaacgcgagag-
gaagcgatgcagaggggtggaaaatg (Seq ID No: 422)
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Ho-

mo sapiens potassium voltage-gated channel, Isk-related fami
ly, member 3 (KCNE3): :
cttccttttctgecttcectcectectgetttectagetectgggettteccagecteccgaagtcaa
tactgagatcccagatgtgtccagagacatcctgaagaggctcgggggtggag-

‘gagccttagtgtgtccacaaagggactcctgaaactgactgagageccagt

(Seq ID No: 423)

Homo sapiens target of mybl (chicken)-like 1 (TOMI1L1):
ggccctctggcecgectaccatg (Seqg ID No: 424)

Homo sapiens ubiquitin-like modifier activating enzyme 2
(UBA2) :
cgcccttcecccceccaccececgettececggecgeggeteggttecteccgecteecgecteecgeecgeg
gctcgtggttgtcccgccatg (Seq ID No: 425)

Homo sapiens. scavenger receptor class B, member 2 (SCARB2):
ctccectecttgecagttggatccectggecgggtgecggeccggeccggeccgtgageggeg-
cacagaatg (Seqg ID No: 426)

Homo sapiens insulin induced gene 1 (INSIG1):
actcctcctttcecececgececgectececgttegga-
gagccggcgggcgggcgcecctectecggeccaggaagegectecttggacgegtgtgaccgatg
(Seq ID No: 427)

Homo sapiens kinesin family member C3 (KIFC3): ag-
gcctcttctgaggctctaggtgecccagtagcagggecttctgecagcaaggeccgg-
gaactgctgcaccattggtgtgttttaccttaagggactccaggcagecttceccttgetgg-
gaagatattcatttgctggggtggggctgggggtgcagaggtaggaagtgctgtggcta-
gaaggcggcctggccagcgagtaggtggtggagcgagtgagagegtgtgegetg-
taaacagtgtgagtgcatg (Seqg ID No: 428)

Homo sapiens LIM domain kinase 2 (LIMK2):
aggcctcttctgaggctctaggtgecceccagtagcagggecttctgcagcaaggecgggaa
ctgctgcaccattggtgtgttttaccttaagggactccaggcagctteccttgectgggaag
atattcatttgctggggtggggctgggggtgcagaggtaggaagtgctgtggctagaagg
cggcctggccagcgagtaggtggtggagecgagtgagagegtgtgegectgtaaacagtgtg
agtgcatgtgcgccagcgcgtgcaaggacacggtaagggatgtacatgtattgtctegtg
agtaagagcttgtgtgtgtgttgggatgggaagacacgtactggtatgagagcccgegtg
agaagtgtatgtgtgagtactcgcgtggaagttttgcactcgggtttgaggctgtgcaaa
agtacgcatggctcaccaggtgtggggctgtgtgggctgecctecgtgtgtgeccageececgtyg
tgcaggcctgttttgtgagagccttcagggaacgcatgagcacgtgtgccagtgcgagtg
cgggacgcggggaggcgggagagaccgagtgggaggccccgcgaaggagtgggagtggga
gtgggagtgccggcgggagacctgegggggcgcgeccgggctgacgegtgegegecagtyg
cgcgtgagtgcgggcgecgcgeccgeccgeccecececgecggggtecggagecggttgecatggga
acgcgccgcggcccgagttaatcatttecctgtggaaagtgtgcgggaggggecgcgagcygd
gctggccgaggaggaggcggcggcgtggagetgectecctgecggecgggecgggecgggec
gagccccgggcgctgecggcgacgectggatcecctgectececgecaggecggectgectggtge
cccgaggaggctgctgagceccccaggecatg (Seq ID No: 429)
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Homo sapiens lectin, mannose-binding, 1 (LMAN1):
cctcctcececgegtteccagaatccaagatg (Seq ID No: 430)

Homo sapiens MRE1ll meiotic recombination 11 homolog A

(S. cerevisiae) (MRE11lA): cgttctctcccgcggaattcaggtttac-
ggccctgecgggttctcagaggcaagttcagaccgtgttgttttecttttcac-
ggatcctgccctttecttececcgaaaagaagacagcecctt-
gggtcgcgattgtggggcttcgaagagtccagcagtgggaatttctagaattt-
ggaatcgagtgcattttctgacatttgagtacagtacccaggggttcttggagaagaac-
ctggtcccagaggagcttgactgaccataaaaatg (Seq ID No: 431)

Ho-

mo sapiens nascent polypeptide-associated complex alpha subu
nit (NACA): cttccttctgcaacaggcgtgggtcac-
gctctcgctcggtcectttcectgeccgecatecttggtteecgegttecctgcacag-
taagtactttctgtgccgctactgtctatccgcagecatccgectttectttegggectaa-
gccgccccggggactgagagttaaggagagttggaggctttactgggecacagggttee-
tactcgcccecctgggecteccggacaaaatggggtectgeggttggtgtecctggcaaaa—
gcagggtagaagggctgcggggcgggcccagaatccgagectgcagagatgggagcag-
ttgcagtgttgagggcggaagaggagtgcgtcttgttttgggaactgecttcacag-
gatccagaaaaggaaatg (Seq ID No: 432)

Homo sapiens claudin 11 (CLDN11l): cgcccttcecgceccgetgagectceg-
cagcctccggcecgceccacctceccacctceccag-
tgtcccgectecgggeecgtegecctecageggctegegagegtgggagacgtacctggg-
caggcactgtccagcccaggcceccaggcacagecgtgaggggcgaggcacggg-
gacatcctggcggccaccatg (Seq ID No: 433)

Homo sapiens retinoblastoma binding protein 4 (RBBP4):
ccgcccctcecccgecaacgctcgaccceccaggatteccececggetcgectgecegecatg
(Seq ID No: 434)

Ho-

mo sapiens acyl-CoA synthetase medium-chain family member 3
(ACSM3) : ccctcttctttagactgccacgaggaaaaagcagatgtga-
gaactcaaggttcagggctgctcttctaagaaacaagtctgcca-
taatctccatctgtgttggaatctgttaactaatgaactggtctctgtg-
caaatcctgagtgctaaagcttccaacaagactgatg (Seqg ID No: 435)

Homo sapiens syndecan binding protein (syntenin) (SDCBP):
cgctctcttacactcgggectcagaagtececgtgeccagtgaccg-
gaggcggcggcggcgagcggttccttgtgggctagaagaatcctgcaaaaatg
(Seq ID No: 436)

Homo sapiens serum/glucocorticoid regulated kinase 1 (SGK1):
agtccttctcattccttgcccecccgeccaaggcectetcttcaccttececcgegggggtecte
tcgttttctgtctcccaaatgctggetteccgectttecteccecececgettatttacttaat
taaggccctggggctgcaccceccaccggcagctecttecgggggtgtggecgaagagetecg

agggcggggctgaccgagccatattcgggegtggecggtggtgattggtgagggcgggge
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ctgccgcagggggcggggcectgcaggtttggeccececgecagggagecgcagetggegecgcet
gggagctggtggcgcggcgcaggtcceccggeccgagtgtggecgcagcagtggeggegcettcece
cattcgccatgecgccgggggtgggtgecccgaaggttgcatgatggaatttgaacattact
tcaagaggttttgtattttggattagttaattgggtttgtcctctgctgactgtttette
ggatgcattttttggtgtgctcttgagggattaaatg (Seqg ID No: 437)

Homo sapiens Wolf-Hirschhorn syndrome candidate 2 (WHSC2):
cgtcctteccggcectcteggcetttgecacaaagcecttecccgaagacgcggecgctaccecgga-
gacgcggtcgccacccagaagcecgctcteccecgggaageccecgectegtgggacecgecgecac—
ctgcgccgectcectgeggeccgecageccgacgggecgecgecatgtt—
ggggtcctagcgagggacgcgtaggtgtcttcataagatg (Seq ID No: 438)

Homo sapiens nuclear receptor subfamily 1, group H, member 3
(NR1H3) : cagtccttttgcaagagctgctaagagcgctgggtaaggagaggaaggg-—
gagagacatggaacttggctggtctgcagggaaatgccactgttttggeccgggag-
tagggggcgggagtggcgggagagggggtggccggctggggaggagccagectggtgga-
gaagctgccctgtgggegggggtgaggaggggagggctgtggtcaccaggcag-
gaaggaggggtggcctgacccctcecggcagtcecccteccectcagecttteccccaaattge-
tacttctectggggctccaggtectgettgtgectcagetccagetcactggectggecac—
cgagacttctggacaggaaactgcaccatcctcttcteccagcaagggggctceccaga-
gactgcccacccaggaagtctggtggcctggggatttggtgggtctgetecttag

(Seq ID No: 439)

Homo sapiens glypican 6 (GPC6): cctcctttcteccttcectett-
gcctccagtgactgtctccaggatttctctecttectatttcaggag-
gactctcacaggctcccacagcctgtgttaagctgaggtttccecctagatcteg-
tatatccccaacacatacctccacgcacacacatccccaagaacctcgagctcacac-
caacagacacacgcgcgcatacacactcgctctegettgtccatctecectecccgggg-
gagccggcgcgcgctcecceccacctttgecgcacacteccggcgageccgagcccg-
cagcgctccaggattctgcggctcggaactcg-
gattgcagctctgaaccceccecatggtggttttttaaacac-
ttcttttecttctettectegttttgattgecacecgttteccatctgggggectagaggag-
caaggcagcagccttcccagccagcececcttgttggett-
gccatcgtccatctggcttataaaagtttgctgagcgcag-
tccagagggctgcgctgctegteeccecteggectggcagaagggggtgacgetggg-
cagcggcgaggagcgcgccgctgectectggecgggetttecggecttgaggggcaaggtgaa-
gagcgcaccggccgtggggtttaccgagectggatttgtatgttgcaccatg

(Seqg ID No: 440)

Homo sapiens peptidylprolyl isomerase F (PPIF):
cggccttctgggcgcgcgecgacgtcagtttgag-
ttctgtgttctcceccgeececgtgtecececgeccgacececgegececgegatyg
(Seqg ID No: 441)

Ho-

mo sapiens ARP1l actin-related protein 1 homolog A, centracti
n alpha (yeast) (ACTR1A): agttccttccccagaaggaga-
gattcctctgccatg (Seq ID No: 442)
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Homo sapiens tripartite motif containing 28 (TRIM28):
ggctctttctgcgagcgggecgecgecgggecgageggttgtgettgtgett-
gtggcgcgtggtgegggtttcggecggecggectgaggaagaagcgcgggcggegecttegg-
gaggcgagcaggcagcagttggccgtgeccgtagcagegtececgegegeggeggg-
cagcggcccaggaggcgegtggeggegetcggectcgecggecggeggeggegg-
cagcggcccagcagtt-
ggcggcgagcgecgtctgegectgegeggegggecececgegcecccectecteecceccectgggeg
ccceccecggcecggcecgtgtgaatg (Seq ID No: 443)

Homo sapiens aminoadipate-semialdehyde synthase (AASS):
cggccttccatcecccagtttettctaggaattcggagectecececctgcagecgactcggaa—-
gattcgaggcggcgggggacaagtcggcgccccagagecggacgagtcaccaggtgtcaa-
gatg (Seqg ID No: 444)

Homo sapiens cornichon homolog (Drosophila) (CNIH):
ccgcectttectececgetggcaacggecgecgeteeccecgetectecteecccagecatyg
(Seq ID No: 445)

Homo sapiens M-phase phosphoprotein 10

(U3 small nucleolar ribonucleoprotein) (MPHOSPH10):
ctcccecttececcttgecatgectgecattgtgtcecgggagttgectgacagecatyg
(Seq ID No: 446)

Homo sapiens ubiquitin specific peptidase like 1 (USPL1):
ccgccttcecctagtggagacgecgagtgggggaggagcagtceccgaggggaacgtgggtt-
gaacgttgcaactagggtggagatcaagctggaacaggagttccgatcgacccggtac—
caagaaggggagtgcccgcggcagggttcattgaaaaaatccttagtga-
tattgacatgtctcaagtgacataaattagccaatgactcggaatg

(Seq ID No: 447)

Homo sapiens solute carrier family 23 (nucleo-

base transporters), member 1 (SLC23Al): tggccttt-
gtcaagtcatcccctcttctectcaggaactgectcaaacctgtgecccaaagatg
(Seq ID No: 448)

Homo sapiens splicing factor 3b, subunit 4, 49kDa (SF3B4):
ggatctctttcgccatg (Seq ID No: 449)

Homo sapiens DnaJ (Hsp40) homolog, subfamily A, member 2
(DNAJAZ2) : ctgtctccctcggectgtgecgecgecgacgecgett-
gtgggcccgactceccgetetgtectgettegecaccttectecceccgagecac—
tgcccggecggecgecatg (Seq ID No: 450)

Homo sapiens calicin (CCIN):
catcctctcttccaccctectecttecteecctggtcaaccgectectgcaaacaac-
catcaatctgatcccacaggcctgagaaagtctgctctccagtac-
ctgctgctgatctgtttcagccgacaagaggcaccatg (Seq ID No: 451)
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Homo sapiens mannosidase, beta A, lysosomal (MANBA):
ctgcctttcgatctcteccacatcteggtggegegggatctcaagatg
(Seq ID No:.452)

Homo sapiens microtubule-associated protein 1B (MAPI1B):
aatcctttctcctgececgcagtggagaggagcggccggagecgagacac-
ttcgccgaggcacagcagecggcaggatg (Seq ID No: 453)

Homo sapiens malate dehydrogenase 1, NAD (soluble) (MDHI1):
gagccttttctcgectaacaccgctcgecectcectceccgagtcagtteccgeggtagaggtgac—
ctgactctctgaggctcattttgcagttgttgaaattgtccececgcagttttcaatcatyg
(Seq ID No: 454)

-Homo sapiens microfibrillar-associated protein 1 (MFAPI1):

gtttctctatcagtcgegecagectgtgttecgeggactcaggtg-
gaaggaatttcttctcttcgttgacgttgctggtgttcactgtttggaattag-
tcaagtttcgggaatcaccgtcgectgccatcaacatg (Seq ID No: 455)

Homo sapiens chaperonin containing TCP1l, subunit 3 (gamma)
(CCT3): ggttctctctctccagaaggttctgeccggttecceccagetectggg-
tacccggctctgcatcgegtcgeccatg (Seq ID No: 456)

Homo sapiens tubulin, alpha la (TUBAlA): caac-
ctctcctecttcgtcteccgecatcagectecggcagtcgecgaagcagcaaccatg
(Seq ID No: 457)

Homo sapiens CD164 molecule, sialomucin (CD164):
ctttctcccgaacgccagcgctgaggacacgatg (Seq ID No: 458)

Homo sapiens cysteine-rich secretory protein 3 (CRISP3):
ctctctctgcaccttecttctgtcaatagatg (Seq ID No: 459)

Homo sapiens SMYD family member 5 (SMYD5):
cggcctccatgtgcgac-
gtgttctccttctgecgtgggecgtggecgggecgegegegggtecteecgtg-
gaagtccgtttcgtgagcagcgccaaggtgaggtcggggecgggtectgecgg-
gagcctctccccagtecggeccatg (Seq ID No: 460)

Homo sapiens kelch repeat and BTB (POZ) domain containing 10
(KBTBD10) : ctgcctttttacagctagacctgtgtgctg-
caaggagctaaggccttcagtgtccecttecttacccaggtttctcacagaatg

(Seq ID No: 461)

Homo sapiens aldo-keto reductase family 1, member Al (alde-
hyde reductase) (AKR1Al):
ccgcecccecttgcaccgeccacgtggceccagegecacctgectecattgtgeccaggagttcete
caaacccgcgctgcggagtgagtgaccaagttccggecagttecgacctecgaggatccaga
ggtggagacggtactacctcccagctctgttttccatccecttcaggtecttectcggga
ggcggcgaaggcggtccaccctgegegtgatcecctttatgececggececctgececteecte
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cgggtggaacttcccectcaccgccagacttaagectgaggatcgttggatctetggeggg
gtgcagaactgagcccaggccacagtaccctattcacgctctgtgettgtgecaaggttt
caagtgatcctcccgecctcagectgecccaggtgectgagattacatgtatgageccactgea
cctggaaaggagccagaaatgtgaagtgctagctgaaggatgagcagcagctageccaggce
aaagggggcaatg (Seq ID No: 462)

Homo sapiens TRK-fused gene (TFG): tgttcttcccccacctgccac-
gtacagagcccaagttctcgectaggettgtt-
gggtcagcgcgattggccggggcccgcgecgagcecctgecgagecgaggtgeggeggtecgegaa
gggcaaccgagggggccgtgaccaccgcctccececgegacgcecccagteccag-
tggcctcgcgtccgcccattcagcggagacctgcggagaggcggcggccgcggcctccg—
caagccgtctttctctagagttgtatatatagaacatcctggagtccaccatg

(Seq ID No: 463)

Homo sapiens 3'(2'), 5'-bisphosphate nucleotidase 1 (BPNT1):
catccttctcaaaagacttattgacagtgccaaagctcggtactggacacaac-
gagggacctgggtctacgataacgcgcttttgectecctectgaagtgtetttggtceccaac-
gttgttccagagtgtaccatg (Seq ID No: 464)

Homo sapiens guanine nucleotide binding protein (G protein):
ttttctctctctectttcactgcaaggcggecggcaggagaggttgtggtgectag-
tttctctaagccatccagtgccatcctegtegetgcagecgacacac—
gctctcgecgecgeccatg (Seq ID No: 465)

Ho-

mo sapiens major histocompatibility complex, class II, DM al
pha (HLA-DMA) : caccctctcggggagggagttggggaagetgggttggectgggtt-
ggtagctcctacctactgtgtggcaagaaggtatg (Seq ID No: 466)

Homo sapiens transmembrane protein 50B (TMEM5O0B):
tctccttectgegegegegectgaagteggegtgggegtttgaggaagectgggatacag-
catttaatgaaaaatttatgcttaagaagtaaaaatg (Seq ID No: 467)

Homo sapiens lactoperoxidase (LPO): cagtctttcctgctaa-
gcctcagcgtctcctccaa-
gccacatcaaaatctttccttcectgggecttteccagaagtgaattettgetg-
gaaggtataaaagaccagctcctccaagcagagcaactccecctggectgeccgtgaaaaga-
caaggcactgggcagtgatg (Seq ID No: 468)

Homo sapiens NEL-like 2 (chicken) (NELLZ2): ctgcctttacaaca-
gagggagacgatggactgagctgatccgcaccatg (Seqg ID No: 469)

Homo sapiens nucleobindin 1 (NUCB1l): cgccctctgcggtgaaggaga-
gaccacactgccatg (Seq ID No: 470)

Homo sapiens paired box 9 (PAX9):
aagcctctttcatcggggcacagacttceccttttacttettecttttgececctcectegectcece
tcctectgggaagaagcggaggcgcececggecggteggecgggatagcaacaggeccgggecac
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tgaggcggtgcggaaagtttctgtctgggagtgcggaactggggeccgggttggtgtactg
ctcggagcaatg (Seq ID No: 471)

Homo sapiens cyclin-dependent kinase 16 (CDK16):
cgccctttattcttgectcggectecgecacagagag-
caaatcagattggctgggcgacaacctcaaagggcggggctgcacacgttcactacgg-
gaatgaggtagcggtggagggggcagttgggcggggataggccgtectagctaaggtgg-
taaaggccaataactcttcaggctgecctcectectcgaaaagtcatcttcectegecgaac-
ctttaaaatgccttccteccccaagcacctcaagggactagaactgagtgcecttcattt-
gtcttttttcectecttgcaaaagtcecececgtttgeccaccatggggatgtaccaagtgagac-
cgagtagggggaacgagtggtgattgacgcgccaggttactggccactgctcac-
ctaggcgctagcaaacttctgccaagatcggaactgagtactaaacagcectccacag-
ttctcectggtgecgtcectecggettggegecg-
catcctcctcectgggectcgegatggecgegteccecctececgectgeggacgggtectttgg-
tacatg (Seq ID No: 472)

Homo sapiens serpin peptidase inhibitor, clade E (nex-

in, plasminogen activator inhibitor type 1), member 2 (SER-
PINEZ2): ctgcctctttccggctgtgaccctecctcgecgecgecgett-
ggctgcgtcectceccgactceccecgegecgecgagaccaggctececgetececggttgeggeeg-
rcaccgccctceccgeggecgecccectggggatccagegagegeggtegtecttggtg-
gaaggaaccatg (Seqg ID No: 473)

Homo sapiens pancreatic lipase-related protein 1 (PNLIPRP1):
aactcctttceccececectgectgtgacgtacaggtgaggtaaacag-
tactgaagtccagggcgtcggtgcectcactgctctggcaatgecccggtga-
gactgaattatgtttaaatttattgtagatg (Seq ID No: 474)

Homo sapiens peripherin (PRPH):
ggctccttcccageccecceccggectagetctgegaacggtgactgeccateccttggeecg-
caatg (Seq ID No: 475)

Homo sapiens RAD21 homolog (S. pombe) (RAD21):
gacccttttccecctcecececcgggecacccageccgeccaactceccagecggagag-
caaggttttcttctgttttcatagccagccagaacaatg (Seq ID No: 476)

Homo sapiens signal sequence receptor, delta (SSR4):
ttttcttttcctctaggcagagaagaggcgatg (Seq ID No: 477)

Homo sapiens tissue factor pathway inhibitor (lipopro-
tein-associated coagulation inhibitor) (TFPI): ctccctcttt-
gctctaacagacagcagcgactttaggctggataatagtcaaattcttac-
ctcgctctttcactgctagtaagatcagattgegtttctttcag-
ttactcttcaatcgccagtttcttgatctgecttctaaaagaagaagtagagaaga-
taaatcctgtcttcaatacctggaaggaaaaacaaaataacctcaactcecgtttt-
gaaaaaaacattccaagaactttcatcagagattttacttagatg

(Seq ID No: 478)
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Homo sapiens ubiquinol-cytochrome c reductase binding protei
n (UQCRB): gcttctctttctggtcaaaatg (Seq ID No: 479)

Ho-

mo sapiens mitogen-activated protein kinase kinase kinase 12
(MAP3K12) : ccgccttttgtgctgecggecgeggageccccgagggecccagtgttcac-
catcataccaggggccagaggcgatg (Seqg ID No: 480)

Homo sapiens sushi-repeat containing protein, X-linked
(SRPX): tggtctcttcggtctcctgecgeccececgggaa-
gcgcgcectgcgectgecgaggecgagctaagecgeccgetecgecatg (Seq ID No: 481)

Homo sapiens aminopeptidase puromycin sensitive (NPEPPS):
ccececteteectecctectt-
gcgggccctcectececttecctececteecgeeccectteecceg-

- taggcagcccgcccgeccagtccgeccgecac-

cgcctcecttcecccageccctagegetecggetgggtetcecteccececgececceccaggceteccce
cggtcgctctceccteceggeggtecgeccgegetecggtggatg (Seq ID No: 482)

Homo sapiens fibulin 5 (FBLN5): tcgccttctgcccecgggcgectceg-
cagccgagcgcggccggggaagggcetctecteccagegeccgagcactgggecctgg-
cagacgccccaagattgttgtgaggagtctagccagttggtgagecgectgtaatctgaac-
cagctgtgtccagactgaggccccatttgcattgtttaacatactta-
gaaaatgaagtgttcatttttaacattcctcctccaatt-
ggtttaatgctgaattactgaagagggctaagcaaaaccaggtgctt-
gcgctgagggctctgcagtggectgggaggaccccggegectctececcegtgtectetecac-
gactcgctcggcccctctggaataaaacacccgcgageccccgagggcecccagag-
gaggccgacgtgcccgagctccteccgggggtccecgeccgecgagetttettcectegectteg
catctcctcctcgegegtcttggacatg (Seq ID No: 483)

Homo sapiens lysophospholipase I (LYPLAL):
cgctcttceccttecgecttgegetgtgagectgaggeggtgtatg (Seqg ID No: 484)

Ho-

mo sapiens high mobility group nucleosomal binding domain 4
(HMGN4) : tcgtcttctctgtcttagggctggtgctggecctgeccac-
gcctagggctccggecgcecgtcacgggectcagectgggattececcgegececcteggac—
ggccacgagactcggacatctttccaggaacagcgtgaggaggacagaa-—
gcacccaacaggactgctcaagccacctgcgaacactgctgectaccatg

(Seq ID No: 485)

Ho-

mo sapiens eukaryotic translation initiation factor 3, subun
it M (EIF3M): agttcccttttccggtcggcecgtggtcttgecgagtggag-
tgtccgctgtgcccgggectgcaccatg (Seqg ID No: 486)

Homo sapiens Sec23 homolog A (S. cerevisiae) (SEC23A):
cctectecttgacgtggcagaggcggcgeccagecatg (Seq ID No: 487)



10

15

20

25

30

35

40

WO 2013/143699 PCT/EP2013/000937
198

Homo sapiens cartilage associated protein (CRTAP):
cgtcctctttectttecttectececctecectttteeccttecttegteeccttecttecttece
tttcgccgggcgecgatg (Seq ID No: 488)

Homo sapiens vesicle amine transport protein 1 homolog

(T. californica) (VAT1l): ccgcccctcceccgcectggatececg-
cagccgcggctcttcccgacgegttececgecttecccagetgtgecac-
tctccatccagectgtgegetctecgtcgggagtcccagecatg (Seq ID No: 489)

Homo sapiens importin 7 (IPO7): gcttctctttcctttcgcecgecggtt-
gccgctgecggagegeggcegggtceccatgtgegecagtgagtggegetattectggeccag-
tagcacccgagccccgggtttgaccgagtceccgegetgecgatg (Seq ID No: 490)

Homo sapiens ATG7 autophagy related 7 homolog

(S. cerevisiae) (ATG7): gctcctttgcgcacgcgcgccgcttceccagtgg-
caagcgcgggcaggaccgcgttgegtcatcggggegegegectcagaga-
gagctgtggttgccggaagttgageggecggtaagtgagecgeggegggecgagggtgtag-
tggggtcttgctgggccggttttggaggecctggag-
tcaaggggcgagctcgccagggagggcgagggtcacagcaagtctcag-
gatcctcctctgeccagtttectgggtggtecttectectecagggactcactgat-
tccggetggcecgceccttegtetgtagecgegtecectcagactggttcag-
tccggggtcecttcectgacttggaagectcecgtgectgat-
ttcctaagtcagccectectgtectettggtaggcagtgectcagaatcttcagtgtt-
ggaacacgggagatgggacatttggattcccagectggetgtgtetggattt—
gctgtctctggcacgttceccttcececccatctaagectgetttteccatctgcaaaatgg-
gaatgataatccgccatttgtttaagtgaggaggttaaataagtttactttctgagaaa-
gaagattctcgattccttggttacagggttagaaactaatg (Seq ID No: 491)

Homo sapiens dynactin 2 (p50) (DCTN2): cgctcccttt-
gccgccgecttageeccgggacccgaacccagectctececectacccgaacac-
cggccceccggctcecaccgaggececgggteccccageeccgtectegecgecgecatg
(Seq ID No: 492)

Homo sapiens acidic (leu-

cine-rich) nuclear phosphoprotein 32 family, member B
(ANP32B) : agcccccttttcecectceccatggtttctcectecgetceccecgtgagtaactt-
ggctccgggggcectccgcectecgectgececcgcacgeccgeccgeccacccaggac-
cgcgccgecggectceccgecgctagcaaacccecttececgacggecctecgetgecgcaagecgg-
gacgcctctcececcececectecgeccececgecgecggaaagttaagtttgaagaggggggaa-
gaggggaacatg (Seq ID No: 4983)

Homo sapiens protein C receptor, endothelial (PROCR):
acttctcttttcectagactgcagccagecggagecccgcageccggececcgagecag-
gaacccaggtccggagcctcaacttcaggatg (Seq ID No: 494)

Homo sapiens actin related protein 2/3 complex, subunit 1A,
41kDa (ARPC1A):
cgctccctcectgggecttcecgtectececgeccgegeccgacggagectgttcgegtecgactge
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ccagagtccgcgaatcctccecgectececgageccgteccggactcececccgatcccagetttete
tcctttgaaaacactaagaataatg (Seq ID No: 495)

Homo sapiens chaperonin containing TCP1l, subunit 4 (delta)
(CCT4): aggcccccttctecgectecgectectcecececgacgecggecgecgetttetg-
gaaggttcgtgaaggcagtgagggcttaccgttattacac-
tgcggccggccagaatccgggtcecatecgtecttecccgageccaacccagacacageg-
gagtttgccatg (Seq ID No: 496)

Homo sapiens Niemann-Pick disease, type C2 (NPC2):
gcttctttcccgagecttggaacttcgttatccgegatg (Seq ID No: 497)

Ho~-

mo sapiens phosphoribosylaminoimidazole carboxylase, phospho
ribosylaminoimidazole succinocarboxamide synthetase (PAICS):
acccctcttttctagagttctgectcecgetteccggegeggtecgecagecctcageccac—

ttaggataatg (Seq ID No: 498)

Homo sapiens ST6 (al-

pha-N-acetyl-neuraminyl-2, 3-beta-galactosyl-1,3)-N-acetylgal
actosaminide alpha-2,6-sialyltransferase 2 (ST6GALNAC2):
ctcccttctgectgggacgtcagecggacggggcgetcgecgggeccggggetgtatg

(Seq ID No: 499)

Homo sapiens polymerase (RNA) III

(DNA directed) polypeptide C (62kD) (POLR3C):
aagccctttccgaggatggcaaaggatctgggaatgcttectccaaagatatgtggatgga
cgaaataggtctctggtgatactgaggcggggtggggacggggaggcaaagacttggctt
cttaggaattggaagaaataagtaaacaatgtttggtagcaatttgtaataaggaagtaa
tcataaaattaactacgtccgtttctgattgtgtcaactttgtcaaggagtagaagttta
agaattgaatactgtcctgcaaacaacgtaacctcatctecctgtttgacacaccctgttyg
agaagcagtcctttacctcctaaatttctttttcgaaattatcatttectttatggactyg
agaataacactgcctgttcactcccaccgagctgtgaacagtgaccttaattcttccaag
cagggaagtgtagaaactaaggtctgtgacagaccgcaaaatcatctcccaatctttaag
gaaaatcagaatcacgcataatcccatagagataaatttgatgcatagtcttttcctatg
catacatttttcctttttttttacaataattgaatttttatattttttcagcttgettct
gtcacttaatatattatgagtaattttttttggttttttttgttttggagacagaatctce
gcactgtcgcccgggttggagtgcagtggecgcgatctcggctcactgcaacctectgectce
ccggcttcaagcgattctectgtctcagectececctagtagectgggattacaggcacccge
caccacgcccagctaatttttttgtgtgtttttagtagagaaggggtttcactatattgg
ccaggctggtctcaaactcctgacctcatgatacgeccacctcggtctcccaaagtgceta
ggattacaggcctgagccaccgcecgccagectattatgaataattttctacatgaatacgce
atcgtactaaataactttaaatgttggtgtagtatgccattgtatgggtatggcatcatt
tattgttagacgttagattgtttccactaagtcggtattataaagagaactaatgacttc
attattattagctttttctttctttggacacaatatccaaaaagaaattgttgtttcaaa
gatatgcaagatttttaaggctttttgatatgtattgtcaaattgcccteccagaaagaat
acatgaatttacactcagcagctctgcttccagcgtgaaagactttctattgtaccattt
tggtgttttttccctagctctcagactcecccagtacaatg (Seq ID No: 500)
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Homo sapiens influenza virus NS1A binding protein
(IVNS1ABP) : gtgtctccecggtcgegegtg-
gaggtcggtcgctcagagctgctgggcgcag-
tttctecgectgectgettecggegeggetgtatecggecgagecgagecgagtteccecgegag-
ttctcggtggcgctccececttectttcagtcteccacggactggecectecgtectte—-
tacttgaccgctccegtetteccgecgecttetggegetttecgttgggecgat-
tccegecegcettectectgetteccatecgaageteta—
gaaatgaatgtttccatctcttcagagatgaaccagat-
tatgatgcatcattatcacagaagaaattcgtgtctatagcttttaaggacttgat-
tacatcattttcaagcctgatagttttggaatcaccattagagcttaagacacac-
ctgccttcatttcaaccacctgtcttcataccctgacgaagtgcaccttttaacac—
tcectttgtecttggattacttaagagttceccagaaatacatttgccaccaacagag-
tagccaaatttataaggaaaaatg (Seq ID No: 501)

Homo sapiens thioredoxin interacting protein (TXNIP):
acccctcectttttctceccaaaggagtgettgtggagatcggatecttttectecagecaatt-
gggggaaagaaggctttttctctgaattcgecttagtgtaaccageggeg-
tatattttttaggcgeccttttcgaaaacctagtagttaatattcattt-
gtttaaatcttattttatttttaagctcaaactgcttaagaatac-
cttaattccttaaagtgaaataattttttgcaaaggggtttcecctecgattt-
ggagctttttttttcttccaccgtcatttctaactcttaaaaccaactcagttccat-
catg (Seq ID No: 502)

Homo sapiens ecotropic viral integration site 2B (EVIZB):
ttttcctttcttagccaaatcaccaaaatgtccagttagaacaagaatttagcattcetyg-
caaaagaagttaacagctgagataacgaggaaatattctgaaatg

(Seq ID No: 503)

Homo sapiens guanine nucleotide binding protein

(G protein), alpha inhibiting activity polypeptide 3
(GNAI3): ggttcttctgggcgctaagggagctgacggagagggccaccgecccagcaa—
tagacggtgcctcagcctgecgagcegecagtttecgtggtgtgagtgag-
tccgggecccgtgtceccecctectecccgecgecgecatg (Seqg ID No: 504)

Homo sapiens polymerase (DNA directed), eta (POLH):
cggcccttegcagegggecgegcetgtcecagacctcagtctggeggetgeatt-
gctgggcgcgccgcectctegtectgatcecctgectggggacggttgecccgggecag-
gatcctttacgatcccttcteggtttcecteegtecgtcacagggaa-
taaatctcgctcgaaactcactggaccgctcecctagaaaggcgaaaagatattcag-
gagcccttceccattttectteccagtaggcaccgaacccagcattttecggecaac-
cgctgctggcagttttgccaggtgtttgttaccttgaaaaatg (Seq ID No: 505)

Homo sapiens solute carrier family 2 (facili-
tated glucose transporter), member 1 (SLC2Al1):
cgctctctggcaagaggcaagaggtagcaacagcgagcgtgecggtegectagtecgegggt
ccccgagtgagcacgccagggagcaggagaccaaacgacgggggtcggagtcagagtege
agtgggagtccccggaccggagcacgagectgagegggagagcgcecgctegcacgeccgt
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cgccacccgcgtacccggecgcageccagagceccaccagcecgcagegcetgecatg
(Seq ID No: 506)

Homo sapiens zinc finger protein 138 (ZNF138): gggtcttt-
gtctcgctgcagcgggtgctgcaggtctggecttcacttttctgegtectecttactecta
gaggcccagcctcectgtggegectgtgatctggttattgggagattcacagectaagac-
gccaggatcccccggaagcecctagaaatg (Seq ID No: 507)

Homo sapiens ubiquitin specific peptidase 3 (USP3):
ctttctttgacgcaagggctcgagacgcagececgececgteggeccgagegeeccggcectagaa-
gcgacaccagacggagcctccggagttectcececgeccccacctegecgggtectg-
gagccgcagtcctcccagctgecctectegtggecatg (Seq ID No: 508)

Ho-
mo sapiens calcium channel, voltage-dependent, gamma subunit
3 (CACNG3): ctgtcttttctccagtttgagcgggggtgtcgggagcaggcgga-
gagctttcctgcgaggctgtggaagcagtgaacactcttctcageggctcgecteccag-
cagtgctattttttgccatccgeccctcaccecccagcacacgcgectcgcacacacac—
gcacgcacgcacacacacacacacacacactcacacagagacctctctgggtttettt-
gccttgagtctecececggggetgtgagaageccaggcgcatctcaaaccgagectgg-
cagctccaggctccggagceccatgecctgecacggaccctegtcectttaccacgectectgag-
gaatgaaaggaacccagggaccctcagaaggcagcagtgatgcggaccaacceccccg-
gagcctgcacccttccgagggccataggecgacccagggaactggaga=-
gagctccagaaaggaaatcccagctttcecccaaagtcecectgtggatgctgacaaaagga-
gacctgaatttttggaagagcctgtactaggttaccecggctgcagagtgat-
tttcecectecggecactgactcectecccecctccaacceccagecgtccagagtaccatgaa-
gaattatg (Seqg ID No: 509)

Homo sapiens guanine nucleotide binding protein
(G protein), beta 5 (GNB5): ttccctctccgctgcgtccccgegcgaagatg
(Seq ID No: 510)

Homo sapiens chaperonin containing TCP1l, subunit 8 (theta)
(CCT8): cttcctccgeggtcttccgageggtecgegtgaactgettectgcaggetgg-
ccatg (Seq ID No: 511)

Homo sapiens prostaglandin E synthase 3 (cytosolic)
(PTGES3) : cgctctttccgecgeggtg-
cattctggggcccgaggtcgageccgecgetgecgecgtcgectgagggaagcgagaa—
gaggccgcgaccggagagaaaaagcggagtcgccaccggagagaagtcgactecctag-
cagcagccgccgccagagaggcccgceccaccagttcgeccecgteccectgeceegtteca-
caatg (Seqg ID No: 512)

Homo sapiens zinc finger protein 266 (ZNF266):

ttttcttectggtggegtttgggecttaatacagetttggegaggtecggatgacgggtggg
agccagcggtggaaggggtggcgaaagtaccggtttgccccaggeccgeccgaggggectece
ttagagagaccttgcctgctceccgectecgegtecgecggggecgecgegggtectectggege
cgccaggttcaaaaagccactcgagttgtcactgcgacggecctgggeccaggageegttt
cgggatctgtcaaacaacgagttttcgtcgttcgaatcaggttgactggtecttcatcce
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cccaatctcccgtacctggcgagtccagectecgtcgeggcaatgectaagaaaagagtgata
tgcaagctgagaccaaaaatatggtatgatttagccatactgaaggggaaggaaataaga
gctgggcaaagcattctgtgaattggctgactccacttctatggtgagagagaggagtgc
atcaaagattactcccagtagagatggtttcagcatgttggccagtctggtctcagactc
ctgacctcaagtgatccacccacctcggecctcccaaaatgetgggattacaggtataagce
cactgtgcctggccaaagataccgttaaccctggataaagagaatggaggttacctetgt
ccgtgtagattcctaagctgtecctggagtgatceccttggagtaaaggaaaggtgectttgaa
gcacattcagccatcagccctgtgggatggcageccactgatttgtcctatggtctttaca
gggacccagtctgccttcaagaaaagacagaagtagaaagggtggtggctgactgtctga
caaattgttatcaggtatgcaggaagtatatccttctccaaaatatcatacttgcatcac
caggtagacacatttccttctacacagaattatcttcagagcttcttaaagcaaataaag
cctgcttcaaggactgagtccctagtcgaattcccggaaggagtggagectgtcatattg
tgtttatctagcatctgctcaagagtgtgctgcagtggagggaaatcagatgacctccca
gtctggttgtgttacatacaatcatgtgtaagaagtgccattcaagccgtgtcactggag
gggactgacagtgagattcagtgacttttgatgatctggctgtggacttcaccccagaag
aatggactttactggacccaactcagagaaacctctacagagatgtgatg

(Seq ID No: 513)

Homo sapiens methylenetetrahydrofolate dehydrogenase

(NADP+ dependent) 2, methenyltetrahydrofolate cyclohydrolase
(MTHFDZ2) : gcttccctcceccggcgcagtcaccggegeggtetatg

(Seq ID No: 514)

Homo sapiens chemokine (C-C motif) receptor 9 (CCRY):
cttcctttectecgtgttgttatcgggtagctgectgectcagaacccacaaa-
gcctgcccecctcatecccaggcagagagcaacccagctcectttecececagacactga-
gagctggtggtgcctgctgtcccagggagagttgcatcgececcteccacagagcaggett-
gcatctgactgacccaccatg (Seq ID No: 515)

Homo sapiens heat shock 105kDa/110kDa protein 1 (HSPH1):
cctccecttttgggtecggtagttcagecgecggecgecggtgtgecgageccgcggcagag-
tgaggcaggcaacccgaggtgcggagcgacctgecg-
gaggctgagccccgcetttectcecccagggtttcecttatcagecagecgecgetgteccecgggyg
gagtaggaggctcctgacaggccgecggctgtctgtgtgtecttctgagtgtcagag-
gaacggccagaccccgegggccggagcagaacgcggecagggcagaaagcggcggecag-
gagaagcaggcagggggccggaggacgcagaccgagacccgaggcggaggcggac-
cgcgagccggccatg (Seq ID No: 516)

Homo sapiens StAR-related lipid transfer

(START) domain containing 10 (STARDI10):
tggtcctttcttttatgattcacaaggaatgaccctcttcatcgectctectaattcagt
cctcacaacagtccttttacaaatgggacaacaggttagaggaagtcaggcagatttcca
gcatcatagagagtaaaggaccagggaaggatcaggattcaaggactgcacccaggctct
gcttccagcttgctgtgtgactttgggtaattttgttceccttagggaactgagetttcte
atttgtaaatgcaaacaggctgttgggaggatcaaatgagatccaggggtgaaaacagcect
tagtttactttcaggaatttacccacgcggtatataaaggcaaaatattattatagtcag
gtgattgtagattgaggaacccatttcecctcattctgcaaattgcaaacctgagggcccaa
agagggacaggggcttgccccaggtctcagcaggctgtgagcaagagctaaagectaatce
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ctcctgcctttgggectggagececttecttgtaccccaggggtcagtgtectttgttggat
acaggcttagattgactgactgtaccctgagaacctaggggagtcectgttcccaattcet
tctcctaccceccaccttggectgatggaggaagaccectgetgtgttgagatgagcaccag
agccaagaagctgaggaggatctggagaattctggaggaagaggagagtgttgctggagce
tgtacagaccctgcttctcaggtcccaggaaggtggecgtcagcatcectgcagecgegtcecga
cgttgtcggagceccteccgecggaggacccaggagagecggactaggaccagggecctgggec
tccccacactccecccatg (Seq ID No: 517)

Ho-

mo sapiens UTP14, U3 small nucleolar ribonucleoprotein, homo
log A (yeast) (UTP1l4A): ctttccttcggcttccgttcttggtccatgtgaga-
gaagctggctgctgaaatg (Seq ID No: 518)

Homo sapiens SUB1 homolog (S. cerevisiae) (SUB1):
ggttctctgtcagtcgcgagcgaacgaccaagagggtgttcgactgceta-
gagccgagcgaagcgatg (Seq ID No: 519)

Homo sapiens minichromosome maintenance complex component 5
(MCM5) : ccgectcttgtttttceccgecgaaactcggecggectgagegtggaggttett-
gtctccecctggtttgtgaagtgecggaaaaccagaggcgcagtcatg

(Seq ID No: 520)

Homo sapiens RNA binding motif (RNP1, RRM) protein 3 (RBM3):
tactctttatcaatcgtcttccggcgcageccececgtecectgtttttt-
gtgctcctccgagcectcegetgttegtececgggttttttacgttttaattteccaggactt-
gaactgccatg (Seqg ID No: 521)

Homo sapiens KDEL

(Lys-Asp-Glu-Leu) endoplasmic reticulum protein retention re
ceptor 1 (KDELR1):
ctccccectetegetcetectecctettececggectccagetecgecgecagetccagecttt
gctcccectcecccaaagtcececcctececcggagecggagcgecac—
ctagggtccctcttecegtecceccecccageccagetaccegttcagaccagcagectcecggggyg
gcaccccecceccgecagcectgecteectececgetcageecctgecagggtteccccagecatg
(Seq ID No: 522)

Homo sapiens StAR-related lipid transfer

(START) domain containing 3 (STARD3):
agatcttcttccgcectcectgaggecgectactgaggeccgecggagecggactgeggtt-
ggggcgggaagagccggggcecgtggetgacatggag-
cagccctgctgctgaggccgecgeccteccecececgecctgaggtgggggcccaccaggatg
(Seq ID No: 523)

Homo sapiens heterogeneous nuclear ribonucleoprotein A0
(HNRNPAO) :
cggcctcectttgtgtggtgcccagataggggagcggaggtggcggcggeggeggtageggt
ggccttggttgtcttccagtctecteggectecgeectttagecggcacecgecteeecttece
tcceecttectectettecttectteccteceectteeccttttteeccttecececcgtecggtgag
cggcgggggtggctccagcaacggctgggecccaagectgtgtagaggecttaaccaacgat
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aacggcggcgacggcgaaacctcggagctcgcagggcgggggcaaggcccgggcecttgga
gatg (Seq ID No: 524)

Homo sapiens chromobox homolog 1 (CBX1l): ggctctttt-
gttcggctgaggggagggccgttggccggggectgeggtacgeccgettcagtgagggac—
gccactgcggccaccecggcecttgetgecttectgggecgeccacteccceccaggcgacccgac—
gcgacgcgccagcagcgcagcaccgattcecctectecgggectett-
gggcgctgectctgaggtgaggagccecgectggaggcgggagagetgggg-
gagggggcgcggcggcggcggcggcgggageectgegtgagggaac-
gcgctttcgaggcggaggttaggageggg-
gagcgcgcecccgggtceccagegtectgettectecgettecececgegetgagetettegectgte
gctgaggcgtcggtgeccagctgegtgaaggatgga-
gagggcggggcgcgaatcctgagccagagactgagtgecttgggggtgggeccgagcactt-
gggggccgctcttcggggcecccgggtggtctggaacaatgttgett-
ggctgggcggcectgecgggatagggcggaaggggacaggcttgaggettgga-
taggcgtgaggaggcgcatacgaccgcacaacccgaggtttgtaactgtattcecggaa-
gacgccgggtccggcectgggactgeccagaggaacctggctttgcaggactacggaggag-
taacgtcgagtgaattggaagagggcccagggccgcacaagcagcgtcaccctttacac-
cagaaagctggcgggcactatg (Seq ID No: 525)

Homo sapiens myeloid/lymphoid or mixed-lineage leukemia
(trithorax homolog, Drosophila); translocated to, 11
(MLLT11): cgcccttcttaggaggggctgcattgcagggggagag-
tgaactgacagactcagtcactgaagagggaaaaggagtgagaagacaaagccgtcaaa-
gccccaacagcetttgtatttcteccageceecggegcagacceccggagetececcgaggcac—
tccctecatctttggaacacgeccagtaattgattgataacaggaagectatyg

(Seq 1ID No: 526)

Homo sapiens interferon-induced protein 44-1like (IFI44L):
ttttctttctttecctagagtctctgaageccacagatctcecttaa-
gaactttctgtctccaaaccgtggctgctcgataaatcagacagaacag-
ttaatcctcaatttaagcctgatctaacccctagaaacagatatagaacaatg
(Seq ID No: 527)

Homo sapiens cyclin I (CCNI):
acttcttccteccecctteccectetetteecctecctececcagecttececcecgegagecggacge
ggcagcgcctctgtctegetttttettatttttccecececectttececctttetttttttttt
tttcttttecttttcteccecteccceecectttcaccatttececectcggaggegettteceeg
ggcaggggcagagccggtctcacccceccgectectececccggecceecgecgecctatggega
gagggagccccctcccaacccgggctcgagecggeggcggcctcaggecgggggtcateat
ggaactaattcgctgaccgacccagcggccgcagecgtgegteccecgetcgagecgecageg
ccecgcecgeccgegeccceccecgatcececgettececttteteectectcagttggecgagtegte
ccgcgcegecaccgcectecgegegectatgagaatgaggtggtaacgggecceeccggatgacce
ccgcgtcaccactgtgaggcctacagcectctgeccggggaggaggaggaggaggaagaggag
gagaaggtagctacagcaagctgggtagcaggcagatccaaaggatatcatg

(Seq ID No: 528)
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Homo sapiens methionyl aminopeptidase 2 (METAP2):
cattccctcgegectctectecgggcaacatg (Seq ID No: 529)

Ho-

mo sapiens leukocyte immunoglobulin-like receptor, subfamily
B (with TM and ITIM domains), member 4 (LILRB4): gtctcttt-
gtcctgccggcactgaggactcatccatctgcacagetggggceccecctgggaggagacge-
catg (Seq ID No: 530) -

Homo sapiens destrin (actin depolymerizing factor) (DSTN):
gggtctctcggtcccgecagecgtgaggaggacggtctgecat— -
actcgctgccecgecggetcecectecececgegtecctgegaccgecgeggcecgaagatyg
(Seq ID No: 531)

Homo sapiens eukaryotic translation initiation factor 2D
(EIF2D) : gggcccttttcgcggeccgggceccccagcatggetgecccecac—
ggctgagggcctggcagectgectgegececctegetttett-
gacattccctggcttctgtgetctecttecccaggecaccecagecagacatg

(Seq ID No: 532)

Homo sapiens histamine N-methyltransferase (HNMT):
ctgtctttctcagaaaaccaaatatg (Seq ID No: 533)

Homo sapiens ras-related C3 botulinum toxin substrate 1

(rho family, small GTP binding protein Racl) (RAC1):
gtttctctgcagttttcctcagetttgggtggtggeccgetgecgggcateggecttceccag-
tccgcggagggcgaggcggcgtggacagecggecccggecacccagcgececcgecgcecccg-
caagccgcgcgcccecgtcecgecgegeecccgageccgecgettee-
tatctcagcgccctgeccgecgecgeccgeggeccagcgagecggecctgatgcaggecatcea
agtgtgtggtggtgggagacggaaacaagaatctcagtgtaacccgag-
caaaatcgcgcgtctcagcgttgcttgtatagagectgtaggtaaaacttgec—
tactgatcagttacacaaccaatgcatttcctggagaatatatcecctactgtcttt-
gacaattattctgccaatgttatg (Seq ID No: 534)

Homo sapiens signal recognition particle 72kDa (SRP72):
tcgtctcecctccaagatg (Seq ID No: 535)

Homo sapiens zinc finger protein 33B (ZNF33B):
ccgcctttecttttgtttgtctcacgttttgecgtgggaggeggteccgggat-
ttcaggggtctaccggctctcttatggecgaatgcaacccgaagagagagtgagetg-
tatcttcagagttgtctccgtctttccaagaacagaacaaaatyg

(Seq ID No: 536)

Homo sapiens zinc finger protein 16 (ZNF16): gcctcctttccaa-
gcgcgacccgttgaggtecttgtcatg (Seq ID No: 537)

Homo sapiens zinc finger protein 33A (ZNF33A):
ccgectttecttttgtttttctecaggttttgegtgggaggeggtcecgggatttcaaggg



10

15

20

25

30

35

40

WO 2013/143699 PCT/EP2013/000937
206

tctacgecgettttctatggecgaatgcaacccgacgagggagtgggetgtatcttcagagt
tgtctccgtctttccaagaacagaacaaaatg (Seq ID No: 538)

Homo sapiens butyrophilin, subfamily 3, member A3 (BTN3A3):
ctttctttttectttctteggaatgagagactcaaccataatagaaagaatggagaac—
tattaaccaccattcttcagtgggctgtgattttcagaggggaatactaa-
gaaatggttttccatactggaacccaaaggtaaagacactcaaggacagacatttttgg-
cagagctgctcactceccttgectcagctcagttttetgtgett-
ggaccctctgggcccatcctggecatg (Seq ID No: 539)

Homo sapiens butyrophilin, subfamily 2, member AZ (BTN2AZ2):
ctctttgggatgctttgttgtctggtggtgactgtgceccatgggtgagttgtateg-
gaaaatcgtcatgtgaggatcagaggggaaaa-
gaaaacagaggcctctggtctctgectgecctgggtgetcatg (Seq ID No: 540)

Homo sapiens nudix (nucleo- :
side diphosphate linked moiety X)-type motif 21 (NUDT21):
acgcctcctcttgegectgtectgttaatggegggecagtageccgetgaggggattgecaga—-

-taaccgcttcccgcacggggaaagtctaccctgectgceccac-

tttctgctcgececgtcagecgeccggagectecgecagecatg (Seq ID No: 541)

Homo sapiens stathmin-like 2 (STMN2): tgctctttctctagcac-
ggtcccactctgcagactcagtgccttattcag-
tcttctctctecgetcectetecgetgetgtageccggaccectttgecttecgecac—
tgctcagcgtctgcacatccecctacaatg (Seq ID No: 542)

Homo sapiens katanin p60 (ATPase containing) subunit A 1
(KATNALl) : caccctcttccecgecgcectcececgeccagegacctegectecccggggegac—
gccceccecgegtgegeccagagtcgecgaggtecgtecccggecaccg—-
gaagtgaccctggcgggtttgtcttcaaattctcggecgagcaggagccgcgecgg-
caggtggtgttgacgattgaactgggcagtactggggccgtgagecggagag-
caaagtgggctggactgggtcaggccctecttecctegectgeccgggatctcecac—
tccgeccaatccectgtgectggegttgggeggttteccgaggagettgggecgecg-
cagcttacagttgaacatg (Seq ID No: 543)

Homo sapiens butyrophilin, subfamily 3, member A2 (BTN3A2):
ctttctctttttcctttcttccggatgagaggctaagccataatagaaagaatgga—
gaattattgattgaccgtctttattctgtgggctctgattctccaatgggaatac—
caagggatggttttccatactggaacccaaaggtaaagacactcaaggacaga-
catttttggcagagcatagatg (Seqg ID No: 544)

Homo sapiens CLK4-associating serine/arginine rich protein
(CLASRP) : cggcctttcatttccgcttccggtgecgggeccgegegegageg-
cagcggtgggaggcggcgaccageccggttgaggcceccaggettggectcaccacaatg
(Seq ID No: 545)

Homo sapiens clathrin, light chain A (CLTA):
ctccctectggegettgtectectectecccagtecggecaccacageggtggetgecgggegt
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ggtgtcggtgggtcggttggtttttgtctcacecgttggtgtecgtgecgttcagttgecce
gccatg (Seq ID No: 546)

Homo sapiens NADH dehydrogenase (ubiqui-

none) flavoprotein 1, 51kDa (NDUFV1): gcgtctctatcgcgccag-
ttcctcagectcagtgctatgaaggtgacagecgtgaggtgacccatcectggeccecgeeg-
cgatg (Seq ID No: 547)

Homo sapiens signal sequence receptor, gamma (translo-
con-associated protein gamma) (SSR3): gggcctttgcccgectt-
ggcggccggctctacgtteectgttcectecgectgecagetececgecatg

(Seq ID No: 548)

Homo sapiens valosin containing protein (VCP):
gcttccecttecgatgatteggetcecttectecggetcagtctcagecgaagegtctgecgac—
cgtcgtttgagtcgtcgectgccgectgecgetgecactgeccactgccacctecgeg-
gatcaggagccagcgttgttcgcccgacgectcecgectgecggtgggaggaagecga=-
gagggaagccgcttgegggtttgtcgeccgetgectecgeccaccgectggaa—-
gagccgagccccggcccagtcecggtcecgettgecaccgeteg-
tagccgttacccgecgggecgccacagecgecggccgggagaggcecgegegecatg
(Seq ID No: 549)

Homo sapiens zinc finger protein 195 (ZNF195): gggccttt-
gtcccgacagagctccacttcecctgtcececcecgeggetectgtgtecectgetagecg-
taggtcgtgtgacccgcaggcaccgggagatccagaagtgaaacgccaggctctetg-
gaggccaggagatg (Seq ID No: 550)

Homo sapiens testis-specific kinase 2 (TESK2): cag-
tctttcgecggeccgggagectcagcagagctaccagetgecctgttggettegetggteg-
gatcgtcctectggecccecgccaaacaggcggggyg-
gagcggccccgactgtggggeccatggcagtag-
tctcctecgttecgecgecgecgectagectagetgag-
tcgecggettetgegetaggggctcecccaccgecteccgecaggectaaggagecgetgecac—
caacgagctgtgagggttactatgctcecctctttgecgeccgtctectectett-
gcccgcgcaggcacccecctcectggetgectcagtectgectcagtgtcaaaccagaaga-
gaagtaaaattcaacaaaaatttatgtgtggagttccttcttaaaagaa-
gaaaaaagtgattatttagactatg (Seq ID No: 551)

Homo sapiens family with sequence similarity 107, member A
(FAM107A) : agccctccttgctagtctgggacttccecggtggagtgaggaacccag-
caacacgctcctgacttcceccttcccaaggactcgacctgagaaggacacagcag-
tctctgaatttcatgctectectcectttgatgtgaagaaaatgaaaagctgaacagttgtg-
gaactgtggatagagttagacaataaggccgccatg (Seq ID No: 552)

Homo sapiens serine/threonine kinase receptor associated pro
tein (STRAP):

ccctecctceectttecctecctegtecgactgttgettgetggtegcagacteectgaccce
ctccctcaccectcecectaaccteggtgccaccggattgececttettttectgttgeccag
cccagccctagtgtcagggcecgggggectggagcagecccgaggcactgcagcagaagagag
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aaaagacaacgacgaccctcagctcgccagteccggtcecgetggettecgecgecgcecatg
(Seq ID No: 553)

Homo sapiens mitochondrial ribosomal protein L3 (MRPL3):
ctttctttcegtecgcagagagcatcggecggecgaccgttecggeggecatt-
gcgaaaacttccccacggctactgegtccacgtggecggtggegtggggactcecectgaaa-
gcagagcggcagggcgcccggaagtcgtgagtcgagtcecttceccgggctaatceccatg
(Seq ID No: 554)

Homo sapiens zinc fingers and homeoboxes 1 (ZHX1):
ctcccttcececectecgecececcggacggecgectggggegegegectcectecteg-
cacccccaccctgagtccecccacactececgeggggecaccgagectgctgaggececttt -
gcgggcccgcecgagcggttecgggtttagggttcacaggtcagagtt-
gactccctgaaaagtgcageccggtttgaaatgcaagatggecggeggegtggegectga-
gaggcgcggcggcccecctgcaggagaagacagactgetgectttggacctgttgg-
taatgatggcctgagctaaacatctaactagaagggatacccttccatttcaaa-
gaacagaatgctaaggaagctgtggcaagtgattggagtt-
gtgcttcaaaaatttcagaaattcagcagtattttatctgccaacaataa-
gctctttacttgattgcaccatgagaaagctgctaatgagacttgttgag-
cacaaaaatggacttgaagaaccaaaagccattgttttcaaatgaagaacactgaacag-
ttttaagcctcgatgctttttaatcaccactgagecttttectcataacatcagaatg
(Seq ID No: 555)

Homo sapiens calcium binding protein P22 (CHP):
ccttqcttccctccctccttccctcctgtcgccgtctcttctggcgccgctgctcccg—
gaggagctcccggcacggcgatg (Seq ID No: 556)

Homo sapiens ecdysoneless homolog (Drosophila) (ECD):
ctttctctcaggatttcecgetggettcaggtteccggtcaggegtegg-
gacagagcctgatccaggcttcggecggecggtggcagetcectecgatcagetctegecag-
tcggagaggcggctaaggaaaggtgccacagcagagacgcgaaggagaggccctagaac-
cttttcaaagaagaatg (Seq ID No: 557)

Homo sapiens V-set and immunoglobulin domain containing 4
(VSIG4): gagcctctttggtagcaggaggctggaagaaaggacagaagtagctctgg-
ctgtgatg (Seq ID No: 558)

Homo sapiens prohibitin 2 (PHB2): tgccctttctttcgccageccttac-
gggcccgaaccctegtgtgaagggtgcagtacctaageccggagcgggg-
tagaggcgggccggcaccccecttctgacctccagtgececgecggectcaagatcagacatg
(Seq ID No: 559)

Homo sapiens signal transducer and activator of transcriptio
n 1, 91kDa (STAT1):

ctgccttttctcctgecgggtagtttegetttectgegcagagtectgecggaggggetegg
ctgcaccggggggatcgcgecctggcagaccccagaccgagcagaggcgacccagegegcet
cgggagaggctgcaccgccgcgceccccecgectageccttecggatecctgegecgecagaaaag
tttcatttgctgtatgccatcctcgagagctgtctaggttaacgttegcactectgtgtat
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ataacctcgacagtcttggcacctaacgtgctgtgecgtagetgectecctttggttgaatcce
ccaggcccttgttggggcacaaggtggcaggatg (Seq ID No: 560)

Homo sapiens heat shock protein 90kDa alpha (cytoso-
lic), class B member 1 (HSP90AB1l): agctctctcgagtcac-
tccggegecagtgttgggactgtctgggtatcggaaagcaagectacgttgetcac-
tattacgtataatccttttcttttcaagatg (Seqg ID No: 561)

Homo sapiens cancer susceptibility candidate 3 (CASC3):
cgttctccgtaagatg (Seq ID No: 562)

Homo sapiens nuclear cap binding protein subunit 2, 20kDa
(NCBP2): gcttctctgcactatg (Seq ID No: 563)

Homo sapiens non-POU domain containing, octamer-binding (NO-
NO) : cgctcttttctcgggacgggagaggeccgtgtagcgtcgecgttactccgagga-
gataccagtcggtagaggagaagtcgaggttagagggaactgggaggcacttt-
gctgtctgcaatcgaagttgagggtgcaaaaatg (Seq ID No: 564)

Homo sapiens lectin, galactoside-binding, soluble, 9
(LGALS9) : atttctttgttaagtcgttccctctacaaaggacttcctag-
tgggtgtgaaaggcagcggtggccacagaggcggcggagagatg

(Seq ID No: 565)

Homo sapiens chaperonin containing TCP1l, subunit 5 (epsilon)
(CCT5) : cggtctccgecggttggggggaagtaattcececggttgttgcaccatg
(Seq ID No: 566)

Ho-

mo sapiens haloacid dehalogenase-like hydrolase domain conta
ining 1 (HDHD1): cttcctcctcgcccccacccagacccagaaggcgecaccatg
(Seq ID No: 567)

Homo sapiens glutamate dehydrogenase 2 (GLUD2):
cttccttectagtecgecggggagtctgagaaagecgecacctgttecgcgaccgtcac—
gcacccctcctccgectgeecgegatg (Seq ID No: 568)

Ho-

mo sapiens general transcription factor IIIC, polypeptide 3,
102kDa (GTF3C3): ggttctctgtcccggttcctggggttgcacagacagaccet-

gtaaacatg (Seqg ID No: 569)

Homo sapiens general transcription factor IIIC, polypeptide
5, 63kDa (GTF3C5):
gggtccctegectggctagtaggagagactggtgecttgecceccecgececggtggactaactege
ttaattttaaataaaaagtcgaggacacggcggtcgttttcccgaagacatgggecctcece
catgggccatttgcteccctggaggecctcecgegtecttgectgageccecggggagttaggatga
cgcgagcggtgagggagcccggaacgattceccttcgeggaacaattgaggcgaggectttg
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ggagtactttgtgggacggaccctggcgggeccctgccagacgcacagggatyg
(Seq ID No: 570)

Homo sapiens ancient ubiquitous protein 1 (AUP1):
ccgccttcecceccaagagececctgeggecgggegcecgaaaatggecggecggeggegac—
ggccgggcegctcectgaagcagcagttatg (Seq ID No: 571)

Homo sapiens coatomer protein complex, subunit gamma 2
(COPG2Z) : cggccttectgecagcectettceccgetegecggectgeggegectgggac—
ggttgcggtgggtctgggcgctgggaagtcgtccaagatg (Seqg ID No: 572)

Homo sapiens apoptosis antagonizing transcription factor
(AATF): cggtctctggcggagtcggggaatcggatcaaggcgagaggatccgg-
cagggaaggagcttcggggccgggggttgggecgecacatttacgtgcgecgaagcggag-
tggaccgggagctggtgacgatg (Seq ID No: 573)

Homo sapiens integrator complex subunit 6 (INTS6):
tctectetttecteccaccacctecgggececcggtgtecccggecagcactatg
(Seq ID No: 574)

Homo sapiens F-box and leucine-rich repeat protein 4
(FBXL4) : tcttcctteegggtcecgegectaggecgggettgeggeggttgtgecg-
catctagagagtcggggagccgcccceccg=
cacccaggccttcectegegetgectggtegetggtgaa—
gcecegceggegegegectcectcececcggacectgcagggtaaaagaatgtcacatgtcecag-
catttgtacctgaagtcagcatgcaaagttcagggtacctggatgaatgccaactttt-
gcatttcccatgtgtatcctgtgaccattctatctgggaacatccttcaaagag-
ttcatgcatcttactgaggacacctgaccttttgaagcttcataattcacatctagatg
(Seq ID No: 575)

Homo sapiens guanine nucleotide binding protein

(G protein), gamma 3 (GNG3): gctccttctag-
catccttcatccttcaggtaccageccatccagacagtgecttgagectgcagaaactga-
gaccagacctctggcctggccctceccccaggggectectttegtatagtcactgettetg-
catcagatactttcagctgcaactccctactgggtgggg-
cacccatttcaggcagaaggttttggtaccctccactgaccctacacccagggectge-
tactgccgcttgtggcttcaggatg (Seq ID No: 576)

Homo sapiens histidyl-tRNA synthetase 2, mitochondrial (pu-
tative) (HARS2): aggccttttgttcctgtcccggaaagccggegtectgecgeg-
cgatg (Seq ID No: 577)

Homo sapiens interleukin enhancer binding factor 3, 90kDa
(ILF3): cctcctcctcectettctegecattgecagttggacccagcageccggecgeg—
caccgcgtggcettttgggggcagacceccggegggetgtggecag-
gagggcggcggcggcggctgcggtcgaagaaggggacgccgacaagagtt-
gaagtattgataacaccaaggaactctatcacaatttgaaaagataagcaaaagttt-
gatttccagacactacagaagaagtaaaaatg (Seq ID No: 578)
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Homo sapiens polymerase I and transcript release factor
(PTRF) :
gtttcctctgetctcecgectcectegececgetagetectecteecttecgetectgettetete
cgggtctcccgectceccagctceccagececcaccecggecggtececgecacggeteccgggtage-
catg (Seq ID No: 579)

Homo sapiens 5'-3' exoribonuclease 2 (XRN2):
tgccctectgecgetgectecegtetetttggttac—
gctcgtcagecggtecggececgecgectecagecgtgtgecgcetatg
(Seq ID No: 580)

Homo sapiens 2-hydroxyacyl-CoA lyase 1 (HACL1):
ccgcctcecttectteeccgttgtttaaggcagttggttgecctectgtecgtcagaggtg-
cagtaccagaggtggcgtgctgecgatttcgegtttgecttgetggatgattecgett-
gtttgccggctgegtgagtgcecttagagettttecggtggaagatg

(Seq ID No: 581)

Homo sapiens zinc finger protein 346 (ZNF346): ggctctctac-
cggtgagggtttgcggggaagatg (Seq ID No: 582)

Ho-

mo sapiens microtubule-associated protein, RP/EB family, mem
ber 3 (MAPRE3): cagtctctgtgcgttgaagccggagac-
cgcggcggcctcagcgaggaccctcececgecccggagecgecggecggagecg-
cagcctctgccgecagcgeccccgecacctgtecececcteccectecgecteecgecg-
gagccgcctcgtgcactctggggtatg (Seqg ID No: 583)

Homo sapiens splicing factor 3b, subunit 3, 130kDa (SF3B3):
gtgcctttttccgecgegegeccaccagaatgtececctgtecttgaggtctaatggecggac—
gccagtatgttggagttggtggtggcttaagttttgaagggaggtagcatccgttgga-
tatccacaccatccttctecgctgcaggectttcecttggacteccgtactgttggtgtaac—

caaggcctggaggtctgggtggctcaggtttcecctgcagecatg (Seq ID No: 584)

Homo sapiens spondin 2, extracellular matrix protein
(SPON2) : ctgcctctcgectggaggccaggeccgtgcagcatcgaagacaggag-
gaactggagcctcattggccggececggggcgecggectegggettaaa-
taggagctccgggctctggctgggacccgac—
cgctgccggecgegctcececgetgetectgecgggtgatg (Seqg ID No: 585)

Homo sapiens solute carrier family 13 (so-

dium/sulfate symporters), member 4 (SLC13A4):
ttttcttttctgectttgcaggcccaggectcaaggcaaattataagtagggaaccaatttg
agggaaagacatgtgaacagagttaaggtaccacgtcctgggagcgaccagcageccccecac
ctgaagtccgcatgcaactctgacaagctcaggtgettgttttaaggaaaggggctacta
gagtcttaccaacagcgagcccaggtgggagatgaaacaggtactccccaaaataggtca
tccgagggaggaaaactgatggagagcacaatgtgctctgagegtttttaatgtttttaa
gcttttaaatgatttcttcaaggccgagcagcagcagcaaaggtgtggcttaaaggatta
agggggtttctgctgacacctagaatgaagttactctattactaatcaagccgagaggag
gcccactatgcccccegtttatcatecttteccagttectttttgetggtcacaaaacgat
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gctcatcaatcccacctaaagcaggaggccaggagcccagcectcecttgtagaaacagegag
ggtataactgccctceccgttctgeccccaagacgaaggaggactctcggaageccaagaaa
ggtttaagaagtctttctggatagagagcagtgcccaggcaggaagectttegecggeag
agcggggtccaaggacgagctggagaggacagaggcgcgatg (Seq ID No: 586)

Homo sapiens PRP6 pre-mRNA processing factor 6 homolog
(S. cerevisiae) (PRPF6): attcctttccttcectagecttggtcegtcgecge-
caccatg (Seq ID No: 587)

Ho-

mo sapiens eukaryotic translation initiation factor 3, subun
it K (EIF3K): ccacctcttcctgttccegteccttgaggacgecgtgecgggtcag-
tgttagcctccageecctggttgtggaaggcgacagaagtcatg (Seq ID No: 588)

Homo sapiens ataxin 10 (ATXN10):
cccecteccececgeggegecgtectectecteeccgectgaggegagtectgggectcagecta-
gagctctccggecggecggegecagettcagggcagegegggetg—
cagcggcggcggcggttagggctgtgtagggcgaggectcccccttcecctectegecatcc
tactcctcecectcectegtcecatcecteccecttegtectectegecttectectectegteag
gctcgacccagctgtgagcggcaagatg (Seg ID No: 589)

Homo sapiens secretogranin III (SCG3): cttccttcctcac-
ttcctctgcaggagggagcgagagtaaagctacgeecctggecgegcag-
tctccgecgtcacaggaacttcagcacccacagggcggacagcgctcececctcectacctgga-
gacttgactcccgecgecgccecccaaccctgecttatcecttgacecgtegagtgtcaga-—-
gatcctgcagccgeccag-
tcceggceccctceteccgececcacacccaccectectggetettectgtttttactectect
tttcattcataacaaaagctacagctccaggagcccagcgecgggctgtgacccaa-
gccgagcecgtggaagaatg (Seq ID No: 590)

Homo sapiens polymerase (DNA directed), mu (POLM):
cttccttcecegtectegetecggagtttecctetgegttecgetecgegetgetg-
gaggctgtcgtcccaatg (Seqg ID No: 591)

Homo sapiens epsin 1 (EPN1l): cctccttctgtt-
gcttceccgtectecteggeggetcecceccectecececececgeccggectcteecgegeececcttectgggeg

- gcggggcggcggagceccgtcggegtgeggecctectt-

gcgttcgtgegtgegeccgtggecececggegecacgtccecgecgacaccgaggecgagegggg—
cagggggctgaccgccatgaccceccccagageececggegtgagggggecga-
gatgcggtgacctgccagcacctgceccgcecagecttegtecgggag-
tcgceccatctcectecacgecatcggggecectgtgececttgectgetgcagececgggcac—
catg (Seq ID No: 592)

Homo sapiens Secé6él alpha 1 subunit (S. cerevisiae)

(SEC61Al1) : gtgtctctcggcggagctgctgtgcagtggaacgcgectgggecgecggg-
cagcgtcgcctcacgcggagcagagctgagctgaagecgggacccggagcccgag-
cagccgccgccatg (Seqg ID No: 593)



10

15

20

25

30

35

40

WO 2013/143699 PCT/EP2013/000937
213

Homo sapiens Obg-like ATPase 1 (OLAl):
cgttctctectcecttcectecececgecteccagetgeccggecaggacctttectectegetgeege
tgggaccccgtgtcatcgecccaggeccgagcacgatg (Seq ID No: 594)

Homo sapiens sorting nexin 12 (SNX12): ag-
gcctctgtceccecccaccceccecttteccecggteccaggetcectectteggaaagatg
(Seq ID No: 595)

Homo sapiens LAGl longevity assurance homolog 2

(S. cerevisiae) (LASS2):
cggcctttttttcececggetgggetcgggetcagetecgactgggectcggegggeggecggceg
gcggcgccggcggctggcggag-
gagggagggcgagggcgggcgcegggecggegggegggcggaagagggagga-
gaggcgcggggagccaggcctcecggggcecctcggagcaaccacccgagcagacggag-
tacacggagcagcggccceggecccgceccaacgctgecgeecggctacteectett-
gatgccctccectttgceccectcactcaggatg (Seqg ID No: 596)

Homo sapiens cytohesin 4 (CYTH4): tcatcttttcccca-
gaggcgtcggaatg (Seq ID No: 597)

Homo sapiens. transportin 2 (TNPO2): aattctctctcttt-
ggctccctecttecgegecgagtectctggagaageccgcagegecgagtt-
gccgceccgcectgcectgececggggeccgggtaagtgggectcactcagageeccgaccecectett-
ggccceccggcttgegtcgaccececccgecgggcac—
cgagcctgcgceccgcecgcegcecggceccgggegteggggecgecgeccgaccgggaaaggecgg-
gaagccggttgggcccgatcctectggcagectagaacgggeccgggcgggggaggggyg-
gaaccgagcagagcttagggggtggggcctecggageccaggccatgtcggggctectcaa-
gaagagggccagtgggactgctggggtcgggctggaggggatctgattgggggaa-
gcgtctggggactgecttggggectgattgggggacgtcgecgaggatcggettgeectt~
gcgccatg (Seq ID No: 598)

Homo sapiens makorin ring finger protein 1 (MKRN1):
gggcctttgctgtgtgggataaacagtaatg (Seq ID No: 599)

Homo sapiens vinculin (VCL): ctgtctcttcgccggtteccecggeccecgtg-
gatcctacttctctgtcgececgeggttecgecgececegetecgecgeegecgatg
(Seq ID No: 600)

Homo sapiens DEAH (Asp-Glu-Ala-His) box polypeptide 38
(DHX38) : cctccttttcctgeccccagactagaggegggatgtag-
tctcttaggctaagagtgattggtcacaaggagactcg-
gaagtgtctgatcagagccccagaggaggccttgagagcecctgttggegtac-
cgttccacacttggatccaggaatcgggcgtgttccaggctgectctctatggtagettt-
gggcggatagagggggcgcgcaaagtattaagggacaa-
taatggccgctttcaaggtgtggattttggctceccttgagectgtectgagegaggggtgg-
cagcgccggcgccccagaatccgggacagaagggtcecccaagagtcecgegettggtgaga—
gaaatcccagatcctgtgatg (Seq ID No: 601)
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Homo sapiens osteoglycin (OGN) :
catcctctaagcttttaaatattgcttcgatggtctgaatttttatttccagggaaaaag
agagttttgtcccacagtcagcaggccactagtttattaacttccagtcaccttgatttt
tgctaaaatg (Seqg ID No: 602)

Homo sapiens NIN1/RPN12 binding protein 1 homolog
(S. cerevisiae) (NOBl): gctcccctctcacgcagccaacatg
(Seqg ID No: 603)

Homo sapiens nudix (nucleo-

side diphosphate linked moiety X)-type motif 5 (NUDTS):
catccttttagcaccgcgagaggcgeccggtgtttcgagecegtggcaccgg-
catcggctgacactgctgcctccagctag-
ttatttcgtcctcttcecegttcecttcaccectacaccttggaggtgaacttctcac—
ctgagggctgtaaagactcgtttgaaaatg (Seq ID No: 604)

Homo sapiens WD repeat domain 91 (WDR91l): cgtccctcaccgcac-
cacccctaaagacgctagcgctgcgatg (Seqg ID No: 605)

Homo sapiens nuclear transcription factor Y, gamma (NFYC):
gggcctctgcattgcccgactcecgtaggagecgegggggeggctectgetettectg-
gactcctgagcagagttgtcgagatg (Seq ID No: 606)

Ho-

mo sapiens protein phosphatase 2, regulatory subunit A, alph
a (PPP2R1A): ccgcccttcecttcecttcectcecccagecattgeccececccacgtttcag-
cacagcgctggccgcagtctgacaggaaagggacggagccaagatg

(Seq ID No: 607)

Homo sapiens vesicle-associated membrane protein 2 (synapto-
brevin 2) (VAMP2): ccatctttccgtcccgggcagccagegccagteg-
gagccagcgcgagccgccgecgcecatcac—
tgccgctgccaagtcecctccaccecgetgececcecegecatg (Seq ID No: 608)

Homo sapiens transmembrane protein 5 (TMEMS): gat-
tctctttecgecccgetceccatggeggtggatgectgactggaagececcgagtgggatg
(Seq ID No: 609)

Ho-

mo sapiens UDP-GlcNAc:betaGal beta-1,3-N-acetylglucosaminylt
ransferase 3 (B3GNT3): aactctttcttcggctcgcgagctgagaggag-
caggtagaggggcagaggcgggactgtcgtctgggggagccgecccag-
gaggctcctcaggccgaccccagaccctggectggeccaggatg (Seq ID No: 610)

Homo sapiens SEC1ll homolog A (S. cerevisiae) (SEC11A):
gcgccctttcecectgeccggtgtectgetecgecgteccecgecatg
(Seq ID No: 611)
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Homo sapiens RUN and SH3 domain containing 1 (RUSC1):
ctccctceccegegeccegtcectctcecececgecctacaggecctagcagggcaggegggaggt
gagcgcggccatccecgctcececcggagttcecgggatecctggagtcecgtagttegtggtectt
cgccggtgtccccggagceccageggectgtggatg (Seq ID No: 612)

Ho-
mo sapiens aryl hydrocarbon receptor interacting protein-1lik
e 1 (AIPL1): cctccctttctcctgcagccatg (Seq ID No: 613)

Homo sapiens tumor necrosis factor, alpha-induced protein 8
(TNFAIP8): cctccttttctcccgeccggctctaaccecgegett-
ggctaaggtccgcgggaacccgtgagccaccgagagagcaga—
gaactcggcgccgccaaacagceccagcectegegettcagegteccggegecgtecgegecac
tcctececgatg (Seqg ID No: 614)

Ho-

mo sapiens staphylococcal nuclease and tudor domain containi
ng 1 (SND1):
gcgtctctttegetecgtgtececgetgetgetectgtgagegeccggegag-
tcegtececgtcecaccgtecgecagetgg-
tagccagcctgcececcecctegectcecgactceectttcaccaacaccgacacccacattgacac-
cteccagtccggccagcecgectccactegttgectttgecatcectceccacacatg

(Seq ID No: 615)

Homo sapiens DNA segment on chromosome 4

(unique) 234 expressed sequence (D4S234E): cgccctctttt-
ggtcgcccecctccccaacccagcactaaggagcaccctgetetggtcectecgecac—
cacccagcgcctcecctggacccatcceccecccaaacccttgaacgtectcag-
gacccccaggtgagcgcggecgcegectgegggeggggaccctectctgecacctececeg-
cacccctgggggtcgctcectgtceccctacggtcecececcgectecectttetectttctaa—
gcgcctcgecgecccaggceccgecgeccggggtggegecageccg-
cagccctceccgctececgggegecctecegeecgcectecga—
gaccccctgggggcgegtectcteccegetcecececctgttecctecceccggetcagggecggge
gcgtggtcccaggggaggctccecgeccagcecccecgecactecttt-
gtgcggccgggcegggcegetgegtcaaggtggaggecgecggecacacgcegeg-
cacccacccgcgcgcacccagcccccgggagaggcaggaagggaggcggcggegegag-
gaggagggagcggccgtg-
gagcccaatcgttcgectceccectteccecgggteccgegegecggecgecgectecgecatt-
gctgcgagcaggagcaggagacgcggagctcggagcgctcagectgacctgecg-
gagccgggcgtgggctgcagcecctcggagectcecccggaacgatg (Seq ID No: 616)

Homo sapiens growth hormone inducible transmembrane protein
(GHITM) : acgtcctttcgatgttgcgtcatgcagtgecgeccggag-
gaactgtgctctttgaggccgacgctaggggeccecg-
gaagggaaactgcgaggcgaaggtgaccggggaccgagcatttcagatctgectcgg-
tagacctggtgcaccaccaccatg (Seqg ID No: 617)

Homo sapiens stress-associated endoplasmic reticulum protein
1 (SERP1):
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tttccttectcectttcactecgegectcacggecggecggeccaaagcggcggcgacggcggcege
gagaacgacccggcggccagttctcttectectgecgecacctgeccecgeteggtcagtceag
tcggcggccggcecgeccggettgtgectcagacctecgegettgecggegeccaggeccagcegg
ccgtagcectagegtcectggectgagaacctceggecgeteccggecggecgecgggcaccacgagecg
agcctcgcagcggctccagaggaggcaggcgagtgagcgagtccgaggggtggecgggge
aggtggtggcgccgcgaagatg (Seq ID No: 618)

Homo sapiens ADP-ribosylation factor interacting protein 1
(ARFIP1): cggtctcctcacttccggettecgectgectettggttctggttcectg-
gaggctgggttgagaggtcgeccggteccgactgtectecggeggttggtcagtgtgaattt-
gtgacagctgcagttgctcceccgecceccgagcagecgaggagtctaccatg

(Seq ID No: 619)

Ho-

mo sapiens tumor necrosis factor receptor superfamily, membe
r 21 (TNFRSF21): ccgccccttcggegecaccac-—
gtgtgtccctgcecgeccggtggeccaccgactcagtececctegecgaccagtectgggcageg-
gaggagggtggttggcagtggctggaagcttcgctatgggaagttgttecttt-
gctctctecgegeccagtectecteecctggttectectcagecgectgtcggaggagag-
cacccggagacgcgggctgcag-

-tcgcggeggettcecteccecgectgggeggecgecgecgectggg-

caggtgctgagcgcccctagagcectcececttgecgectcecectectetgececggecgcag-
cagtgcacatggggtgttggaggtagatgggctcccggcccgggaggcggeggtg—
gatgcggcgctgggcagaagcagccgceccgat-
tccagctgcceccgegegeccecgggcegececctgecgagtececcggttcagecatyg

(Seq ID No: 620)

-Homo sapiens sushi-repeat containing protein, X-linked 2

(SRPX2): ccccctecttcectgcagcagacggactgag-
ttcctctaatcecctgtgttecttcectececceccatectttctaaaacccttectcectgagagag-
gaataactatagcttcagggataatatagctttaaggaaacttttggcagatgtggac-
gtcgtaacatctgggcagtgttaacagaatcccggaggeccgggacagaccaggagecac—
tcgttctaggaatgttaaagtagaaggttttttccaattgatgagaggagcagagag-
gaaggagaaagaggaggagagagaaaaagggcacaaaatacca-
taaaacagatcccatatttctgcttccectcacttttagaagttaatt-
gatggctgacttctgaaagtcactttcctttgceectgg-
tacttcaggccatatacatcttttcttgtctccataateccteecctttcaaggatyg

(Seg ID No: 621)

Homo sapiens HIV-1 Tat specific factor 1 (HTATSF1l): ac-
ctccctttcectectgectcageteccagegtecatttecggectettag-
ttcttctgaaccctgctcctgagctaggtaggaaacatg (Seq ID No: 622)

Homo sapiens trafficking protein particle complex 2
(TRAPPC2) :
gggtctcttccgecggaaactgacattgegtttcecegttgtecggectecccactgcaggagcec
atatattgaagaccatg (Seq ID No: 623)
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Homo sapiens UDP-N-acetyl-alpha-D-galactosamine:polypeptide
N-acetylgalactosaminyltransferase 5 (GalNAc-T5) (GALNTS):
ccaccttttcttgggcttgtaggaaggtggacatgggctcccggagacaagacaagtga-
tatgttgaactgttcggtggctggaatcaactgectcctggagtgacctaaggeccag-
tgtttatcagaacttagccagggccagccaagcaggcacagatgectctge-
tatgaaatgccacgcaggcagagactgacaagcggtaggaactgagctttcecectt-
ggactgctgcttcctgetgtgttcaggggagggggtcactttectgg-
caactctgctgctgctgctgctgectgectgetacttcagettectcetecactcaaggtaa-
gcaggctaagggagggcaggctgctagggaaagctttgtaccatg

(Seq ID No: 624)

Homo sapiens transmembrane protein 97 (TMEM97):
tggcccctcttctcacatcagecgggtccaggeccaaccgacagactatyg
(Seq ID No: 625)

Homo sapiens EH-domain containing 2 (EHD2):
cgtcctceceecgetecgggeccecacceggctcagacggeteccggacgggaccgcgag-
cacaggccgctccgcgggcgcttcecggatectegegg-
gaccccaccctcteccagectgcecccagecccgetgcagecgecagecgegececegtegg-
cagctctccatctgcacgtctctcecgtgaacceccgtgagecggtgtgcagcecaccatyg
{Seq ID No: 626)

Homo sapiens tubulin tyrosine ligase-like family, member 4
(TTLL4) :
cgccctcecttettceccagactectecggtectgteccgetgggggecgegegeggtgtgtgg-
caggcggcagcggcgctggecggccgagtgegettgtcacgegtggeggtgegtggtt—
gctaggggcgcctgaggctgccgggtagecccagcaggeccgagggaggaagtagegtg-
gagccggtgccgagecggggcgaagcectggateccctagatagactgtcecttcaagetcac—
tgatattttcctctgcttgatccattgtgctgttgagagectctag-
taaatttttcagactgacagacttcaaggatgcagctgctactaccggaggtgtgtgg-
caccttacctcagcaaggccatgagaccgtgtggccatgatgtgggccecctecatyg

(Seq ID No: 627)

Homo sapiens basic leucine zipper and W2 domains 1 (BZW1):
acctctcectectectggegttagttcecggtecgcagaggagacaccgecgecagtt-
gccggtacatcggggatttctggetcectttectcecttegecttaaattcgggtgtettt-
tatg (Seq ID No: 628)

Homo sapiens centrosomal protein 57kDa (CEP57):
ttgccctttctgtgtaagectgtgagecgtaggecggecctgagggggtgtgtt-
gcaggggtttccaagcccagcaccagcacccectt-
gcccttttceccatcaggggttcagectagggtecccecgetggtgggeggetecccgagtett-
ggagaagagcacgagaacctagaccgcccecccgaagtgecggagacceccecctggg-
caggctgaaagatg (Seq ID No: 629)

Homo sapiens family with sequence similarity 115, member A
(FAM115A):
ctgccctttgectectgggeggagaagcectgettecectectgggaacaaccgecteccgcetce
ctagcaggttgctactgccccgaacccgegetgcagggaacagecggggcaaacagtgagt
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ggggttcagcgtagactctggaccaggagaggcccgcggtgaccgaggectgggceccecgg
aaaccaatagagccatg (Seq ID No: 630)

Homo sapiens ATG13 autophagy related 13 homolog

(S. cerevisiae) (ATG13): agccctctttcacccccccececcececggecattac-
cgaagcggatgaaaacaaacactaacgatggcggcgceccgggaagcgac—
cggctgctgggcttaaggcgggagtgaccgcttaaccagtgagggaagcactgaa-
gagcgccagtcgacgtgggtgcgacaactcecgcggagtcecttaggagcaaaac—
gtctggggcctgecgagccaggacecttctgaagecttaggtgtcectatcggegacgtg-
tacggtcactgcagctccggagcgecggaaccctcagecag-
gaggcgcggctggtcggtcccaggtccececggectececgtaatgagagecccggaaccac-
tctttgtgeccgcagettcecgcagecatcttggactcaagtgat-
tctcectgectcagectecctgagtagectgggactacagattectataggcaatg

(Seq ID No: 631)

Homo sapiens sorting nexin 17 (SNX17): ccgccttcccacatcg-
gatcgcagggctcccaaaatggcgagtgaggctgecggggactcgectgagcageg-
gagggggagcgtgcagagccgctgecggcececctcacagtcecg-
gagcccggccgtgcecgtgecgtagggaacatg (Seq ID No: 632)

Homo sapiens phytanoyl-CoA 2-hydroxylase interacting protein
(PHYHIP): cgttctttctceccttctctgectctectetecteccacgetgetttgat-
ttcgctcttgectetcettettgegetgetcagectgggaacatecgtctcaccaggggcag-
cagcgacgcgctgcacagccagacaggagctggctgcggggcatggaagcagecteett-
ggcagccgggagaggagcaagcgcacgccac—
tgccecgtgacccaggecgtecggetgetgteccectgecggggagetcatecac—
gcagaggtctctcecctgtecteccctgcgagettttectectgcagagecccagtg-
gagccagtccccacaggagacaaccctgacgggagcatg (Seq ID No: 633)

Ho-

mo sapiens translocase of outer mitochondrial membrane 20 ho
molog (yeast) (TOMM20):
cggcctttectgtgttcctggeccgeggeecgtecgggtgtgagetgegecgac—-
cgctctgagggttcgtggecccaccgetecttecgeggtececctgecgeccaccgtccac—
gctcagcgttgtagagaagatg (Seq ID No: 634)

Homo sapiens KIAAO0141 (KIAAO0141):
cggcctttctagccgectgtecccaagggtt-
ggtectcgegetttecggetgecgagetcectetgtggtgectggcagegacatg
(Seq ID No: 635)

Homo sapiens janus kinase and microtubule interacting protei
n 2 (JAKMIP2):
ctcectcectttaaacagcettctecgggtectcagcatgggettccagggcagegattgagg
agaccttaccaaggagcaccacacagtagatgctgagacatcgtactccaggataagaaa
cagtaacatggcagcacctgcttgaaagaaattaaaaaccaacagactccatttagaaag
gaacaatg (Seq ID No: 636)
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Homo sapiens EPM2A (laforin) interacting protein 1
(EPM2AIP1): cctcctcteccecttgeggectttctaacgttggecctgetettgtgg-

cctcccgcagaatg (Seq ID No: 637)

Homo sapiens centrosomal protein 170kDa

(CEP170): cggtcttt-

gccgttaccgcectatgtgtggggecgtgtgtggaataacgttattgecccageg- .
gagctgagggccccggagctcgaccgcagcggcagcgacgacaacagcggcgacgac—
gacgacgacgaggtggggggaggacggcgtgcgagagactcacgggacgcgac-

gcgccccgectcecceccecccgtecggteectcectecteccacggtaaggggatgacgtagettt-

gccaaagacttagaagctaagcagaaaatg (Seq

Homo sapiens suppressor of Ty 7 (S.

ID No: 638)

cerevisiae)

-like

(SUPTTL) : aggcctctcgaggtccagacagccgcccageccgctcectgegacgcag-
cagtgaatagtgtggtacctccttgtctecggttcaggtceccagac-
ctccecegtettecggetgecctgaacgtcaggegacctcag-
gaccctgtgattggcgcecctgcgeccggcggaccgtgaccgaggaaacccecctg-
gagggacttgggcattccttgggcteccgtgectgttettegtgectecttteggg-
caaggatctcacattatcagtctttgaccgacacagaatgcctggcatttga-
taaatgtttgttgaacttgaagagacatatggacaatg . (Seq ID

Homo sapiens non-SMC condensin I complex,

No: 639)

subunit D2

(NCAPD2): ttttccttttcatttcagcctgactgccggaatcagagecgegggtga-

gatccccagccectgtgagectgtaggagtagaatg

Homo sapiens ring finger protein 10
gatgctgtttggcgactcgtcgccattcececggag-

(Seq ID No:

640)

(RNF10): ggttctttga-

caggtcggcctcggeccaggggcgagtatcecgttgetgtgtecggagacactag-
tcceccgacaccgagacagcecageccteteccectgectecgeggeggga-

gagcgtgtccggceccggeccggecggecggggectecgegcaac—
ctccctcegectececttecececgecagectececgeccecgeccaggeccggecccg-
gactcccgagccccggectectegtecteggtecgeecgetgecgecgggcttaacageccce

gtccgceccgcecttetettectagtttgagaa-

gccaaggaaggaaacagggaaaaatgtcgccatgaaggccgagaac-

cgctgceccgecgeccgacccccgecggecctgaac—

gccatgagcctgggtcceccgecgegeccgetececgcectecgactgecgtecgecgeccgaggece

cccgttgatg (Seqg ID No: 641)

Ho-

mo sapiens PAN2 poly(A) specific ribonuclease subunit homolo
g (S. cerevisiae) (PAN2): agcccttcttgattggaagaagcgcctceg-
gaccccggtceccttggegecgtagtggttaggttgagececctaggegtggggga-
gaactggggaaactggaatttcccgeggagectgacagecgett—
gcgctcccecectactegttctaattceccacgegetceccaaaatatcecgeccatgga-
gaaatcttggccaggatgtccattctaggcccatcggtgectgtcttgctgaaggtt-
gggtcaggcatctaaagggactgtggtaagggagggtgtgacacaggtgtaa-

gctgccatcgtcatcatg (Seq ID No: 642)

Homo sapiens CD302 molecule (CD302)
cagccgctgccgeccacccgcaccecgecgtcecatg

(Seq ID No:

gctcctecteecggeecgeg-

643)
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Homo sapiens NSA2 ribosome biogenesis homolog

(S. cerevisiae) (NSA2):
gactctttcctgtccecggectgegtggtgtgggettgtgggtectttga-
gacccgaaaattgagagcgttttcgecac-
tccagecggctgetecctggeggectctgeggecgtcaccatg (Seq ID No: 644)

Homo sapiens DIS3 mitotic control homolog (S. cerevisiae)
(DIS3): acgccttttgctggaagagcgctgctggggttaggattctgegeggcgagg-
caagatg (Seqg ID No: 645)

Homo sapiens caspase recruitment domain family, member 8
(CARD8) : cctcctctgecgagegttatttcaaaagaagttgagaaccagagaaac-
cgacctaaggggattctcccatttggeccecgtcecctaccctaaagtcaccac—-
ctgctgcttttctggagcgcttaccagtgaccaagaggaacagaacacagag-
cagcctggcagtgtccaagcaacaagcecctccgectcectecttectg-
caccctggggctcctgaaactcacatgggtaaaaaagatacagtaaagacataaatac-
cacatttgacaaatg (Seq ID No: 646)

Homo sapiens epsin 2 (EPN2): ccgcctctcgagcgctgceccggtggecg-
cagcggcgcacccacgeccggcccggaggagcagagtgttecatttectgtgtegggecacag-
tgctaagtgctgggtgctcactggtgatgaggcagatgaaggttaccaaacttgtg-
gacaggagcctcatatcagagacgtggacctcactg-
tagcctggtcatggcttccagecttttcgaatctgaggctccaaaggaggaaatgac-
cattcagggatcttactccagcttgattacggagactgaaccttcatagggtgcgcac-
ttaccaaggacaggaaggtttctctgtttgaagggctttaaacttataacaaagaaaa-
taaaaatg (Seqg ID No: 647)

Ho-

mo sapiens pyridoxal-dependent decarboxylase domain containi
ng 1 (PDXDC1l): ccgcctctcaaccatcaggttcggcagceccgeggegecgectgg-
cagctcctcecctettctecgececgecggecgecgggecgecgggggac—
gtcagcgctgccagcgtggaaggagctgcggggcgcgggaggaggaagtagageccgg-
gaccgccaggccaccaccggccgcectcagecatg (Seq ID No: 648)

Homo sapiens nicotinamide nucleotide adenylyltransferase 2
(NMNAT2) : ccttcctttctcecctectgcagacacaacgagacacaaaaaga—
gaggcaacccctagaccaccgcgaaggacccatctgcaccatg (Seq ID No: 649)

Homo sapiens mitochondrial ribosomal protein S27 (MRPS27):
tgttccttttggtacgctccaagatg (Seq ID No: 650)

Homo sapiens leucine-rich repeats and calponin homology
(CH) domain containing 1 (LRCH1):
tccectcecttcececagegectttecggtggagcactgeggeac—
tcagcccgagetgecgttttcececctecgeggggaacgctgtgacecccecececgecag-

gagcggeggggcggggtgggggggcccgggagaagatg (Seq ID No: 651)

Homo sapiens PAS domain containing serine/threonine kinase
(PASK) :
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gctcctttecgtggtgtgtagecggettggegtgacectecgectgatceccagttgttagag
ttggaagcttggcagttggcecctcecttctteccatg (Seq ID No: 652)

Ho-

mo sapiens megalencephalic leukoencephalopathy with subcorti
cal cysts 1 (MLCl): cttcctttcctagttgggttctgacagctccgaggcag-
tggtttacacaaccaacacgaaacatttctacgatccacccgattcecctececctecattga-
tattcaggaagcagctctceccttceccectgecttcagectcaagtttgectgagetttt-
gtttcatttgtgaatacttcttgctggaagtccctcacccagagaccagtgctecccaac—
ggcagagcagcgggggagataaagaactggtgacacgtggctgtacattcag-
cacagctgtggtgtccccaagtgccatg (Seq ID No: 653)

Homo sapiens RRS1 ribosome biogenesis regulator homolog
(S. cerevisiae) (RRS1): ctttcttttccggattgggcatcccggcatctg-
cacgtggttatgctgccggagtttgggccgccactgtaggaaaagtaacttcagectg-
cagccccaaagcgagtgagccgagcecggagcecatg (Seq ID No: 654)

Homo sapiens formin binding protein 4 (FNBP4):
cgctctctgctcgegettgggetecgecgatg (Seq ID No: 655)

Ho- .

mo sapiens peptidylprolyl isomerase domain and WD repeat con
taining 1 (PPWD1l): gcgccttttctgacgatgcgaacaacatg

(Seq ID No: 656)

Ho-

mo sapiens sorting and assembly machinery component 50 homol
og (S. cerevisiae) (SAMM50): ccgccttctgccctcagcagcagac-
gctctgtceccgececgggcagetectgecgaggcageggectggagagggaacecatg

(Seq ID No: 657)

Homo sapiens Yipl domain family, member 3 (YIPF3):
gcttctecctttttgtgttccggecgatcecccacctcectectecgacectggacgtctac—
cttccggaggcecccacatcttgeccactecgecgegeggggectagegegggtttcagegac—
gggagccctcaagggacatg (Seq ID No: 658)

Homo sapiens tectonin beta-propeller repeat containing 1
(TECPR1) : caccctcttgccecggteccecgggagggecggtecgetecteccecggac—
gccgaggacctaccaccgcgacttcgeccececgeccggegcgggeccag-
gaccctgatgtcgcttttgaacagecccecctgecacctggcagecagcgagectactgtag-
taggcattgccgactgtttgcataccggatgggagtgacagtgtaatagaaaaacaa-
gcaagaaaccttttaggtaggactcctaaggctcagaggaagttacctccageccgectge-
catg (Seqg ID No: 659)

Homo sapiens DDB1 and CUL4 associated factor 12 (DCAF12):
ccttcectttececggectcaagtecttectetetetttectttetttecgectatettttt
tctgctgcecgcteccgggtceccgggeccattttcecgggecgggegcactaaggtgecgecggece
cggggcccagtatatgacccgecgtectgctatceccttegettecccececgececcatgtgget
gcggggccgcggcggcgctgeccactatg (Seq ID No: 660)
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Homo sapiens chromosome 3 open reading frame 17 (C3orfl7):
ccgcctttecgtaagtecccececcgectegecatg (Seq ID No: 661)

Homo sapiens LETM1 domain containing 1 (LETMD1l): caac-
ctcttctcteccgettetetegectgtgaagatg (Seq ID No: 662)

Homo sapiens chordin-like 2 (CHRDL2): ctcccttctgctggac-
cttccttcecgtcectctecatcectetecctecttteccegegttetetttecac—
ctttctcttcttcecccaccttagaccteeccttectgecectectttectgeccac-
cgctgcttcctggcceccttecteccgaccceccgetctagcagcagac-
ctcctggggtcectgtgggtt-
gatctgtggcccectgtgectecgtgtecttttegtecteecttecteeccgactecgetecce
ggaccagcggcctgaccctggggaaaggatg (Seq ID No: 663)

Homo sapiens CCR4-NOT transcription complex, subunit 10
(CNOT10) : actcctctagccggaacctgggggecccggageccggggtaggcacagag-
ttgtcctcggaggtccaggacagecggccagecccggcggecgggagtcagggecacgecac—
ctgcagggaagaacccgagtcgaagcgggaagatg (Seq ID No: 664)

-Homo sapiens THUMP domain containing 3 (THUMPD3): cttcctctt-
-gcagttgaggccggcgccgagccggacttcaggecggatctecgtggeggageccatett-

gctccctctecccaggectttaccegetecctaggattceccgggecctgtaggtgggag-
ttgggagacgacagtactgcttttaaagagacagtgttagggatcttggaa-
gcacagccaacatg (Seq ID No: 665)

Homo sapiens nipsnap homolog 3A (C. elegans) (NIPSNAP3A):
gctcectttccactecgggaaaccttcagaggagtctcagaaaggacac-
ggctggctgcttttctcagecgeccgaagecgegecatg (Seq ID No: 666)

Homo sapiens CAP-GLY domain containing linker protein 3
(CLIP3):
gcccctcectceteecgeccecccacccecectgteggegtetgggectegteccettetetetgt
ctceccttgcectececcccatcacgtceccececctgacaccgacaccccattgectecccacag-
tctccccagtcecteccactttggtecccagegetgtectgececgaggattt-
gcctgaaggcectgcecccccaactctgcacccgeccececcgagggccaccgaggaccatg
(Seq ID No: 667)

Homo sapiens ring finger protein 167 (RNF167):
cacccttcccgaagtttttectgtcac-
ctgtgttaggctcecgtceccecectttecgegttttateccececgtaccagaaaaggata-
catttagtgcctcccacccagcetceccactaaacgggttggatatctcattetttgagtt-
ggtgttccttcececcecggegeccccatgtagectgggaagtgggacctgggggtggtt-
ggacccctgggatcctaaaggaggggcagggagggcgcagaactcecegettetgecteett-
gctaccaggacgcgcggcctcctcagcectcetttectecececgetgecatg

(Seq ID No: 668)

Homo sapiens polymerase (RNA) II
(DNA directed) polypeptide M (POLR2ZM):
cgttcttccgggaaaatggcgactccecgectegtgececececggagtcaccgecgtecgeggat
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ccggcgctag- :
tagcggggecctgeccgaggaagccgagtgecccgecgecgecgeccagectcageececgegea=-
gaatg (Seq ID No: 669)

Homo sapiens dihydroxyacetone kinase 2 homolog

(S. cerevisiae) (DAK): tcgcctctttccgccagecgecccgcaggacccg-
gatgagagcgcacgcttcggggtctccgggaagtcgeggegecttcggatgtggeg-
gatgcggccgtgagccggcgggggaggtgctgetgectgectceccactg-
tactcagacccaggtagcacaggattgtccatcctceccagcagectcagtgcaac—
ggtgtgaactcagcctgtttcagagcctccacaccatg (Seq ID No: 670)

Homo sapiens RNA polymerase II associated protein 1 (RPAP1):
cgatctctgcggggcaagatggcggcgcccagacaggcecctggagcacggatgaataa-
gagggaacccccacacggagacactgctggagagagtcecgtactggggaggcagctggag-
cagcaagatg (Seq ID No: 671)

Homo sapiens torsin A interacting protein 1 (TOR1AIP1):
cctecctetttggtgecteccageccaggaggcgggagcgatccacag-
cagctgacccagctcaggcactgcctcectctcacagececctcaagacacac—
catgggcccagaggcaggtttgctacacagcagcgacgac—
gcaggcggcggccccagcgactcgcaactgcecteecctgaccacagcggeccac—
cgcccaacacccccgagaagcecatcgccaccaccggcaggagaacctagggtccataaa-
gccatcttcgcgatcgactaaagctacgtcaacaactatg (Seq ID No: 672)

Homo sapiens SERPINE1 mRNA binding protein 1 (SERBP1):
ccccectetecteggeccggecatcecttgtgggaagagectgaagcaggegetett—
ggctcggcgcggcecccgctgcaatcecgtggaggaacgecgeccgeccgagecaccatcatg
(Seq ID No: 673)

Homo sapiens N-acetyltransferase 9 (GCNS-related, putative)
(NAT9) : caccctttctgcgggggacgatttcecgtcggtggtaggctgcectaccatg
(Seg ID No: 674)

Homo sapiens ribosomal L1 domain containing 1 (RSL1D1):
gcgcctcttcacgaggtggaaacaagatg (Seq ID No: 675)

Homo sapiens SH3 domain containing, Ysc84-like 1
(S. cerevisiae) (SH3YLl): cttcctcttcctgggcagcctcgggacggggeg-
ccgcggccgggcgggcagcatg (Seq ID No: 676)

Homo sapiens methylmalonic aciduria (cobala-

min deficiency) cblD type, with homocystinuria (MMADHC) :
acttcctttgcctgctcacecgeccagegtaggtgectaccac—
cgctgccgtcgecgecgecattttgatggcaggaagagtcecggttectgggacagetg-
gagacagtggtggtgactgaaataactttaccaaaggaaagctattttgcgaac-
tatcttctccagcggagatg (Seq ID No: 677)

Homo sapiens glioma tumor suppressor candidate region gene 2
(GLTSCR2) : agttcttcctttgacaagatg (Seq ID No: 678)
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Homo sapiens DDB1 and CUL4 associated factor 8 (DCAF8):
cagtcttctcgagcacatcgtcgcaaacggggccggaaagecgtggcag—
cgcaggcgcaagcgcagagagcggaggcggtggtggtggcggecgetggeccagttectt—
cagtgaatctacagacctattttctcaggagctcagcecctggecttacttcagtga-
taaaaggaggaaaggctggctacagcaaacatcattcaagatg (Seq ID No: 679)

Homo sapiens UBX domain protein 1 (UBXN1):
ctttcttctecgtcecggtgttceceggetgectatagagecgggtgagagagecgag-

- cgceecgteggegggtgtcecgagggegggttgectegeget-

gacccttceccgecctecttetegtcacacaccaggtcececcecgeggaag-
ccgcggtgtcggcgecatg (Seq ID No: 680)

Homo sapiens antizyme inhibitor 1 (AZIN1l): ccgccttctcacac-
tttcaggctct-
gatcgcggceccgcecagtttttecttttttcecttetgecgtegecttectetgectettet-
catcctttctcecgetcectgectgectetgcagtgtgacgagtcecgaatectetteccacccag-
ccecgegectttettettttgectgegetgttetatttectectteggecgecgeecgecac-
tgctgcacacagctggtgtecggtgecgegettttaccecccaagtegttececcgecagec—-
tatggcccaggccgecttgggtatttctgetcaaggtaaccacatcectett-
taaaaattccgccgaaaaagagaagacgctttacccgactetttgggecgttatet-
cacggcgaactttctgaccaagtatacaactacccagagggcctaggagaagtgctgta-
tagagagcagttcgacttcaacgctgagccaccttgggaacctagectgatgatag-
gggggttccatctcccaacttgtccatggaggtcttcacttcagaaatccaagactca-
tattcatccagcttggtgtcaagtgggctgttgctgeccagaattatcttgtgattattt-
gagagatgtatcagtttcttctgaagtacaatcaactgtagaagcctttgtag-
cagtttgttgcatattctaaggacccagacatag-
gcttggtggcccecgtctecttgtcectttectggtttatgactttecggetttgtg-
gaatacggctgagatg (Seq ID No: 681)

Homo sapiens cell division cycle 40 homolog (S. cerevisiae)
(CDC40) : gcctecttecttettecgecectggcagggtctecgeca-
gaagatttgttgccgtcatg (Seqg ID No: 682)

Homo sapiens stathmin-like 3 (STMN3): gcgcctctccag-
cctccgcaggcecccaaccgeccgceccagcaccatg (Seqg ID No: 683)

Homo sapiens nudix (nucleosi-

de diphosphate linked moiety X)-type motif 13 (NUDT13):
tttcctcttttgtgectgattcctgaggactaggaaggtgcceccgaaaagaattcagaga-
cctgacaatg (Seqg ID No: 684)

Homo sapiens calcium homeostasis modulator 2 (CALHM2):

ctctcttttctggagttagattagtctgaageccgecaccagececccaggceccecgtgecaga
agaaaagcgggagggaacggcggaggccgccgctgececctgcaccgecctectggaggeca
cttggagagtccggeccccgaggaggccatggecacaagtgeccacagctggecccaggtt
gccagcgtcgctacagcecccagaccaaggcagaataatctceccggatgagetggtggecaceg
ctgagcctttggtctcaccagggettectgttgetggcaggeggggtggageggagectge
tgggaggctgctggataggagaggggtcacggctgcggaagaggaggttettcgggacac
ccgtggatggacacggcaaggaaacaccaggccaaccacagctggggataaaatagcaca
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accacaccctgceccgtccagegcecteccagectgtgececcttectagtaccaccagcaacce
atcaatcccgtctcctcectgectectcectecectgecaatccaccececgecacgactatcecgecat
g (Seq ID No: 685)

Homo sapiens NMD3 homolog (S. cerevisiae) (NMD3):
tcttctctgtggcggagacageccaggttggcagectgacgggacagecggggte-
tattttgttgcgggttttcagcaaatccagggctggtctggaggecgcgaaaact-
taaggcatacagaacgatg (Seq ID No: 686)

Ho-

mo sapiens ATPase, H+ transporting, lysosomal 50/57kDa, V1 s
ubunit H (ATP6V1H): gcgcctctgtcattc-
tactgcggccgcecctggettecttctacctgtgeggecctcaacgtectecttggtgegg-
gacccgcttcactttcggectecccggagtctecctceccactgectcagacctcectggacct-
gacaggagacgcctacttggctctgacgcggcgeccccag—
cccggctgtgtceccceccggecgeccccggaccac—
cctcecectgeecggetttgggtgegttgtggggteccgaggattecgegagatttgtt-
gaaagacattcaagattacgaagtttagatg (Seq ID No: 687)

Homo sapiens DPHS5 homolog (S. cerevisiae) (DPHS):
gggccttttctctgcacggagccggegecttttgecagttgettectgeg-
gaaaggtggtagttaagaatttgtaaaggccagagaactacctacgattctctcag-
cggtctctcttctectcaagtttgaaatg (Seq ID No: 688)

Homo sapiens polymerase (RNA) I polypeptide D, 16kDa
(POLR1D) :
cctectceectectteegtectecgegecttecgteggtecggtecttgettectgettege
ctccgcgectecgegectatgggacagagecccccgatececgeccagcaccacctgaggateca-
gaaaccgccccagcgatg (Seq ID No: 689)

Homo sapiens HMP19 protein (HMP19): ctgtcctttcagcaccacaag-
ctcgggctgaggagggaggactcctggccecgtectcecctectecttcaaattggett-
gaatcttctctgaccccccacgagtgcagcacagtctgggaagaaaggcgtaaggatg
{(Seq ID No: 690)

Homo sapiens adiponectin receptor 1 (ADIPOR1):
gcgccceccttecggegeggggagggeget -
gaagatcggggccgctcggeccgcaggccgectceccagecgecgegggatgtagegegggg-
gaccgcggcccccagcagageccgectgeccggettgtectaccatcagagggaga-
tctctgcceccctggggctgagagaccccaacctttececccaagetgaag-
ctgcagggtattgaggtaccagccagatg (Seq ID No: 691)

Homo sapiens SH3-domain GRB2-like endophilin B1 (SH3GLB1):
ttttcccttgggacccgggtccacacggeggggtecgecegtecatcectecggetegeccge
ggggcccatcgtcgacgttagecggeccgttcteccgagecgactgacccatecttggegetyg
ccgccgcegegcettgttetecteecctegececgecttecatecteecececgttcacggaaacga
cagctgcggctgcggggctggecgececgectceccecctceccacctaccacgtectgecctegecget
ctagccctgcecgecccageeccggcecgeggecacctecgectegecgecgctaggteggeecgg
ctccgecccggetgecgectaggatg (Seq ID No: 692)
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Homo sapiens anterior pharynx defective 1 homolog A

(C. elegans) (APH1A): gtcccctcttcecggecttecgtagaggaagtggegeg-
gaccttcatttggggtttcggttcecccececttecectteececcggggtectgggggt-
gacattgcaccgcgcccctecgtggggtecgegttgeccaceccacgecggacteccecag-
ctggcgcgceccccteccatttgectgtectggtcaggeccccacceccectteccacct-
gaccagccatg (Seq ID No: 693)

Homo sapiens RNA binding motif protein, X-linked 2 (RBMX2):
ctgcctttcececgggegetgattectgagtgctgagcgcgaacccgaggagatg
(Seq ID No: 694)

Homo sapiens family with sequence similarity 82, member B
(FAM82B) : atctcctttagccccgeccgectcecegtagetgecet-
gaagtagtgcagggtcagcccgcaagttgcaggtcatg (Seq ID No: 695)

Ho-

mo sapiens UTPll-like, U3 small nucleolar ribonucleoprotein,
(yeast) (UTP1l1lL): tgatcttttccaaggctgtacagacatg

(Seq ID No: 696)

Homo sapiens chromosome 14 open reading frame 166
(Cldorfle6) : cgccctctcgecgegtecgecggtgectgecgectececgectecac-
ctcgcttcttctctececcggecgaggecccgggggaccagagcgagaagcecggggaccatyg
(Seq ID No: 697)

Ho-

mo sapiens transmembrane emp24 protein transport domain cont
aining 5 (TMEDS): gcttctctttcggagggagtgttcgecgecgccgeggecge-
cacctggagtttcttcagactccagatttcectgtcaaccacgaggagtccagagag-
gaaacgcggagcggagacaacagtacctgacgcctctttcagecccgggatcgecccag-
cagggatg (Seq ID No: 698)

Homo sapiens coatomer protein complex, subunit zeta 1
(COPZ1): gtttcttttgcggctccacgtcggcaccagectgcggggcaagat
(Seq ID No: 699)

Homo sapiens mitochondrial ribosomal protein S16 (MRPS16):
ggttctttctgtgtttgttctctgeccctgeccaaggecgtagag-
ctggtgcgtgcgggtagecggggectcteccgaggageccgcacgecggcggecaccatg
(Seq ID No: 700)

Homo sapiens charged multivesicular body protein 3 (CHMP3):

ctacctccttttecgecgggeccecgeccaggecggectgececgtgacctgectgggecgegggyg
aactgaaagccggaaggggcaagacgggttcagttcgtcatggggctgtttggaaagacc
caggagaagccgcccaaagaactgatatccaaagagaagaagaaaaagtgaaacgatctg
tgaaagatgctgccaagaagggccagaaggatgtctgcatagttctggccaaggagatg

(Seq ID No: 701)
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Homo sapiens RNA binding motif protein 7 (RBM7):
cgaccttttggccaggttagggagggggcgacgctgagatg (Seq ID No: 702)

Ho-

‘mo sapiens eukaryotic translation initiation factor 3, subun

it L (EIF3L): cgctctttccggcggtgctcgcaagecgaggcagccatg
(Seq ID No: 703)

Homo sapiens zinc finger protein 706 (ZNF706):
ccttectttecctecggegtectetecececggecctetecgegetgecac—
tgtctctccgacgcaagactgtcccggeccggatatg (Seq ID No: 704)

Homo sapiens androgen-induced 1 (AIGl): cgcccteccttgeccgeccag-
ccggtccaggectctggcgaacatg (Seg ID No: 705)

Homo sapiens interleukin-1 receptor-associated kinase 4 (I-
RAK4) : cgccccttcecgeggegettectagttecggetggttettectgtegeecggett-
cagcagcccgcgcccgggcaggaatagaagatg (Seqg ID No: 706)

Homo sapiens transmembrane protein 66 (TMEM66):
cgttcecttcecgecgecgecaggggtageggtgtagetgegcagegtecgegegegetac—
cgcacccaggttcggcccgtaggegtctggcageccggecgecatcttecatcgagege-
catg (Seq ID No: 707)

Homo sapiens carboxypeptidase Q (CPQ):
ccgcectcectecggecececgeggectggecggcaagcagggctgcagtcacggggcggecgeg-
gagggccccagcccagtcaggggtgtggeccgecgeccaccgtaaggctaggecgecgaget-
tagtcctgggagceccgcectceccgtecgecgecgtcagagecgececctatcagattatet-
taacaagaaaaccaactggaaaaaaaaatg (Seq ID No: 708)

Homo sapiens hydroxysteroid (l17-beta) dehydrogenase 12
(HSD17B12): cgctcttttcattcacgaaggtagtgaggcctagtggaaagccatg
(Seq ID No: 709)

Homo sapiens protein phosphatase methylesterase 1 (PPMEL):
cctccectcgatg (Seq ID No: 710)

Homo sapiens HemK methyltransferase family member 1 (HEMKI):
ccccecttteccggcaggetactgggeteccecgeccacacacctececggectggttectaaacyg
ccagctcggagcaatccccttgggctggagccaaatcecctgectgtgattttaaggaagac
cggcaggtccgggcccccaagggtcaaccccacacacatccececgecactttectgtatgea
ggcctgcgagcgtagagggagtggaattcacagecctceccecccacccatcececgcaggggtcetec
tgggaggaacccaccagcgataggaacactgaagctgggctacggcgtccgecccgagect
tttcttaaaggcgeccgacceccggaageggggecgtccgagggagcgegcgacgggecacge
acgtccgggcegtccagttcggggcagettcteecggectggtgggtgggtggggcagecttt
caggcagggtggcaaccaactatatctgaggaccagagccattttggggcaccagagctt
gtgacctctccatctccacccagctgggtccaggggecactctcagcactcacctcagcea
gctgacatcataaagcagacttgggaacctggaagcactctggagaacctttccctgaga
catg (Seq ID No: 711)
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Ho-

mo sapiens N(alpha)-acetyltransferase 38, NatC auxiliary sub
unit (NAA38): cgccctttcagttctgcttgctgtcggcaccgectgegttacceg-
gaaccgccgggccgaacagcatg (Seq ID No: 712)

Ho-

mo sapiens cleavage and polyadenylation specific factor 3, 7
3kDa (CPSF3): ggttcttccttttttatttaccggtggctgtgcttccaatttag-
gaagaccccggcgacctgttcctcacccececgettcecgecctcacactttcgggatg

(Seq ID No: 713)

Homo sapiens dynactin 4 (p62) (DCTN4): tcgcctcctccctccccaa-
gatg (Seq ID No: 714)

Homo sapiens hydroxysteroid (17-beta) dehydrogenase 11
(HSD17B11): gttcctccttgctctcecgecccctactcectttctggtgttagatcgage-
taccctctaaaagcagtttagagtggtaaaaaaaaaaaaaaacacaccaaacgctcg-
cagccacaaaagggatg (Seqg ID No: 715)

Homo sapiens YTH domain family, member 2 (YTHDF2): tag-
tctttccaggtgttagtcgaaac-
ctcgtggtgcgaccctggtegtcccaaacccectaggecttaatcctggggcggtggggyg
cggggaggccgtgagcacggcttccecgcectectccaateccgeccagagggceg-
cagcggccggcctctcececttececggggttettegegecgggececttececgegtgggtgag
tgaatgtgagag- ‘
tcagcgctcgecgecgecgegegecgeccgectecgetgtteggegetectgetttaggeggt
ggggggcgggcgcgcgcgtaaaagcatagagacgggcattgagctcecttgggcta-
gagcgtcgccgagtcggagecg-
gagcctgagccgcecgecgcetgtgtcectecgcectgegtececgecgaggecececgag-
tgtcagggacaaaagcctccecgectgectecceccg-
cagccggggctcatctgccgecgececgecgecgctgaggagag-
ttcgccgecgtegecgeccgtgaggatctgagagecatg (Seq ID No: 716)

Homo sapiens tubulin, epsilon 1 (TUBEl): agctctctag-
cagagcgccgttgectgggggaatgcagaagecggecgcecgggctagcaagecteceg-
gagccggcggcgcaccaccatg (Seq ID No: 717)

Homo sapiens ubiquitin interaction motif containing 1
(UIMC1) :
cctecttttettectecagecgggteccgeggeeccgectactectecgggaggggegectteecega
cgccaaggtaggcctctcccgacgecggggeggeccttcectgatgecggggtgtgtetet
cgcgacgcgggggtgggctcecggacgececggggctggecttgecgaagtecgggggtgggte
cctcecggacgecgaagtgggetcecgggatgecggggectgggacccteccgattccggggegy
attccggacgccgggaccggcecattactggtgecgggttgggecttctccagatgecgggg
ctgggtccttcccaaggttgagacaaaaggatg (Seq ID No: 718)

Homo sapiens TNF receptor-associated protein 1 (TRAP1):
ccgccectteccategtgtacggtececgegtggetgegegeggegetectgggag-
tacgacatg (Seq ID No: 719)
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Homo sapiens cereblon (CRBN): cagcctcctttgcgggtaaacagacatg
(Seqg ID No: 720)

Homo sapiens ribosomal L24 domain containing 1 (RSL24D1):
cttcctctcaagettggegtttgtttggtggggttacacgcgggttcaacatg
(Seq ID No: 721)

Homo sapiens leucine carboxyl methyltransferase 1 (LCMT1):
taccctcttectgtt-
gctttctcecectgtggectecgegecgteccecgeecgeccgtecgaccececgetteccatgteecet
ggcggacacagctcccaggaacctccacgcccatggccactaggcagagggaatcectce-
tatcacctcctgctgttccacctcgagectgcgacgcagacgacgagggcegtgegegg-
cacctgcgaagatg (Seq ID No: 722)

Homo sapiens RAB14, member RAS oncogene family (RAB14):
cccccttettttgtggtceccggeccattgecgagggtgacaggaaaccctgtg-
cagggagcgccgccatcttggaccagecccgaggaagatactgagggagcacaggagcag-
tcaccgctgccactgctactgceccgctactgectgeccggegegtcectgecac—
ctctcggcectgeccagtgtacctgeccggegecteggtcgac-
cgcccecgecccectcecteccecgetgegtecgecactectgttectggtectgac—-
gcccceccecteeccgeccggaaagctgecccagceccaccagcaaccceccecccagtgecaccatg
(Seq ID No: 723) ‘

Homo sapiens Enah/Vasp-like (EVL): cttccttttcctgttt-
ggttttaagtaggctataaaaatcaagtt-
gctgtcttcagagggtctgtggtcctctgatcaacataggctggtgggagtacag-
gactcgcctectcagggttececctgtgetgecacttttcagecatg

(Seq ID No: 724)

Homo sapiens LIM domain and actin binding 1 (LIMAL):
ctctcttccectctecctecteecctectgecgggtggatgetttetecatgtgg-
caaggctgtaactgttcacagctgtctgaaacagcagtggaccaggagcagcttggag-
ttttaactttcattttacaaagaacaacatgtttgaatgtttcag-
caggcaagttataactggcatctacttcttgttcttctagaacac-
cgaaaatctctcccagcactttagaaaggggaccctgactgtgttaaagaagaagtgg-
gagaacccagggctgggagcagagtctcacacagactctctacggaacagcagcactga-
gattaggcacagagcagaccatcctcctgctgaagtgacaagccacgectgettectg-
gagccaaagctgaccaagaagaacaaatccaccccagatctagactcaggtcac-
ctcctgaagccctcecgttcagggtcgatatcceccacatcaaggacggtgaggatcttaaa-
gaccactcaacagaaagtaaaaaaatg (Seq ID No: 725)

Homo sapiens ubiquitin-fold modifier conjugating enzyme 1
(UFC1l): gtttctcttgcgccctggtccaagatg (Seqg ID No: 726)

Homo sapiens coatomer protein complex, subunit beta 1
(COPB1) :
cacccccttceccacgtcageccaaggactctggageccgeecgecgeecgetgetgeggttcecata
gccggagtagacggagccgcagtagacggatccgeggetgcaccaaaccactgececteg
gagcctggtagtgggccacaa-
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gcccecccagtcccagaggegtggtgggtcgggecagagtcggaagaactggetttcectagetyg
gaagatgcggaaggggagcgactaggccgcttgegtctgggectggcagaagggaccgga
ttttctggcatccttaaatcttgtgtcaaggattggttataatataaccagaaaccatg
(Seq ID No: 727)

Homo sapiens transmembrane protein 9 (TMEM9): gggtctttt-
gcggctgcagcgggcecttgtaggtgtceccggetttgectggeccagcaagectgataageatg
(Seq ID No: 728)

Homo sapiens shisa homolog 5 (Xenopus laevis) (SHISAS):
ctttctttttctccaaaaggggaggaaattgaaactgagtggcccacgatgggaa-

gaggggaagcccaggggtacaggaggcectctgggtgaaggcagaggctaacatg
(Seq ID No: 729)

Homo sapiens transmembrane protein 69 (TMEM69):
gtgcctttccagtggacctgggetgttgttgeggttgttttecttetetecgtgcaac-
gctggcaagtctcaaagtcgeccacagaaacatgcecccctgattcag-
tgcctctgcecttagectgtaacatgttaatcagaactacctggecatcttectgaacaa-
gactttcaataggggccagtatg (Seq ID No: 730)

Homo sapiens kelch repeat and BTB (P0OZ) domain containing 4
(KBTBD4) : agatcttcttccgggcggacgtggagccggaagcggaggtteccgggete-
cgggatg (Seq ID No: 731)

Homo sapiens pipecolic acid oxidase (PIPOX): cgtcctttagccgg-
gagcctgtctttgettgectttgectttgaggectectgtggectgtggggectgagtggecat-
catg (Seq ID No: 732)

Homo sapiens blocked early in transport 1 homolog

(S. cerevisiae)-like (BET1L): agctctttccccgcecgactgcgecac-
gtctgaggcggctgtggccgegtecggtgteccgegtecgaggageccggggcagggcecacgatyg
(Seq ID No: 733)

Homo sapiens zinc finger protein 581 (ZNF581):
ttctctcectttecggeccggegecgeccagttectgggg-
cacacccagaggtccceccttcectecgecgecgectgcaactgcecgaggg-
tagcccggggecgettggagtecgececggacctgagaggetgetgecac-
tgggcctcagccagcecctccggatg (Seq ID No: 734)

Homo sapiens armadillo repeat containing, X-linked 1
(ARMCX1) :
cgtccttctaatcctagtettegtttggtecggttgcactettectatagecccagaggge
gagagggcctgtggcctgggggaaggaggacgaggttctgecctggatcccagcagtagga
cgctgtgccatttgggaacaaaggaatagtctgcctggaatccctgcagatcttggggec
ggaggccagtccaacccttggagcaggaagaaacgcaaagttgtcaagaaccaagtcgag
ctgcctcagagceccggcecceccgcagtagectgcagactceccgececgegacgtgtgegegettcetce
tgggccagagcgagcectgttttgtgctcgggttaagagatttgtecccagectataccatyg
(Seq ID No: 735)
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(auto-
(SPG21) :

tgctccecgeccgececgecececgacccgggeccagecgecteccacggececgegetegtactg-
gagcgaagagcggcctcctgaaggaggggaagggacgtgggggcggeccacggcaggat-

taacctccatttcagctaatcatg

Homo sapiens staufen,

phila) (STAUl):

(Seqg ID No:

Homo sapiens adducin 2

737)

(Seq ID No:

736)

RNA binding protein, homolog 1 (Droso-

tctccettttttecttettecttecectectegecgecac—
cgcccaggaccgcecggceccgggggacgagcteggagcagcagecagagtttattaaccac-
ttaacctctcagaactgaacaaagacaacattgttcctggaac-
gccctcectttttaaaaaagaaagcataaccectactgtagaactaaatgcactgtgecatyg

(beta) (ADD2):

cggccttttgtcagecgeg-

cagggccaggagagctctcatttcectcecccagectegtgegg-
gaaatggctttaattctgacggcagggctgtgagggactagcgggaacccgagectttt-
gtcaaggaactgcggcgtcecggtggccagtcatccececgecgececgecggagecgetgecac—
tgctgggggatctcccagcagectctgacgagecgegggctgcagcatgggcagaaaac—
gctgccctgcagattagectgggtggattttttaagecgcacceccaccececccaaacceca-
taaaataacaaaaccaacccgcagtggccgaccggagatagctaagatgeccgegecag—
gagtttccacctggatgtttgaggttgtgtagatgtggccggcacccttgagagtg-
gagctagggggtgcagactgagcagtgaacagaaggagcctt-
ggacagggctgggccagcctcccgagttccaggagegaattgcaaacccaccgg-
gaaaatg (Seq ID No: 738)

Homo sapiens WD repeat domain 1

(WDR1): ccgcctteccggctceccag-

tcceecgggetceggectcecggcgaggtgtaattcgcagecgecgggecggecccg-
gaggctctcggcgagcgecggcgcggtaacaagtgggcgaggatg

(Seq ID No:

739)

Homo sapiens family with sequence similarity 20, member A
(FAM20A) : cgacctctacttccac-
ctctggccccaagtacagcgeccagectgcecggectcgggagecgeccgegggggtgecegtg=-
caccggccgcgcectectcececectggegegggactcggecgecagectgectecggacececgg-
cacgatcgtgcacaacttttcccgaaccgageccccggactgaaccggectggegg-
cagccacagcgggtcgagctccaagttgcaggecctecttegeccaccecgectgtacaac—
gtcccggaggagccgectcectectgggageccgaggactecgcectectggecagecag-
gaggcgctgcggtattaccggaggaaggtggcececgectggaacaggcectcag-
ttcctgcttttgaaaggaagagggggagtctgtgacccctgaggectecctt-
gcaactctgttttccaagctttgcacatcttccgaatttcttcttcaaagte-
taccctaatgaaatatcagacaattttccaagtgtgcttcatgaacttctgg-
gaggtgcttcacagtttctgcaaatgattgattgaattttcactttgaaaaaa-

tatactttaaggcgacacaagatg

(Seq ID No:

740)

Homo sapiens kelch domain containing 4 (KLHDC4):
ttttctttcctggtgtecececgtecgeggettgggacccggcaagatg

(Seq ID No:

741)
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Homo sapiens calcium channel flower domain containing 1
(CACFD1): tgctccctctcccacaaggcagcgcegecggctcggacgecggecggetac—
cgagccctttgtgagggctgtgagctgecgectgacggtggcaccatyg

(Seg ID No: 742)

Homo sapiens zinc finger, CCHC domain containing 8 (ZCCHCS8):
gaatcttttccacagcccaaaatg (Seq ID No: 743)

Homo sapiens kelch-like 24 (Drosophila) (KLHL24): gtttccttt-
gttgtgagctgcggcagagactggtggctggaggagacgccggecgectggagag-
tgcgctgecgcececgececgecgctgagggaccgeggggttageccactgetggetgettecag-
tgttcgccgagaggtaccgggggtgacagctccgggaccggeccgaaaggcgaggaac—
cggtgtggaaattaaaagaacacacatattttgactggggctttgatcaac-
caaatgctaaaaagccacataaagaagatccctaatagtcatttctcaacaattata-
tagtcaactgatgtaacaatg (Seq ID No: 744)

Homo sapiens FtsJ homolog 3 (E. coli) (FTSJ3):
ctcccectttecaccatg (Seq ID No: 745)

Homo sapiens dymeclin (DYM):
gcttcectecttetcectegecgectectggecteccgcaccgacgecggeccgggctg-
gagccgagccggggcecgagctgecaggccggaccggagecggatectgtacccgetgagac—
gtggaaacatggaggcctgagccggtgtgcgecac—
ctgggctgcggcggcgacagcgacttctectgaccecctctgecacccteccatecgtecg
cgggtccgtggagctggagcagatccceccagecggectgagacaggttgtetttt-
ggaaatgcaggtttaaggacaaattatctgcttaagctagaagatg

(Seq ID No: 746)

Homo sapiens zinc finger protein 280D (ZNF280D):
cctcctcetttcectectectectcagggetccagtcaggecgateccgetececgctecac—-
ggaaggaaaacagaaataacttgctggcttgtctggag-
tcacatgtacttaggtgacaatttacagaaagtcatctctgcagcttgatg

(Seq ID No: 747)

Homo sapiens ankyrin repeat domain 10 (ANKRD10): cgttccttt-
gtgctgcggcggcggcttctcgagtecctecceccgac-
gcgtcecctctaggeccagecgageccccgegetectecggtgacggaccatyg

(Seq ID No: 748)

Homo. sapiens SWT1 RNA endoribonuclease homolog
(S. cerevisiae) (SWT1l): ctctcctttggcttggggctccggagttgeccac-
tgccgccggegetggtaagecttttcaggatg (Seq ID No: 749)

Homo sapiens leucine rich repeat containing 49 (LRRC49):
tgacctctttcgggtctcectttgaatcteccgetgtagegtcacctggaaggcagatctaac
agagaacctggactgtctcctatcatg (Seq ID No: 750)

Homo sapiens F-box and leucine-rich repeat protein 12
(FBXL12): ccgccttctggacttggtcttagttcccagtcgecggeccaaatcac-
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gcctcagccacctcecccgcaagectctcactgcecctcageccacgettteccaggetggtttet
ggtccccatccgecggcectggtceccggeccctgggaccgaatcacttecccagecgagaggaaggt
caaatttctcgaccggctacgggaaggtcgcggeccgecgececctgtcagecegecteggege
ccccaggacccctecgggtctcectttaaccggaagecggaagtgegtgteggegggatcatg
(Seq ID No: 751)

Homo sapiens WD repeat domain 55 (WDR55): cagtccttctcagcatg
(Seq ID No: 752)

Homo sapiens zinc finger protein 3 (ZNF3): cgttcttt-
gttctgtcccecggtgtgtgggtctgtgacagggtccaacagggectggtccgtgtecggt
cccccaaatctgtcegtecctgececccaggecattgg-
catcaacaaaagtcagaattcccgggaacttgaacagaggctgctaaattcccag-
taattgctecctttggeccttctagggactgacttcaaagaaggaaggaaa-
gaatcaggcagtgcttcctcattctcttttaaaacccgecttcececgetgagtectg-
cacccaggagaccagagagcaccttgceccttccatg (Seq ID No: 753)

Homo sapiens tetratricopeptide repeat domain 27 (TTC27):
ggttcttctcctaggcggaagccagaccaga-
gagcgtgcgtgtttttcccagggtgeccececgegetgectgttatggeecgectectt-
gaggtagtatccgcacatggaattctagggccgcaggtgtatttacgg-
taactgtcgccactagatttcagcgcecctttggactctecctgttttecactttettttgtt-
gactcccgtgtggecctecgtgggagectgttttggectgcageggtgtctggggtgatyg
(Seq ID No: 754)

Homo sapiens THUMP domain containing 1 (THUMPDI1):
gtttctctttectctcagtttgecgcacaccatg (Seqg ID No: 755)

Homo sapiens ankyrin repeat and KH domain containing 1
(ANKHD1) : tgctcttctcgttcccgagatcagcggecggcecggtgaccgecgag-
tgggtcggcaccgtctccggectccgggtgecgaacaatg (Seq ID No: 756)

Homo sapiens syntabulin (syntaxin-interacting) (SYBU):
cctcctectggacggeggcagecggecggcgegaggagecggecgggcageggegegatg
(Seq ID No: 757)

Ho-

mo sapiens coiled-coil-helix-coiled-coil-helix domain contai
ning 3 (CHCHD3): gcgccttctccttgecttctgggggtecgtggectt-
gctcccgetgtgecgggaaaagaatccaggeccttceccac—
gcgcgtgtgggtgcgggggecccgaagtgectegtggttcececcgectaggtecteccgetgggg
caggaaccggaatcatg (Seq ID No: 758)

Homo sapiens HAUS augmin-like complex, subunit 4 (HAUS4):
cctecttecgtcecgeggectctagtgecacttteggectectteccctteececgggectttcage
ttggtcttteccgggectegecttccecccageccectgegeccggecccgaacgagaggttecg
gagccccggegegggcegggttctggggtgtagacgetgctggccageccgecccagecga
ggttctcggcaccgecttgagagcttcagctgeccccaggattagaatcccaagaaaatca
aatg (Seq ID No: 759)
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Homo sapiens solute carrier family 41, member 3 (SLC41A3):
ccgectetttececgecgecgectgggaggg-
gacccgggctgccaggcgcccagctgtgeccagatg (Seq ID No: 760)

Ho-

mo sapiens phosphatidylinositol glycan anchor biosynthesis,
class V (PIGV):
cttcctttccagcctcccgccctcgtctgcttccggccctgtggcctggtggggctctg—
caggctccctecgggagtggtecttgggececgtggecectectgg-
gaggcctgagggagctcaatcctggtagcaacacccecctgaattecctggtggtgaaag-
gatg (Seq ID No: 761)

Homo sapiens poly (ADP-ribose) polymerase family, member 16
(PARP16) : agttcctttatccctgggcccaac-
ctcccecgecgacccgcecggtcecaggecteggtetetetettecggeggecgagecgecggcecca
gaccccggcagaggacacttgtcggcac-
gttctcacccctgtcatctcagecccecctgectagetccaccccaggcettgg-
gaacccggcecccctgacggeccattgtecgecgggeccagecccccgegctgaacgecac—
gctcgcccecttgeccectaaccagegegtctaccececggcaacgecgecagtgacctgggatyg
(Seq ID No: 762)

Homo sapiens thioredoxin-like 4B (TXNL4B):
gtttcttttctgegecttgtgegttttetgtteggtttectteccecgetageggggecac-
gagggttgctaggcaacagccecctgggtgacttggtcttagggtectgtecggett-
ggggctgatgaaaggagctgtccgecgecccgggctecttccgagaagtggtt-
gctgacagccacaaagtgaaagggagtgaggcggcgtggacgagtaaggagtgacag-
tgaggattcacatttgggttatttcaagatg (Seq ID No: 763)

Homo sapiens slingshot homolog 3 (Drosophila) (SSH3):
cgtccttectggtectgegggtceccaggactgteccgeggggtt-

gagggaaggggccgtgcccggtgeccageccaggtgctecgeggectggetecatg
(Seq ID No: 764)

Homo sapiens zinc finger protein 692 (ZNF692):
ctccctctggggegecgggectcagttececgggctacagcageccgacgccgagaggcac-
cgtttcttcttaaaagagaaacgctgcgecgcgcgaggtgggceccecctgtecttecag-
cagctccgggcecctgctcgctaggecccgggaggcgcaggcgcaggcgcag-
tgggggtgagggcgcgtgggggcgcacagectectggtgeacatg

(Seq ID No: 765)

Homo sapiens tRNA-histidine guanylyltransferase 1l-like
(S. cerevisiae) (THG1L): tggccctttcctttccgegtgtagaatg
(Seq ID No: 766)

Homo sapiens solute carrier family 25, member 38 (SLC25A38):
tctcccecttctacagagttcecctecggegettecteccacccecgggatacacagaacctceat
ctcctacggtgctgaagectgcagcagggcaggatgggcaggagagcagageccgeggagt
ctgcggcgcgggtgaagagecggcgegtaattecccgcagcaagattgttecgegeccgeag
cccctggactagcaggatccgaaccececggeggetgegtgecttataggecgcagacgtcaga
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gagcccgcecggcttaaagecgegtcecgectggctagegeccacccectagecttettcaaggece
tccagggctgggcecccaagecgecccecgtcgacggcaccectgggecccagaggactcgegggect
catctccaatg (Seq ID No: 767)

Homo sapiens WD repeat domain 13 (WDR13): agttctttctga-
tagcaggcagccatcttgectggagectgagaaagggaggagagacagaaggaac-
cggcgacagtggtctcagggccgctccggggggectcaagaaccggaggcagccccg-
gaggtggtccccgatcccgggctatgectcecttggatctgagaagggaaggeg-
gagggcggcggggacaagatgggtggagaatgtcaagcaaggaatgctaggcgggg-
gaggggcgttgctatggcgactggg-
gaggggcggtgtctgttctgaatcgctgtgtgtcacccgggcgctgeccaggaaggg-
cagggctggggtgatgaccatggtaacacccgggggggag-
ttcgtgacatctccggecgecggagggactecgatgtctatggcaatggtecgectggtg-
gaagggacggaactagatcccttcgctecgggacgctcacatteccaggececttgtectg-
caggctgccgcgggcggacacgccagaggaggaggcecggggaatg

(Seq ID No: 768)

Homo sapiens chromosome 1 open reading frame 123 (Clorfl23):
ccgccttttacgacgcgeccggaaagcaacggcaagggcggcagccagcaccgggcgga-
gagggctaccatg (Seq ID No: 769)

Homo sapiens chromosome 20 open reading frame 11 (C20orfll):
ctgcctcecttcectactcgggecgecceccggecggeccgeccacctcectecececcageccagga-
gaggctgcggagccgcagccgcccagaccgcgecagegecgggaggcaggtteecgecac—
gaaataaatcagaatg (Seq ID No: 770)

Homo sapiens zinc finger protein 446 (ZNF446): ttcccctttt-
ggggacagatcccgaagttcgagcatccecctcecgga-
taggccgggtgtcaggcctggtctctcaggeccecgtccaggececcatecttgacgatteccaa-
gaccacccccttgagcaagaatg (Seg ID No: 771)

Homo sapiens mitofusin 1 (MFN1): ccgccctttgccac-
tccecectgectecteteegectttaacttectecgggaagatgaggecagtttgg-
catctgtggccgagttgectgttgecgggtgatagttggagcggagacttagecataatyg
(Seq ID No: 772)

Homo sapiens phosphotyrosine interaction domain containing 1
(PID1):
agtcctctcgcagctgcgccaggacageccggecgecgecggecgtgeccacaagttgeecggea
gctgagcgccgcecgcectcectectgectegecageccectacgeccacccggeggeggtggeca
gcgccaggacgcacatcccgcggacaccgaccccagatgtaaagecgggacceccagecect
cgccccecceccggecgecgatcecgacagtctegecagegtetectectgecaaaacccagggcectgga
agatgtggcagccggccacggagegectgcaggagagatttgcagacacagaagecggceac
agagaaggccattgtgaagatcaaggcagaaaccggagttatggcatcataagccaag-
gaatg (Seq ID No: 773)

Homo sapiens pleckstrin homology domain interacting protein
(PHIP) :
tttcctectectectectecgectecgececgecgttgettgaatggtggagecgaagetceg
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gctcgtgaacacacactgacagctatagggcaggcggcggcaccgtccececgettceccectce
ggcggcggggtgtceccgtcggecggecctgaagtgacccataaacatg
(Seq ID No: 774)

Homo sapiens LIM and senescent cell antigen-like domains 2
(LIMS2): tggcctttttt-
gggcgtctccctgctccgecggecccgggctggegggecgggcgctecggetggeggectgcag-
cagcagagggagacccgcggcaaccccggcaacccagggcteggegtegetgcecaccatg
(Seq ID No: 775)

Homo sapiens SCYl-like 2 (S. cerevisiae) (SCYL2):
aggtcttttag-
tctttttcccecectececttactecttegteccecggteecteececctecccacececctttectte
tagctccgacgtttgcggeccgecgggggcggcecggaggatatggagtaaageccagagtcag-
tggccaggcacgaaggcagagcaggaacagccaggaggcegtttattaggggggcggggg-
gaaagagccccagcaccgceccctectggaagaaggaagaggtaagtgaccggeccgecgg-
caccgaccgacctccctcaccggecggctcectcectegectgggecteccecggagecggegag-
gagggaatggag-
gactcgcgcccgggttaggectcecceccagggcecgetcaggetggtgggtgtte-
gcctggtgacgggcecctgececggeggecggccgggcgatcggecggtcggecgeccgegcaaa—
gcggggctggacgagcagcgagctccggggagcggatccgagagggecgag-
tcctecgaaagaggecttgaggcgacgggagacccgggatcgaagtcagetgeecg-
gagggagagccccccatgcecggctcgagagctcgggtttecggtggtggagaacgtag-
tacctttcggggacattggacactactctaggaccgggtaactataactacccaa-
tattgcagccatg (Seq ID No: 776)

Homo sapiens ring finger protein 31 (RNF31):
caccctctctcecctagtacttectgttceteggectaaccctggegetgggeccgggggetg-
gagagtgaccgtggtctgagtgacctggggcggctgegtgggeccggggtgggectcaaa-
gccgggcaccagacgg-
gaggggcggcgcetcgggccgegegetgeeccgegeecgggtectggegggeggecgaggetgg
ggctgactcctgcctcaggatg (Seqg ID No: 777)

Homo sapiens mediator complex subunit 9 (MED9): cgac-
ctctggctaacctaccccecggagccatg (Seq ID No: 778)

Homo sapiens ATP5S-like (ATPS5SL): cggccccttccggttacgaaac-
cttagcaagatg (Seq ID No: 779)

Homo sapiens GPN-loop GTPase 2 (GPN2):
tctecettttgecgecgacacggtctcagetgttecegectgaggcgagtgacgectggeccgeca
acgaggtatacgtactgggaccctcgecctcagtctegtctecggecgeggectacctgecce
cgttttcecctgtgagttgacctgectccgggecgegggecgecaatyg

(Seq ID No: 780)

Homo sapiens transmembrane protein 48 (TMEM48): cggtctcctg-
tacgccctagactaggggccgccatctccatg (Seq ID No: 781)
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Ho-

mo sapiens ankyrin repeat and zinc finger domain containing
1 (ANKZF1): ttgtcctcttcgctgctccgtagtgacggggattgttgtgtt-
gcagaaatccggcaatcgacctgaggacttgcgageccgectcagectecccgggacgttt-
ggagctgctgctaaataatttctgctcagccatg (Seq ID No: 782)

Homo sapiens notchless homolog 1 (Drosophila) (NLE1):
ggctctttctccteccacgtggggacgcaggatg (Seq ID No: 783)

Homo sapiens cell division cycle associated 8 (CDCAS):
cgctctctctcactggcacagcgaggttttgctcageccttgtcectecgggaccyg-
cagcctccgccgagecgecatg (Seq ID No: 784)

Homo sapiens polymerase (RNA) III

(DNA directed) polypeptide E (80kD) (POLR3E): cgctcccccccac—
gtgtccgeccggagtttctccaccagcaacatggeccgecgectgagagga—-
gagccgggccgccgecgtctectgcageccgegggtaactgggecgtt-
gccgcecgtececgecgectcggeccececgeggaga—
gatcgagctgaaggactgcgcggctggctctcecctctagtatg (Seqg ID No: 785)

Homo sapiens armadillo repeat containing 1 (ARMC1):
gagcctttgcccgccagcegecttegetetttggectecectgagttagtececggttgett-
gcgategccgcecggcecggggctgecgaaccgaagggetecgectececgegeecgectgggtete-
tacctcatccgtaggtgtggeccecctgatggtgtggcaggctctggactcctaaagectcectg-
gagcgaatttaagattttattcatgtgcatggcatagaagatg (Seq ID No: 786)

Homo sapiens transmembrane protein 33 (TMEM33): ccgtctttctg-
gaaacaccgctttgatctcggecggtgcgggacaggtac-
ctccecggetgetgegggtgecctggatceccagteggetgcaccaggecgagecga-
gacccttcecctggtggaggctcagagttecggcagggtg-
catccggcecctgtgtgtggcgcgaggcagggaagccgg-
tacccgggtcctggceccccagegcectgac-
gttttctctccecetttettetcectettegeggttgeggegtecgecagacgetag=-
tgtgagcccccatg (Seq ID No: 787)

Homo sapiens pyridoxamine 5'-phosphate oxidase (PNPO):
ccttccttcecececggggtagaagtccagggtgagaaatt-
ggttccgaactcaaaggaacccagtgccgggeccacagecgggtcac-
gtggccggcggccceccatg (Seq ID No: 788)

Homo sapiens golgi phosphoprotein 3-like (GOLPH3L):
attccttctctgcatcgaaggatcaggaagtttgtgctctctgecgtggctaagtttttca
cctactaggacgggggtggggtggggagaacaggtgtccttctaaaatacagcacaagcet
acagcctgcgtccagccataacccaggagtaacatcagaaacaggtgagaatg

(Seq ID No: 789)

Homo sapiens regulator of chromosome condensation
(RCC1l) and BTB (POZ) domain containing protein 1 (RCBTB1):
cgctectectettegetgecggtgggcacecgeecgetecgetegecacttctgegeccatt-
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ggagcttcggagatccctgecggteccgecgggacggcgecggcagcagctgacctegcaga-
caggatcttgctctcttgcccagactggaatacagtggtgtgaacacggctcactg-
cagcctcaacctcctggactcagagatgtcggcttatttataggaattgettgaa-
gccagagtcatg (Seq ID No: 790)

Homo sapiens leprecan-like 1 (LEPREL1l): cgtccctttaa-
gagcggctggccaggcacggcectececgectcectcagtacgcggagecgecggeggtcac—
ctggggctcgcggagcggccagatcgecggcggag-
tcggcgcegetteccececgagggaaggtgggagaggggacccggacgcgaggtgececcgaa-
gccctcectecgagegtaaccgteccecgegectetcectgaggeggaggatyg

(Seq ID No: 791)

Homo sapiens hedgehog acyltransferase (HHAT): ctgtctctt-
ggctcaggcttggaggcctccgagcagcaacatcgtcccaattataccececgttggag-
catcttcagatcttccactcttttcacaacgcaatcaaaatcttcgtacccatttt-
gcagtagtgatctctgtaagttgctttacaattcataaagtttattctattt-
gatcttcactctaatttacaaagaaaagcagggaagtctatttctgttttacagaggtg-
tacagggaggctcacaggggctaagttcacacagtaagccctcgaagctgeccagggctg-
caaagcccaccctctttccaccgecaccgaactacctectttecgectacaaaac-
gtaggtggggaccactggtgttggaatgacggcccacctcgag-
tttcaggtgacttccactctgcaattaacttgcaggcageccccagacctg-
caatgaacacacgggtgggggagagatatgcacgccagggtcagtgggaac-
caacagccgaggggtgagecggggctaggggcceccgggeccgecggcggggcaaac—
gcggttcagaaacgcaggccgcgctctggeccgeccecctgecagcagcac—
ggcctgctcgccatcgecccggagagcgecgegggtteccecgagtecgggegeg-
gagggcgcgcgggcacggcggcaggggcgtgctcggaggac—
gcgcgctgcecgetgctcectceccaaagggcagctecgggggaaagagggtggegteccggg-
gaagcccgcagccgecgceccgatgtegetgggactecggaagtgeccgaaagaggggtgtt-
gggaactcgcggcgcgcecgtgaacgttgecgtecgececgecgeccgggacagececcgga-
gaaactctcagcgtaggcatcgggaaccttcgtgccaaggagccatg

(Seq ID No: 792)

Homo sapiens chromosome 11 open reading frame 57 (Cllorfb7):
cctectttttcecteccaaaccacttcecttececececctaceccececececgecacgecgaggectgecggeyg
cacggtatgggtgtgtttgtgtgtatttgtgtggggagggecgtttggagggaaggttacc
gggagctccgaggceccgctggggaacagggatcccggtgacaaagatggggatatttectce
tgtcttccacttggaaacctcaaccceccegettcaggetecectagatactttetggggecce
aaccgaaggccgtagccatccaaagcecgttcecccagectttctggggagtgaaacttacccce
cggggttcgtcecctagaggagegtgagecggggaatgecccaggtcaaccgggectgtceccgaat
tccgececccggectcagectecggectcagteccgggagagagatetgectgteggtetggge
tgggggaaacgcggcagtggecctgggeccacaggtgagggcagagtaaccagtgggaaggce
tgcgttttcacgaaggactcgggtgaagctgcagagctgectttgagececctgactecttyg
gcttectgggtcggaggagatcttgtaatggagtggttecttegtctcactagcaagatge
ctgatttcctcaggatcaagggattgaagaatg (Seq ID No: 793)

Homo sapiens high mobility group 20A (HMG20A): agtccttcgccg-
cattggggcaaaataatcccttcatttttgtgaaggtaccgtggaaaa-
tatttcatttttcttctcaccggagcaattgtaaatgctatgecggtaagaggagttac-
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ctgtggaaaggtggttaagagattaggtaaagaaaaggaaaggacaccaaaa-
taaagtgctgcggaagaatttttgtccagctgtgagacgacgag-
tgcgtgaagtgaaggcgattgagagaggctgagggaattgtcecctctgtg-
gaagggactttcttttggcecctaggeccecttecctgeccectgtegtcagcagagtecte-
tacaaggaagataacggactgtaaaattctataaagcaaagctacacatcacttgacac-
catacaccatcttggttacataatgaagagagatg (Seq ID No: 794)

Ho-

mo sapiens checkpoint with forkhead and ring finger domains,
E3 ubiquitin protein ligase (CHFR): atgtctctt-
gacagcggcggcggcgcagccggttccgggttcggcgcggggcggggatgtgaatcc—
cgatg (Seq ID No: 795)

Homo sapiens nucleoporin 133kDa (NUP133):
ccatctcttcecttaggtgtttaagttccgegegecaggccaggectgcaacctgac—
ggccagatccctcgectgtectagtecgetgectecttggagtcatg

(Seq ID No: 796)

Homo sapiens CNDP dipeptidase 2 (metallopepti-
dase M20 family) (CNDP2): cttccttccaagaaccttcgagatctgcggtct—
ggggtctggttgaaagatg (Seq ID No: 797)

Homo sapiens oxoglutarate dehydrogenase-like (OGDHL) :
gcaccccttcececgcecgcagcececcecctgacctgcagectecggacctecgetgcagegeg-
gacccggcccgcccgceccgaatg (Seqg ID No: 798)

Homo sapiens transmembrane protein 30A (TMEM30A):
ccgcctcecttecgectctacageg-
gaggtggctgtggcggtggcgctggtggectgcggcggecggcggcgyg-
cagcggcgctcgagecggttecctgtcagggtcagecggecgggeccecctgggtggtccac—
ctgcaaatcgcggagcggcgeccccagggatcgatg (Seq ID No: 799)

Homo sapiens elongation protein 2 homolog (S. cerevisiae)
(ELP2) : gcgtctcttgtttgtgcggctgaccagttggegacatg
(Seqg ID No: 800)

Homo sapiens WD repeat domain 12 (WDR12):

cgttcttttctttgtatttcececgectctegectectectctaaaagecgcagttagaggecgag
atttaggaaaaacctctgccgagtgagcctctggttgggaatatgtatgagaaaaaaaaa
ctggcaaggcgttagtcaagcaaagctgaaggcagaggaaatttgatatctggectggagt
ctagaggatttaatgcaaataagatactctgagggcagcgtggcaaaaaaagactacaat
tccecggtggtcacagegtttgagaagecgatgectttctgagacttgtagtaactaggaget
gtgtttgaactatccaggctcaggacagectcttgaaaaaaaattttttattaataaagce
ggatttgagtgggatctttttcctaatcgattacgggcccacacgtatgggaagaattct
aacaatgattaaagggacatgctacctttacgactatccttttctaatcgatgactccta
aatctaggagtaggtagtcgatgtttgtggtctgggcgtctgtagaagggcaacctcecgtyg
ctttctgcagaggagaccggagggcagaaggcagagtccaggcttagactgcagttecte
gcttacctgtgcagtctaattttgagctgectectttgtagtcttaaaaggcaggagettce
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gtgttgtgggtctgctaacccgtacgtttcecgtgggcaagtecgtgtgtactcecctege-
catg (Seqg ID No: 801)

Homo sapiens tetratricopeptide repeat domain 17 (TTC17):
cgacctcttcaagatggcgggcgccgga-

gactagcttccgecttcecggtgtgagecggecccggecgggggggcaagatg
(Seq ID No: 802)

Homo sapiens proline rich 11 (PRR11): ttttctttatggcgtggga-
gaggccacagcccggactccatcgactcecceccecggetcecttagactaaaatcatg
(Seqg ID No: 803)

Homo sapiens TBCl domain family, member 23 (TBC1D23):
ctcectetttettececctetggggaagectcagtgetggacttecgaagaccttttac-
gacattgagtctcggagttggtctcagcgcecggatccactttteggcaaagtgacgtg-
gacgtcaacagcaatg (Seq ID No: 804)

Homo sapiens leucine rich repeat neuronal 3 (LRRN3):
gctcctcectectggggagtggagggtgttcagttattaatgaccgectgagcaggcagcac—
catgtcagtgtgacaactgatcgggtgaacgatgcaccactaaccac-
catggaaacaaggaaaaataaagccagctcacaggatctctcttcactggattga-
gagcctcagcctgeccgactgagaaaaagagttccaggaaaaagaaggaatccecggetg-
cagcctcectgecttectttatattttaaaatagagagataagattgegtgcatgtgtg-
catatctatagtatatattttgtacactttgttacacagacacacaaatgcac-
ctatttataccgggcaagaacacaaccatgtgattatctcaaccaaggaactgag-
gaatccagcacgcaaggacatcggaggtgggctagcactgaaactgecttttcaa-
gcatcatgctgctattcctgcaaatactgaagaagcatgggatttaaa-
tattttacttctaaataaatgaattactcaatctcctatgaccatctatacat-
actccaccttcaaaaagtacatcaatattatatcattaaggaaatagtaac-
cttctcttctccaatatgcatgacatttttggacaatgcaattgtggcactggcac-
ttatttcagtgaagaaaaactttgtggttctatggcattcatcatttgacaaatgcaa-
gcatcttccttatcaatcagctcecctattgaacttactagcactgactgtg-
gaatccttaagggcccattacatttctgaagaagaaagctaagatg

(Seq ID No: 805)

Homo sapiens MIS18 binding protein 1 (MIS18BP1):
ggccctctcecteccgecgeggageccgageccggaactgeggecag-
tctcteccctgccaggetcttcatccaaggtttetgtggateccttectgaagtte-
tatctgaaaattgcgcttaagtgaattttctgttagaagaacttggttgctactttcectt-
gtcaagatg (Seq ID No: 806)

Homo sapiens LMBR1 domain containing 1 (LMBRD1):
ccgcceectttaacctttagggtgegegggtgecagtatatctegegetcecteteccectttece
cccteecectttececcacecececgggegectcaggttggtctggaccggaagcgaagatyg
(Seq ID No: 807)

Homo sapiens ST6 (al-
pha-N-acetyl-neuraminyl-2, 3-beta~galactosyl-1, 3)-N-~acetylgal
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actosaminide alpha-2,6-sialyltransferase 1 (ST6GALNACI):
cttcctctagaacccgacccaccaccatg (Seq ID No: 808)

Homo sapiens spermatogenesis associated 7 (SPATAT7):
gctcctcttttceccagtectceccactgecggggectgggeccggeccgecgggaaggac—
cgaaggggatacagcgtgtccctgcggcggctgcaagaggactaagcatg

(Seq ID No: 809)

Homo sapiens docking protein 5 (DOKS5S):
cctcectecttectectectectectecttettetectecttectecggecgggag-
gaggcagggctggatccctcageccgecgeecgctectectectggcaggeccggeccgecg-
gagtcagctgac-
gccggcecgctceccagectegectceeccecgegecgegetetgegetececgaaagtggetg-
caagccggccgcccactgtcagggttggggggacaga—-
gaaagtgatgtgcgccttctaaagcctcecgeccagegecgecgaagecagettcac—
ctctccaactttctcecccaccgactgettgtett-
gaccctgccctccaccctececccagageccacttcgggtgegegetettggg-
taaagggggggtcaccggctgtctgggatg (Seq ID No: 810)

Homo sapiens glycosyltransferase 8 domain containing 1
(GLT8D1) : tctcctccatcgcectgcagtaagggcggecgecggecgagectttgaggg-
gaacgacttgtcggagccctaaccaggggtatctcectgagectggtgggatceccecg-
gagcgtcacatcactttccgatcacttcaaagtggttaaaaactaatattta-
tatgacagaagaaaaagatg (Seq ID No: 811)

Homo sapiens cullin-associated and neddylation-dissociated 1
(CAND1) : tggccttttgccctagggagcgagtgecggagecgagtgggagcgagac—
ggccctgagtggaagtgtctggctcccegtagaggeccttctgtac—
gcceccegcecgceccatgagetcegttectcacgecgaacagegecgtegttaggetggetetg-
tagcctcggcecttaceccecgggacaggeccacgecctcgeccagggaggggyg—
cagcccgtcgaggcegcectcecectagtcagegtcggegtecgegetgecgaccectggaagecgg—
gagccgceccgcgagcgagaggaggagctccagtggcggecggeggcggcggcagegg-
cagcgggcagcagctccagcagcgccagcaggecgggatcgaggecgtcaacatg

(Seq ID No: 812)

Ho-
mo sapiens BRICK1, SCAR/WAVE actin-nucleating complex subuni
t (BRK1l): cgctcttcctcaggcggcggccatg (Seq ID No: 813)

Homo sapiens zinc finger CCCH-type containing 15 (ZC3H15):
cggtcttecctectegtectgeccgecagggccagaaccectgacggtattcagetgegeg-
taagtctggccggtgccatctgtctccgcaatg (Seq ID No: 814)

Homo sapiens polo-like kinase 1 substrate 1 (PLK1S1):
cggtctccttcggcaacceccggeccgaacggecacccagaggctgtgectgagetggegeag
cggcagcagcatg (Seq ID No: 815)

Homo sapiens dysbindin (dystro-
brevin binding protein 1) domain containing 2 (DBNDD2):
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gtttctttcctacgcagececgectecectgecgeecgtggtecgetggagettt—
gcctectctaggccggcagegectcectecteccatggtectgtctgtcagecgetgttttgg-
gagcccgccggtgaggecgggceccacgctcagacacttecgatecgtcgagtetgtcac—
tgggcatg (Seq ID No: 816)

Homo sapiens KIAA1704 (KIAA1704): gattctttttggatagggttgac-
gttcgtggatagactcatatctgtgaccagtgtccgeccaccgecggatg
(Seq ID No: 817)

Homo sapiens solute carrier family 25, member 37 (SLC25A37):
ccccectecctgeccacctectgecagectectgegeccecgecgagetggeggatg
(Seq ID No: 818)

Homo sapiens myoneurin (MYNN): cgtcctcccaagatggcggagacagag-
tgaagaaactgtgttccccecttgggttgctatcgatcaagggtaaaattccattcectga-
tatcaaaatg (Seqg ID No: 819)

Homo sapiens vacuolar protein sorting 33 homolog B (yeast)
(VPS33B): gcttctttttctggtagaaggcggggttctcecctegtacgctgecggag-
tctctgcggggtgtagaccggaatcctgectgacgggcagagtg-
gatcagggagggagggtcgagacacggtggctgcaggtctgaga-
caaggctgctccgaggtagtagctcectcttgectggaggtggccattecattectggag-
tgctgctgaggagcgagggcccatctggggtctetg-
gaagtcggtgcccaggcctgaaggatagcccececctt—-
gcgcttcectgggectgcecggecggecttctcagaac—
gaagggcgtccttceccaccceccgcggegcaggtgaccgectgecatg

(Seq ID No: 820)

Homo sapiens zinc finger, C4H2 domain containing (ZC4H2):
aggcctctccaagcccecctaccgcacaggctcatageccccaagecccggaggaggtgge-
tacattgtgtctattgtatcccttggctggtgtatttgtacatctcectecgggac-
gtgaaattgacagtgaaaagtatg (Seqg ID No: 821)

Homo sapiens BAIl-associated protein 2-1like 1 (BAIAP2L1):
cttectectggeggegtecggecgettetectcetgetectcecgaa-
gaaggccagggcggcgctgecgcaagttttgacattttecgcagecggagacgecgegecggg-
cactctcgggccgacggcectgecggecggeggcecgaccctceccagageccecttag-
tcgcgecceggecctcecegetgececggagtcecggeggecac—
gaggcccagccgcegtcecteccgegettgectcgeccggecggececgecageecatg

(Seqg ID No: 822)

Homo sapiens solute carrier family 25, member 40 (SLC25A40):
cgtccttctegegectegetectggecctgecaggttgtgtttecgectctaceccegectcece
attccgttgctctctcagtctcagaccecgggetcecteggtecgecgettcaggtecttggeg
cagcctcagagagttggcgeggectcectgtgttgaccaaacctagtggatgcagttagecgec
ggagcccggcecccgeccgtcaccagggttatteccgecttectaggtttgeccaggactgece
ggccctgcagctgecttcectgecccaggtttttggctactgatgttacaaacaataaaata
ttggagcatagagttgaagaacagactcaaaccaggtttttatttaattagt-
taaaaatatg (Seq ID No: 823)
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Homo sapiens protocadherin alpha subfamily C, 2 (PCDHAC2):
ttteccttttececctececectggagetgtagecggcagcagcagcaggaa—
gccgagccgggttgagcgactcggaggcgagcggaggagctggaatatggggag-
tcagcgaggacggtggggccaggagcecttgggagggcctac—
ggagggagcggccccaggcgcetttctagagecgtgageggtgggggagcaggeg-
cagggtggcacgagcggaggcggggcccgggegtggggcacggctggggaa-
gctgccgectceccggecctgeccggetgeccteccgecgeggecagtggetatyg

(Seq ID No: 824)

Homo sapiens chondroitin polymerizing factor 2 (CHPF2):
gttcctttttgggttagectttggcagtattgagttttacttcctectetttttagtg-
gaagacagaccataatcccagtgtgagtgaaattgattgtttcatttattaccgtttt-
ggctgggggttagttccgacaccttcacagttgaagagcaggcagaaggagtt—-
gtgaagacaggacaatcttcttggggatgctggtcctggaa-
gccagcgggcctcecgetctgtetttggectcatt-
gaccccaggttctctggttaaaactgaaagcc-
tactactggcctggtgceccatcaatccattgatcecttgaggectgtgeccectgggg-
cacccacctggcagggcctaccaccatg (Seq ID No: 825)

Homo . sapiens thioredoxin-related transmembrane protein 3
(TMX3) : gcttctcttccgcectecgggtcecggectecgttteccttteccgggeggg-
caggcggcggaccccagtgtctttatccctcettttgcacagtcagettetg-
cagctctcccgggctagcatg (Seq ID No: 826)

Homo sapiens ras homolog family member F (in filopodia)
(RHOF) : cgacctcttggctccgctagtgccecggegecgecgecgecagtgectgeggge-

tccgggcaatg (Seqg ID No: 827)

Homo sapiens amyloid beta

(A4) precursor protein-binding, family B, member 1 interacti
ng protein (APBB1IP):
ctttctctcaggaaactccactcccaactgacaggtgctatttccagccagtectatgcet
gttgcaaatagtgagtccatgaatgccctctgeccgtgtgcattacttattttcatcagea
gatcttcgtaacacactcctggaagtgggatgacggggtcaaaaggcgaatccatacata
agttaaatagatattgctcaattctcttccacggggttcagaccattttggatttctacg
agcaatgaagacagtgctattcctctacaccctggccggccaactgagecgtggttaaacg
tggggagggaggagggtgaggttaccaacctgatggttgagaaagggcctceccgecccagceg
cgcccttectceccaccecccacccgagagacagcetgaacteecggecgggacgegegtgttge
cagtccagccctgcaccgcecgtceccecctgagggecgggetgcaggecggecgggaagecttgea
caaccggcccaaaagaggaagcccagaaagtgctgaagtaaacactttgggagaccgttg
caacataaagcggcctctcagtctttggtggaaccatcactaggccccaatceccttagte
cctecttgcgtcgaggctgcaaaatggttceccattegecaggagacgctcctgagagaaggg
cgcgcgcggcacaggggccttecttgcacctecggagcaaagcagctcggatagegecaca
cgtctgcgegetgegtgggaagggcagggctgacagcacttcecctecceccggggcagcgacce
tggagcccecgggtgcggcagtctgcaccgegegtegettteccggecggagtctegecgec
ttcccgcgececccgcagegecccgcagagcagtcgagatg (Seq ID No: 828)
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Homo sapiens roundabout, axon guidance receptor, homolog 4
(Drosophila) (ROBO4): ccttccctcttcactgtgagctcagagcagcag-
gacaaagtgctcgggacaaggacatagggctgagagtagccatg

(Seq ID No: 829)

Ho-

mo sapiens translocase of outer mitochondrial membrane 7 hom
olog (yeast) (TOMM7): acctcctttccctttcggattcccgacgectgtggtt-
gctgtaaggggtcctccctgegeccacacggecgtecgecatg (Seqg ID No: 830)

Ho-

mo sapiens major histocompatibility complex, class II, DR al
pha (HLA-DRA): ttttcttttattcttgtctgttctgcctcactcceccgagete-
tactgactcccaacagagcgcccaagaagaaaatg (Seq ID No: 831)

Homo sapiens protein arginine methyltransferase 8 (PRMT8):
cctcectctactatctcecggtatcaccaaacccttgecggctcttatg
(Seqg ID No: 832)

Homo sapiens adducin 3 (gamma) (ADD3): ctgcctcttatgaagcaa-
tactagagaggaaaaacaaaacccattcctttaagaaagattccgcctectctcataa-
gcaagcgcctaatggtaattgtagagtttactaagtcaaacacttactactcagcatt-
gagagaa-
gctgctgctgctaatgctgctgectgectgectgeccgecgecgecgetgectgetgetgetgtt
ggtctgaggctgcagtaggtttctgtgcagcattgcagaatccacacctaga-
gaacagaagacacagacacgtacgtctactacccttgttagaaggaagecttt-
ggatcttcggtggataacaagagtaatccacagacttaaaacatg

(Seq ID No: 833)

Homo sapiens BarH-1like homeobox 1 (BARHL1): agccctttt-
ggatctaatgcgcagaggaggtt-
ggcccagagctcccgggctcececccaaggctgaactcecegteccaaggtgeceg-
caggctccctgccecgecttececccatgecagececgecagectaggggcagggg—

cagcggcggctggggttgggggtgggtggggagettttggggaggacaggtcgcagett-
ggctatg (Seq ID No: 834)

Homo sapiens intraflagellar transport 46 homolog (Chlamydo-
monas) (IFT46): ttatctttttgcctagcgactgacaacaggctggttgett-
ggcgtggaatcctaaagtggcctggectttgagactggagtga-
gaccccagccctaggctggggttctttceccattatagaggagacggattcagaagggce-
tacagaccaaggttgttgaaaaccagacatatgatgagcgtctagagattaac—
gactccgaagaggttgcaagtatttatactccaaccccaagacac—
caaggacttcctcgttctgeccatcttcctaacaaggctatg (Seqg ID No: 835)

Homo sapiens carbonic anhydrase X (CAl0): cccccttttecgggag-
gagggaggcagggacttgcaggcaagagttgcacctggtctaggaacctgcagagaaaa-
gaactctggggtaagtagtgttctggcactggcacggaaaggggtaaagggtgggggg-
catgagagggacgaaatggagagggcagggaatgaattatgcaaaaaaatctccaa-
tatttcgcagcggagggagagcacagcacagcactcccaggatgag-
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tcectgectgggtctecececgegecgaaccegcagcacgaagttetttttaagaaga-
gaaactcgaaaatcctggagggtaacagaggcagccagggcggggcecggagtgeg-
gaggcggctgccagggactggggccgaggcggcggccaaggtggectgaa-
gctgtgacacccagcecctcctectectectectcatggecgegetcagectcac-
ctcceegeccgggectcectgectcececgeccecgggtgeccgggectgeggagectgacgetgg-
gacgcccggcggcggcgaggacgctcacctggceccaa-
gcctecttcectectectececccteccgeecccacctgtectectectetectgagttgg-
gaagcgtagggatccgtaggcgaggaaataacgacccctgcagttgtattgcg—

gaaaatctcgacagcggcgctagttgcgggecgatggaa-

gccaggcaactgggggttctggggagttcaggaaaatagcagaggagcag-
gaagggcgcgcgcgacctggagagtctgtgtgcecccccaccgecgecccag-
tccececggggeccagececttecceccteggegecctggacgcactgeccggaacccecggcectga—-
gaggctgcaggctgcgcgcecggacctggggagcagggagggtcggeg-
gaggctgccggcggctggecggtttcgggcaa-
taatccctgectcectetttetetgtgtgtetgetgtgtectgetecttececgecececeecg-
gaagcaggagaagaactgccccggagcgcagcagceccaccctecgac—
catgccccecggtgaggggggcggacttcgagggcaacttgcecgeg-
gactgcctgggcettageccagcgagctacgegeteccecgggageccggaattgcacggeg-
cagcccggceggggggctategtcetatgtettettggggecgecagac-

gaatcggggtctcgtttttgctggaagagcccagtgtt-

ggtggcttcaggtggctgctgecgecgecgecgecgecgecgetgetag-
tgcggtttcecgecgectggtgcgaagagaagagacacgcgagcggggagac-
ctccaaggcagcgaggcatcggacatgtgtcagcacatctggggcg-
cacatccgtcgagcccgaggggagatttgececggaacaattcaaactgecga-
tattgatcttgggggtgactgtccctggecggectgtegggtgggagtgecgagtgtgecac-
tcgctecggaagtgtgtgecgagtgtg-
tatgtgtgtgtgccgtgtcgggetcecceceecttecceccegttttececgtecgag-
tgatgcacttggaatgagaatcagaggatg

(Seq ID No: 836)

Homo sapiens dual specificity phosphatase 22 (DUSP22):
cctcecctececctgtaacatgccatagtgegectgecgaccacac-

ggccggggcgctagegttegecttcagecaccatg

Homo sapiens olfactomedin-like 3

caccactctccaggctgccatg (Seq ID

No: 838)

(Seq ID No: 837)

(OLFML3) : gttccttctactctgg-

Homo sapiens phosphoribosyl transferase domain containing 1
ccgtcttcecttecececgegtteccecgggagaaacatg

(PRTEDC1) :

(Seq ID No:

839)

Homo sapiens translocase of outer mitochondrial membrane 22
(TOMM22) : cctcctttceccecgettececggtgtececta-

homolog (yeast)
cagtcatg (Seq ID No: 840)

Homo sapiens arrestin, beta 1
gattttccagcctgggegectgacgeccgecggacctecectgecgaccgtecgeggaccatyg

(Seg ID No:

841)

(ARRB1) :

gctcctectgetggectggg-
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Homo sapiens cytokine induced apoptosis inhibitor 1 (CIA-
PIN1): cctcctctcgecgagaggecgcaaggegtggagtcgacggctggagagaa-—
gccgggagcgagcccaggcggcagtcttgattececcttttggeccagecag-
tttttaggtctgtcagtactgcactgcaagaatg (Seq ID No: 842)

Homo sapiens leucine zipper transcription factor-like 1
(LZTFL1): taccctccttccccattttectgtggtccaac-
taccctcggcgatcccaggcecttggecggggcac—
cgcctggcectcectecegttectttaggetgecgecgetgectgecgecatg

(Seq ID No: 843)

Homo sapiens phospholipid scramblase 4 (PLSCR4):
agccctcecttecgegegettactttgtttataactt-
gaaaaatcctctccgtctcccttcecectgectectttectttecctttectectgecag-
tacaactagacccggcgtctggcgtcececccecggtgeccagcattectgeggggcaggeggat-
taattggaattcttcaaaatg (Seq ID No: 844)

Ho-

mo sapiens ectonucleoside triphosphate diphosphohydrolase 7
(ENTPD7) : cctccttececggctgggcaaggggccgecggggagcagectcgggactgaac—
cgagaggtgccgaaggaaccggcgggcecgcttgatccecgetgcagacgtagga-—-
gatgcctgggacaaggaggccaccttctcagggcaaaagaaaaa-
gaaggtgacaggcgttgagaccaccgaagggaacccatg (Seq ID No: 845)

Ho-

mo sapiens fascin homolog 3, actin-bundling protein, testicu
lar (Strongylocentrotus purpuratus) (FSCN3): agttctctctgg-
gaacatctggtgggtactacaggccctattccaggcecctatggectgtggaacctcac-
cacgggggggagggctgggccagacggagacatcacctgtggtgtcagecccatg

(Seq ID No: 846)

Homo sapiens X-prolyl aminopeptidase (aminopepti-

dase P) 1, soluble (XPNPEP1):
cctccttegegecggeccttecgegggtgatcagetggtctgegeteeecctgac—
gtgggctggggcacgtcaccgccgaatg (Seq ID No: 847)

Homo sapiens REX4, RNA exonuclease 4 homolog (S. cerevisiae)
(REXO4) : gggtctcttccggagtcttttectggac-
ggggtccctgecggtgggtgtgtttcggectggectgggcaggegett-
gtgctgccagggcgccgggceccggg-
gaggccggggtctcecgggtggeccgecggeccaggegetggacggcagcaggatg

(Seq ID No: 848)

Homo sapiens LYR motif containing 4 (LYRM4):
ttttctttccaaaatg (Seq ID No: 849)

Homo sapiens DEAD (Asp-Glu-Ala-Asp) box polypeptide 24
(DDX24): ggttcttcactcgcgactgacggagctgcggtggcgtctccacacgcaac-
catg (Seq ID No: 850)
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Homo sapiens transmembrane protein 159 (TMEM159):
ccttcttecctcecttgttcecctectectgectetettegettegectgcaaac-
gcggtgggggctgctcggecggtcaggagcaggttaccctecgtctgecatgecccac-
catcaaggtatgaggatggtagaagctctcgtcgaaccagatggatgaagaccactaac-
ggcttttgtttcctctggtaacagcaagagacagagcgacatgagagattggac-
cgcgggctgcactggagaatttactggtaggataattcatccctaaaga-
gattgaagtgagcttcagaatg (Seq ID No: 851)

Homo sapiens NDRG family member 4 (NDRG4): cggcctccgcecccecctg-
cagccgcgggcacgcggaggggctcecctggetgeccgecacctg-
cacccgcegegtcecggeggecgecgaagecccgcetecceccgectgegegtetgtectegtecg-
catctccgeggectcecctgetccacgacgtgaccatg (Seq ID No: 852)

Ho-

mo sapiens pre-B-cell leukemia homeobox interacting protein
1 (PBXIPl): ttttcttctcgggctgcaaacaaagggaagcctgcaacaagttaa-
gctgaagaccgaagcaagagctggttcaggtggcagccacagcagcctcagggac—
ctcagcaactatg (Seq ID No: 853)

Homo sapiens twisted gastrulation homolog 1 (Drosophila)
(TWSG1) : ctgtctctttaaggtgcccgaggctcgcgggcgctgcgctgaggggac—
ggcgggaggcgcggcctggectcecgcactcaaageccgecg-
cagcgcgccccgggctecggecgacccggeggggatctaggggtgggecgacttegegg-
gaccgtggcgcatgtttectgggagttactgatcatcttctttgaagaaacatg
(Seq ID No: 854)

Homo sapiens zinc finger protein 286A (ZNF286A): gtccccttt-
gtgaggcccgggatgggaggtgcccggttececcccagggacagecttcaagegg-
tagggacagacatctgag-
gacccagcctcagggatgcectgtcceecgggettccaggctecagegecgtag-
gactgaggcagactccacggtgagaaaga-
gacccgatctaacccaggcctttcatcagagecccaggagggaaggcaggaagtgggac-
cacgaggcccggggggcttctaactecgtctggccagggagatctgaattggggtgaa-
gagcagaatctccagaacaaggaggaggtggtgatcatg (Seq ID No: 855)

Homo sapiens S100 calcium binding protein Al4 (S100A1l4):
gctcctecectgtett-
gtctcagcggctgccaacagatcatgagccatcagectcecctctggggeccage-
tataggacaacagaactctcaccaaaggaccagacacagtgggcaccatg

(Seq ID No: 8506)

Homo sapiens ANKHD1-EIF4EBP3 readthrough (ANKHD1-EIF4EBP3):
tgctcttcectegttecccgagatcageggecggecggtgacecgecgagtgggteggecac-
cgtctccggctceccgggtgecgaacaatg (Seq ID No: 857)

Homo sapiens KIAA1143 (KIAA1143): ctgtctttacccagagctaccatg
(Seqg ID No: 858)
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Homo sapiens neuroligin 4, X-linked (NLGN4X): ctctctttttctt-
gcagaaccgtctctctcecttcectectgtetettagecacagagectettattcagecac—-
tagcttggcccttectgettcaattgtaatgettgttctgececgtccacagac—
tattggcggcagaaacaacgaatttcctccaaactaggecggtgttggtggetcectt-
gcattcctctggatgaggaaatctagttggggggttccagaaggg-
gaaggctcctgggctttcaatacatcctecctgaatcatacctegtttecgggtteccta—-
gaaaaatctggacgtgtaaaaagaactcttaacggccgatgcagctcttccaaa-
gctaaggctgccttggagttttcataagaaattgtccctggaggtgtt-
ggatgatcacagcttccttggagcattgcagttgctggaatccagtttcaggat-
taagggagggctgcctccttgcaatgggctgccaagaaaacggetgtgett-
gttcttaacctcaggctctgtctgtgatcagtctgagagtctcteccaggte-
tactgctccctggaaagcectatctctcectgecaggectecgectetgggetttgtetectt-
ggagccacatcactgggacagctgtggatgtggatgcagatttgaaccatg

(Seq ID No: 859)

Homo sapiens mitochondrial antiviral signaling protein
(MAVS) : ccgcctcectcecgetgegg-
gaagggtcctgggcccecgggeggecggtegecaggtcectcagggeccgggggtaceccgag-
tctcgtttectectcag-
tccatccacccttcatggggeccagagecectcectecteccagaatctgagecagecaatg
(Seq ID No: 860)

Homo sapiens serine incorporator 1 (SERINC1): ctgtctccatctt-
gtctgtatccgctgctcttgtgacgttgtggagatg (Seq ID No: 861)

Homo sapiens KIAA1324 (KIAA1324):
cctceccecectttttttecgecttetgecagcagaagcagcagecgcagcacctgagecge-
tactgccgctcactcaggacaacgctatg (Seq ID No: 862)

Homo sapiens synaptotagmin IV (SYT4): ggacctccctcttt-
gcctectecectgtteccaggagetggtgeecctgggetctgegetgtt-
gttttcagcgctccgaaagecggegcttgagatccaggcaagtgaatccageccaggcag-
ttttceccttcagcacctcggacagaacacgcagtaaaaaatg (Seq ID No: 863)

Ho-

mo sapiens pyruvate dehyrogenase phosphatase catalytic subun
it 2 (PDP2): cttccttctggagctgggtcctgactagggac—
cgcctgggtgaggtgaggacctggtggceccgcagttgtggcactgtgeg-
caggcgctgaactgaccggacggagcgggceggctgtggectcecgecagetggtttaaaaa—-
tatccttttttgctgaaggaacacatttgctggtatagtttcagaatg

(Seq ID No: 864)

Homo sapiens gephyrin (GPHN) :

ctatcctttcctectcagtectgeccatctagetgecttgggtctegegetecgcagagegt
tccgacactcectecggectegttetgecgecteccgegegetctececececgtgeggeccaccgeg
cceccecccaagcettgectecttettgecggacttggggecgegegecctgactecttecect
cccgcggacccegegecacteeccggegeggectctceccccacgcaggecaccgtgeactcetg
tggcctccecccectectteccegetectectegegettectetggetecectagetgtegegete
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tcctecggcgagegegetceceecggeccgcecgegetcececgggecteccggttteteececggetectgt
cagtgcggtgactgcgctgggaaacatg (Seqg ID No: 865)

Homo sapiens deltex homolog 2 (Drosophila) (DTX2):
ccttctcctgagagtcggagccacagccagageccctgecccaggecgagecggagetg-
cagcccgagcgceggtggtgecctcagececccgtectett-
gtcctcctcagecteggtgecttggaatttgtgtcgectgagtcagcaagectttcagat-
ttgcccggtttttgttgtttgtggtttgtatcaagatgg-
gaactcaaacaagtcattcctcctaaggagctggtgtcttcatccagaagggacagttt-
gtgccagctctccagagagaaaaggatctggtactgttctggagtggcctgtagcaga-
cactgaaccaccagccagctgcatttgttgtecctggaagtcattgccaactcectgecag-
tcacactggggtccccagagaagtcaagatctgceccggaggcgectgggcaatgaceccecgg-
gactccaggccagaggggtctgaagctgtttgggaaagcagcgggacteccttgggaa-—-
gatg (Seq ID No: 866)

Homo sapiens melanoma antigen family E, 1 (MAGEEL):
ctgcctttttcaccacctctaatttcagecttcagcagttgecttggaactttggttectgg-
cagcagcagcaacatcattaccgctagcggcagttttgtgecgaggcacctacacac-
ctccegtectcetectgecagatcgegggectgteggtgtectgectectacacgccaac-
gccggtgggcaggaccatg (Seq ID No: 867)

Homo sapiens G protein-coupled receptor 107 (GPR107):
cgccectttcaccecggacgtgggcgggagaggaageggetggtgatgetg-
gaacaaacatg (Seq ID No: 868)

Homo sapiens PDZ and LIM domain 1 (PDLIM1):
cgctetttctceccgacagectgecgggggtgeccctgcaa-
gctgttcecgcecgegtecctgececgtetgteccegegggtecgtecgeeccgecacagecgcgce
catg (Seq ID No: 869)

Homo sapiens thymosin beta 10 (TMSB10): cgctcttttgtttctt-
gctgcagcaacgcgagtgggagcaccaggatctcgggctcggaacgagactgcac-
ggattgttttaagaaaatg (Seq ID No: 870)

Homo sapiens phospholipid scramblase 1 (PLSCRI1):
agacccttttcagaccctttteccggetgacttectgagaaggttgecgcag-
cagctgtgcccggcagtctagaggcgcagaagaggaa-
gccatcgcctggceccccggetcectcectggaccttgtetegectecgggagecggaaacagcecgg—
cagccagagaactgttttaatcatg (Seq ID No: 871)

Ho-

mo sapiens eukaryotic translation elongation factor 1 beta 2
(EEF1B2): gggtcctttttcctctcttcagecgtggggcgecccacaattt-
gcgcgctctetttetgetgetececcagetctcggatacagecgacaccatyg

(Seg ID No: 872)

Homo sapiens pyrophosphatase (inorganic) 1 (PPAl):
ggctctctceccttgtcagtcggcgececgegtgegggectggtggetectgtggcagecggeggeg
gcaggactccggcactatg (Seqg ID No: 873)
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Ho-

mo sapiens X-ray repair complementing defective repair in Ch
inese hamster cells 5 (double-strand-break rejoining)
(XRCC5) : ggctctttccgctatctgeccgecttgtccaccggaagcgagttgecgacac—
ggcaggttcccgecccggaagaagcgaccaaagcgectgaggaccggcaacatg

(Seq ID No: 874)

Homo sapiens GATA zinc finger domain containing 1 (GATAD1):
gatccctttcccagtcecctgetteccag-
tgcctecgggeccagggaatecctggectcececgectgeggagecggceg-
gaacccgcttcccecgectceccacggggcagegeccageggectggtectttcaccgg-
cagctccgtgccgacgctctcaccgectettectatecgecgggagtggecgggecgac-
cagggggcggccgggctac-
cgtccgccattcecccgtgtctectgegececgegggggececgececcgagecggecaccatg
(Seq ID No: 875)

Homo sapiens enolase-phosphatase 1 (ENOPH1): ccgccttttccag-
ttccaggtgtgcagaagtgtcctctcceccacgecgeggecgggetgecactt-
ggtcgctggctccgagatcgecgecggggecgecggaagcccaagacggtaccgggggccg-
cagccgcagccggcgcecgecctceccecgecctecccaacagcaggccgagtecececgtag-
catccggtagggaaatg (Seq ID No: 876)

Ho-

mo sapiens regulation of nuclear pre-mRNA domain containing
1B (RPRD1B): agctctttccgggggcccggggaactactctecctt-
gcctcgctctgtctecttcgaagtgetcectgegegaggttcagagecggececgecgectecaa
agggacggttttctagagctccgacgecteteggtgeccctectgetecggeecctt-
gccctttgacctegetcectecgecggcagggtgagaggtcgggtggecatett-
gtggcggcggcgcgggcggcectgttactgecggagacccatcececcteccecttcecteg-
cacccctggcagtctgtcagtcggtaaaaagtcceg-
cagcctgtcaggtgaggccccggectcecgtgecgtegetcecttececgecgeac-
tgggcggcccaggccgcectcecectgececgggectcactgecgecaccatg

(Seq ID No: 877)

Homo sapiens family with sequence similarity 60, member A
(FAM60A) : ctatctttctagacaaggcagttgaggaggagggagcgcttgagggg-
gactggcctggcgtgcactccgcacctecggggacattattgecgegtggaac—
ggctgcttttggaaggcacaacttcctgaatggaccatgactcccaccaaa-
gatccctgtctctgattcaccaaacagcttcaaccctgaaaccaggacgagaagtt-
gacaacatctgagtggacagctaattgacctaagacttcagaccagac-
tattgcccagaagaaaagatg (Seq ID No: 878)

Homo sapiens MID1 interacting protein 1 (MIDI1IP1):

gggccttttatctcggtgectgecgggggaggecgggaggaggagacaccaggggtggecct
gagcgccggcgacacctttcecctggactataaattgagcacctgggatgggtagggggcca
acgcagtcaccgccgtceccgcagtcacagtccageccactgaccgcagcagcecgeccttgegt
agcagccgcttgcagcgagaacactgaattgccaacgagcaggagagtctcaaggecgcaa
gaggaggccagggctcgacccacagagcaccctcagceccatecgecgagtttceccgggecgccaa
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agccaggagaagccgcccatcccgcagggccggtectgecagecgagacgagagttggegag
ggcggaggagtgccgggaatcccgeccacaccggctatageccaggeccccagegegggect
tggagagcgcgtgaaggcgggcatcceccttgacccggecgaccatcccecegtgecectgeg

tccctgecgetccaacgtceccecgegeggecaccatg (Seq ID No: 879)

Homo sapiens transmembrane protein 35 (TMEM35): ctctcccttt-

gtcattctagctgcctgetgectcececg-

cagcgtccccccagetcectecectgtgectaactgectgecaccttggacagagecgggtgeg-
caaatcagaaggattagttgggacctgccttggcgaccccatg (Seq ID No: 880)

Homo sapiens Fc fragment of IgG, low affinity IIa,

receptor

(CD32) (FCGR2A): cttcctcttttctaagcttgtctcttaaaacccactggacg-

ttggcacagtgctgggatg (Seg ID No: 881)

Homo sapiens tribbles homolog 2 (Drosophila) (TRIBZ2):

ctttctectttttgtttggcttctaacgecgttgggactgag-
tcgcegececgtgagectecccecgaagactgcacaaactac—

cgcgggctcectecgeceecgtetgecgattecggaagecggectgggggtecgegtecgg-
gagccctggcgctgcagctccgecaccttagcagececcgggtactcatccagatccac-

gccggggacacacacacagagtaactaaaagtgecggcgattcectg-

cacatcgccgactgctttggggtaacaaaaagacccgagttgectgeccgaccgag-
gacccccgggagcecgggctcecggagcagacgaggtatcecggeggegeccattt-

gggggcttctaactctttctccac-

gcagcccctcecttcectgtcececectecectetegetececttttaaaatcagtggcac—
cgaggcgcctgcagcecgcactcgeccagegactcatctcecteccagegggttttttttt-

gtttgtcgtgtgcgatcctcacactcatg (Seq ID No: 882)

Homo sapiens family with sequence similarity 3, member A
(FAM3A) : cgtcctcteccgggggcggagegggtecggecgggecctgacagggaac—
ctccctgaccgagcecccacgtctceccecccacggccagagaaatctececggececggeccg-

catcgccagcccccaggcccggaggaacggceccgageccaggagaac-

cacatcttcgtcccagcceccggaggctcecctgtgggcaagatcgtgagccaac—
gggttcctgaggccectectggccaggcagggtttececegegegtttecgag-

gagccctgcecctggeccgggecggctggacaaacaggtcgtagecac-
cgatcgcgcecccgeccccagecaggggtcccgcacaggett-

gcccctgacccccacccaaacctgtecttecgetttgeccccaaacagtgcactt-
gccggcggtecccaacccagcaggagaagtggacatg (Seq ID No: 883)

Homo sapiens exocyst complex component 4 (EXOC4):
ggctctcccecgegtccaagatg (Seq ID No: 884)

Homo sapiens ELOVL fatty acid elongase 5 (ELOVLD):

gcgccttectcectteccatcgegegggtecctagecacecggtgtctecttectacatcececgect
ctgcgccggcetgccaccecgcgctcecectecgecgecgecgecttgetgetgetcaaagetyg

ctgccgccccttgggctaaaaggttttcaaatg (Seqg ID No: 885)

Homo sapiens apolipoprotein B mRNA editing enzyme,
polypeptide-like 3G (APOBEC3G):
ctttctctttcectttgcaattgectt-

catalytic
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gggtcctgcecgcacagagcggectgtetttatcagaggtccctectgecagggg—
gagggccccagagaaaaccagaaagagggtgagagactgaggaagataaa-
gcgtcccagggcectcecctacaccagcgectgagcaggaagcgggaggggecatgactac—
gaggccctgggaggtcactttagggagggctgtcctaaaaccagaagcttggag-
cagaaagtgaaaccctggtgctccagacaaagatcttagtcgggactageccggccaag=-
gatg (Seq ID No: 886)

Homo sapiens gamma-aminobutyric acid (GABA) B receptor, 1
(GABBR1) : gctcctecctceccteccctecgtecggtcagtcagteccgecgaggagag-
tccgecggtggecggcgacggtggcgagageccgegggggccgtaggaagccaac—
cttccctgcecttectecggggecctegececcecctectecccacaaaatcagggatggaggege
ctccccecggecaccctcecttagcagececctcececccaggaaaagtgteccececctgagectectaac—
gctccccaacagctacccecctgecceccacgecatg (Seqg ID No: 887)

Homo sapiens cofilin 2 (muscle) (CFL2): cctccttctcctcccag-
tgccacagagccgaagcccgagctgecgecgcagccacagecgagggeactatg
(Seq ID No: 888)

Homo sapiens DEAH (Asp-Glu-Ala-His) box polypeptide 35
(DHX35) : tgaccttttaccccaacatg (Seq ID No: 889)

Ho-

mo sapiens resistance to inhibitors of cholinesterase 8 homo
log A (C. elegans) (RICBA): ccgccttcccecggegcecgecatg

(Seq ID No: 890)

Homo sapiens FK506 binding protein 10, 65 kDa (FKBP10): ag-
ttctttgtagtgcctccecctcagactctaacacactcagectggeccectectee-
tattgcaacccccteccececcgetectececggecaggeccagetcag-
tcttcccageccccatteccacgtggaccageccagggcgggggtagggaaagaggacag-
gaagagggggagccagttctgggaggcggggggaaggaggtt-
ggtggcgactccctcgctcecgecctcactgecggecggtcccaacteccaggcaccatg
(Seq ID No: 891)

Homo sapiens small ArfGAP 1 (SMAP1):
cctcectececgttecagetgecgetgecgettectgggetgag-
tccgececgeggteccggecggegecaggtgegttcac—
tctgccecggcectccagecagecgtececgecgeecgecg-
tagctgccccaggctcceccgecccgetgecgagatg (Seq ID No: 892)

Homo sapiens chromosome 14 open reading frame 93 (Cl4orf93):
cctcectttttgcacacacacgaatacaaagagccatacgaccttcggatgeccggaaggte
cttctgaatcccttceectgttecttaggttgcactagtegggggttccatgetgggggge
agaaggaatgctctctaccgtctgaaaccgttcatcaggaaggeccttgatttgtgatgtg
ctaggagagcacaggatctgcaaatagaaggcacctgtctceccttctgcaggccgaggag
aggccgccatggactgtgtgcttcttcatggcttgtttactcttctttcacagaccctac
agcttggggcctgggctcectctgaccatcctcattgagaaaggaaagtgagtccagagaa
gttgatgcttcctacctgttggagecggecccagcagtgtaagegtggttgttactgceccca
tccgccatg (Seq ID No: 893)
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Homo sapiens brevican (BCAN):
cgccctettecgaatgtectgeggecccagectcectectcacgetecgegecag-
tctccgccgcagtctcagctgcagectgcaggactgageccgtgcacccggagga-—
gacccccggaggaggcgacaaacttcecgcagtgeccgecgacccaaceccagecctggg-
tagcctgcagcatg (Seq ID No: 894)

Homo sapiens H2.0-like homeobox (HLX): cggcctctcttcctcag-
tgcgggcggagaagcgaaagecggatcecgtcctecggcectgecgecgecttectecegg-
gactcgcgecgceccecctececcecgegegeccacccacccagtececggetggactgegg-
cagccgcgcggctcaccececggcaggatg (Seq ID No: 895)

Ho-

mo sapiens v-rel reticuloendotheliosis viral oncogene homolo
g A (avian) (RELA): ccgcctctggcgaatggctcgtctgtagtgcac-
gccgcgggceccagcectgecgaccececggecccgeccecceccgggaccceccggecatyg

(Seq ID No: 896)

Homo sapiens zinc finger protein 277 (ZNF277):
cctcecttttettttetgeecgggtaatg (Seq ID No: 897)

Ho-

mo sapiens globoside alpha-1,3-N-acetylgalactosaminyltransfe

rase 1 (GBGT1):
cttecctettttetgtectggeccecgeggeccegcectgectgecctgeteccaggetecac-
ctgcgccgecgatcgeccgggtatecgegggggeccaggeccagectgag-
tcegttttecgegeecggggtggecgecccteccaaccgtectaacgecgggecggecag-
caaggagtgttcctgggacctcagagaccaggctcagagcctgacatcecctgcgaggg-
gacagcctcatccgeccaggceccagtgggggtctctacaagtgeccaggetcaggtg-
cagcccccagcaatg (Seq ID No: 898)

Ho-

mo sapiens FXYD domain containing ion transport regulator 6
(FXYD6) : ggtcctcctgggagtctcggaggggaccggctgtgcagacgecatg
(Seq ID No: 899)

Homo sapiens nuclear RNA export factor 3 (NXF3): tcctctc-
tatgcttggggaaggaacttcctgtaagcaaggcttgaggcttgectectcecgecttegtecag
cagccctcecctcaatcttcecteccaaacteccecgtececccaggecacacagattcectectcaaga-
gagccctataaggacattggtaaaatg (Seq ID No: 900)

Homo sapiens chromosome 14 open reading frame 133
(Cl40rfl33):
attcccttecgeccecttetcectaagetgecacagectgaatagaagggctggtecagegge
ggcggaggctggcgctgtectgagagggagggctectgtgecggaagagtcagggcgacect
tgggcgctggagtacgcttgggactggggctgcgagtgagcaccagegattggttcecggaa
gcggacatttggttcagaacgagcatttaactctgecagggatecgetgggectctgacga
ctgcggtagatccatggcttecctggacgttcaccecgtagagtcatcctagettaactcett
gttccctggtectcagttcacaagectcacctgtatecttecctggetecggaagataattgaa
accaagtctgacttctcaatg (Seq ID No: 901)
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Homo sapiens X-prolyl aminopeptidase (aminopepti-
dase P) 3, putative (XPNPEP3): ctttctcttcccgacgcgtgag-
ttaggccgtaatg (Seq ID No: 902)

Homo sapiens death inducer-obliterator 1 (DIDO1):
ggccctctggcaagatggctgctgecggaggegttggagecgeggaaatctggaaccgg-
gatggcgacgtctacactgagtcggaggcgaaggagcttactccacgg-
gaacagcctctagataatctgagttgttgaaaatacgaagcctgttactcgtgaacag-
tggctgacaacagtgttgttgtgagecctggectgtctgett-
ggacccagaggtttcgtctgccagggtttttggttgtatttaggat-
ttcagggaaaagtgtccaagctttcagtgttggagcaggtatg (Seq ID No: 903)

Homo sapiens PERP, TP53 apoptosis effector (PERP):
cggcctcecttegettttgtggecggegececgegectecgcaggecac—
tctctgectgtcgeccgtecececgegegetectecgaccecgetecgeteecgeteecgecteggcece
ccgcgccgeccgtcaacatg (Seq ID No: 904)

Homo sapiens tubulointerstitial nephritis antigen-like 1
(TINAGL1) : tcctctecttgactttgagecgtceccggcggtcgcagageccaggaggcyg-
gaggcgcgcgggccagcectgggeccccageccacaccttcaccagggecccaggageccac—
catg (Seq ID No: 905)

Homo sapiens eukaryotic translation initiation factor 4H
(EIF4H) : ggttcctctcggagcggagacggcaaatg (Seq ID No: 906)

Homo sapiens non-SMC condensin I complex, subunit G (NCAPG):
ccccectcetecgegggaattatttgaacgttecgageggtaaa-—-
tactccctggggcectgtcatagaagactactcggagagecgetgectcectgggtt-
ggcgggctggcaggctgtagccgagegcgggcaggactegteececgg-
cagggttccagagccatg (Seq ID No: 907)

Homo sapiens MMS19 nucleotide excision repair homolog
(S. cerevisiae) (MMS19): tatcccctcccacggtctctagttcgegttatg
(Seq ID No: 908)

Homo sapiens DnaJ (Hsp40) homolog, subfamily C, member 1
(DNAJC1) : ctgcctctacagctgtgtgtaggcctgggggcgagggtcecttcggaac—
gtagcgctggctgecggcecceccgeccgectacccacecegeccgtecgg-
cagccggctceccececgecgectecgegetectgtectggggeccageccac-
ctggcgggccgcecteecggtgecgectgeccgegettttcac—
tgacaggcgctgttccccacageccagecgecgeccgecacgtcecccagetcectecggeccaac-
ggagctgcgcggcgggtgaccttteccgageccagegegatg (Seqg ID No: 909)

Homo sapiens stimulated by retinoic acid gene 6 homolog
(mouse) (STRAG6):
ctaccctttcatctctgcaactcecttectececectgggectceecttectggtgtgtetgtggg
tctgtctaggtgggcttgggaaaggggaaggaaggggcgtctctttaggecagectcagact
ggacaagccttettt-
gaaaatggtcctttgaacacacgcctgctggtggttggtcagacagatgcgccagcgg-
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gagccccecggggccccaaggggacagcetatctetgcaggaccagtgegatg
(Seq ID No: 910)

Homo sapiens 5-azacytidine induced 2 (AZI2):
cagccccttttceccggctgagagctcatccacacttccaatcacttteccggag-
tgcttecccctecctecggeccgtgetggtecececgacggegggectgggtctegegegeg-
tattgctgggtaac-
gggccttctctecgegtecggeccggececctectgecteggetegtecctecttecagaac-
gtcccgggcectectgeccgagtcagaagaaatgggactcecectecgecgacgtgececggag=-
cagctcccttcgetgtggaagecggeggtgtecttcgaagaaaccggaa—
gccegtggtgacccecctggecgaccececggtttgtttteggtececgtttccaaacac—-
taaggaatcgaaactcggcggceccttgggggcggecctacgtagectggettectggttgt-
catg (Seqg ID No: 911)

Homo sapiens polymerase (RNA) I polypeptide E, 53kDa
(POLR1E) : acgccttttccggcccg-
cagcgcggectgggctceccececgegtgtttaaaagtgegett—
gtggctgctgctgtcttaactcctgtgcttggcggacagacaggcgagatg
(Seq ID No: 912)

Homo sapiens mitochondrial ribosomal protein S25 (MRPS25):
agtcctttctegtcgectgecteggectegeggececgtggggtecggececegecaccgtt-
gccgccatg (Seq ID No: 913)

Homo sapiens TRM2 tRNA methyltransferase 2 homolog A

(S. cerevisiae) (TRMT2A): cggcctccgcecgcacgcegctggcggactaagag-
tggctggcgaagcgagcggeccggcgecgggcccctggegggegggcggtacagecccaa-
gcctgagacccggacctgagcatcgcaggttecgagteccgeccecgectggggegaa-
gccgggggtggcggcgacctecgeggegttgecaccggetectgtgagecac-
ctccectcectgagcacttcececttgtgacaggcecacttececttgtgacaggeccaggac—
gaggtggccaggcggcccccatggegtcecectggtctaggcggagaaccgectgggegatg
(Seq ID No: 914)

Homo sapiens lipid phosphate phosphatase-related protein typ
e 2 (LPPR2):
cccteectceccaccteggagtectgegeggecgeggecaggecccggecgaccgegteteggtce
ttcgecgtctgeccagectggectggcagtceecgtetgteccateccecgecgegecggggeagtcet
aggcggagcgggggctcaggcggcggcggcctcgacgcgagtgagtgtegtggttggggt
gctggacccagagtgcctaccctegectgectgggectcagtttccacatctgcacaatg
ggggtgaccatccctgccctgectggctgeccaggageggctgtgagtecttcaggegtggat
gcagcctgggggaagccatagggegcectttcacaggectggecttcecaccatg

(Seq ID No: 915)

Homo sapiens chromosome 11 open reading frame 1 (Cllorfl):
gaaccttttttcacctcgtctgaaatg (Seq ID No: 916)

Ho-
mo sapiens microtubule associated monoxygenase, calponin and
LIM domain containing 1 (MICALl): cgccctcccacccgctcagac—
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ctggttgccagcccaacaggaagcggccectcecececggecttcggagecgeecgecac-
tcatctctgcccagectgetgecctececccaggaggectceccatg (Seq ID No: 917)

Homo sapiens kinesin light chain 2 (KLC2):
gctcctttaaggcagcgaacgggccaagagaagecgtgtttcgeeccectecgacgeccac—
cgaggtagcggcttcacctttaaggcggecgecgggggctgectgggaaggeccggcecgg—
gatggaggcggcgggaccggctcgcgggtgecgggtccgggtgaagegg-
gaggcagccagagtcggagceccgggceccgagcaccaggceg-
caggcccggcgcccgcectgeccgcecaccectegtectcacagacgeccacagecatg

(Seq ID No: 918)

Homo sapiens DNA cross-link repair 1B (DCLRE1B):
acttcctttttctgecccactctgg-
taacttattgctctgctgggctctttcecttagggtctectggeecctgttecttgecccag-
catgacttttatcgggacgccgttgtggaagcctcacgcaggageccctgecceccgtgga—
gaagatcccactggtgactccaaccctaccaccatg (Seg ID No: 919)

Homo sapiens armadillo repeat containing, X-linked 5
(ARMCX5) : gctcctcccactgecgttgtgggtaacgecggacgtggaagaac—
ctcgtctgcggaggaaaaggtagatgttaaatggtaactacgcgcgaggttctgag-
gagccctgggaacaggaaggagaaaagaataccaaaagtgacaacagtttgeccaatcg-

‘cagtctttaatctgataaagcggttatctcgtcttgagtcccaggtgeccgag-

tcaatccccatacacageccgecgeccattgectcecgagteett-
gtgtctgactgtctgttcctgctgctgtatgacacagcacctcgaggcaaggaaataa—
gaaaactgcctctgatccaagcagagaaggtctgcctgtagatctgectgtagggett-
gtcaccattggaagcaaggtcctacttcagtggcagatctggtggeccttggag-
tggctgaagaccaccaccctccacagggctgggcccatgcacageccatccttceectac-
cttgagtgagcttcctctgecatgttttctatatcactggcagagecctgtagtt-
ggaaaggggacagagtgactactggactttgtgtgaaaacaccaaccgg-
gacaaaacttcagtcaaggctgagacgggtgggggtatataacttgtccttac-
gttaaacttggaacatg (Seq ID No: 920)

Homo sapiens chromosome 12 open reading frame 43 (Cl2orf43):
aatcctttgcggtggttcaagatg (Seqg ID No: 921)

Homo sapiens vacuolar protein sorting 33 homolog A
(S. cerevisiae) (VPS33A): ggtcctcccgtaggaaccggcggactcecggtt-

ggcgttgtggggcagggggtggtggagcaagatg (Seq ID No: 922)

Homo sapiens arginine/serine-rich coiled-coil 2 (RSRC2):

gggcctcctcecgectttgtgecatcececgggtectectegegegagecgatttagtectgaggcecgaa
gcttcggagecggccggtactgttgaaagcgacaagtggaggcgecgectctageggecggyg
actctgaactatggcggctagtgatacagagcgagatggactagccccagaaaagacatc
accagatagagataagaaaaaagagcagtcagaagtatctgtttctcctagagcttcaaa
acatcattattcaagatcacgatcaaggtcaagagaaagaaaacgaaagtcagataatga
aggaagaaaacacaggagccggagcagaagcaaagagcgtgcttatgcgecgaagagactg
aactgaagacgctgcagactcagatagcaaaataataagcctacttcatgataagggaag
aagacatgaatccaaagataaatcctctaagaaacataagtctgaggaacataatgacaa
agaacattcttctgataaaggaagagagcgactaaattcatctgaaaatggtgaggacag
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gcacaaacgcaaagaaagaaagtcatcaagaggcagaagtcactcaagatctaggtctcg
tgaaagacgccatcgtagtagaagcagggagcggaagaagtctcgatceccaggagtaggga
gcggaagaaatcgagatccagaagcagagagaggaagaaatcgagatccagaagcaggga
aagaaaacggcggatcaggtctcgttcccgctcaagatcaagacacaggcataggactag
aagcaggagtaggacaaggagtaggagtcgagatagaaagaagagaattgaaaagccgag
aagatttagcagaagtttaagccggactccaagtccacctcccttcagaggcagaaacac
agcaatg (Seq ID No: 923)

Homo sapiens integrator complex subunit 3 (INTS3):
ccgcecttecccaccceccceccgeccttcecactatggecgettetgtgtggtgtggggagac—
gctggtcctceccecegtectceccatagegettattgectcaccctcaccececctaggggecg—
gatccaaaggcgctgcactccccaagecttggggcatcageccaggaaggtttectac—
ctcctaattcaggggcaggactcecctcttttccececccacggggaaaa—-
gaggcagaaacttaggggtttccctectttecttagggtcagacgctcttagggtccac-
ttcttcaggggcggaagcectctectaccecttececcataggggcacaggectttaccccac-
tgtacttcggagccaacgectttcectcagcactgccaccccagagtcaggacccagag-
gactgtgccttcgceccccaacgcaggcgecggecttttggagaggagggaggagtgga-
gaggacaggggcccttgctctccecectcecceccaacttgttectcecttgecceccag-
tcecetggcaatccagagatecccgatatctaggactgtceccatceccatecacteecctgac—
cttttccecggetectggetgecageccatg (Seq ID No: 924)

Homo sapiens spermatogenesis associated, serine-rich 2
(SPATS2) : tctcctttectecttctcagacccgggagegteccgggacgecggageccg-
gagctggggcgacgaggcgattgcgggggectgggctagectgectggctaccaatatte-
tactttctgtctctatgaatgtgactaccctggttacctcatataatctccctg-
gaaaaggagacatgaatgtctgcaatgatacttcctgacaagaagttgatacaa-
gaaaaggaaaggagattaacagctagtgagcagaatttcgaacagcaggatttcg-
tattttttgcttccaactgcacacttcegttgeccacttttaaatcagagatac—
ctacactcaaaacccagacaaggcaaaaggatacttttcttgtatattttttga-
gatcgaagaaacgacaatg (Seq ID No: 925)

Homo sapiens fibroblast growth factor receptor 1 (FGFR1):
ccgccecctttcacctectggetcecectececegggegatcecgegecectt-
gggtctccecctececttecctecgteecgegtetectgegecececteectgegetegteccg
ccgctcttececcgecgceccaacttttectceccaactecgegetegg-
gagctggcgaggcggcggcggctectcaggtcagtttgaaaaggaggatcgagcectcac-
tgtggagtatccatggagatgtggagccttgtcaccaacctctaactgcagaactgg-
gatg (Seq ID No: 926)

Homo sapiens FUN1l4 domain containing 2 (FUNDC2):
ctccctettecgectgecgecgtgggaatg (Seqg ID No: 927)

Homo sapiens ganglioside induced differentiation associated
protein 1-1ike 1 (GDAP1L1):
cctcecttctttectgectctgatteccgggetgtcatg (Seq ID No: 928)

Homo sapiens chromosome 19 open reading frame 43 (Cl9orf43):
agtcctttgcgecggcacctggcgacaaaatg (Seq ID No: 929)



10

15

20

25

30

35

40

WO 2013/143699 PCT/EP2013/000937
258

Homo sapiens MIS12, MIND kinetochore complex component, homo
log (S. pombe) (MIS12):
ccctctecttcteccaccageccaacgtceccgggaaaaacgag-
taagtacaggttccttctgccaatcccecgecggecacagctaactttcececgececggecce
tttctgtcataattgaggtgtccacaaccagccaatcaggaacgcgagag-
tatcccgegtttgetttecgetecgecgaggegegtatcagtecggaattttggg-
gagccaaccgcgccgtctgtecectggcaagecageggcecggtttaaaggaggtggegg-
gaagcctgtgtgtgcttcaaatcgtcaccctcatggtegectceccggtaagtgetgecgggg-
cagcattttctctgaggaggagcggggacgggcgagactggcataa-
gcgtecttcgecgagggagcaaggcggectgtgggtecggectcacceecggecteccgac—
ctgaagatcccagcatgcagcgcgggecgcggggeccgacggaageccecgggagceccggecg-
gaagcagttcctgcgctctggcttcectgggtcecctgtectgegecgatcgeggggtecttaga—-
cagctcaactcgccgagatgacctgggcacctctgegttgaatcggcaaa-
tactgatcaagccgcatttattctgctcectcaggaactctaagtctagcagagaa-
gatgaggcggtagaagttcatcaatggcttggctggaggacaagcaaattgaggacatt-
ggcaacggagtgatcaaaatgatagatcatgaggcctaaaatgaataaggaaagaaga-
gaagtggcagaggctgagaacagaaagagagggtggaggggctgtaaatcttgaa-
gattagggtataatatgagtatatgggtaagaattggaagaattgtgtaggaggcag-
tagtcaaaaagtagaagcagtttggaagagtagttacaaatatcaa-
gagccaggtggctaaaaggtggagctataggtcattgaagctcaagaaactgag-
tctctagggcattggttaagtcatctgtctagacttcaaagttgtctaggatga-
taattcagaagactgatctgtgccaaagtcacaggtttttcac-
gactgaaaacaacatagcaaaataagccaagatg (Seq ID No: 930)

Homo sapiens DEAD (Asp-Glu-Ala~Asp) box polypeptide 50
(DDX50): cttcctttecacgctgtcgectgeccgtaggtggttgtggeccactgtgeeccg-
gagggaggcggcggtggccagtaatg (Seq ID No: 931)

Homo sapiens chromosome 7 open reading frame 25 (C7orf25):
cggcctctgcecgtgcacgecgectgegtgetegegetegeggttectggegetgecggaa-
taatgctgacagcatg (Seq ID No: 932)

Homo sapiens KxDL motif containing 1 (KXD1):
ccgccctttectgtegtgacttaacgcacgcaagecggecteccagggtacgtcecececgecac—
gcgcgctcecgcaggatcecggtgegtggtgacgtttegecggegecgggecgecatcecececggaa-
gcgcgagcaaggccgccagatgtgcaggcagcggaggaggagaaagagatg

(Seq ID No: 933)

Homo sapiens defective in sister chromatid cohesion 1 homolo
g (S. cerevisiae) (DSCC1l):
acttctttcttgcccgccaageececgecagecacccgggecgeggegggactectagaccegg
cgctgcgatg (Seq ID No: 934)

Homo sapiens zinc finger protein 426 (ZNF426):

cgttccttttgtgacgccggectgtgagecgectgagagtctttttgectttcagagttaag
gcctcactggcctgggaaaataattgetgecttttgecatecgegttggecteccgtececcag
gatcttcececggttcagggacctggcgatttctgagtgttccggaatecccaataacecctgt
ttaaagaggaatggagattgccactgtccatttagattaatgaggtgtcctgaagtgatg



10

15

20

25

30

35

40

WO 2013/143699 PCT/EP2013/000937
259

gtgacatcaatgaaaggagggttctgacacgttctcacctcgecgggatg
(Seq ID No: 935)

Homo sapiens TATA box binding protein

(TBP) —associated factor, RNA polymerase I, D, 41kDa (TAF1D):
caacccttttctteccgcacggttggaggaggtcggetggttatecgggagtt-
ggagggctgaggtcgggagggtggtgtgtacagagctctaggacaccaggccag-
tcgcgggttttgggeccgaggectgggttacaagcagcaagtgecgecggttggggeccac-
tgcgaggccgttttagaaaactgtttaaaacaaagagcaattgatg

(Seq ID No: 936)

Homo sapiens PHD finger protein 1 (PHF1):
ccgcctectectectgecgetgecgetgetttggetgetgegtecat-
acgccccagagcecgecgggacggaggggctgggecectggggacceccceggecteecgectg-
cacgcccceccecceccacgceccggacgtgeectcecteecgegecgggggactegectaggtectee-
tacgtctgecccectgeccggectcecececggecggecccagectgtcaccggeccecececcaggatg-
caatg (Seq ID No: 937)

Homo sapiens family with sequence similarity 134, member A
(FAM134A) : cccccttecgectgacgecgecceccggeggcggecgeg-

cagccctggctcctecgecgggectcgggecggecggetgecggeggggctatg
(Seq ID No: 938)

Ho-

mo sapiens membrane bound O-acyltransferase domain containin
g 7 (MBOAT7): ccgcctcctttccggagcccgtectgttecececttecgggteccaaa~
gcttttggctcectecttgttccgageccgaaggececgececttecacgtacteg-
gagctcggatcccagtgtggacctggactcgaatcecegtt-
gccgactcgcgcectcecteggettcectgectceccggggettecttecectgececgeccggggecctga
ccgtggcttcecttececcggectgatectgegcageccggecgggcgeccagaaggag-
caggcggcgcgggggcgcgetgggcgggggaggcgtggecggagetgeggeggcaa-
gcgggctgggactgctcggecgectectgececggegagcagctcagaccatyg

(Seq ID No: 939)

Homo sapiens major facilitator superfamily domain containing
11 (MFSD11):
acgccccttttttgectcagecgtcageccegtcectecgtctgaagagtgettectgecctcea
tttgcctcteecctgtgaccececggecccectcagactececgetgegtegtectecteggeccegt
ccagccgttcecctgactgctcecttegececggagteccgetteccaacceccecectttegecagagcec
cgagagctccgteggetcectgegtectggeggattgtcagtggettecgececcgaggagage
tgactgccctgggcectgctgectcecggcagagectgagccaaaatyg

(Seq ID No: 940)

Homo sapiens thiamine triphosphatase (THTPA):

ctccctteccectetgtgggtcecccgegaggagactctecgggetttgaggtgagacctgaa
gttccgctggccggtagtgtagcaggaaagggcaggtecctececcgggtecgtgagecagtag
cctcctggggtggcaaggtgtagagaggggggcgttgaaaggacacccgectaccecggect
gctttctaggggtctctttggattgaggacatcagcagcagtggaagggattttactgga
gacctgtcactgtcagagccttaaaatatcaccgacggggecttaatgtcaccgaggtag
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agagaaaagggcagtagccctagagactattgcgacacag-
tgtgccectcataagtttttccagggaggggttctgtactgagttgacgecccag-
gagctgagcaccaggctttgcatccttgggaactcagcaaacgtttgttcagccaatt-
gcaggtagcatg (Seg ID No: 941)

Homo sapiens acyl-CoA synthetase short-chain family member 3
(ACSS3): tactcccttcccectcaggcecccaggaagttgcaagagtaccatttgteg-
cacactcggggaccgcgggtggccggaggagatg (Seq ID No: 942)

Homo sapiens chromosome 6 open reading frame 211 (C6orf2ll):
gctcctccttcecgeggecggtaccgectcectgtttetgeggecgattgaacageccgagettt-
gcggccgggatcgcggaaagtgatg (Seq ID No: 943)

Homo sapiens transmembrane protein 204 (TMEM204):
atttcctctctgctgagageccagggaaggcgagctcectgecgcacacgggecgtecctgcag-
cagccactctgctttceccaggaccggccaactgecctg-
gaggcatccacacaggggcccaggcagcacagaggagctgtgaacccgectceccacac-
cggccaccctgcecccggagectggcactcacagcaggecggtgctaaggag-
tgtggcgcgggctcgactcecccactgectgecggecteccecgagtgactectgtttteccac-
tgctgcaggcgagaagaggcacgcgecggcacaggecggectecgettececcgggaagac—
ggcgcactcctggcectgggttcecttgetgetgeccaccetcectgetececetgg-
gatgggccccgaggcgagcagcttcagecacaggcectggecctgeteccaggtgecag-
gaaggaggataaggccgggccgagaggcggcacacctggac-—
catcccatgggcctccgecccgecgeccgecccgaggatgag-
tggtgatgtcctctagccaccecctagcagegtecggetcteecctggacgtgecggecgeg-
gactgggacttggctttctccggataagcggecggcaccggegtcagegatyg

(Seq ID No: 944)

Homo sapiens DEAH (Asp-Glu-Ala-His) box polypeptide 40
(DHX40) : tcgtctttcccctcecccatctectcagatcggtggacgtgectegectecac-
tcggggccaggtctatg (Seqg ID No: 945)

Homo sapiens importin 4 (IPO4): cctccccttttcecggeccag-
tagcggcggctcagttgctgccatg (Seqg ID No: 946)

Homo sapiens N-acetyltransferase 10 (GCN5-related) (NAT10):
ccttctectttecggagttgttecgtgectcecccacgtgettecececttecteccactggetgg-
gatcccccgggctecggggcgcagtaataatttttcaccatg (Seq ID No: 947)

Homo sapiens 1in-28 homolog A (C. elegans) (LINZ28A):
aaccctttgectteggacttcectececggggeccagcageccgeccgaccaggggeccggggeca
cgggctcagccgacgaccatg (Seq ID No: 948)

Ho-

mo sapiens CAP-GLY domain containing linker protein family,
member 4 (CLIP4):
cggcctttcecctceccgegeccececgegtecccagecggececgcecteccgagaggaccecggag-
gaggcaggtggctttctagaagatg (Seq ID No: 949)
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Homo sapiens zinc finger, ANl-type domain 1 (ZFANDI1):
ccgccceccttacggcegecggagagatg (Seq ID No: 950)

Homo sapiens GTPase, IMAP family member 6 (GIMAPG6):
ccteccecctttttectactteccgaggectgecaaagtgcaacagcagactcecttectgactcag-
gaaggccggtgctcectacccacttcecectgttectcecatcteccagecggacac—
tgctctttcaagggcaggtctccageccagctctctgaaaacattttgectgaaaa-
tataagcaaacatcggccttgtcctecttgtgttcatacactgtggaa-
gcttttctctgectectecgtgagagtgegtggecgggagaccagaaac—
gtggtcctttctcttgectgtgagectggtgcagagatg (Seq ID No: 951)

Homo sapiens thioredoxin domain containing 15 (TXNDC15):
cttcctcececggcetggcagcacgactecgegtagecgtgegecgattgecteteggectggg-
caatg (Seq ID No: 952)

Ho-

mo sapiens asparagine-linked glycosylation 9, alpha-1,2-mann
osyltransferase homolog (S. cerevisiae) (ALGY):
aattcttttttcceccaggcttgecatg (Seq ID No: 953)

Ho-

mo sapiens glutathione S-transferase, C-terminal domain cont
aining (GSTCD): acttccctttttccggtccgccggattatgaatgac-
ggccggcgcgagtattttccacataaggtggetgtegtttttcectectggegtetgtg-
gaggcgagtggtctgcgggcagcagctcccagaggcagecttggaatteccageteg-
gactgggcgggaaggcgcaggcggcccaggtcecgeccgacacgctcac-
gcaccctccectgcecectggecgegectcectgegaccaggtgacccaatgaaagaagaaaatg
(Seq ID No: 954)

Homo sapiens CXADR-1like membrane protein (CLMP):
actcctttttctttccaaacagggaaaagtgttccacgaagcgg-
tagcgcectttecgectegegttttectecctgaccectggtececggeteccgtecgggege
cagctggtggggcgagcgccgggagceccatetgecececcaggggecac-
ggggcgcggggccggctccecgeccggcacatggectgcageccacctecgecgeg-
caccccgaggcegecgegeccagcectegeccgaggteccgtcggaggecgeccggececgecccg-
gagccaagcagcagctgagcggggaagcgceeccgcecgteccggggatcgggatg

(Seq ID No: 955)

Homo sapiens nonhomologous end-joining factor 1 (NHEJ1):
cctcectettgecggtggggggaaageggectcttactctaggecttteggtttgegegage
gggcaggaaagcgtgcgtgcggctaagagagtgggcgctctcgeggecgectgacgatyg
(Seq ID No: 956)

Homo sapiens gametogenetin binding protein 2 (GGNBP2):
cctccttettecactececcecgeggecgegageggcectgactgecceccgtagaggaaac—
gacattcggagctgcgctcceccgeccaggccggecctgacgegggectegtcagecag-
taacagggagcagaggtgggagttagcgaggcgaccacgaaaacggtgaaggtcggaac-
cgacagcctcctceccgagaagggcaggagctgggaggaggcggcagcggcggcgg-
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cagaaacagcagcggcggcggcggcggcagctgggaggaggtggtgacggtggcaacgg-
cagcgtcggggacgatg (Seq ID No: 957)

Homo sapiens zinc finger protein 672 (ZNF672):
ctttctcttttageccccgectgetteccggectccagectggggececggagaggectgag—
tggttggtacgctgctcgectggectecccagtcectteccagcaaccggtgacac—
tgcccgegeccagactgaccactageccgacgcgggcgagagggacaggagegtgac—
ctccccatcccgaggggecggacgctcgggcecgectcecececcgetececcccactecg-
gaggccgcgecgcecgecgttageccecttectegeteccecececgecccagtcccgecagtecgg-
gaggcgggggtcggcagceccggctgagtgggaaccgegeggtgtctgaggaggcag-
tcggcgaccggtttccacttcaagecgtgaccecttttgectgtgggatgagectccag-
catggggtgaggtacagaagagagacttgaagagcgtgccttgggactcaa-
gcgccaaacctgtaccctagcgagtgtcecctactceccgcatceccg-
taatggaaggaaatgcacatcttactccagaggcacaagaggaggacatcccatgcgge-
tactcctgcecccagegtggtggggcagcagaagctccagagcecccagacttgcaggctecac-
ggtgcagggtgaacctggccacagctcaccctggaacagccacaatgtctgecectta-
gagaagaaccctgaaatcagaccagtttttgcggcctcecectttectectctgttacag-
tgccctttceccaggeccttaagagaagtaaaacttagctgcagegeccaggaggtg-
gaccccagagtgtgagtggcacgcttccectgtgaacccgtcectcaccatg

(Seq ID No: 958)

Ho-

mo sapiens N(alpha)-acetyltransferase 60, NatF catalytic sub
unit (NAA60): ccgcctccgtccececggcetgeggeccecctgecggttacataactegtt-
gcgggctccgegeggtceccacttececcggeteccttegectceccag-
gatgcgctgagccctacaacacccccageggecgecggcteccceccacgaggtgtgaatg
(Seq ID No: 959)

Homo sapiens transcription elongation factor A (SII)-like 4
(TCEAL4) :
tgccctcectgteccecgeggectgggtcectegtcectgetecggttecctgggetectaattett-
ggtccagcttcttccaggtcagtgtgecgggeccttccacgectgecagecggaacactg-
gaatggcggaaggggaacgggtctgcgcgtctgttgtteccagegetectgecgaa-
gcctgaaaaggaggagcaacctgtccagaatccccgcaggacaggaaaaggaggg-
gaaatctcgacatg (Seq ID No: 960)

Homo sapiens progestin and adipoQ receptor family member VI
(PAQRG) :
tccectttgteteccccacteccecgeccaggectggececgectgectggecactettecte
catcagcctggctggcagcagccttggactccgececcgtggagecctgggecectgttgacce
accagcttaggagcacccaccaagctctgggtaaggaagctcaccttetggggetcecttcet
gggaaaatagaggtcaacgtggaggtaccaggccaccatgctcagtctcaagcectgecccea
acttcttcaagtccaccaggtccccecgggtgttctgggaagatggcatcatgtectggeta
ccgccgcecccaccagctcecggetttggactgtgtectcagetecctteccagatgaccaacga
gacggtcaacatctggactcacttcctgecccacctggtgaggggaggctctgecccagge
cgcggccttgagectcagagggggtacccaggcgggcagggaccgtccaggeccacggget
gcagcggcagtcgecgggggtccgeggeggectgagcacgegecccgecgecaggtacttect
gtggcggctecctggecgectggcgggeggecccggctteccgtgeggagecgtaccactggec
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gctgctggtcttcctgcectgeccgectgectctaccecttecgegtegtgectgegegcacac
cttcagctccatg (Seq ID No: 961)

Homo sapiens DENN/MADD domain containing 2D (DENND2D):
catccttcttgctcaaccactgggtgcacaggatggaaacttctattcecctcectetg-
gaagacagcgcgtggcttggcttcacagagttgtggctggagaccgaa—
gcagcccctttctcaggettactgtcaccagtctgtectgtgttaggggagaggggag—
tccgctctgtcecctgaaggcccagagatg (Seq ID No: 962)

Homo sapiens family with sequence similarity 188, member A
(FAM188A): ccttcttctttcctgcectcacctteccaattegttt-
gccgceccgcecgtcecceccgecagetgetgttteccggagttgececttececccatgttecgggg-
caggagtccgcaaagcgaagatccgceccgeccggttectcatcatg

(Seqg ID No: 963)

Homo sapiens neurensin 2 (NRSN2): ccgcctttgctcggcggagacag-
caggcagagagatgaggaaactgagacccagaaaggtggaagcacttgtctaaggtcac-
gcctccaggaagcagtgtgtccacgactccag-
tccaagtggtcaggctccagageccacagtecccaggggtecatyg

(Seq ID No: 964)

Homo sapiens tripartite motif containing 46 (TRIM46):
agccctcctcacacccccactgggectectgecattaagececggggttecgcageecg-

cagccgggatcgggcacccaggggcgggcgggcacggtagggecatg
(Seq ID No: 965)

Homo sapiens target of EGR1, member 1 (nuclear) (TOEl):
catcctctctgggaatttaccgatgcccagaacgececcttetttececcccacac—
gaccctctcctagtctaactcecctgggecgtgetttaagectcagectcaggcagegtcac-
cttctctggaaagcccaaacccagccaccceccactacccgctacccgeggeccac—
gctgatgaagacagcagaacacggaggccccgcgtteccecgecgcgagagcaggaga-
gaaagattacctcccgecgagctctagegegceceggetttecggegeac—-
tccagggggcegtggetegggtecacececgggctgcgagecggcagcacaggceccaan-
taggcaattagcgcgcgceccaggctgecttecceccgegecggacceccgggacgtctgaac—
ggaagttcgacccatcggcgacccgacggcga-
gaccccgccccatceccceccgactgectgaaccgecgeccaggagacggaccgcaagtccageg-
tacccacagacgactcaggcgggagacgagcggtgtcatg (Seq ID No: 966)

Homo sapiens DBF4 homolog B (S. cerevisiae) (DBF4B):
cgttcttttaggggtggageccggcaggaaatttaaactgaageccgcggccgaaaacgceca
agagattgatgctgtagctgcecctgagataaccaggactgtggaatcgggaa-
gagctcatggagctcgcgaatgtaatacggaggcctctgaggaaggagtac—
ggaggccgagaaggagccggcatttgatg (Seq ID No: 967)

Homo sapiens myc target 1 (MYCT1): atttccttttatg
(Seq ID No: 968)

Homo sapiens myosin XIX (MYO1l9): ggttcctttcctcactgcacgctctt-
gcecctectettttetetectgeccgtgttettecccgecgectgac
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ctggcccgeccgectttecagtctggecgggegggggectgaagcacggeggetcecgggec
gtgggaccgtgttcacaccctttccagaaattcttggctggtaaccgecgaaaccgactgg
agcaggagctgggagaactggagaaaactgctctaatctcacttgactccagctaggagce
tgatgctgcatcgtaataacatttgcagagcgctttcacaggecgctggagtgacttgtcet
gagattcctccagaactgagccctttgttggaaccataccccageccatggteccatgac
taggtggatagtactccttgtacctcecctgcaacccagaaccctggctgaccactttgaag
gaggatg (Seq ID No: 969)

Homo sapiens KIAAQ0226-1ike (KIAAO226L):
cctcecceectttetgetgttaccgggagecgeggtggecacggaacgctgeceg-
gagccgcgcgagggaggacccgacgcgeggegtttacccagecgcagegttcecac—
cgctcgggtttggctggataaaataaaaaatggggatattgacctcctgtcactactg-
catggactttgatggtttccaatcattactttctecctctgtgtcaatctgectecttecga-
gaaattcatactcctgaatagctctccagacccccagetggceccatgtggtgag-
ttcagggcccaaatcaagtagtaccagcaatcagggaactcctatctgtttt-
gaatggattcacaccagccacaagcctggaaagatg (Seq ID No: 970)

Homo sapiens MUS81 endonuclease homolog (S. cerevisiae)
(MUS81) :
ctccctcettcecececcgececgececctgggeccaggtgttcgaatceccgacteccagaactggeg
gcgtcccagtceccecgegggegtggagegecggaggacccgecctecgggetcatg

(Seq ID No: 971)

Homo sapiens zinc finger protein 430 (ZNF430): gggccttt-
gtccctecgectgtggectgageteccaggtctegtecttcagegetetgtgtectetgetect
agaggtccaggctctgtggccctgtgacccgcaggtattgggagatctacagctaagac—
gccaggaacccctggaagcctagaaatg (Seq ID No: 972)

Homo sapiens mutS homolog 5 (E. coli) (MSHS5): gctcctttt-
gcaggctcgtggcggtcggtcagecggggegttcecteccacctg-
tagcgactcaggttactgaaaaggcgggaaaacgctgcgatggcggcagectgggggag-
gaggaagataagcgcgtgaggctggggtcctggecgegtggttggcagaggcagaga-
cataagacgtgcac-
gactcgccccacagggccctcagaccccttecttccaaaggagectceccaagcetcecatg
(Seq ID No: 973)

Homo sapiens proline rich 3 (PRR3): gccccttectcac—
taccctccaaatcccgetgcagecattgecgcagacacgatg (Seq ID No: 974)

Homo sapiens sirtuin 2 (SIRT2): cgccctttaccaacatggctgctgac-
gccacgcecttctgggactcgtagtccggtcctegegegetttettac-
ctaactggggcgctctgggtgttgtacgaaagcgcgtectgeggecgecaatgtectgetga-—-
gagttgtagttctgtgccctatcacggccactceccatttctggtgecgtcacgg-
gacagagcagtcggtgacaggacagagcagtcggtgacgggacacagtggttggtgac-
gggacagagcggtcggtgacagcctcaagggcttcagcaccgcecgeccatgg-
cagagccagaccgactcagattcagactctgagggaggagccgctggtggagaagca-
gacatg (Seq ID No: 975)
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Homo sapiens KIAA1715 (KIAA1715):
ttgtctctectgtcagtggecggctgctgectgectectggaggcaggectgggeggtggeggcee
gagactggcgggggtggacgcccgggccgggectgecgececgettett-
gcagctgtgaattcctttggacaattgatgatatttatcattgtgeccagttte-
tacaaataaaagatg (Seq ID No: 976)

Homo sapiens proline-rich transmembrane protein 1 (PRRTI1):
ctgccttcatctctecatcectectgecgetgectgecggetgegecateccag-
cacccagactccagcaccggccgaggacccecccactececggetg-
cagggaccctgtcccagcgagaccgcaggecatg (Seq ID No: 977)

Homo sapiens t-complex 1 (TCP1l): ccgccccttceccccggagectcac—
ttccgtcacagtcectgttteteteectgtt-
gtccctgectctttttecttececgecgtgececcgeggecgggecggggcagecgggaa=
gcgggtggggtggtgtgttacccagtagctcctgggacatcgctcgggtacgectceccac-
gccgtcecgcagcecactgetgtggtegecggtecggecgaggggecgcgatactggtt-
gcccgcecggtgtaagcagaattcgacgtgtatcgetgecgtcaagatg

(Seq ID No: 978)

Homo sapiens Yipl domain family, member 5 (YIPF5): cgttcttt-
ggccctgtgacacgtagcaacggggctggttcagggtctgaaacagagtttgggggtt-
gtttgggattagtgaagctactgcctttgccgccagecgcagectcagagtttgat-
tatttgcaatg (Seq ID No: 979)

Ho-
mo sapiens glucose-fructose oxidoreductase domain containing
2 (GFOD2): cctccctttccagagcccccagttecttagaaac-
caggcggcgcgttcecececggtggcggegecctggactececcgggececgeg-
catcccecgecagecttecttaaggcggatgggtggecceccgagaccecegteg-
gacccatggtttccagtgcagecgcggagtgggcgatgccagecgtgeccag-
gagccatgtctgaccaggacgtttggaagatcatatccatgccagaggctecttgtgag-
gagatgagttggtaaagagagaggctgggatg (Seq ID No: 980)

Homo sapiens apolipoprotein L, 2 (APOL2):
ttccctttcgaattccagggtatatctgggaggccggaggacgtgtctggttattacaca
gatgcacagctggacgtgggatccacacagctcagaacagttggatcttgctcagtctcet
gtcagaggaagatcccttggacaagaggaccctgecttggtgtgagagtgagggaagagg
aagctggaacgagggttaaggaaaaccttccagtctggacagtgactggagagctccaag
gaaagcccctcggtaacccagcecgctggcaccatg (Seqg ID No: 981)

Homo sapiens microtubule-associated protein 4 (MAP4):
ccgcctceccectgecgeccegeccectecggctagetegetggeteccggetectecececgac—
gtctcctacctcecctcac-
ggctcttceccggegetetectggeteccttetgecccagetecgtectecggeggeggeggg
cagttgcagtggtgcagaatg (Seq ID No: 982)

Homo sapiens exonuclease NEF-sp (LOC81691): cttccttcttt-
gccaggcagacgcccgttgtagecgttggggaaccgttgagaatceccgecatyg
(Seq ID No: 983)
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Homo sapiens ST6 (al-
pha-N-acetyl-neuraminyl-2,3-beta-galactosyl-1,3)-N-acetylgal
actosaminide alpha-2,6-sialyltransferase 5 (ST6GALNACS):
ctgtctctaatctctg-
caacagccgcgcttccecgggtcecccgeggcectececgecgegegatctgeccgeggecggetget
gggcaaaaatcagagccgcctcecgceeccattacccatcatggaaaccctceccag-
gaaaaagtggccccggacgcgcgagcectgaggattctgcacaaaagaggtgceccaaaatg
(Seq ID No: 984)

Homo sapiens heterogeneous nuclear ribonucleoprotein Al
(HNRNPAl) : tgctcctttctgcccgtggacgccgeccgaagaa—
gcatcgttaaagtctctcttcaccctgecgtcatg (Seqg ID No: 985)

Homo sapiens zinc finger protein 83 (ZNF93): gggtccttt-
gtctctcggtgcageccggagectccaggtcectectcettcactactetgtgtectgtgetec—
tacaggcccagcecctcectgtggecctgtgacctgecaggtattgggagatccacagectaaga-
caccaggacccctggaagcctagaaatg (Seqg ID No: 986)

Homo sapiens N-terminal EF-hand calcium binding protein 3
(NECAB3) : cggcctctagccacaccgagtccgeccgeggegtceccagggtecggecag-
caaccgcagccgagceccgagcgggtggeggecgecatg (Seq ID No: 987)

Homo sapiens splicing factor 3b, subunit 5, 10kDa (SF3B5):
cattcttctgcgacggcgcggacctggagcttcececgegeggtggcttcactcectectg-
taaaacgctagagcggcgagttgttacctgcgtcecctcectgacctgagagcgaaggggaaa—
gcggcgagatg (Seqg ID No: 988)

Homo sapiens INO80 complex subunit B (INO8OB):
gtcccctttecctecgecaggacctcatg (Seq ID No: 289)

Homo sapiens polyamine modulated factor 1 binding protein 1
(PMFBP1) : ctttcttcctcttggcttatattagggataggggatgtggttt-
gttacaaaggatgagtattttgatagcttctcattccttgaactattctg-
caggtttataacaaagctcagaaaatactaaaggttaaaggagaattga-
gagctgccaaggaaatg (Seq ID No: 990)

Homo sapiens pseudouridylate synthase 3 (PUS3):
cttcctttcectcggaaacgecggcgecggeccggctgeccggaaaacagggcagacctgtatggt
tcgtttattcctggggttgtcatatcatg (Seq ID No: 991)

Homo sapiens heterogeneous nuclear ribonucleoprotein D
(AU-rich element RNA binding protein 1, 37kDa) (HNRNPD):
tattcttttttagtgcagecgggagagagcegggagtgtgecgececgecgegagagtgg-
gaggcgaagggggcaggccagggagaggcgcaggagcctttgecagecac-
gcgcgcgectteectgtettgtgtgettecgecgaggtagagecgggecgegecgg-
cagcggcggggattactttgctgctagtttcggttecgecggcagecggegggtgtag-
tctcggcggcagcggcggagacactagcactatg (Seqg ID No: 992)
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Homo sapiens GABA(A) receptor-associated protein like 1
(GABARAPLL) : atttctccatctggctctcctctacctccaggcaggctcacccga—-
gatccccgcccecgaaccceccecceccctgecacactcggeccagegetgttgecceccggageg-
gacgtttctgcagctattctgagcacaccttgacgtcggectgagggagegg-
gacagggtcagcggcgaaggaggcaggccccgcgcggggatctecggaagecectgeggtg-
catcatg (Seq ID No: 993)

Homo sapiens chromosome 22 open reading frame 13 (C220rfl3):

-ccttecttteecccagtgttgagegeggtctecgecteccgettectectecac-

tcegectgecggcectgggaaactagggcaccagtacgatagtteccggcaccggaaaa—
gagggctgatgactgggcccgggggeccgeccgcaacgacccttggggecggcaaa-
gagccagagagggtgctcacacttccaagcaccccacaccaaggacaggctggacgg-
caaggcggagacgcggggcttgggccctcagaccggggacagcaggaggtt-
gggccaagggccaggacttcccecgtcacaatttcatttgttgatcccggcac—
cgccaggtaaggggggccctgagtgaggctaggtatcectggtacgga-—-
taaagttaggtatagagtagagcggctgcecccgctcagggttatcectaaagacagtt-
ggaggagagttgcttggggcctcggggatgcactgggecgggatcagggcttacacctag-
gactggcaaaagagcgggacccggcagaggcggggcttgeccgaagggacgagecte-
tattcaggaaatgcacgagctttggggcggggctcaaa-
gaaaggggcggggcttccggggcecccgegtectggtgagetgegegtectgegegag—-
gattgggcgagagggtggggccactcaacgctgaggcggcgaatggeccggag-
cagacttaaatcaagaggctggggacctctaagatcaaagttt-
ggggcggggcctaaggagggggcggggcctccagattcgagacctg-
gaagggctggggcggcgcttggggecggeccctgeccgecgectcececegttectececcteceg-
cagcggcggcggtggcggagaaggaactcgacacgcaccgac-
cgccctcecceccgecccagccgaagcecggaagetg-
tagcccgcetctgggecggggecatgggegecccgegecgececgggteatg

(Seq ID No: 994)

Homo sapiens lon peptidase 2, peroxisomal (LONP2):
ggctctttttgacagcccccagtgcgaaaggctgecagcatg (Seq ID No: 995)

Homo sapiens RNA binding motif protein 4B (RBM4B):
ggttctctctgacgtgggagccgecgtcegetgecgeccacccggaggetettgtcaggatyg
(Seqg ID No: 996)

Homo sapiens protocadherin alpha 3 (PCDHA3):
aggtctttctccacaaaagaaataacagcgtgcattacgtattcagatactgectttgett
catcctctctaaaatttaacaccgaggagtttaagaaatgaaga-
taaggaactcgaattatttttaaactttggatcaatgtaaaggcaatctaatattt-
ggaaaatacttgcaatg (Seq ID No: 997)

Homo sapiens RAB34, member RAS oncogene family (RAB34):
gcctctecttgggeccecttectectececectttecectecectgetggttectgg-
catcgccagatgctgcgcagcagtctccgattcececcatcac-
caattcggctggcgtctccgagaccgecggactccecgtagggteccecegtggecececgagtt-
gtagtcgggacaccccggeccgecgggtgategtcgggtcecteccac-
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gcgcccgggtcgetgacgecggateccggectecggegecttcectcagggegecctg-
caaggccgcaggcaggatg (Seq ID No: 998)

Homo sapiens cell division cycle associated 7 (CDCAT7):
gctcctectgectgtgggaccgctgaccgegeggectgectceecgetectececececgecteccaa-
gcgccgatctgggcacccgecaccagcatg (Seq ID No: 999)

Ho-

mo sapiens ArfGAP with GTPase domain, ankyrin repeat and PH
domain 3 (AGAP3): gggtcttttaggagagcactgctgcagccggcagtgga-
gagcctgggcagggagacagggagaaaactccggcagcagggtggtcectctagggctgac-
ctcggagcctggggacaggggagcectatgceccgcactgaaggcgggacgctgtaagecgag-
gagcagctgggcctgggcggactcctcecggccaatcagectcggtcagcag-
caccctcaggcgcagggcactgtttgggcattgectaga-
gatccgacaccccgceccagatcagecgcagggaggcgaaagcgacagccgggcgecgggag-
gagaccaggg-
cagctgtcccectececgecgagggtggecctecgaggcaatgegggtgggggectggtgag-
gaggcggaagggccgaggctgagtgggaggggccggggcgecagggetg-
gagcgcgcggctcgggggtggaggetg-
cagagccagcgagcegagcecgaggggcegggggcegeccgggecggegegeag-
gaggggcgggggcggcggggaggggggctcgggetgegtgtgeeg-
gagccggcgggggcggceggtgegtgecgecatgacgcggggg-
gagggcctgggccgcgegcectceceecggtecegttgttgttgecgetg-
gaggctgctccgaggcagcgggatcacggcgctgggaagegectegg-
cagcggcggccacagcgtgcgcggecggegectectggectecggectececggecececcggece
ccggctccatgcecgctagceccecccgegecgecageccagtag-
tccecggeccegecagecccecgegetceceecgetegecgectgecgecgeccgecgeccgeccgecge
ctccgceccgegecgeccececgggeccgectecgggecceccacggecteccgaagecatg

(Seq ID No: 1000)

Ho-

mo sapiens potassium channel tetramerisation domain containi
ng 10 (KCTD10): ctgcctctctcagtccgggtttggagactcctgcgtecte-
cgacttttcatg (Seq ID No: 1001)

Homo sapiens cyclin Bl (CCNB1):
cattctctgcgaccggcagceccgccaatgggaagggagtgagtgccacgaacaggccaata
aggagggagcagtgcggggtttaaatctgaggctaggctggctcttctcggegtgetgeg
gcggaacggctgttggtttctgctgggtgtaggteccttggectggtcgggecteccggtgtt
ctgcttctceccecegetgagetgectgectggtgaagaggaagccatg

(Seq ID No: 1002)

Ho-
mo sapiens eukaryotic translation initiation factor 2A, 65kD
a (EIF2A): gtttctctttccgggacaacatg (Seq ID No: 1003)

Homo sapiens protocadherin gamma subfamily B, 7 (PCDHGB7):
cagcctctagcecctgggattcecctgecgcagccaacaacagaaaagaaaac—
cagctcccacacagaggctcccggctgecgcagaccttgeccagcacac—
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cagattgccagctccgagacccgg-
gactcctcecctgtcecctgggeccgaatgetettttagegeggtagagtgcac-
tttctccaactggaaaagcggggacccagcgagaacccgagcgaacgatg
(Seq ID No: 1004)

Homo sapiens acyl-CoA dehydrogenase family, member 11
(ACAD11): ggctctttcggcttccttcecctecgetgggeccggectaaacccggecgecag-
cagcaccggggtgataagtgtccagggcaggaggccagcgatgttgecttgectaac-
cgggtatctaagagaaacagggtctttttattcttaggctcgacagtctgac—
ggccctttttctgaacgggaccctgcaggtcttececgectgetgttgecattaaattt-
gggggtggaagaggcttctgcgttgttecttacccgcaacgatgaccatggettt-
gccttctttaaaattgaggcctccaactctgacgectgactggagaatt-

* gaaacccgaacacacattgggctcttttggcacttgactagagctaaaacctcgggat-

tcagcgggcaagcgttgctcagcaacggecgegtaggectgtgtgeggttggetg-
gagccagaccccaccccggectcecggeccatgetctagaggggacgtt-
gccccaatcctgaaggacttcggcactecgagacctgtggatgeccgegtt-
gctgtggcctgecgggggtgatcatg (Seq ID No: 1005)

Homo sapiens zinc finger, CCHC domain containing 7 (ZCCHC7):
ccgtceccectctacgegttttggttececcggttggtgettectgttegecagetgecggecac—
ttcaaggttactgactttttatg (Seq ID No: 1006)

Homo sapiens zinc finger, MYND-type containing 12 (ZMYND12):
gggcctttctggacttggactccttgggagtecgtttctecggecatttgaccegtgg-
gacttgtgggttttgtgctgctttttctttctttecttcececctttteccaacttcag-
caatacacccagatgttagtcgagtcacgtcccgeecgecectcectgeccttgaaatgetgg-
caagtacgcagccccgcegatcecgtcacgtgacgeccggggttcagegtatecttgetggg-
caaccgtcttagagaccagcactgctggctgcaccatg (Seq ID No: 1007)

Homo sapiens forty-two-three domain containing 1 (FYTTD1):
cgctcccteggtgeggcgggetgegtgegegagtgggaggtgg-
caggcctgcgactccggecttgtcececgegeccgetctecggegegacgtcteccagecatyg
(Seq ID No: 1008)

Homo sapiens SH3-domain GRB2-like (endo-

philin) interacting protein 1 (SGIP1):
ctccctttetctcagecatcecttettggtagectgectgtaggtgaagaagcaccagcagca
tccatggcctgtettttggcttaacacttatctectttggetttgacagecggacggaata
gacctcagcagcggcgtggtgaggacttagctgggacctggaatcgtatcctectgtgtt
ttttcagactccttggaaattaaggaatgcaattctgccaccatg

{Seq ID No: 1009)

Homo sapiens GTPase activating Rap/RanGAP domain-like 3
(GARNL3) : cagccctttttgcaaatg (Seq ID No: 1010)

Ho-

mo sapiens DCN1, defective in cullin neddylation 1, domain c
ontaining 5 (S. cerevisiae) (DCUN1DS5): gagcctcttgctt-
gctgtgactggtggagctgccgegectgtececgegttatctecteccecggtgagaacgaac-
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cgcagtgtccaccggcgaggagccagccctgtecccggtcagagaaagacgacgagga—
tacctgg-
gagcgggcggcggccgggctgggeccgecgeccggtgegggectggegactectgetectecget
tgctgctgtctctgggaactgggtgeccagcgctgaggggcttceccageg-
gacagggacccccttcecececcggectceccectgeccaccctgecggggagggcggaagatg
(Seq ID No: 1011)

Homo sapiens alkB, alkylation repair homolog 7 (E. coli)
(ALKBH7) : tgccctctctcatgaccccecgecteccgggattatg
(Seqg ID No: 1012)

Homo sapiens nitric oxide associated 1 (NOAl): ccgccccttt-
ggagctacttcctcatg (Seq ID No: 1013)

Homo sapiens BTB (POZ) domain containing 10 (BTBDI1O):
tcgcctcttcgcattgtgagectctecgecggtaagaggectgaggageccggectgcaac—
ctgccggggcggctccecgectacgecgcagecgectcagtggettecteccacagecac—
ctccggagggatctggctgaggaggaagtggaggtgtcactggecccggecttt-
gccccaatcttgtgtgggcactgaagggggactacaggttcgagagttatgggtge-
tacatgtgtgctttcagagcagtagtgtgaggaagcttggagtgggatg

(Seq ID No: 1014)

Homo sapiens zinc finger protein 397 (ZNF397): cggtcttt-
gtggcttgcagctcggggtgggtggectcatttectggeccgectcctgggettecgecggaaa-
gaagagattactcacactccttcgcaagcacagaaccagttgtactgagettttt-
gctaagctgtttcagccaagaatg (Seq ID No: 1015)

Homo sapiens mitochondrial ribosomal protein L45 (MRPL45):
gctceccttcccggeggectttgecgggaacaagatg (Seq ID No: 1016)

Homo sapiens AKT1 substrate 1 (proline-rich) (AKT1S1):
cttccttctccatattgtatactggaattgaagccaaggaggtaccattttgectcgaggyg
catggcctaagccggtcagctaaggecatgttaatacggggctgtcccatctctectgegg
ggcgcgacagctggaagagccgaacggataagagaagaggaggtgagaggagctgtacac
cacaagaggcactgagggactcaggataacgggatgaagccgtcagtgcccccagaaacyg
aagcggccccggacgaatttctgagtcaccgtcgecgagaaagcgggctgageecgecattt
tgaagcctggcaaaccgaagcaagaaatgctgccgtgttggatctttgccagecttegtyg
ccgaatgggagcaggttggagggagggagagccaatatacactatgggctgattaagecc
ggttggctgccatgttgttaacgagcaccgatttcctctacttttgtcgaagaagtttat
tgtgggtcagggacgtcaggtcgcttgecttegtttactgtggtcatgattgagcatatyg
aggacggccattattgttgggggcaaatggaaatgctctaggcggggeccatttttcttag
gggcaagctgtcgtcacccttgtcaactggttcggatgaagcccctgtggecgecatctt
gatctcgggeggecccgataagggaggcggagtgtgcggagaggaggcggggcaactgceg
cggacgtgacgcaaggcgccgccatgtecttttgagggcggtgacggecgeccgggceccggeca
tgctggctacgggcacggcgcggatg (Seq ID No: 1017)

Homo sapiens transmembrane protein 101 (TMEM101):
ctgccctttcccaagatg (Seq ID No: 1018)
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Ho-

mo sapiens eukaryotic translation elongation factor 1 delta
(guanine nucleotide exchange protein) (EEF1D):
ggccctceectttcatcagtcettececcgegtecgecgattectectectt-
ggtcgccgegtceccttggectggegttagagacagggtttcaacgtgttagecag-
gatggtctcagtctccagaccctgtgatcecgeccgectecggecteccaaagtgttgg-
gattacaggtgtgagccaccgtgcctggccgaggctecttettttatg

(Seq ID No: 1019)

Ho-

mo sapiens ADP-ribosylation factor GTPase activating protein
2 (ARFGAP2): cgccctccccecgecgtggattggecececgeggegg-

gacccgtcagccgecggttgtgtctgggaaggagagaaaatg (Seq ID No: 1020)

Homo sapiens junctophilin 4 (JPH4):
atttctctcctecectgggggtctcagtg-
catctccttctcectcetetgectgectectecctcaccgaagggttageg-

- gacacccatccttttcectgecttggggaccccaccaccacccgcaacac-

tgccgectgtctcttecttcaccgtatecttecte-
tacccaccctcecttetcectettetettctecectgecectttaaatctgectggeccagectce
ccecegtgatgcectgggatggagcaaacattgatttgtgectgggatggaatcggaatttt-
gatttatttttcctctcccaaccataagaagaaaaaaataataaaaacacccectett-
gagagccccectcecececettt-
gcatccagctcccagctcecttcettcectatctceccatecaaggcagat-
tttttccectacactattctcatettececcecacecttgeccactac—-
ctcgcccecccacccagectgetectceccagetggggagagaggggactectecyg-
gactccceccacctttectectectgggttggagecagtetectecggaaggggagggggett-
ggcttgtccgggcgaggtgggagtggaggtatcecctgeccatggatgectgtgecggg-
gaggcagcctgagccccagceccacatgagacgeccgaagaaccgggyg-
cagaggggtcctgacagcagccagggaaacgggtgccctacgat-
tctgcccagcececcecctctcaggacccecccaaactgecatceccacactcgacac—
ttcggggttctagccactcag-
gatgagggtccggccctgectgececctcecgetggggececcecececgeccggecceggtcectaact
gcccecccecgecccgaggcectegeccggcectccaaggecececcagcaggctectecagteeccag-
gatgcgctgagccgceccggggggctgaggeccgecgccaactacatgeatg

(Seg ID No: 1021)

Homo sapiens embryonal Fyn-associated substrate (EFS):
ttttctttctectecteccaaccttggecggaggeccac—
gactcaggcgccacagctgggggctagaggccgecggaccatggtgeggggcageccac-
cgctgaagtcagcaaaaccgagcctggcecctgaggcaggcectgcgcgggaggeccaaage-
catg (Seq ID No: 1022)

Homo sapiens GH3 domain containing (GHDC):
cgctceccttetttetggecggatgtgtgetgagacccagag-
tcacccaggggtctecgtcacgtgeccaggagtaggcagaagtgggctgtgacagatcag-
gaaacagagctcagtgcagcccactaaattgctcagggccctacagctaacaagcgg-
cagaggcaggatctgcactcaggagctgcttggagatg (Seq ID No: 1023)
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Homo sapiens acrosin binding protein (ACRBP):
ggctctctctgcggcttggceccegttagaggeggettgtgtccacgggacgegggcg-
gatcttctccggccatg (Seqg ID No: 1024)

Homo sapiens jagunal homolog 1 (Drosophila) (JAGN1): ag-
ttctcttcacggageccgegeggetgecgggggecgcaaatagggtcagtgggecgett—

ggcggtgtcgttgecggtaccaggtceccgegtgaggggttcgggggttctgggcaggeca-
caatg (Seq ID No: 1025)

Ho-

mo sapiens ligand of numb-protein X 1, E3 ubiquitin protein
ligase (LNX1): gttcctttcctgggcatcagcttgcctgctctcagectaa-
gctctctcgccaaccgtggtggectecttgegttectacatectectecatectga-
gaatcagagagcataatcttcttacgggcccgtgatttattaac—
gtggcttaatctgaaggttctcagtcaaattctttgtgatctactgattgtggggg-
catggcaaggtttgcttaaaggagcttggctggtttgggeccctt-
gtagctgacagaaggtggccagggagaaggcagcacactgctcggagaatg

(Seq ID No: 1026)

Homo sapiens cyclin-dependent kinase 2 interacting protein
(CINP) : tctccttctacggatatctgtggaccttatg (Seq ID No: 1027)

Ho-
mo sapiens splA/ryanodine receptor domain and SOCS box conta
ining 2 (SPSB2): gcttctttccgcccggctecttcagaggcccggecgac—
ctccagggctgggaagtcaaccgagctcccttccaggtcaatccaaactg-
gagctcaactttcagaagagaaagacgccccagcaagcectctttcggggag-
tcctctagctcectcaccteccatg (Seq ID No: 1028)

Homo sapiens Berardinelli-Seip congenital lipodystrophy 2
(seipin) (BSCL2): cctcctcctttcecctcecectcectactcectgacacagcacttag-
cacctgaatcttcgtttctctcccagggaccctecattttceccatatccag-
gaaaatgtgatgcgccacaggtatcagcgtctggatcgccacttcac-
gttttagccacaagtgactcagtggaagatccagagtcaacagaggctcgtcaggaa-
gatg (Seq ID No: 1029)

Homo sapiens tubulin, alpha 1lc (TUBAILC):
caccctttcactacttctcccccggactceccttggtagtectgttagtgggagatccttgtt
gccgtceccecttcecgectecttcacecgecgcagaccecttcaagttcectagtcatg
(Seq ID No: 1030)

Homo sapiens l-acylglycerol-3-phosphate O-acyltransferase 9
(AGPAT9) : tttccttcctctcttcececttcgcagaggtgag-
tgccgggcectecggegcetectgetecctggagectccecgegggactgectggg-
gacagggactgctgtggcgctcggcceccteccactgeggacctctectgag-
tgggtgcgccgagtcatg (Seq ID No: 1031)

Homo sapiens l-acylglycerol-3-phosphate O-acyltransferase 1
(lysophosphatidic acid acyltransferase, alpha) (AGPAT1):
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gccectttetttecttegettectettttagagaatgteccggattgetattggacttt-
ggagcgtatggctccaaatcaactcattggctaaaacttgac-
ggaaaatggtggttaggtggccagaatg (Seq ID No: 1032)

Homo sapiens abhydrolase domain containing 14B (ABHD14B):
cggcctcectteccagegttectecteecggecccaggtcaccgecagcac-
gcgcctgcecttececgtectgegecgagteccacgcagcteccccagatcaagaa—
gctgaggccccaggttacacactaaagtaaatggcagaggcagaaataacac—
ctatgtcctcctgaccccaaggcatgttcttaaagttctggaaacctectg-
gaggcttccttgectgectectectgggactgeccaccctggg-
cagggtgttctgtggcccctcatcatcgtggttttgaaccacaggcecccttcaccag-
cacagcagcagcaggcatg (Seqg ID No: 1033)

Ho-

mo sapiens protein tyrosine phosphatase, non-receptor type 5
(striatum-enriched) (PTPN5):
catcetcccgeccagectgecegectgetecgecggegececcggageccgetetggecgett-
gctttttgctgagaaagcttcctgecctggaagatggcaccctteccccatccagacac—
cttgggaatg (Seqg ID No: 1034)

Homo sapiens carbonyl reductase 4 (CBR4): cttcctccttttcac-
ggcgtcttgcattactattgtgecggectgcaggaggtgtcgageggegttattttttttt-
gcggtttgectttttttttettttttttttttttggaaccgecggttgtttaaaa-
gcctgagggaacctggagaggggctcecccactcecectacectectttecteccgagttt-
gtgactccgagatg (Seq ID No: 1035)

Homo sapiens zinc finger CCCH-type containing 10 (ZC3H10):
ggctctttgtcgaagctagaggaccggcaggcggcagcagcaactacggecggecggcecgg—
cagaacccagcagcgatgtggaggtggagacccacaggageccccggacttcacctgage-
tacctcagtggtcaccaagagtggcaagataaagaaaaccctgagttgggcgggaccag-
gatg (Seq ID No: 1036)

Homo sapiens poly (ADP-ribose) polymerase family, member 10
(PARP10) :
ccgtctttcagtttcacttttgttttcctgecteccagecagggttaggecttgetgaggggce
aggcacaggagtcctggctgagctcatggectgaggctgectageggccacggggaatyg
(Seq ID No: 1037)

Ho-
mo sapiens RNA pseudouridylate synthase domain containing 4
(RPUSD4) : ccgcccttcecttgtaagatg (Seq ID No: 1038)

Homo sapiens family with sequence similarity 73, member B
(FAM73B) : ctgcccttcececgecagcgatggecatceccgggtgag-
tatcggcceccggeccgageccccaaggcgggcgggcagegeggcagggecgggactt-
gagcggaggaccgagtaggcgcaggtgtccgggecccaacaggaccag-
gaaggtgtcggggttggaatgagtgggtacccgggeccggggacggtgcga-
gagggtgccttgcttgggagcggaacgagaaggtactt-
gggtcagggaggtgatgcccgggectggaacgtggcggggattggagcaggcgeg-
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© caggtacccgatccgaggcggggagagcacccgggatggaaggag-

caggcgtgcgggccgtgagcggcgeccagagggtacctggetcectgtg-
gaggggccctctggtatgtgtgtccctgtceccttectggggegtggatggtgectgg-
gacccagctggcaaccagttgaagacgttctccttggaagctcttggecctgag-
gactttgcctggggcattggccctgeccatg (Seqg ID No: 1039)

Homo sapiens protein phosphatase 1, regulatory subunit 15B
(PPP1R15B) :
gcgtctcttceccggegtcectaggggggtgtecctgecggegegecgggecctgecggecatttt-
gggcttcgcttccaccgcaccagccggcectacccagtecttecggtategegtt-
gctcaggggcttttcaaccctctgtcagtcggaaaaccatcecgecgaggecgtggggg-
gactcctatccatggtgttgaagcgtcgageccgactagggaaccteccttceccegecag-
gatggaagtcgcatcagtcgccgec-
tattgcgcgggctgttctteccctgtgttectgecgeccgetgecg-
cattcgctgccctctgtggecttttectgetggectecgaagatcggecctggagcagecgac—
gccaccgctgggcaaggccgagactctgtaggettecctecgaatceccecegtcecgac-
ctccagccgectgagcgecgeggecctacctgagagactgtcaagaaaaaggagatg
(Seq ID No: 1040)

Homo sapiens family with sequence similarity 104, member A
(FAM104A) : ccctctecttcgecggageggecgecgegtagettccateccgecagetge-
catg (Seq ID No: 1041)

Homo sapiens PRP38 pre-mRNA processing factor 38
(yeast) domain containing A (PRPF38A): agccctttacactac-
ggtgtttccggcttcaagatggtcgectaagectgtttagtgaaacttcttccac—
ctttctccattecctctaggtgetttttctgaacctg-
gatgtgaggcattaaaggatccgacggaaatagaattgaaggcattctaaaatg
(Seq ID No: 1042)

Homo sapiens synaptotagmin-like 1 (SYTL1l): cctcctccgtgtgggg-
cagctgctggctgggctgcctgttgagtcagecttettecctcac-
ggctcttctcececggtcecectgaaactecggetgeccaggggagctggagecac—
ctgcgaaggtgtcctcccatactggacccctacaggaagctecgtgtgecccagetgggg-
cacagccccagctgatg (Seq ID No: 1043)

Ho-

mo sapiens ubiquitin associated and SH3 domain containing B
(UBASH3B): gctccttttcctttttgatccattcaaaaattactcatt-
gcaaattcccggactgctaggcgaggagagggaagggggcggaggagacagggctactg-
caggcgcagagctgggggcagccgggggcccgagtggctgaggctggteccg-
cagcggccgcttgeccggegttetggectectgtggectcaccaggaagcgtcagag-
tcccgacactggggaagcteg-
gagcgccgcctceccgcetgceccgecgectectgectggetectgggtecccecgagececectcecce
tggcccagccecgactecectectectteccgaac—
catccggctcgggectecttecctggegatggectggeccgectgagecatg

(Seq ID No: 1044)
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Homo sapiens transmembrane protein 241 (TMEM241):
ccgtctctgggcggctgctgccgctgccgctgctgctgctgcéggggtcgggcggcggcc
aggggatttgggcaggcaccgtggatccccgagaaggggacgagttgacagatyg

(Seq ID No: 1045)

Homo sapiens. ataxia, cerebellar, Cayman type (ATCAY):
gagcctctgccagccctgagectgggaagaagcagctacctcggaggcagggcgceg—
caggcgggcggcgatgagagggggcgcagcecgecagecccgegetggggagececac—
cgctaaccctgcaccccacccacccecctgcacaaaagagectggegggecgetggecac-
gtcgccctgggtgaccttectcggatgcagaatcecgececectgecgag-
catcctcttectectaggctctgaaggcccggggagecgtgagcegatgeccagetg-
cacccgggcagggctcgectttgtttgeccagtaaggaggagaggectgtectcagetg-
cagaggggtcatccctgcttcaagccagtgectcttecccagectceccatg

(Seq ID No: 1046)

Homo sapiens ELL associated factor 1 (EAF1):
attcctctctcacccccacgcagaggagagaacttgettetg-
gacccgggtgggtgccggectecggetctecttgtettccagageggtggeeccggaa-—
gcacagtcctcccagacgccagecgccagaagectcggatecgeggetgecaccggga-
gagcgccgatctgggtgcgaggcaggtgcecggggecatg (Seq ID No: 1047)

Homo sapiens tripartite motif containing 5 (TRIMS):
gttcctctaggaaaattcctttgtgcagatcaggecccgtggattggtgag-
tgaatcctaaccacgtcttcececctggectgtcttcactcttctecccagaatcaccac—
ttctgcactggtgtctgaaggtgtattgagtgattttgtggagggcagaagtag-
gaagtctttgggacaaaactgtatttaccttgggatctgtgaacaagaggaacctcag-
cagccaggacaggcaggagcagtggaatagctactatg (Seq ID No: 1048)

Ho-
mo sapiens wingless-type MMTV integration site family, membe
r 3A (WNT3A): cgccctctcgcgeggegatg (Seq ID No: 1049)

Homo sapiens chromosome 16 open reading frame 45 (Cl6orfd5):
ctccectcectgcageccgcaacgggaatggagtaaagggagaccecgtcgacctggecac—
ggggatcagcgatg (Seq ID No: 1050)

Homo sapiens zinc finger protein 502 (ZNF502):
cattcttccggtttcagaagttaaggctggtgtcctggeccccagtecacctectgggagceyg
cctgcgcecgctceccgecggagagtcecgtggatctcacagtgaaaaatgtttgectgacccettyg
acattgacaaactgctgacagctcagatgatccatgattggaaggatgtggtcatcacca
agatgtctttctttctccggttcccagttttccagacctgaagtgttttceccaatcaaa-
gcgaagagacgatctgtggatg (Seqg ID No: 1051)

Homo sapiens armadillo repeat containing 6 (ARMC6):
ggctctcttgecgcaagecgegectgtececgettettetgggeggacgetectg-
gaggcaaaacatttccctgctgggggcggcgaccaccgtgagecgteccggaaggggcegg-
caaagacgcctccgtcgcgcacgaggtggectcgttggetttacectt-~
ggttcgcggtcgtecttggttatcgtgagegtccgegagtectectgggaggecaa—-
gcctaggggcgccacagcgcectgecgegegtacggecggeccggaaggggeta-
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gaggcggctccctgggtgacaaccgecgcecgecccacctttecccacgtggecgecgaagace
ggctcaggagcatctatcggctgcacgccaacatcaacacaggcgaagatg
(Seq ID No: 1052)

Homo sapiens post-GPI attachment to proteins 3 (PGAP3):
gctcctcceccggecggecgageccagggagaaaggatg (Seq ID No: 1053)

Homo sapiens histone cluster 3, H2a (HIST3H2A): tgccctctt-
gtttttagtctcgecttttecggttgecgttgtcttttttecttgactcggaaatg
(Seq ID No: 1054)

Homo sapiens ethanolaminephosphotransferase 1
(CDP-ethanolamine-specific) (EPT1l): ggctctcctaccttctcggg-
cagcccagtctttgccatceccttgeccageccggtgtggtgettgtgtgtcacagectt-
gtagccgggagtcgctgeccgagtgggcgectcagttttecgggtegtcatyg

(Seq ID No: 1055)

Homo sapiens F-box and leucine-rich repeat protein 5
(FBXLS5) : ccgcctectgeccecgeggegagggtgtectatgga-—-
gaggcggcggccgeggetgctgaggcggaggetgaggcag-
tggcgatggcgccectttectgaagaagtggacgtcttcaccgeecccacactggeg-
gatgaagcagctggtggggctctactgcgacaagctttctaaaac—
caatttttccaacaacaacgatttccgtgctcttctgcagtctttgtatge-
tactttcaaggagttcaaaatgcatgagcagattgaaaatgaatacattattggttt-
gcttcaacaacgcagccagaccatttataatgtacattctgacaataaactctccga-
gatgcttagcctctttgaaaagggactgaagaatgttaagcctactactgttgactg-
gaagccttaccaataacataaaacaatcgaataacaattatttcatgtatta-
tatgtaaaatatatatactggattcttacagtaagaatgaatatgaacag-
ttaaattatgcaaaacaactgaaagagagattggaggcttttacaagagat-
tttcttcctcacatg (Seq ID No: 1056)

Homo sapiens major histocompatibility complex, class II, DP
alpha 1 (HLA-DPA1):
ctgcctccactcggectcagttcecctcatcactgttecctgtgectcacagtcatcaattata
gaccccacaacatg (Seqg ID No: 1057)

Homo sapiens secretory carrier membrane protein 1 (SCAMPI1):
tcgtctctctctectgegectgggtcgggtgggtgacgeccgagageccagagagatg
(Seq ID No: 1058)

Homo sapiens chromosome 15 open reading frame 57 (Cl5orf57):
ccgcccecteccgatttectecgggectacaggecgacagagctgageccaa-
gcgtttactgggcagctgttacggtaagtgaggaggggctggggtgecccagegtttt-
ggatctcccactctggcccggccccggaataccacatagaggcecttgggacctgat-
tcatcccgtccagacagccectagagacctgagecgactgaggecctgggatctggacgeecg-
gaatttcctgcecgtggttctggacgeccctgcectgggctcagattccaaatyg

(Seq ID No: 1059)
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Homo sapiens WD repeat and FYVE domain containing 2 (WDFY2):
cctcctcecttgtagtggcgecggcettgecatecccaggtecgtggeggttttggtgectgaage
agggagcgcggagtcecgttcecccgagagaggcggceccaggctatgctegecggtttececggegt
tccgctcecggeccageccagagtectetgtectcaac—
ctgtgtccgtgcectccagcagtctectcageccggecececcgeggegeggtt—
ggcggcggcgccccaggcgcegeccectecteccgatg (Seq ID No: 1060)

Homo sapiens topoisomerase (DNA) I, mitochondrial (TOP1MT):
cgctctttcccggaggectggcagatg (Seq ID No: 1061)

Homo sapiens intraflagellar transport 122 homolog (Chlamydo-
monas) {(IFT122): ctttccctttcggacatgcgcgctcggagcaaggecgeeccteg-
cactcagcttaccgcgcatgtacgttgccaggggtaacgcaggtagccaaagtggett-
gtggagtggcgaccgttagtgaggcggttgctgagacagacgctgaggcgggtaggag-
gagcccgagccgtaagggaagceccgtgatg (Seq ID No: 1062)

Homo sapiens mitochondrial ribosomal protein L53 (MRPL53):
agttcttccggggcggaggtcaccatg (Seq ID No: 1063)

Homo sapiens T-cell activation RhoGTPase activating protein
(TAGAP) : ccgccceccttegecttataatgcagagcatgtgaagggagac—

-cggctcggtctcectectetcecteccagtggactagaaggagcagagag-

ttatgctgtttctcecccattcectttacagctcaccggatgtaaaagaactctggctaga-
gaccctccaaggacagaggcacagccacacgggagtgaaatccaccecctggacag-
tcagccgcaatactgatgaagctgagaagcagccacaatgcttcaaaaacactaaac-
gccaataatatggagacactaatcgaatgtcaatcagagggtga-
tatcaaggaacatcccctgttggcatcatgtgagagtgaagacagtattt-
gccagctcattggacattctcactattctatgecttaaaggceccttcaacggaaggga-
tattcaggagagcagccaacgagaaagcccgtaaggagctgaaggag-
gagctcaactctggggatgcggtggatctggagaggctceccececgtgcac-
ctcctcgctgtggtctttaaggacttecctcagaagtatcecececeggaagectactttcaa-
gcgacctctttgaggagtggatg (Seq ID No: 1064)

Homo sapiens phosphoserine aminotransferase 1 (PSAT1):
ggtcctccttggcectgactcaccgeccctggecgecgcaccatg (Seq ID No: 1065)

Homo sapiens CD97 molecule (CD97):
ccccectecttcataaagtcctggectecgggacagectgcacagetgectagectgtggag
acgggacagccctgtcccactcactcectttecectgecgetecctgeecggecagetccaac—
catg (Seq ID No: 1066)

Ho-

mo sapiens protein tyrosine phosphatase, non~-receptor type 2
(PTPN2) : cgctctcceccggatcgtgecggggectgagectectecgecggeg-
caggctctgctcgcgccagctcecgecteccecgcagecatg (Seq ID No: 1067)

Homo sapiens chromcsome 20 open reading frame 112
(C200rfl112):
gccecctcectceccecgggcagececgecggecggcagecagcagecagcagcagetggagetgtgggge
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tgtcaccgccgeccgeccegetcactegeggatecccgaccgeccatectecgectegette
cagcccaggatgagacttctgtgagcagcgaggattttgatatg
(Seq ID No: 1068)

Homo sapiens APEX nuclease (multifunc-

tional DNA repair enzyme) 1 (APEX1):
cacccttctttgtgctcgggttag-
gaggagctaggctgccatcgggcecggtgcagatacggggttgetcttttgctcataa-
gaggggcttcgctggcagtctgaacggcaagcttgagtcaggacccttaattaa-
gatcctcaattggctggagggcagatctcgcgagtagggcaacgcggtaaaaa-
tattgcttcggtgggtgacgcggtacagctgcccaagggecgttecgtaacgggaatg
(Seq ID No: 1069)

Homo sapiens intermediate filament family orphan 1 (IFFO1):
tttcctecttgagceccatcatgcacatctgactgcagececccagecgagececttecttectt-
gtctgactgctecttettectegatttettettgttctgecttecteggttt-
gcagccctgaccecccgectgtgtgtetggecctt—-
ggtgactgtccgtgtttctgttcecctgtcatt-
gtaactgtgacttttctcectctgtctgecceccecttee-
tactggttcatgcttctccecceccattecccacccectectetgececggecteeecgecteceecgeect

-ttctcctecatgcacccggectegtcectectgtagtectetgecactt-

gtctcccattaaggtcccatccatg (Seq ID No: 1070)

Homo sapiens neuralized homolog 2 (Drosophila) (NEURLZ2):
cagtcttcctceccgeccettetttggtecctacggac—
ctggggggcggtggcggtcaatgccgggtcaaggteccgecgggectecgcagatcecg-
tagcccgggcgcacgcgatcagatgatectgttgtggacggctaagttgtaggecgg-
gatggctgagaaagcggcgctaggacccccgggcagaggctcggggaagggag-
tcaggggggaaatgccttacaaggtcgecttgeggtcaccatcatt-
gcccecgcecgceccaaaatagecceccggegecagetggectgececctatggecgagagatyg
(Seq ID No: 1071)

Homo sapiens drebrin 1 (DBN1):
ctccctetttecctecctectectecgtecgececgtecgtecgegegtetgtecgttegyg
cccggtccggecccgaagcecatg (Seq ID No: 1072)

Homo sapiens WW domain containing adaptor with coiled-coil
(WAC) :
cagcctcccttatttagteccgecgatggectteecctegegeccccaccgtectettececggaag
gcggctceccecctececctgecgcageccecggageccctgagatcagectcgagcaggecgeccgage
gagactatccctaaacgggaacggcggtggccgactcgcgagtgaggaaaagaaggaaag
ggcagactggtcgcgaagagaagatccaggcctcagaggaggagaaaggccggagccagce
cgaggtttgccgagggcggtgttccggacccgecgecggtgcggggaggaaggccgagggtyg
ggagaggaggggcccggcggaaactgccgaggtttcccgaaggecggcagegtceccgagttg
cccggatgtagttggtggagcggcagcggcggcaccageggeggcggcggcggcgggagg
aggaggaggagaagaaggaccaggcggceggcagcageggeggcecggeggggggaggagggyg
aggaggcggcggagcaggaggaggagaaggcggaggaggcagtcgctctecgeggggetg
agccggacgcgtcegtcecttgecccececteceecccggttegeggtgecgecgtgtagttggeg
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ccgctgcecceccggectgagagtgagegtggtgtcgacggagggagatggeccgggagcgccg
gcgccagtaactgggagctgatgagagtcgccgagggcgegecgggcccaggtgecgggg
ctgcccgecgecccgcecgecgecgcecgectgegegeccgeccgectttegeggecgetcete
ccccctececccgacacacactcacaggecgggcattgatg (Seq ID No: 1073)

Homo sapiens kelch-like 6 (Drosophila) (KLHL6): cgctccttcag-
tctcgatg (Seq ID No: 1074)

Homo sapiens GTPase, IMAP family member 1 (GIMAP1):
cagccttctgcactcacageccgaagggaaagcagcaggttggggettett-
gtggccaacttcagagcctgtcaccaggaaaggtaagcatg (Seq ID No: 1075)

Homo sapiens RAB24, member RAS oncogene family (RAB24):
cgccctctagecccecteeccgegggagtecgeggegectgegggtaggagecgggttgegg-
gagaccccaggttcggttgggattcccagccagaacggagecttaagececggg-
caggcgagcgaatgacggagtagcgagctgcacggcggcgtgectgegetgttgaggac-
gctgtccecgecgegcecteccaggeccgecccgaggecttggggtettcgaagga-
taatcggcgcccggggeccgaacagcecgggggcacacggggegctgeccgaagtg-
caaggccacggccagagctcgageccgacgcgectgtctggagtecgtaggaccctgac-
gtggctgaagcggccccgggagcatg (Seqg ID No: 1076)

Ho-

mo sapiens adaptor-related protein complex 2, alpha 1 subuni
t (AP2Al): agccctccecccgcecggccecggcecteggetectt-
ggcgctgcecctggggtectttecgecececggtececegett-
gccagcccccgctgcectectgtgecctgtececggccaggectggagecgacaccaccgecat-
catg (Seq ID No: 1077)

Homo sapiens copine IV (CPNE4): ctccctcttttctcag-
taccctcctcetttactcteccgagttaactgagageccgac—
ctgacatctccaacattttcaccctctteccccaccecccatcaccgagaatggag-
tcagggtttccggagagaccgaactctgctctcagcacctttecccageecgetgtt-
gctaaactgacctcggaggacgagaggggaaggaggtgcgacgeccccttacatcag-
tacataactaccacaccaaccacctccacttcaaageccggatttt-
gcatcctgggggcgggacagacctcgtecccgggectgaattcectetctecactecttega-
gattggcacacccagaatg (Seq ID No: 1078)

Homo sapiens synaptosomal-associated protein, 25kDa
(SNAP25) :
ctgtctttceccttecectceccecctgectecggeggectccaccacagttgcaacctgcagaggeccy
gagaacacaaccctcccgagaagcccaggtccagagccaaacccgtcactgaccececccag
cccaggcgcccagccactccccaccgctaccatg (Seq ID No: 1079)

Ho-

mo sapiens cAMP responsive element binding protein 3-like 4
(CREB3L4) : aggtctcttgactctttccgecttt-
gtttacaaccctgccatgatctcectcttgcaaaagcgaggge-
tacagaacaggcattcaggagtcctgtgctccag-
tcacagccttttctgttcttcagectaggagacaccaaaccctcaggaagatttacta-
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tagctaagagaaaactgcagcagaaagggcgcggctacctacttcttaaattcecgttt-
gtggaccctcagactcttagtccectactcecccagatacagecggeectac-
cgtggctcctggcaaggtggcatccacttttgtagtaagcatg

(Seq ID No: 1080)

Ho-

mo sapiens leucine-rich pentatricopeptide repeat containing
(LRPPRC) : ctgtccttctggcggagcgtgectteccgectgeggggacgttecgagecaatg
(Seqg ID No: 1081)

Homo sapiens zinc finger protein 418 (ZNF418): cgttctctgg-
tagcgaccattttggttaatgttgggtgtgtttctgcggtttgtgaggtga-
gaggcgctggagctatgggtccgaaccgecggtgtctgaacccagaaggtgaagag-
tccttettgectgcacagaggcagatecttaggececcgtaacggcecgeccgecgecteeccgyg-
cagtgctttcceccgegtactcgg-
gatggcggcggccgcecgctgaggctecccggcectcaggcatcatctggectgcaaagaaga-
gaacacactgtgtttgagggaggaggaaggaggatcagagtttaaactcctgccataatg
(Seg ID No: 1082)

Homo sapiens tetratricopeptide repeat domain 14 (TTC14):
gtttcttccgcttecctgtaccacccggectcaagtagcggacacggaacagggaac—
tatcagcccgtcggectcecgggecctgecattctectageccatg (Seq ID No: 1083)

Homo sapiens BMP binding endothelial regulator (BMPER):
agcccttttcgactgtgagectgcggcagctgagcagaggecggcggcecgecgggacctgcag-
tcgccagggattcectccaggtgacgatg (Seq ID No: 1084)

Homo sapiens zinc finger protein 384 (ZNF384):
cceecttttegtttecggegetecececgecttectectecgcagagetecttectectgageectgtt
ggggggagggaggggggcgtggaggaactggggttcgcgggagcacgagctgcagcaccea
cttccgggtgagtgcaaggggagggcagcaaggagggggggccacccactacctegegcece
cccgcecectgegggtgtctcecgegegegttececgtgegtgtgagtgtgtgggtectgteteget
ccagaagtgcgtgcccgcecgegctgegecttgegetttttececctecectegececttectg
gtcctcecccacccectecteggetecctectttecccagcaaacgecgeccecteeccgegecectg
gctcaggctctggecgcececgecgcagecgtegecgeccgaaagttcaggagecctggaaagg
agaaggaataagacggcaggaggaagagagagagagggtagaatg

(Seq ID No: 1085)

Homo sapiens RAD51-1like 3 (S. cerevisiae) (RAD5S1L3):
ctctectttetectececggecageccagegegectgtgtectectectaggaaggggtaggggag
gggcgtctggagaggaccccccgcgaatgcecccacgtgacgtgecag-
tccecectggggctgttecggectgeggggaacatg (Seq ID No: 1086)

Homo sapiens CD99 molecule-like 2 (CD99L2):
gctcctcecctcececgetectecteggectececttegggegetectecgegetaactgtgetece
tccggggccctecgectgcectcecccagecatg (Seq ID No: 1087)

Homo sapiens glucosamine-6-phosphate deaminase 2 (GNPDA2):
gcgcecctttatcectgecateccgggtecgtgggattegegetecac—
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tggtcagctggggtcgctctcgggtggttgggtgttgett-
gttcccgctgtteccagecgtecgaagaaccattgggtectgeccggtttgaacttgttcectg-

gaagctgtgcgtcaccgtaatg (Seq ID No: 1088)

Homo sapiens methionyl-tRNA synthetase 2, mitochondrial
(MARS2) : ccgcctcctcecgettgeggecggtectgcaccatg
(Seq ID No: 1089) :

Homo sapiens chromosome 12 open reading frame 57 (Cl2o0rf57):
tttcetttececgeteccaggggegttgggaacggttgtaggac-
gtggctctttattcgtgagttttccatttacctccgectgaacctagagcttcagac-
gccctatg (Seq ID No: 1090)

Homo sapiens tRNA-yW synthesizing protein 3 homolog

(S. cerevisiae) (TYW3): ggaccttttcggccaccgctcgecttcaa-
tatggctgccecccagggagagacgaggctaccatgaaggagcecgagcecgcagaccctgag-
tcecgtcacccatg (Seg ID No: 1091)

Homo sapiens Spl transcription factor (SP1l):
ctccctectecttaccceccecectecctgtecggteccgggttegett-
gcctecgtcagegtececgegtttttccoceggeccecececccaacceecececcggacag-
gacccccttgagcttgtececctcagetgecaccatg (Seq ID No: 1092)

Homo sapiens histidine triad nucleotide binding protein 3
(HINT3) : cgccctctagtggcagceccggttttgaggeccggecteeggettt-
gaagttcctcaccgcgtctecttcecectcectceccccaaagectggatcac-
cgcccagcgtcaggcgaggggcgacgtctcgaggtaaaacggaggaggtgcgggacgcg-
gagactgcgcgggcccggtagecctgga-
gaggccgaggctctaggccgcgaggggcgggtgcaatg (Seqg ID No: 1093)

Homo sapiens M-phase specific PLK1 interacting protein
(MPLKIP): agttctctgcggagggccggttgatacagttccggtgggagaac-
gcggctgcgaggttttcecggetttggetcctgatatg (Seq ID No: 1094)

Homo sapiens palmitoyl-protein thiocesterase 2 (PPT2):
cacccttcceccecceccecgecaccgtgggttceccagacttgggataagtaaacagecgggtggagceg
aggcctacggacccaggccaggtgggagtctgcactcttcaaggggectgggectgetget
cacgggtattaaagaactccgcgttgttcatggctgaggcgatgcattaggaagatcctg
gacctagagaacaagtcccceccgaacgctgagttggaggcegggacttegggtgegegttygg
cgggagcatg (Seq ID No: 1095)

Homo sapiens BCL2-like 14 (apoptosis facilitator) (BCL2L14):
aagcctcttttcaggctgagtcctaaacctgaagaaagttta-
gagcctggggctctaaactacctgagtctttccaaacgacaagccaagaagacctgtt-
gaaagtttcctcttaagtttcgtggagagagactcaggtatagaaa-
tatccttactgccacctgacctgaagcagaagaaatcacagacagcttccagac-
caggcccaacatg (Seq ID No: 1096)
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Homo sapiens galactose mutarotase (aldose l-epimerase)
(GALM) : acgccccttcectectgtaaacttgggtcecgectctagettagegagegetg-
gagtttgaagagcgggcagtggctgcacacgccaaactttcecctatg

(Seq ID No: 1097)

Homo sapiens carboxymethylenebutenolidase homolog (Pseudomo-
nas)  (CMBL): cttccttcccttecceccgactttgcagat-
ttctcttcececccaggcecteectectecacctecteecgececeectecgggett—
ggctctcccaggaggctacgactggagccactggtcccgcag-
gatccccgegtcectecggtecgecgegtceccacgteccctectecgegteccececgeeccggegcecac
gccgcectectcectgggtteggectcececgegeggtgecagegecagtctcaggecgecgggacaa-
gcccgacttaaatctctgcaatg (Seqg ID No: 1098)

Homo sapiens chromosome 7 open reading frame 31 (C7orf31l):
cgtccttcectececcgeccecgeccctgectgeccagecteccaccgggecgtaggtgecggac-
gacctcaaaattcctcggeccgecgaaggecgeccagetgeggggaggggaggg—
gaggcgcggtcecg-
cagcgcccccaggctcatgteccaggtatgteccagaccecccgaggecaccgecttgecaggg-
cagtgacagcccgtgaggctecggectcecgaccectggecacceccttggtcecccagetac—
gccggctectggceccttcecccccaagtccgagagagaggtgggattectececccgacgcagtt-
ggaaaccgggaatcccctttagggtcceccgttecgtgectgcactactgactccaccatctg-
caaagggattcttgtccagaatccccgaaggctttaggacagecgettattttgtt-
gaatgaagagtctctaattttcggaaagaccacaggctaaaagtcaagtt-
gtgcctttttagccaagaagcatg (Seq ID No: 1099)

Homo sapiens secretory carrier membrane protein 5 (SCAMPS):
cggcctttcggcageccgaacggccgcggcagttcaggacaaagaggtgtggg-
caggccactgggccagctggtaacatcatg (Seq ID No: 1100)

Homo sapiens mitogen-activated protein kinase 10 (MAPKI1O0):
tgctcctttecggttgccatagcaaccccattcceccaageecctetgtecgtectectetggt
aggttccacaatggtacaggcagcatcacgctgcacaatggtttccaggcagtgaaagag
ggtgattcagcaagccactcttcttctattttctttaacctccecttcactttttatttt
tatgggggtgggtggtgcttgctatatgcttacctttttcttttettttttcatttttac
aaatttccttttttgtcctcaccectcaattcctaggggcttgagtgagtttaagattgg
gttttcttggaaatcacctgtccatcgttaattttaaacaatctccatatctccaaagaa
tctcttccatgttagtctggaatgtggttaatgaaaaacaagtagggaggatttctgggg
caaacactgccggatcaggatcgtagttctcaggcacggaatggctagtgtgagaaacac
caacagcaggcccatctcagatcttcactatggcaacttatgcaagaaactgttgaatta
gacccgtttcctatagatgagaaaccatacaagctgtggtatttatgagecctceccatttct
tatactactgcagtgaaccaacattggatgtgaaaattgccttttgtcaggtgtgtgttce
cttacaggtaaaacaagggattcgataaacaagtggatgtgtcatatattgccaaacatt
acaacatg (Seq ID No: 1101)

Homo sapiens beta-site APP-cleaving enzyme 2 (BACE2):
cgtcctcecececgecgecgecggtecececggtgegegeccateecctgeceg-
cagccccgcecgcegceccggccgagtcgcectgagecgecggetgecggacgggacgggac—
cggctaggctgggcgcgceccccccgggecccgecgtgggecatg (Seq ID No: 1102)
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Ho-

mo sapiens SWI/SNF related, matrix associated, actin depende
nt requlator of chromatin, subfamily d, member 1 (SMARCD1):
acgccttttccgctagtecgececcgectctatecca-
tagtctcgctgcectgagectececegtgecggecggecggeccgggg—
gaacaggcgggcgctcggggggcgectcggggggcggggggag-
ttccggttecggttetttgtgeggetgecatcggecggectecgggaagatyg

(Seq ID No: 1103)

Homo sapiens family with sequence similarity 175, member A
(FAM175A) : cgtcctcttgtgtagectgaggcggecggtageatg
(Seq ID No: 1104)

Homo sapiens adenosine deaminase domain containing 1 (tes-
tis-specific) (ADADl): aggcctcttttgaaa-
gatgcggccctgaccctgtgaacctcgecgcagageggectgaagecgagaggtt-—
gaggctgggaggtgagaaaatg (Seqg ID No: 1105)

Homo sapiens acyl-CoA synthetase short-chain family member 2
(ACSS2) : gcccctctacggaggccccgectcectagtteggectgttttctcag-
tccecggcacccecgceccgecgaccgcaaaggecggecgeggttcectaggaacttgacgtgatyg
(Seq ID No: 1106).

Homo sapiens multiple coagulation factor deficiency 2
(MCFD2) : cttcccttactcaccggtgtccggaaaggtgaac-
gctgcgctcgggctgectcgectgttacctcecgecgecgggceatyg

(Seqg ID No: 1107)

Homo sapiens SPOC domain containing 1 (SPOCD1):
gctccttttcagctagtgggtggaaccccaggagggaaaactcagggaa—
gcccagggceccgtgttgtgettttggecccaggtaggtggacagacatyg
(Seq ID No: 1108) '

Homo sapiens LY6/PLAUR domain containing 1 (LYPD1):
agttccttcagtctcageccgceccaactecggaggcgeggtgetecggeccgggagecgcecgagc
gggaggagcagagacccgcagccgggageccgagcecgcgggcgatgcaggetececgegageyg
gcacctgcggctcctctaagctacgaccgtcecgtcteccgecggcagcagecgcgggeccccage
agcctcggcagccacagccgctgcageccggggcagectcececgetgetgtegectectcectga
tgcgcttgccctctecccggecccgggactccgggagaatg (Seq ID No: 1109)

Homo sapiens cytochrome b5 domain containing 1 (CYB5D1):
cattctttcatactgcctcctcececttgtttttctgtctcagagaga-
tagtctgtcctaaatatcccatgtagcccaggccactgaattaaaacggagcg-
tattcgttctctgecccaceccecgecaactectgaaagecggecgcaactcaattactt-
gatccttatatgccccacgcgggactcatactacgttteceecgtgaacacgtgcag-
tccaaaccccgeccctgatatttatctcagtggacggtggecg-
gaaaaggacaatggtttccatgtcagcggataaacgctctcceccteggctececcggac—
gcgacggaggtcgtagtagtagtgagtacgtgctgaggagcaaaggagtaaccaaga~
gatccagtgaccgacagagcaagagccatg (Seq ID No: 1110)
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Homo sapiens synaptoporin (SYNPR): tctcctcctttgcttcataaaaa-
gagggacaagtggctggtgctgtggacagagaagctttatttttagtatgagacaac-
ctctattttctttcaggagagggaagttggattatcaattcttttgtaaatg

(Seq ID No: 1111)

Ho-
mo sapiens heterogeneous nuclear ribonucleoprotein U-like 1
(HNRPUL1) : cccccecttteccecttegectectgacaggaaaggtttaagggg-

gacagagccctgggaggccgggccgggctcgggggccaccecgggggeccgggecatyg
(Seq ID No: 1112)

Homo sapiens schlafen family member 5 (SLFNS):
ggttctctgctctggacttgggaggctcecegttgecctgetecccggagggagac—
gcgctgccgaggagaacccagcgggagaacatttcaggataggaa-
taggccaagtgctgagaagatg (Seqg ID No: 1113)

Homo sapiens MAS-related GPR, member F (MRGPRF):
ccatctcecttccagcaggagagggctcectactcectgagetcece-
tattttccaaggctccgggecgegetecggegectggectgetgecccggegggteccgecgyg
ccggaggcgggagtcacaggaagagccctceccacaaaaggaggceccteggeggatcag-
gacagctgcaggtgggtgtgcagactggtgagctgccagcaggggcccagac—
gcgccaggectggagatg (Seqg ID No: 1114)

Ho-

mo sapiens ubiquitin-like domain containing CTD phosphatase
1 (UBLCP1): cggtctctcagcggccggtttctgegtecgetgececgecaggttecac-
cgcgctccaggtatttttttttctgaaggaaagctgcttcecctcatatgtttcaagaatyg
(Seq ID No: 1115)

Homo sapiens Rab interacting lysosomal protein-like 2
(RILPL2): cctccttttccgttgtecccttegegecccaaaccacatectggageg-
cactctccagecgtggctggcageggggacggtgecgeccggggcgcaggcccaagag-
tcgcgtgcgeggececttgcaccatceccececececcgggeccaccccecgggecgegetgattggg
caggtagggactctgcccagcggaaagttttgggtgeccgggaggaagtctaacctttgg-
gagactccaagacagcagctccgaggtcggecgggggtctgggtggecatg

(Seq ID No: 1116)

Homo sapiens zinc finger with UFMl-specific peptidase domain
(ZUFSP) :
acttcttttccgtgggagtaaggaagtgcttttgaatgaggtactgagggccaaggtgtt
ggaagttcctaattctttectecggttaactgtgaaactctgegtattgggaaggectgge
ctcagtcatcaggccaggagaggtactggacgccgecgcacgecactcecgtcetgeccagegagyg
cccaaaggggaagcctagcggagctcagtgtggcagctgctggcctctgggccgctactt
gtcaataccatg (Seq ID No: 1117)

Homo sapiens mitogen-activated protein kinase kinase 5
(MAP2K5) : ccgcecttcectectectectetegecgectaccgecgtegeecgecgecg-
cagccgccgccggteccgcecgcecggectcecgggtggecg-
gagctcagcctgcgcecgegceccgegecectgtgtecteccgggtggggcagaa-
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gactcgcccecttgaacctceececgeggggactctececgtggtgtggecggecctggggetcettt
cttaatagccccggactgagtcecccctccagtcgaggacectctectagtceccactgacgag
cggtggacacctgccgctgtatctecccccaaaccgagtecttgecctgetgectecteat
acccacacggcggcagagaccttcaccatagegttecgectcaactccagaaccttceccgacc
tcecgcectagttectgegggectttgececgetteccggtgecaccectececcgggagacaccte
agacccccgacagcctgggcaggctcggtgectgecgggtgegttcectgatcaccectece
ctcttcecectececectcatcectceccattcecttgttttcaccctectgtectetgecegtceac
tccecttgtcacctettggageccectectaaccageggeccagtgggttteccatacccece
aggatgtgagcctctttaacctgtaatg (Seq ID No: 1118)

Homo sapiens solute carrier family 2 (facili-

tated glucose transporter), member 12 (SLC2Al12):
cactcttctttag-
catgctattatggggaaagtgaccactcctgggagcgggggtggtcggggeggttt-
ggtggcggggaagcggctgtaacttctacgtgaccatg (Seg ID No: 1119)

Homo sapiens mitochondrial ribosomal protein L30 (MRPL30):
cttcctctgectcectgcecttececttcggag-
gaaaatttcaggctgaaggtttagcgggtgccgectctaaagagagcaatcactacact-
tatg (Seqg ID No: 1120)

Homo sapiens tripartite motif containing 11 (TRIMI11):
gctcctcecttectgeceggcateccgggatecctacgtececcgegtecececcgagegeteg-
gagcctacgcgcccagcgctaccgaaacccagagtectgegecctggag-
tcccecgegecccggageccgagcacccecgggagtececgagectegegecececggag-
tgcccgagectgecgeccgceccgecaccecgga-
taccccgegtcecceccgecgagctgeccgaggeccgeccgecgecgecccgecggacagtac-
cgccttectcecectctgtecgegecatg (Seq ID No: 1121)

Homo sapiens proline-rich transmembrane protein 2 (PRRT2):
ctcectcecectagetgacttgetececteccgggectgeggectgectgcaaaagccagcagcgg
cagcgggagctgtccggaggccggecgtcgagggtttgecgetgtectetgetattceccatcee
tccccataggggctctcectcecctecteccatctcaagatg (Seqg ID No: 1122)

Homo sapiens zinc finger protein 626 (ZNF626):
cggcctttgtcectctcecgetgcagtcagagetceccaggtectggttecttectectaaaggeccag
gctgtgtggccccgtgtecctgcaggtattgggagatccacagctaagacaccgggacctce
ctggaagccaaaaatg (Seq ID No: 1123)

Homo sapiens solute carrier family 25, member 43 (SLC25A43):
cggtcttccgggcccgggtcggggetecgatg (Seq ID No: 1124)

Homo sapiens crystallin, zeta (quinone reductase)-like 1
(CRYZL1) : ggctctctgacgaaggactggaaggtggcggtggtgaaggtg-
caggccgttggggcggctcagaggcaggtgactatg (Seqg ID No: 1125)

Homo sapiens mitogen-activated protein kinase kinase kinase
7 (MAP3K7):
ctgcctctaccececgeccacggatecgececgggtagtaggactgegeggetccaggectgaggg



10

15

20

25

30

35

40

WO 2013/143699 PCT/EP2013/000937
286

tcggteccggaggegggtgggecgegggtetcaceccggattgtececgggtggecaccgtteecyg
gccccaccgggcgcecgcgagggatcatg (Seq ID No: 1126)

Homo sapiens septin 6 (SEPT6): ctttctctttgtcggag-
gagctcecctctgtttcecctgtgcagtagecteccgttgeggecggcaccegtgg-
cagccctggecggacgcaggagegatg (Seq ID No: 1127)

Homo sapiens myotrophin (MTPN): ctgcctctcctcggccaggcggaac—
ctctctgctgggcccggtggeccgcaaaagaactttectttctceccgeccgaac—
ggtcgccgecggccaactgectcecgecegectgg-
cagcctaaccctcecttctettettectecteteecggettecgegeggeecctgectecctete
gccecggcecggcatcecgettgetgectgeccaccgectectcatecttetgecccggeccaac—
cggcctgccceccgectgcagtgatg (Seq ID No: 1128)

Homo sapiens annexin All  (ANXAll): ccctcccttgcactgcctectgg-
cacctggggcagccgcgecccgecggagttttececgececggegetgac-
ggctgctgcgcecccgeggcectececccagtgeccccgagtgeccecgecgggececcgcgagecgg-
gagtgggacccagcccctaggcagaacccaggcgeccgcgeccgggacgeccgecggaga-
gagccactcccgceccacgteccatttegecceccetecgegteccggag-

- tccecegtggecagggattattggacctgectggtttaaactattgtecttagttaatttt-

gtgctgctctaacaaaatatcacagactgagtaatttataagcaatagtagcttattt-
ggctcacagttctggaggctgagaagatcgtgaggctgcatctggcaagggecttett-
gctgcttcataacatggcagaagacatcatgcgggtgtgtgtctggggaaga-

gacttacagaagtggagttgctgagtcaaagatctaaccatg (Seq ID No: 1129)

Homo sapiens RNA binding protein, fox-1 homolog
(C. elegans) 1 (RBFOX1): ttttctttctttcctctcccggegttgatgag-

“tgcttggctcctgacagaagggatttggctcccagetttgtagttcggaagaagtt-

gggtctatagatttccccctaactctccattgatgtgttgagecttcagagggaataa—
taactctacgtaaagcatg (Seqg ID No: 1130)

Homo sapiens prefoldin subunit 5 (PFDND):
cttcctettegttaagtcggectteccaacatg (Seq ID No: 1131)

Homo sapiens high mobility group AT-hook 1 (HMGAL):
cgctctttttaagcectcececcecctgagecggtgetgegetectctaattgggactccgageegyg
ggctatttctggcgctggcgcggectccaagaaggcatceccgecatttgectaccageggegge
cgcggcggagccaggccggtcecctcagecgeccagcac—
cgccgctecccggcaacccggagcgcgcaccgcaggecggecggecgagetecgeg-
catcccagccatcactcttccacctgectecttagagaagggaagatg

(Seq ID No: 1132)

Homo sapiens zinc finger protein 323 (ZNF323): cggccttt-
gcggttgatcggtcattggggtgctgcageccecgecacctgttecgtagett-
gccggtgecccgaaggtgtecttctectaaggaagat-
taaatcagaaaattttaaatcacagttatccctttacttaaagccagagtaa-
gccttccaaattaaccccaggaatg (Seq ID No: 1133)
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Homo sapiens tumor protein p53 inducible protein 3 (TP53I3):
ctttctcttctcttagcagcacccagecttgeccacccatgctcaagatgggegggatgec
agcctgttacataaatgtgccaaaagcectggccatgcecctggaaaatggaccaatceccgecc
gccaagaggttgggtctcgttceccctagaga-
gaaggaagtttcctctcecttgaagtgagagctagaatcgcactttctgtcaagectgaga-
gaaagactcttttccagaggctaaaaggacaagaaaatctgatttgett-
gcttctaactttgcgttttaaagggggaaggaggaaaggaaagagggg-
gagggtggttctgcttagccccaccecteccgge-
taccccaggtceccagecgtceccattcecggtggaggcagaggcag-
tcctggggetcectggggctcgggectttgtcaccgggacccgcaggagccagaaccac—

tcggecgecgectggtgcatgggaggggageccgggeccaggaacaatatg
(Seq ID No: 1134)

Homo sapiens ceramide synthase 5 (CERSS):
ccgccteccceccgegggtteecgttggectgtggeggecagectgacgett-
gtggcggcggtggcttcecggggtgggecgtaagatg (Seq ID No: 1135)

Homo sapiens TRAF3 interacting protein 2 (TRAF3IP2):
tgttcttctacttacctgggcccggagaaggtggagggagacgagaagccgcecga-
gagccgactaccctccgggeccagtctgtectgtcecgtggtggatctaagaaactagaatg
(Seq ID No: 1136)

Ho-

‘mo sapiens Smith-Magenis syndrome chromosome region, candida

te 7 (SMCR7): ggtccttcac-
gttccattcccaggctggtctgagctccggggecgtggtecccgetgectectececggtegt
cgtgcggaagctgcgacgcaggcagaccatg (Seq ID No: 1137)

Homo sapiens mitochondrial ribosomal protein L10 (MRPLI1O0):
cattcttccggtggagatggectgcggeccgtggeggg-
gatgctgcgagggggtctcecctgeccccaggecgggctagagtgcagtggcecatg

(Seq ID No: 1138)

Homo sapiens proteasome (pro-

some, macropain) subunit, alpha type, 1 (PSMAl):
acttctctgtagatcgctgagcgatactttcggcagcacctecttgattctcagttttge
tggaggccgcaaccaggcccgcecgecgecaccatg (Seq ID No: 1139)

Homo sapiens sorting nexin 5 (SNX5): cggtctttctctagac-
gcgtcttgectgggagagtgtcecgttgecttececgtecgtgtecgeggeecctgeggtt-
ggcggcctcecctcecgtggagecggagcaaggeccaggcggecccctgetegagtecececgegtege-
catg (Seq ID No: 1140)

Homo sapiens zinc finger protein 276 (ZNF276):

gggcccccteecgecgegtactgegggecccacgggtgttagtggecgggggeggcagagtece
gggtgggttgtcgcgacggageccgggcctcettegecgtettgagacggggectggecgagaa
gggcccctcacggagttgccatgggecgtctaaccgecggcagccaggecectcectcectacgtyg
agaccccggcccccectcececectttcectgcageeccgececcgeccacctgecgegecgecgtggecte
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cgccggcecgcectgeccgecccegegectecgtctecccacggagcaggccgggetetege-
catg (Seqg ID No: 1141)

Homo sapiens zinc finger protein 561 (ZNF561):
ccatcttttccggegcectggcetectcectecgtcagtgeggtttegectttatggtggtg-
gagtctgcccaggctgtggaccgcaaataaccctgtacaaagaggaatgga-
gattgcctctatccacctagattcataagectggectgaggtgatcttgg-
catcaaggaagggatgcacatcatcacaccatcagcttcagagaatyg

(Seq ID No: 1142)

Homo sapiens mucin 7, secreted (MUC7): ctttctcttctttt-
gcttctagttaccatcctcaaaggattggctaaaagcaagcaactg-
gattgaacaccctaagaagaaagattcacactgcaccaggagacatcagaaagaatg
(Seq ID No: 1143)

Homo sapiens threonyl-tRNA synthetase (TARS):
gcgecctttcgattgecatcagctggtccagecgaggeccaagtececcgggegectageccac—
ctcccaccecgectett-
ggctcctctcecctctaggecgtegetttecgggttectectcategettegtegttegecaatyg
(Seq ID No: 1144)

Ho-

mo sapiens ATPase, Na+/K+ transporting, alpha 3 polypeptide
(ATP1A3): cagcctctgtgcggtgggaccaacggacggacggacggacgcgecgcac—
ctaccgaggcgcgggcgctgcagaggctcccagcccaa-
gcctgagectgagececgceccecccgaggteeccecgececgeccgectggcectetetegecgeg-
gagccgccaagatg (Seq ID No: 1145)

Homo sapiens chromosome 11 open reading frame 46 (Cllorf46):
cgtcctctcagtggtagecgeggggactggctgggaageggtecggtcgag-
tgtggcctgtgtggactcgcatcttgecccgaagecgggcggaggagagctcaa-
gctaagggtgatcagcccatgacctaaacctccagacaaaataaaacggaaaattt-
gctagaatcaagaatg (Seq ID No: 1146)

Homo sapiens chromosome 17 open reading frame 45 (Cl7orf4b):
tgaccttttcattcccgttgttatggaggtaggctctctaggaatctgggagtagtaget
ggggggcaagagcaaataaagagctcgagcttctgtggtctctggggagatg

(Seq ID No: 1147)

Ho-

‘mo sapiens AHAl, activator of heat shock 90kDa protein ATPas

e homolog 2 (yeast) (AHSA2): gggccttctggcagtttctgg-
gagctgcgaacgcgcecgceccccggggctecggeggecggaaacgetggetteg-
gagccttaggcgceccgceggecttteettgttttecgeccagtecac-
gccgccatggceccaagtggggccaggggaacceccactggatcecgtggaggagegggag-
gacgggaccaacgtgaacaactggcgctggcgecggcectggcggcggcectecttecgg-
gatctggggagggccgggecgegg-

gagccggggctgecctggggtcectgtgeggggececgeggggeccagggggtcagggggecgec
ccccectecagetgcetggacgcagggcteggecttegectectecggectcgggagagtectt-
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gagtacggagaccggctaggagggttgcagctgectctttttgaaagttgggtt-
gggccccaagagtgacttccgacagacctttceccactcccac-
cgtctgtggcctgagggccttcececttcectectecececgeccaccectectggatgtttecggg-
gagttagaagggagctggattgagagactgtgttaggggcgggggtatggaacgtagtg-
gaaagggcagaaatttggatctcagttcgcgecccaccecg-
caggcgcctcccgecgagceccgggceccctetgtgagtgagacaagectceceecttectttac—
gcgcctcacctggecgegtggggagaggtcggcageecctcececgecgecagaaccteeg-
gaagggatgtcctctgccctgecgectctggecggggectgtggteccteccaggececgtcgag
gggatgctgaggccggtccccagaggagcatgacttggectggtcecggag-
gagctctgagggcatgggcaatcttggctcgctgcaacctcagettccagagttcaa-
gcgagtctcctgcttcagectcatgagtagectgggactacagatgecgtgecactac—
gtccgtctgatgtttgtatttttagtagagacagggtttcaccatgtt-
ggtcaggctgctctcgaactccagatctecgtgatccgececcgectgggectacta-
aagtgctgggattacaggcgtgagctagatctgactttctagtgtcctagectt-
ggcccgatggacatgtcatttctctcagectegtttectgteccctaaagtgagaa-
tattgcctgggaagattacattagacgatgtatatgcgaagacacttgatagctgg-
tattgtcatgattctgattagttcactactgctactttcecctgtggectaggectttgee-
tatttccagtgggcgagctagctagatcctectececttaaataageccag-
tgtttttaagacagaatactacttgcatagtggacaataatatcttaaagaactgag-
caggatgaaaagaatttgatagaaagcaggtttgaggagcacattggaggttgg-
caggtttcgaggctgcttgagaggacttgggccgatctgggectgggecttggac-
gtgaccctggcacccaggcaggtggatcccagectggggcttccattcac-
gactttctggtccctggcaggacagagecgggatgeccaccagett-
gtccaaagggaagttccaggagctcctggtgggcatcgttgtggagaatgac—
gctggccgcggcgagatcaacgagttgaagcaggtggaaggggaggcttcgtgcag—
cagccgcaaaggaaagctgattttcttctatgagtggaacatcaaactgggctg-
gaaaggcatcgttaaagaatctggagtgaagcacaagggattgattgaaa-
tacccaatctttctgaggaaaatgaagtagatgacactgagaatttacaacgggaatg
(Seqg ID No: 1148)

Homo sapiens GrpE-like 2, mitochondrial (E. coli) (GRPEL2):
ctgcctctcagcccaaattggaaacatg (Seq ID No: 1149)

Homo sapiens xyloside xylosyltransferase 1 (XXYLTI1):
ccgcccectttcatggecgeccgectggegecggggctaagtggecgecggegtececgggtac
ccgagggctctcccgegttgectggcaccgetggegecgeggtetecgtagegeatg

(Seq ID No: 1150)

Homo sapiens chromosome 7 open reading frame 60 (C7orf60):
cctcctctggcectgcectgectceccgecageteectectectaccccacctectecatetggg-
gagcgtctgcgggggectgaggggecggcggcggcggcggeggetgegatatyg

(Seq ID No: 1151)

Homo sapiens tetratricopeptide repeat domain 39B (TTC39B):
ccctcectttgecgectgggectgagecccagageccgagagecaggggteggetetgag-
ttccctgettggtttttgggtggcagcageccagaggaggaatatg

(Seq ID No: 1152)
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Homo sapiens motile sperm domain containing 2 (MOSPD2):
cacccttctectgtctacctectgggecgggactgecgggtgatgaga-
tactcggtcggcgacggtagaacgggcgacggcgacaaccgcaatcacatccacgac-
ggtgatcatg (Seq ID No: 1153)

Ho-

mo sapiens major facilitator superfamily domain containing 6
-like (MFSD6L): ggcccctttcggtccaacggcaggac—
ctgggggctgtggccgggggcggecgttgacctggtgaccgecggecgeccgecccagac—
cgggggcgcagtcccactcgectceccgageccecggtcececcccaagectcecteccgggtac—
ctggggccgcgceccgecctgegeccagcetceccgeccteccgteggeccaggectgacagage
ccggcagccatg (Seq ID No: 1154)

Homo sapiens consortin, connexin sorting protein (CNST):
cttcctctctagccgecagtgete-
tatgctccgcggtecgecgggecgecagecteccageccggccageccgecgaggggtgeg—
cagagggaggcggggcggaaaggcgagaggtgtctcectccaccggageccagggga-
gacccgagcaagctccgtgacagcacgtcggecgecatgtcgecgagtggggetg-
gaaacagacccggcgcccagcecggtagcececctecttgegectecgatteccaga-
catggaaggtctttaatgtaactttaaatggttcaccaaaggatgctctaatg
(Seq ID No: 1155)

Homo sapiens zinc finger protein 92 (ZNF92): gggccttt-
gtctctcgctgcageccggcegctceccacgtctagtcecttcactgetectgegtectgtgetga-
taaaggctcgeccgetgtgaccctgttacctgecaagaacttggaggttcacagctaagac-
gccaggaccccctggaagcctagaaatg (Seqg ID No: 1156)

Homo sapiens DnaJd (Hsp40) homolog, subfamily C, mémber 18
(DNAJC18) : cccccttcetcectttcagectecgggcacgggggaggetecggeggac-
ctgctgattgggaaccgatatg (Seq ID No: 1157)

Homo sapiens polymerase (RNA) I polypeptide D, 1l6kDa
(POLR1D) :
cctecctceectecttecgtectecgegecttecegteggteggtecttgetteectgettege
ctccgegectcecgegetatgggacagagcccccgatceecgceccagcaccacctgaggatcecag
aaaccgccccagcgatg (Seqg ID No: 1158)

Homo sapiens ring finger protein 182 (RNF182): ac-
ctcecctececteccaggegecgececgcagecg—
gagcggctcccgggecctgggecgecgccggecaggaagaaatacttgtgttggetg-
catttccagggatgctaccagagctcaaggctgtcacctggtcttgecccagaa-
gagccgttcttagaggcaggacttgatgaaggctttectgctgatggaataggttt-
gctagagctggccttggaattagaacccttcatgtggecctttataaatatgegttt-
gagacagagttatatgcagaagttgaaaatgcctggaagatttctggtttctttcac-
tacttatcctgcctttttgecatcgctgccagatttggatgatatgatattcagagggg-
caccttaatcaaagccattcttcaacaagacccacctggcataa-
gattgcacacataattcaagatg (Seq ID No: 1159)
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Homo sapiens transmembrane protein 18 (TMEM18): cctcctctgtg-
gattctggccaggccgggttcggeggttgectgtgagagcgggcttcccaacaccatyg
(Seq ID No: 1160)

Homo sapiens Hermansky-Pudlak syndrome 4 (HPS4): ag-
gcctcetetgecgegecgecgcaggtacggggcagaagtceg-
caggtacccagctgctgcccacatttctggtccagagtceccgaacccecgagcactgg-
gatgcctggctactccgagccaaggcactgatgtttgaactggaaacttcaaaac-
gtttaataagagtcttcaggatgggtttgaactagacaagctagaaatttcttta-
gaacaccagctctagcatgcatctcccacttttggetttcecctggagaggagecttgaa-
gaggtggttctgcagacagccacagtgatacttaggaaaccagaggaatggattt-
gacttttctgctaggattctctgttatagtttctccctgagttgtaagaggcatggaaa-
tatacatgaaactgaagaacctgcaaggaagggaagtggaactttccatgctgag-
tgaaaactaaccaagtggcagttgtgactgaaaacactgaaacctaccacgtccagat-
tcactggattgggggatagaggaacggtcacagctagggagaaagaagtgataccg-
gaaaagaaaacctaaatgaagagaatgaggatgactgcacagtagatg

(Seq ID No: 1161)

Homo sapiens PTK7 protein tyrosine kinase 7 (PTK7):
agctccttttectgagceccecgecgegatg (Seq ID No: 1162)

Homo sapiens kelch repeat and BTB (POZ) domain containing 6
(KBTBD6) : agttctcctgggcgcctagcattgtcgeccacgetgecag-
tagcggcttetgeggectceccaagccagegggtcectgtgaaggcgagcagacgcgga—
gaaaggacgcgggagtgagagagggtgagtcagccactgtctaaacgataacgg-
gaggcggctctgcecggggtagggttgaattcag-
taaatgggctcgtgctgctgtctcttecggagacgectge-
tatcttagcgtcagcgagggaaggttgaggaggagccagagccgggtectg-
cagcgtttctcgccatcagecgeccecgtecgecatctccaccatg (Seq ID No: 1163)

Ho-

mo sapiens sperm antigen with calponin homology and coiled-c
oil domains 1 (SPECC1l): ctttctttgactggagcggacccgceccggacgcaac-
cgcctcgccagececggagcecagcgecgagcecteggcacggtggacacccggtecgaggecgg-
caagccggctggtgcccgagtcggeccaagcatg (Seq ID No: 1164)

Homo sapiens ST6 (al-

pha-N-acetyl-neuraminyl-2, 3-beta-galactosyl-1,3)-N-acetylgal
actosaminide alpha-2,6-sialyltransferase 3 (ST6GALNAC3):
ggtccecttatttggatctgegggaatgtgggectggagaggtcecctgecgtggtac-
cagcctccagcecctgceccceccaggactgeccctgacccaggecgecgeccgetgeteggtgg-
caggagggccggcggagcgecatg (Seq ID No: 1165)

Homo sapiens transportin 1 (TNPOl): gattctctttgttccg-
cagccatttcaggccccggacaggaggcag-
tgccgcttcggccgaaggecccgagegeccgaggecgtetgggatg

(Seq ID No: 1166)
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Homo sapiens heat shock 70kDa protein 8 (HSPAS8):
cttccttegttattggagceccaggectacaccceccagcaaccatg
(Seq ID No: 1167)

Homo sapiens hyaluronoglucosaminidase 1 (HYALL):
ggctccttccteccaggagtctcectggtgcagetggggtg-
gaatctggccaggccctgcttaggcececccatecctggggtcaggaaatttggagga-
taaggcccttcagceccccaaggacatcecctggetgecatacectgetectgacttcectcaggge
tggcagtcatcgactgggaggcatggcgcccacgctgggcecttcaactgggacac-
caaggacatttaccggcagcgctcacgggcactggtacaggcacag-
caccctgattggceccagctectcaggtggaggcagtagecccaggaccag-
ttccagggagctgcacgggectggatg (Seq ID No: 1168)

Homo sapiens STE20-related kinase adaptor alpha (STRADA):
agtcctccecggtcgecccactgegecatggcacgttgegtactececteccagcaac-
cggtctggcggcggcgcggcagtaaaactgaggaggcggagccaagac-
ggtcggggctgcttgctaactccaggaacaggtttaagtttttgaaactgaagtaggcece-
tacacagtaggaactcatg (Seq ID No: 1169)

Homo sapiens transmembrane protein 161B (TMEM161B):
ccctctcectttegetgtttgagagtctectecggectcaaggaccgggaggtaagaggtttgg-
gactgccccggcaactccagggtgtectggtccacgacctatcctaggegcecatg

(Seq ID No: 1170)

Homo sapiens Usher syndrome 1C (autosomal recessive, severe)
(USH1C) : ggctctttccagctcctggcagcecgggcacccgaaggaacgggtegtg-
caacgacgcagctggacctggcccagccatg (Seq ID No: 1171)

Homo sapiens interleukin 12 receptor, beta 1 (IL12RBl): cag-
tcttttctecttgetcagettcaatgtgttccggagtggggacggggtggectgaac-
ctcgcaggtggcagagaggctcccctggggectgtggggetctacgtggatcecgatg
(Seq ID No: 1172)

Homo sapiens Meis homeobox 2 (MEIS2):
atcccttectcectettttetgttegecctetteteectgetetttttecectttecacccecece
ctcctctgttctcectcacctectgegeccectececeecctteccgggttctgacagtac-
gatgagctgccccattacggecgggatg (Seq ID No: 1173)

Homo sapiens G elongation factor, mitochondrial 2 (GFM2):
ttttcttttcgtttagatacattgecttttgectaggctggecgtecgagactt-
gaggccgttgcagactttggecgecggectegegectectgettcaagageccageggtga-
gagctggcctgcggcacgcggcecctaatgeccagacagtaacagtttggaggatcaagatyg
(Seq ID No: 1174)

Homo sapiens lamin A/C (LMNA): gagccttt-
gccececggcgteggtgactcagtgttegecgggagegecgcacctacac—
cagccaacccagatcccgaggtccgacagcgeccggeccagatceccccacgectgecag-
gagcaagccgagagccagccggcecggcgcacteccgactececgagcag-
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tctectgtecttecgacccgageccegegecctttecgggacececectgecccgeggg—
cagcgctgccaacctgccggccatg (Seq ID No: 1175)

Ho-

mo sapiens calcium/calmodulin-dependent protein kinase II de
lta (CAMK2D): cgctctttctctcgccgegecgtcttgaa-
gccgcgcegggcetcecgtgagcagegecgaggecgeccaaggtgectegettegeecg-
gagccgctgceccgecceccgccggagggaageccggectecgggegegecacgetegteg-
gagccccggegegeccecgegectgagectgetgacagcecggecgectgggetcaggetgtece
gctctgggectcecgeggceccteggecceccgcectgecactceccacctecgecececteg-
gactcccteccectcectgettcectactectectgetccagtgeggategttteg-
caactgcttgccac-
tcgtccecgtgectggetgtttttceccatttecececggecceectettettgag-
tactttaccccecctgecatttggggacagggactggaaaaggggcgggtggagecgtecag-
tggagaagaaggaagcgaggcccgcaggaggaggaggatcggcggactgtggggagga-
gaccccacgccaccctttectggtcateteccectecececgececcgececctgegecacac—
tccctecgcgggcgagetactttcggaccaggaaagtaa-
gagcggccctgggtgacagcgccgcggggeccag-
tcceggggttagecgegegtectgetegettetggtcegtegegecteccagecaggg-
cacagcccggaccgaggatg (Seqg ID No: 1176)

Ho-

mo sapiens calcium/calmodulin-dependent protein kinase II ga
mma (CAMK2G): ccgtctcctcctcttgcectcectecggecgggecggeggtgactgtg-
caccgacgtcggcgcgggctgecaccgecgegteccgeccgeccgecageatg

(Seq ID No: 1177)

Homo sapiens interleukin 15 (IL15):
ttttecttttecgeccaggggttgggactececgggtggcaggecgeccgggggaatecccagetga
ctcgctcactgecttcgaagtcecggegececcececgggagggaactgggtggecgcecaccectce
ccggctgcggtggectgtcgecccccaccctgecageccaggactcgatggagaatccattec
aatatatggccatgtggctctttggagcaatgttccatcatgttccatgctgectgacgtc
acatggagcacagaaatcaatgttagcagatagccagcccatacaagatcgttttcaact
agtggccccactgtgtccggaattgatgggttcecttggtctcactgacttcaagaatgaag
ccgcggaccctcecgecggtgagtgttacagetecttaaggtggegecatcectggagtttgttect
tctgatgttcggatgtgttcggagtttecttecttetggtgggttecgtggtectegetgget
caggagtgaagctacagaccttcgcggaggcattgtggatggatggctgctggaaaccce
ttgccatagccagctcttcttcaatacttaaggatttaccgtggectttgagtaatgagaa
tttcgaaaccacatttgagaagtatttccatccagtgctacttgtgtttacttctaaaca
gtcattttctaactgaagctggcattcatgtcttcattttgggatgcagctaatatacce
agttggcccaaagcacctaacctatagttatataatctgactctcagttcagttttactce
tactaatgccttcatg (Seq ID No: 1178)

Homo sapiens protein O-fucosyltransferase 1 (POFUT1):
gtccctecttcectecccgactgtgegeecgeggectggetegggtteccegggecgacatg
(Seqg ID No: 1179)
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Homo sapiens calpain 3, (p94) (CAPN3): cac-
tctectttctectectececctectggcatgecatgetgectggtaggagacccccaagtcaacatt—
gcttcagaaatcctttagcactcatttctcagga-
gaacttatggcttcagaatcacagctcggtttttaagatggacataacctgtacgac—
cttctgatgggctttcaactttgaactggatgtggacac-
ttttctctcagatgacagaattactccaacttccecctttgecagttgettectttectt-
gaaggtagctgtatcttattttctttaaaaagctttttcttccaaagccacttgecatg
(Seq ID No: 1180) :

Homo sapiens PTK2B protein tyrosine kinase 2 beta (PTK2B):
agcccttttactcagceccacagectccggagecgttgcacacctac—
ctgcccggecgacttacctgtacttgecgecgtecceceggetcacctggecggtgecccgag=-
gagtagtcgctggagtccgcgectcecectgggactg-
caatgtgccgatcttagctgctgcctgagaggatg (Seq ID No: 1181)

Ho-
mo sapiens ST6 beta-galactosamide alpha-2,6-sialyltranferase
1 (ST6GAL1l): cttccttccttctccagtcecccttecac-
tgtgcgtcttectgtccecececgttcttecccageggaccectetttcgagactceectag-
tggggtccccagcectcccgggecgatectgeccttgecgagegegttttetggagtcac-
ctgggggaggggagtcctgggcagggccgggctggggaagacgcctggggcac-
tgcccggegttaacaaagggagceccgataccgaccggegtgggegeg—-
gagcgggcggccgccaccgagecgtgectgagcaaccgcagecteccgecggecgagagtg-
cagcgagcaaggggagagccagttgcgcagagccctgcaaccagcagtccaggga-
gaagtggtgaatgtcatggagcccagctgaaatggactggcccectt-
gagcctgtcccaagccctggtgeccaggtgtccateccecegtgectgagatgagtttte-
gatcatcctgagaaaaatgggccttggectgcagacccaataaac—
cttccctcecccatggataatagtgctaattcctgaggac-
ctgaagggcctgccgcecccctgggggattagccagaagcagatgatcatgacgcag-
tcctgaggtttaatggggcacccacageccaacttccaacaagatgtgggcacaaaaac-
taccattcgcctgatg (Seqg ID No: 1182)

Ho-

mo sapiens ubiquitin-conjugating enzyme E2Q family member 2
(UBE2Q2) : ctccccttceccgegeccggctecceccecttecgegeeccecteccgecggagat-
gaggggaagatg (Seq ID No: 1183)

Homo sapiens membrane magnesium transporter 1 (MMGT1):
gcttcttttgectgggctgectgetecttecggecatcatg (Seq ID No: 1184)

Homo sapiens PAP associated domain containing 4 (PAPD4):
cggtcttccgggtgtctttgacagggttttctacgeccgetttttecggegactttttgetce
ttccgetttttgecaccgeccccaaccttectatatcecttgcagecectac—
cttttcttgtgttgctecctececcctggcagecgtgaggggggttagatctcageeg-
gagccggagctgggcctagcectgtcccacgggccaccactacctectttggttcggga-
gaaagctacgaccaagtacgcccagctcecgggecttagaacttctgaacgggcag-
tgcgggtaggccctgcttageccctteccggaggacacctgaccaaaagaggaaga—
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tagtcttgggacccttgcatggtgtttcaaagggtggtgaagaactaaggtagaa-
gaatacatgttcacttccagtgaacaagagcatg (Seq ID No: 1185)

Homo sapiens chromosome 3 open reading frame 23 (C3orf23):
ctccecttctggtgtactgggtgggaggtggaactagtcggacaaageectecgegteg-
gacccttgccagaactcaattaatggatgcctcgaagttgacgtacatatatattca-
gaaatg (Seq ID No: 1186)

Ho-

mo sapiens mucosa associated lymphoid tissue lymphoma transl
ocation gene 1 (MALT1): cgccccttt-
gcgcggctggcgcggccageccggceccaggctcececcteggcaaacctgtctaatt-
ggggcggggagcggagcttcectcectcectgagggecgtgecgegectgeccagattt-
gttcttccgeccectgectecgeggectcggaggcgageg-
gaaggtgccccggggccgaggcccgtgacggggcgggcgggagecceggeag-
tceggggtecgecggecgagggecatg (Seq ID No: 1187)

Ho-

mo sapiens UDP glycosyltransferase 3 family, polypeptide A2
(UGT3A2) : ctacctctacccacagccagtgcctttggcgcactgaggtg-
cacagggtcccttagccgggcgcagggcgegcageccaggctgagatcecgeggetteeg-
tagaagtgagcatg (Seq ID No: 1188)

Ho-

mo sapiens sodium channel, voltage-gated, type IV, beta subu
nit (SCN4B): cctcctctcecgctctctgeccgetaactttcccgagecccgac—
cggcggcgcagagctccggggtagcetttgtggeccgaacgecgacctcgggegga—
gagcgcggctgtgeccagtatcecccatceccgegaccecececgegegcteccggagagaacag-
gactatg (Seq ID No: 1189)

Homo sapiens JAZF zinc finger 1 (JAZF1):
tcecectcectgectececcggtggetectegetcectecttecatetetetegececectetecectce
cgtcccgtcecectegecgetceccectecaccecegectetetececectececceccagecectectet
cctcaccccacccggectceccectecectecctecgececgeeccggegectecgcagageccgacac—
caggggggctctcgatgtagcaccatg (Seq ID No: 1190)

Homo sapiens chromosome 15 open reading frame 55 (Cl50rf55):
tteccttecttggatecectgtgecacctactggageccaggttactectgggtectggac-
ctgactgcctcattctggaggcttccagacagccacagttagtgecccaaacctgagag-
gatg (Seg ID No: 1191)

Homo sapiens ras homolog family member C (RHOC):
cgccctcectettectgcagectgggaacttcagecggectggagecccaccatg
(Seg ID No: 1192)

Homo sapiens CTP synthase II (CTPS2):
cattctctttccttttcececttctetectgagegetectgecagttectggggegtag-
taggggatccacaagcgtttgtgaccagtgaagttctttacaagggtgagatctgcac-
gggaggacccgagcgagggtctcggecttgecaggaagecggggttececcgggaagegtg-
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gagttcacccgcgcactcgaagtgectttgcaaaattatatctgggtgttgg-
cacccagccactattctgccaatg (Seqg ID No: 1193)

Homo sapiens PRP4 pre-mRNA processing factor 4 homolog B
(yeast) (PRPF4B): agctcttttccttcttcctccacttcccctaccctccac-
cgtccgggagccgecgccaccgcecgceccgaggagtcaggaagttcaagatg

(Seq ID No: 1194)

Homo sapiens molybdenum cofactor synthesis 2 (MOCS2):
gcgcctttgeggecgtgattcecggteccgetgtectaggegg-
gatggtgccgctgtgccaggtaagggtggcgggtgtgegtgcgggectgggtgeg-
gagccctcectcecgacgtgtcectcectececgeccttteecteccacatacccagecttggtcag—
tcggacctceccecceccactagcecccccaacctggecggegtett-
gggttcgggggcgecccecgeccceccgeccececgggeccttectgtectecgggetttactgeg
actgccccagcagaagtcecgggtectctecgagaactettgtcagectcacggecag-
caaggacggactcgttctgaaggcgcectccaccttttatgaccacctecttteccagat-
tattcgttttgatgaagctaaaattttaatctaaaaagaaatgcacctcatgga-
gaattcttgtgaagaactgtgcttcatctgtggatttctacacccttgatcattt-
gcaaacctgtaattatttcgtaaagagttgtttgcacggagtgacaggtt-
gaagtattgtattttgcaaaaagtgctgaaataacaggagttcgttcagagac-
catttctgtgcctcaagaaataaaagcgttgcagectgtggaaggagata-
gaaactcgacatcctggattggctgatgttagaaatcagataatattt-
gctgttcgtcaagaatatg (Seq ID No: 1195)

Homo sapiens cat eye syndrome chromosome region, candidate 1
(CECR1): tttcctttttccggaggggagatg (Seq ID No: 1196)

Homo sapiens solute carrier family 13 (so-
dium-dependent citrate transporter), member 5 (SLC13A5):
ctgcccctcactcecgtctegeccgecagtectecctececcgegegatg

(Seq ID No: 1197)

Homo sapiens armadillo repeat containing, X-linked 3
(ARMCX3) :
agtccttcecttgtcectggtegttgttececgtctgagtaccagecteccececactgeecctgaggg
cgggccggcectgecggcggagggaaaaaggaagaggagaaggaaattgtceccgaatecectg
cagtgggtccaagcctctcececcgggtggeccagtetttctgtaggttgeggcacaacgcecag
gcaaaagaagaggaaggaatttaatcctaatcggtggaggtcgatttgagggtctgetgt
agcaggtggctccgcttgaagcgagggaggaagtttcectceccgatcagtagagattggaaa
gattgttgggagtggcacaccactagggaaaagaagaaggggcgaactgcttgtcttgag
gaggtcaacccccagaatcagctcttgtggeccttgaagtggctgaagacgatcaccctcce
acaggcttgagcccagtcccacagcecttectececceccagectgagtgactactectattect
tggtccctgctattgtcggggacgattgcatg (Seq ID No: 1198)

Homo sapiens armadillo repeat containing, X-linked 2
(ARMCX2) : cgtcctcctctgggtaccaactctattgeg-
cagctcgctgccgtgcgtttaacccaggcgaggaggaggaggagaaaattccecccagat-
tcgggcaggcccgcacceccacatteecgtectgttttgagaggaggagggaagagaaa-
taaacgtggcagcgcatagaaggccagcagggagactgctttccagacac-
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ctccggcecccacacageccgttcaccccececgtettttecagtectg-
gaaaaggaattcggtctgtccttaggatgaagctctaactgaactgaagtaagga-
gaaacagccttgaatctttggagggtctgtcttecttttgggectctgtgcaactgcage-
tacagtggaaaaaagcaaactgctcttgatcccaggccctgectaagectcag-
cagaacttgtaagcctaaactgaagagcctcacccggacgagcaggcatcecttaac-
cttaagcaatccagttccacgccctggatcagtgaataaccccagctgcaccatg

(Seq ID No: 1199)

Homo sapiens UBA domain containing 2 (UBAC2):
cgccctcectggggctceccgagecccggecgggaccatgttcaccagcaccggeteccag-
tgggctctgtgagtaccggecctceccgeccatcecectggectgecececctacac-
gccaccctaggcacctcectttgaggaggctggggcagecggggaccctcecgggtttgeecg-
gaggtggtggggccgaccctccagacccgcgteccgaaccctgetagtteccecggtett~
gggggtcagcggaaaccgcccccatttecggectggaggggcgaatggggacaaa—
gccccgcecgeccgecccgaccccacctggtatceccccaggtgetectgeccaggag-
tctcttggggccgctgcaagtggg-
caggtgccctggtgttctecgtgggeccggecccaggeecctttgeg-
gagcgtgtgccgcecgctgaaggaaggggccgtccececttac-
catgccccattcttttaggcttgggggaccgaactaactceccecececgecececcactt-
gcaaagttcagcctcegctttagaagctgacctctcagtttcacttggatg

(Seq ID No: 1200)

Homo sapiens cancer susceptibility candidate 4 (CASC4):
cctcectecctecggecggecctggggeecgtgteccgecggg—
caactccagccgaggcectgggcttctgectgcaggtgtctgeggegaggeeccctaggg-
tacagcccgatttggeccccatg (Seq ID No: 1201) ‘

Homo sapiens protein phosphatase, Mg2+/Mn2+ dependent, 1G
(PPM1G) : cgctccctcacagctcccgtceccgttac-

-cgcctectggecggectegegectttcaccggecacett-

gcgtcggtcecgcgecgecggggectgectectgecgegeg-
caccceccecggggcttcecggetecggcacgggtecgegeccagetttectgeac-
ctgaggccgccggccagceccgecgecatg (Seq ID No: 1202)

Homo sapiens StAR-related lipid transfer

(START) domain containing 13 (STARD13):
ctttctttttaaaaatcgctgggtctgttgagectgtectgggetgggtgeectt-
gctctttgactgagactggagacagacggcaacagccacaggcagactgaggtggcaa-
taggaaatctgccgagatg (Seqg ID No: 1203)

Homo sapiens tubulin, beta class I (TUBB):
gattctcccgectceccageeccecggegecacgegegecccecgeccagectgetttecctecge
gcectceccectcectectttetecctectcagaaccttectgecgtegegtttgecacctegetg
ctccagcctctggggcgcattccaac—
cttccagecctgcgacctgcggagaaaaaaaattacttattttcttgecccatacat-
accttgaggcgagcaaaaaaattaaattttaaccatg (Seq ID No: 1204)

Ho-
mo sapiens cytochrome P450, family 4, subfamily X, polypepti
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de 1 (CYP4X1l): tttccttcttcccgcgagtcagaagcttcgecgagggcccaga-
gaggcggtggggtgggcgaccctacgccagctccgggecgggagaaa-
gcccaccctcectcececcgecgecccaggaaaccgeccggegtteggegetgegcagagecatyg
(Seq ID No: 1205)

Homo sapiens doublecortin (DCX): ttttctttctctcag-
catctccacccaaccagcagaaaaccggtgagtggggcttttaagtgattttcaagaa-
gaatgtaacagatgtcaaacgggaaaagcacaaggcaaa-
gcctgcectctctetgtectectectgtectectettctecttttttgecttattectatecgat-
tttttccctaagettctacctgggattttectttggaaaagtctctgaggttceccac-
caaaatatg (Seq ID No: 1206) )

Ho- :

mo sapiens protein phosphatase 2, regulatory subunit B', gam
ma (PPP2R5C): ttgtctttttttttttaaactaaaatggaggctggtttctt-
gccttaaggagcccattgectttceccgetgaagtctagatg (Seq ID No: 1207)

Homo sapiens solute carrier family 9, subfamily B (cati-
on proton antiporter 2), member 2 (SLCO9B2): ccacctttccgggg-
gaagccacgcgcaccaggcatcgcacgcggctctgcacccgecgecgecggac—
ctgaaacccggcggagggcacacggggctgeccgectgegggececcggac—
caacccatgcttactccggagcctgtaccggcgecgacgggtcggac—
ctccectgecgeggtgtcecgeccagegggttecgtgecgaaaggecggggecgactacac-
gcggtgccgcgcecctgagaccgtttatctgcagtcaac-
gcagcctcccggctcagectgggaagatgecgcgaatcgg-
gaaccccagagcgcggtggctagac-
cgggctccgccgectcecececccacageccectttectaategttcagac—
ggagcctggtcgacttcgccgga-
gactgccagatctcgttcctcttccctgtgtcatcttcttaattataaataatg
(Seq ID No: 1208)

Homo sapiens hypoxia inducible factor 1, alpha subunit (ba-
sic helix-loop-helix transcription factor) (HIF1A):
caccctcttegtcegettecggeccagtgtgtecgggetgggecctgacaagecacctgagga-
gaggctcggagccgggcccggaccccecggegattgecgeeccgettctetctagtctcac-
gaggggtttcccgcecctcgcacccccacctectggactt-
gcctttecttetetteteecgegtgtggagggagecagegecttaggecg-
gagcgagcctgggggccgcccgecgtgaagacatcgecggggaccgattcaccatg

(Seq ID No: 1209)

Homo sapiens interleukin 21 receptor (IL21R):
cctcctettecteecccactcetgecacatgeggectgggtggcageccagecggectcaga—-
cagacccactggcgtctctctgectgagtgaccgtaa-
gctcggcgtctggecctetgectgectecteecctgagtgtggectgacagecac—
gcagctgtgtctgtctgtctgcggecccgtgcateccctgectgecggecgectggtac—
cttccttgecgtetcetttectectgtcectgetgetetgtgggacacctgectg-
gaggcccagctgcccgtcatcagag-
tgacaggtcttatgacagcctgattggtgactcgggctgggtgtggat-



10

15

20

25

30

35

40

WO 2013/143699 PCT/EP2013/000937
299

tctcaccccaggectctgectgetttectcagaccctcatctgtcaccececcac-
gctgaacccagctgccacccccagaageccatcagactgeccccagcacac—
ggaatggatttctgagaaagaagccgaaacagaagatgaggcaatgaggctgcga-
gaggtagagtgattttccctcggtgactcaactgggacgtagcaggtcgggcagtcaa-
gccaggtgaccccatg (Seqg ID No: 1210)

Homo sapiens DDB1 and CUL4 associated factor 4 (DCAF4):
tggtctttcecgggtceccttgcacgecttcecgectceccaactectgcagagectgagecggaggg-
gaatccggaagggacacgctgaacaggtctgactcccgggcagcacagcccgcectcac-
gattccggccacggtgatgacgagtcteccgtcaacctecgtctggcacagctgggac—
ctcctectgtgeccagagectacctgggttttactttgaccctgaaaagaaacge-
tacttccgecttgctececctggacataacaactgcaaccccctgacgaaagagag-
catccggcagaaggagatg (Seq ID No: 1211) '

Homo sapiens oxidation resistance 1 (OXR1l): ccgcctctt-
gtgaggcgcgcggagccgectcececectgggtcaggtctgatgggecggtgggecgegetag-
tggtggccgccaccgecgaaaccgtcgacctectgggecccag-
ttccgcgtccagecceccgeggcagecatg (Seq ID No: 1212)

Homo sapiens cut-like homeobox 1 (CUX1l): ccccctctctat-
cagccgctcactccgtctcaatatgtctcaagatg (Seq ID No: 1213)

Homo sapiens atlastin GTPase 1 (ATL1l): ctcccttttcctccccac-
tccttecccaccagcgceccacagcaacatcctcagag-
tctgagcgaactgcgcccagcgecgggcacggagecctcccaccgccagcaac—
ctgcggccccggagaaggcagcgagegecagtgacagecgectcaccgecaccagctectg-
gaccaccatg (Seqg ID No: 1214)

Homo sapiens chemokine-like factor superfamily 5 (CKLFSF5S):
ctgccttctctccecggggeccctgtgggcaagectecctgecttcac—
tttcaggtttctcgaagtgecttecttgetectgtectgttteecccatectgecagat-
ttctgtttctcttgectgggettttggcagtagggggetgtgttggtgggecctacgaa-
gatg (Seq ID No: 1215)

Homo sapiens transmembrane emp24 protein transport domain co
ntaining 7 (TMED7) :
aggccttttcecegettetettttacctececcaggtecgececgtcectgegececctcacaggaa
gccggagggtcecgetcectgatcececcgaatcecteccacaggecgtgaacctgetectgetgtgtatce
tttgcggggtggecctgcgctgaggcecctgecgegecgeggtgagteccgegcagacctgaccce
tgcgtctecgcagectcecggttgaggeccgecegecgecttetecgggatg

(Seq ID No: 1216)

Homo sapiens ubiquitin-conjugating enzyme E2D 3 (UBE2D3):
cttcctttac-
cttcctecccatggtctecttecggttectegatgettctectgagectaagggtttecgceca
ctcgttcaccctceccceccccagetcatgatectecteectecececgececctectggtecaatce
tccgatctgtttagtaagaaggtgctgttccgagaagaaggaaaagggcttgacac-—
gtattcactcggccccggacgtgggaagcaa-
gccgtcectggettcecggectcacatecggtecttgtgetecgggacggeggecgttggeg-
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gactgatccgcggcggtgaagagaggccgggaagttaaacttgtagccaccac-
ctccgetetteccgtcaccectegecccecacttecgggeccgaaagcacgg-
tacagaggctgttggtggctttgccacgccaccccacccaccccg-
gatcgcggctgtcttaagggacctggattcatcaggggctcecttecggggectgtgecgag-
tgctgatctgctecgtttttgcaaaaggecgectgtgtectggcagagectggtgtgagac-
gagacaatcctgccccgceccgecgggataatcaagagttttggecggacctttgagecata-
caccgagagagtgaggagccagacgacaagcacacactatg (Seq ID No: 1217)

Homo sapiens zinc finger protein 595 (ZNF595):
tttcctctggectectgegagggett-
ggtttagggcttcagctctcectgegttectecggeteccgggaggecteggtgat-
tcagccacagcctcectgectececgttgetectgtgacctgagggtattggacaattt-
gtagctaagactcccggataccctgaagtcgggaaatg (Seq ID No: 1218)

Ho-

mo sapiens acyl-CoA synthetase medium-chain family member 2B
(ACSM2B) : tgctctcttccaaggctgtaggagttctggagctgectggectggagag-
gagggtggacgaagctctctccagaaagacatcctgagaggacttggcagcctg-
cagatggcctattgtgggaccttgtgatcatgecctgaacatg (Seq ID No: 1219)

Homo sapiens SRSF protein kinase 2 (SRPK2):
tttccctttatagcaccattgaatcccagtcctaacagaagtactgcgaatett-
gtggcctcattctgaacaaaagggattagagaagaaaaatctcttgatataaggctt-
gaaagcaagggcaggcaatcttggttgtgaatattttctgatttttccagaaatcaa-
gcagaagattgagctgctgatg (Seq ID No: 1220)

Homo sapiens synaptophysin-like 1 (SYPL1l): tgcccttcctcgccac—
cgggctgctctggtctecgtecggtccecctectecgeccegtegtectgactcectetectecct
cctttcctcagaggatg (Seq ID No: 1221)

Homo sapiens thioredoxin reductase 1 (TXNRD1l): aaccctttcac-
ctcagttttcttcactcecggcatttgcagcagagcgaaaggtggtcgag-
tcctgaaggagggcctgatgtcttcatcattctcaaattcttgtaa-
gctctgcgtcgggtgaaaccagacaaagccgcgagcccagggatgggagcacgegggg-
gacggcctgccggecggggacgacagcattgcgectgggtgcagcagtgtgegtctcggg-
gaagggaagatattttaaggcgtgtctgagcagacggg-
gaggcttttccaaacccaggcagcttcgtggecgtgtgecggtttcgacccggtcacacaaa
gcttcagcatgtcatgtggcttatcaggagggcagacttcaaaagctactaaaaatg
(Seq ID No: 1222)

Homo sapiens minichromosome maintenance complex component 7
(MCM7) :
tgtccttececgecgecggeggecgeggagagagctgecggececgggggggegtgectgggatee
ggagcttcgctcgggecccgggaaaggcggcagtgggectgggatcgeggtgtectctgggtyg
tgatggccaatggctggactggctccecgeccctgggcggaggaatcecceccgagetgtgaageg
gctggaatccgggcecccatgtgcttetttgtttactaagagcggaagecgatggcgggagcg
ggggtggggtgcggtggcggggtgcggtggecggaggtccecggtgaaatcaggggctaagg
ggacccaaagaaggcgggggatcataggggtggaaagaaagctgagaaccttgagaccgg
agtgtgaggggccaacggggaagggcgctagaattttaaactaaagtagggaccggaatt
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cccectggggagatgttggatggeccecctgtgecactgecacgggctetttattecttegetggt
tagaaacagacttgtgaaaaagagttatgcccactttggggagacttcgaaaaggttaag
aagttcttacaagagttctaccaggatgatgaactcgggaagaagcagttcaagtatggg
aaccagttggttcggctggctcatcgggaacaggtggctctgtatgtggacctggacgac
gtagccgaggatgaccccgagttggtggactcaatttgtgagaatgccaggcgctacgcyg
aagctctttgctgatgccgtacaagagctgctgectcagtacaaggagagggaagtggta
aataaagatgtcctggacgtttacattgagcatcggctaatgatggagcagcggagtcgg
gaccctgggatggtccgaagcccccagaaccagtacccectgectgaactcatgegecagattyg
tgagtggtctctgtcgggaaagatgtagggattggttctccaggatcttgtttgtgactg
ttttctcececttagtgagetgtattttcaaggeecctagcagcaacaagectegtgtgate
cgggaagtgcgggctgactctgtggggaagttggtaactgtgecgtggaatcgtcactegt
gtctctgaagtcaaacccaagatg (Seq ID No: 1223)

Homo sapiens pre-B-cell colony enhancing factor 1 (PBEFI1):
tttcccectcectececctecteecgecgaccgagcagtgacttaagcaac—
ggagcgcggtgaagctcatttttctecttecteg-
cagccgcgceccagggagctcecgecggecgecgecggceccctgtectececggeeccgagatg

(Seq ID No: 1224)

Ho-

mo sapiens cyclin Bl interacting protein 1, E3 ubiquitin pro
tein ligase (CCNB1IPl): ctttctttccctctcecgttttggtgggectggtt-
gaagatgaaatccactgaggagggaagtccagcaccctgtgtgccag-
tccagaactggcccatctgtagacccectgaaaatcatatgggecttggatttgga-
tattctcaacagaaagggttaaaggctgatggtacctaaagcctggtacttgaatttt-
gatcaagataagctgccttaagttctcttcattacacaaatgatcctagataattgata-
gatcctgtggttcaactggatttctagatagaagctggattcatgtgatgccagaggag-
taaaatttcaagagactgaaaccagatctgagtttcgctgttccagtctggacctcecttt-
ggtgctgtaaatcctggatatactgtagatgag-
tactgcgtttttcttttatggectctecttcagettectggagacctcactatectattatyg
(Seq ID No: 1225)

Homo sapiens STEAP family member 3, metalloreductase
(STEAP3) :
ccgcecttcgeccgeggaccttcagetgecgecggtecgectecgageggecgggeccgecagagatg
acatttattcattttatgcatcctgggttctactggtcgtcccacctcagttectgtage
aaagagacttgagtctgagccactaattatcacccgtgaggtttcctccccgagcaggaa
gcagcaggccagagctgcgctctctcagtgcactctccaaccaagcatcagtcaccactc
ccggtccagceccectgtggeccaagagectggcgtgcaggctgcgggaggcagetggetgtge
aagaccctggcagggccctcgecctecctgagaaaccgagagtcagaaccaaagccaggcetg
tcctggttggagactgageccagaaagggtggctcacctcacggtgaggectgtcecgagtgac
ctgagagcctcagaccctcacgtcagccggatg (Seq ID No: 1226)

Homo sapiens nicotinamide nucleotide transhydrogenase (NNT):
tgttcttecgggttggaggcgcagegecgecggggcccaa-
gcccgggtcectgeccagegecgacgtectctegeggecctecaggg-
cacagcccaaggctgtcagcectcceccggceccagtgatttgecttcaaggaaactggggag—
tcagaaaattgggaactcatatcaacatg (Seq ID No: 1227)
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Homo sapiens SHC

(Src homology 2 domain containing) transforming protein 1
(SHC1): gtccctctcectecceccag-
gacttctgtgactcctgggeccacagaggtccaaccaggctaagggecctgggga—-
tacccecctgectggeccceccttgeccaaactggcaggggggecaggetgggecag-
cagcccctcectttcacctcaactatg (Seq ID No: 1228)

Homo sapiens bromodomain containing 8 (BRD8): cggcccttcca-
gaccgtctctcctcagggttggagacttcggggeccaagatg (Seq ID No: 1229)

Homo sapiens ring finger protein 13 (RNF13): tcgcctctttag-
taggtcgggtgagtgtagtgtgcagggaagagac-
gcgtcagcgccagggccaggceccgeccgggggcagececcggcageccgaatecttggge-
tactctgtcccaacagccggagcagatcagaccgac—
cggccctgceccgcecteggtececcgegecctccagaccctacggtectecegtttctagggg-
cacatggttagcggcaggcgcccacagccaatccacttt-
gccagcctgceccecttectectgeccaagagecagettettcageecgegeteccagtteeg-
cagacgcctgccccaccctgcectettecectteccagggaagacggatcacgcggecaa-
gaacgagactcgcaaactgggcatttcteccgagcecgggctagagcaagtagcga-
gactccgcgtgagagtgggaaagagccttaacaggcaaccatgttgeccag-
tgggttttctgtgectttgggtgcggaccaatgaggegegtggggegg-
gacttccgcttecgectaggtgttgtegteecctgectag-
tactccgggectgtgggggtecggtgecggatattcagtcatgaaatcaggg-
tagggacttctcccgcagcgacgecggctggcaagactgtttgtgttgegggggeeg-
gacttcaagagagaaagagagagtgggcagacatcgaagccaaacagcagtatcccg-
gaagcactcatgcaactttggtggcggccactcagttttctctgeccagtgtctggtgat-
tttacaacgagatg (Seqg ID No: 1230)

Homo sapiens aldolase A, fructose-bisphosphate (ALDOA) :
ccgcctectgegecgeccecctteccgaggctaaatcggetgegttectetecggaac-
gcgccgcagaaggggtcectggtgacgagtcceccgegttetctecttgaatccac—
tcgccagceccgecgecectetgecgecgecaccectgcacacccgeccctectectgtgecag-
gaacttgctactaccagcaccatg (Seq ID No: 1231)

Homo sapiens LY6/PLAUR domain containing 6 (LYPD6):
cgctccttcececctgagecteccgggetccggecagecgegetggecggggegecgeatt—
gcacactctgggggcgccgcagtgttcgtgggatggggcagecgggetg-
cagctggcggceccggaatccecgecgegecagececgggtgecaagttcectetectgttgecctgag-
tgcccactcecccaggcececctectgtatgagtgacacttcagtcectgecatg

(Seq ID No: 1232)

Homo sapiens butyrophilin, subfamily 3, member Al (BTN3Al):
cagtctctgctttctttttectttcttccagaaggagatttaaccatagtagaaa-
gaatggagaactattaactgcctttcttctgtgggctgtgattttcagaggg-
gaatgctaagaggtgattttcaatgttgggactcaaaggtgaagacac-
tgaaggacagaatttttggcagaggaaagatcttcttcggtcaccatacttgag-
ttagctctagggaagtggaggtttccatttggaattc-
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tatagcttcttccaggtcatagtgtcectgeccecccaccttecagtatctectga-
tatgcagcatgaatg (Seq ID No: 1233)

Homo sapiens lipoic acid synthetase (LIAS): ctgtcctttcccgg-
gagttagcgatccctcaacccecctgecactgcecgctagtectaaagaggaaatyg
(Seq ID No: 1234)

Homo sapiens C-type lectin domain family 7, member A
(CLEC7A) : gattctcttttgtccacagacagtcatctcaggagcagaaagaaaa-
gagctcccaaatgctatatctattcaggggctctcaagaacaatg

(Seq ID No: 1235)

Homo sapiens CD247 molecule (CD247): actccttttctcctaac-
cgtcccggecac-
cgctgcctcagectcetgectcecceccagectcetttectgagggaaaggacaagatg
(Seq ID No: 1236)

Homo sapiens myeloid zinc finger 1 (MZFl): aa-
gcctttctceccattttgecggtctaggaagtagcagaggcececcttectgtagggagtt-
gccatggagacgcggtggggcaccgacggagttctaatgacggecgtgattggtgcag-
gatcctgctaatctcaggaaggceccgtagagaagtgaggaaaacgtggtgggggg-
catgcgcgatctggtaggcggtgectgecgtcectgttgtacctgagaggcttgeg-
catgccgacgcacggattcgaggcggggagcatgggaagaagcggccaggagtatgac-
ctgatcattgcgaccaccgctaggggaagggaggagagggtgtagaaacggggac—
gagggtgggggaagggcaaggaggcgctcgagctggtgcgecggagcatcctgggagac—
gtagtccagcgggagggggaagtcgaagactgegegtgectcaggagecgeg-
gagcggcccgctgagcgcagaggggcagacactggectcagatacctgacctgg-
taccctctatg (Seqg ID No: 1237)

Homo sapiens E2F transcription factor 6 (E2F6):
cctccectetttttecgtetgegtecgggagectcececgggecac—
gtgaggccgtgccgecgtttactggcgggcgggacggcecctagececgggeggecgecteggag-
gaagccgcggacccecttaggtgetgggecectt-
ggaaatcggcgcgtggggggcggtgctcgagectgagcgcgagagggcggga-
gagctcgtggggtgcgaggggagcaggacgcccggecgggceagcatg

(Seqg ID No: 1238)

Homo sapiens purinergic receptor P2Y, G-protein coupled, 10
(P2RY10) : _
cttcctcectttcaacaacaaatgtgtcagttatcagcaggatceccatgecgecagagtaaag
ctttctaccctttactcecctgcaaagaaacaagagtgcttatcccagctaagcecteccaggg
taatgttatcatgacagcttcaacttttagaccacaggcaaatgctttgttaaaactcta
tgctggtcattcccttcaggatttggcactcaccaacatacccttetttcaagtgaaaag
gcatctcttttaatggtcctgacctttggaataggaagcatgtaccctggacagagcact
tcaaactagaggaaccataaatccatg (Seq ID No: 1239)

Homo sapiens chromosome 9 open reading frame 85 (C9orf85):
catccttttgcctgctcecceggecgaggggtggetttgattteggegatyg
(Seq ID No: 1240)
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Homo sapiens ERGIC and golgi 3 (ERGIC3):
cgtcccettteccggecggtcecccatg (Seq ID No: 1241)

Homo sapiens ankyrin repeat domain 46 (ANKRD46):
ccctececcectecgeccgtcaccgectecttgaa—
gctgccgctgtcgetgectgectcecgttcecgagtecgecagatccttgeccagecacattacagaa-
tatttttgttgaaccttcttgagaattcagagaaactgctgagtgaccactgaac—
gaaaagatctaatcttaaggcttacgcctcactttgatgcccaggectggag-
tgctgtggctcaatcacagctcatcgcaacctcgac-
ctcccgggectcaagtgatcecctctcacctcagegteccgaacaggegtgttecatccac-
cacatcagaacaatg (Seq ID No: 1242)

Homo sapiens Ras and Rab interactor-like (RINL):
tcctctcteccacttectgetactgcaggectectecteccga-
gaacagaggccaggtcatgactcactggcttcctgcaacctgac-
gatggcccagccagaagacaaggcac—
ctgaagtccccacagagggggtgaggtgaacaaagcagacag-
gacccctctaggggtcctcagcaccctagagccacttactcgectgecagag-
gacatggggggtgtggcatgtgccagagctggatacccaggatgcggaggecectt-
gtggggctgtggccactagggagtttcttggtcacaggac-
gtgaccccagccaggccecctggtgttgaggtcaggacctttaccaggagaagtcaatac-
ctaccagatccagaagattcccagaggtgtgtcecctggaatcctccaacctctgcatg
(Seqg ID No: 1243)

Homo sapiens embigin (EMB): ccgccttttcttcagecgtecctacccgegg-
cactggctgcgagcgccgggccacctgecgagtgtgegecagggactetg-
gacacccgcggcggcgagctgagggagcagtctccacgaggacccaggeg-
gaccctctggcgeccatg (Seq ID No: 1244)

Homo sapiens MMS22-like, DNA repair protein (MMS22L):
ccgcctttececggagegecgggcgegecggtggecgggaatttegectgtttgeggttta-
gaccccaaagattcctgttggtggtctgggtcacaggaggcaggtttcgggagetg-
gaaatgtgagcgggtacgacaggcaccgcgggtaaccgacgceccccgggtecttgetg-
cagccgggtacgcgggataccggcaccccgecttcectecgececcgag-
tgctgccaggcgtgggcctggaatctcecttcacaccttctctttggagecccttaatga-
tacgacgaaccccaagtgtttcagaacatgaagtaaacaatg (Seq ID No: 1245)

Homo sapiens chromosome 19 open reading frame 54 (Cl9orf54):
actcctttecctttttccagtggttatcgeggecgeccaccggectectgatectectgagtett
Cctccaacccacagacgttttttgttgctctggttccaggaccttctccacaactaggcca
ttttccctgecaggtgtectttttgacctettgacctectgactcaaagggectgetcccce
ctcatgtcttcggcctggagaagagccagctcctgaaggaggcectttgataaggccggcece
cggtccccaagggcagagaagatgtgaagaggcttctgaaactacacaaggaccggttcce
gaggtgacctgcggtggatcctcttctgtgcagacctgeccgtecctcatccaagaaggcece
ctcaatg (Seq ID No: 1246)

Homo sapiens zinc finger protein 621 (ZNF621):
cgccctteccggectecggectttagttagtgaccagectecteggegttetg-
cagagcgtgggtttcagcgagttctac-
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gtgccaggtccgccecggtgecggettectegetgececctggeggectecgtcageccceccac-
tacccctgaacttggtcccaatggecggececcgecectecttcacccggaccgtggg-
catctgggcctcgeccgaagecgtcaaggtggectgetecgggettceta-
gagcccgtgtccagecectttgeccaccgaggectgatectettttectgecctaaa-
gaacttgccctgacagcctctggectccecgetcecttgaggatecttgett-

- gtccaaacccagaagacagtgcatgaagccaggggacatccgccatg

(Seq ID No: 1247)

Homo sapiens family with sequence similarity 73, member A
(FAM73A): ccgccttctccatg (Seq ID No: 1248)

Homo sapiens RNA binding motif protein 43 (RBM43):
ccgcccttttecttegtagectccaagggagctggaacaaaaaacgaaaccaaaac-
ctgcctgcectcecgectectcectecccatecgectgegttecgetggtt-
gtgggctttctgcggccgectgagggecgegtctececctecgecatyg

(Seq ID No: 1249)

Homo sapiens spermatogenesis and centriole associated 1
(SPATC1) : caccctccttcagcccaggcaaggecctggggeecctggg-
cagcctccaggtgcagtgccctceccecgtgggecgecacccttgeccactgecccagggcatg
(Seqg ID No: 1250)

Homo sapiens carbonic anhydrase XIII (CAl3):
ctttctcttcecttccacceccgagggaccatg (Seq ID No: 1251)

Homo sapiens transglutaminase 2

(C polypeptide, protein-glutamine-gamma-glutamyltransferase)
(TGM2) : cgctctccgectcecggcagtgeccagecgeccagtggtecgecactt-
ggagggtctcgccgeccagtggaaggageccaccgeccccgeccgaccecatyg

(Seg ID No: 1252)

Homo sapiens NOP2/Sun domain family, member 4 (NSUN4):
atttcctttececttttttegectegtgteccecgecgggtggegetcaccacctececg-
gaacacgcgagtctcctgtcgeggttecggtecggaattacceccgtggagcacgecga-
tatg (Seq ID No: 1253)

Homo sapiens mitochondrial ribosome recycling factor (MRRF):
gagtctttccttagtaacctgggcgatagctgtggatgtttccaaggattgtcttcagt-
catg (Seq ID No: 1254)

Homo sapiens PHD finger protein 17 (PHF17):
cttcctceccataacaagccaaacgccagaccgagagtgectececgtgegecgagtgececggtg
tgtgcgcgeccggecgagagcaggggceccgcecccggctcecececcgeecgecgeggeccgaactceca
tgcagctccgagcgagcgagcggecgeccagecccagegectecggecgaaccceccteecgcage
aggctgcctgctgtttcccggggagatcatg (Seq ID No: 1255)

Homo sapiens prolylcarboxypeptidase (angliotensinase C)
(PRCP) : cctcecttttecgececctecccaccecgecactgecagtectceccagectgagcecatg
(Seq ID No: 1256)
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Homo sapiens proteolipid protein 1 (PLP1l): aagcccttttcatt-
gcaggagaagaggacaaagatactcagagagaaaaagtaaaagaccgaa-
gaaggaggctggagagaccaggatccttccagctgaacaaagtcagccacaaa-
gcagactagccagccggctacaattggagtcagagtcccaaagacatg

(Seq ID No: 1257)

Homo sapiens coiled-coil domain containing 80 (CCDC80):
cagccttctcactcctcactgagtccactctgaacgtgctaaaatgg-
gaaggaggcggtgttttgctgatctgttaaattcttagtgaagtttccttgatttccag-
tggctgctgttgtttgagtttggtttggagcaaaactgaggtagtectaacatttectgg-
gactgaatccaggcaagagaaagaagaaaaagaagaagaaaaagaggag-
gaaaaaggtagggagaaataaagggaggagagaagcacagtgaaa-
gaaaaaaaaagtcccttttcgacatcacattecctgtgttttcecctcagectg-
gaaaacatattaatcccagtgcttttacgcccggaaacaaagagactaagccagac-
tatgggggaaagggagataagaaggatcctggaactttaaagagggaaagagtgagat-
tcagaaatcgccaggactggactttaagggacgtcctgtgtcagcacaagggactgg-
cacacacagacacacgagaccgaggagaaactgcagacaaatggagatacaaagactta-
gaaggacagctcctttcacctcatcctacttgtccagaaggtaaaaaga-
cacagccagaaagaaaaggcatcggctcagctctcagatcaggacaggctgtg-
gatctgtggcggtactctgaaagctggagctgcagcacaccectttt-
gtattgctcaccctcggtaaagagagagagggctgggaggaaaagtagttcatctag-
gaaactgtcctgggaaccaaacttctgatttcttttgcaaccctctgcattccatcte-
tatgagccaccattggattacacaatg (Seq ID No: 1258)

Homo sapiens chromosome 20 open reading frame 44 (C20orfdd):
cgacctctttgcgecctgegecccececttgecagtectttegecggcaaaaggaggac-
gtagaaaaggggacaccggaaactcactcttcacccggaaatggttattgaggaacatg
(Seq ID No: 1259)

Homo sapiens tryptophanyl tRNA synthetase 2, mitochondrial
(WARS2) : cgcccttctcaagatg (Seq ID No: 1260)

Homo sapiens myotubularin related protein 2 (MTMR2):
ctttcectgtgctgececctgecgecgegatggagaagagectcecgagectgecgagagtettgge
tcccagecggeggcggctecggecgeccagegtggactecttgteccagttaatgtgttaag
agccattgacatttgaagatcatcagaagtgaagataaaacatctcaaaaattataattg
cctccacttctcattcagagaattcagtgcatacaaaatcagecttctgttgtatcatcag
attccatttcaacttctgccgacaacttttctecctgatttgaggagggagtctcgcetcta
tcccctaggctggagtgcattggcecgecatcecteggetcatttgcaacctectgtcectecececggg
ttcaagcgattctecctgectcagecttceccgaggagectgggattacaggtcctgagggagt
ctaacaagttagcagaaatg (Seq ID No: 1261)

Homo sapiens reticulon 3 (RTN3): cgccctctagctgcecgctcggctgag-
tcagtcagtctgtcggagtctgtectcggagcaggcggagtaaagggactt—~
gagcgagccagttgccggattattctatttceccecctecctcectectecccgecceg-
tatctcttttcacccttcteccaccctegetegegtagecatg

(Seq ID No: 1262)
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Homo sapiens G protein-coupled receptor 56 (GPR56):
gtccctecectcetcecegecactagetgtetgecctgecectgecgtaggagatgggetgg-
gagcctcccacgcectctccagctcactecggcaggcagcggggaccagggcetgg—
caggttaagcctctgggggtggatcctgaaaggtggtccagecgectggececctgegtgg-
gaccctccacctggcagcagacagggtctegectcectgtcacacaggectggagtgcag-
tggtgtgatcttggctcatcgtaacctccacctececgggttcaagtgat-
tctcatgcctcagecctececgagtagectgggattacaggtggtgacttccaagag-
tgactccgtcggaggaaaatg (Seq ID No: 1263)

Ho-

mo sapiens immunoglobulin superfamily containing leucine-ric
h repeat (ISLR): gctcctccctgecgcectectetcagtg-
gatggttccaggcaccctgtctggggcagggagggcacaggcctg-
cacatcgaaggtggggtgggaccaggctgccecctcgecceccagcatccaagtecteectt-
gggcgcceccgtggececctgecagactctcagggectaaggtectectgttgettttt-
ggttccaccttagaagaggctccgcttgactaagagtagcttgaaggaggcaccatyg
(Seq ID No: 1264)

Homo sapiens glycoprotein M6A (GPM6A) :
atttcttttccecccattttaaatgcaaagcaagactt-
gtgaatcatagtgtctctgctcctgggattcagac-
caaatttccccccaaaattctcaggectatttgtttgaatacctgettacagtgg-
tacacaatgggcagctttgagaagaaaaattgataatcttcacggaagagtaattt-
gaatgaaattacacttgacagcctgtctccaagcaaacaagaggaac-
gagggagcctgagctaagctctgaggacttgcccaageccactgetgtt-
ggagcttcccaggaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaacaccag-
tttttccaacatctaattgagcttttgattaattccgtgtaccagattctactgaa-
gaaaggtagccatg (Seq ID No: 1265)

Homo sapiens splicing factor 1 (SFl): ctccctcttt-
gtgcgtctecgcgecgeccgecgeccgecgegtgagaggacgggectecgecgegeteecgg-
cagcgcattcgggtccececteccceccgggaggcttgecgaaggagaagccgecgcagag-
gaaaagcaggtgccggtgcecctgtcccecgggggegecatg (Seq ID No: 1266)

Homo sapiens cell cycle associated protein 1 (CAPRINI):
ccgcccectcecgcecgacccagagggctgectggetggcectaagtecctececgetceceeggetcectceg
cctcactaggagcggctctcggtgcagcgggacagggcgaagcggectgecgeccac—
ggagcgcgcgacactgeccggaagggaccgccacccttgececcctcagetgeccac-
tcgtgatttccagcggectccgegegegecacgatg (Seq ID No: 1267)

Homo sapiens hypothetical protein FLJ90297 (LOC388152):
ctgccctecttgegtgecececcggecaccecccgggeggecttgtagecggtgegeggggtgget
ggggctacgtgcagagctgtcgcggageccggaacagcagcggtgaagecccteggetcegg
ccgagaccgccgtgcecccattgectecgecteggttgececgeecgetttagecgcagecgetget
gccgceccgccgggggagaggcagectattgtetttetecgecggegaaggtgaggagetgtce
tcggctcggeccecgecgggggagcecccgggagecgecacggagatggaggaggacatcectggac
agtgagcaggaggcgcctcggcccatg (Seqg ID No: 1268)
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Homo sapiens kelch-like ECH-associated protein 1 (KEAP1):
cgccctcectecceccgectecttttegggegtecccgaggecgectececccaaccgacaaccaa—
gaccccgcaggccacgcagccctggageccgaggeececcceccgacggcyg-
gaggcgcccgcgggtccectacagccaaggtcececctgagtgecagaggtggtggtgtt-
gcttatcttctggaaccccatg (Seq ID No: 1269)

Homo sapiens F-box protein 38 (FBX038): ctccctctcaaccacaa-
taacaggcggagggtcggcgtaggtactttgaactcaagtaaacaaaagggaagat-
tttctcgttgatactggagactgcacaacaatg (Seq ID No: 1270)

Homo sapiens musculoskeletal, embryonic nuclear protein 1
(MUSTN1) : agatcttttccagcagctgctgecctgccagagaggcgecttcaga-
gacccagcgcttacacaatacccaccatg (Seq ID No: 1271)

Homo sapiens QKI, KH domain containing, RNA binding (QKI):
cctcectcectececggeggeggeggecggcggeggegggeggagtgagetgeggagectg-
gaatatg (Seq ID No: 1272)

Ho- :

mo sapiens protein phosphatase 1, catalytic subunit, beta is
oform (PPPICB): gggcctctctt-
gtttatttatttattttccgtgggtgectccgagtgtgegegegetetege-
tacccggcecggggagggggtggggggagggcccgggaaaagggggagte-
ggagccggggtcgaaacgccgcegtgacttgtaggtgagagaacgccgagcececgtegecg-
cagcctccgeccgceccgagaagcececttgttecegetgetgggaaggagag-
tctgtgeccgacaagatg (Seq ID No: 1273)

Homo sapiens methyltransferase like 21B (METTL21B): cagcctc-
taccccgctccggatccgggatctgagcgccggccgcggtgcccaggcactccctt—
ggcgggccggatg (Seq ID No: 1274)

Homo sapiens adaptor-related protein complex 3, mu 1 subunit
(AP3M1): cggccttctcggcttctccagecttecggtaggagag-
gatccggcgceccgaatcactgactggcacaggtgttgggatagtgtcectcactt-
ggtcacccaggctggagtgcagtggcgcaatcttagectcte-
tacagcgtcgatcttcctcecctgggctcaagcaattectectgettcatcctectgagtac—
ctaggactacagaaaatg (Seqg ID No: 1275)

Homo sapiens muscleblind-like splicing regulator 1 (MBNL1):

cagtcttttcactgcagctgaatgagttgtggcgecccacaatgctecccatgacaaggage
tgacaagttccattttccgtcgecgggecatcttggaatcatgactcccacaatgecttggg
cacttggtcgacagtggggccgcctctgaaaaaaaaatgtgagaggttggtactaagaag
tgcctttcecctgacgtctcectgetgettggaaccgecttctagagecagtctectgettttgect
tgcttgctgccagctagactgtgacgacagcacatccaccctccacctctagecccagaca

‘cccccatttctacttataatcaagagaaaagctctaagtatctggcattgecctaggetg

ctttagtgttaaaagaaaagtttgctgaaaaagtaagatatcttctgccaggaaatcaag
gaggaaaaaaaaaatcattttctcgattttgctctaaactgctgcatctgtctatgceccaa
actaatcaataccgattgcaccaccaaactccattgcaaattcagctgtgaggagattcce
ctttcagacaactttgctgaaagcagcttggaaattcggtgtcgaagggtctgccacgtt



10

15

20

25

30

35

40

WO 2013/143699 PCT/EP2013/000937
309

ttcatgcttgcattttgggctccaaattggecactgggaaggggttactgagagcacaagg
ctgataccaggccctacttttaaacgttcatctacttacaatcctagtatttctctaaaa
accaaaacctctttgaattaacagtttcatgctgtgaatttctagtgggagatcttttcce
ttgatattgacgacacaattttccatgtacttttaaagcagggagtggggaaaagtattt
tgaggggacattttcatcatcagttcagetttttttttttggttgttgectcttttttggg
ggggttgggtttgttggtttcactgaaacatttaactacctgtaaaatctaaacatg
(Seq ID No: 1276)

Ho-

mo sapiens lipid phosphate phosphatase-related protein type
1 (LPPR1): cagccttttgctctttcctttcattaaacaaacaggagatcctgaaac-
ctggaccctgtgcaagctgcagcgccaggaggaggcagecggaggaagcagagcgegg-
gatgggcgcccagcggcatctgtgatcececgegecacctececgececcacgggegegeg-

' cacaaacacggacacacacatacacacactcgcgcacacactcgcacaaacacacac—

tcgtacacgccecgegecgetcecgetcecgecggettgetectceccacgecaagecggaatgcag-
cagcgcctggagagcegtgtctecggaccgecgectgaatgtacctegeteccgggagecg-
gacggcccagtagggcgcactggaggacgctceccecgectgegggagectggacagttttt-
gacggtgcagtcttgctatatggtgtgagaaatg (Seq ID No: 1277)

Homo sapiens muscleblind-like splicing regulator 2 (MBNL2):
ctgtctttgcttcatcatctgaaggtaaaattttccagatacggcagac—-
ggctttcagagtacaataaacagggaatgagaac-
tatttacatggaagtttctttctcatgatgecggtggagaagectcggeccactt-

"ggttctgccagatgttcecctggggttactgtaaatgg-

gaaggacaggcagagctaaacaaggtttatcatttaaaagtgcctgtgtgaagtcac-
ttttgctggaaaactgcagcttgggagctttctttgtattcacatcccac-
tcttctgtcaagtacactttaccctgaccttatgagtggatgaagatacctcagtt—
gtctgactttgccaattgcttaatttcagaatttaaaaaggggaaa-
gaaaaacatcctgctaaaatatgaacatctgagtgtcttattttccaacatcgtcaa-
tagctgtgagcgtcagcattaaatattctcccaaggagtgccatgatattgaagtcac-
tttattaataacagctgtatctgcaaaacagtcaagagactcggacgttgaaagccaga-
gatgacactgagcatgcttttattgcggcctaccatctttaagtgg-
gacatattgattgatgagtgattgcctgtccatacactctctcatcatecctgtteett-
ggattggacttcactaagcaatttatcactcaccttcagacttacatgtgggag-
ttttcacaacagtagttttggaatcattagaacttggattgat-
ttcatcatttaacagaaacaaacagcccaaattactttatcaccatg

(Seq ID No: 1278)

Homo sapiens chromosome 3 open reading frame 25 (C3o0rf2)5):
gcgcctttecgcacgacttggagttacggtttatctgataccgeggtacececctacgcaa-
gcaagcccacatcgacacacattcacacacgcccttcagcacccecteccagcaccac—
gaccatg (Seq ID No: 1279)

Homo sapiens testis expressed 19 (TEX19):
cctectectttecctgggtgeccacatgaacagagacaccaggatgectctectgagacca
cagcaactgcagaagctgaagacatttccagaagttcaagcttccaccectctg-
caggtccccactgagctgggacccaggtcatccaccccaccccaaatcecectgga-
taggaaacccctttctectectgetecttgtecececcttecatecectgeccgeccagecatee-
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tactggcctcagcacctgtggccagaccgtccaagatcctctgaaggeccagectettget
gtccaccccggcagtaggcaggcagectggecatg (Seqg ID No: 1280)

Homo sapiens protein kinase C, beta (PRKCB): gcctccctcccccg-
cagctggggccagcggtgccaagcgcagectggacgagcggcagcagectgggecgag=-
tgacagccceccggcectceccgegecgecgeggecgccagagccggcgcaggggaa-
gcgcceccgcggcecccgggtgcagcagecggecgceccgectceccecgcecgectecccggeccg-
cagcccgceggtcecccgeggecccggggecggecacctectegggecteecggectecececgegeg-
caagatg (Seq ID No: 1281)

Homo sapiens protein kinase N1 (PKN1l): ccctcecctccgegeggg-
gacccctggecgggcggcaggaggacatg (Seq ID No: 1282)

Homo sapiens hemochromatosis type 2 (juvenile) (HFE2):
ccttectectggttcecectgacctcagtgagacagcagececggcctggggacctgggggaga-
cacggaggaccccctggctggagctgacccacagagtagggaatcatggctggagaatt-
ggatagcagagtaatgtttgacctctggaaacatcac-
ttacagggcttccggtcaaaattcactaggtaggagggtcatcagctgggaagaac—
cggcgcctgggaaacctggctggataggtatg (Seqg ID No: 1283)

Homo sapiens ribosomal protein L9 (RPL9): cgttctttcttt-
gctgcgtctactgcgagaatg (Seq ID No: 1284)

Homo sapiens ribosomal protein L3 (RPL3): cggcctct/ﬁcggcgg—
gatttgatggcgtgatg (Seq ID No: 1285)

Homo sapiens ribosomal protein L4 (RPL4): acttccttttcctgtgg-
cagcagccgggctgagaggagcgtggectgtctectctcteccgecatg
(Seq ID No: 1286)

Homo sapiens ribosomal protein L5 (RPL5):
tggcccttttcccacccecectagecgecgetgggectgecaggtetectgtcgagecageggac—-
gccggtctctgttccgcaggatg (Seq ID No: 1287)

Homo sapiens ribosomal protein L6 (RPL6):
aattctctttcccatcttgcaagatg (Seq ID No: 1288)

Homo sapiens ribosomal protein L7 (RPL7):
cttcctetttttececggectggaaccatg (Seq ID No: 1289)

Homo sapiens ribosomal protein L7a (RPL7A):
ctttecctttctctctectecececgecgeccaagatg (Seq ID No: 1290)

Homo sapiens ribosomal protein L11 (RPL11):
ctttctcttcectgectctccatcatg (Seq ID No: 1291)

Homo sapiens ribosomal protein L12 (RPL12):
cggcctcteggectttcggectcggaggaggccaaggtgcaacttecctteggtegteccgaa
tccgggttcatccgacaccageccgectccaccatg (Seq ID No: 1292)
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Homo sapiens ribosomal protein L13 (RPL13):
gcttcctttcegecteggetgttttecectgegcaggagecgecagggecgtaggecagecatg
(Seq ID No: 1293)

Homo sapiens ribosomal protein L23 (RPL23):
acttccttttttcttttttccggcgttcaagatg (Seq ID No: 1294)

Homo sapiens ribosomal protein L18 (RPL18): cgttctctctttccg-
gacctggccgagcaggaggcgccatcatg (Seq ID No: 1295)

Homo sapiens ribosomal protein L18a (RPL18A): acttcctttt-
gcgggtggcggcgaacgcggagagcacgccatg (Seq ID No: 1296)

Homo sapiens ribosomal protein L19 (RPL19):
agctctttcctttcgectgectgecggeccgcagecatg (Seq ID No: 1297)

Homo sapiens ribosomal protein L21 (RPL21):
gcctcectttectttecggecggaaccgccatctteccagtaattcgecaaaatg
(Seq ID No: 1298)

Homo sapiens ribosomal protein L22 (RPL22): ac-
ctccctttctaacteccgectgecgecatg (Seg ID No: 1299)

Homo sapiens ribosomal protein L23a (RPL23A): agacccttttca-
caagatg (Seq ID No: 1300)

Homo sapiens ribosomal protein L17 (RPL17):
cgctcttcecctcectttececctaagcagectgagggttgactg-
gattggtgaggcccgtgtggctacttctgtggaagcagtgctgtagttactggaaga-
taaaagggaaagcaagcccttggtgggggaaagtatggctgcgatgatgg-
catttcttaggacacctttggattaataatgaaaacaactactctctgag-
cagctgttcgaatcatctgatatttatactgaatgagttactgtaagtac-
gtattgacagaattacactgtactttcctctaggtgatctgtgaaaatg

(Seq ID No: 1301)

Homo 'sapiens ribosomal protein L24 (RPL24):
ttctctetttcecttttcgecatcttttgtetttcecgtggagetgtegecatyg
(Seq ID No: 1302)

Homo sapiens ribosomal protein L26 (RPL26):
agttctcttcccttttgecggccatcaccgaagecgggagecggccaaaatg
(Seq ID No: 1303)

Homo sapiens ribosomal protein L27 (RPL27): ctttccttttt-
gctggtagggccgggtggttgctgecgaaatg (Seq ID No: 1304)

Homo sapiens ribosomal protein L30 (RPL30):
aagtctttcctttctcgtteccccggccatecttageggetgetgttggtt-
gggggccgtcccgcectectaaggcaggaagatg (Seq ID No: 1305)
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Homo sapiens ribosomal protein L27a (RPL27A):
cctteectttttegtctgggectgccaacatg (Seq ID No: 1306)

Homo sapiens ribosomal protein L28 (RPL28):
cttcctectttecgtctcaggtcgecgectgecgaagggagceccgecgcecatg
(Seq ID No: 1307)

Homo sapiens ribosomal protein L29 (RPL29):
cagcccctttcectecttecggttctaggecgettcgggagececgeggettatggtgcagacatg
(Seq ID No: 1308)

Homo sapiens ribosomal protein L31 (RPL31):
cgctcttcctttccaacttggacgctgcagaatg (Seq ID No: 1309)

Homc sapiens ribosomal protein L32 (RPL32):
ccgtcecttcectcectettectecggegetgectacggaggtggcageccatctecttectegg-
catcatg (Seq ID No: 1310)

Homo sapiens ribosomal protein L35a (RPL35A):
cgtccttctcttaccgccatcttggectecctgtggaggecctgectgggaacgg-
gacttctaaaaggaactatg (Seq ID No: 1311)

Homo sapiens ribosomal protein L37 (RPL37):
ccttctcttecggtetttetggtecteggecgecagaagegagatg
(Seq ID No: 1312)

Homo sapiens ribosomal protein L37a (RPL37A):
gcgtctcttectttcectgggctecggacctaggtcgeggecgacatg
(Seq ID No: 1313)

Homo sapiens ribosomal protein L38 (RPL38):
cgttctttttcecgteccttttcececcecggttgetgettgetgtgagtgtectectagggtgatac—
gtgggtgagaaaggtcctggtccgecgeccagagecccagecgegectcecgtcecgcecatg

(Seq ID No: 1314)

Homo sapiens ribosomal protein L39 (RPL39):
ccctectcettectttcectecgecatecgtggtgtgttcttgactecgetgetegecatg
(Seq ID No: 1315)

Homo sapiens ribosomal protein, large, PO (RPLPO): ag-
gcccttcectcectegeccaggegtectegtggaagtgacatecgtetttaaaccctgegtgg-
caatccctgacgcaccgccgtgatg (Seg ID No: 1316)

Homo sapiens ribosomal protein, large, Pl (RPLP1):
cggtccttccgaggaagctaaggectgecgttggggtgaggeccctcac~
ttcatccggcgactagcaccgecgtccggcagegeccagecctacactcgeeccgegecatyg
(Seq ID No: 1317)
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Homo sapiens ribosomal protein, large, P2 (RPLP2):
ccttcecttttecteecctgtegecaccgaggtegecacgegtgagacttctecgecgectece
gccgcagacgceccgecgegatg (Seq ID No: 1318)

Homo sapiens ribosomal protein S3 (RPS3):
acttcctttcctttcagecggagcgecggecggcaagatg (Seq ID No: 1319)

Homo sapiens ribosomal protein S3A (RPS3A): ccgccctttt-
ggctctctgaccagcaccatg (Seq ID No: 1320)

Homo sapiens ribosomal protein S4, X-linked (RPS4X):
ggtcctctttccttgectaacgcageccatg (Seq ID No: 1321)

Homo sapiens ribosomal protein S4, Y-linked 1 (RPS4Y1l): gat-
tctcttcecgtcecgecagagtttcgecatg (Seqg ID No: 1322)

Homo sapiens ribosomal protein S5 (RPS5): ttttcttcccag-
ttaaaagtgttggcccgecggcgecgeggectettectgtetgtac-
cagggcggcgcgtggtctacgccgagtgacagagacgctcaggctgtgttctcaggatg
(Seq ID No: 1323) '

Homo sapiens ribosomal protein S6 (RPS6):
ggccctcettttecgtggegectecggaggecgttcagetgettcaagatg
(Seq ID No: 1324)

Homo sapiens ribosomal protein S7 (RPS7): gggtctcttcctaa-
gccggcgctcecggcaagttctcccaggagaaagecatg (Seq ID No: 1325)

Homo sapiens ribosomal protein S8 (RPS8):
gtttctctttccageccagecgeccgagecgatg (Seq ID No: 1326)

Homo sapiens ribosomal protein S9 (RPS9): gcgcctctttctcag-

tgaccgggtggtttgcttaggcgcagacggggaagcggagccaacatg
(Seq ID No: 1327)

Homo sapiens ribosomal protein S10 (RPS10):
gctccttecttteccageccecggtaccggacectgcagecgecagagatg
(Seq ID No: 1328)

Homo sapiens ribosomal protein $11 (RPS11):
ctgcccctttcetttttttcaggeggecgggaagatg (Seq ID No: 1329)

Homo sapiens ribosomal protein S12 (RPS12): ag-
gcctctttcecctgecgecgecgagtcgecgeggaggcggaggecttgggtgegttcaagat-
tcaacttcacccgtaacccaccgeccatg (Seq ID No: 1330)

Homo sapiens ribosomal protein S13 (RPS13): cgctctcctttegtt-
gcctgatcgccgeccatcatg (Seq ID No: 1331)
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Homo sapiens ribosomal protein S15 (RPS15): cgatctcttctgag-
gatccggcaagatg (Seq ID No: 1332)

Homo sapiens ribosomal protein S15a (RPS15A):
cgtcctcectttecgecatcectttecgegecggtgagtagecactectetga-
gagctccaatttcatccgtctgccatcggecgecatcctgcaatctaageccacaatyg
(Seq ID No: 1333)

Homo'sapiens ribosomal protein S16 (RPS16):
ctttccttttcececggttgecggegecgecgeggtgaggttgtctagteccacgectecggage-
catg (Seq ID No: 1334)

Homo sapiens ribosomal protein S19 (RPS19):
cgttcccttteccctggectggcagegeggaggecgecacgatg (Seq ID No: 1335)

Homo sapiens ribosomal protein S20 (RPS20):
ccacccctttetttttgaggaagacgecggtecgtaagggectgaggatttttggtceecgecac-
gctcctgctcectgactcaccgetgttegectectegecgaggaacaagtcggtcaggaa-
gcccgcecgcgcaacagcecatg (Seq ID No: 1336)

Homo sapiens ribosomal protein S21 (RPS21):
gcttecectttctcectectegegegeggtgtggtggcagcaggegcageccagectecgaaatyg
(Seq ID No: 1337)

Homo sapiens ribosomal protein $S23 (RPS23):
gcttctctectttcgetcaggeccgtggegecgacaggatg (Seqg ID No: 1338)

Homo sapiens ribosomal protein S25 (RPS25): gcttcecttttt-
gtccgacatcttgacgaggctgcggtgtctgctgectattctececgagettcecgecaatg
(Seq ID No: 1339)

Homo sapiens ribosomal protein S26 (RPS26):
ccgtctcectcectectecggtecgtgectccaagatg (Seqg ID No: 1340)

Homo sapiens ribosomal protein S27 (RPS27):
cgctcctttccggecggtgacgacctacgcacacgagaacatg (Seq ID No: 1341)

Homo sapiens ribosomal protein S28 (RPS28): actcctctccgcca-
gaccgccgccgcgcecgeccatcatg (Seq ID No: 1342)

Homo sapiens ribosomal protein S29 (RPS29): gcttcttccttttac-
ctcgttgcactgctgagagcaagatg (Seq ID No: 1343)

Homo sapiens ribosomal protein L15 (RPL15):
agctctttecctttecgtctggecggcageccatcaggtaagccaagatg
(Seq ID No: 1344)

Homo sapiens ribosomal protein S2 (RPS2):
cgttcttcttttccgacaaaacaccaaatg (Seq ID No: 1345)
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Homo sapiens ribosomal protein L14 (RPL14):
gggtcttcttccttctecgectaacgecgeccaacatg (Seq ID No: 1346)

Homo sapiens ribosomal protein S14 (RPS14):
ctctctttcecggtgtggagtctggagacgacgtgcagaaatg (Seq ID No: 1347)

Homo sapiens ribosomal protein L10 (RPL10):
gcgectctttceecttcecggtgtgccactgaagatcctggtgtegecatg
(Seq ID No: 1348)

Homo sapiens ribosomal protein L10a (RPLlOA)ﬁ tag-
tctctttteccggttagegecggegtgagaageccatg (Seq ID No: 1349)

Homo sapiens ribosomal protein L35 (RPL35): tcctctttcccteg-
gagcgggcggcggcgttggeggettgtgcagcaatg (Seq ID No: 1350)

Homo sapiens ribosomal protein L13a (RPL13A):
cctcctecttttccaageggectgecgaagatg (Seq ID No: 1351)

Homo sapiens ribosomal protein L36 (RPL36): cagcccttccgccac-
ggccgtctctggagagcagcagccatg (Seqg ID No: 1352)

Homo sapiens ribosomal protein L36a (RPL36A):
gtttectttecttteccgegecgatagegetcacgcaagecatg (Seq ID No: 1353)

Homo sapiens ribosomal protein L41 (RPL41):
tcgece tttcectctcecggecttagegecatttttttggaaacctectgegcecatg
(Seq ID No: 1354)

Homo sapiens ribosomal protein S18 (RPS18): cgctctctcttcca-
caggaggcctacacgccgccgcttgtgctgcagecatg (Seq ID No: 1355)

Homo sapiens ribosomal protein S24 (RPS24):
ggttctcttttecctcecttggctgtctgaagatagatecgeccatcatyg
(Seq ID No: 1356)

Homo sapiens ribosomal protein L8 (RPL8):
tttcctectttcggecgegetggtgaacaggtaggtcatecttgeggecttgeggeatyg
(Seq ID No: 1357)

Homo sapiens ribosomal protein L34 (RPL34): cttcctcttccggg-
gacgttgtctgcaggtatg (Seq ID No: 1358)

Homo sapiens ribosomal protein S17 (RPS17): gtttcctcttttac-
caaggacccgccaacatg (Seq ID No: 1359)

Homo sapiens ribosomal protein SA (RPSA): ctgtcttttccgtge-
tacctgcagaggggtccatacggegttgttctggatteccegteg-
taacttaaagggaaattttcacaatg (Seq ID No: 1360)
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Ho-

mo sapiens eukaryotic translation initiation factor 3, subun

it C (EIF3C):

cttctctectecggegtttecgetgtcagggeecctgeggtgtgactecgegggctcagetggt

ccggccgtagcacctccgcgecgtcegecatg (Seqg ID No: 1361)

Homo sapiens poly(A) binding protein, cytoplasmic 1

(PABPC1): cgctctcctcctctcacggaaaggtcgecggectgtggecctgegggecag-

ccgtgccgagatg (Seq ID No: 1362)

Homo sapiens tubulin, beta 1 class VI (TUBBl): cac-
tcccttceccaaaagcatgacaggcagaaagcagagaagggecag-

gactggctgagggcggggagctgggectcectggggtggacacaccecttggtcacatt-

gtgagggtagcttggttggccagtcccaccactgcagtgaccacagttgtgtt-

gggctcacaccagtgaaccgaagctctggattctgagagtctgaggattccgtgaa-

gatctcagacttgggctcagagcaaggatg (Seqg ID No: 1363)

PpLuc(GC)-ag-A64

GGGAGARAGCTTGAGGATGGAGGACGCCAAGAACATCAAGAAGGGCCCGGCGCCCTTCTA
CCCGCTGGAGGACGGGACCGCCGGCGAGCAGCTCCACAAGGCCATGAAGCGGTACGCCCT
GGTGCCGGGCACGATCGCCTTCACCGACGCCCACATCGAGGTCGACATCACCTACGCGGA
GTACTTCGAGATGAGCGTGCGCCTGGCCGAGGCCATGAAGCGGTACGGCCTGAACACCAA
CCACCGGATCGTGGTGTGCTCGGAGAACAGCCTGCAGTTCTTCATGCCGGTGCTGGGCGC
CCTCTTCATCGGCGTGGCCGTCGCCCCGGCGAACGACATCTACAACGAGCGGGAGCTGCT
GAACAGCATGGGGATCAGCCAGCCGACCGTGGIGTTCGTGAGCAAGAAGGGCCTGCAGAA
GATCCTGAACGTGCAGAAGAAGCTGCCCATCATCCAGAAGATCATCATCATGGACAGCAA
GACCGACTACCAGGGCTTCCAGTCGATGTACACGTTCGTGACCAGCCACCTCCCGCCGGG
CTTCAACGAGTACGACTTCGTCCCGGAGAGCTTCGACCGGGACAAGACCATCGCCCTGAT
CATGAACAGCAGCGGCAGCACCGGCCTGCCGAAGGGGGTGGCCCTGCCGCACCGGACCGL
CTGCGTGCGCTTCTCGCACGCCCGGGACCCCATCTTCGGCAACCAGATCATCCCGGACAC

-CGCCATCCTGAGCGTGGTGCCGTTCCACCACGGCTTCGGCATGTTCACGACCCTGGGCTA

CCTCATCTGCGGCTTCCGGGTGGTCCTGATGTACCGGTTCGAGGAGGAGCTGTTCCTGCG
GAGCCTGCAGGACTACAAGATCCAGAGCGCGCTGCTCGTGCCGACCCTGTTCAGCTTCTT
CGCCAAGAGCACCCTGATCGACAAGTACGACCTGTCGAACCTGCACGAGATCGCCAGCGG
GGGEGCCCCGCTGAGCAAGGAGGTGGGCGAGGCCGTGGCCAAGCGGTTCCACCTCCCGGG
CATCCGCCAGGGCTACGGCCTGACCGAGACCACGAGCGCGATCCTGATCACCCCCGAGGG
GGACGACAAGCCGGGCGCCGTGGGCAAGGTGGTCCCGTTCTTCGAGGCCAAGGTGGTGGA
CCTGGACACCGGCAAGACCCTGGGCGTGAACCAGCGGGGCGAGCTGTGCGTGCGGGGGCT
GATGATCATGAGCGGCTACGTGAACAACCCGGAGGCCACCAACGCCCTCATCGACAAGGA
CGGCTGGCTGCACAGCGGCGACATCGCCTACTGGGACGAGGACGAGCACTTCTTCATCGT
CGACCGGCTGAAGTCGCTGATCAAGTACAAGGGCTACCAGGTGGCGCCGGCCGAGCTGGA
GAGCATCCTGCTCCAGCACCCCAACATCTTCGACGCCGGCGTGGCCGGGCTGCCGGACGA
CGACGCCGGCGAGCTGCCGGCCGCGGTGGTGGTGCTGGAGCACGGCAAGACCATGACGGA
GAAGGAGATCGTCGACTACGTGGCCAGCCAGGTGACCACCGCCAAGAAGCTGCGGGGCGE
CGTGGTGTTCGTGGACGAGGTCCCGAAGGGCCTGACCGGGAAGCTCGACGCCCGGAAGAT
CCGCGAGATCCTGATCAAGGCCAAGAAGGGCGGCAAGATCGCCGTGTAAGACTAGTTATA
AGACTGACTAGCCCGATGGGCCTCCCAACGGGCCCTCCTCCCCTCCTTGCACCGAGATTA
ATAGATCTAAAAAAAAAAAANAAAADAAAADADAAAADANAAAAAAAAAAARAAAARAARA
AAAAAAAAARAAA (SEQ ID No: 1364)
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RPL32-PpLuc(GC)-ag-A64-C30-histoneSL

GGGGCGCTGCCTACGGAGGTGGCAGCCATCTCCTTCTCGGCATCAAGCTTGAGGATGGAG
GACGCCAAGAACATCAAGAAGGGCCCGGCGCCCTTCTACCCGCTGGAGGACGGGACCGCC
GGCGAGCAGCTCCACAAGGCCATGAAGCGGTACGCCCTGGTGCCGGGCACGATCGCCTTC
ACCGACGCCCACATCGAGGTCGACATCACCTACGCGGAGTACTTCGAGATGAGCGTGCGC
CTGGCCGAGGCCATGAAGCGGTACGGCCTGAACACCAACCACCGGATCGTGGTGTGCTCG
GAGAACAGCCTGCAGTTCTTCATGCCGGTGCTGGGCGCCCTCTTCATCGGCGTGGCCGTC
GCCCCGGCGAACGACATCTACAACGAGCGGGAGCTGCTGAACAGCATGGGGATCAGCCAG
CCGACCGTGGTGTTCGTGAGCAAGAAGGGCCTGCAGAAGATCCTGAACGTGCAGAAGAAG
CTGCCCATCATCCAGAAGATCATCATCATGGACAGCAAGACCGACTACCAGGGCTTCCAG
TCGATGTACACGTTCGTGACCAGCCACCTCCCGCCGGGCTTCAACGAGTACGACTTCGTC
CCGGAGAGCTTCGACCGGGACAAGACCATCGCCCTGATCATGAACAGCAGCGGCAGCACC
GGCCTGCCGAAGGGGGTGGCCCTGCCGCACCGGACCGCCTGCGTGCGCTTCTCGCACGLCC
CGGGACCCCATCTTCGGCAACCAGATCATCCCGGACACCGCCATCCTGAGCGTGGTGCCG

"TTCCACCACGGCTTCGGCATGTTCACGACCCTGGGCTACCTCATCTGCGGCTTCCGGGTG
"GTCCTGATGTACCGGTTCGAGGAGGAGCTGTTCCTGCGGAGCCTGCAGGACTACAAGATC

CAGAGCGCGCTGCTCGTGCCGACCCTGTTCAGCTTCTTCGCCAAGAGCACCCTGATCGAC
AAGTACGACCTGTCGAACCTGCACGAGATCGCCAGCGGGGGCGCCCCGCTGAGCAAGGAG
GTGGGCGAGGCCGTGGCCAAGCGGTTCCACCTCCCGGGCATCCGCCAGGGCTACGGCCTG
ACCGAGACCACGAGCGCGATCCTGATCACCCCCGAGGGGGACGACAAGCCGGGCGCCGTG
GGCAAGGTGGTCCCGTTCTTCGAGGCCAAGGTGGTGGACCTGGACACCGGCAAGACCCTG
GGCGTGAACCAGCGGGGCGAGCTGTGCGTGCGGGGGCCGATGATCATGAGCGGCTACGTG
AACAACCCGGAGGCCACCAACGCCCTCATCGACAAGGACGGCTGGCTGCACAGCGGCGAC
ATCGCCTACTGGGACGAGGACGAGCACTTCTTCATCGTCGACCGGCTGAAGTCGCTGATC
AAGTACAAGGGCTACCAGGTGGCGCCGGCCGAGCTGGAGAGCATCCTGCTCCAGCACCCC
AACATCTTCGACGCCGGCGTGGCCGGGCTGCCGGACGACGACGCCGGCGAGCTGCCGGCC
GCGGTGGTGGTGCTGGAGCACGGCAAGACCATGACGGAGAAGGAGATCGTCGACTACGTG
GCCAGCCAGGTGACCACCGCCAAGAAGCTGCGGGGCGGCGTGGTGTTCGTGGACGAGGTC
CCGAAGGGCCTGACCGGGAAGCTCGACGCCCGGAAGATCCGCGAGATCCTGATCAAGGCC
AAGAAGGGCGGCAAGATCGCCGTGTAAGACTAGTTATAAGACTGACTAGCCCGATGGGCC
TCCCAACGGGCCCTCCTCCCCTCCTTGCACCGAGATTAATAGATCTAAAAAAAAARAAAAA
AAAAARAAAAAAAAAAAAAAAAAAAAANAAAAAAAAAAAAAAAAAAAAAAATGCATCCCCC

CCCCCCCCCCCCCCCCCCCCCCCCCCAAAGGCTCTTTTCAGAGCCACCAGAATT (SEQ ID No:

1365)

fragment of the 5’UTR of human ribosomal protein Large 32.

ACGGAGGTGGCAGCCATCTCCTTCTCGGCATC (SEQ ID No: 1366)

fragment of the 5’UTR of human ribosomal protein Large 32
GGCGCTGCCTACGGAGGTGGCAGCCATCTCCT (SEQ ID No: 1367)

5’UTR of human ribosomal protein Large 32 lacking the 5/
terminal oligopyrimidine tract

GGCGCTGCCTACGGAGGTGGCAGCCATCTCCTTCTCGGCATC (SEQ ID No. 1368)

Human albumin 3’UTR
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CATCACATTT AAAAGCATCT CAGCCTACCA  TGAGAATAAG AGAAAGAAAA
TGAAGATCAA  AAGCTTATTC  ATCTGTTTTT CTTTTTCGTT GGTGTAAAGC
CAACACCCTG  TCTAAAAAAC  ATAAATTTCT TTAATCATTT TGCCTCTTTT
CTCTGTGCTT CAATTAATAA AAAATGGAAA GAATCT (SEQ ID No: 1369)

3'UTR of Homo sapiens hemoglobin, alpha 1 (HBAL)
gctggagcctcggtggeccatgecttecttgececectt-
gggcctccccecceccageccectcectececttectgecaccegtacceceecgtggtcectttgaa-
taaagtctgagtgggcggce (SEQ ID No: 1370)

3’UTR of Homo .sapiens hemoglobin, alpha 2 (HBA2)
gctggagcctcggtagecgttectectgeccegetgggecteccaac—

.gggccctcectecectecttgecaccggeecttectggtectttgaataaagtctgagtgggecag

(SEQ ID No: 1371)

3’UTR of Homo sapiens hemoglobin, beta (HBB)
Gectcgcetttettgectgtccaatttctattaaaggttectttgttececctaagteccaactacta-
aactgggggatattatgaagggccttgagcatctggattctgectaa-
taaaaaacatttattttcattgc (SEQ ID No: 1372)

3’UTR of Homo sapiens tyrosine hydroxylase (TH)
gtgcacggcgtccctgagggecccttceccaaccteccectggtectgecactgteeceg-
gagctcaggccctggtgaggggctgggtceccgggtgececccatgeccteecctgetygeca
ggctcccactgccecctgcacctgecttcectecageg- '
caacagctgtgtgtgcccgtggtgaggtt-
gtgctgcctgtggtgaggtcctgtcecctggetcecccagggtectgggggetgectgecac-

-tgccctecgeccttecctgacactgtectgetgecccaatcaccgtcacaataaaa-

gaaactgtggtctcta (SEQ ID No: 1373)

3’UTR of Homo sapiens arachidonate 15-lipoxygenase (ALOX15)

gcgtcgccaccctttggttatttcageccccatcacccaageccacaagctgaccectteg
tggttatagccctgececctceccaagtcccacectetteccatgteccaccectecctagagyg
ggcaccttttcatggtctctgcacccagtgaacacattttactctagaggcatcacctgg

-gaccttactcctctttecttecttectectttectatettecttectetectetettecte

tttcttcattcagatctatatggcaaatagccacaattatataaatcatttcaagactag
aatagggggatataatacatattactccacaccttttatgaatcaaatatgatttttttg
ttgttgttaagacagagtctcactttgacacccaggctggagtgcagtggtgccatcacc
acggctcactgcagcctcagcgtectgggctcaaatgatcctecccacctcagectectga
gtagctgggactacaggctcatgccatcatgcccagctaatatttttttattttcgtgga
gacggggcctcactatgttgcctaggctggaaataggattttgaacccaaattgagttta
acaataataaaaagttgttttacgctaaagatggaaaagaactaggactgaactatttta
aataaaatattggc (SEQ ID No: 1374)

3’UTR of Homo sapiens collagen, type I, alpha 1 (COL1Al)
actccctccatcccaacctggcectceccecteccacccaaccaactttceccececccaacceg-
gaaacagacaagcaacccaaactgaaccccctcaaaagccaaaaaatgggaga-
caatttcacatggactttggaaaatatttttttcctttgcattcatctctcaaacttag-
tttttatctttgaccaaccgaacatgaccaaaaaccaaaagtgcattcaaccttac-
cCaaaaaaaaaaaaaaaaaaagaataaataaataactttttaaaaaaggaagctt-
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ggtccacttgcttgaagacccatgcgggggtaagtcecctttectgeececgtt-
gggcttatgaaaccccaatgctgccctttetgetectttctccacacceecctt-
ggggcctccectcecactectteccaaatctgtctececccagaagacacag-
gaaacaatgtattgtctgcccag-
caatcaaaggcaatgctcaaacacccaagtggcccccaccctcageccgetectgeccge
ccagcacccceccaggcecctgggggacctggggttctcagactgeccaaagaagectt-
gccatctggcgctceccatggectcecttgcaacatctececttegttttt-
gagggggtcatgccgggggagccaccagcecccctcactgggttcggaggagagtcag-
gaagggccacgacaaagcagaaacatcggatttggggaacgcgtgtcaatcecett-

.gtgccgcagggctgggcgggagagactgttctgttecttgtgtaactgtgttgectgaaa-

gactacctcgttcttgtcttgatgtgtcaccggggcaactgecctgggggcggg-
gatgggggcagggtggaagcggctceccccattttataccaaaggtge-
tacatctatgtgatgggtggggtggggagggaatcactggtgctatagaaattga-
gatgcccceccccaggcecagecaaatgttectttttgttcaaagtctatttttattecttga-
tatttttctttttttttttttttttttgtggatggggactt-
gtgaatttttctaaaggtgctatttaacatgggagga-
gagcgtgtgcggctccagecccagececcgectgetcactttceccaccctcectcecteccac-
ctgcctctggcttctcaggectectgectctcececgac-
ctctctcctctgaaaccctectceccacagectgcageccatectececcggetecctectag-
tctgtccectgegtectectgteccecgggtttcagagacaacttcccaaagcacaaagcag-
tttttcececectaggggtgggaggaagcaaaagactctgtacctattttgtatgtg-
tataataatttgagatgtttttaattattttgattgctggaataaagcatgtg-
gaaatgacccaaacataa (SEQ ID No: 1375)

albumin7 3"UTR
CATCACATTTAAAAGCATCTCAGCCTACCATGAGAATAAGAGAAAGAAAATGAA-
GATCAATAGCTTATTCATCTCTTTTTCTTTTTCGTTGGTGTAAA-
GCCAACACCCTGTCTAAAAAACATAAATTTCTTTAATCATTTT-
GCCTCTTTTCTCTGTGCTTCAATTAATAAAAAATGGARAGAACCT (SEQ ID No:
1376) .

Human albumin 3’UTR + poly(A) sequence

CATCACATTT AAAAGCATCT CAGCCTACCA TGAGAATAAG AGAAAGAAAA TGAA-
GATCAA AAGCTTATTC ATCTGTTTTT CTTTTTCGTT GGTGTAAAGC
CAACACCCTG TCTAAAAAAC ATAAATTTCT TTAATCATTT TGCCTCTTTT
CTCTGTGCTT - CAATTAATAA AAAATGGAAA GAATCTAGAT CTAAAAAAAA
AAAAAAAAAA AAAAAAAAAA AAAAAARAAAA AAAAAARAAAA AAAARAAAARA
AAAAAA (SEQ ID No: 1377)

Human albumin 3’UTR fragment 1

AAAAGCATCT CAGCCTACCA TGAGAATAAG AGAAAGAAAA TGAAGATCAA AA-
GCTTATTC ATCTGTTTTT CTTTTTCGTT GGTGTAAAGC CAACACCCTG
TCTAAAAAAC ATAAATTTCT TTAATCATTT TGCCTCTTTT CTCTGTGCTT CAATT
(SEQ ID No: 1378)

Human albumin 3’UTR fragment 2
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CATCACATTT AAAAGCATCT CAGCCTACCA
TGAAGATCAA AAGCTTATTC ATCTGTTTTT

CAACACCCTG

(SEQ ID No:

1379)

320

Human albumin 3’UTR fragment 3

AAAAGCATCT CAGCCTACCA TGAGAATAAG
AAGCTTATTC ATCTGTTTTT CTTTTTCGTT

TCTAAAARAC

(SEQ ID No:

1380)

Human albumin 3'UTR fragment 4

CAGCCTACCA TGAGAATAAG AGAAAGAAAA
ATCTGTTTTT CTTTTTCGTT GGTGTAAAGC

ATAAATTTCT

(SEQ ID No:

1381)

Human albumin 3'UTR fragment 5

TGAGAATAAG AGAAAGAAAA TGAAGATCAA
CTTTTTCGTT GGTGTAAAGC CAACACCCTG

TTAATCATTT

TGCCTCTTTT

(SEQ ID No:

(SEQ ID No:

1382)

1383)

"Human albumin 3’UTR fragment 6
AGAAAGAAAA TGAAGATCAA AAGCTTATTC
GGTGTAAAGC CAACACCCTG TCTAAAAAAC

Human albumin 3’UTR fragment 7

TGAAGATCAA AAGCTTATTC ATCTGTTTTT
CAACACCCTG TCTAAAAAAC ATAAATTTCT

CTCTGTGCTT (SEQ ID No: 1384)

Human albumin 3’UTR fragment 8

CAATTAATAA

(SEQ ID No:

1385)

- AAGCTTATTC ATCTGTTTTT CTTTTTCGTT
TCTAAAARAAC ATAAATTTCT TTAATCATTT

Human albumin 3’UTR fragment 9

ATCTGTTTTT CTTTTTCGTT GGTGTAAAGC
ATAAATTTCT TTAATCATTT TGCCTCTTTT

AAAATGGAARA

Human albumin 3’ UTR fragment 10

CAGCCTACCA TGAGAATAAG AGAAAGAAAA
ATCTGTTTTT CTTTTTCGTT GGTGTAAAGC
ATAAATTTCT TTAATCATTT TGCCTCTTTT

(SEQ ID No:

Human albumin 3’UTR fragment 11

(SEQ ID No:

1387)

1386)

TGAGAATAAG
CTTTTTCGTT

AGAAAGAAAA
GGTGTAAAGC

TGAAGATCAA
CAACACCCTG

AAGCTTATTC
TCTAAAAAAC

ATCTGTTTTT
ATAAATTTCT

CTTTTTCGTT
TTAATCATTT

GGTGTAAAGC
TGCCTCTTTT

CAACACCCTG
CTCTGTGCTT

TGAAGATCAA
CAACACCCTG
CTCTGTGCTT

PCT/EP2013/000937

AGAAAGAAAA
GGTGTAAAGC

TGAAGATCAA
CAACACCCTG

AAGCTTATTC
TCTAAAAAAC

ATCTGTTTTT
ATAAATTTCT

CTTTTTCGTT
TTAATCATTT

GGTGTAAAGC
TGCCTCTTTT

CAACACCCTG
CTCTGTGCTT

TCTAAAAAAC
CAATTAATAA

AAGCTTATTC
TCTAAAAAAC

CAATTAATAA A
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" TGAAGATCAA AAGCTTATTC ATCTGTTTTT CTTTTTCGTT

CAACACCCTG TCTAAAAAAC ATAAATTTCT TTAATCATTT
CTCTGTGCTT CAATTAATAA A (SEQ ID No: 1388)

Human albumin 3’ UTR fragment 12

CTTTTTCGTT GGTGTAAAGC CAACACCCTG TCTAAAAAAC
TTAATCATTT TGCCTCTTTT CTCTGTGCTT CAATTAATAA
1389)

Human albumin 3'UTR fragment 13
AAGCTTATTC. ATCTGTTTTT CTTTTTCGTT GGTGTAAAGC
TCTAAAAAAC (SEQ ID No: 1390)

Sequence according to formula (Ic)
NGNNNNNNUNNNNNCN (SEQ ID NO: 1391)

- Sequence according to formula (IIc):
N*N*NNNNGNNNNNNUNNNNNCNNNN*N*N* (SEQ ID NO:

Sequence according to formula (Id):
NCNNNNNNUNNNNNGN (SEQ ID NO: 1393)

Sequence according to formula (IId)

N*N*NNNNCNNNNNNUNNNNNGNNNN*N*N*  (SEQ ID NO:

Sequence according to formula (Ie)
DGNNNNNNUNNNNNCH (SEQ ID NO: 1395)

Sequence according to formula (IIe)
N*N*NNNDGNNNNNNUNNNNNCHNNN*N*N* (SEQ ID NO:

Sequence according to formula (If)
NGNBYYNNUNVNDNCN (SEQ ID NO: 1397)

Sequence according to formula (IIf)
N*N*NNNNGNBYYNNUNVNDNCNNNN*N*N* (SEQ ID NO:

Sequence according to formula (Iqg)
NGHYYYDNUHABRDCN (SEQ ID NO: 1399)

Sequence according to formula (IIg)

N*N*HNNNGHYYYDNUHABRDCNNNN*N*H* (SEQ ID NO:

Sequence according to formula (Ih)
DGHYCUDYUHASRRCC (SEQ ID NO: 1401)

PCT/EP2013/000937

GGTGTAAAGC
TGCCTCTTTT

ATAAATTTCT
A (SEQ ID No:

CAACACCCTG

1392)

1394)

1396)

1398)

1400)
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Sequence according to

N*H*AAHDGHYCUDYUHASRRCCVHB*N*H*

Sequence according to
VGYYYYHHTHRVVRCB (SEQ

Sequence according to
SGYYYTTYTMARRRCS (SEQ

Sequence according to
SGYYCTTTTMAGRRCS (SEQ

Sequence according to
DGNNNBNNTHVNNNCH (SEQ

Sequence according to
RGNNNYHBTHRDNNCY (SEQ

Sequence according to
RGNDBYHYTHRDHNCY (SEQ

Sequence according to
VGYYYTYHTHRVRRCB (SEQ

Sequence according to
SGYYCTTYTMAGRRCS (SEQ

Sequence according to
SGYYCTTTTMAGRRCS (SEQ

Sequence according to
GGYYCTTYTHAGRRCC (SEQ

Sequence according to
GGCYCTTYTMAGRGCC (SEQ

Sequence according to
GGCTCTTTTMAGRGCC (SEQ

Sequence according to
DGHYCTDYTHASRRCC (SEQ

Sequence according to
GGCYCTTTTHAGRGCC (SEQ

Sequence according to
GGCYCTTTTMAGRGCC (SEQ

Sequence according to

H*H*HHVVGYYYYHHTHRVVRCBVHH*N*N *

Sequence according to

M*H*MHMSGYYYTTYTMARRRCSMCH*H*H*

322

formula (IIh)
formula (Ic)
ID NO: 1403)
formula (Ic)
ID NO: 1404)
formula (Ic)
ID NO: 1405)
formula (Ie)

ID NO: 1406)

(Ie)
1407)

(Ie)
1408)

(If)
1409)

(If)
1410)

(If)
1411)

(Ig)
1412)

(Ig)
1413)

(Ig)
1414)

(Ih)
1415)

(Ih)
1416)

(Ih)
1417)

(IIc)

formula
ID NO:

formula
ID NO:

formula
ID NO:

formula
ID NO:

formula
ID NO:

formula
ID NO:

formula
ID NO:

formula
ID NO:

formula
ID NO:

formula
ID NO:

formula
ID NO:

formula

formula (IIc)

PCT/EP2013/000937

(SEQ ID NO:

(SEQ ID NO:

(SEQ ID NO:
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Sequence according to formula (IIc)
M*M*MMMSGYYCTTTTMAGRRCSACH*M*H* (SEQ ID NO: 1420)

Sequence according to formula (IIe)
N*N*NNNDGNNNBNNTHVNNNCHNHN*N*N* (SEQ ID NO: 1421)

Sequence according to formula (IIe)
N*N*HHNRGNNNYHBTHRDNNCYDHH*N*N* (SEQ ID NO: 1422)

Sequence according to formula (IIe)
N*H*HHVRGNDBYHYTHRDHNCYRHH*H*H* (SEQ ID NO: 1423)

Sequence according to formula (IIf)
H*H*MHMVGYYYTYHTHRVRRCBVMH*H*N* (SEQ ID NO: 1424)

Sequence according to formula (IIf)
M*M*MMMSGYYCTTYTMAGRRCSMCH*H*H* (SEQ ID NO: 1425)

Sequence according to formula (IIf)
M*M*MMMSGYYCTTTTMAGRRCSACH*M*H* (SEQ ID NO: 1426)

Sequence according to formula (IIg) ‘
H*H*MAMGGYYCTTYTHAGRRCCVHN*N*M* (SEQ ID NO: 1427)

Sequence according to formula (IIg)
H*H*AAMGGCYCTTYTMAGRGCCVCH*H*M* (SEQ ID NO: 1428)

Sequence according to formula (IIg)
M*M*AAMGGCTCTTTTMAGRGCCMCY*M*M* (SEQ ID NO: 1429)
Sequence according to formula (IIh)

N*H*AAHDGHYCTDYTHASRRCCVHB*N*H* (SEQ ID NO: 1430)

Sequence according to formula (IIh)
H*H*AAMGGCYCTTTTHAGRGCCVMY*N*M* (SEQ ID NO: 1431)

Sequence according to formula (IIh)
H*M*AAAGGCYCTTTTMAGRGCCRMY*H*M* (SEQ ID NO: 1432)

Specific histone stem-loop sequence
CARAGGCTCTTTTCAGAGCCACCA (SEQ ID NO: 1433)

Center, oa-complex-binding portion of the 3’UTR of an a-globin

gene
GCCCGATGGGCCTCCCAACGGGCCCTCCTCCCCTCCTTGCACCG (SEQ ID NO: 1434)

ATP synthase lipid-binding protein, mitochondrial (atp5g2)
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tagttt ctcctctcga acgccaggtg gagcaaccgg ccggataccg ccacagccct
ggcaggcggce gctgtgatg. (SEQ ID NO: 1435)-

RPL35 - PpLuc(GC) - albumin7 - A64 - C30 - histoneSL

GGGGAGCGGGCGGCGGCGTTGGCGGCTTGTGCAGCAAAGCTTGAGGATGGAGGACGCCAA
GAACATCAAGAAGGGCCCGGCGCCCTTCTACCCGCTGGAGGACGGGACCGCCGGCGAGCA
GCTCCACAAGGCCATGAAGCGGTACGCCCTGGTGCCGGGCACGATCGCCTTCACCGACGC
CCACATCGAGGTCGACATCACCTACGCGGAGTACTTCGAGATGAGCGTGCGCCTGGCCGA
GGCCATGAAGCGGTACGGCCTGAACACCAACCACCGGATCGTGGTGTGCTCGGAGAACAG
CCTGCAGTTCTTCATGCCGGTGCTGGGCGCCCTCTTCATCGGCGTGGCCGTCGCCCCGGL
GAACGACATCTACAACGAGCGGGAGCTGCTGAACAGCATGGGGATCAGCCAGCCGACCGT
GGTGTTCGTGAGCAAGAAGGGCCTGCAGAAGATCCTGAACGTGCAGAAGAAGCTGCCCAT
CATCCAGAAGATCATCATCATGGACAGCAAGACCGACTACCAGGGCTTCCAGTCGATGTA
CACGTTCGTGACCAGCCACCTCCCGCCGGGCTTCAACGAGTACGACTTCGTCCCGGAGAG
CTTCGACCGGGACAAGACCATCGCCCTGATCATGAACAGCAGCGGCAGCACCGGCLTGCC
GAAGGGGGTGGCCCTGCCGCACCGGACCGCCTGCGTGCGCTTCTCGCACGCCCGGGACCC
CATCTTCGGCAACCAGATCATCCCGGACACCGCCATCCTGAGCGTGGTGCCGTTCCACCA
CGGCTTCGGCATGTTCACGACCCTGGGCTACCTCATCTGCGGCTTCCGGGTGGTCCTGAT
GTACCGGTTCGAGGAGGAGCTGTTCCTGCGGAGCCTGCAGGACTACAAGATCCAGAGCGC
GCTGCTCGTGCCGACCCTGTTCAGCTTCTTCGCCAAGAGCACCCTGATCGACAAGTACGA
CCTGTCGAACCTGCACGAGATCGCCAGCGGGGGCGCCCCGCTGAGCAAGGAGGTGGGCGA
GGCCGTGGCCAAGCGGTTCCACCTCCCGGGCATCCGCCAGGGCTACGGCCTGACCGAGAC
CACGAGCGCGATCCTGATCACCCCCGAGGGGGACGACAAGCCGGGCGCCGTGGGCAAGGT
GGTCCCGTTCTTCGAGGCCAAGGTGGTGGACCTGGACACCGGCAAGACCCTGGGCGTGAA
CCAGCGGGGCGAGCTGTGCGTGCGGGGGCCGATGATCATGAGCGGCTACGTGAACAACCC
GGAGGCCACCAACGCCCTCATCGACAAGGACGGCTGGCTGCACAGCGGCGACATCGCCTA
CTGGGACGAGGACGAGCACTTCTTCATCGTCGACCGGCTGAAGTCGCTGATCAAGTACAA
GGGCTACCAGGTGGCGCCGGCCGAGCTGGAGAGCATCCTGCTCCAGCACCCCAACATCTT
CGACGCCGGCGTGGCCGGGCTGCCGGACGACGACGCCGGCGAGCTGCCGGCCGCGGTGGT
GGTGCTGGAGCACGGCAAGACCATGACGGAGAAGGAGATCGTCGACTACGTGGCCAGCCA
GGTGACCACCGCCAAGAAGCTGCGGGGCGGCGTGGTGTTCGTGGACGAGGTCCCGAAGGG
CCTGACCGGGAAGCTCGACGCCCGGAAGATCCGCGAGATCCTGATCAAGGCCAAGAAGGG
CGGCAAGATCGCCGTGTAAGACTAGTGCATCACATTTAAAAGCATCTCAGCCTACCATGA
GAATAAGAGAAAGAAAATGAAGATCAATAGCTTATTCATCTCTTTTTCTTTTTCGTTGGT
GTAAAGCCAACACCCTGTCTAAAAAACATAAATTTCTTTAATCATTTTGCCTCTTTTCTC
TGTGCTTCAATTAATAAAAAATGGAAAGAACCTAGATCTAAAAAAAAAAAAAAARAAARA
AAAAAAAAAAAAAAAAAAAAAAAAAAAARAAAAAAAAAAARAAATGCATCCCCCCCLCCCCC

CCCCCCCCCCCCCCCCCCCARAGGCTCTTTTCAGAGCCACCAGAATT (SEQ ID NO: 1436)

RPL21 - PpLuc(GC) - albumin7 - A64 - C30 - histoneSL

GGGGCCGGAACCGCCATCTTCCAGTAATTCGCCAAAAAGCTTGAGGATGGAGGACGCCAA
GAACATCAAGAAGGGCCCGGCGCCCTTCTACCCGCTGGAGGACGGGACCGCCGGCGAGCA
GCTCCACAAGGCCATGAAGCGGTACGCCCTGGTGCCGGGCACGATCGCCTTCACCGACGC
CCACATCGAGGTCGACATCACCTACGCGGAGTACTTCGAGATGAGCGTGCGCCTGGCCGA
GGCCATGAAGCGGTACGGCCTGAACACCAACCACCGGATCGTGGTGTGCTCGGAGAACAG
CCTGCAGTTCTTCATGCCGGTGCTGGGCGCCCTCTTCATCGGCGTGGCCGTCGCCCCGGL
GAACGACATCTACAACGAGCGGGAGCTGCTGAACAGCATGGGGATCAGCCAGCCGACCGT
GGTGTTCGTGAGCAAGAAGGGCCTGCAGAAGATCCTGAACGTGCAGAAGAAGCTGCCCAT
CATCCAGAAGATCATCATCATGGACAGCAAGACCGACTACCAGGGCTTCCAGTCGATGTA
CACGTTCGTGACCAGCCACCTCCCGCCGGGCTTCAACGAGTACGACTTCGTCCCGGAGAG
CTTCGACCGGGACAAGACCATCGCCCTGATCATGAACAGCAGCGGCAGCACCGGLCCTGCC
GAAGGGGGTGGCCCTGCCGCACCGGACCGCCTGCGTGCGCTTCTCGCACGCCCGGGACCC
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CATCTTCGGCAACCAGATCATCCCGGACACCGCCATCCTGAGCGTGGTGCCGTTCCACCA
CGGCTTCGGCATGTTCACGACCCTGGGCTACCTCATCTGCGGCTTCCGGGTGGTCCTGAT
GTACCGGTTCGAGGAGGAGCTGTTCCTGCGGAGCCTGCAGGACTACAAGATCCAGAGCGC
GCTGCTCGTGCCGACCCTGTTCAGCTTCTTCGCCAAGAGCACCCTGATCGACAAGTACGA
CCTGTCGAACCTGCACGAGATCGCCAGCGGGGGCGCCCCGCTGAGCAAGGAGGTGGGCGA
GGCCGTGGCCAAGCGGTTCCACCTCCCGGGCATCCGCCAGGGCTACGGCCTGACCGAGAC
CACGAGCGCGATCCTGATCACCCCCGAGGGGGACGACAAGCCGGGCGCCGTGGGCAAGGT
GGTCCCGTTCTTCGAGGCCAAGGTGGTGGACCTGGACACCGGCAAGACCCTGGGCGTGAA
CCAGCGGGGCGAGCTGTGCGTGCGGGGGCCGATGATCATGAGCGGCTACGTGAACAACCC
GGAGGCCACCAACGCCCTCATCGACAAGGACGGCTGGCTGCACAGCGGCGACATCGCCTA
CTGGGACGAGGACGAGCACTTICTTCATCGTCGACCGGCTGAAGTCGCTGATCAAGTACAA
GGGCTACCAGGTGGCGCCGGCCGAGCTGGAGAGCATCCTGCTCCAGCACCCCAACATCTT
CGACGCCGGCGTGGCCGGGCTGCCGGACGACGACGCCGGCGAGCTGCCGGCCGCGGTGGT
GGTGCTGGAGCACGGCAAGACCATGACGGAGAAGGAGATCGTCGACTACGTGGCCAGCCA
GGTGACCACCGCCAAGAAGCTGCGGGGCGGCGTGGTGTTCGTGGACGAGGTCCCGAAGGG
CCTGACCGGGAAGCTCGACGCCCGGAAGATCCGCGAGATCCTGATCAAGGCCAAGAAGGG
CGGCAAGATCGCCGTGTAAGACTAGTGCATCACATTTAAAAGCATCTCAGCCTACCATGA
GAATAAGAGAAAGAAAATGAAGATCAATAGCTTATTCATCTCTTTTTCTTTTTCGTTGGT
GTAAAGCCAACACCCTGTCTAAAAAACATAAATTTCTTTAATCATTTTGCCTCTTTTCTC
TGTGCTTCAATTAATAAAAAATGGAAAGAACCTAGATCTAAAAAAAAARARAMARAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAARAAAAAAAARAATGCATCCCCCCCCCCCC
CCCCCCCCCCCCCCCCCCCAAAGGCTCTTTTCAGAGCCACCAGAATT (SEQ ID NO:

ATP5A1 - PpLuc(GC) - albumin7 - A64 - C30 - histoneSL

GGGCGGCTCGGCCATTTTGTCCCAGTCAGTCCGGAGGCTGCGGCTGCAGAAGTACCGCCT
GCGGAGTAACTGCAAAGAAGCTTGAGGATGGAGGACGCCAAGAACATCAAGAAGGGCCCG
GCGCCCTTCTACCCGCTGGAGGACGGGACCGCCGGCGAGCAGCTCCACAAGGCCATGAAG
CGGTACGCCCTGGTGCCGGGCACGATCGCCTTCACCGACGCCCACATCGAGGTCGACATC
ACCTACGCGGAGTACTTCGAGATGAGCGTGCGCCTGGCCGAGGCCATGAAGCGGTACGGC
CTGAACACCAACCACCGGATCGTGGTGTGCTCGGAGAACAGCCTGCAGTTCTTCATGCCG
GTGCTGGGCGCCCTCTTCATCGGCGTGGCCGTCGCCCCGGCGAACGACATCTACAACGAG
CGGGAGCTGCTGAACAGCATGGGGATCAGCCAGCCGACCGTGGTGTTCGTGAGCAAGAAG
GGCCTGCAGAAGATCCTGAACGTGCAGAAGAAGCTGCCCATCATCCAGAAGATCATCATC
ATGGACAGCAAGACCGACTACCAGGGCTTCCAGTCGATGTACACGTTCGTGACCAGCCAC
CTCCCGCCGGGCTTCAACGAGTACGACTTCGTCCCGGAGAGCTTCGACCGGGACAAGACC
ATCGCCCTGATCATGAACAGCAGCGGCAGCACCGGCCTGCCGAAGGGGGTGGCCCTGCCG
CACCGGACCGCCTGCGTGCGCTTCTCGCACGCCCGGGACCCCATCTTCGGCAACCAGATC
ATCCCGGACACCGCCATCCTGAGCGTGGTGCCGTTCCACCACGGCTTCGGCATGTTCACG
ACCCTGGGCTACCTCATCTGCGGCTTCCGGGTGGTCCTGATGTACCGGTTCGAGGAGGAG
CTGTTCCTGCGGAGCCTGCAGGACTACAAGATCCAGAGCGCGCTGCTCGTGCCGACCCTG
TTCAGCTTCTTCGCCAAGAGCACCCTGATCGACAAGTACGACCTGTCGAACCTGCACGAG
ATCGCCAGCGGGGGCGCCCCGCTGAGCAAGGAGGTGGGCGAGGCCGTGGCCAAGCGGTTC
CACCTCCCGGGCATCCGCCAGGGCTACGGCCTGACCGAGACCACGAGCGCGATCCTGATC
ACCCCCGAGGGGGACGACAAGCCGGGCGCCGTGGGCAAGGTGGTCCCGTTCTTCGAGGCC
AAGGTGGTGGACCTGGACACCGGCAAGACCCTGGGCGTGAACCAGCGGGGCGAGCTGTGC
GTGCGGGGGCCGATGATCATGAGCGGCTACGTGAACAACCCGGAGGCCACCAACGLCCCTC
ATCGACAAGGACGGCTGGCTGCACAGCGGCGACATCGCCTACTGGGACGAGGACGAGCAC
TTCTTCATCGTCGACCGGCTGAAGTCGCTGATCAAGTACAAGGGCTACCAGGTGGCGCCG
GCCGAGCTGGAGAGCATCCTGCTCCAGCACCCCAACATCTTCGACGCCGGCGTGGCCGGG
CTGCCGGACGACGACGCCGGCGAGCTGCCGGCCGCGGTGGTGGTGCTGGAGCACGGCAAG
ACCATGACGGAGAAGGAGATCGTCGACTACGTGGCCAGCCAGGTGACCACCGCCAAGAAG
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CTGCGGGGCGGCGTGGTGTTCGTGGACGAGGTCCCGAAGGGCCTGACCGGGAAGCTCGAC
GCCCGGAAGATCCGCGAGATCCTGATCAAGGCCAAGAAGGGCGGCAAGATCGCCGTGTAA
GACTAGTGCATCACATTTAAAAGCATCTCAGCCTACCATGAGAATAAGAGAAAGAARAATG
AAGATCAATAGCTTATTCATCTCTTTTTICTTTTTCGTTGGTGTAAAGCCAACACCCTGTC
TAAAAAACATAAATTTCTTTAATCATTTTGCCTCTTTTCTCTGTGCTTCAATTAATAARAA
AATGGAAAGAACCTAGATCTAAAAAAAAAAAAARAAAAAAAAAAAAAAAANAAAAAAAAA
AAAAANAARAAAAAAAAAAARAAAATGCATCCCCCCCCCCLCCCCCCLeeeececeeccecececece
AAAGGCTCTTTTCAGAGCCACCAGAATT (SEQ ID NO: 1438)

HSD17B4 - PpLuc(GC) - albumin7 - A64 - C30 - histoneSL
GGGTCCCGCAGTCGGCGTCCAGCGGCTCTGCTTGTTCGTGTGTGTGTCGTTGCAGGCCTT
ATTCAAGCTTGAGGATGGAGGACGCCAAGAACATCAAGAAGGGCCCGGCGCCCTTCTACC
CGCTGGAGGACGGGACCGCCGGCGAGCAGCTCCACAAGGCCATGAAGCGGTACGCCCTGG
TGCCGGGCACGATCGCCTTCACCGACGCCCACATCGAGGTCGACATCACCTACGCGGAGT
ACTTCGAGATGAGCGTGCGCCTGGCCGAGGCCATGAAGCGGTACGGCCTGAACACCAACC
ACCGGATCGTGGTGTGCTCGGAGAACAGCCTGCAGTTCTTCATGCCGGTGCTGGGCGCCC
TCTTCATCGGCGTGGCCGTCGCCCCGGCGAACGACATCTACAACGAGCGGGAGCTGCTGA
ACAGCATGGGGATCAGCCAGCCGACCGTGGTGTTCGTGAGCAAGAAGGGCCTGCAGAAGA
TCCTGAACGTGCAGAAGAAGCTGCCCATCATCCAGAAGATCATCATCATGGACAGCAAGA
CCGACTACCAGGGCTTCCAGTCGATGTACACGTTCGTGACCAGCCACCTCCCGCCGGGCT
TCAACGAGTACGACTTCGTCCCGGAGAGCTTCGACCGGGACAAGACCATCGCCCTGATCA
TGAACAGCAGCGGCAGCACCGGCCTGCCGAAGGGGGTGGCCCTGCCGCACCGGACCGCCT
GCGTGCGCTTCTCGCACGCCCGGGACCCCATCTTCGGCAACCAGATCATCCCGGACACCG
CCATCCTGAGCGTGGTGCCGTTCCACCACGGCTTCGGCATGTTCACGACCCTGGGCTACC
TCATCTGCGGCTTCCGGGTGGTCCTGATGTACCGGTTCGAGGAGGAGCTGTTCCTGCGGA
GCCTGCAGGACTACAAGATCCAGAGCGCGCTGCTCGTGCCGACCCTGTTCAGCTTCTTCG
CCAAGAGCACCCTGATCGACAAGTACGACCTGTCGAACCTGCACGAGATCGCCAGCGGGG
GCGCCCCGCTGAGCAAGGAGGTGGGCGAGGCCGTGGCCAAGCGGTTCCACCTCCCGGGCA
TCCGCCAGGGCTACGGCCTGACCGAGACCACGAGCGCGATCCTGATCACCCCCGAGGGGG
ACGACAAGCCGGGCGCCGTGGGCAAGGTGGTCCCGTTCTTCGAGGCCAAGGTGGTGGACC
TGGACACCGGCAAGACCCTGGGCGTGAACCAGCGGGGCGAGCTGTGCGTGCGGGGGCCGA
TGATCATGAGCGGCTACGTGAACAACCCGGAGGCCACCAACGCCCTCATCGACAAGGACG
GCTGGCTGCACAGCGGCGACATCGCCTACTGGGACGAGGACGAGCACTTCTTCATCGTCG
ACCGGCTGAAGTCGCTGATCAAGTACAAGGGCTACCAGGTGGCGCCGGCCGAGCTGGAGA
GCATCCTGCTCCAGCACCCCAACATCTTCGACGCCGGCGTGGCCGGGCTGCCGGACGACG
ACGCCGGCGAGCTGCCGGCCGCGGTGGTGGTGCTGGAGCACGGCAAGACCATGACGGAGA
AGGAGATCGTCGACTACGTGGCCAGCCAGGTGACCACCGCCAAGAAGCTGCGGGGCGGCG
TGGTGTTCGTGGACGAGGTCCCGAAGGGCCTGACCGGGAAGCTCGACGCCCGGAAGATCC
GCGAGATCCTGATCAAGGCCAAGAAGGGCGGCAAGATCGCCGTGTAAGACTAGTGCATCA
CATTTAAAAGCATCTCAGCCTACCATGAGAATAAGAGAAAGAAAATGAAGATCAATAGCT
TATTCATCTCTTTTTCTTTTTCGTTGGTGTAAAGCCAACACCCTGTCTAAAAAACATARAA
TTTCTTTAATCATTTTGCCTCTTTTCTCTGTGCTTCAATTAATAAAAAATGGAAAGAACC
TAGATCTAAAAAAAAAAAAAAARAAAAAAAAAAARAAAAAAAAAAAAAAAAAARARRARARAA
AAARAAAAAAMAATGCATCCCCCCCCCCCCCCeeeeeceeecececccccaAAAGGCTCTTTTC
AGAGCCACCAGAATT (SEQ ID NO: 1439)

AIGl - PpLuc(GC) - albumin7 - A64 - C30 - histoneSL

GGGCCGCCCAGCCGGTCCAGGCCTCTGGCGAACAAGCTTGAGGATGGAGGACGCCAAGAA
CATCAAGAAGGGCCCGGCGCCCTTCTACCCGCTGGAGGACGGGACCGCCGGCGAGCAGCT
CCACAAGGCCATGAAGCGGTACGCCCTGGTGCCGGGCACGATCGCCTTCACCGACGCCCA
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CATCGAGGTCGACATCACCTACGCGGAGTACTTCGAGATGAGCGTGCGCCTGGCCGAGGC
CATGAAGCGGTACGGCCTGAACACCAACCACCGGATCGTGGTGTGCTCGGAGAACAGCCT
GCAGTTCTTCATGCCGGTGCTGGGCGCCCTCTTCATCGGCGTGGCCGTCGCCCCGGCGAA
CGACATCTACAACGAGCGGGAGCTGCTGAACAGCATGGGGATCAGCCAGCCGACCGTGGT
GTTCGTGAGCAAGAAGGGCCTGCAGAAGATCCTGAACGTGCAGAAGAAGCTGCCCATCAT
CCAGAAGATCATCATCATGGACAGCAAGACCGACTACCAGGGCTTCCAGTCGATGTACAC
GTTCGTGACCAGCCACCTCCCGCCGGGCTTCAACGAGTACGACTTCGTCCCGGAGAGCTT
CGACCGGGACAAGACCATCGCCCTGATCATGAACAGCAGCGGCAGCACCGGCCTGCCGAA
GGGGGTGGCCCTGCCGCACCGGACCGCCTGCGTGCGCTTCTCGCACGCCCGGGACCCCAT
CTTCGGCAACCAGATCATCCCGGACACCGCCATCCTGAGCGTGGTGCCGTTCCACCACGG
CTTCGGCATGTTCACGACCCTGGGCTACCTCATCTGCGGCTTCCGGGTGGTCCTGATGTA
CCGGTTCGAGGAGGAGCTGTTCCTGCGGAGCCTGCAGGACTACAAGATCCAGAGCGCGCT
GCTCGTGCCGACCCTGTTCAGCTTCTTCGCCAAGAGCACCCTGATCGACAAGTACGACCT
GTCGAACCTGCACGAGATCGCCAGCGGGGGCGCCCLCGCTGAGCAAGGAGGTGGGCGAGGL
CGTGGCCAAGCGGTTCCACCTCCCGGGCATCCGCCAGGGCTACGGCCTGACCGAGACCAC
GAGCGCGATCCTGATCACCCCCGAGGGGGACGACAAGCCGGGCGCCGTGGGCAAGGTGGT
CCCGTTCTTCGAGGCCAAGGTGGTGGACCTGGACACCGGCAAGACCCTGGGCGTGAACCA
GCGGGGCGAGCTGTGCGTGCGGGGGCCGATGATCATGAGCGGCTACGTGAACAACCCGGA
GGCCACCAACGCCCTCATCGACAAGGACGGCTGGCTGCACAGCGGCGACATCGCCTACTG
GGACGAGGACGAGCACTTCTTCATCGTCGACCGGCTGAAGTCGCTGATCAAGTACAAGGG
CTACCAGGTGGCGCCGGCCGAGCTGGAGAGCATCCTGCTCCAGCACCCCAACATCTTCGA
CGCCGGCGTGGCCGGGCTGCCGGACGACGACGCCGGCGAGCTGCCGGCCGCGGTGGTGGT
GCTGGAGCACGGCAAGACCATGACGGAGAAGGAGATCGTCGACTACGTGGCCAGCCAGGT
GACCACCGCCAAGAAGCTGCGGGGCGGCGTGGTGTTCGTGGACGAGGTCCCGAAGGGCCT
GACCGGGAAGCTCGACGCCCGGAAGATCCGCGAGATCCTGATCAAGGCCAAGAAGGGCGG
CAAGATCGCCGTGTAAGACTAGTGCATCACATTTAAAAGCATCTCAGCCTACCATGAGAA
TAAGAGAAAGAAAATGAAGATCAATAGCTTATTCATCTCTTTTTCTTTTTCGTTGGTGTA
AAGCCAACACCCTGTCTAAAAAACATAAATTTCTTTAATCATTTTGCCTCTTTTCTCTGT
GCTTCAATTAATAAAAAATGGAAAGAACCTAGATCTAAAAAAAAAAAAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAARAAAAAAATGCATCCCCCCCCCCCCCCC

CCCCCCCCCCCCCCCCARAGGCTCTTTTCAGAGCCACCAGAATT (SEQ ID NO: 1440)

COX6C - PpLuc(GC) - albumin7 - A64 - C30 - histoneSL

GGAGTCAGGAAGGACGTTGGTGTTGAGGTTAGCATACGTATCAAGGACAGTAACTACCAA
GCTTGAGGATGGAGGACGCCAAGAACATCAAGAAGGGCCCGGCGCCCTTCTACCCGCTGG
AGGACGGGACCGCCGGCGAGCAGCTCCACAAGGCCATGAAGCGGTACGCCCTGGTGCCGG
GCACGATCGCCTTCACCGACGCCCACATCGAGGTCGACATCACCTACGCGGAGTACTTCG
AGATGAGCGTGCGCCTGGCCGAGGCCATGAAGCGGTACGGCCTGAACACCAACCALCCGGA
TCGTGGTGTGCTCGGAGAACAGCCTGCAGTTCTTCATGCCGGTGCTGGGCGCCCTCTTCA
TCGGCGTGGCCGTCGCCCCGGCGAACGACATCTACAACGAGCGGGAGCTGCTGAACAGCA
TGGGGATCAGCCAGCCGACCGTGGTGTTCGTGAGCAAGAAGGGCCTGCAGAAGATCCTGA
ACGTGCAGAAGAAGCTGCCCATCATCCAGAAGATCATCATCATGGACAGCAAGACCGACT
ACCAGGGCTTCCAGTCGATGTACACGTTCGTGACCAGCCACCTCCCGCCGGGCTTCAACG
AGTACGACTTCGTCCCGGAGAGCTTCGACCGGGACAAGACCATCGCCCTGATCATGAACA
GCAGCGGCAGCACCGGCCTGCCGAAGGGGGTGGCCCTGCCGCACCGGACCGCCTGCGTGC
GCTTCTCGCACGCCCGGGACCCCATCTTCGGCAACCAGATCATCCCGGACACCGCCATCC
TGAGCGTGGTGCCGTTCCACCACGGCTTCGGCATGTTCACGACCCTGGGCTACCTCATCT
GCGGCTTCCGGGTGGTCCTGATGTACCGGTTCGAGGAGGAGCTGTTCCTGCGGAGCCTGC
AGGACTACAAGATCCAGAGCGCGCTGCTCGTGCCGACCCTGTTCAGCTTCTTCGCCAAGA
GCACCCTGATCGACAAGTACGACCTGTCGAACCTGCACGAGATCGCCAGCGGGGGCGLLC
CGCTGAGCAAGGAGGTGGGCGAGGCCGTGGCCAAGCGGTTCCACCTCCCGGGCATCCGCC
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AGGGCTACGGCCTGACCGAGACCACGAGCGCGATCCTGATCACCCCCGAGGGGGACGACA
AGCCGGGCGCCGTGGGCAAGGTGGTCCCGTTCTTCGAGGCCAAGGTGGTGGACCTGGACA
CCGGCAAGACCCTGGGCGTGAACCAGCGGGGCGAGCTGTGCGTGCGGGGGCCGATGATCA
TGAGCGGCTACGTGAACAACCCGGAGGCCACCAACGCCCTCATCGACAAGGACGGCTGGC
TGCACAGCGGCGACATCGCCTACTGGGACGAGGACGAGCACTTCTTCATCGTCGACCGGC
TGAAGTCGCTGATCAAGTACAAGGGCTACCAGGTGGCGCCGGCCGAGCTGGAGAGCATCC
TGCTCCAGCACCCCAACATCTTCGACGCCGGCGTGGCCGGGCTGCCGGACGACGACGCCG
GCGAGCTGCCGGCCGCGGTGGTGGTGCTGGAGCACGGCAAGACCATGACGGAGAAGGAGA
TCGTCGACTACGTGGCCAGCCAGGTGACCACCGCCAAGAAGCTGCGGGGCGGCGTGGTGT
TCGTGGACGAGGTCCCGAAGGGCCTGACCGGGAAGCTCGACGCCCGGAAGATCCGCGAGA
TCCTGATCAAGGCCAAGAAGGGCGGCAAGATCGCCGTGTAAGACTAGTGCATCACATTTA
AAAGCATCTCAGCCTACCATGAGAATAAGAGAAAGARAATGAAGATCAATAGCTTATTCA
TCTCTTTTTCTTTTTCGTTGGTGTAAAGCCAACACCCTGTCTAAAAAACATAAATTTCTT
TAATCATTTTGCCTCTTTTCTCTGTGCTTCAATTAATAAAAAATGGAAAGAACCTAGATC
TAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAARAAAARAARAA
AAAAATGCATCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCARAGGCTCTTTTCAGAGCC
ACCAGAATT (SEQ ID NO: 1441)

ASAH1 - PpLuc(GC) - albumin7 - A64 - C30 - histoneSL

GGGCCTCTGCTGGAGTCCGGGGAGTGGCGTTGGCTGCTAGAGCGAAGCTTGAGGATGGAG
GACGCCAAGAACATCAAGAAGGGCCCGGCGCCCTTCTACCCGCTGGAGGACGGGACCGCC
GGCGAGCAGCTCCACAAGGCCATGAAGCGGTACGCCCTGGTGCCGGGCACGATCGCCTTC
ACCGACGCCCACATCGAGGTCGACATCACCTACGCGGAGTACTTCGAGATGAGCGTGCGC
CTGGCCGAGGCCATGAAGCGGTACGGCCTGAACACCAACCACCGGATCGTGGTGTGCTCG
GAGAACAGCCTGCAGTTCTTCATGCCGGTGCTGGGCGCCCTCTTCATCGGCGTGGCCGTC
GCCCCGGCGAACGACATCTACAACGAGCGGGAGCTGCTGAACAGCATGGGGATCAGCCAG
CCGACCGTGGTGTTCGTGAGCAAGAAGGGCCTGCAGAAGATCCTGAACGTGCAGAAGAAG
CTGCCCATCATCCAGAAGATCATCATCATGGACAGCAAGACCGACTACCAGGGCTTCCAG
TCGATGTACACGTTCGTGACCAGCCACCTCCCGCCGGGCTTCAACGAGTACGACTTCGTC
CCGGAGAGCTTCGACCGGGACAAGACCATCGCCCTGATCATGAACAGCAGCGGCAGCACC
GGCCTGCCGAAGGGGGTGGCCCTGCCGCACCGGACCGCCTGCGTGCGCTTCTCGCACGCC
CGGGACCCCATCTTCGGCAACCAGATCATCCCGGACACCGCCATCCTGAGCGTGGTGCCG
TTCCACCACGGCTTCGGCATGTTCACGACCCTGGGCTACCTCATCTGCGGCTTCCGGGTG
GTCCTGATGTACCGGTTCGAGGAGGAGCTGTTCCTGCGGAGCCTGCAGGACTACAAGATC
CAGAGCGCGCTGCTCGTGCCGACCCTGTTCAGCTTCTTCGCCAAGAGCACCCTGATCGAC
AAGTACGACCTGTCGAACCTGCACGAGATCGCCAGCGGGGGCGCCCCGCTGAGCAAGGAG
GTGGGCGAGGCCGTGGCCAAGCGGTTCCACCTCCCGGGCATCCGCCAGGGCTACGGCCTG
ACCGAGACCACGAGCGCGATCCTGATCACCCCCGAGGGGGACGACAAGCCGGGCGCCGTG
GGCAAGGTGGTCCCGTTCTTCGAGGCCAAGGTGGTGGACCTGGACACCGGCAAGACCCTG
GGCGTGAACCAGCGGGGCGAGCTGTGCGTGCGGGGGCCGATGATCATGAGCGGCTACGTG
AACAACCCGGAGGCCACCAACGCCCTCATCGACAAGGACGGCTGGCTGCACAGCGGCGAC
ATCGCCTACTGGGACGAGGACGAGCACTTCTTCATCGTCGACCGGCTGAAGTCGCTGATC
AAGTACAAGGGCTACCAGGTGGCGCCGGCCGAGCTGGAGAGCATCCTGCTCCAGCACCCC
AACATCTTCGACGCCGGCGTGGCCGGGCTGCCGGACGACGACGCCGGCGAGCTGCLCGGLC
GCGGTGGTGGTGCTGGAGCACGGCAAGACCATGACGGAGAAGGAGATCGTCGACTACGTG
GCCAGCCAGGTGACCACCGCCAAGAAGCTGCGGGGCGGCGTGGTGTTCGTGGACGAGGTC
CCGAAGGGCCTGACCGGGAAGCTCGACGCCCGGAAGATCCGCGAGATCCTGATCAAGGCC
AAGAAGGGCGGCAAGATCGCCGTGTAAGACTAGTGCATCACATTTAAAAGCATCTCAGCC
TACCATGAGAATAAGAGAAAGAAAATGAAGATCAATAGCTTATTCATCTCTTTTTCTTTT
TCGTTGGTGTAARAGCCAACACCCTGTCTAAAARAACATAAATTTCTTTAATCATTTTGCCT
CTTTTCTCTGTGCTTCAATTAATAAAAAATGGAAAGAACCTAGATCTAAAAAAAAAAAAA
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CCCCCCCCCCCCCCCCCCCCCCCCCCCAAAGGCTCTTTTCAGAGCCACCAGAATT (SEQ
NO: 1442)

mRPL21 - PpLuc(GC) - albumin7 - A64 - C30 - histoneSL
GGGGCCGCCGCAGCCATCTTCCAGTAACTCGCCAAAAAGCTTGAGGATGGAGGACGCCAA
GAACATCAAGAAGGGCCCGGCGCCCTTCTACCCGCTGGAGGACGGGACCGCCGGCGAGCA
GCTCCACAAGGCCATGAAGCGGTACGCCCTGGTGCCGGGCACGATCGCCTTCACCGACGC
CCACATCGAGGTCGACATCACCTACGCGGAGTACTTCGAGATGAGCGTGCGCCTGGCCGA
GGCCATGAAGCGGTACGGCCTGAACACCAACCACCGGATCGTGGTGTGCTCGGAGAACAG
CCTGCAGTTCTTCATGCCGGTGCTGGGCGCCCTCTTCATCGGCGTGGCCGTCGCCCCGGC
GAACGACATCTACAACGAGCGGGAGCTGCTGAACAGCATGGGGATCAGCCAGCCGACCGT
GGTGTTCGTGAGCAAGAAGGGCCTGCAGAAGATCCTGAACGTGCAGAAGAAGCTGCCCAT
CATCCAGAAGATCATCATCATGGACAGCAAGACCGACTACCAGGGCTTCCAGTCGATGTA
CACGTTCGTGACCAGCCACCTCCCGCCGGGCTTCAACGAGTACGACTTCGTCCCGGAGAG
CTTCGACCGGGACAAGACCATCGCCCTGATCATGAACAGCAGCGGCAGCACCGGCCTGCC
GAAGGGGGTGGCCCTGCCGCACCGGACCGCCTGCGTGCGCTTCTCGCACGCCCGGGACCC
CATCTTCGGCAACCAGATCATCCCGGACACCGCCATCCTGAGCGTGGTGCCGTTCCACCA
CGGCTTCGGCATGTTCACGACCCTGGGCTACCTCATCTGCGGCTTCCGGGTGGTCCTGAT
GTACCGGTTCGAGGAGGAGCTGTTCCTGCGGAGCCTGCAGGACTACAAGATCCAGAGCGC
GCTGCTCGTGCCGACCCTGTTCAGCTTCTTCGCCAAGAGCACCCTGATCGACAAGTACGA
CCTGTCGAACCTGCACGAGATCGCCAGCGGGGGCGCCCCGCTGAGCAAGGAGGTGGGCGA
GGCCGTGGCCAAGCGGTTCCACCTCCCGGGCATCCGCCAGGGCTACGGCCTGACCGAGAC
CACGAGCGCGATCCTGATCACCCCCGAGGGGGACGACAAGCCGGGCGCCGTGGGCAAGGT
GGTCCCGTTCTTCGAGGCCAAGGTGGTGGACCTGGACACCGGCAAGACCCTGGGCGTGAA
CCAGCGGGGCGAGCTGTGCGTGCGGGGGCCGATGATCATGAGCGGCTACGTGAACAACCC
GGAGGCCACCAACGCCCTCATCGACAAGGACGGCTGGCTGCACAGCGGCGACATCGCCTA
CTGGGACGAGGACGAGCACTTCTTCATCGTCGACCGGCTGAAGTCGCTGATCAAGTACAA
GGGCTACCAGGTGGCGCCGGCCGAGCTGGAGAGCATCCTGCTCCAGCACCCCAACATCTT
CGACGCCGGCGTGGCCGGGCTGCCGGACGACGACGCCGGCGAGCTGCCGGCCGCGGTGGT
GGTGCTGGAGCACGGCAAGACCATGACGGAGAAGGAGATCGTCGACTACGTGGCCAGCCA
GGTGACCACCGCCAAGAAGCTGCGGGGCGGCGTGGTGTTCGTGGACGAGGTCCCGAAGGG
CCTGACCGGGAAGCTCGACGCCCGGAAGATCCGCGAGATCCTGATCAAGGCCAAGAAGGG
CGGCAAGATCGCCGTGTAAGACTAGTGCATCACATTTAAAAGCATCTCAGCCTACCATGA
GAATAAGAGAAAGAAAATGAAGATCAATAGCTTATTCATCTCTTTTITCTTTTTCGTTGGT
GTAAAGCCAACACCCTGTCTAAAAAACATAAATTTCTTTAATCATTTTGCCTCTTTTCTC
TGTGCTTCAATTAATAARAAATGGARAAGAACCTAGATCTAAAAAAAAAAAAAAAAARAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAARAAAARARAAARARAATGCATCCCCCCCCCCCC
CCCCCCCCCCCCCCCCCCCAAAGGCTCTTTTCAGAGCCACCAGAATT (SEQ ID NO:

mRPL35A - PpLuc(GC) - albumin7 - A64 - C30 - histoneSL

GGGCCATCTTGGCGCCTGTGGAGGCCTGCTGGGAACAGGACTTCTAACAGCAAGTAAGCT
TGAGGATGGAGGACGCCAAGAACATCAAGAAGGGCCCGGCGCCCTTCTACCCGCTGGAGG
ACGGGACCGCCGGCGAGCAGCTCCACAAGGCCATGAAGCGGTACGCCCTGGTGCCGGGCA
CGATCGCCTTCACCGACGCCCACATCGAGGTCGACATCACCTACGCGGAGTACTTCGAGA
TGAGCGTGCGCCTGGCCGAGGCCATGAAGCGGTACGGCCTGAACACCAACCACCGGATCG
TGGTGTGCTCGGAGAACAGCCTGCAGTTCTTCATGCCGGTGCTGGGCGCCCTCTTCATCG
GCGTGGCCGTCGCCCCGGCGAACGACATCTACAACGAGCGGGAGCTGCTGAACAGCATGG
GGATCAGCCAGCCGACCGTGGTGTTCGTGAGCAAGAAGGGCCTGCAGAAGATCCTGAACG
TGCAGAAGAAGCTGCCCATCATCCAGAAGATCATCATCATGGACAGCAAGACCGACTACC

ID
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AGGGCTTCCAGTCGATGTACACGTTCGTGACCAGCCACCTCCCGCCGGGCTTCAACGAGT
ACGACTTCGTCCCGGAGAGCTTCGACCGGGACAAGACCATCGCCCTGATCATGAACAGCA
GCGGCAGCACCGGCCTGCCGAAGGGGGTGGCCCTGCCGCACCGGACCGCCTGCGTGCGCT
TCTCGCACGCCCGGGACCCCATCTTCGGCAACCAGATCATCCCGGACACCGCCATCCTGA
GCGTGGTGCCGTTCCACCACGGCTTCGGCATGTTCACGACCCTGGGCTACCTCATCTGCG
GCTTCCGGGTGGTCCTGATGTACCGGTTCGAGGAGGAGCTGTTCCTGCGGAGCCTGCAGG
ACTACAAGATCCAGAGCGCGCTGCTCGTGCCGACCCTGTTCAGCTTCTTCGCCAAGAGCA
CCCTGATCGACAAGTACGACCTGTCGAACCTGCACGAGATCGCCAGCGGGGGCGCCCCGC
TGAGCAAGGAGGTGGGCGAGGCCGTGGCCAAGCGGTTCCACCTCCCGGGCATCCGCCAGG
GCTACGGCCTGACCGAGACCACGAGCGCGATCCTGATCACCCCCGAGGGGGACGACAAGC
CGGGCGCCGTGGGCAAGGTGGTCCCGTTCTTCGAGGCCAAGGTGGTGGACCTGGACACCG
GCAAGACCCTGGGCGTGAACCAGCGGGGCGAGCTGTGCGTGCGGGGGCCGATGATCATGA
GCGGCTACGTGAACAACCCGGAGGCCACCAACGCCCTCATCGACAAGGACGGCTGGCTGC
ACAGCGGCGACATCGCCTACTGGGACGAGGACGAGCACTTCTTCATCGTCGACCGGCTGA
AGTCGCTGATCAAGTACAAGGGCTACCAGGTGGCGCCGGCCGAGCTGGAGAGCATCCTGC
TCCAGCACCCCAACATCTTCGACGCCGGCGTGGCCGGGCTGCCGGACGACGACGCCGGLG
AGCTGCCGGCCGCGGTGGTGGTGCTGGAGCACGGCAAGACCATGACGGAGAAGGAGATCG
TCGACTACGTGGCCAGCCAGGTGACCACCGCCAAGAAGCTGCGGGGCGGCGTGGTGTTCG
TGGACGAGGTCCCGAAGGGCCTGACCGGGAAGCTCGACGCCCGGAAGATCCGCGAGATCC
TGATCAAGGCCAAGAAGGGCGGCAAGATCGCCGTGTAAGACTAGTGCATCACATTTAAAA
GCATCTCAGCCTACCATGAGAATAAGAGAAAGAAAATGAAGATCAATAGCTTATTCATCT
CTTTTTCTTTTTCGTTGGTGTAAAGCCAACACCCTGTCTAAAAAACATAAATTTCTTTAA
TCATTTTGCCTCTTTTCTCTGTGCTTCAATTAATAAAAAATGGAAAGAACCTAGATCTAA
AAAAAAAADAAAAAAAAAAAAAAAAADAAAAAAAARARAAANAAARAAAARAAAAAARANAAA
AATGCATCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCAAAGGCTCTTTTCAGAGCCACC
AGAATT (SEQ ID NO: 1444)

RPL35 - PpLuc(GC) - A64 - C30 - histoneSL

GGGGAGCGGGCGGCGGCGTTGGCGGCTTGTGCAGCAAAGCTTGAGGATGGAGGACGCCAA
GAACATCAAGAAGGGCCCGGCGCCCTTCTACCCGCTGGAGGACGGGACCGCCGGCGAGLCA
GCTCCACAAGGCCATGAAGCGGTACGCCCTGGTGCCGGGCACGATCGCCTTCACCGACGC
CCACATCGAGGTCGACATCACCTACGCGGAGTACTTCGAGATGAGCGTGCGCCTGGCCGA
GGCCATGAAGCGGTACGGCCTGAACACCAACCACCGGATCGTGGTGTGCTCGGAGAACAG
CCTGCAGTTCTTCATGCCGGTGCTGGGCGCCCTCTTCATCGGCGTGGCCGTCGCCCCGGC
GAACGACATCTACAACGAGCGGGAGCTGCTGAACAGCATGGGGATCAGCCAGCCGACCGT
GGTGTTCGTGAGCAAGAAGGGCCTGCAGAAGATCCTGAACGTGCAGAAGAAGCTGCCCAT
CATCCAGAAGATCATCATCATGGACAGCAAGACCGACTACCAGGGCTTCCAGTCGATGTA
CACGTTCGTGACCAGCCACCTCCCGCCGGGCTTCAACGAGTACGACTTCGTCCCGGAGAG
CTTCGACCGGGACAAGACCATCGCCCTGATCATGAACAGCAGCGGCAGCACCGGLCLTGCC
GAAGGGGGTGGCCCTGCCGCACCGGACCGCCTGCGTGCGCTTCTCGCACGCCCGGGACCC
CATCTTCGGCAACCAGATCATCCCGGACACCGCCATCCTGAGCGTGGTGCCGTTCCACCA
CGGCTTCGGCATGTTCACGACCCTGGGCTACCTCATCTGCGGCTTCCGGGTGGTCCTGAT
GTACCGGTTCGAGGAGGAGCTGTTCCTGCGGAGCCTGCAGGACTACAAGATCCAGAGCGC
GCTGCTCGTGCCGACCCTGTTCAGCTTCTTCGCCAAGAGCACCCTGATCGACAAGTACGA
CCTGTCGAACCTGCACGAGATCGCCAGCGGGGGCGCCCCGCTGAGCAAGGAGGTGGGCGA
GGCCGTGGCCAAGCGGTTCCACCTCCCGGGCATCCGCCAGGGCTACGGCCTGACCGAGAC
CACGAGCGCGATCCTGATCACCCCCGAGGGGGACGACAAGCCGGGCGCCGTGGGCAAGGT
GGTCCCGTTCTTCGAGGCCAAGGTGGTGGACCTGGACACCGGCAAGACCCTGGGCGTGAA
CCAGCGGGGCGAGCTGTGCGTGCGGGGGCCGATGATCATGAGCGGCTACGTGAACAACCC
GGAGGCCACCAACGCCCTCATCGACAAGGACGGCTGGCTGCACAGCGGCGACATCGCCTA
CTGGGACGAGGACGAGCACTTCTTCATCGTCGACCGGCTGAAGTCGCTGATCAAGTACAA
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GGGCTACCAGGTGGCGCCGGCCGAGCTGGAGAGCATCCTGCTCCAGCACCCCAACATCTT
CGACGCCGGCGTGGCCGGGCTGCCGGACGACGACGCCGGCGAGCTGCCGGCCGCGGTGGT
GGTGCTGGAGCACGGCAAGACCATGACGGAGAAGGAGATCGTCGACTACGTGGCCAGCCA
GGTGACCACCGCCAAGAAGCTGCGGGGCGGCGTGGTGTTCGTGGACGAGGTCCCGAAGGG
CCTGACCGGGAAGCTCGACGCCCGGAAGATCCGCGAGATCCTGATCAAGGCCAAGAAGGG
CGGCAAGATCGCCGTGTAAGACTAGTAGATCTAAAAAAAAAAAAAAAAAAAAAAAANAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAARAATGCATCCCCCCCCCCCCCCCCCCC
CCCCCCCCCCCCAAAGGCTCTTTTCAGAGCCACCAGAATT (SEQ ID NO: 1445)

RPL2]1 - PpLuc(GC) - A64 - C30 - histoneSL
GGGGCCGGAACCGCCATCTTCCAGTAATTCGCCAAAAAGCTTGAGGATGGAGGACGCCAA
GAACATCAAGAAGGGCCCGGCGCCCTTCTACCCGCTGGAGGACGGGACCGCCGGCGAGCA
GCTCCACAAGGCCATGAAGCGGTACGCCCTGGTGCCGGGCACGATCGCCTTCACCGACGC
CCACATCGAGGTCGACATCACCTACGCGGAGTACTTCGAGATGAGCGTGCGCCTGGCCGA
GGCCATGAAGCGGTACGGCCTGAACACCAACCACCGGATCGTGGTGTGCTCGGAGAACAG
CCTGCAGTTCTTCATGCCGGTGCTGGGCGCCCTCTTCATCGGCGTGGCCGTCGCCCCGGL
GAACGACATCTACAACGAGCGGGAGCTGCTGAACAGCATGGGGATCAGCCAGCCGACCGT
GGTGTTCGTGAGCAAGAAGGGCCTGCAGAAGATCCTGAACGTGCAGAAGAAGCTGCCCAT
CATCCAGAAGATCATCATCATGGACAGCAAGACCGACTACCAGGGCTTCCAGTCGATGTA
CACGTTCGTGACCAGCCACCTCCCGCCGGGCTTCAACGAGTACGACTTCGTCCCGGAGAG
CTTCGACCGGGACAAGACCATCGCCCTGATCATGAACAGCAGCGGCAGCACCGGCCTGCC
GAAGGGGGTGGCCCTGCCGCACCGGACCGCCTGCGTGCGCTTCTCGCACGCCCGGGACCC
CATCTTCGGCAACCAGATCATCCCGGACACCGCCATCCTGAGCGTGGTGCCGTTCCACCA
CGGCTTCGGCATGTTCACGACCCTGGGCTACCTCATCTGCGGCTTCCGGGTGGTCCTGAT
GTACCGGTTCGAGGAGGAGCTGTTCCTGCGGAGCCTGCAGGACTACAAGATCCAGAGCGC
GCTGCTCGTGCCGACCCTGTTCAGCTTCTTCGCCAAGAGCACCCTGATCGACAAGTACGA
CCTGTCGAACCTGCACGAGATCGCCAGCGGGGGCGCCCCGCTGAGCAAGGAGGTGGGCGA
GGCCGTGGCCAAGCGGTTCCACCTCCCGGGCATCCGCCAGGGCTACGGCCTGACCGAGAC
CACGAGCGCGATCCTGATCACCCCCGAGGGGGACGACAAGCCGGGCGCCGTGGGCAAGGT
GGTCCCGTTCTTCGAGGCCAAGGTGGTGGACCTGGACACCGGCAAGACCCTGGGCGTGAA
CCAGCGGGGCGAGCTGTGCGTGCGGGGGCCGATGATCATGAGCGGCTACGTGAACAACCC
GGAGGCCACCAACGCCCTCATCGACAAGGACGGCTGGCTGCACAGCGGCGACATCGCCTA
CTGGGACGAGGACGAGCACTTCTTCATCGTCGACCGGCTGAAGTCGCTGATCAAGTACAA
GGGCTACCAGGTGGCGCCGGCCGAGCTGGAGAGCATCCTGCTCCAGCACCCCAACATCTT
CGACGCCGGCGTGGCCGGGCTGCCGGACGACGACGCCGGCGAGCTGCCGGCCGCGGTGGT
GGTGCTGGAGCACGGCAAGACCATGACGGAGAAGGAGATCGTCGACTACGTGGCCAGCCA
GGTGACCACCGCCAAGAAGCTGCGGGGCGGCGTGGTGTTCGTGGACGAGGTCCCGAAGGG
CCTGACCGGGAAGCTCGACGCCCGGAAGATCCGCGAGATCCTGATCAAGGCCAAGAAGGG
CGGCAAGATCGCCGTGTAAGACTAGTAGATCTAAAAAAAAAAAAAAAAAAAARAAARAAARA
AAAAAARAAAAAAAAAAAAAARAAAAAAAAAAAARAATGCATCCCCCCCCCCCCCCCCCCC
CCCCCCCCCCCCAAAGGCTCTTTTCAGAGCCACCAGAATT (SEQ ID NO: 1446)

ATP5A1 - PpLuc(GC) - RA64 - C30 - histoneSL

GGGCGGCTCGGCCATTTTGTCCCAGTCAGTCCGGAGGCTGCGGCTGCAGAAGTACCGCCT
GCGGAGTAACTGCAAAGAAGCTTGAGGATGGAGGACGCCAAGAACATCAAGAAGGGCCCG
GCGCCCTTCTACCCGCTGGAGGACGGGACCGCCGGCGAGCAGCTCCACAAGGCCATGAAG
CGGTACGCCCTGGTGCCGGGCACGATCGCCTTCACCGACGCCCACATCGAGGTCGACATC
ACCTACGCGGAGTACTTCGAGATGAGCGTGCGCCTGGCCGAGGCCATGAAGCGGTACGGC
CTGAACACCAACCACCGGATCGTGGTGTGCTCGGAGAACAGCCTGCAGTTCTTCATGCCG
GTGCTGGGCGCCCTCTTCATCGGCGTGGCCGTCGCCCCGGCGAACGACATCTACAACGAG
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CGGGAGCTGCTGAACAGCATGGGGATCAGCCAGCCGACCGTGGTGTTCGTGAGCAAGAAG
GGCCTGCAGAAGATCCTGAACGTGCAGAAGAAGCTGCCCATCATCCAGAAGATCATCATC
ATGGACAGCAAGACCGACTACCAGGGCTTCCAGTCGATGTACACGTTCGTGACCAGCCAC
CTCCCGCCGGGCTTCAACGAGTACGACTTCGTCCCGGAGAGCTTCGACCGGGACAAGACC
ATCGCCCTGATCATGAACAGCAGCGGCAGCACCGGCCTGCCGAAGGGGGTGGCCCTGCCG
CACCGGACCGCCTGCGTGCGCTTCTCGCACGCCCGGGACCCCATCTTCGGCAACCAGATC
ATCCCGGACACCGCCATCCTGAGCGTGGTGCCGTTCCACCACGGCTTCGGCATGTTCACG
ACCCTGGGCTACCTCATCTGCGGCTTCCGGGTGGTCCTGATGTACCGGTTCGAGGAGGAG
CTGTTCCTGCGGAGCCTGCAGGACTACAAGATCCAGAGCGCGCTGCTCGTGCCGACCCTG
TTCAGCTTCTTCGCCAAGAGCACCCTGATCGACAAGTACGACCTGTCGAACCTGCACGAG
ATCGCCAGCGGGGGCGCCCCGCTGAGCAAGGAGGTGGGCGAGGCCGTGGCCAAGCGGTTC
CACCTCCCGGGCATCCGCCAGGGCTACGGCCTGACCGAGACCACGAGCGCGATCCTGATC
ACCCCCGAGGGGGACGACAAGCCGGGCGCCGTGGGCAAGGTGGTCCCGTTCTTCGAGGCC
AAGGTGGTGGACCTGGACACCGGCAAGACCCTGGGCGTGAACCAGCGGGGCGAGCTGTGC
GTGCGGGGGCCGATGATCATGAGCGGCTACGTGAACAACCCGGAGGCCACCAACGCCCTC
ATCGACAAGGACGGCTGGCTGCACAGCGGCGACATCGCCTACTGGGACGAGGACGAGCAC
TTCTTCATCGTCGACCGGCTGAAGTCGCTGATCAAGTACAAGGGCTACCAGGTGGCGCCG
GCCGAGCTGGAGAGCATCCTGCTCCAGCACCCCAACATCTTCGACGCCGGCGTGGCCGGG
CTGCCGGACGACGACGCCGGCGAGCTGCCGGCCGCGGTGGTGGTGCTGGAGCACGGCAAG
ACCATGACGGAGAAGGAGATCGTCGACTACGTGGCCAGCCAGGTGACCACCGCCAAGAAG
CTGCGGGGCGGCGTGGETGTTCGTGGACGAGGTCCCGAAGGGCCTGACCGGGAAGCTCGAC
GCCCGGAAGATCCGCGAGATCCTGATCAAGGCCAAGAAGGGCGGCAAGATCGCCGTGTAA
GACTAGTAGATCTAAAAAAAAAAAAAAAAARARAAAAAAAAAAAAAAAAAAARAAANAARA
AAAAAAAAAAAAARAAMATGCATCCCCCCCCCCCCCCCCLCCCCCCCCCCCCCCCAAAGGCT
CTTTTCAGAGCCACCAGAATT (SEQ ID NO: 1447)

HSD17B4 - PpLuc(GC) - A64 - C30 - histoneSL

GGGTCCCGCAGTCGGCGTCCAGCGGCTCTGCTTGTTCGTGTGTGTGTCGTTGCAGGCCTT
ATTCAAGCTTGAGGATGGAGGACGCCAAGAACATCAAGAAGGGCCCGGCGCCCTTCTACC
CGCTGGAGGACGGGACCGCCGGCGAGCAGCTCCACAAGGCCATGAAGCGGTACGCCCTGG
TGCCGGGCACGATCGCCTTCACCGACGCCCACATCGAGGTCGACATCACCTACGCGGAGT
ACTTCGAGATGAGCGTGCGCCTGGCCGAGGCCATGAAGCGGTACGGCCTGAACACCAACC
ACCGGATCGTGGTGTGCTCGGAGAACAGCCTGCAGTTCTTCATGCCGGTGCTGGGCGCCC
TCTTCATCGGCGTGGCCGTCGCCCCGGCGAACGACATCTACARCGAGCGGGAGCTGCTGA
ACAGCATGGGGATCAGCCAGCCGACCGTGGTGTTCGTGAGCAAGAAGGGCCTGCAGAAGA
TCCTGAACGTGCAGAAGAAGCTGCCCATCATCCAGAAGATCATCATCATGGACAGCAAGA
CCGACTACCAGGGCTTCCAGTCGATGTACACGTTCGTGACCAGCCACCTCCCGCCGGGCT
TCAACGAGTACGACTTCGTCCCGGAGAGCTTCGACCGGGACAAGACCATCGCCCTGATCA
TGAACAGCAGCGGCAGCACCGGCCTGCCGAAGGGGGTGGCCCTGCCGCACCGGACCGCCT
GCGTGCGCTTCTCGCACGCCCGGGACCCCATCTTCGGCAACCAGATCATCCCGGACACCG
CCATCCTGAGCGTGGTGCCGTTCCACCACGGCTTCGGCATGTTCACGACCCTGGGCTACC
TCATCTGCGGCTTCCGGGTGGTCCTGATGTACCGGTTCGAGGAGGAGCTGTTCCTGCGGA
GCCTGCAGGACTACAAGATCCAGAGCGCGCTGCTCGTGCCGACCCTGTTCAGCTTCTTCG
CCAAGAGCACCCTGATCGACAAGTACGACCTGTCGAACCTGCACGAGATCGCCAGCGGGG
GCGCCCCGCTGAGCAAGGAGGTGGGCGAGGCCGTGGCCAAGCGGTTCCACCTCCCGGGCA
TCCGCCAGGGCTACGGCCTGACCGAGACCACGAGCGCGATCCTGATCACCCCLCGAGGGGG
ACGACAAGCCGGGCGCCGTGGGCAAGGTGGTCCCGTTCTTCGAGGCCAAGGTGGTGGACC
TGGACACCGGCAAGACCCTGGGCGTGAACCAGCGGGGCGAGCTGTGCGTGCGGGGGCCGA
TGATCATGAGCGGCTACGTGAACAACCCGGAGGCCACCAACGCCCTCATCGACAAGGACG
GCTGGCTGCACAGCGGCGACATCGCCTACTGGGACGAGGACGAGCACTTCTTCATCGTCG
ACCGGCTGAAGTCGCTGATCAAGTACAAGGGCTACCAGGTGGCGCCGGCCGAGCTGGAGA
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GCATCCTGCTCCAGCACCCCAACATCTTCGACGCCGGCGTGGCCGGGCTGCCGGACGACG
ACGCCGGCGAGCTGCCGGCCGCGGTGGTGGTGCTGGAGCACGGCAAGACCATGACGGAGA
AGGAGATCGTCGACTACGTGGCCAGCCAGGTGACCACCGCCAAGAAGCTGCGGGGLCGGLG
TGGTGTTCGTGGACGAGGTCCCGAAGGGCCTGACCGGGAAGCTCGACGCCCGGAAGATCC
GCGAGATCCTGATCAAGGCCAAGAAGGGCGGCAAGATCGCCGTGTAAGACTAGTAGATCT
AAAAAAAAAAAAAAAAAAAAARAAAAAAAAAAAAAAAAAAAAARAAAAAAAAAAAAAAAA
ARAATGCATCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCAAAGGCTCTTTTCAGAGCCA
CCAGAATT (SEQ ID NO: 1448)

AIGl - PpLuc(GC) - A64 - C30 - histoneSL
GGGCCGCCCAGCCGGTCCAGGCCTCTGGCGAACAAGCTTGAGGATGGAGGACGCCAAGAA
CATCAAGAAGGGCCCGGCGCCCTTCTACCCGCTGGAGGACGGGACCGCCGGCGAGCAGCT
CCACAAGGCCATGAAGCGGTACGCCCTGGTGCCGGGCACGATCGCCTTCACCGACGCCCA
CATCGAGGTCGACATCACCTACGCGGAGTACTTCGAGATGAGCGTGCGCCTGGCCGAGGC
CATGAAGCGGTACGGCCTGAACACCAACCACCGGATCGTGGTGTGCTCGGAGAACAGCCT
GCAGTTCTTCATGCCGGTGCTGGGCGCCCTCTTCATCGGCGTGGCCGTCGCCCCGGCGAA
CGACATCTACAACGAGCGGGAGCTGCTGAACAGCATGGGGATCAGCCAGCCGACCGTGGT
GTTCGTGAGCAAGAAGGGCCTGCAGAAGATCCTGAACGTGCAGAAGAAGCTGCCCATCAT
CCAGAAGATCATCATCATGGACAGCAAGACCGACTACCAGGGCTTCCAGTCGATGTACAC
GTTCGTGACCAGCCACCTCCCGCCGGGCTTCAACGAGTACGACTTCGTCCCGGAGAGCTT
CGACCGGGACAAGACCATCGCCCTGATCATGAACAGCAGCGGCAGCACCGGCCTGCCGAA
GGGGGTGGCCCTGCCGCACCGGACCGCCTGCGTGCGCTTCTCGCACGCCCGGGACCCCAT
CTTCGGCAACCAGATCATCCCGGACACCGCCATCCTGAGCGTGGTGCCGTTCCACCACGG
CTTCGGCATGTTCACGACCCTGGGCTACCTCATCTGCGGCTTCCGGGTGGTCCTGATGTA
CCGGTTCGAGGAGGAGCTGTTCCTGCGGAGCCTGCAGGACTACAAGATCCAGAGCGCGCT
GCTCGTGCCGACCCTGTTCAGCTTCTTCGCCAAGAGCACCCTGATCGACAAGTACGACCT
GTCGAACCTGCACGAGATCGCCAGCGGGGGCGCCCCGCTGAGCAAGGAGGTGGGCGAGGC
CGTGGCCAAGCGGTTCCACCTCCCGGGCATCCGCCAGGGCTACGGCCTGACCGAGACCAC
GAGCGCGATCCTGATCACCCCCGAGGGGGACGACAAGCCGGGCGCCGTGGGCAAGGTGGT
CCCGTTCTTCGAGGCCAAGGTGGTGGACCTGGACACCGGCAAGACCCTGGGCGTGAACCA
GCGGGGCGAGCTGTGCGTGCGGGGGCCGATGATCATGAGCGGCTACGTGAACAACCCGGA
GGCCACCAACGCCCTCATCGACAAGGACGGCTGGCTGCACAGCGGCGACATCGCCTACTG
GGACGAGGACGAGCACTTCTTCATCGTCGACCGGCTGAAGTCGCTGATCAAGTACAAGGG
CTACCAGGTGGCGCCGGCCGAGCTGGAGAGCATCCTGCTCCAGCACCCCAACATCTTCGA
CGCCGGCGTGGCCGGGCTGCCGGACGACGACGCCGGCGAGCTGCCGGCCGCGGTGGTGGET
GCTGGAGCACGGCAAGACCATGACGGAGAAGGAGATCGTCGACTACGTGGCCAGCCAGGT
GACCACCGCCAAGAAGCTGCGGGGCGGCGTGGTGTTCGTGGACGAGGTCCCGAAGGGCCT
GACCGGGAAGCTCGACGCCCGGAAGATCCGCGAGATCCTGATCAAGGCCAAGAAGGGCGG
CAAGATCGCCGTGTAAGACTAGTAGATCTAAAAAAAAAAAAAAAAAAAAAAAAARAARAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAATGCATCCCCCCLCCCCCeeeeeeeccecee
CCCCCCCCCAAAGGCTCTTTTCAGAGCCACCAGAATT (SEQ ID NO: 1449)

COX6C - PpLuc(GC) — A64 - C30 - histoneSL

GGAGTCAGGAAGGACGTTGGTGTTGAGGTTAGCATACGTATCAAGGACAGTAACTACCAA
GCTTGAGGATGGAGGACGCCAAGAACATCAAGAAGGGCCCGGCGCCCTTCTACCCGCTGG
AGGACGGGACCGCCGGCGAGCAGCTCCACAAGGCCATGAAGCGGTACGCCCTGGTGCCGG
GCACGATCGCCTTCACCGACGCCCACATCGAGGTCGACATCACCTACGCGGAGTACTTCG
AGATGAGCGTGCGCCTGGCCGAGGCCATGAAGCGGTACGGCCTGAACACCAACCACCGGA
TCGTGGTGTGCTCGGAGAACAGCCTGCAGTTCTTCATGCCGGTGCTGGGCGCCCTCTTCA
TCGGCGTGGCCGTCGCCCCGGCGAACGACATCTACAACGAGCGGGAGCTGCTGAACAGCA
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TGGGGATCAGCCAGCCGACCGTGGTGTTCGTGAGCAAGAAGGGCCTGCAGAAGATCCTGA
ACGTGCAGAAGAAGCTGCCCATCATCCAGAAGATCATCATCATGGACAGCAAGACCGACT
ACCAGGGCTTCCAGTCGATGTACACGTTCGTGACCAGCCACCTCCCGCCGGGCTTCAACG
AGTACGACTTCGTCCCGGAGAGCTTCGACCGGGACAAGACCATCGCCCTGATCATGAACA
GCAGCGGCAGCACCGGCCTGCCGAAGGGGGTGGCCCTGCCGCACCGGACCGCCTGCGTGC
GCTTCTCGCACGCCCGGGACCCCATCTTCGGCAACCAGATCATCCCGGACACCGCCATCC
TGAGCGTGGTGCCGTTCCACCACGGCTTCGGCATGTTCACGACCCTGGGCTACCTCATCT
GCGGCTTCCGGGTGGTCCTGATGTACCGGTTCGAGGAGGAGCTGTTCCTGCGGAGCCTGC
AGGACTACAAGATCCAGAGCGCGCTGCTCGTGCCGACCCTGTTCAGCTTCTTCGCCAAGA
GCACCCTGATCGACAAGTACGACCTGTCGAACCTGCACGAGATCGCCAGCGGGGGCGLCC
CGCTGAGCAAGGAGGTGGGCGAGGCCGTGGCCAAGCGGTTCCACCTCCCGGGCATCCGLC
AGGGCTACGGCCTGACCGAGACCACGAGCGCGATCCTGATCACCCCCGAGGGGGACGACA
AGCCGGGCGCCGTGGGCAAGGTGGTCCCGTTCTTCGAGGCCAAGGTGGTGGACCTGGACA
CCGGCAAGACCCTGGGCGTGAACCAGCGGGGCGAGCTGTGCGTGCGGGGGCCGATGATCA
TGAGCGGCTACGTGAACAACCCGGAGGCCACCAACGCCCTCATCGACAAGGACGGCTGGC
TGCACAGCGGCGACATCGCCTACTGGGACGAGGACGAGCACTTCTTCATCGTCGACCGGC
TGAAGTCGCTGATCAAGTACAAGGGCTACCAGGTGGCGCCGGCCGAGCTGGAGAGCATCC
TGCTCCAGCACCCCAACATCTTCGACGCCGGCGTGGCCGGGCTGCCGGACGACGACGCLG |
GCGAGCTGCCGGCCGCGGTGGTGGTGCTGGAGCACGGCAAGACCATGACGGAGAAGGAGA
TCGTCGACTACGTGGCCAGCCAGGTGACCACCGCCAAGAAGCTGCGGGGCGGCGTGGTGT
TCGTGGACGAGGTCCCGAAGGGCCTGACCGGGAAGCTCGACGCCCGGAAGATCCGCGAGA
TCCTGATCAAGGCCAAGAAGGGCGGCAAGATCGCCGTGTAAGACTAGTAGATCTAAAAAA
AAAAAAAAAAAAAAAAAARAAAAAAAAAAAAARAAAAAAAAAAANAAAAAAAAAARAARATG
CATCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCAAAGGCTCTTTTCAGAGCCACCAGAA
TT (SEQ ID NO: 1450)

ASAH1 - PpLuc(GC) - A64 - C30 - histoneSL

GGGCCTCTGCTGGAGTCCGGGGAGTGGCGTTGGCTGCTAGAGCGAAGCTTGAGGATGGAG
GACGCCAAGAACATCAAGAAGGGCCCGGCGCCCTTCTACCCGCTGGAGGACGGGACCGLC
GGCGAGCAGCTCCACAAGGCCATGAAGCGGTACGCCCTGGTGCCGGGCACGATCGCCTTC
ACCGACGCCCACATCGAGGTCGACATCACCTACGCGGAGTACTTCGAGATGAGCGTGCGC
CTGGCCGAGGCCATGAAGCGGTACGGCCTGAACACCAACCACCGGATCGTGGTGTGCTCG
GAGAACAGCCTGCAGTTCTTCATGCCGGTGCTGGGCGCCCTCTTCATCGGCGTGGCCGTC
GCCCCGGCGAACGACATCTACAACGAGCGGGAGCTGCTGAACAGCATGGGGATCAGCCAG
CCGACCGTGGTGTTCGTGAGCAAGAAGGGCCTGCAGAAGATCCTGAACGTGCAGAAGAAG
CTGCCCATCATCCAGAAGATCATCATCATGGACAGCAAGACCGACTACCAGGGCTTCCAG
TCGATGTACACGTTCGTGACCAGCCACCTCCCGCCGGGCTTCAACGAGTACGACTTCGTC
CCGGAGAGCTTCGACCGGGACAAGACCATCGCCCTGATCATGAACAGCAGCGGCAGCACC
GGCCTGCCGAAGGGGGTGGCCCTGCCGCACCGGACCGCCTGCGTGCGCTTCTCGCACGCC
CGGGACCCCATCTTCGGCAACCAGATCATCCCGGACACCGCCATCCTGAGCGTGGTGCCG
TTCCACCACGGCTTCGGCATGTTCACGACCCTGGGCTACCTCATCTGCGGCTTCCGGGTG
GTCCTGATGTACCGGTTCGAGGAGGAGCTGTTCCTGCGGAGCCTGCAGGACTACAAGATC
CAGAGCGCGCTGCTCGTGCCGACCCTGTTCAGCTTCTTCGCCAAGAGCACCCTGATCGAC
AAGTACGACCTGTCGAACCTGCACGAGATCGCCAGCGGGGGCGCCCCGCTGAGCAAGGAG
GTGGGCGAGGCCGTGGCCAAGCGGTTCCACCTCCCGGGCATCCGCCAGGGCTACGGCCTG
ACCGAGACCACGAGCGCGATCCTGATCACCCCCGAGGGGGACGACAAGCCGGGCGCCGTG
GGCAAGGTGGTCCCGTTCTTCGAGGCCAAGGTGGTGGACCTGGACACCGGCAAGACCCTG
GGCGTGAACCAGCGGGGCGAGCTGTGCGTGCGGGGGCCGATGATCATGAGCGGCTACGTG
AACAACCCGGAGGCCACCAACGCCCTCATCGACAAGGACGGCTGGCTGCACAGCGGCGALC
ATCGCCTACTGGGACGAGGACGAGCACTTCTTCATCGTCGACCGGCTGAAGTCGCTGATC
AAGTACAAGGGCTACCAGGTGGCGCCGGCCGAGCTGGAGAGCATCCTGCTCCAGCACCCC
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AACATCTTCGACGCCGGCGTGGCCGGGCTGCCGGACGACGACGCCGGCGAGCTGCCGGCC
GCGGTGGTGGTGCTGGAGCACGGCAAGACCATGACGGAGAAGGAGATCGTCGACTACGTG
GCCAGCCAGGTGACCACCGCCAAGAAGCTGCGGGGCGGCGTGGTGTTCGTGGACGAGGTC
CCGAAGGGCCTGACCGGGAAGCTCGACGCCCGGAAGATCCGCGAGATCCTGATCAAGGCC
AAGAAGGGCGGCAAGATCGCCGTGTAAGACTAGTAGATCTAAAAAAAAAAAARAAAAAAAA
AAAAAAAAARAAAAAAAAAAARAAAAAAAAAAAAAAAAAAAAARATGCATCCCCCCCCCCC
CCCCCCCCCCCCCCCCCCCCAAAGGCTCTTTTCAGAGCCACCAGAATT (SEQ ID NO: 1451)

5’UTR of human ribosomal protein Large 35 (RPL35) lacking the 5’
terminal oligopyrimidine tract
GGAGCGGGCGGCGGCGTTGGCGGCTTGTGCAGCA (SEQ ID NO: 1452)

5’UTR of human ribosomal protein Large 21 (RPL21) lacking the 5’
terminal oligopyrimidine tract
GGCCGGAACCGCCATCTTCCAGTAATTCGCCAAA (SEQ ID NO: 1453)

5’UTR of human ATP synthase, H+ transporting, mitochondrial F1
complex, alpha subunit 1, cardiac muscle (ATP5A1l) lacking the 5’
terminal oligopyrimidine tract
GCGGCTCGGCCATTTTGTCCCAGTCAGTCCGGAGGCTGCGGCTGCAGAAGTACCGCCTGCG-
GAGTAACTGCAAAG (SEQ ID NO: 1454)

5’UTR of human hydroxysteroid (l7-beta) dehydrogenase 4 (HSD17B4)
lacking the 5’ terminal oligopyrimidine tract
GTCCCGCAGTCGGCGTCCAGCGGCTCTGCTTGTTCGTGTGTGTGTCGTTGCAGGCCTTATTC
(SEQ ID NO: 1455)

5’UTR of human androgen-induced 1 (AIGl) lacking the 5’ terminal
oligopyrimidine tract
GCCGCCCAGCCGGTCCAGGCCTCTGGCGAAC (SEQ ID NO: 1456)

5/UTR of human cytochrome c¢ oxidase subunit VIc (COX6C) lacking
the 5’ terminal oligopyrimidine tract
AGTCAGGAAGGACGTTGGTGTTGAGGTTAGCATACGTATCAAGGACAGTAACTACC (SEQ ID
NO: 1457)

5’UTR of human N-acylsphingosine amidohydrolase (acid ceramidase)
1 (ASAH1l) lacking the 5’ terminal oligopyrimidine tract
GCCTCTGCTGGAGTCCGGGGAGTGGCGTTGGCTGCTAGAGCG (SEQ ID NO: 1458)

5’UTR of mouse ribosomal protein Large 21 (mRPL21) lacking the 5’
terminal oligopyrimidine tract
GGCCGCCGCAGCCATCTTCCAGTAACTCGCCAAA (SEQ ID NO: 1459)

5/UTR of mouse ribosomal protein large 35A (mRPL35A) lacking the
5/ terminal oligopyrimidine tract
GCCATCTTGGCGCCTGTGGAGGCCTGCTGGGAACAGGACTTCTAACAGCAAGT (SEQ ID NO:
1460)

Mouse ribosomal protein Large 21 (mRPL21)
TCCTCCTTTCGGCCGCCGCAGCCATCTTCCAGTAACTCGCCAAAATGCCATCTTCCAG-
TAACTCGCCAAAATG (SEQ ID NO: 1461)
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mouse ribosomal protein large 35A (mRPL35A)
CTTCCTCTTTCCGCCATCTTGGCGCCTGTGGAGGCCTGCTGGGAACAGGACTTCTAACAG-
CAAGTATG (SEQ ID NO: 1462)

RPL32 - PpLuc(GC) - ag - A6b4

GGGGCGCTGCCTACGGAGGTGGCAGCCATCTCCTTCTCGGCATCAAGCTTGAGGATGGAG
GACGCCAAGAACATCAAGAAGGGCCCGGCGCCCTTCTACCCGCTGGAGGACGGGACCGCC
GGCGAGCAGCTCCACAAGGCCATGAAGCGGTACGCCCTGGTGCCGGGCACGATCGCCTTC
ACCGACGCCCACATCGAGGTCGACATCACCTACGCGGAGTACTTCGAGATGAGCGTGCGC
CTGGCCGAGGCCATGAAGCGGTACGGCCTGAACACCAACCACCGGATCGTGGTGTGCTCG
GAGAACAGCCTGCAGTTCTTCATGCCGGTGCTGGGCGCCCTCTTCATCGGCGTGGCCGTC
GCCCCGGCGAACGACATCTACAACGAGCGGGAGCTGCTGAACAGCATGGGGATCAGCCAG
CCGACCGTGGTGTTCGTGAGCAAGAAGGGCCTGCAGAAGATCCTGAACGTGCAGAAGAAG
CTGCCCATCATCCAGAAGATCATCATCATGGACAGCAAGACCGACTACCAGGGCTTCCAG
TCGATGTACACGTTCGTGACCAGCCACCTCCCGCCGGGCTTCAACGAGTACGACTTCGTC
CCGGAGAGCTTCGACCGGGACAAGACCATCGCCCTGATCATGAACAGCAGCGGCAGCACC
GGCCTGCCGAAGGGGGTGGCCCTGCCGCACCGGACCGCCTGCGTGCGCTTCTCGCACGCC
CGGGACCCCATCTTCGGCAACCAGATCATCCCGGACACCGCCATCCTGAGCGTGGTGCCG
TTCCACCACGGCTTCGGCATGTTCACGACCCTGGGCTACCTCATCTGCGGCTTCCGGGTG
GTCCTGATGTACCGGTTCGAGGAGGAGCTGTTCCTGCGGAGCCTGCAGGACTACAAGATC
CAGAGCGCGCTGCTCGTGCCGACCCTGTTCAGCTTCTTCGCCAAGAGCACCCTGATCGAC
AAGTACGACCTGTCGAACCTGCACGAGATCGCCAGCGGGGGCGCCCCGCTGAGCAAGGAG
GTGGGCGAGGCCGTGGCCAAGCGGTTCCACCTCCCGGGCATCCGCCAGGGCTACGGCCTG
ACCGAGACCACGAGCGCGATCCTGATCACCCCCGAGGGGGACGACAAGCCGGGCGCCGETG
GGCAAGGTGGTCCCGTTCTTCGAGGCCAAGGTGGTGGACCTGGACACCGGCAAGACCCTG
GGCGTGAACCAGCGGGGCGAGCTGTGCGTGCGGGGGCCGATGATCATGAGCGGCTACGTG
AACAACCCGGAGGCCACCAACGCCCTCATCGACAAGGACGGCTGGCTGCACAGCGGCGAC
ATCGCCTACTGGGACGAGGACGAGCACTTCTTCATCGTCGACCGGCTGAAGTCGCTGATC
AAGTACAAGGGCTACCAGGTGGCGCCGGCCGAGCTGGAGAGCATCCTGCTCCAGCACCCC
AACATCTTCGACGCCGGCGTGGCCGGGCTGCCGGACGACGACGCCGGCGAGCTGCCGGLC
GCGGTGGTGGTGCTGGAGCACGGCAAGACCATGACGGAGAAGGAGATCGTCGACTACGTG
GCCAGCCAGGTGACCACCGCCAAGAAGCTGCGGGGCGGCGTGGTGTTCGTGGACGAGGTC
CCGAAGGGCCTGACCGGGAAGCTCGACGCCCGGAAGATCCGCGAGATCCTGATCAAGGCC
AAGAAGGGCGGCAAGATCGCCGTGTAAGACTAGTTATAAGACTGACTAGCCCGATGGGCC
TCCCAACGGGCCCTCCTCCCCTCCTTGCACCGAGATTAATAGATCTAAAAAAAAAAARAA
AAAAAAAAAAAAAAAAAAAAARADAAAAAAAAAAAAAAAAAAAAAAAAAA (SEQ ID NO:
1463)

PpLuc(GC) - ag - A64 - histoneSL

GGGGCGCTGCCTACGGAGGTGGCAGCCATCTCCTTCTCGGCATCAAGCTTGAGGATGGAG
GACGCCAAGAACATCAAGAAGGGCCCGGCGCCCTTCTACCCGCTGGAGGACGGGACCGCC
GGCGAGCAGCTCCACAAGGCCATGAAGCGGTACGCCCTGGTGCCGGGCACGATCGCCTTC
ACCGACGCCCACATCGAGGTCGACATCACCTACGCGGAGTACTTCGAGATGAGCGTGCGC
CTGGCCGAGGCCATGAAGCGGTACGGCCTGAACACCAACCACCGGATCGTGGTGTGCTCG
GAGAACAGCCTGCAGTTCTTCATGCCGGTGCTGGGCGCCCTCTTCATCGGCGTGGCCGTC
GCCCCGGCGAACGACATCTACAACGAGCGGGAGCTGCTGAACAGCATGGGGATCAGCCAG
CCGACCGTGGTGTTCGTGAGCAAGAAGGGCCTGCAGAAGATCCTGAACGTGCAGAAGAAG
CTGCCCATCATCCAGAAGATCATCATCATGGACAGCAAGACCGACTACCAGGGCTTCCAG
TCGATGTACACGTTCGTGACCAGCCACCTCCCGCCGGGCTTCAACGAGTACGACTTCGTC
CCGGAGAGCTTCGACCGGGACAAGACCATCGCCCTGATCATGAACAGCAGCGGCAGCACC
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GGCCTGCCGAAGGGGGTGGCCCTGCCGCACCGGACCGCCTGCGTGCGCTTCTCGCACGLCC
CGGGACCCCATCTTCGGCAACCAGATCATCCCGGACACCGCCATCCTGAGCGTGGTGCCG
TTCCACCACGGCTTCGGCATGTTCACGACCCTGGGCTACCTCATCTGCGGCTTCCGGGTG
GTCCTGATGTACCGGTTCGAGGAGGAGCTGTTCCTGCGGAGCCTGCAGGACTACAAGATC
CAGAGCGCGCTGCTCGTGCCGACCCTGTTCAGCTTCTTCGCCAAGAGCACCCTGATCGAC
AAGTACGACCTGTCGAACCTGCACGAGATCGCCAGCGGGGGCGCCCCGCTGAGCAAGGAG
GTGGGCGAGGCCGTGGCCAAGCGGTTCCACCTCCCGGGCATCCGCCAGGGCTACGGCCTG
ACCGAGACCACGAGCGCGATCCTGATCACCCCCGAGGGGGACGACAAGCCGGGCGCCGTG
GGCAAGGTGGTCCCGTTCTTCGAGGCCAAGGTGGTGGACCTGGACACCGGCAAGACCCTG
GGCGTGAACCAGCGGGGCGAGCTGTGCGTGCGGGGGCCGATGATCATGAGCGGCTACGTG
AACAACCCGGAGGCCACCAACGCCCTCATCGACAAGGACGGCTGGCTGCACAGCGGCGAC
ATCGCCTACTGGGACGAGGACGAGCACTTCTTCATCGTCGACCGGCTGAAGTCGCTGATC
AAGTACAAGGGCTACCAGGTGGCGCCGGCCGAGCTGGAGAGCATCCTGCTCCAGCACCCC
AACATCTTCGACGCCGGCGTGGCCGGGCTGCCGGACGACGACGCCGGCGAGCTGCCGGCC
GCGGTGGTGGTGCTGGAGCACGGCAAGACCATGACGCGAGAAGGAGATCGTCGACTACGTG
GCCAGCCAGGTGACCACCGCCAAGAAGCTGCGGGGCGGCGTGGTGTTCGTGGACGAGGTC
CCGAAGGGCCTGACCGGGAAGCTCGACGCCCGGAAGATCCGCGAGATCCTGATCAAGGCC
AAGAAGGGCGGCAAGATCGCCGTGTAAGACTAGTTATAAGACTGACTAGCCCGATGGGCC
TCCCAACGGGCCCTCCTCCCCTCCTTGCACCGAGATTAATAAAAAAAARAARAAAAARAA
AAAAAAAAAAAAAAAAAARAAAAAAAAAAAAAAARAAAAAAAARAATGCATCAAAGGCTCTT
TTCAGAGCCACCA (SEQ ID NO: 1464)

PpLuc (GC) - albumin7 - A64 - C30 - histoneSL

GGGGCGCTGCCTACGGAGGTGGCAGCCATCTCCTTCTCGGCATCAAGCTTGAGGATGGAG
GACGCCAAGAACATCAAGAAGGGCCCGGCGCCCTTCTACCCGCTGGAGGACGGGACCGCC
GGCGAGCAGCTCCACAAGGCCATGAAGCGGTACGCCCTGGTGCCGGGCACGATCGCCTTC
ACCGACGCCCACATCGAGGTCGACATCACCTACGCGGAGTACTTCGAGATGAGCGTGCGC
CTGGCCGAGGCCATGAAGCGGTACGGCCTGAACACCAACCACCGGATCGTGGTGTGCTCG
GAGAACAGCCTGCAGTTCTTCATGCCGGTGCTGGGCGCCCTCTTCATCGGCGTGGCCGTC
GCCCCGGCGAACGACATCTACAACGAGCGGGAGCTGCTGAACAGCATGGGGATCAGCCAG
CCGACCGTGGTGTTCGTGAGCAAGAAGGGCCTGCAGAAGATCCTGAACGTGCAGAAGAAG
CTGCCCATCATCCAGAAGATCATCATCATGGACAGCAAGACCGACTACCAGGGCTTCCAG
TCGATGTACACGTTCGTGACCAGCCACCTCCCGCCGGGCTTCAACGAGTACGACTTCGTC
CCGGAGAGCTTCGACCGGGACAAGACCATCGCCCTGATCATGAACAGCAGCGGCAGCACC
GGCCTGCCGAAGGGGGTGGCCCTGCCGCACCGGACCGCCTGCGTGCGCTTCTCGCACGCC
CGGGACCCCATCTTCGGCAACCAGATCATCCCGGACACCGCCATCCTGAGCGTGGTGCCG
TTCCACCACGGCTTCGGCATGTTCACGACCCTGGGCTACCTCATCTGCGGCTTCCGGGTG
GTCCTGATGTACCGGTTCGAGGAGGAGCTGTTCCTGCGGAGCCTGCAGGACTACAAGATC
CAGAGCGCGCTGCTCGTGCCGACCCTGTTCAGCTTCTTCGCCAAGAGCACCCTGATCGAC
AAGTACGACCTGTCGAACCTGCACGAGATCGCCAGCGGGGGCGCCCCGCTGAGCAAGGAG
GTGGGCGAGGCCGTGGCCAAGCGGTTCCACCTCCCGGGCATCCGCCAGGGCTACGGCCTG
ACCGAGACCACGAGCGCGATCCTGATCACCCCCGAGGGGGACGACAAGCCGGGCGCCGTG
GGCAAGGTGGTCCCGTTCTTCGAGGCCAAGGTGGTGGACCTGGACACCGGCAAGACCCTG
GGCGTGAACCAGCGGGGCGAGCTGTGCGTGCGGGGGCCGATGATCATGAGCGGCTACGTG
AACAACCCGGAGGCCACCAACGCCCTCATCGACAAGGACGGCTGGCTGCACAGCGGCGAC
ATCGCCTACTGGGACGAGGACGAGCACTTCTTCATCGTCGACCGGCTGAAGTCGCTGATC
AAGTACAAGGGCTACCAGGTGGCGCCGGCCGAGCTGGAGAGCATCCTGCTCCAGCACCCC
AACATCTTCGACGCCGGCGTGGCCGGGCTGCCGGACGACGACGCCGGCGAGCTGCCGGLC
GCGGTGGTGGTGCTGGAGCACGGCAAGACCATGACGGAGAAGGAGATCGTCGACTACGTG
GCCAGCCAGGTGACCACCGCCAAGAAGCTGCGGGGCGGCGTGGTGTTCGTGGACGAGGTC
CCGAAGGGCCTGACCGGGAAGCTCGACGCCCGGAAGATCCGCGAGATCCTGATCAAGGCC
AAGAAGGGCGGCAAGATCGCCGTGTAAGACTAGTGCATCACATTTAAAAGCATCTCAGCC
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TACCATGAGAATAAGAGAAAGAAAATGAAGATCAATAGCTTATTCATCTCTTTTTCTTTT
TCGTTGGTGTAAAGCCAACACCCTGTCTAAAAAACATAAATTTCTTTAATCATTTTGCCT
CTTTTCTCTGTGCTTCAATTAATAAAAAATGGAAAGAACCTAGATCTAAAAAAAAAARRA
AAAAAAAAAAAAAAAAAAAARAAAAAAAAAAAPAAAAAANAAARARARAAAAATGCATCCCC
CCCCCCCCCCCCCCCCCCCCCCCCCCCAAAGGCTCTTTTCAGAGCCACCAGAATT (SEQ
NO: 1465)

RPL35 - PpLuc(GC) - ag — A64

GGGGAGCGGGCGGCGGCGTTGGCGGCTTGTGCAGCAAAGCTTGAGGATGGAGGACGCCAA
GAACATCAAGAAGGGCCCGGCGCCCTTCTACCCGCTGGAGGACGGGACCGCCGGCGAGCA
GCTCCACAAGGCCATGAAGCGGTACGCCCTGGTGCCGGGCACGATCGCCTTCACCGACGC
CCACATCGAGGTCGACATCACCTACGCGGAGTACTTCGAGATGAGCGTGCGCCTGGCCGA
GGCCATGAAGCGGTACGGCCTGAACACCAACCACCGGATCGTGGTGTGCTCGGAGAACAG
CCTGCAGTTCTTCATGCCGGTGCTGGGCGCCCTCTTCATCGGCGTGGCCGTCGCCCCGGL
GAACGACATCTACAACGAGCGGGAGCTGCTGAACAGCATGGGGATCAGCCAGCCGACCGT
GGTGTTCGTGAGCAAGAAGGGCCTGCAGAAGATCCTGAACGTGCAGAAGAAGCTGCCCAT
CATCCAGAAGATCATCATCATGGACAGCAAGACCGACTACCAGGGCTTCCAGTCGATGTA
CACGTTCGTGACCAGCCACCTCCCGCCGGGCTTCAACGAGTACGACTTCGTCCCGGAGAG
CTTCGACCGGGACAAGACCATCGCCCTGATCATGAACAGCAGCGGCAGCACCGGCCTGCC
GAAGGGGGTGGCCCTGCCGCACCGGACCGCCTGCGTGCGCTTCTCGCACGCCCGGGACCTC
CATCTTCGGCAACCAGATCATCCCGGACACCGCCATCCTGAGCGTGGTGCCGTTCCACCA
CGGCTTCGGCATGTTCACGACCCTGGGCTACCTCATCTGCGGCTTCCGGGTGGTCCTGAT
GTACCGGTTCGAGGAGGAGCTGTTCCTGCGGAGCCTGCAGGACTACAAGATCCAGAGCGC
GCTGCTCGTGCCGACCCTGTTCAGCTTCTTCGCCAAGAGCACCCTGATCGACAAGTACGA
CCTGTCGAACCTGCACGAGATCGCCAGCGGGGGCGCCCCGCTGAGCAAGGAGGTGGGCGA
GGCCGTGGCCAAGCGGTTCCACCTCCCGGGCATCCGCCAGGGCTACGGCCTGACCGAGALC
CACGAGCGCGATCCTGATCACCCCCGAGGGGGACGACAAGCCGGGCGCCGTGGGCAAGGT
GGTCCCGTTCTTCGAGGCCAAGGTGGTGGACCTGGACACCGGCAAGACCCTGGGCGTGAA
CCAGCGGGGCGAGCTGTGCGTGCGGGGGCCGATGATCATGAGCGGCTACGTGAACAACCC
GGAGGCCACCAACGCCCTCATCGACAAGGACGGCTGGCTGCACAGCGGCGACATCGCCTA
CTGGGACGAGGACGAGCACTTCTTCATCGTCGACCGGCTGAAGTCGCTGATCAAGTACAA
GGGCTACCAGGTGGCGCCGGCCGAGCTGGAGAGCATCCTGCTCCAGCACCCCAACATCTT
CGACGCCGGCGTGGCCGGGCTGCCGGACGACGACGCCGGCGAGCTGCCGGCCGCGGTGGT
GGTGCTGGAGCACGGCAAGACCATGACGGAGAAGGAGATCGTCGACTACGTGGCCAGCCA
GGTGACCACCGCCAAGAAGCTGCGGGGCGGCGTGGTGTTCGTGGACGAGGTCCCGAAGGG
CCTGACCGGGAAGCTCGACGCCCGGAAGATCCGCGAGATCCTGATCAAGGCCAAGAAGGG
CGGCAAGATCGCCGTGTAAGACTAGTTATAAGACTGACTAGCCCGATGGGCCTCCCAACG
GGCCCTCCTCCCCTCCTTGCACCGAGATTAATAAAAAAAAARAARRAAAAAAAAAAAAARA
AAAAAAARAAAAAAAAAAAAAAAAAAAAAAARAAAAA (SEQ ID NO: 1466)

RPL21 - PpLuc(GC) - ag - A64

GGGGCCGGAACCGCCATCTTCCAGTAATTCGCCAAAAAGCTTGAGGATGGAGGACGCCAA
GAACATCAAGAAGGGCCCGGCGCCCTTCTACCCGCTGGAGGACGGGACCGCCGGCGAGCA
GCTCCACAAGGCCATGAAGCGGTACGCCCTGGTGCCGGGCACGATCGCCTTCACCGACGC
CCACATCGAGGTCGACATCACCTACGCGGAGTACTTCGAGATGAGCGTGCGCCTGGCCGA
GGCCATGAAGCGGTACGGCCTGAACACCAACCACCGGATCGTGGTGTGCTCGGAGAACAG
CCTGCAGTTCTTCATGCCGGTGCTGGGCGCCCTCTTCATCGGCGTGGCCGTCGCCCCGGL
GAACGACATCTACAACGAGCGGGAGCTGCTGAACAGCATGGGGATCAGCCAGCCGACCGT
GGTGTTCGTGAGCAAGAAGGGCCTGCAGAAGATCCTGAACGTGCAGAAGAAGCTGCCCAT
CATCCAGAAGATCATCATCATGGACAGCAAGACCGACTACCAGGGCTTCCAGTCGATGTA
CACGTTCGTGACCAGCCACCTCCCGCCGGGCTTCAACGAGTACGACTTCGTCCCGGAGAG
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CTTCGACCGGGACAAGACCATCGCCCTGATCATGAACAGCAGCGGCAGCACCGGCCTGCC
GAAGGGGGTGGCCCTGCCGCACCGGACCGCCTGCGTGCGCTTCTCGCACGCCCGGGACCC
CATCTTCGGCAACCAGATCATCCCGGACACCGCCATCCTGAGCGTGGTGCCGTTCCACCA
CGGCTTCGGCATGTTCACGACCCTGGGCTACCTCATCTGCGGCTTCCGGGTGGTCCTGAT
GTACCGGTTCGAGGAGGAGCTGTTCCTGCGGAGCCTGCAGGACTACAAGATCCAGAGCGC
GCTGCTCGTGCCGACCCTGTTCAGCTTCTTCGCCAAGAGCACCCTGATCGACAAGTACGA
CCTGTCGAACCTGCACGAGATCGCCAGCGGGGGCGCCCCGCTGAGCAAGGAGGTGGGCGA
GGCCGTGGCCAAGCGGTTCCACCTCCCGGGCATCCGCCAGGGCTACGGCCTGACCGAGAC
CACGAGCGCGATCCTGATCACCCCCGAGGGGGACGACAAGCCGGGCGCCGTGGGCAAGGT
GGTCCCGTTCTTCGAGGCCAAGGTGGTGGACCTGGACACCGGCAAGACCCTGGGCGTGAA
CCAGCGGGGCGAGCTGTGCGTGCGGGGGCCGATGATCATGAGCGGCTACGTGAACAACCC
GGAGGCCACCAACGCCCTCATCGACAAGGACGGCTGGCTGCACAGCGGCGACATCGCCTA
CTGGGACGAGGACGAGCACTTCTTCATCGTCGACCGGCTGAAGTCGCTGATCAAGTACAA
GGGCTACCAGGTGGCGCCGGCCGAGCTGGAGAGCATCCTGCTCCAGCACCCCAACATCTT
CGACGCCGGCGTGGCCGGGCTGCCGGACGACGACGCCGGCGAGCTGCCGGCCGCGGTGGT
GGTGCTGGAGCACGGCAAGACCATGACGGAGAAGGAGATCGTCGACTACGTGGCCAGCCA
GGTGACCACCGCCAAGAAGCTGCGGGGCGGCGTGGTGTTCGTGGACGAGGTCCCGAAGGG
CCTGACCGGGAAGCTCGACGCCCGGAAGATCCGCGAGATCCTGATCAAGGCCAAGAAGGG
CGGCAAGATCGCCGTGTAAGACTAGTTATAAGACTGACTAGCCCGATGGGCCTCCCAACG
GGCCCTCCTCCCCTCCTTGCACCGAGATTAATAAAAAAAAAAAAAAAAAAAAAAARNAAAR
AAAAAAAAARAAPAAAAAAAAAAAAAAAAAAAAANAAA (SEQ ID NO: 1467)

atpbal - PpLuc(GC) - ag - A64

GGGCGGCTCGGCCATTTTGTCCCAGTCAGTCCGGAGGCTGCGGCTGCAGAAGTACCGCCT
GCGGAGTAACTGCAAAGAAGCTTGAGGATGGAGGACGCCAAGAACATCAAGAAGGGCCCG
GCGCCCTTCTACCCGCTGGAGGACGGGACCGCCGGCGAGCAGCTCCACAAGGCCATGAAG
CGGTACGCCCTGGTGCCGGGCACGATCGCCTTCACCGACGCCCACATCGAGGTCGACATC
ACCTACGCGGAGTACTTCGAGATGAGCGTGCGCCTGGCCGAGGCCATGAAGCGGTACGGC
CTGAACACCAACCACCGGATCGTGGTGTGCTCGGAGAACAGCCTGCAGTTCTTCATGCCG
GTGCTGGGCGCCCTCTTCATCGGCGTGGCCGTCGCCCCGGCGAACGACATCTACAACGAG
CGGGAGCTGCTGAACAGCATGGGGATCAGCCAGCCGACCGTGGTGTTCGTGAGCAAGAAG
GGCCTGCAGAAGATCCTGAACGTGCAGAAGAAGCTGCCCATCATCCAGAAGATCATCATC
ATGGACAGCAAGACCGACTACCAGGGCTTCCAGTCGATGTACACGTTCGTGACCAGCCAC
CTCCCGCCGGGCTTCAACGAGTACGACTTCGTCCCGGAGAGCTTCGACCGGGACAAGACC
ATCGCCCTGATCATGAACAGCAGCGGCAGCACCGGCCTGCCGAAGGGGGTGGCCCTGCCG
CACCGGACCGCCTGCGTGCGCTTCTCGCACGCCCGGGACCCCATCTTCGGCAACCAGATC
ATCCCGGACACCGCCATCCTGAGCGTGGTGCCGTTCCACCACGGCTTCGGCATGTTCACG
ACCCTGGGCTACCTCATCTGCGGCTTCCGGGTGGTCCTGATGTACCGGTTCGAGGAGGAG
CTGTTCCTGCGGAGCCTGCAGGACTACAAGATCCAGAGCGCGCTGCTCGTGCCGACCCTG
TTCAGCTTCTTCGCCAAGAGCACCCTGATCGACAAGTACGACCTGTCGAACCTGCACGAG
ATCGCCAGCGGGGGCGCCCCGCTGAGCAAGGAGGTGGGCGAGGCCGTGGCCAAGCGGTTC
CACCTCCCGGGCATCCGCCAGGGCTACGGCCTGACCGAGACCACGAGCGCGATCCTGATC
ACCCCCGAGGGGGACGACAAGCCGGGCGCCGTGGGCAAGGTGGTCCCGTTCTTCGAGGCC
AAGGTGGTGGACCTGGACACCGGCAAGACCCTGGGCGTGAACCAGCGGGGCGAGCTGTGC
GTGCGGGGGCCGATGATCATGAGCGGCTACGTGAACAACCCGGAGGCCACCAACGCCCTC
ATCGACAAGGACGGCTGGCTGCACAGCGGCGACATCGCCTACTGGGACGAGGACGAGCAC
TTCTTCATCGTCGACCGGCTGAAGTCGCTGATCAAGTACAAGGGCTACCAGGTGGCGCCG
GCCGAGCTGGAGAGCATCCTGCTCCAGCACCCCAACATCTTCGACGCCGGCGTGGCCGGG
CTGCCGGACGACGACGCCGGCGAGCTGCCGGCCGCGGTGGTGGTGCTGGAGCACGGCAAG
ACCATGACGGAGAAGGAGATCGTCGACTACGTGGCCAGCCAGGTGACCACCGCCAAGAAG
CTGCGGGGCGGCGTGGTGTTCGTGGACGAGGT CCCGAAGGGCCTGACCGGGAAGCTCGAC
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GCCCGGAAGATCCGCGAGATCCTGATCAAGGCCAAGAAGGGCGGCAAGATCGCCGTGTAA
GACTAGTTATAAGACTGACTAGCCCGATGGGCCTCCCAACGGGCCCTCCTCCCCTCCTTG
CACCGAGATTAATAAAAAAAAAAAAAAAAARARAAAAAAAAAAAAAAAAAARAAAAAAARA
AAAAAAAAARAAAAAAAA (SEQ ID NO: 1468)

HSD17B4 - PpLuc(GC) - ag - A64

GGGTCCCGCAGTCGGCGTCCAGCGGCTCTGCTTGTTCGTGTGTGTGTCGTTGCAGGCCTT
ATTCAAGCTTGAGGATGGAGGACGCCAAGAACATCAAGAAGGGCCCGGCGCCCTTCTACC
CGCTGGAGGACGGGACCGCCGGCGAGCAGCTCCACAAGGCCATGAAGCGGTACGCCCTGG
TGCCGGGCACGATCGCCTTCACCGACGCCCACATCGAGGTCGACATCACCTACGCGGAGT
ACTTCGAGATGAGCGTGCGCCTGGCCGAGGCCATGAAGCGGTACGGCCTGAACACCAACC
ACCGGATCGTGGTGTGCTCGGAGAACAGCCTGCAGTTCTTCATGCCGGTGCTGGGCGCCC
TCTTCATCGGCGTGGCCGTCGCCCCGGCGAACGACATCTACAACGAGCGGGAGCTGCTGA
ACAGCATGGGGATCAGCCAGCCGACCGTGGTGTTCGTGAGCAAGAAGGGCCTGCAGAAGA
TCCTGAACGTGCAGAAGAAGCTGCCCATCATCCAGAAGATCATCATCATGGACAGCAAGA
CCGACTACCAGGGCTTCCAGTCGATGTACACGTTCGTGACCAGCCACCTCCCGCCGGGCT
TCAACGAGTACGACTTCGTCCCGGAGAGCTTCGACCGGGACAAGACCATCGCCCTGATCA
TGAACAGCAGCGGCAGCACCGGCCTGCCGAAGGGGGTGGCCCTGCCGCACCGGACCGCCT
GCGTGCGCTTCTCGCACGCCCGGGACCCCATCTTCGGCAACCAGATCATCCCGGACACCG
CCATCCTGAGCGTGGTGCCGTTCCACCACGGCTTCGGCATGTTCACGACCCTGGGCTACC
TCATCTGCGGCTTCCGGGTGGTCCTGATGTACCGGTTCGAGGAGGAGCTGTTCCTGCGGA
GCCTGCAGGACTACAAGATCCAGAGCGCGCTGCTCGTGCCGACCCTGTTCAGCTTCTTCG
CCAAGAGCACCCTGATCGACAAGTACGACCTGTCGAACCTGCACGAGATCGCCAGCGGGG
GCGCCCCGCTGAGCAAGGAGGTGGGCGAGGCCGTGGCCAAGCGGTTCCACCTCCCGGGCA
TCCGCCAGGGCTACGGCCTGACCGAGACCACGAGCGCGATCCTGATCACCCCCGAGGGGG
ACGACAAGCCGGGCGCCGTGGGCAAGGTGGTCCCGTTCTTCGAGGCCAAGGTGGTGGACC
TGGACACCGGCAAGACCCTGGGCGTGAACCAGCGGGGCGAGCTGTGCGTGCGGGGGCCGA
TGATCATGAGCGGCTACGTGAACAACCCGGAGGCCACCAACGCCCTCATCGACAAGGACG
GCTGGCTGCACAGCGGCGACATCGCCTACTGGGACGAGGACGAGCACTTCTTCATCGTCG
ACCGGCTGAAGTCGCTGATCAAGTACAAGGGCTACCAGGTGGCGCCGGCCGAGCTGGAGA
GCATCCTGCTCCAGCACCCCAACATCTTCGACGCCGGCGTGGCCGGGCTGCCGGACGACG
ACGCCGGCGAGCTGCCGGCCGCGGTGGTGGTGCTGGAGCACGGCAAGACCATGACGGAGA
AGGAGATCGTCGACTACGTGGCCAGCCAGGTGACCACCGCCAAGAAGCTGCGGGGCGGLG
TGGTGTTCGTGGACGAGGTCCCGAAGGGCCTGACCGGGAAGCTCGACGCCCGGAAGATCC
GCGAGATCCTGATCAAGGCCAAGAAGGGCGGCAAGATCGCCGTGTAAGACTAGTTATAAG
ACTGACTAGCCCGATGGGCCTCCCAACGGGCCCTCCTCCCCTCCTTGCACCGAGATTAAT
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAARAAAAAAAAAAAAAAAAAAAAANARAAARR
AAAA (SEQ ID NO: 1469)

AIGl - PpLuc(GC) - ag - A64

GGGCCGCCCAGCCGGTCCAGGCCTCTGGCGAACAAGCTTGAGGATGGAGGACGCCAAGAA
CATCAAGAAGGGCCCGGCGCCCTTCTACCCGCTGGAGGACGGGACCGCCGGCGAGCAGCT
CCACAAGGCCATGAAGCGGTACGCCCTGGTGCCGGGCACGATCGCCTTCACCGACGCCCA
CATCGAGGTCGACATCACCTACGCGGAGTACTTCGAGATGAGCGTGCGCCTGGCCGAGGC
CATGAAGCGGTACGGCCTGAACACCAACCACCGGATCGTGGTGTGCTCGGAGAACAGCCT
GCAGTTCTTCATGCCGGTGCTGGGCGCCCTCTTCATCGGCGTGGCCGTCGCCCCGGCGAA
CGACATCTACAACGAGCGGGAGCTGCTGAACAGCATGGGGATCAGCCAGCCGACCGTGGT
GTTCGTGAGCAAGAAGGGCCTGCAGAAGATCCTGAACGTGCAGAAGAAGCTGCCCATCAT
CCAGAAGATCATCATCATGGACAGCAAGACCGACTACCAGGGCTTCCAGTCGATGTACAC
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GTTCGTGACCAGCCACCTCCCGCCGGGCTTCAACGAGTACGACTTCGTCCCGGAGAGCTT
CGACCGGGACAAGACCATCGCCCTGATCATGAACAGCAGCGGCAGCACCGGCCTGCCGAA
GGGGGTGGCCCTGCCGCACCGGACCGCCTGCGTGCGCTTCTCGCACGCCCGGGACCCCAT
CTTCGGCAACCAGATCATCCCGGACACCGCCATCCTGAGCGTGGTGCCGTTCCACCACGG
CTTCGGCATGTTCACGACCCTGGGCTACCTCATCTGCGGCTTCCGGGTGGTCCTGATGTA
CCGGTTCGAGGAGGAGCTGTTCCTGCGGAGCCTGCAGGACTACAAGATCCAGAGCGCGCT
GCTCGTGCCGACCCTGTTCAGCTTCTTCGCCAAGAGCACCCTGATCGACAAGTACGACCT
GTCGAACCTGCACGAGATCGCCAGCGGGGGCGCCCCGCTGAGCAAGGAGGTGGGCGAGGC
CGTGGCCAAGCGGTTCCACCTCCCGGGCATCCGCCAGGGCTACGGCCTGACCGAGACCAC
GAGCGCGATCCTGATCACCCCCGAGGGGGACGACAAGCCGGGCGCCGTGGGCAAGGTGGT
CCCGTTCTTCGAGGCCAAGGTGGTGGACCTGGACACCGGCAAGACCCTGGGCGTGAACCA
GCGGGGCGAGCTGTGCGTGCGGGGGCCGATGATCATGAGCGGCTACGTGAACAACCCGGA
GGCCACCAACGCCCTCATCGACAAGGACGGCTGGCTGCACAGCGGCGACATCGCCTACTG
GGACGAGGACGAGCACTTCTTCATCGTCGACCGGCTGAAGTCGCTGATCAAGTACAAGGG
CTACCAGGTGGCGCCGGCCGAGCTGGAGAGCATCCTGCTCCAGCACCCCAACATCTTCGA
CGCCGGCGTGGCCGGGCTGCCGGACGACGACGCCGGCGAGCTGCCGGCCGCGGTGGTGGT
GCTGGAGCACGGCAAGACCATGACGGAGAAGGAGATCGTCGACTACGTGGCCAGCCAGGT
GACCACCGCCAAGAAGCTGCGGGGCGGCGTGGTGTTCGTGGACGAGGTCCCGAAGGGCCT
GACCGGGAAGCTCGACGCCCGGAAGATCCGCGAGATCCTGATCAAGGCCAAGAAGGGCGG
CAAGATCGCCGTGTAAGACTAGTTATAAGACTGACTAGCCCGATGGGCCTCCCAACGGGC
CCTCCTCCCCTCCTTGCACCGAGATTAATAAAAAAAAAAAAAAARAAAAAANAAARARAARA
ARAAAAAAAAAAAAAAAAAAAARAAAAAAAAAAA (SEQ ID NO: 1470)

COX6C - PpLuc(GC) — ag - Ab4

GGAGTCAGGAAGGACGTTGGTGTTGAGGTTAGCATACGTATCAAGGACAGTAACTACCAA
GCTTGAGGATGGAGGACGCCAAGAACATCAAGAAGGGCCCGGCGCCCTTCTACCCGLCTGG
AGGACGGGACCGCCGGCGAGCAGCTCCACAAGGCCATGAAGCGGTACGCCCTGGTGCCGG
GCACGATCGCCTTCACCGACGCCCACATCGAGGTCGACATCACCTACGCGGAGTACTTCG
AGATGAGCGTGCGCCTGGCCGAGGCCATGAAGCGGTACGGCCTGAACACCAACCACCGGA
TCGTGGTGTGCTCGGAGAACAGCCTGCAGTTCTTCATGCCGGTGCTGGGCGCCCTCTTCA
TCGGCGTGGCCGTCGCCCCGGCGAACGACATCTACAACGAGCGGGAGCTGCTGAACAGCA
TGGGGATCAGCCAGCCGACCGTGGTGTTCGTGAGCAAGAAGGGCCTGCAGAAGATCCTGA
ACGTGCAGAAGAAGCTGCCCATCATCCAGAAGATCATCATCATGGACAGCAAGACCGACT
ACCAGGGCTTCCAGTCGATGTACACGTTCGTGACCAGCCACCTCCCGCCGGGCTTCAACG
AGTACGACTTCGTCCCGGAGAGCTTCGACCGGGACAAGACCATCGCCCTGATCATGAACA
GCAGCGGCAGCACCGGCCTGCCGAAGGGGGTGGCCCTGCCGCACCGGACCGCCTGCGTGC
GCTTCTCGCACGCCCGGGACCCCATCTTCGGCAACCAGATCATCCCGGACACCGCCATCC
TGAGCGTGGTGCCGTTCCACCACGGCTTCGGCATGTTCACGACCCTGGGCTACCTCATCT
GCGGCTTCCGGGTGGTCCTGATGTACCGGTTCGAGGAGGAGCTGTTCCTGCGGAGCCTGC
AGGACTACAAGATCCAGAGCGCGCTGCTCGTGCCGACCCTGTTCAGCTTCTTCGCCAAGA
GCACCCTGATCGACAAGTACGACCTGTCGAACCTGCACGAGATCGCCAGCGGGGGCGCCC
CGCTGAGCAAGGAGGTGGGCGAGGCCGTGGCCAAGCGGTTCCACCTCCCGGGCATCCGCC
AGGGCTACGGCCTGACCGAGACCACGAGCGCGATCCTGATCACCCCCGAGGGGGACGACA
AGCCGGGCGCCGTGGGCAAGGTGGTCCCGTTCTTCGAGGCCAAGGTGGTGGACCTGGACA
CCGGCAAGACCCTGGGCGTGAACCAGCGGGGCGAGCTGTGCGTGCGGGGGCCGATGATCA
TGAGCGGCTACGTGAACAACCCGGAGGCCACCAACGCCCTCATCGACAAGGACGGCTGGC
TGCACAGCGGCGACATCGCCTACTGGGACGAGGACGAGCACTTCTTCATCGTCGACCGGC
TGAAGTCGCTGATCAAGTACAAGGGCTACCAGGTGGCGCCGGCCGAGCTGGAGAGCATCC
TGCTCCAGCACCCCAACATCTTCGACGCCGGCGTGGCCGGGCTGCCGGACGACGACGCCG
GCGAGCTGCCGGCCGCGGTGGTGGTGCTGGAGCACGGCAAGACCATGACGGAGAAGGAGA
TCGTCGACTACGTGGCCAGCCAGGTGACCACCGCCAAGAAGCTGCGGGGCGGCGTGGTGT
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TCGTGGACGAGGTCCCGAAGGGCCTGACCGGGAAGCTCGACGCCCGGAAGATCCGCGAGA
TCCTGATCAAGGCCAAGAAGGGCGGCAAGATCGCCGTGTAAGACTAGTTATAAGACTGAC
TAGCCCGATGGGCCTCCCAACGGGCCCTCCTCCCCTCCTTGCACCGAGATTAATAAAARA

AAAAAAAARAAAAAAADAARAAAARAAAAAAAAAAAAAAAAAAAAAAAARARAARAAARA (SEQ ID
NO: 1471)
ASAH1 - PpLuc(GC) - ag - A64

GGGCCTCTGCTGGAGTCCGGGGAGTGGCGTTGGCTGCTAGAGCGAAGCTTGAGGATGGAG
GACGCCAAGAACATCAAGAAGGGCCCGGCGCCCTTCTACCCGCTGGAGGACGGGACCGCC
GGCGAGCAGCTCCACAAGGCCATGAAGCGGTACGCCCTGGTGCCGGGCACGATCGCCTTC
ACCGACGCCCACATCGAGGTCGACATCACCTACGCGGAGTACTTCGAGATGAGCGTGCGC
CTGGCCGAGGCCATGAAGCGGTACGGCCTGAACACCAACCACCGGATCGTGGTGTGCTCG
GAGAACAGCCTGCAGTTCTTCATGCCGGTGCTGGGCGCCCTCTTCATCGGCGTGGCCGTC
GCCCCGGCGAACGACATCTACAACGAGCGGGAGCTGCTGAACAGCATGGGGATCAGCCAG
CCGACCGTGGTGTTCGTGAGCAAGAAGGGCCTGCAGAAGATCCTGAACGTGCAGAAGAAG
CTGCCCATCATCCAGAAGATCATCATCATGGACAGCAAGACCGACTACCAGGGCTTCCAG
TCGATGTACACGTTCGTGACCAGCCACCTCCCGCCGGGCTTCAACGAGTACGACTTCGTC
CCGGAGAGCTTCGACCGGGACAAGACCATCGCCCTGATCATGAACAGCAGCGGCAGCACC
GGCCTGCCGAAGGGGGTGGCCCTGCCGCACCGGACCGCCTGCGTGCGCTTCTCGCACGCC
CGGGACCCCATCTTCGGCAACCAGATCATCCCGGACACCGCCATCCTGAGCGTGGTGCCG
TTCCACCACGGCTTCGGCATGTTCACGACCCTGGGCTACCTCATCTGCGGCTTCCGGGTG
GTCCTGATGTACCGGTTCGAGGAGGAGCTGTTCCTGCGGAGCCTGCAGGACTACAAGATC
CAGAGCGCGCTGCTCGTGCCGACCCTGTTCAGCTTCTTCGCCAAGAGCACCCTGATCGAC
AAGTACGACCTGTCGAACCTGCACGAGATCGCCAGCGGGGGCGCCCCGCTGAGCAAGGAG
GTGGGCGAGGCCGTGGCCAAGCGGTTCCACCTCCCGGGCATCCGCCAGGGCTACGGCCTG
ACCGAGACCACGAGCGCGATCCTGATCACCCCCGAGGGGGACGACAAGCCGGGCGCCGTG
GGCAAGGTGGTCCCGTTCTTCGAGGCCAAGGTGGTGGACCTGGACACCGGCAAGACCCTG
GGCGTGAACCAGCGGGGCGAGCTGTGCGTGCGGGGGCCGATGATCATGAGCGGCTACGTG
AACAACCCGGAGGCCACCAACGCCCTCATCGACAAGGACGGCTGGCTGCACAGCGGCGAC
ATCGCCTACTGGGACGAGGACGAGCACTTCTTCATCGTCGACCGGCTGAAGTCGCTGATC
AAGTACAAGGGCTACCAGGTGGCGCCGGCCGAGCTGGAGAGCATCCTGCTCCAGCACCCC
AACATCTTCGACGCCGGCGTGGCCGGGCTGCCGGACGACGACGCCGGCGAGCTGCCGGLC
GCGGTGGTGGTGCTGGAGCACGGCAAGACCATGACGGAGAAGGAGATCGTCGACTACGTG
GCCAGCCAGGTGACCACCGCCAAGAAGCTGCGGGGCGGCGTGGTGTTCGTGGACGAGGTC
CCGAAGGGCCTGACCGGGAAGCTCGACGCCCGGAAGATCCGCGAGATCCTGATCAAGGCC
AAGAAGGGCGGCAAGATCGCCGTGTAAGACTAGTTATAAGACTGACTAGCCCGATGGGCC
TCCCAACGGGCCCTCCTCCCCTCCTTGCACCGAGATTAATAAAAAAAAAAAARAAAARAAR

AAAAAAAAAARAAAAAARAAAAAAARAAAAAAAAAARAARAARA (SEQ ID NO: 1472)

RPL35 - PpLuc(GC) - ag - A64 - histoneSL

GGGGAGCGGGCGGCGGCGTTGGCGGCTTGTGCAGCAAAGCTTGAGGATGGAGGACGCCAA
GAACATCAAGAAGGGCCCGGCGCCCTTCTACCCGCTGGAGGACGGGACCGCCGGCGAGCA
GCTCCACAAGGCCATGAAGCGGTACGCCCTGGTGCCGGGCACGATCGCCTTCACCGACGC
CCACATCGAGGTCGACATCACCTACGCGGAGTACTTCGAGATGAGCGTGCGCCTGGCCGA
GGCCATGAAGCGGTACGGCCTGAACACCAACCACCGGATCGTGGTGTGCTCGGAGAACAG
CCTGCAGTTCTTCATGCCGGTGCTGGGCGCCCTCTTCATCGGCGTGGCCGTCGCCCCGGC
GAACGACATCTACAACGAGCGGGAGCTGCTGAACAGCATGGGGATCAGCCAGCCGACCGET
GGTGTTCGTGAGCAAGAAGGGCCTGCAGAAGATCCTGAACGTGCAGAAGAAGCTGCCCAT
CATCCAGAAGATCATCATCATGGACAGCAAGACCGACTACCAGGGCTTCCAGTCGATGTA
CACGTTCGTGACCAGCCACCTCCCGCCGGGCTTCAACGAGTACGACTTCGTCCCGGAGAG
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CTTCGACCGGGACAAGACCATCGCCCTGATCATGAACAGCAGCGGCAGCACCGGCCTGCC
GAAGGGGGTGGCCCTGCCGCACCGGACCGCCTGCGTGCGCTTCTCGCACGCCCGGGACCC
CATCTTCGGCAACCAGATCATCCCGGACACCGCCATCCTGAGCGTGGTGCCGTTCCACCA
CGGCTTCGGCATGTTCACGACCCTGGGCTACCTCATCTGCGGCTTCCGGGTGGTCCTGAT
GTACCGGTTCGAGGAGGAGCTGTTCCTGCGGAGCCTGCAGGACTACAAGATCCAGAGCGC
GCTGCTCGTGCCGACCCTGTTCAGCTTCTTCGCCAAGAGCACCCTGATCGACAAGTACGA
CCTGTCGAACCTGCACGAGATCGCCAGCGGGGGCGCCCCGCTGAGCAAGGAGGTGGGCGA
GGCCGTGGCCAAGCGGTTCCACCTCCCGGGCATCCGCCAGGGCTACGGCCTGACCGAGAC
CACGAGCGCGATCCTGATCACCCCCGAGGGGGACGACAAGCCGGGCGCCGTGGGCAAGGT
GGTCCCGTTCTTCGAGGCCAAGGTGGTGGACCTGGACACCGGCAAGACCCTGGGCGTGAA
CCAGCGGGGCGAGCTGTGCGTGCGGGGGCCGATGATCATGAGCGGCTACGTGAACAACCC
GGAGGCCACCAACGCCCTCATCGACAAGGACGGCTGGCTGCACAGCGGCGACATCGCCTA
CTGGGACGAGGACGAGCACTTCTTCATCGTCGACCGGCTGAAGTCGCTGATCAAGTACAA
GGGCTACCAGGTGGCGCCGGCCGAGCTGGAGAGCATCCTGCTCCAGCACCCCAACATCTT
CGACGCCGGCGTGGCCGGGCTGCCGGACGACGACGCCGGCGAGCTGCCGGCCGCGGTGRT
GGTGCTGGAGCACGGCAAGACCATGACGGAGAAGGAGATCGTCGACTACGTGGCCAGCCA
GGTGACCACCGCCAAGAAGCTGCGGGGCGGCGTGGTGTTCGTGGACGAGGTCCCGAAGGG

-CCTGACCGGGAAGCTCGACGCCCGGAAGATCCGCGAGATCCTGATCAAGGCCAAGAAGGG

CGGCAAGATCGCCGTGTAAGACTAGTTATAAGACTGACTAGCCCGATGGGCCTCCCAACG
GGCCCTCCTCCCCTCCTTGCACCGAGATTAATAAAAAAARAAAAAAAAAAAAARARARRRA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAATGCATCAAAGGCTCTTTTCAGAGC
CACCA (SEQ ID NO: 1473)

RPL21 - PpLuc(GC) - ag - A64 - histoneSL

GGGGCCGGAACCGCCATCTTCCAGTAATTCGCCAAAAAGCTTGAGGATGGAGGACGCCAA
GAACATCAAGAAGGGCCCGGCGCCCTTCTACCCGCTGGAGGACGGGACCGCCGGCGAGCA
GCTCCACAAGGCCATGAAGCGGTACGCCCTGGTGCCGGGCACGATCGCCTTCACCGACGC
CCACATCGAGGTCGACATCACCTACGCGGAGTACTTCGAGATGAGCGTGCGCCTGGCCGA
GGCCATGAAGCGGTACGGCCTGAACACCAACCACCGGATCGTGGTGTGCTCGGAGAACAG
CCTGCAGTTCTTCATGCCGGTGCTGGGCGCCCTCTTCATCGGCGTGGCCGTCGCCCCGGC
GAACGACATCTACAACGAGCGGGAGCTGCTGAACAGCATGGGGATCAGCCAGCCGACCGT
GGTGTTCGTGAGCAAGAAGGGCCTGCAGAAGATCCTGAACGTGCAGAAGAAGCTGCCCAT
CATCCAGAAGATCATCATCATGGACAGCAAGACCGACTACCAGGGCTTCCAGTCGATGTA
CACGTTCGTGACCAGCCACCTCCCGCCGGGCTTCAACGAGTACGACTTCGTCCCGGAGAG
CTTCGACCGGGACAAGACCATCGCCCTGATCATGAACAGCAGCGGCAGCACCGGCCTGCC
GAAGGGGGTGGCCCTGCCGCACCGGACCGCCTGCGTGCGCTTCTCGCACGCCCGGGACCC
CATCTTCGGCAACCAGATCATCCCGGACACCGCCATCCTGAGCGTGGTGCCGTTCCACCA
CGGCTTCGGCATGTTCACGACCCTGGGCTACCTCATCTGCGGCTTCCGGGTGGTCCTGAT
GTACCGGTTCGAGGAGGAGCTGTTCCTGCGGAGCCTGCAGGACTACAAGATCCAGAGCGC
GCTGCTCGTGCCGACCCTGTTCAGCTTCTTCGCCAAGAGCACCCTGATCGACAAGTACGA
CCTGTCGAACCTGCACGAGATCGCCAGCGGGGGCGCCCCGCTGAGCAAGGAGGTGGGCGA
GGCCGTGGCCAAGCGGTTCCACCTCCCGGGCATCCGCCAGGGCTACGGCCTGACCGAGAC
CACGAGCGCGATCCTGATCACCCCCGAGGGGGACGACAAGCCGGGCGCCGTGGGCAAGGT
GGTCCCGTTCTTCGAGGCCAAGGTGGTGGACCTGGACACCGGCAAGACCCTGGGCGTGAA
CCAGCGGGGCGAGCTGTGCGTGCGGGGGCCGATGATCATGAGCGGCTACGTGAACAACCC
GGAGGCCACCAACGCCCTCATCGACAAGGACGGCTGGCTGCACAGCGGCGACATCGCCTA
CTGGGACGAGGACGAGCACTTCTTCATCGTCGACCGGCTGAAGTCGCTGATCAAGTACAA
GGGCTACCAGGTGGCGCCGGCCGAGCTGGAGAGCATCCTGCTCCAGCACCCCAACATCTT
CGACGCCGGCGTGGCCGGGCTGCCGGACGACGACGCCGGCGAGCTGCCGGCCGCGGTGGT
GGTGCTGGAGCACGGCAAGACCATGACGGAGAAGGAGATCGTCGACTACGTGGCCAGCCA
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GGTGACCACCGCCAAGAAGCTGCGGGGCGGCGTGGTGTTCGTGGACGAGGTCCCGAAGGG
CCTGACCGGGAAGCTCGACGCCCGGAAGATCCGCGAGATCCTGATCAAGGCCAAGAAGGG
CGGCAAGATCGCCGTGTAAGACTAGTTATAAGACTGACTAGCCCGATGGGCCTCCCAACG
GGCCCTCCTCCCCTCCTTGCACCGAGATTAATAAAAAAAAAAAAAAAAAAAAAAAAANAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAANDPANAATGCATCAAAGGCTCTTTTCAGAGC
CACCA (SEQ ID NO: 1474)

atpbal - PpLuc(GC) - ag - A64 - histoneSL

GGGCGGCTCGGCCATTTTGTCCCAGTCAGTCCGGAGGCTGCGGCTGCAGAAGTACCGCCT
GCGGAGTAACTGCAAAGAAGCTTGAGGATGGAGGACGCCAAGAACATCAAGAAGGGCCCG
GCGCCCTTCTACCCGCTGGAGGACGGGACCGCCGGCGAGCAGCTCCACAAGGCCATGAAG
CGGTACGCCCTGGTGCCGGGCACGATCGCCTTCACCGACGCCCACATCGAGGTCGACATC
ACCTACGCGGAGTACTTCGAGATGAGCGTGCGCCTGGCCGAGGCCATGAAGCGGTACGGC
CTGAACACCAACCACCGGATCGTGGTGTGCTCGGAGAACAGCCTGCAGTTCTTCATGCCG
GTGCTGGGCGCCCTCTTCATCGGCGTGGCCGTCGCCCCGGCGAACGACATCTACAACGAG
CGGGAGCTGCTGAACAGCATGGGGATCAGCCAGCCGACCGTGGTGTTCGTGAGCAAGAAG
GGCCTGCAGAAGATCCTGAACGTGCAGAAGAAGCTGCCCATCATCCAGAAGATCATCATC
ATGGACAGCAAGACCGACTACCAGGGCTTCCAGTCGATGTACACGTTCGTGACCAGCCAC
CTCCCGCCGGGCTTCAACGAGTACGACTTCGTCCCGGAGAGCTTCGACCGGGACAAGACC
ATCGCCCTGATCATGAACAGCAGCGGCAGCACCGGCCTGCCGAAGGGGGTGGCCLCTGCCG
CACCGGACCGCCTGCGTGCGCTTCTCGCACGCCCGGGACCCCATCTTCGGCAACCAGATC
ATCCCGGACACCGCCATCCTGAGCGTGGTGCCGTTCCACCACGGCTTCGGCATGTTCACG
ACCCTGGGCTACCTCATCTGCGGCTTCCGGGTGGTCCTGATGTACCGGTTCGAGGAGGAG
CTGTTCCTGCGGAGCCTGCAGGACTACAAGATCCAGAGCGCGCTGCTCGTGCCGACCCTG
TTCAGCTTCTTCGCCAAGAGCACCCTGATCGACAAGTACGACCTGTCGAACCTGCACGAG
ATCGCCAGCGGGGGCGCCCCGCTGAGCAAGGAGGTGGGCGAGGCCGTGGCCAAGCGGTTC
CACCTCCCGGGCATCCGCCAGGGCTACGGCCTGACCGAGACCACGAGCGCGATCCTGATC
ACCCCCGAGGGGGACGACAAGCCGGGCGCCGTGGGCAAGGTGGTCCCGTTCTTCGAGGCC
AAGGTGGTGGACCTGGACACCGGCAAGACCCTGGGCGTGAACCAGCGGGGCGAGCTGTGC
GTGCGGGGGCCGATGATCATGAGCGGCTACGTGAACAACCCGGAGGCCACCAACGCCCTC
ATCGACAAGGACGGCTGGCTGCACAGCGGCGACATCGCCTACTGGGACGAGGACGAGCAC
TTCTTCATCGTCGACCGGCTGAAGTCGCTGATCAAGTACAAGGGCTACCAGGTGGCGCCG
GCCGAGCTGGAGAGCATCCTGCTCCAGCACCCCAACATCTTCGACGCCGGCGTGGCCGGG
CTGCCGGACGACGACGCCGGCGAGCTGCCGGCCGCGGTGGTGGTGCTGGAGCACGGCAAG
ACCATGACGGAGAAGGAGATCGTCGACTACGTGGCCAGCCAGGTGACCACCGCCAAGAAG
CTGCGGGGCGGCGTGGTGTTCGTGGACGAGGTCCCGAAGGGCCTGACCGGGAAGCTCGAC
GCCCGGAAGATCCGCGAGATCCTGATCAAGGCCAAGAAGGGCGGCAAGATCGCCGTGTAA
GACTAGTTATAAGACTGACTAGCCCGATGGGCCTCCCAACGGGCCCTCCTCCCCTCCTTG
CACCGAGATTAATAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAARARAAAAAA

AAAAAAAAAAARARAAAATGCATCARAGGCTCTTTTCAGAGCCACCA (SEQ ID NO: 1475)

HSD17B4 - PpLuc(GC) - ag - A64 - histoneSL

GGGTCCCGCAGTCGGCGTCCAGCGGCTCTGCTTGTTCGTGTGTGTGTCGTTGCAGGCCTT
ATTCAAGCTTGAGGATGGAGGACGCCAAGAACATCAAGAAGGGCCCGGCGCCCTTCTACC
CGCTGGAGGACGGGACCGCCGGCGAGCAGCTCCACAAGGCCATGAAGCGGTACGCCCTGG
TGCCGGGCACGATCGCCTTCACCGACGCCCACATCGAGGTCGACATCACCTACGCGGAGT
ACTTCGAGATGAGCGTGCGCCTGGCCGAGGCCATGAAGCGGTACGGCCTGAACACCAACC
ACCGGATCGTGGTGTGCTCGGAGAACAGCCTGCAGTTCTTCATGCCGGTGCTGGGCGCCC
TCTTCATCGGCGTGGCCGTCGCCCCGGCGAACGACATCTACAACGAGCGGGAGCTGCTGA
ACAGCATGGGGATCAGCCAGCCGACCGTGGTGTTCGTGAGCAAGAAGGGCCTGCAGAAGA
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TCCTGAACGTGCAGAAGAAGCTGCCCATCATCCAGAAGATCATCATCATGGACAGCAAGA
CCGACTACCAGGGCTTCCAGTCGATGTACACGTTCGTGACCAGCCACCTCCCGCCGGGCT
TCAACGAGTACGACTTCGTCCCGGAGAGCTTCGACCGGGACAAGACCATCGCCCTGATCA
TGAACAGCAGCGGCAGCACCGGCCTGCCGAAGGGGGTGGCCCTGCCGCACCGGACCGCCT
GCGTGCGCTTCTCGCACGCCCGGGACCCCATCTTCGGCAACCAGATCATCCCGGACACCG
CCATCCTGAGCGTGGTGCCGTTCCACCACGGCTTCGGCATGTTCACGACCCTGGGCTACC |
TCATCTGCGGCTTCCGGGTGGTCCTGATGTACCGGTTCGAGGAGGAGCTGTTCCTGCGGA
GCCTGCAGGACTACAAGATCCAGAGCGCGCTGCTCGTGCCGACCCTGTTCAGCTTCTTCG
CCAAGAGCACCCTGATCGACAAGTACGACCTGTCGAACCTGCACGAGATCGCCAGCGGGG
GCGCCCCGCTGAGCAAGGAGGTGGGCGAGGCCGTGGCCAAGCGGTTCCACCTCCCGGGCA
TCCGCCAGGGCTACGGCCTGACCGAGACCACGAGCGCGATCCTGATCACCCCCGAGGGGG
ACGACAAGCCGGGCGCCGTGGGCAAGGTGGTCCCGTTCTTCGAGGCCAAGGTGGTGGACC
TGGACACCGGCAAGACCCTGGGCGTGAACCAGCGGGGCGAGCTGTGCGTGCGGGGGCCGA
TGATCATGAGCGGCTACGTGAACAACCCGGAGGCCACCAACGCCCTCATCGACAAGGACG
GCTGGCTGCACAGCGGCGACATCGCCTACTGGGACGAGGACGAGCACTTCTTCATCGTCG
ACCGGCTGAAGTCGCTGATCAAGTACAAGGGCTACCAGGTGGCGCCGGCCGAGCTGGAGA
GCATCCTGCTCCAGCACCCCAACATCTTCGACGCCGGCGTGGCCGGGCTGCCGGACGACG
ACGCCGGCGAGCTGCCGGCCGCGGTGGTGGTGCTGGAGCACGGCAAGACCATGACGGAGA
AGGAGATCGTCGACTACGTGGCCAGCCAGGTGACCACCGCCAAGAAGCTGCGGGGCGGCG
TGGTGTTCGTGGACGAGGTCCCGAAGGGCCTGACCGGGAAGCTCGACGCCCGGAAGATCC
GCGAGATCCTGATCAAGGCCAAGAAGGGCGGCAAGATCGCCGTGTAAGACTAGTTATAAG
ACTGACTAGCCCGATGGGCCTCCCAACGGGCCCTCCTCCCCTCCTTGCACCGAGATTAAT
AAAAAAAAAAAAAAAAAAARAARAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAARAARNAA
AAAATGCATCAAAGGCTCTTTTCAGAGCCACCA (SEQ ID NO: 1476)

AIGl - PpLuc(GC) - ag - A64 - histoneSL

GGGCCGCCCAGCCGGTCCAGGCCTCTGGCGAACAAGCTTGAGGATGGAGGACGCCAAGAA
CATCAAGAAGGGCCCGGCGCCCTTCTACCCGCTGGAGGACGGGACCGCCGGCGAGCAGCT
CCACAAGGCCATGAAGCGGTACGCCCTGGTGCCGGGCACGATCGCCTTCACCGACGCCCA
CATCGAGGTCGACATCACCTACGCGGAGTACTTCGAGATGAGCGTGCGCCTGGCCGAGGC
CATGAAGCGGTACGGCCTGAACACCAACCACCGGATCGTGGTGTGCTCGGAGAACAGCCT
GCAGTTCTTCATGCCGGTGCTGGGCGCCCTCTTCATCGGCGTGGCCGTCGCCCCGGCGAA
CGACATCTACAACGAGCGGGAGCTGCTGAACAGCATGGGGATCAGCCAGCCGACCGTGGT
GTTCGTGAGCAAGAAGGGCCTGCAGAAGATCCTGAACGTGCAGAAGAAGCTGCCCATCAT
CCAGAAGATCATCATCATGGACAGCAAGACCGACTACCAGGGCTTCCAGTCGATGTACAC
GTTCGTGACCAGCCACCTCCCGCCGGGCTTCAACGAGTACGACTTCGTCCCGGAGAGCTT
CGACCGGGACAAGACCATCGCCCTGATCATGAACAGCAGCGGCAGCACCGGCCTGCCGAA
GGGGGTGGCCCTGCCGCACCGGACCGCCTGCGTGCGCTTCTCGCACGCCCGGGACCCCAT
CTTCGGCAACCAGATCATCCCGGACACCGCCATCCTGAGCGTGGTGCCGTTCCACCACGG
CTTCGGCATGTTCACGACCCTGGGCTACCTCATCTGCGGCTTCCGGGTGGTCCTGATGTA
CCGGTTCGAGGAGGAGCTGTTCCTGCGGAGCCTGCAGGACTACAAGATCCAGAGCGCGCT
GCTCGTGCCGACCCTGTTCAGCTTCTTCGCCAAGAGCACCCTGATCGACAAGTACGACCT
GTCGAACCTGCACGAGATCGCCAGCGGGGGCGCCCCGCTGAGCAAGGAGGTGGGCGAGGC
CGTGGCCAAGCGGTTCCACCTCCCGGGCATCCGCCAGGGCTACGGCCTGACCGAGACCAC
GAGCGCGATCCTGATCACCCCCGAGGGGGACGACAAGCCGGGCGCCGTGGGCAAGGTGGT
CCCGTTCTTCGAGGCCAAGGTGGTGGACCTGGACACCGGCAAGACCCTGGGCGTGAACCA
GCGGGGCGAGCTGTGCGTGCGGGGGCCGATGATCATGAGCGGCTACGTGAACAACCCGGA
GGCCACCAACGCCCTCATCGACAAGGACGGCTGGCTGCACAGCGGCGACATCGCCTACTG
GGACGAGGACGAGCACTTCTTCATCGTCGACCGGCTGAAGTCGCTGATCAAGTACAAGGG
CTACCAGGTGGCGCCGGCCGAGCTGGAGAGCATCCTGCTCCAGCACCCCAACATCTTCGA
CGCCGGCGTGGCCGGGCTGCCGGACGACGACGCCGGCGAGCTGCCGGCCGCGGTGGTGGT
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GCTGGAGCACGGCAAGACCATGACGGAGAAGGAGATCGTCGACTACGTGGCCAGCCAGGT
GACCACCGCCAAGAAGCTGCGGGGCGGCGTGGTGTTCGTGGACGAGGTCCCGAAGGGCCT
GACCGGGAAGCTCGACGCCCGGAAGATCCGCGAGATCCTGATCAAGGCCAAGAAGGGCGG
CAAGATCGCCGTGTAAGACTAGTTATAAGACTGACTAGCCCGATGGGCCTCCCAACGGGC
CCTCCTCCCCTCCTTGCACCGAGATTAATAAAAAAAAAAAANAARAAAAAAAAAAAAARA
AAAAAAAARAAAAAAAAAAAAARAAAAAAANAATGCATCAAAGGCTCTTTTCAGAGCCAC
CA(SEQ ID NO: 1477)

COX6C - PpLuc(GC) - ag - A64 - histoneSL
GGAGTCAGGAAGGACGTTGGTGTTGAGGTTAGCATACGTATCAAGGACAGTAACTACCAA
GCTTGAGGATGGAGGACGCCAAGAACATCAAGAAGGGCCCGGCGCCCTTCTACCCGCTGG
AGGACGGGACCGCCGGCGAGCAGCTCCACAAGGCCATGAAGCGGTACGCCCTGGTGCCGG
GCACGATCGCCTTCACCGACGCCCACATCGAGGTCGACATCACCTACGCGGAGTACTTCG
AGATGAGCGTGCGCCTGGCCGAGGCCATGAAGCGGTACGGCCTGAACACCAACCACCGGA
TCGTGGTGTGCTCGGAGAACAGCCTGCAGTTCTTCATGCCGGTGCTGGGCGCCCTCTTCA
TCGGCGTGGCCGTCGCCCCGGCGAACGACATCTACAACGAGCGGGAGCTGCTGAACAGCA
TGGGGATCAGCCAGCCGACCGTGGTGTTCGTGAGCAAGAAGGGCCTGCAGAAGATCCTGA
ACGTGCAGAAGAAGCTGCCCATCATCCAGAAGATCATCATCATGGACAGCAAGACCGACT
ACCAGGGCTTCCAGTCGATGTACACGTTCGTGACCAGCCACCTCCCGCCGGGCTTCAACG
AGTACGACTTCGTCCCGGAGAGCTTCGACCGGGACAAGACCATCGCCCTGATCATGAACA
GCAGCGGCAGCACCGGCCTGCCGAAGGGGGTGGCCCTGCCGCACCGGACCGCCTGCGTGL
GCTTCTCGCACGCCCGGGACCCCATCTTCGGCAACCAGATCATCCCGGACACCGCCATCC
TGAGCGTGGTGCCGTTCCACCACGGCTTCGGCATGTTCACGACCCTGGGCTACCTCATCT
GCGGCTTCCGGGTGGTCCTGATGTACCGGTTCGAGGAGGAGCTGTTCCTGCGGAGCCTGC
AGGACTACAAGATCCAGAGCGCGCTGCTCGTGCCGACCCTGTTCAGCTTCTTCGCCAAGA
GCACCCTGATCGACAAGTACGACCTGTCGAACCTGCACGAGATCGCCAGCGGGGGLCGCCC
CGCTGAGCAAGGAGGTGGGCGAGGCCGTGGCCAAGCGGTTCCACCTCCCGGGCATCCGCC
AGGGCTACGGCCTGACCGAGACCACGAGCGCGATCCTGATCACCCCCGAGGGGGACGACA
AGCCGGGCGCCGTGGGCAAGGTGGTCCCGTTCTTCGAGGCCAAGGTGGTGGACCTGGACA
CCGGCAAGACCCTGGGCGTGAACCAGCGGGGCGAGCTGTGCGTGCGGGGGCCGATGATCA
TGAGCGGCTACGTGAACAACCCGGAGGCCACCAACGCCCTCATCGACAAGGACGGCTGGC
TGCACAGCGGCGACATCGCCTACTGGGACGAGGACGAGCACTTCTTCATCGTCGACCGGC
TGAAGTCGCTGATCAAGTACAAGGGCTACCAGGTGGCGCCGGCCGAGCTGGAGAGCATCC
TGCTCCAGCACCCCAACATCTTCGACGCCGGCGTGGCCGGGCTGCCGGACGACGACGCCG
GCGAGCTGCCGGCCGCGGTGGTGGTGCTGGAGCACGGCAAGACCATGACGGAGAAGGAGA
TCGTCGACTACGTGGCCAGCCAGGTGACCACCGCCAAGAAGCTGCGGGGCGGCGTGGTGT
TCGTGGACGAGGTCCCGAAGGGCCTGACCGGGAAGCTCGACGCCCGGAAGATCCGCGAGA
TCCTGATCAAGGCCAAGAAGGGCGGCAAGATCGCCGTGTAAGACTAGTTATAAGACTGAC
TAGCCCGATGGGCCTCCCAACGGGCCCTCCTCCCCTCCTTGCACCGAGATTAATAAAAAA
AAAAAAAAAAAAAAAAAAAAANAAAAAAAAAARAAAAAAAAAAAAAAAAAAAANAANRA
TGCATCAAAGGCTCTTTTCAGAGCCACCA (SEQ ID NO: 1478)

ASAH1 - PpLuc{(GC) - ag - A64 - histoneSL

GGGCCTCTGCTGGAGTCCGGGGAGTGGCGTTGGCTGCTAGAGCGAAGCTTGAGGATGGAG
GACGCCAAGAACATCAAGAAGGGCCCGGCGCCCTTCTACCCGCTGGAGGACGGGACCGCC
GGCGAGCAGCTCCACAAGGCCATGAAGCGGTACGCCCTGGTGCCGGGCACGATCGCCTTC
ACCGACGCCCACATCGAGGTCGACATCACCTACGCGGAGTACTTCGAGATGAGCGTGCGC
CTGGCCGAGGCCATGAAGCGGTACGGCCTGAACACCAACCACCGGATCGTGGTGTGCTCG
GAGAACAGCCTGCAGTTCTTCATGCCGGTGCTGGGCGCCCTCTTCATCGGCGTGGCCGTC
GCCCCGGCGAACGACATCTACAACGAGCGGGAGCTGCTGAACAGCATGGGGATCAGCCAG
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CCGACCGTGGTGTTCGTGAGCAAGAAGGGCCTGCAGAAGATCCTGAACGTGCAGAAGAAG
CTGCCCATCATCCAGAAGATCATCATCATGGACAGCAAGACCGACTACCAGGGCTTCCAG
TCGATGTACACGTTCGTGACCAGCCACCTCCCGCCGGGCTTCAACGAGTACGACTTCGTC
CCGGAGAGCTTCGACCGGGACAAGACCATCGCCCTGATCATGAACAGCAGCGGCAGCACC
GGCCTGCCGAAGGGGGTGGCCCTGCCGCACCGGACCGCCTGCGTGCGCTTCTCGCACGCC
CGGGACCCCATCTTCGGCAACCAGATCATCCCGGACACCGCCATCCTGAGCGTGGTGCCG
TTCCACCACGGCTTCGGCATGTTCACGACCCTGGGCTACCTCATCTGCGGCTTCCGGGTG
GTCCTGATGTACCGGTTCGAGGAGGAGCTGTTCCTGCGGAGCCTGCAGGACTACAAGATC
CAGAGCGCGCTGCTCGTGCCGACCCTGTTCAGCTTCTTCGCCAAGAGCACCCTGATCGAC
AAGTACGACCTGTCGAACCTGCACGAGATCGCCAGCGGGGGCGCCCCGCTGAGCAAGGAG
GTGGGCGAGGCCGTGGCCAAGCGGTTCCACCTCCCGGGCATCCGCCAGGGCTACGGCCTG
ACCGAGACCACGAGCGCGATCCTGATCACCCCCGAGGGGGACGACAAGCLCGGGLGLLGTG
GGCAAGGTGGTCCCGTTCTTCGAGGCCAAGGTGGTGGACCTGGACACCGGCAAGACCCTG
GGCGTGAACCAGCGGGGCGAGCTGTGCGTGCGGGGGCCGATGATCATGAGCGGCTACGTG
AACAACCCGGAGGCCACCAACGCCCTCATCGACAAGGACGGCTGGCTGCACAGCGGCGAC
ATCGCCTACTGGGACGAGGACGAGCACTTCTTCATCGTCGACCGGCTGAAGTCGCTGATC
AAGTACAAGGGCTACCAGGTGGCGCCGGCCGAGCTGGAGAGCATCCTGCTCCAGCACCCC
AACATCTTCGACGCCGGCGTGGCCGGGCTGCCGGACGACGACGCCGGCGAGCTGCCGGLC
GCGGTGGTGGTGCTGGAGCACGGCAAGACCATGACGGAGAAGGAGATCGTCGACTACGTG
GCCAGCCAGGTGACCACCGCCAAGAAGCTGCGGGGCGGCGTGGTGTTCGTGGACGAGGTC
CCGAAGGGCCTGACCGGGAAGCTCGACGCCCGGAAGATCCGCGAGATCCTGATCAAGGCC
AAGAAGGGCGGCAAGATCGCCGTGTAAGACTAGTTATAAGACTGACTAGCCCGATGGGCC
TCCCAACGGGCCCTCCTCCCCTCCTTGCACCGAGATTAATAAAAAAAAAARAAAAAARAAAA
AAAAAAAAAAAAAAAAAADAAAAAAAAAAAAAAAAAAAAAAAAATGCATCAAAGGCTCTT
TTCAGAGCCACCA (SEQ ID NO: 1479)

RPL32 - PpLuc{(GC) - ag — A64 - histoneSL

GGGGCGCTGCCTACGGAGGTGGCAGCCATCTCCTTCTCGGCATCAAGCTTGAGGATGGAG
GACGCCAAGAACATCAAGAAGGGCCCGGCGCCCTTCTACCCGCTGGAGGACGGGACCGCC
GGCGAGCAGCTCCACAAGGCCATGAAGCGGTACGCCCTGGTGCCGGGCACGATCGCCTTC
ACCGACGCCCACATCGAGGTCGACATCACCTACGCGGAGTACTTCGAGATGAGCGTGCGC
CTGGCCGAGGCCATGAAGCGGTACGGCCTGAACACCAACCACCGGATCGTGGTGTGCTCG
GAGAACAGCCTGCAGTTCTTCATGCCGGTGCTGGGCGCCCTCTTCATCGGCGTGGCCGTC
GCCCCGGCGAACGACATCTACAACGAGCGGGAGCTGCTGAACAGCATGGGGATCAGCCAG
CCGACCGTGGTGTTCGTGAGCAAGAAGGGCCTGCAGAAGATCCTGAACGTGCAGAAGAAG
CTGCCCATCATCCAGAAGATCATCATCATGGACAGCAAGACCGACTACCAGGGCTTCCAG
TCGATGTACACGTTCGTGACCAGCCACCTCCCGCCGGGCTTCAACGAGTACGACTTCGTC
CCGGAGAGCTTCGACCGGGACAAGACCATCGCCCTGATCATGAACAGCAGCGGCAGCACC
GGCCTGCCGAAGGGGGTGGCCCTGCCGCACCGGACCGCCTGCGTGCGCTTCTCGCACGCC
CGGGACCCCATCTTCGGCAACCAGATCATCCCGGACACCGCCATCCTGAGCGTGGTGCCG
TTCCACCACGGCTTCGGCATGTTCACGACCCTGGGCTACCTCATCTGCGGCTTCCGGGTG
GTCCTGATGTACCGGTTCGAGGAGGAGCTGTTCCTGCGGAGCCTGCAGGACTACAAGATC
CAGAGCGCGCTGCTCGTGCCGACCCTGTTCAGCTTCTTCGCCAAGAGCACCCTGATCGAC
AAGTACGACCTGTCGAACCTGCACGAGATCGCCAGCGGGGGCGCCCCGCTGAGCAAGGAG
GTGGGCGAGGCCGTGGCCAAGCGGTTCCACCTCCCGGGCATCCGCCAGGGCTACGGCCTG
ACCGAGACCACGAGCGCGATCCTGATCACCCCCGAGGGGGACGACAAGCCGGGCGCCGTG
GGCAAGGTGGTCCCGTTCTTCGAGGCCAAGGTGGTGGACCTGGACACCGGCAAGACCCTG
GGCGTGAACCAGCGGGGCGAGCTGTGCGTGCGGGGGCCGATGATCATGAGCGGCTACGTG
AACAACCCGGAGGCCACCAACGCCCTCATCGACAAGGACGGCTGGCTGCACAGCGGCGAC
ATCGCCTACTGGGACGAGGACGAGCACTTCTTCATCGTCGACCGGCTGAAGTCGCTGATC
AAGTACAAGGGCTACCAGGTGGCGCCGGCCGAGCTGGAGAGCATCCTGCTCCAGCACCCC
AACATCTTCGACGCCGGCGTGGCCGGGCTGCCGGACGACGACGCCGGCGAGCTGCCGGCC
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GCGGTGGTGGTGCTGGAGCACGGCAAGACCATGACGGAGAAGGAGATCGTCGACTACGTG
GCCAGCCAGGTGACCACCGCCAAGAAGCTGCGGGGCGGCGTGGTGTTCGTGGACGAGGTC
CCGAAGGGCCTGACCGGGAAGCTCGACGCCCGGAAGATCCGCGAGATCCTGATCAAGGCC
AAGAAGGGCGGCAAGATCGCCGTGTAAGACTAGTTATAAGACTGACTAGCCCGATGGGCC
TCCCAACGGGCCCTCCTCCCCTCCTTGCACCGAGATTAATAAAAAAAAAAAAAAANAARAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAARAAAAAAAAAAAAAAATGCATCAAAGGCTCTT
TTCAGAGCCACCA (SEQ ID NO: 1480)

RPL32 - PpLuc(GC) - albumin7 - A64 - C30 - histoneSL

GGGGCGCTGCCTACGGAGGTGGCAGCCATCTCCTTCTCGGCATCAAGCTTGAGGATGGAG
GACGCCAAGAACATCAAGAAGGGCCCGGCGCCCTTCTACCCGCTGGAGGACGGGACCGCC
GGCGAGCAGCTCCACAAGGCCATGAAGCGGTACGCCCTGGTGCCGGGCACGATCGCCTTC
ACCGACGCCCACATCGAGGTCGACATCACCTACGCGGAGTACTTCGAGATGAGCGTGCGC
CTGGCCGAGGCCATGAAGCGGTACGGCCTGAACACCAACCACCGGATCGTGGTGTGCTCG
GAGAACAGCCTGCAGTTCTTCATGCCGGTGCTGGGCGCCCTCTTCATCGGCGTGGCCGTC
GCCCCGGCGAACGACATCTACAACGAGCGGGAGCTGCTGAACAGCATGGGGATCAGCCAG
CCGACCGTGGTGTTCGTGAGCAAGAAGGGCCTGCAGAAGATCCTGAACGTGCAGAAGAAG
CTGCCCATCATCCAGAAGATCATCATCATGGACAGCAAGACCGACTACCAGGGCTTCCAG
TCGATGTACACGTTCGTGACCAGCCACCTCCCGCCGGGCTTCAACGAGTACGACTTCGTC
CCGGAGAGCTTCGACCGGGACAAGACCATCGCCCTGATCATGAACAGCAGCGGCAGCACC
GGCCTGCCGAAGGGGGTGGCCCTGCCGCACCGGACCGCCTGCGTGCGCTTCTCGCACGCC
CGGGACCCCATCTTCGGCAACCAGATCATCCCGGACACCGCCATCCTGAGCGTGGTGCCG
TTCCACCACGGCTTCGGCATGTTCACGACCCTGGGCTACCTCATCTGCGGCTTCCGGGTG
GTCCTGATGTACCGGTTCGAGGAGGAGCTGTTCCTGCGGAGCCTGCAGGACTACAAGATC
CAGAGCGCGCTGCTCGTGCCGACCCTGTTCAGCTTCTTCGCCAAGAGCACCCTGATCGAC
AAGTACGACCTGTCGAACCTGCACGAGATCGCCAGCGGGGGCGCCCCGCTGAGCAAGGAG
GTGGGCGAGGCCGTGGCCAAGCGGTTCCACCTCCCGGGCATCCGCCAGGGCTACGGCCTG
ACCGAGACCACGAGCGCGATCCTGATCACCCCCGAGGGGGACGACAAGCCGGGCGCCGTG
GGCAAGGTGGTCCCGTTCTTCGAGGCCAAGGTGGTGGACCTGGACACCGGCAAGACCCTG
GGCGTGAACCAGCGGGGCGAGCTGTGCGTGCGGGGGCCGATGATCATGAGCGGCTACGTG
AACAACCCGGAGGCCACCAACGCCCTCATCGACAAGGACGGCTGGCTGCACAGCGGCGAC
ATCGCCTACTGGGACGAGGACGAGCACTTCTTCATCGTCGACCGGCTGAAGTCGCTGATC
AAGTACAAGGGCTACCAGGTGGCGCCGGCCGAGCTGGAGAGCATCCTGCTCCAGCACCCC
AACATCTTCGACGCCGGCGTGGCCGGGCTGCCGGACGACGACGCCGGCGAGCTGCCGGCC
GCGGTGGTGGTGCTGGAGCACGGCAAGACCATGACGGAGAAGGAGATCGTCGACTACGTG
GCCAGCCAGGTGACCACCGCCAAGAAGCTGCGGGGCGGCGTGGTGTTCGTGGACGAGGTC
CCGAAGGGCCTGACCGGGAAGCTCGACGCCCGGAAGATCCGCGAGATCCTGATCAAGGCC
AAGAAGGGCGGCAAGATCGCCGTGTAAGACTAGTGCATCACATTTAAAAGCATCTCAGCC
TACCATGAGAATAAGAGAAAGAAAATGAAGATCAATAGCTTATTCATCTCTTTTTCTTTT
TCGTTGGTGTAAAGCCAACACCCTGTCTAAAAAACATAAATTTCTTTAATCATTTTGCCT
CTTTTCTCTGTGCTTCAATTAATAAAAAATGGAAAGAACCTAGATCTAAAAAAAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAARARAAARAAATGCATCCCC

CCCCCCCCCCCCCCCCCCCCCCCCCCCARAGGCTCTTTTCAGAGCCACCAGAATT (SEQ ID

NO: 1481)
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Claims

1. An artificial nucleic acid molecule comprising:

a. at least one 5’-untranslated region element (5'UTR element) which
5 comprises or consists of a nucleic acid sequence which is derived from the
5'UTR of a TOP gene or which is derived from a variant of the 5’'UTR of a

TOP gene; and

b. at least one open reading frame (ORF).

10 2. The artificial nucleic acid molecule according to claim 1, further comprising:

c. at least one histone stem-loop.

3. The artificial nucleic acid molecule according to claim 1 or 2, wherein the

5‘UTR element and the open reading frame are heterologous.

15
4. The artificial nucleic acid molecule according to any one of claims 1-3, wherein
the 5'UTR element is suitable for increasing protein production from the
artificial nucleic acid molecule.
20 5. The artificial nucleic acid molecule according to any one of claims 2-4, wherein

the 5'UTR element and the histone stem-loop act together, preferably at least
additively, to increase protein production from the artificial nucleic acid

molecule.
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10.

The artificial nucleic acid molecule according to any one of claims 1-5, wherein
the 5'UTR element does not comprise a TOP-motif, preferably wherein the
nucleic acid sequence which is derived from a 5'UTR of a TOP gene, preferably
the 5'UTR element, starts at its 5’-end with a nucleotide located at position 1, 2,

3,4,5,6,7,8, 9or 10 downstream of the polypyritidine tract.

The artificial nucleic acid molecule according to any one of claims 1-6, wherein
the' nucleic acid scquence which is derived from a 5’UTR of a TOP gene,
preferably the 5'UTR element terminates at its 3-end with a nucleotide located
at position 1, 2, 3, 4, 5, 6, 7, 8, 9 or 10 upstream of the start codon of the gene it

is derived from.

The artificial nucleic acid molecule according to any one of claims 1-7, wherein

the 5’UTR element does not comprise a start codon or an open reading frame.

The artificial nucleic acid molecule according to any one of claims 1-8, wherein
the nucleic acid sequence which is derived from the 5'UTR of a TOP gene is
derived from the 5’UTR of a eukaryotic TOP gene or from a variant thereof,
preferably from the 5°UTR of a plant or animal TOP gene or from a variant
thereof, more preferably from the 5'UTR of a chordate TOP gene or from a
variant thereof, even more preferably from the 5‘UTR of a vertebrate TOP gene
or from a variant thereof, most preferably from the 5’UTR of a mammalian TOP

gene, such as a human TOP gene, or from a variant thereof.

The artificial nucleic acid molecule according to any one of claims 2-9, wherein

the at least one histone stem-loop is selected from following formulae (1) or (1):
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formula (1) (stem-loop sequence without stem bordering elements):

[No.,GN 5] £N0-4(l-\Jf/T JNo.a] [N3.sCNo.)]

stem1 loop stem2

formula (1) (stem-loop sequence with stem bordering elements):

\:@\[NO'ZEN}S] [NO“(%/T)NO‘B] [N3-5CN0-2] N1-6[

AN
stem1 stem|1 loop stem?2 stem?2
bordering element bordering element

wherein:

stem1 or stem2 bordering elements N, is a consecutive sequence of 1 to 6, preferably
of 2 to 6, more preferably of 2 to 5, even more preferably of 3 to 5, most preferably of
4 to 5 or 5 N, wherein each N is independently from another selected from a
nucleotide selected from A, U, T, G and C, or a nucleotide analogue thereof;

stem1 [Ng,GN;] is reverse complementary or partially reverse complementary with
element stem2, and is a consecutive sequence between of 5 to 7 nucleotides;
wherein Ny, is a consecutive sequence of 0 to 2, preferably of 0 to 1, more
preferably of 1 N, wherein each N is independently from another selected from a
nucleotide selected from A, U, T, G and C or a nucleotide analogue thereof;
wherein N, is a consecutive sequence of 3 to 5, preferably of 4 to 5, more
preferably of 4 N, wherein each N is independently from another selected from a
nucleotide selected from A, U, T, G and C or a nucleotide analogue thereof, and
wherein G is guanosine or an analogue thereof, and may be optionally replaced by
a cytidine or an analogue thereof, provided that its complementary nucleotide
cytidine in stem2 is replaced by guanosine;

loop sequence [Ny 4(U/T)Ng.lis located between elements stem1 and stem2, and is a

consecutive sequence of 3 to 5 nucleotides, more preferably of 4 nucleotides;
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11.

wherein each Ny is independent from another a consecutive sequence of 0 to 4,
preferably of 1 to 3, more preferably of 1 to 2 N, wherein each N is independently
from another selected from a nucleotide selected from A, U, T, G and C or a
nucleotide analogue thereof; and

wherein U/T represents uridine, or optionally thymidine;

stemn2 [N;sCNg ] is reverse complementary or partially reverse complementary with
element stem1, and is a consecutive sequence between of 5 to 7 nucleatides;
wherein N, is a consecutive sequence of 3 to 5, preferably of 4 to 5, more
preferably of 4 N, wherein each N is independently from another selected from a
nucleotide selected from A, U, T, G and C or a nucleotide analogue thereof;
wherein Ny, is a consecutive sequence of 0 to 2, preferably of 0 to 1, more
preferably of 1 N, wherein each N is independently from another selected from a
nucleotide selected from A, U, T, G and C or a nucleatide analogue thereof; and
wherein C is cytidine or an analogue thereof, and may be optionally replaced by a
guanosine or an analoguc thereof provided that its complementary nucleotide
guanosine in stem1 is replaced by cytidine;

wherein

stem1 and stem2 are capable of base pairing with each other

forming a reverse complementary sequence, wherein base pairing may occur
between stem1 and stem2, or

forming a partially reverse complementary sequence, wherein an incomplete base

pairing may occur between stem1 and stem2.

The artificial nucleic acid molecule according to any one of claims 2-10, wherein
the at least one histone stem-loop is selected from at least one of following formulae

(la) or (Ha):

[No.1GN3.s] [Ny 5(U/MNg o] [N 5CNg ]
. ~ 7\ ]\ . _/
~
stem1 loop stem2

formula (la) (stem-loop sequence without stem bordering elements)
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[ N -~ g S
stem1 stem]1 loop stem2 stem2
bordering element bordering element

12.

13.

14,

15.

formula (Ita) (stem-loop sequence with stem bordering elements)

The artificial nucleic acid molecule according to any one of claims 1-11, further

comprising

d. a poly(A) sequence and/or a polyadenylation signal.

The artificial nucleic acid molecule according to claim 12, wherein the poly(A)
sequence comprises or consists of a sequence of about 25 to about 400 adeno-
sine nucleotides, preferably a sequence of about 50 to about 400 adenosine nu-
cleotides, more preferably a sequence of about 50 to about 300 adenosine nu-
cleotides, even more preferably a sequence of about 50 to about 250 adenosine
nucleotides, most preferably a sequence of about 60 to about 250 adenosine

nucleotides.

The artificial nucleic acid molecule according to claim 12 or 13, wherein the
polyadenylation signal comprises the consensus sequence NN(U/T)ANA, with N
= A or U, preferably AA(U/T)AAA or A(U/THU/TIAAA.

The artificial nucleic acid molecule according to any of claims 1-14, further

comprising:

e. a poly(C) sequence.
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The artificial nucleic acid molecule according to claim 15, wherein the poly(C)
sequence comprises, preferably consists of, about 10 to about 200 cytidine
nucleotides, more preferably about 10 to about 100 cytidine nucleotides, more
preferably about 10 to about 50 cytidine nucleotides, even more preferably

about 20 to about 40 cytidine nucleotides.

The artificial nucleic acid molecule according to any one of claims 1-16, further

comprising:

f. atleast one 3'UTR element.

The artificial nucleic acid molecule according to claim 17, wherein the at least
one 3'UTR element comprises or consists of a nucleic acid sequence which is
derived from a 3'UTR of a gene providing a stable mRNA or from a variant of the

3’UTR of a gene providing a stable mRNA.

The artificial nucleic acid molecule according to claim 17 or 18, wherein the at
least one 3'UTR element and the at least one 5'UTR element act at least
additively, preferably synergistically to increase protein production from said

artificial nucleic acid molecule.

The artificial nucleic acid molecule according to any one of claims 1-19,
wherein the 5'UTR element comprises or consists of a nucleic acid sequence
which is derived from a nucleic acid sequence selected from the group
consisting of SEQ ID NOs. 1-1363, SEQ 1D NO. 1435, SEQ ID NO. 1461 or
SEQ ID NO. 1462, , from the homologs of any of SEQ ID NOs. 1-1363, SEQ ID
NO. 1435, SEQ 1D NO. 1461 or SEQ ID NO. 1462, , or from a variant thereof.
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L
n
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The artificial nucleic acid molecule according to any one of claims 1-20,
wherein the 5’'UTR element comprises or consists of a nucleic acid sequence
which has an identity of at least about 40%, preferably of at least about 50%,
preferably of at least about 60%, preferably of at least about 70%, more
preferably of at least about 80%, more preferably of at least about 90%, even
more preferably of at least about 95%, even more preferably of at least about
99% to a nucleic acid sequence selected from SEQ 1D NOs. 1-1363, SEQ 1D
NO. 1435, SEQ ID NO. 1461 or SEQ ID NO. 1462, or to a corresponding RNA
sequence, or wherein the at least one 5'UTR element comprises or consists of a
fragment of a nucleic acid sequence which has an identity of at least about 40%,
preferably of at least about 50%, preferably of at least about 60%, preferably of
at least about 70%, more preferzbly of at least about 80%, more preferably of at
feast about 90%, even more preferably of at least about 95%, even more
preferably of at least about 99% to a nucleic acid scquence selected from SEQ
ID NOs. 1-1363, SEQ 1D NO. 1435, SEQ 1D NO. 1461 or SEQ ID NO. 1462, or
to a corresponding RNA sequence, preferably lacking the 5TOP motif.

The artificial nucleic acid molecule according to any one of claims 1-21,
wherein the 5’UTR element comprises or consists of a nucleic acid sequence
which is derived from a 5'UTR of a TOP gene encoding a ribosomal protein or
from a variant of a 5'UTR of a TOP gene encoding a ribosomal protein,
preferably from a 5'UTR of a nucleic acid sequence according to any of SEQ ID
NOs: 170, 232, 244, 259, 1284, 1285, 1286, 1287, 1288, 1289, 1290, 1291,
1292, 1293, 1294, 1295, 1296, 1297, 1298, 1299, 1300, 1301, 1302, 1303,
1304, 1305, 1306, 1307, 1308, 1309, 1310, 1311, 1312, 1313, 1314, 1315,
1316, 1317, 1318, 1319, 1320, 1321, 1322, 1323, 1324, 1325, 1326, 1327,
1328, 1329, 1330, 1331, 1332, 1333, 1334, 1335, 1336, 1337, 1338, 1339,
1340, 1341, 1342, 1343, 1344, 1346, 1347, 1348, 1349, 1350, 1351, 1352,
1353, 1354, 1355, 1356, 1357, 1358, 1359, or 1360;, a corresponding RNA
sequence, a homolog thereof, or a variant thereof, preferably lacking the 5'TOP

motif.
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The artificial nucleic acid molecule according to any one of claims 1-22,
wherein the 5'UTR element comprises or consists of a nucleic acid sequence
which has an identity of at least about 40%, preferably of at least about 50%,
preferably of at least about 60%, preferably of at least about 70%, more
preferably of at least about 80%, more preferably of at least about 90%, even
more preferably of at least about 95%, even more preferably of at least about
99% to the 5'UTR of a nucleic acid sequence according to any of SEQ 1D NOs:
170, 232, 244, 259, 1284, 1285, 1286, 1287, 1288, 1289, 1290, 1291, 1292,
1293, 1294, 1295, 1296, 1297, 1298, 1299, 1300, 1301, 1302, 1303, 1304,
1305, 1306, 1307, 1308, 1309, 1310, 1311, 1312, 1313, 1314, 1315, 1316,
1317, 1318, 1319, 1320, 1321, 1322, 1323, 1324, 1325, 1326, 1327, 1328,
1329, 1330, 1331, 1332, 1333, 1334, 1335, 1336, 1337, 1338, 1339, 1340,
1341, 1342, 1343, 1344, 1346, 1347, 1348, 1349, 1350, 1351, 1352, 1353,
1354, 1355, 1356, 1357, 1358, 1359, or 1360;0r to a corresponding RNA
sequence, preferably lacking the 5'TOP motif, or wherein the at least one 5'UTR
element comprises or consists of a fragment of a nucleic acid sequence which
has an identity of at least about 40%, preferably of at least about 50%,
preferably of at least about 60%, preferably of at least about 70%, more
preferably of at least about 80%, more preferably of at least about 90%, even
more preferably of at least about 95%, even more preferably of at least about
99% to the 5'UTR of a nucleic acid sequence according to SEQ ID NQOs: 170,
232, 244, 259, 1284, 1285, 1286, 1287, 1288, 1289, 1290, 1291, 1292, 1293,
1294, 1295, 1296, 1297, 1298, 1299, 1300, 1301, 1302, 1303, 1304, 1305,
1306, 1307, 1308, 1309, 1310, 1311, 1312, 1313, 1314, 1315, 1316, 1317,
1318, 1319, 1320, 1321, 1322, 1323, 1324, 1325, 1326, 1327, 1328, 1329,
1330, 1331, 1332, 1333, 1334, 1335, 1336, 1337, 1338, 1339, 1340, 1341,
1342, 1343, 1344, 1346, 1347, 1348, 1349, 1350, 1351, 1352, 1353, 1354,
1355, 1356, 1357, 1358, 1359, or 1360;0r to a corresponding RNA sequence,
preferably lacking the 5'TOP motif.
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The artificial nucleic acid molecule according to any one of claims 1-23,
wherein the 5’UTR element is derived from a 5’UTR of a TOP gene encoding a
ribosomal .Large protein (RPL) or from a variant of a 5'UTR of a TOP gene
encoding a ribosomal Large protein (RPL), preferably from a 5'UTR of a nucleic
acid sequence according to any of SEQ ID NOs: 67, 259, 1284-1318, 1344,
1346, 1348-1354, 1357, 1461 and 1462, a corresponding RNA sequence, a

homolog thereof, or a variant thereof, preferably lacking the 5'TOP motif.

The artificial nucleic acid molecule according to any one of claims 1-24,
wherein the 5’UTR element comprises or consists of a nucleic acid sequence
having an identity of at least about 40%, preferably of at least about 50%,
preferably of at least about 60%, preferably of at least about 70%, more
preferably of at least about 80%, more preferably of at least about 90%, even
more preferably of at least about 95%, even more preferably of at least about
99% to the 5'UTR of a nucleic acid sequence according to any of SEQ ID NOs:
67, 259, 1284-1318, 1344, 1346, 1348-1354, 1357, 1461 and 1462, or to a
corresponding RNA sequence, preferably lacking the 5'TOP motif, or wherein
the at least one 5'UTR element comprises or consists of a fragment of a nucleic
acid sequence which has an identity of at least about 40%, preferably of at least
about 50%, preferably of at least about 60%, preferably of at least about 70%,
more preferably of at least about 80%, more preferably of at least about 90%,
even more preferably of at least about 95%, even more preferably of at least
about 99% to the 5'UTR of a nucleic acid sequence according to SEQ ID No.
SEQ ID NOs: 67, 259, 1284-1318, 1344, 1346, 1348-1354, 1357, 1461 and
1462 or to a corresponding RNA sequence, preferably lacking the 5TOP motif.

The artificial nucleic acid molecule according to any one of claims 1-25,
wherein the 5'UTR element comprises or consists of a nucleic acid sequence
which is derived from the 5’UTR of a ribosomal protein Large 32 gene or from a
variant thereof, preferably from the 5'UTR of a vertebrate ribosomal protein

Large 32 (L.32) gene or from a variant thereof, more preferably from the 5’UTR of
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a mammalian ribosomal protein Large 32 (L32) gene or from a variant thereof,
most preferably from the 5°UTR of a human ribosomal protein Large 32 (L32)
gene or from a variant thereof, wherein preferably the 5'UTR element, preferably

the artificial nucleic acid molecule does not comprise the 5'TOP of said gene.

The artificial nucleic acid molecule according to any one of claims 1-26,
wherein the 5'UTR element comprises or consists of a nucleic acid sequence
which has an identity of at least about 40%, preferably of at least about 50%,
preferably of at least about 60%, preferably of at least about 70%, more
preferably of at least about 80%, more preferably of at least about 90%, even
more preferably of at least about 95%, even more preferably of at least about
99% to the nucleic acid sequence according to SEQ 1D NOs. 1368 or 1452-
1460, or a corresponding RNA sequence, or wherein the at least one 5'UTR
element comprises or consists of a fragment of a nucleic acid sequence which
has an identity of al least about 40%, preferably of at least about 50%,
preferably of at least about 60%, preferably of at least about 70%, more
preferably of at least about 80%, more preferably of at least about 90%, even
more preferably of at least about 95%, even more preferably of at least about
99% to the nucleic acid sequence according to SEQ ID NOs. 1368 or 1452-

1460, or to a corresponding RNA sequence.

The artificial nucleic acid molecule according to any one of claims 21, 23, 25
and 27, wherein the fragment consists of a continuous stretch of nucleotides
corresponding to a continuous stretch of nucleotides in the full-length sequence,
which represents at least 20%, preferably at least 30%, more preferably at least
40%, more preferably at least 50%, even more preferably at least 60%, even
more preferably at least 70%, even more preferably at least 80%, and most

preferably at least 90% of the full-length sequence the fragment is derived from.
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The artificial nucleic acid molecule according to any one of claims 1-28,
wherein the at least one 5’UTR element exhibits a length of at least about 20
nucleotides, preferably of at least about 30 nucleotides, more preferably of at

least about 40 nucleotides.

The artificial nucleic acid molecule according to any one of claims 1-29,
wherein the 5’UTR element comprises or consists of a nucleic acid sequence
which is derived from the 5'UTR of a TOP gene selected from RPSA, RPSg,
RPS3, RPS38A, RPS4, RPS3, RPS6, RPS7. RPS8, RPS9, RPS10, RPS11, RPS12,
RPS13, RPS14, RPS15, RPS15A, RPS1i6, RPS17, RPS18, RPS19, RPS20,
RPS21, RPS28, RPS21, RPS25, RPS26, RPS27, RPS27A, RPS28, RPS29,
RPSso, RPLS, RPL4, RPL5, RPL6, RPL7, RPL7A, RPL8, RPL9, RPL1o,
RPL10A, RPL11, RPL12, RPL13, RPL138A, RPL14, RPL1s5, RPL17, RPL1s,
RPL18A, RPL19, RPL21, RPL22, RPL23, RPL23A, RPL24, RPL26, RPL27,
RPL27A, RPL2s, RPL29, RPL30, RPL31, RPLs32, RPL34, RPPL35, RPL3$5A,
RPL36, RPL36A, RPL37, RPL37A, RPL38, RPL39, RPL40, RPL41, RPL.PO,
RPLP1, RPLPg2, RPLPS, UBAS52 or from a variant thereof.

The artificial nucleic acid molecule according to any one of claims 2—30;
wherein the at least one histone stem-loop comprises or consists of a nucleic
acid sequence selected from the group consisting of SEQ 1D NOs. 1391-1433,
preferably from the group consisting of SEQ 1D NOs. 1403-1433.

The artificial nucleic acid molecule according to any one of claims 2-31,
wherein the histone stem-loop comprises or consists of a nucleic acid sequence
having a sequence identity of at least about 75%, preferably of at least about
80%, preferably of at least about 85%, more preferably of at least about 90%,
even more preferably of at least about 95% to the sequence according to SEQ 1D
NO. 1433 or to the corresponding RNA sequence, wherein preferably positions

6, 13 and 20 of the sequence having a sequence identity of at least about 75%,
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preferably of at least about 80%, preferably at least about 85%, more preferably
at least about 90%, cven more preferably at least about 95% to the sequence
according to SEQ 1D NO. 1433 or to the corresponding RNA sequence are
conserved, i.e. are identical to the nucleotides at positions 6, 13 and 20 of SEQ

ID NO. 1433 or to the corresponding RNA nucleotides.

The artificial nucleic acid molecule according to any one of claims 17-32,
wherein the 3’'UTR element comprises or consists of a nucleic acid sequence
derived from a 3’UTR of a gene selected from the group consisting of an
albumin gene, an o-globin gene, a B-globin gene, a tyrosine hydroxylase gene, a
lipoxygenase gene, and a collagen alpha gene, or from a variant of a 3’UTR of a
gene selected from the group consisting of an albumin gene, an a-globin gene, a
B-globin gene, a tyrosine hydroxylase gene, a lipoxygenase gene, and a collagen

alpha gene.

The artificial nucleic acid molecule according to any one of claims 17-33,
wherein the at least one 3'UTR element comprises or consists of a nucleic acid
sequence which is derived from the 3'UTR of a vertebrate albumin gene or from
a variant thereof, preferably from the 3'UTR of a mammalian albumin gene or
from a variant thereof, more preferably from the 3'UTR of a human albumin
gene or from a variant thereof, even more preferably from the 3'UTR of the
human albumin gene according to GenBank Accession number NM_000477.5

or from a variant thereof.

The artificial nucleic acid molecule according to any one of claims 17-33,
wherein the at least one 3'UTR element comprises or consists of a nucleic acid
sequence which is derived from the 3'UTR of a vertcbrate a-globin gene or from

a variant thereof, preferably from the 3’UTR of a mammalian o-globin gene or
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from a variant thereof, more preferably from the 3'UTR of a human a-globin

gene or from a variant thereof.

The artificial nucleic acid molecule according to any one of claims 17-33,
wherein the at least one 3’'UTR element comprises or consists of a nucleic acid
sequence which has an identity of at least about 40%, preferably of at least
about 50%, preferably of at least about 60%, preferably of at least about 70%,
more preferably of at least about 80%, more preferably of at least about 90%,
even more preferably of at least about 95%, even more preferably of at least
about 99% to a nucleic acid sequence selected from SEQ ID NOs. 1369-1377
and 1434 or to a corresponding RNA sequence, or wherein the at least one
3'UTR element comprises or consists of a fragment of a nucleic acid sequence
which has an identity of at least about 40%, preferably of at least about 50%,
preferably of at least about 60%, preferably of at least about 70%, more
preferably of at least about 80%, more preferably of at lcast about 90%, cven
more preferably of at least about 95%, even more preferably of at least about
99% to a nucleic acid sequence selected from SEQ ID NOs. 1369-1377 and

1434 or to a corresponding RNA sequence.

The artificial nucleic acid molecule according to claim 36, wherein the fragment
consists of a continuous stretch of nucleotides corresponding to a continuous
stretch of nucleotides in the full-length sequence, which represents at least 20%,
preferably at least 30%, more preferably at least 46%, more preferably at least
50%, even more preferably at least 60%, even more preferably at least 70%,
even more prefcrably at least 80%, and most preferably at least 90% of the full-

length sequence the fragment is derived from.

The artificial nucleic acid molecule according to any one of claims 17-37,
wherein the 3’UTR element exhibits a length of at least about 40 nucleotides,

preferably of at least about 50 nucleotides, preferably of at least about 75
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nucleotides, more preferably of at least about 100 nucleotides, even more
preferably of at least about 125 nucleotides, most preferably of at least about

150 nucleotides.

The artificial nucleic acid molecule according to any one of claims 1-38,
wherein the artificial nucleic acid molecule, preferably the open reading frame,
is at least partially G/C modified, preferably wherein the G/C content of the open

reading frame is increased compared to the wild type open reading frame.

The artificial nucleic acid molecule according to any one of claims 1-39,
wherein the open reading frame comprises a codon-optimized region,

preferably, wherein the open reading frame is codon-optimized.

The artificial nucleic acid molecule according to any one of claims 1-40, which

is an RNA, preferably an mRNA molecule.

A vector comprising:

a. at least one 5’-untranslated region element (5'UTR element) which
comprises or consists of a nucleic acid sequence which is derived from the
5‘UTR of a TOP gene or which is derived from a variant of the 5°UTR of a
TOP gene; and

b. at least one open reading frame (ORF) and/or at least one cloning site.

The vector according to claim 42, further comprising:

c. atleast one histone-stem loop.
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The vector according to claim 42 or 43, wherein the 5‘'UTR element and the

open reading frame are heterologous.

.The vector according to any one of claims 42-44, wherein the 5'"UTR element is

suitable for increasing protein production from the vector.

The vector to any one of claims 43-45, wherein the 5'UTR element and the
histone stem-loop act together, preferably at least additively, to increase protein

production from the vector.

The vector according to any one of claims 42-46, wherein the 5'UTR element
does not comprise a TOP-motif, preferably wherein the nucleic acid sequence
which is derived from a 5'UTR of a TOP gene, preferably the 5'UTR element
starts at its 5’-end with a nucleotide located at position 1, 2,3, 4, 5,6, 7, 8, 9 or

10 downstream of the polypyrimidine tract.

The vector according to any one of claims 42-47, wherein the nucleic acid
sequence which is derived from a 5’UTR of a TOP gene, preferably the 5'UTR
element terminates at its 3’-end with a nucleotide focated at position 1, 2, 3, 4,

5, 6,7, 8,9 or 10 upstream of the start codon of the gene it is derived from.

The vector according to any one of claims 42-48, wherein the 5’UTR element

does not comprise a start codon or an open reading frame.
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The vector according to any one of claims 42-49, wherein the nucleic acid
sequence which is derived from the 5'UTR of a TOP gene is derived from the
5’UTR of a eukaryotic TOP gene or from a variant thereof, preferably from the
5'UTR of a plant or animal TOP gene or from a variant thereof, more preferably
from the 5'UTR of a chordate TOP gene or from a variant thereof, even more
preferably from the 5'UTR of a vertebrate TOP gene or from a variant thereof,
most preferably from the 5'UTR of a mammalian TOP gene, such as a human

TOP gene, or from a variant thereof.

The vector according to any one of claims 43-50, wherein the at least one his-

tone stem-loop is selected from following formulae (1} or (I1):

formula (1) (stem-loop sequence without stem bordering elements):

[Ng,GN, (] éNO-AEJ(/T )No-‘j] [N35CNp.,]
stem loop stem?2

formula (l) (stem-loop sequence with stem bordering elements):

Nig [No,GN; 5] £N0_4(Lifr JNg.o] \[N3-5fN0-3] Nig

stem stem1 loop stem2 stem?2
bordering element bordering element

wherein:

stem1 or stem2 bordering elements N, ¢ is a consecutive sequence of 1 to 6, preferably

of 2 to 6, more preferably of 2 to 5, even more preferably of 3 to 5, most preferably of
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4 to 5 or 5 N, wherein each N is independently from another selected from a
nucleotide selected from A, U, T, G and C, or a nucleotide analogue thereof;

stem1 [Ny, GN; 4] is reverse complementary or partially reverse complementary with
element stem2, and is a consecutive sequence between of 5 to 7 nucleotides;
wherein Ng, is a consecutive sequence of 0 to 2, preferably of 0 to 1, more
preferably of 1 N, wherein each N is independently from another selected from a
nucleotide selected from A, U, T, G and C or a nucleotide analogue thereof;

wherein N, is a consecutive sequence of 3 to 5, preferably of 4 to 5, more
preferably of 4 N, wherein each N is independently from another selected from a
nucleotide selected from A, U, T, G and C or a nucleotide analogue thereof, and
wherein G is guanosine or an analogue thereof, and may be optionally replaced by
a cytidine or an analogue thereof, provided that its complementary nucleotide
cytidine in stem2 is replaced by guanosine; ‘

loop sequence [N, ((U/T)N,,lis located between elements stem1 and stem2, and is a
consecutive sequence of 3 to 5 nucleotides, more preferably of 4 nucleotides;
wherein each Ny, is independent from another a consecutive sequence of 0 to 4,
preferably of 1 to 3, more preferably of 1 to 2 N, wherein each N is independently
from another selected from a nuclectide selected from A, U, T, G and C or a
nucleotide analogue thereof; and

wherein U/T represents uridine, or optionally thymidine;

stem2 [N;sCNg.] is reverse complementary or partially reverse complementary with
element stem1, and is a consecutive sequence between of 5 to 7 nuclectides;
wherein N;; is a consecutive sequence of 3 to 5, preferably of 4 to 5, more
preferably of 4 N, wherein each N is independently from another selected from a
nucleotide selected from A, U, T, G and C or a nucleotide analogue thereof;
wherein Ng, is a consecutive sequence of O to 2, preferably of 0 to 1, more
preferably of 1 N, wherein each N is independently from another selected from a
nucleotide selected from A, U, T, G and C or a nucleotide analogue thereof; and
wherein C is cytidine or an analogue thereof, and may be optionally replaced by a
guanosine or an analogue thereof provided that its complementary nucleotide
guanosine in stem1 is replaced by cytidine;

wherein

stem1 and stem2 are capable of base pairing with each other
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forming a reverse complementary sequence, wherein base pairing may occur
between stem? and stem2, or
forming a partially reverse complementary sequence, wherein an incomplete base

pairing may occur between stem1 and stem2.

52.  The vector according to any one of claims 43-51, wherein the at least one histone

stem-loop is selected from at least one of following formulae (la) or (lla):

[No.1GN3s] [N 5(U/MINgl IN3 5CNo ]

\ AN J - J
10 ~ N ~~
stem1 loop stem?2

formula (la) (stem-loop sequence without stem bordering elements)

Na.s [No.iGN3s] [N 3(U/M)Ng ) N3 sCNot] Nos
e U

15

stem1 stem1 loop stem?2 stem2
bordering element bordering element

formula (Ila} (stem-loop sequence with stem bordering elements)

20

53.  The vector according to any one of claims 42-52, further comprising

d. a poly(A) sequence and/or a polyadenylation signal.

25 54.  The vector according to claim 53, wherein the poly(A) sequence comprises or
consists of a sequence of about 25 to about 400 adenosine nucleotides, prefera-
bly a sequence of about 50 to about 400 adenosine nucleotides, more preferably
a sequence of about 50 to about 300 adenosine nucleotides, even more prefera-
bly a sequence of about 50 to about 250 adenosine nucleotides, most preferably

30 a sequence of about 60 to about 250 adenosine nucleotides.
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The vector according to claim 53 or 54, wherein the polyadenylation signal
comprises the consensus sequence NN(U/T)ANA, with N = A or U, preferably
AAUMAAA or AJUMIUMAAA.

The vector according to any one of claims 42-55, further comprising:

e. a poly(C) sequence.

The vector according to claim 56, wherein the poly(C) sequence comprises,
preferably consists of, about 10 to about 200 cytidine nucleotides, more
preferably about 10 to about 100 cytidine nucleotides, more preferably about 10
to about 50 cytidine nucleotides, even more preferably about 20 to about 40

cytidine nucleotides.

The vector according to any one of claims 42-57, further comprising:

f. atleast one 3’'UTR element.

The vector according to claim 58, wherein the at least one 3'UTR element
comprises or consists of a nucleic acid sequence which is derived from a 3'UTR
of a gene providing a stable mRNA or from a variant of the 3’UTR of a gene

providing a stable mRNA.

The vector according to claim 58 or 59, wherein the at least one 3'UTR element
and the at least one 5'UTR element act at least additively, preferably

synergistically to increase protein production from said vector.
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The vector according to any one of claims 42-60, wherein the 5'UTR element
comprises or consists of a nucleic acid sequence which is derived from a
nucleic acid sequence selected from the group consisting of SEQ 1D NOs. 1-
1363, SEQ ID NO. 1435, SEQ ID NO. 1461 or SEQ ID NO. 1462, , from the
homologs of any of SEQ 1D NOs. 1-1363, SEQ 1D NO. 1435, SEQ ID NO. 1461
or SEQ ID NO. 1462, , or from a variant thereof.

The vector according to any one of claims 42-61, wherein the 5'UTR element
comprises or consists of a nucleic acid sequence which has an identity of at least
about 40%, preferably of at least about 50%, preferably of at least about 60%,
preferably of at least about 70%, more preferably of at least about 80%, more
preferably of at least about 90%, even more preferably of at least about 95%,
even more preferably of at least about 99% to a nucleic acid sequence selected
from SEQ 1D NOs. 1-1363, SEQ ID NO. 1435, SEQ ID NO. 1461 or SEQ iD
NO. 1462, or to a corresponding RNA sequence, preferably lacking the 5'TOP
motif, or wherein the at least one 5'UTR element comprises or consists of a
fragment of a nucleic acid sequence which has an identity of at least about 40%,
preferably of at least about 50%, preferably of at least about 60%, preferably of
at least ahout 70%, more preferably of at least about 80%, more preferably of at
least about 90%, even more preferably of at least about 95%, even more
preferably of at least about 99% to a nucleic acid sequence selected from SEQ
ID NOs. 1-1363, SEQ ID NO. 1435, SEQ ID NO. 1461 or SEQ ID NO. 1462, or
to a corresponding RNA sequence, preferably lacking the 5'TOP motif.

The vector according to any one of claims 42-62, wherein the 5'UTR element
comprises or consists of a nucleic acid sequence which is derived from a 5'UTR
of a TOP gene encoding a ribosomal protein or from a variant of a 5'UTR of a
TOP gene encoding a ribosomal protein, preferably from a 5’UTR of a nucleic
acid sequence according to any of SEQ ID NOs: 170, 232, 244, 259, 1284,
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1285, 1286, 1287, 1288, 1289, 1290, 1291, 1292, 1293, 1294, 1295, 1296,
1297, 1298, 1299, 1300, 1301, 1302, 1303, 1304, 1305, 1306, 1307, 1308,
1309, 1310, 1311, 1312, 1313, 1314, 1315, 1316, 1317, 1318, 1319, 1320,
1321, 1322, 1323, 1324, 1325, 1326, 1327, 1328, 1329, 1330, 1331, 1332,
1333, 1334, 1335, 1336, 1337, 1338, 1339, 1340, 1341, 1342, 1343, 1344,
1346, 1347, 1348, 1349, 1350, 1351, 1352, 1353, 1354, 1355, 1356, 1357,
1358, 1359, or 1360, a corresponding RNA sequence, a homolog thereof, or a

variant thereof as described herein, preferably lacking the 5TOP motif.

The vector according to any one of claims 42-63, wherein the 5'UTR element
comprises or consists of a nucleic acid sequence which has an identity of at
least about 40%, preferably of at least about 50%, preferably of at least about
60%, preferably of at least about 70%, more preferably of at least about 80%,
more preferably of at least about 90%, even more preferably of at least about
95%, even more preferably of at least about 99% to the 5’UTR of a nucleic acid
sequence according to any of SEQ ID NOs: 170, 232, 244, 259, 1284, 1285,
1286, 1287, 1288, 1289, 1290, 1291, 1292, 1293, 1294, 1295, 1296, 1297,
1298, 1299, 1300, 1301, 1302, 1303, 1304, 1305, 1306, 1307, 1308, 1309,
1310, 1311, 1312, 1313, 13714, 1315, 1316, 1317, 1318, 1319, 1320, 1321,
1322, 1323, 1324, 1325, 1326, 1327, 1328, 1329, 1330, 1331, 1332, 1333,
1334, 1335, 1336, 1337, 1338, 1339, 1340, 1341, 1342, 1343, 1344, 1346,
1347, 1348, 1349, 1350, 1351, 1352, 1353, 1354, 1355, 1356, 1357, 1358,
1359, or 1360 or to a corresponding RNA sequence, preferably lacking the
5'TOP motif, or wherein the at least one 5'UTR element comprises or consists of
a fragment of a nucleic acid sequence which has an identity of at least about
40%, preferably of at least about 50%, preferably of at least about 60%,
preferably of at least about 70%, more preferably of at least about 80%, more
preferably of at least about 90%, even more preferably of at least about 95%,
even more preferably of at least about 99% to the 5’UTR of a nucleic acid
sequence according to SEQ ID NOs: 170, 232, 244, 259, 1284, 1285, 1286,
1287, 1288, 1289, 1290, 1291, 1292, 1293, 1294, 1295, 1296, 1297, 1298,
1299, 1300, 1301, 1302, 1303, 1304, 1305, 1306, 1307, 1308, 1309, 1310,
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1311, 1312, 1313, 1314, 1315, 1316, 1317, 1318, 1319, 1320, 1321, 1322,
1323, 1324, 1325, 1326, 1327, 1328, 1329, 1330, 1331, 1332, 1333, 1334,
1335, 1336, 1337, 1338, 1339, 1340, 1341, 1342, 1343, 1344, 1346, 1347,
1348, 1349, 1350, 1351, 1352, 1353, 1354, 1355, 1356, 1357, 1358, 1359, or
1360 or to a corresponding RNA sequence, preferably lacking the 5'TOP motif.

The vector according to any one of claims 42-64, wherein the 5'UTR element is
derived from a 5'UTR of a TOP gene encoding a ribosomal Large protein (RPL)
or from a variant of a 5'UTR of a TOP gene encoding a ribosomal Large protein
(RPL), preferably from a 5'UTR of a nucleic acid sequence according to any of
SEQ 1D NOs: 67, 259, 1284-1318, 1344, 1346, 1348-1354, 1357, 1461 and
1462, a corresponding RNA sequence, a homolog thereof, or a variant thereof,

preferably lacking the 5'TOP motif.

The vector according to any one of claims 42-65, wherein the 5'UTR element
comprises or consists of a nucleic acid sequence having an identity of at least
about 40%, preferably of at least about 50%, preferably of at least about 60%,
preferably of at least about 70%, more preferably of at least about 80%, more
preferably of at least about 90%, even more preferably of at least about 95%,
cven more preferably of at least about 99% to the 5'UTR of a nucleic acid
sequence according to any of SEQ 1D NOs: 67, 259, 1284-1318, 1344, 1346,
1348-1354, 1357, 1461 and 1462 or to a corresponding RNA sequence,
preferably lacking the 5'TOP matif, or wherein the at least one 5’UTR element
comprises or consists of a fragment of a nucleic acid sequence which has an
identity of at least about 40%, preferably of at least about 50%, preferably of at
least about 60%, preferably of at least about 70%, more preferably of at least
about 80%, more preferably of at least about 90%, even more preferably of at
least about 95%, even more preferably of at least about 99% to the S"UTR of a
nucleic acid sequence according to SEQ ID No. SEQ ID NOs: 67, 259, 1284-
1318, 1344, 1346, 1348-1354, 1357, 1461 and 1462 or to a corresponding
RNA sequence, preferably lacking the 5'TOP motif.
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The vector according to any one of claims 42-66, wherein the 5'UTR element
comprises or consists of a nucleic acid sequence which is derived from the
5'UTR of a ribosomal protein Large 32 gene, preferably from the 5'UTR of a
vertebrate ribosomal protein Large 32 (L32) gene or from a variant thereof, more
preferably from the 5’UTR of a mammalian ribosomal protein Large 32 (L32)
gene or from a variant thereof, most preferably from the 5‘UTR of a human
ribosomal protein Large 32 (L32) gene or from a variant thereof, wherein

preferably the 5’UTR element does not comprise the 5'TOP of said gene.

The vector according to any one of claims 42-67, wherein the 5'UTR element
comprises or consists of a nucleic acid sequence which has an identity of at least
about 40%, preferably of at least about 50%, preferably of at least about 60%,
preferably of at least about 70%, more preferably of at least about 80%, more
preferably of at least about 90%, even more preferably of at least about 95%,
even more preferably of at least about 99% to the nucleic acid sequence
according to SEQ ID NOs. 1368 or 1452-1460 or to a corresponding RNA
sequence, or wherein the at least one 5’UTR clement comprises or consists of a
fragment of a nucleic acid sequence which has an identity of at least about 40%,
preferably of at least about 50%, preferably of at least aboul 60%, preferably of
at least about 70%, more preferably of at least about 80%, more preferably of at
least about 90%, even more preferably of at least about 95%, even more
preferably of at least about 99% to the nucleic acid sequence according to SEQ
ID NOs. 1368 or 1452-1460 or to a corresponding RNA sequence.

The vector according to any one of claims 62, 64, 66 and 68, wherein the
fragment consists of a continuous stretch of nucleotides corresponding to a
continuous stretch of nucleotides in the full-length sequence, which represents
at least 20%, preferably at least 30%, more preferably at least 40%, more

preferably at least 50%, even more preferably at least 60%, even more
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preferably at least 70%, cven more preferably at least 80%, and most preferably

at least 90% of the full-length sequence the fragment is derived from.

The vector according to any cne of claims 42-69, wherein the at least one
5'UTR element exhibits a length of at least about 20 nucleotides, preferably of at

least about 30 nucleotides, more preferably of at least about 40 nucleotides.

The vector according to any one of claims 42-70, wherein the 5'UTR element
comprises or consists of a nucleic acid sequence which is derived from the
5’UTR of a TOP gene selected from RPSA, RPS2, RPS3, RPSsA, RPS4, RPSs,
RPS6, RPS7, RPS8, RPS9, RPS10, RPS11, RPS12, RPS18, RPS14, RPS1s,
RPS15A, RPS16, RPS17, RPSis, RPS19, RPS20, RPS21, RPS23, RPS24,
RPS25, RPS26, RPS27, RPS27A, RPS28, RPS29, RPSs0, RPLS, RPL4, RPLS,
RPIL6, RPL7, RPL7A, RPLg, RPL9, RPI.10, RP1.10A, RPL11, RPL.12, RPL13,
RPI.18A, RPL14, RPL15, RPL17, RPL1s, RPL18A, RPL19, RPL21, RPL22,
RPL23, RPL23A, RPL24, RPL26, RPL27, RPL27A, RPL28, RPL.29, RPL30,
RPLs1, RPL3sg, RPL84, RPL35, RPL35A, RPL36, RPL3GA, RPIL87, RPLS7A,
RPL.s8, RPL39, RPL40, RPL41, RPLPO, RPLP1, RPLP2, RPLPS, UBA520r

from a variant thereof.

The vector according to any one of claims 43-71, wherein the at least one
histone stem-loop comprises or consists of a nucleic acid sequence selected
from the group consisting of SEQ ID NOs. 1391-1433, preferably from the group
consisting of SEQ 1D NOs. 1403-1433.

The vector according to any one of claims 43-72, wherein the histone stem-loop
comprises or consists of a nucleic acid sequence having a sequence identity of
at least about 75%, preferably of at least about 80%, preferably at least about

85%, more preferably at least about 90%, even more preferably at least about
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95% to the sequence according to SEQ 1D NQO. 1433 or to the corresponding
RNA sequence, wherein preferably positions 6, 13 and 20 of the sequence
having a sequence identity of at least about 75%, preferably of at least about
80%, preferably at least about 85%, more preferably at least about 90%, even
more preferably at least about 85% to the sequence according to SEQ ID NO.
1433 or to the corresponding RNA sequence arc conserved, i.e. are identical to
the nucleotides at positions 6, 13 and 20 of SEQ ID NO. 1433 or to the

corresponding RNA nucleotides.

The vector according to any one of claims 58-73, wherein the 3’"UTR clement
comprises or consists of a nucleic acid sequence derived from a 3'UTR of a gene
selected from the group consisting of an albumin gene, an a-globin gene, a B-
globin gene, a tyrosine hydroxylase gene, a lipoxygenase gene, and a collagen
alpha gene, or from a variant of a 3’'UTR of a gene selected from the group
consisting of an albumin gene, an a-globin gene, a B-globin gene, a tyrosine

hydroxylase gene, a lipoxygenase gene, and a collagen alpha gene.

The vector according to any one of claims 58-74, wherein the at least one
3'UTR element comprises or consists of a nucleic acid sequence which is
derived from the 3’UTR of a vertebrate albumin gene or from a variant thereof,
preferably from the 3’UTR of a mammalian albumin gene or from a variant
thereof, more preferably from the 3’UTR of a human albumin gene or from a
variant thereof, even more preferably from the 3'UTR of the human albumin
gene according to GenBank Accession number NM_000477.5 or from a variant

thereof.

The vector according to any one of claims 58-74, wherein the at least one
3’UTR element comprises or consists of a nucleic acid sequence which is

derived from the 3'UTR of a vertebrate a-globin gene or from a variant thereof,
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preferably from the 3'UTR of a mammalian «-globin gene or from a variant
thercof, more preferably from the 3’UTR of a human o-globin gene or from a

variant thereof.

The vector according to any one of claims 58-74, wherein the at least one
3"UTR element comprises or consists of a nucleic acid sequence which has an
identity of at least about 40%, preferably of at least about 50%, preferably of at
least about 60%, preferably of at least about 70%, more preferably of at least
about 80%, more preferably of at least about 90%, even more preferably of at
least about 95%, even more preferably of at least about 939% to a nucleic acid
sequence selected from SEQ ID NOs. 1369-1377 and 1434 or to a
corresponding RNA sequence, or wherein the at least one 3'UTR element
comprises or consists of a fragment of a nucleic acid sequence which has an
identity of at least about 40%, preferably of at least about 50%, preferably of at
least about 60%, preferably of at least about 70%, more preferably of at least
about 80%, more preferably of at least about 90%, even more preferably of at
least about 95%, even more preferably of at least about 99% to a nucleic acid
sequence selected from SEQ ID NOs. 1369-1377 and 1434 or to a

corresponding RNA sequence.

The vector according to claim 77, wherein the fragment consists of a continuous
stretch of nucleotides corresponding to a continuous stretch of nucleotides in the
full-length sequence, which represents at lcast 20%, preferably at least 30%,
more preferably at least 40%, more preferably at least 50%, even more
preferably at least 60%, even more preferably at least 70%, even more
preferably at least 80%, and most preferably at least 90% of the full-length

sequence the fragment is derived from.
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The vector according to any one of claims 58-78, wherein the 3’UTR element
exhibits a length of at least about 40 nucleotides, preferably of at least about 50
nucleotides, preferably of at least about 75 nucleotides, more preferably of at
least about 100 nucleotides, even more preferably of at least about 125

nucleotides, most preferably of at least about 150 nuclectides.

The vector according to any one of claims 42-79, wherein the vector, preferably
the open reading frame, is at least partially G/C modified, preferably wherein the
G/C content of the open reading frame is increased compared to the wild type

open reading frame.

The vector according to any one of claims 42-80, wherein the open reading
frame comprises a codon-optimized region, preferably, wherein the open

reading frame is codon-optimized.

The vector according to any one of claims 42-81, which is a DNA vector.

The vector according to any one of claims 42-82, which is a plasmid vector or a

viral vector, preferably a plasmid vector.

The vector according to any one of claims 42-83, which comprises or codes for

an artificial nucleic acid molecule according to any one of claims 1-41.

The vector according to any one of claims 42-84, which is a circular molecule.
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A cell comprising the artificial nucleic acid molecule according to any one of

claims 1-41 or the vector according to any one of claims 42-85.

The cell according to claim 86, which is a mammalian cell.

The cell according to claim 86 or 87, which is a cell of a mammalian subject,
preferably an isolated cell of a mammalian subject, preferably of a human

subject.

A pharmaceutical composition comprising the artificial nucleic acid molecule
according to any one of claims 1-41, the vector according to any one of claims

42-85, or the cell according to any one of claims 86-88.

The pharmaceutical composition according to claim 89, further comprising one
or more pharmaceutically acceptable diluents and/or excipients and/or one or

more adjuvants.

The artificial nucleic acid molecule according to any one of claims 1-41, the
vector according to any one of claims 42-85, the cell according to any one of
claims 86-88, or the pharmaceutical composition according to claim 89 or 90

for use as a medicament.

The artificial nucleic acid molecule according to any one of claims 1-41, the
vector according to any one of claims 42-85, the cell according to any one of
claims 86-88, or the pharmaceutical composition according to claim 89 or 90

for use as a vaccine or for use in gene therapy.
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A method for treating or preventing a disorder comprising administering the
artificial nucleic acid molecule according to any one of claims 1-41, the vector
according to any one of claims 42-85, the cell according to any one of claims
86-88, or the pharmaceutical composition according to claim 89 or 90 to a

subject in need thereof.

A method of treating or preventing a disorder comprising transfection of a cell
with the artificial nucleic acid molecule according to any one of claims 1-41 or

the vector according to any one of claims 42-85.

The method according to clainm 94, wherein transfection of a cell is performed in
vitro/ex vivo and the transfected cell is administered to a subject in need thereof,

preferably to a human patient.

The method according to claim 95, wherein the cell which is to be transfected in

vitro is an isolated cell of the subject, preferably of the human patient.

The method according to any one of claims 93-96, which is a vaccination

method or a gene therapy method.

A method for increasing protein production from an artificial nucleic acid
molecule, comprising the step of providing the artificial nucleic acid molecule

with
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99.

100.

101.

378

i. atleast one 5’-untranslated region element (5'UTR element) which comprises
or consists of a nucleic acid sequence which is derived from the 5‘UTR of a TOP

gene or which is derived from a variant of the 5‘UTR of a TOP gene;
ii. preferably at least one histone stem-loop; and

iii. optionally, a poly(A) sequence and/or a polyadenylation signal.

Use of a 5'UTR element which comprises or consists of a nucleic acid sequence
which is derived from the 5'UTR of a TOP gene or which is derived from a
variant of the 5'UTR of a TOP gene and preferably at least one histone stem-

loop for increasing protein production from a nucleic acid molecule.

A kit or kit of parts comprising an artificial nucleic acid molecule according to
any one of claims 1-41, the vector according to any one of claims 42-85, the
cell according to any one of claims 86-88, and/or the pharmaceutical

composition according to claim 89 or 90.

The kit according to claim 100, further comprising instructions for use, cells for
transfection, an adjuvant, a means for administration of the pharmaceutical
composition, a pharmaceutically acceptable carrier and/or a pharmaceutically
acceptable solution for dissolution or dilution of the artificial nucleic acid

molecule, the vector or the pharmaceutical composition.



