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Artificial nucleic acid molecules comprising a 5'TOP UTR

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 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

aberration, or by more specific mutations, such as point or frame-shift-mutations, all of them
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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 evoking 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 /in 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 al, 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 wuracil (U) nucleotides. .In this context,
WO02/098443 provides 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.

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 et 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 o-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 al, 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.

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
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growth-associated translation regulation (ladevaia et a/, 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 a/, Translational Control
of Ribosomal Protein mRNAs in Eukaryotes, Translational Control. Cold Spring Harbor
Monograph Archive. Cold Spring Harbor Laboratory Press, 1996, p. 363-388). These TOP
sequences are thought to serve as a cis-regulatory element which inhibits the binding of
translational regulatory proteins or the translational machinery itself. As a result, the
translation of these genes is inhibited at the growth arrest of cells. More specifically, when a
cell is faced with starvation or treated by some chemicals such as 12-Otetradecanoyl-1-
phorbol-13-acetate (TPA), mRNAs of TOP genes, which are normally associated with
polysomes, change their status into the translationally inactive ‘sub-polysome’ while most
non-TOP mRNAEs stay in the’polysome’ state (Yamashita et a/, Comprehensive detection of
human terminal oligo-pyrimidine (TOP) genes and analysis of their characteristics. Nucleic
Acids Res. 2008 Jun;36(11):3707-15. doi: 10.1093/nar/gkn248. Epub 2008 May 14). In this
context, it was shown that the oligopyrimidine tract at the 5’end of the 5’'UTR (TOP motif)
was required for translational repression of TOP genes. The oligopyrimidine tract at the 5'
end of mammalian ribosomal protein mRNAs is required for their translational control (Levy
et al., Proc Natl Acad Sci U S A. 1991 Apr 15;88(8):3319-23). Furthermore, it was shown
that miRNA miR-10a positively controls the translation of ribosomal proteins by binding
downstream of the TOP motif present in the 5'UTRs of TOP genes. Such an enhancement of
translation was dependent on the presence of the TOP motif in the 5’UTR. Furthermore this
translational regulation of ribosomal TOP genes was dependent on the presence of miR-10a
or its human homolog miR-10b which is highly overexpressed in several tumor types and is

reportedly involved in the progression of cancer (Jrom et a/, MicroRNA-10a binds the
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5'UTR of ribosomal protein mRNAs and enhances their translation.Mol Cell. 2008 May
23;30(4):460-71).

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.

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
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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.

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



10

15

20

25

30

WO 2013/143700 PCT/EP2013/000938

9

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
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.
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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,
‘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.
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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-
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
polymerize 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 II
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
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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.

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.
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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 /n vitro to isolated
cells/tissues of the patient, which results in transfection of the patient’s cells either /n viva/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
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
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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
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
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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 (isSRNA) 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.

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, IL-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, I1L-23, IL-24, IL-25, IL-26, IL-27, 1L-28, 1L-29, IL-30, IL-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, TLR9Y, 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



10

15

20

25

30

WO 2013/143700 PCT/EP2013/000938

16

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 muitiple cloning site (MCS) or a polylinker.

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 AUQG),
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
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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.

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
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comprises a hexamer consisting of adenine and uracil/thymine 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-
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.
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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
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
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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.
b4 Y Y P p p

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
allows the convenient storage of a nucleic acid molecule, for example, of an mRNA
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.
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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

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) sequence. 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
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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.

5'Terminal Oligopyrimidine Tract (TOP):  The 5terminal 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, more often 3 to 15
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 nucleo-
tides. 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 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 peptide elongation factors and ribosomal pro-

teins.

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
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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 mRNA. 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-
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
(UAUGS) 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
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located immediately 5’ to the start codon (e.g. the ATG) in the sequences according to SEQ
ID NOs. 1-1363, SEQ ID NO. 1395, SEQ ID NO. 1421 and SEQ ID NO. 1422.

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.  atleast one open reading frame (ORF).

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. It is preferred, if the components (a) and (b) are heterologous, such that the inventive
nucleic acid molecule does not occur naturally, but is an artificial chimeric recombinant

nucleic acid molecule.

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’ may also refer to a fragment or part of a 5’UTR of an
artificial nucleic acid sequence, such as an artificial mRNA, 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
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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
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, which typically corresponds to a
pyrimidine stretch of 3 to 30 pyrimidine nucleotides at the 5’ terminus of the 5'UTR of a
TOP gene. For the above preferred embodiment of the invention employing a 5'UTR of a
TOP gene, the 5’UTR (comprised by the inventive nucleic acid molecule) starts with the first
nucleotide following the most 3’-terminal nucleotide of the 5’'TOP motif. In case the 5’TOP
motif does not correspond to the 5’terminal part of the 5’UTR of the TOP gene, the 5" UTR
(of the TOP gene) employed in the inventive nucleic acid may consist of the nucleotide
sequence located upstream of the 5’terminus of the 5'TOP motif and/or of the nucleotide
sequence located downstream of the 3’terminus of the 5'TOP motif. In an alternative
embodiment, the 5" motif of a 5’UTR of a TOP gene may be rendered dysfunctional by e.g.
introducing one or more purine nucleotides, which interupt the monotonic pyrimidine
nucleotide stretch of the 5TOP motif such that the modified (interrupted) 5'TOP motif
sequence cannot exert its regulatory function any longer, in particular cannot exert its

function as an element for translational control. Another way of rendering the 5° TOP motif



10

15

20

25

30

WO 2013/143700 PCT/EP2013/000938

26

dysfunctional is the deletion of one or more pyrimidine nucleotides of the 5'TOP motif

sequence (either at the termini and/or within the 5'TOP motif).

In one embodiment, the 5°'UTR of a TOP gene will not be derived from the 5'UTR of
ribosomal proteins (rp) MRNA (in particular not from mammalian 5’UTR of rp mRNA, more
specifically not from rpP2 (e.g. rat rpP2), rpL32, rpL30, rpL13a (e.g. mouse transplantation
antigen P198), rpS20, rpS6, rpL12 or rpS16 mRNA or not from an rpS19 mRNA (e.g. from
Xenopus). In anotther embodiment, the 5'UTR of a TOP gene is not derived from the 5’UTR
of a EF1alpha or (hamster) EF2 mRNA. The 5’UTRs of these afore-mentioned rp mRNAs are
specifically not used, if they are linked to reporter genes in the ORF of the inventive nucleic
acid. If e.g. the 5’UTR of rpS16 mRNA is used for the inventive nucleic acid, that 5’UTR will
either not contain the 5'TOP motif sequence (composed ot the oligonucleotide (CCTTTTCC
or CCUUUUCC) or will contain a dysfunctional variant therof by e.g. interruption of the
oligopyrimidine sequence by purine nucleotides or by deltion of one or more pyrimidine
nucleotides of that 5'TOP motif. Accordingly, the dysfunctional mutants may e.g. contain
one or more purine nucleotides within the 5'TOP motif sequence thereby lacking the
translational control function exerted by the 5'TOP motif, e.g. by abolishing its interaction
with other regulatory compounds, e.g. miRNA or interaction with granule-associated

proteins TIA-1 and TIAR.

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
5’UTR of a mammalian TOP gene, more preferably to a variant of the 5’'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
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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
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



10

15

20

25

30

WO 2013/143700 PCT/EP2013/000938

28

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
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 a 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 5'terminal 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 5terminal oligopyrimidine tract is the first nucleotide following the 3’-

end of the 5terminal oligopyrimidine tract in 5’-3’-direction. Likewise, position 2
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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)Q) 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.

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
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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); 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. 1395, SEQ ID NO. 1421 and SEQ ID NO. 1422, from the homologs of
SEQ ID NOs. 1-1363, SEQ ID NO. 1395, SEQ ID NO. 1421 and SEQ ID NO. 1422, from a
variant thereof, or a corresponding RNA sequence. The term “homologs of SEQ ID NOs. 1-
1363, SEQ ID NO. 1395, SEQ ID NO. 1421 and SEQ 1D NO. 1422” refers to sequences of
other species, e.g. 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.
1395, SEQ ID NO. 1421 or SEQ ID NO. 1422. 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,
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 ID NOs. 1-1363, SEQ ID NO. 1395, SEQ ID NO. 1421 or SEQ ID NO.
1422, from the homologs of SEQ ID NOs. 1-1363, SEQ ID NO. 1395, SEQ ID NO. 1421 or
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SEQ ID NO. 1422, 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 1D NO. 1395, SEQ ID NO. 1421 or SEQ ID NO.
1422, from the homologs of SEQ ID NOs. 1-1363, SEQ ID NO. 1395, SEQ ID NO. 1421 or
SEQ ID NO. 1422, 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
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. 1395, SEQ ID NO. 1421 or SEQ 1D NO. 1422,0r 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. 1395, SEQ ID NO. 1421 or SEQ ID NO. 1422, 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
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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. 1395, SEQ ID NO. 1421 or SEQ ID NO. 1422, 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
selected from SEQ ID NOs. 1-1363, SEQ ID NO. 1395, SEQ ID NO. 1421 or SEQ ID NO.
1422, 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. 1395, SEQ ID NO. 1421 or

SEQ ID NO. 1422, 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 ID NOs.

1-1363, SEQ ID NO. 1395, SEQ ID NO. 1421 and SEQ ID NO. 1422, from the homologs of
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SEQ ID NOs. 1-1363, SEQ ID NO. 1395, SEQ ID NO. 1421 and SEQ ID NO. 1422, 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 nu-
cleic 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. Par-
ticularly 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 se-
lected 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,
RPL10OA, 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, UBA52. Par-
ticularly 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 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 se-
quence, 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.



10

15

20

25

30

WO 2013/143700 PCT/EP2013/000938

34

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
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,
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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, 1358, 1421 and 1422, 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, 1358, 1421 and 1422
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 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, 1358, 1421 and 1422 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
(COX60Q), or a N-acylsphingosine amidohydrolase (acid ceramidase) 1 gene (ASAH1) or
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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 (ATP5AT1) gene, a vertebrate hydroxysteroid (17-
beta) dehydrogenase 4 gene (HSD17B4), a vertebrate androgen-induced 1 gene (AlG1), a
vertebrate cytochrome c oxidase subunit Vic gene (COX6C), or a vertebrate N-
acylsphingosine amidohydrolase (acid ceramidase) 1 gene (ASAHT1) 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 cyto-
chrome c oxidase subunit Vic gene (COX6C), or a mammalian N-acylsphingosine 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)
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 according to SEQ ID No. 1368, or SEQ ID NOs 1412-1420, 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
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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 1412-
1420, 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-
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 nucleotides. 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,
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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,
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 5terminal 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 preferred embodiment, the artificial nucleic acid molecule according to the present

invention further comprises

C. at least one 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
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the 3’'UTR of a chordate gene, preferably a vertebrate gene, more preferably a

mammalian gene, most preferably a human gene.

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 mMRNA, 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
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.

Preferably, the 3'UTR element and the at least one open reading frame are heterologous.
For example, 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 molecule
consist 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.
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Preferably, the at least one 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 5’3’ 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 5’23’ 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
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
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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 (EQ), (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 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, - EO,) + (E2, - EO,) + EO,,

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 ETE2, = 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, E1E2 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.
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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); and
(c.) at least one 3'UTR element, wherein the 3’UTR element and the 5'UTR element act at
least additively, preferably synergistically to increase protein production from the ORF,
preferably wherein ETE2 > PPA, preferably E1E2 is at least 1.0 times PPA, preferably E1E2 is
at least 1.1 times PPA, more preferably E1E2 is at least 1.3 times PPA, even more preferably
ET1E2 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, such as post

transfection, 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 E1E2.

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 MRNA 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.
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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 mMRNA 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, e.g. in 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’UfR 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
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(l) gene,

or from a variant of a 3’UTR of a gene selected from the group consisting of an albumin
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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(l) 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 o-
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
tyrosine hydroxylase gene, a human lipoxygenase gene, and a human collagen alpha gene,
such as a human collagen alpha 1(l) 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.

Preferably, 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
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3’UTR element is derived from an a-globin gene. Preferably, the ORF does not encode a -
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. Preferably, the ORF does not code for a protein selected from the
group consisting -of albumin proteins, growth hormones, e.g. human growth hormone
(hGH), o-globin proteins, B-globin proteins, tyrosine hydroxylase proteins, lipoxygenase
proteins, and collagen alpha proteins. Furthermore, it is preferred that the open reading
frame does not code for a reporter protein, e.g., selected from the group consisting of globin
proteins, in particular beta-globin,, luciferase protein, GFP proteins, e.g. EGFP, or variants
thereof, for example, variants exhibiting at least 70% sequence identity to a globin protein,

a luciferase protein, or a GFP protein.

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 B-
globin gene, a tyrosine hydroxylase gene, a lipoxygenase gene, or a collagen alpha gene,
such as a collagen alpha 1(I) gene, preferably of an albumin gene or 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 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
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albumin gene, a-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 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
occurring albumin gene, a naturally occurring a-globin gene, a naturally occurring B-globin
gene, a naturally occurring tyrosine hydroxylase gene, a naturally occurring lipoxygenase
gene, or a naturally occurring collagen alpha gene, such as a naturally occurring collagen
alpha 1(l) gene, preferably to a variant of 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(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, more preferably 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() 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
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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
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 and/or a reference 3’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 and/or a reference 3’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 and/or a reference 3’UTR or lacking a 5’'UTR and/or a 3’"UTR. A reference 3’UTR
may be, for example, a 3’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
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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(l) 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 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.
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In some embodiments, the at least one 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(l) gene, or of a variant thereof.

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 at least one 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 or comprising a reference
3’UTR element, such as a 3’UTR naturally occurring in combination with the ORF.
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 or
comprising a reference 3’UTR element, such as a 3’UTR naturally occurring in combination
with the ORF. 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 or
comprising a reference 3’UTR element, such as a 3’UTR naturally occurring in combination
with the ORF. 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 or comprising a reference 3'UTR element, such as a 3’UTR naturally occurring in
combination with the ORF. Preferably, the at least one 3’UTR element of the artificial

nucleic acid molecule according to the present invention does not negatively influence
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translational efficiency of an mRNA compared to the translational efficiency of a respective
mRNA lacking a 3’UTR element or comprising a reference 3’UTR element, such as a 3'UTR
naturally occurring in combination with the ORF. 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
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 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.

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. comprising a reference 3'UTR

element or lacking a 3’UTR element.

‘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
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48 hours, even more preferably over 72 hours, when compared to a reference nucleic acid
molecule, for example, an mRNA comprising a reference 3'UTR element or 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, such as a reference mRNA as
described above. 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 about 2 for a nucleic acid molecule according to the present invention. For a
respective reference nucleic acid molecule, e.g. an mRNA comprising a reference 3'UTR
element or lacking a 3'UTR element, said ratio may be, e.g. between about 0.05 and about
0.3. Thus, the present invention provides an artificial nucleic acid molecule comprising an
ORF and a 3'UTR element 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 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 about
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
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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
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’ and/or a reference 3’UTR or lacking a
5'UTR element and/or 3’'UTR element. As set forth above, it is a particularly preferred
function of the 5'UTR element to affect the increase in protein production from the artificial
nucleic acid molecule. Preferably, the increase in protein production effected by the 5'UTR
element compared to a reference nucleic acid molecule lacking such 5'UTR element 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, even more preferably at least 4-fold, most preferably at
least 5-fold of the protein production observed for a reference nucleic acid molecule
lacking the 5’UTR element. 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, e.g. an mRNA lacking a 5'UTR
element and/or a 3’UTR element, 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 at least one 3’UTR element, the at least one 5'UTR element, or the at least
one 3'UTR element and the at least one 5’UTR element 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 mMRNA molecules may be
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generated comprising a coding sequence for a reporter protein, such as luciferase, and no
3’UTR and/or no 5'UTR, a 5'UTR element derived from a TOP gene and/or a 3'UTR
elem,ent derived from a gene as described above, a 5'UTR element derived from a
reference gene and/or a 3'UTR derived derived from a reference gene (i.e., a reference
3’UTR element or a reference 5’UTR element, 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 /in 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 at least one 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
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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 a nucleic acid sequence
selected from SEQ 1D No. 1369-1377, 1391, 1392, and 1393 and wherein the variants of
the sequences according to SEQ ID No. 1369-1377, 1391, 1392 and 1393 are preferably

functional variants as described above.

The at least one 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, 1391, 1392, or 1393 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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AGAAAGAAAA
CAACACCCTG

TGAAGATCAA
TCTAAAAAAC

AAGCTTATTC
ATAAATTTCT

ATCTGTTTTT
TTAATCATTT

CTTTTTCGTT
TGCCTCTTTT

GGTGTAAAGC
CTCTGTGCTT

CAACACCCTG
CAATTAATAA

TGAAGATCAA
TCTAAAAAAC
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TGAAGATCAA
TCTAAAAAAC

AAGCTTATTC
ATAAATTTCT

ATCTGTTTTT
TTAATCATTT

CTTTTTCGTT
TGCCTCTTTT

GGTGTAAAGC
CTCTGTGCTT

CAACACCCTG
CAATTAATAA

TCTAAAAAAC
AAAATGGAAA

AAGCTTATTC
ATAAATTTCT

A (SEQID No. 1387)

AAGCTTATTC
(SEQ ID No.

ATCTGTTTTT
(SEQ ID No.

CTTTTTCGTT
(SEQ ID No.

GGTGTAAAGC
(SEQ ID No.

CAACACCCTG
(SEQ ID No.

TCTAAAAAAC
(SEQ 1D No.

ATAAATTTCT
(SEQ ID No.

ATCTGTTTTT
TTAATCATTT
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TGAAGATCAA AAGCTTATTC ATCTGTTTTT CTTTTTCGTT GGTGTAAAGC CAACACCCTG
TCTAAAAAAC ATAAATTTCT TTAATCATTT TGCCTCTTTT CTCTGTGCTT CAATTAATAA

A (SEQ ID No. 1388)

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

AAGCTTATTC ATCTGTTTTT 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, 1391, 1392, or
1393 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, 1391, 1392,
or 1393. 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 at least one 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 from a variant of the 3’UTR of an albumin
gene, such as a nucleic acid sequence according to SEQ ID No. 1369 or 1376, functional
variants thereof, functional fragments thereof, or functional variant fragments thereof as

described above.

Surprisingly, the inventors found that an artificial nucleic acid molecule comprising a 5’UTR
element comprising or consisting of a nucleic acid sequence derived from a TOP gene as
described above may represent or may provide an mRNA molecule exhibiting strongly

enhanced protein production from said artificial nucleic acid molecule.

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 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.
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In a preferred embodiment, the artificial nucleic acid sequence 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 encoding a ribosomal protein as described above, for example, encoding a
ribosomal Large protein, or from a variant thereof, and a 3’UTR element which comprises or
consists of a nucleic acid sequence which is derived from the 3’UTR of an albumin gene or

a variant thereof as described above.

In a particularly preferred embodiment, the artificial nucleic acid sequence comprises a
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
(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 protein 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 (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
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(HSD17B4), a  human  androgen-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, and a 3'UTR
element which comprises or consists of a nucleic acid sequence which is derived from an

albumin gene as described above.

In a particularly preferred embodiment, 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 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 1412-1420, or a corresponding RNA
sequence, and a 3'UTR element which comprises or consist 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, 1376, 1377, 1391, or 1392, e.g., 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 a
corresponding RNA sequence and a 3'"UTR element which comprises or consist of a nucleic
acid sequence which has an identity of at least about 90% to the nucleic acid sequence

according to SEQ 1D No. 1369, 1376, 1377, 1391, or 1392.

Preferably, the artificial nucleic acid molecule according to the present invention further
corﬁprises a poly(A) sequence and/or a polyadenylation signal. Preferably, the optional
poly(A) sequence is located 3’ to the ORF or the at least one 3'UTR element, preferably is
connected to the 3’-end of the ORF or the 3'UTR element. The connection may be direct or
indirect, for example, via a stretch of 2, 4, 6, 8, 10, 20 etc. nucleotides, such as via a linker
of 1-50, preferably of 1-20 nucleotides, e.g. comprising or consisting of one or more

restriction sites.
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In one embodiment, the optional polyadenylation signal is located within the 3’UTR
element. 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/TYU/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. Preferably, the polyadenylation
signal, preferably the consensus sequence NNUANA, is 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 3’UTR element.

Using an appropriate transcription system will then lead to attachment of a poly(A)
sequence to the premature-RNA. For example, the inventive artificial nucleic acid molecule
may be a DNA molecule comprising a 3’UTR element as described above and a
polyadenylation signal, which may result in polyadenylation of an RNA upon transcription
of this DNA molecule. Accordingly, a resulting RNA may comprise a combination of the

3’UTR element followed by a poly(A) sequence.

Potential transcription systems are /n 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 3’'UTR element and a polyadenylation-signal, may result
in an mRNA molecule comprising a 5’UTR element, an open reading frame, a 3'UTR

element and a poly(A) sequence.

The invention also provides an artificial nucleic acid molecule which is an mRNA molecule
comprising a, 5’UTR element, an open reading frame, an optional 3'UTR element as

described above and a poly(A) sequence.

In one embodiment, the invention provides an artificial nucleic acid molecule which is an
artificial DNA molecule comprising a 5'UTR element as described above, an open reading
frame and optionally a nucleic acid sequence according to any one of SEQ ID Nos. 1369-

1377, 1391, and 1392 or a sequence having an identity of at least about 40% or more to a
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nucleic acid sequence according to any one of SEQ ID Nos. 1369-1377, 1391, and 1392 or
a fragment thereof. Furthermore, the invention provides an artificial nucleic acid molecule
which is an artificial RNA molecule comprising a 5’UTR element as described above, an
open reading frame and optionally an RNA sequence corresponding to a sequence
according to any one of SEQ ID Nos. 1369-1377, 1391, and 1392 or a sequence having an
identity of at least about 40 % or more to any one of SEQ ID Nos. 1369-1377, 1391, and

1392, or a fragment thereof.

Accordingly, 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 /n vivo production of mRNA.

In one embodiment, the artificial nucleic acid molecule according to the present invention
further comprises 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 300 adenine nucleotides, preferably of about 40 to about 200 adenine nucleotides,
more preferably from about 50 to about 100 adenine nucleotides, such as about 60, 70, 80,

90 or 100 adenine nucleotides.

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 ATCTGTITTTT CTTTTTCGTT GGTGTAAAGC CAACACCCTG TCTAAAAAAC
ATAAATTTCT TTAATCATTT TGCCTCTTTT CTCTGTGCTT CAATTAATAA AAAATGGAAA
GAATCTAGAT CTAAAAAAAA AAAAAAAAAA AAAAAAAAAA AAAAAAAAAA AAAAAAAAAA

ARAAAAAARAA ARAAAA (SEQ ID No. 1377).
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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 /n 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, a 3'UTR element

as described above and a poly(A) sequence.

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 embodiments, 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.
Furthermore, in some embodiments, it is preferred that the open reading frame does not
code for a reporter protein, e.g., 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.

In some embodiments, it is preferred that the 3’UTR element does not consist of a histone
stem-loop, preferably does not comprise a histone stem-loop. In one embodiment, the
artificial nucleic acid molecule according to the present invention does not comprise a
histone stem-loop. However, in some embodiments, the 3’'UTR element of the artificial
nucleic acid molecule or the artificial nucleic acid molecule according to the present
invention may comprise a histone stem-loop in addition to the nucleic acid sequence
derived form the 3’UTR of an albumin gene. 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, an optional

histone stem-loop and an optional poly(A) sequence. It may also comprise in 5’-to-3'-
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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 an optional histone stem-loop.

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.
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 fegions, 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.

An example for a histone stem-loop sequence is the sequence according to SEQ ID NO:
1394 (CAAAGGCTCTTTTCAGAGCCACCA) or the corresponding RNA sequence.
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Thus, in some embodiments, the artificial nucleic acid molecule according to the present
invention comprises (a.) at least one 5'UTR element as described herein, (b.) at least one
open reading frame, and at least one histone-stem loop which may, for example, comprise
or consist 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. 1394 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 1D NO. 1394 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. 1394,

In some embodiments, the artificial nucleic acid molecule comprises further elements such
as a 5'-cap, a poly(C) sequence and/or an IRES-motif. A 5’-cap may be added post-
transcriptionally to the 5’end of an RNA. Further, the inventive artificial nucleic acid
molecule, particularly if the nucleic acid is in the form of an mRNA or codes for an mRNA,
may be modified by a sequence.of at least 10 cytidines, preferably at least 20 cytidines,
more preferably at least 30 cytidines (so-called "poly(C) sequence"). Particularly, the
inventive nucleic acid molecule may contain, especially if the nucleic acid is in the form of
an (m)RNA or codes for an mRNA, a poly(C) sequence of typically about 10 to 200 cytidine
nucleotides, preferably about 10 to 100 cytidine nucleotides, more preferably about 10 to
70 cytidine nucleotides or even more preferably about 20 to 50 or even 20 to 30 cytidine

nucleotides.

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.

Furthermore, the artificial nucleic acid molecule may comprise additional 5’-elements such

as a promoter containing-sequence. The promoter may drive and or regulate transcription of
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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, prefer-
ably mRNA molecules, comprising in 5’-to-3’-direction at least one of the following struc-

tures

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

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 — histone stem-loop -
poly(A) sequence — poly(C) sequence

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
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the genetic code), the most favourable codons for the stability can be determined (so-called

alternative codon usage).

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
CCQ), Arg (CGC or CGQ), Ala (GCC or GCQ) 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/T)(U/TYU/T) to (U/T) (UMC;

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

the codons for Ser can be modified from (U/T)C(U/T) or (U/T)CA or AG(U/T) to (U/TCC,
(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 Gin can be modified from CAA to CAG;
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the codons for lle can be modified 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;

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 G(U/T)G;
the codon for Asp can be modified from GA(U/T) to GAG;

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 ACQG).

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
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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
modified nucleic acid sequence is less efficient than in the case where codons coding for

relatively “frequent” tRNAs are present.

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.
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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-
aminoadenosine-5'-triphosphate, 2-thiocytidine-5'-triphosphate, 2-thiouridine-5'-
triphosphate,  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, Neé-
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;
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b. at least one open reading frame (ORF) and/or a cloning site; and
C. optionally, at least one 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.

The at least one 5’UTR element, the optional at least one 3’UTR element and the at least
one ORF 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. The vector comprising a cloning site is preferably suitable for inserting an
open reading frame into the vector 3’ to the 5’'UTR element, preferably directly 3’ to the
5’UTR element. Thus, the vector comprising a cloning site is preferably suitable for inserting
an open reading frame into the vector, preferably for inserting an open reading frame
between the 5’UTR element and the optional 3'UTR element, preferably 5’ to the optional
3'UTR element and 3’ to the 5'UTR element. Preferably, the cloning site or the ORF is
located 5’ to the 3’UTR element, preferably in close proximity to the 5’-end of the 3'UTR
element. For example, the cloning site or the ORF may be directly connected to the 5’-end
of the 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.

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 mMRNA 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
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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 recognized 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 /n vitro transcription using a phage based /n

vitro transcription system, such as a T7 RNA polymerase based /n vitrotranscription system.

The vector may further comprise a poly(A) sequence and/or a polyadenylation signal 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 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, 1395, 1421, 1422, 1368, or 1412-1420, 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%; even more preferably of 100% sequence identity to a
sequence according to any one of SEQ ID NOs. 1-1363, 1395, 1421, 1422, 1368, or 1412-
1420, or a fragment thereof, preferably a functional fragment thereof, or a corresponding

RNA sequence.

Preferably, a vector, such as a DNA vector, according to the present invention comprises a

sequence according to SEQ ID NOs. 1368-1392 or 1412-1420, or a sequence having an
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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%; even more preferably of 100% sequence identity to a
sequence according to any one of SEQ ID NOs. 1368-1392 or 1412-1420 or a fragment

thereof, preferably a functional fragment thereof, 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 OREF, or - if present - immediately 3’ to the 3’UTR element, or - if present - immediately
3’ to the poly(A) sequence or polyadenylation signal, or - if present - located 3’ to the
poly(C) sequence, or - if present - located 3’ to the histone stem-loop”. Thus, preferably, the
product obtained by linearizing the vector terminates at the 3’end with the stop codon, or -
if present - the 3’-end of the 3’UTR element, or - if present - with the 3’-end of the poly(A)
sequence or with the 3’-end of the polyadenylation signal, or - if present - with the 3’-end of
the poly(C) sequence, or - if present - with the 3’-end of the histone stem-loop, plus

optionally some nucleotides 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 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
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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 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, e.g. 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.

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
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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
vitro” 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.

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
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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 dor%ains (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
comprise at least one —SH moiety. Preferably, a cationic or polycationic carrier is selected

from cationic peptides having the following sum formula (I):
{(Arg);(Lys)m;(His),;(Orn);(Xaa)d;  formula (1)

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,
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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); (His),;(Orn),;(Xaa),} (formula (I)) 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 (la):
{(Arg);;(Lys)n;(His),;(Orn),;(Xaa'), (Cys),} subformula (la)

wherein (Arg);(Lys),;(His),;(Orn),; 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 (Ib):
Cys; {(Arg);(Lys)m;(His),;(Orn),;(Xaa),} Cys, subformula (Ib)

wherein empirical formula {(Arg);(Lys).;(His),;(Orn),;(Xaa),} (formula (Il1)) 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);(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 (PEl), 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-oxypropyl dimethyl hydroxyethyl
ammonium bromide, DOTAP: dioleoyloxy-3-(trimethylammonio)propane, DC-6-14: O,O-
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ditetradecanoyl-N-(a-trimethylammonioacetyl)diethanolamine chloride, CLIP1: rac-[(2,3-
dioctadecyloxypropyl)(2-hydroxyethyl)]-dimethylammonium chloride, CLIP6: rac-[2(2,3-
dihexadecyloxypropyl-oxymethyloxy)ethyl]trimethylammonium, CLIP9: 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 PEI:
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.

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
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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,
TLR10, or due to its binding affinity (as ligands) to murine Toll-like receptors TLR1, TLR2,
TLR3, TLR4, TLRS, TLR6, TLR7, TLR8, TLR9, TLR10, TLR11, TLR12 or TLR13.

Further additives which may be included in the inventive pharmaceutical composition are,
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.
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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
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 optionally in combination with the 3’UTR element provides for
increased protein expression from the ORF and the 3'UTR element provides for a stable and
prolonged expression of 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
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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,
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,
and optional further components, such as a 3’UTR element and/or a poly(A) sequence etc.

as described above.

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
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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,
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-
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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 in 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 /in vitro transfection of isolated cells and purification of an expression-
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 compdsition 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 /n 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
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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 present 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 and the optional 3'UTR element are capable of
increasing protein production from an artificial nucleic acid molecule, such as an mRNA or
vector, comprising the 5'UTR element and an ORF. 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 the ORF contained within the artificial nucleic acid molecule, with (i) 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 and (ii) optionally at least one
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.

The term “associating the artificial nucleic acid molecule or the vector with a 5 ‘UTR
element and an optional 3'"UTR element” in the context of the present invention preferably
means functionally associating or functionally combining the artificial nucleic acid
molecule, such as the mRNA or the vector, with the 5’UTR element and the optional 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 the optional 3'UTR
element as described above are associated or coupled such that the function of the 5'UTR
element and the optional 3'UTR element, e.g., protein production increasing function, is

exerted. Typically, this means that the 5°UTR element and the optional 3'UTR element are
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integrated into the artificial nucleic acid molecule, preferably into the mRNA molecule or
the vector, such that the open reading frame is positioned 3’ to the 5'UTR element,

preferably between the 5’UTR element and the optional 3'"UTR element.

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 and optionally at least one 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 and the optional 3’UTR element as

described above.

The method for increasing protein production from an artificial nucleic acid molecule and
the above use may also comprise associating the artificial nucleic acid molecules with one
or more further elements, such as a polyadenylation signal, a poly(A) sequence, a poly(C)

sequence and/or a histone stem loop 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 the 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.
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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.

Fig. 1

Fig. 2

Fig. 3

Fig. 4

Fig. 5

shows the nucleotide sequence of a Photinus pyralis luciferase encoding nucleic
acid molecule PpLuc(GC) — A64N64. This artificial construct does not comprise
a 5’UTR element or a 3’UTR element in the sense of the present invention. The

coding region for PpLuc(GC) is depicted in italics.

shows the nucleotide sequence of PpLuc(GC) — albumin7 — A64N64. The 3'UTR
of human albumin, with a T7 termination signal as well as a Hindlll and Xbal
restriction site removed by three single point mutations, was inserted between
the ORF and poly(A) of the construct shown in Figure 1. The coding region for
PpLuc(GC) is depicted in italics. The albumin 3’UTR is underlined.

shows the nucleotide sequence of RPL32 — PpLuc(GC) — A64N64. The 5'UTR of
human ribosomal protein Large 32 gene lacking the 5’ terminal oligopyrimidine
tract (RPL32) -according to SEQ ID NO. 1368 was inserted 5’ of the ORF in the
construct shown in Figure 1. The coding region for PpLuc(GC) is depicted in

italics. The RPL32 5’UTR is underlined.

shows the nucleotide sequence of RPL32 — PpLuc(GC) — albumin7 — A64N64.
The 5’UTR of human ribosomal protein Large 32 gene lacking the 5’ terminal
oligopyrimidine tract (RPL32) according to SEQ ID NO. 1368 and the albumin7
3’UTR element according to SEQ ID NO. 1376 were inserted 5’ and 3’ of the

OREF in the construct shown in Figure 1, respectively.

is a graphical representation of the effect of the TOP 5'UTR element which is
derived from the 5'UTR of the TOP gene RPL23 according to SEQ ID NO. 1368,
the albumin 3’ UTR element according to SEQ ID NO. 1376 and the
combination of the TOP 5'UTR element and the albumin 3’UTR element on
luciferase expression from mRNA. A variety of mRNAs were transfected into
human dermal fibroblasts (HDF) by lipofection. Luciferase levels were measured
at 24, 48, and 72 hours after transfection. The albumin 3’UTR element extends

luciferase expression, while the TOP 5’UTR element increases luciferase levels
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Fig. 6

Fig. 7

Fig. 8

Fig. 9

Fig. 10
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compared to mRNA lacking 5’- and 3'UTR elements. Strikingly, the combination
of TOP 5’UTR element and albumin 3’UTR element 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 + SD
(relative light units + standard deviation) for triplicate transfections. RLU are

summarized in Example 5.1.

shows the nucleotide sequence of RPL35 — PpLuc(GC) - albumin7 -
A64N64. The 5’UTR of human ribosomal protein Large 35 gene lacking the 5’
terminal oligopyrimidine tract (RPL35) according to SEQ ID NO. 1412 and the
albumin7 3’UTR element according to SEQ ID NO. 1376 were inserted 5" and

3’ of the ORF in the construct shown in Figure 1, respectively.

shows the nucleotide sequence of RPL21 - PpLuc(GC) - albumin7 -
A64N64. The 5’UTR of human ribosomal protein Large 21 gene lacking the 5
terminal oligopyrimidine tract (RPL21) according to SEQ ID NO. 1413 and the
albumin? 3’UTR element according to SEQ 1D NO. 1376 were inserted 5" and

3’ of the ORF in the construct shown in Figure 1, respectively.

shows the nucleotide sequence of atp5al — PpLuc(GC) — albumin7 —
A64N64. The 5'UTR of human ATP synthase, H+ transporting, mitochondrial
F1 complex, alpha subunit 1 gene lacking the 5’ terminal oligopyrimidine tract
(atp5atl) according to SEQ ID NO. 1414 and the albumin7 3’UTR element ac-
cording to SEQ ID NO. 1376 were inserted 5’ and 3’ of the ORF in the con-

struct shown in Figure 1, respectively.

shows the nucleotide sequence of HSD17B4 — PpLuc(GC) — albumin7 —
A64N64. The 5’UTR of human hydroxysteroid (17-beta) dehydrogenase 4 gene
lacking the 5’ terminal oligopyrimidine tract (HSD17B4) according to SEQ [D
NO. 1415 and the albumin7 3’UTR element according to SEQ ID NO. 1376
were inserted 5’ and 3’ of the ORF in the construct shown in Figure 1, respec-

tively.

shows the nucleotide sequence of AIG1 — PpLuc(GC) — albumin7 — A64N64.
The 5’UTR of human androgen-induced 1gene lacking the 5’ terminal oli-

gopyrimidine tract (AIG1) according to SEQ ID NO. 1416 and the albumin7
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Fig. 11

Fig. 12

Fig. 13

Fig. 14

Fig. 15

Fig. 16
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3’UTR element according to SEQ ID NO. 1376 were inserted 5’ and 3’ of the

OREF in the construct shown in Figure 1, respectively.

shows the nucleotide sequence of COX6C — PpLuc(GC) — albumin7 -
A64N64. The 5’UTR of human cytochrome c oxidase subunit Vic gene lacking
the 5’ terminal oligopyrimidine tract (COX6C) according to SEQ ID NO. 1417
and the albumin7 3’UTR element according to SEQ ID NO. 1376 were in-

serted 5’ and 3’ of the ORF in the construct shown in Figure 1, respectively.

shows the nucleotide sequence of ASAH1 — PpLuc(GC) - albumin7 -
A64N64. The 5’UTR of human N-acylsphingosine amidohydrolase (acid cera-
midase) 1 lacking the 5’ terminal oligopyrimidine tract (ASAH1) according to
SEQ ID NO. 1418 and the albumin7 3’UTR according to SEQ ID NO. 1376
were inserted 5" and 3’ of the ORF in the construct shown in Figure 1, respec-

tively.

shows the nucleotide sequence of mRPL21 — PpLuc(GC) — albumin7 —
A64N64. The 5’UTR of murine ribosomal protein Large 21 gene lacking the 5
terminal oligopyrimidine tract (mRPL21) according to SEQ ID NO. 1419 and
the albumin7 3’UTR element according to SEQ ID NO. 1376 were inserted 5

and 3’ of the ORF in the construct shown in Figure 1, respectively.

shows the nucleotide sequence of mRPL35A — PpLuc(GC) — albumin7 —
A64N64. The 5’UTR of murine ribosomal protein Large 35a gene lacking the 5
terminal oligopyrimidine tract (mRPL35A) according to SEQ ID NO. 1420 and
the albumin7 3’UTR element according to SEQ ID NO. 1376 were inserted 5’

and 3’ of the ORF in the construct shown in Figure 1, respectively.

shows the nucleotide sequence of RPL35 — PpLuc(GC) — A64N64. The
5’UTR of human ribosomal protein Large 35 gene lacking the 5’ terminal oli-
gopyrimidine tract (RPL35) according to SEQ ID NO. 1412 was inserted 5’ of

the ORF in the construct shown in Figure 1.

shows the nucleotide sequence of RPL21 — PpLuc(GC) — A64N64. The

5’UTR of human ribosomal protein Large 21 gene lacking the 5’ terminal oli-
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Fig. 17

Fig. 18

Fig. 19

Fig. 20

Fig. 21

Fig. 22
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gopyrimidine tract (RPL21) according to SEQ ID NO. 1413 was inserted 5’ of

the OREF in the construct shown in Figure 1.

shows the nucleotide sequence of atp5al — PpLuc(GC) — A64N64. The
5’UTR of human ATP synthase, H+ transporting, mitochondrial F1 complex,
alpha subunit 1 gene lacking the 5’ terminal oligopyrimidine tract (atp5aTl)
according to SEQ ID NO. 1414 was inserted 5’ of the ORF in the construct

shown in Figure 1.

shows the nucleotide sequence of HSD17B4 — PpLuc(GC) — A64N64. The
5’UTR of human hydroxysteroid (17-beta) dehydrogenase 4 gene lacking the
5’ terminal oligopyrimidine tract (HSD17B4) according to SEQ ID NO. 1415

was inserted 5’ of the ORF in the construct shown in Figure 1.

shows the nucleotide sequence of AIG1 — PpLuc(GC) — A64N64. The
5'UTR of human androgen-induced 1 gene lacking the 5’ terminal oli-
gopyrimidine tract (AIG1) according to SEQ ID NO. 1416 was inserted 5’ of

the ORF in the construct shown in Figure 1.

shows the nucleotide sequence of COX6C — PpLuc(GC) — A64N64. The
5’UTR of human cytochrome c oxidase subunit Vic gene lacking the 5’ termi-
nal oligopyrimidine tract (COX6C) according to SEQ ID NO. 1417 was in-

serted 5’ of the ORF in the construct shown in Figure 1.

shows the nucleotide sequence of ASAH1 — PpLuc(GC) — A64N64. The
5'UTR of human N-acylsphingosine amidohydrolase (acid ceramidase) 1 gene
lacking the 5’ terminal oligopyrimidine tract (ASAH1) according to SEQ ID
NO. 1418 was inserted 5’ of the ORF in the construct shown in Figure 1.

is a graphical representation of the effect of different TOP 5'UTR elements on
luciferase expression from mRNA. A variety of mRNAs were transfected into
human dermal fibroblasts (HDF) by lipofection. Luciferase levels were measured
at 24, 48, and 72 hours after transfection. TOP 5'UTR elements strongly in-
crease luciferase levels compared to mRNA lacking a 5’UTR element.
mRNAs comprising 5'UTR elements derived from the 5'UTRs of the TOP genes
ASAH1, COX6C, AIGT, HSD17B4, atp5al, RPL21, RPL35 and RPL32 were
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Fig. 23

Fig. 24
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transfected into human dermal fibroblasts (HDF) by lipofection. Luciferase lev-
els were measured at 24, 48, and 72 hours after transfection. The TOP 5'UTR
elements increases 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 5.2.

is a graphical representation of the effect of the RPL35 TOP 5’UTR element,
the albumin 3’UTR element and the combination of RPL35 TOP
5’UTR element and albumin 3’UTR element on luciferase expression
from mRNA. A variety of mRNAs were transfected into human dermal fibro-
blasts (HDF) by lipofection. Luciferase levels were measured at 24, 48, and 72
hours after transfection. The albumin 3’UTR element extends luciferase ex-
pression, while the RPL35 TOP 5’UTR element increases luciferase levels
compared to mRNA lacking 5’- and 3’UTR elements. Strikingly, the
combination of RPL35 TOP 5’UTR element and albumin 3’UTR element fur-
ther 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 transfec-

tions. Synergy is summarized in Example 5.3.

is a graphical representation of the effect of the RPL21 TOP 5'UTR element, the
albumin 3’UTR element and the combination of RPL21 TOP 5’'UTR element
and albumin 3’UTR element on luciferase expression from mRNA. A variety of
mRNAs were transfected into human dermal fibroblasts (HDF) by lipofection.
Luciferase levels were measured at 24, 48, and 72 hours after transfection. The
albumin 3’UTR element extends luciferase expression, while the RPL21 TOP
5’UTR element increases luciferase levels compared to mRNA lacking 5’- and
3’UTR elements. Strikingly, the combination of RPL21 TOP 5'UTR ele-
ment and albumin 3’UTR element further strongly increases the luciferase level,
much above the level observed with either of the individual elements, thus act-
ing synergistically. Data are graphed as mean RLU + SEM (relative light units +
standard error) for triplicate transfections. Synergy is summarized in Example

5.3.
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Fig. 25

Fig. 26

Fig. 27
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is a graphical representation of the effect of the atp5al TOP 5’UTR element,
the albumin 3’UTR element and the combination of atp5al TOP
5’UTR element and albumin 3’UTR element on luciferase expression
from mRNA. A variety of mRNAs were transfected fnto human dermal fibro-
blasts (HDF) by lipofection. Luciferase levels were measured at 24, 48, and 72
hours after transfection. The albumin 3'UTR element extends luciferase ex-
pression, while the atp5a1 TOP 5'UTR element increases luciferase levels
compared to mRNA lacking 5’- and 3’UTR elements. Strikingly, the
combination of atp5al TOP 5’UTR element and albumin 3’UTR element
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. Synergy is summarized in Example 5.3.

is a graphical representation of the effect of the HSD17B4 TOP 5’UTR ele-
ment, the albumin 3’UTR element and the combination of HSD17B4
TOP 5’UTR element and albumin 3’UTR element on luciferase expres-
sion from mRNA. A variety of mRNAs were transfected into human dermal fi-
broblasts (HDF) by lipofection. Luciferase levels were measured at 24, 48, and
72 hours after transfection. The albumin 3’UTR element extends luciferase
expression, while the HSD17B4 TOP 5’UTR element increases luciferase
levels compared to mRNA lacking 5’- and 3’UTR elements. Strikingly,
the combination of HSD17B4 TOP 5’UTR element and albumin 3’UTR
element further strongly increases the luciferase level, much above the level ob-
served with either of the individual elements, thus acting synergistically. Data
are graphed as mean RLU + SEM (relative light units + standard error) for tripli-

cate transfections. Synergy is summarized in Example 5.3.

is a graphical representation of the effect of the AIG1 TOP 5'UTR element, the
albumin 3’UTR element and the combination of AIG1 TOP 5'UTR
element and albumin 3’UTR element on luciferase expression from
mRNA. A variety of mRNAs were transfected into human dermal fibroblasts
(HDF) by lipofection. Luciferase levels were measured at 24, 48, and 72 hours

after transfection. The albumin 3’UTR element extends luciferase expression,
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Fig. 28

Fig. 29
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while the AIG1 TOP 5’UTR element increases luciferase levels compared
to mRNA lacking 5’- and 3’UTR elements. Strikingly, the combination
of AIG1 TOP 5'UTR element and albumin 3’UTR element further strongly in-
creases the luciferase level, much above the level observed with either of the in-
dividual elements, thus acting synergistically. Data are graphed as mean RLU +
SEM (relative light units + standard error) for triplicate transfections. Synergy is

summarized in Example 5.3.

is a graphical representation of the effect of the COX6C TOP 5'UTR element,
the albumin 3'UTR element and the combination of COX6C TOP
5’UTR element and albumin 3’UTR element on luciferase expression
from mRNA. A variety of mRNAs were transfected into human dermal fibro-
blasts (HDF) by lipofection. Luciferase levels were measured at 24, 48, and 72
hours after transfection. The albumin 3’UTR element extends luciferase ex-
pression, while the COX6C TOP 5’UTR element increases luciferase levels
compared to mRNA lacking 5’- and 3’UTR elements. Strikingly, the
combination of COX6C TOP 5’UTR element and albumin 3’UTR element
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. Synergy is summarized in Example 5.3.

is a graphical representation of the effect of the ASAH1 TOP 5’UTR element,
the albumin 3’UTR element and the combination of ASAH1 TOP
5'UTR element and albumin 3’UTR element on luciferase expression
from mRNA. A variety of mRNAs were transfected into human dermal fibro-
blasts (HDF) by lipofection. Luciferase levels were measured at 24, 48, and 72
hours after transfection. The albumin 3’UTR element extends luciferase ex-
pression, while the ASAHT TOP 5’UTR element increases luciferase levels
compared to mRNA lacking 5’- and 3’UTR elements. Strikingly, the
combination of ASAH1 TOP 5’UTR element and albumin 3’UTR element
further strongly increases the luciferase level, much above the level observed

with either of the individual elements, thus acting synergistically. Data are
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graphed as mean RLU + SEM (relative light units + standard error) for triplicate

transfections. Synergy is summarized in Example 5.3.

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

Example 5.4.

1-1363, 1395, 1421, and 1422 Sequences comprising 5'UTRs of TOP genes

1364 PpLuc(GC) — A64N64

1365 PpLuc(GC) — albumin7 — A64N64

1366 RPL32 — PpLuc(GC) — A64N64

1367 RPL32 — PpLuc(GC) — albumin7 — A64N64

1368 5’UTR of human ribosomal protein Large 32 lacking the 5’ terminal
oligopyrimidine tract

1369 Human albumin 3'UTR

1370 3'UTR of Homo sapiens hemoglobin, alpha 1 (HBA1)

1371 3’UTR of Homo sapiens hemoglobin, alpha 2 (HBA2)

1372 3’UTR of Homo sapiens hemoglobin, beta (HBB)

1373 3’UTR of Homo sapiens tyrosine hydroxylase (TH)

1374 3’UTR of Homo sapiens arachidonate 15-lipoxygenase (ALOX15)

1375 3’UTR of Homo sapiens collagen, type |, alpha 1 (COL1A1)

1376 albumin7 3’'UTR

1377 Human albumin 3’UTR + poly(A) sequence

1378 Human albumin 3’UTR fragment 1

1379 Human albumin 3'UTR fragment 2

1380 Human albumin 3’UTR fragment 3

1381 Human albumin 3’UTR fragment 4
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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

Albumin7 3’UTR - poly(A) sequence - poly(C) sequence — HL
Albumin7 3’UTR - poly(A) sequence - poly(C) sequence
Center, a-complex-binding portion of the 3’UTR of ana-globin gene
Histone stem-loop

RPL35 — PpLuc(GC) — albumin7 — A64N64

RPL21 - PpLuc(GC) - albumin7 — A64N64

ATP5A1 — PpLuc(GC) - albumin7 — A64N64

HSD17B4 — PpLuc(GC) - albumin7 — A64N64

AIGT - PpLuc(GC) - albumin7 — A64N64

COX6C - PpLuc(GC) — albumin7 — A64N64

ASAH1 - PpLuc(GC) — albumin7 — A64N64

mRPL21 — PpLuc(GC) — albumin7 — A64N64

mRPL35A - PpLuc(GC) - albumin7 - A64N64

RPL35 — PpLuc(GC) — A64N64

RPL21 — PpLuc(GC) — A64N64

ATP5AT — PpLuc(GC) — A64N64

HSD17B4 - PpLuc(GC) — A64N64

AIG1T - PpLuc(GC) — A64N64

COX6C — PpLuc(GC) — A64N64

ASAH1 - PpLuc(GC) - A64N64

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
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SEQID NO. 1414 5’UTR of human ATP synthase, H+ transporting, mitochondrial F1
complex, alpha subunit 1, cardiac muscle (ATP5A1) lacking the 5
terminal oligopyrimidine tract

SEQID NO. 1415  5’UTR of human hydroxysteroid (17-beta) dehydrogenase 4
(HSD17B4) lacking the 5’ terminal oligopyrimidine tract

SEQID NO. 1416  5'UTR of human androgen-induced 1 (AlIG1) lacking the 5’ terminal
oligopyrimidine tract

SEQID NO. 1417  5’UTR of human cytochrome c oxidase subunit Vic (COX6C) lacking
the 5’ terminal oligopyrimidine tract

SEQID NO. 1418  5’UTR of human N-acylsphingosine amidohydrolase (acid cerami-
dase) 1 (ASAH1) lacking the 5’ terminal oligopyrimidine tract

SEQID NO. 1419  5'UTR of mouse ribosomal protein Large 21 (mRPL21) lacking the 5’
terminal oligopyrimidine tract

SEQID NO. 1420  5’UTR of mouse ribosomal protein large 35A (mRPL35A) lacking the

5’ terminal oligopyrimidine tract

Examples

1. Preparation of DNA-templates

A vector for /n 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 /n vitro transcription. mRNA obtained from this vector accord-

ingly by /n vitro transcription is designated as ,PpLuc(GC) - A64N64".

This vector was modified to include untranslated sequences 5’ or 3’ of the open reading
frame (5'UTR or 3’UTR, respectively). In summary, vectors comprising the following mRNA
encoding sequences have been generated (the mRNA coding sequences are depicted in

Figures 1 to 4 and 6 to 21):

SEQ ID No. 1364 (Fig. 1): PpLuc(GC) — A64N64
SEQ ID No. 1365 (Fig. 2):  PplLuc(GC) — albumin7 — A64N64
SEQ ID No. 1366 (Fig. 3): RPL32 — PpLuc(GC) — A64N64
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SEQ ID No. 1367 (Fig. 4): RPL32 — PpLuc(GC) — albumin7 — A64N64
SEQ ID NO. 1396 (Fig. 6):  RPL35 — PpLuc(GC) — albumin7 — A64N64
SEQ ID NO. 1397 (Fig. 7):  RPL21 — PpLuc(GC) —- albumin7 — A64N64
SEQ ID NO. 1398 (Fig. 8):  ATP5A1 — PpLuc(GC) — albumin7 — A64N64
SEQ ID NO. 1399 (Fig. 9):  HSD17B4 — PpLuc(GC) - albumin7 — A64N64
SEQ ID NO. 1400 (Fig. 10):  AIG1 - PpLuc(GC) - albumin7 — A64N64
SEQ ID NO. 1401 (Fig. 11): COX6C - PpLuc(GC) - albumin7 — A64N64
SEQ ID NO. 1402 (Fig. 12):  ASAHT1 - PpLuc(GC) - albumin7 — A64N64
SEQ ID NO. 1403 (Fig. 13): mRPL21 - PpLuc(GC) — albumin7 — A64N64
SEQ ID NO. 1404 (Fig. 14): mRPL35A — PpLuc(GC) - albumin7 — A64N64
SEQ ID NO. 1405 (Fig. 15): RPL35 — PpLuc(GC) — A64N64

SEQ ID NO. 1406 (Fig. 16): RPL21 — PpLuc(GC) — A64N64
SEQ ID NO. 1407 (Fig. 17):  ATP5A1 - PpLuc(GC) — A64N64

SEQ ID NO. 1408 (Fig. 18): HSD17B4 — PpLuc(GC) — A64N64

SEQ ID NO. 1409 (Fig. 19): AIG1 - PpLuc(GC) — A64N64

SEQ ID NO. 1410 (Fig. 20): COX6C - PpLuc(GC) — A64N64

SEQ ID NO. 1411 (Fig. 21):  ASAH1 - PpLuc(GC) — A64N64

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-

fection efficiency (20 ng of Rrbuc mRNA per well). 90 minutes after start of transfection,
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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 (HCI), 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 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 com-
plexed with Lipofectamine2000. mRNA coding for Renilla reniformis luciferase
(RrLuc) was transfected together with PpLuc mRNA to control for transfection effi-
ciency (2.5 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 100 pl of lysis buffer (Passive Lysis Buffer, Promega).

Lysates 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 uM luciferin, 25 mM Glycylglycin, pH 7.8 (NaOH), 15 mM
MgSO4, 2 mM ATP). RrLuc activity was measured at 15 seconds measuring time using 50 pl
of lysate and 200 pl of coelenterazin buffer (40 pM 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
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5.1 The combination of TOP 5’UTR element and albumin 3’UTR element increases protein
expression from mRNA in a synergistic manner.

To investigate the effect of the combination of a TOP 5’UTR element and an albumin 3'UTR
element on protein expression from mRNA, mRNAs with different UTRs were synthesized:
mRNAs either lacked both TOP 5’UTR element and albumin 3’UTR element, or contained
either a TOP 5’UTR element (RPL32) or an albumin 3’UTR element (albumin?), or both
TOP 5’UTR element and albumin 3’UTR element. Luciferase encoding mRNAs or control
mRNA were transfected into human dermal fibroblasts (HDF). Luciferase levels were
measured at 24, 48, and 72 hours after transfection. The PpLuc signal was corrected for
transfection efficiency by the signal of cotransfected RrlLuc (see following Table 1 and Figure
5).

Table 1:

mRNA RLU at 24 hours | RLU at 48 hours | RLU at 72 hours
PpLuc(GC)-A64N64 115147 28973 8371
PpLuc(GC)-albumin7-A64N64 120234 48546 38138
RPL32-PpLuc(GC)-A64N64 671815 168741 21709
RPL32-PpLuc(GC)-albumin7-

AGANGA 913310 381288 100890

Luciferase was clearly expressed from mRNA having neither TOP 5'UTR nor albumin
3’UTR (PpLuc(GC)-A64N64). The albumin 3’UTR element extended luciferase expression,
while the TOP 5'UTR element increased luciferase levels compared to mRNA lacking 5’-
and 3’UTR elements. Strikingly however, the combination of TOP 5'UTR element and
albumin 3’UTR element 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 TOP 5’UTR element and albumin 3'UTR element in the same mRNA

demonstrates that they are acting synergistically.
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The synergy between TOP 5'UTR element and albumin 3’UTR element 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 TOP 5'UTR element plus
the rise in signal effected by the albumin 3’UTR element. This calculation was performed
for the three time points individually and for total protein expressed from 0 to 72 hours

calculated from the area under the curve (AUC) (see following Table 2).

Table 2:
24 h
RPL32 | albumin | RLU A RLU RLU predicted (additive) synergy
— — 115147
— + 120234 5088
+ — 671815 556668

+ 913310 676903 1,35
48 h
RPL32 | albumin | RLU A RLU RLU predicted (additive) synergy
— — 28973
— + 48546 19573

— 168741 139768

+ 381288 188313 2,02
72 h
RPL32 | albumin | RLU A RLU RLU predicted (additive) synergy
— — 8371
— + 38138 29767

— 21709 13338

+ 100890 51476 1,96
AUC 0 - 72 hours
RPL32 | albumin | RLU A RLU RLU predicted (additive) synergy
— — 3559000
— + 4508000 949000
+ — 20430000 | 16871000




10

15

WO 2013/143700 PCT/EP2013/000938

99

+ + 32280000 21379000 1,51

The synergy thus calculated specifies how much higher the luciferase level from mRNA
combining TOP 5’UTR element and albumin 3’UTR element is than would be expected if
the effects of TOP 5’UTR element and albumin 3’UTR element were purely additive. The
luciferase level from mRNA combining TOP 5’UTR element and albumin 3’UTR element
was up to two times higher than if their effects were purely additive. This result confirms
that the combination of TOP 5’UTR element and albumin 3’UTR element effects a markedly

synergistic increase in protein expression.

5.2 TOP 5’UTR elements increase protein expression from mRNA.

To investigate the effect of TOP 5’UTR elements on protein expression from mRNA, mRNAs
comprising different TOP 5’UTR elements were synthesized. In addition, mRNAs con-
tained 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 3 and Figure 22).

Table 3:

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

AlG1 620315 446621 167846
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COX6C 592190 806065 173743
ASAHT1 820413 529901 198429

Luciferase was clearly expressed from mRNA lacking a 5’UTR element. Strikingly how-

ever, all TOP 5'UTR elements strongly increased the luciferase level.

5.3 The combination of TOP 5'UTR elements and albumin 3’UTR element increases protein

expression from mRNA in a synergistic manner.

To investigate the effect of the combination of TOP 5'UTR elements and an albumin 3'UTR
element on protein expression from mRNA, mRNAs comprising different UTR elements
were synthesized: mRNAs either lacked both TOP 5’UTR element and albumin 3'UTR
element, or contained an albumin 3’UTR element, or contained one of different TOP
5’UTR elements, or contained both one of different TOP 5’UTR elements and an al-
bumin 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 Figures 23 to 30). Luciferase was clearly expressed from mRNA
having neither a TOP 5’'UTR element nor an albumin 3’UTR element. The albumin
3'UTR element extended luciferase expression, while TOP 5’'UTR elements increased
luciferase levels compared to mRNA lacking 5’ and 3’UTRs. Strikingly however, the com-
binations of TOP 5’UTR elements and albumin 3’UTR element 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 TOP 5’UTR element and
albumin 3’UTR element in the same mRNA demonstrates that they are acting synergisti-

cally.

The synergy between TOP 5’UTR element and albumin 3’UTR element 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 TOP 5’UTR
element plus the rise in signal effected by the albumin 3’UTR element. This calculation
was performed for total protein expressed from O to 72 hours calculated from the area un-

der the curve (AUC) (see following Table 4).
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Table 4:
TOP 5’UTR Synergy with albumin 3’'UTR
RPL35 2,25
RPL21 1,30
atp5al 3,19
HSD17B4 2,18
AIGT 2,03
COX6C 1,56
ASAH1 1,84

The synergy thus calculated specifies how much higher the luciferase level from
mRNA combining TOP 5'UTR elements and albumin 3’UTR element is than would be
expected if the effects-of TOP 5'UTR element and albumin 3’UTR element were purely
additive. The luciferase level from mRNA combining TOP 5’UTR element and albumin
3’UTR element was up to three times higher than if their effects were purely additive.
This result confirms that the combination of TOP 5’UTR element and albumin 3’UTR

element effects a markedly synergistic increase in protein expression.

5.4 TOP 5’UTR elements from mouse genes increase protein expression from mRNA.

To investigate the effect of TOP 5’UTR elements from mouse genes on protein expression
from mRNA, mRNAs with two different mouse TOP 5’UTR elements were synthesized.
In addition, mRNAs contained the albumin7 3’UTR element. Luciferase encoding
mRNAs were transfected into human dermal fibroblasts (HDF). For comparison,
mRNA containing the human RPL32 TOP 5’UTR element was transfected. Luciferase
levels were measured at 24, 48, and 72 hours after transfection (see following Table 5

and Figure 30).
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Table 5:
5'UTR RLU at 24 hours RLU at 48 hours RLU at 72 hours
none 114277 121852 68235
32L 332236 286792 114148
m21L 798233 351894 139249
m35AL 838609 466236 174949

Luciferase was clearly expressed from mRNA lacking a 5’UTR element. Both mouse
TOP 5’UTR elements strongly increased the luciferase level, similarly as the human TOP
5'UTR element.

SEQUENCES:

Homo sapiens alpha-2-macroglobulin (A2M): gctccttctttctgcaacatg
(Seq ID No: 1)

Homo sapiens acyl-CoA dehydrogenase, C-4 to C-12 straight chain
(ACADM) :
ggctctctttccgegetgeggtcagectecggegteccacagagagggccagaggtggaaacgcaga
aaaccaaaccaggactatcagagattgcccggagaggggatg (Seq ID No: 2)

Homo sapiens arylsulfatase E (chondrodysplasia punctata 1) (ARSE):
cttcctcecttecttgatcggggattcaggaaggagecccaggagcagaggaagtagagagagagacaac
atg (Seq ID No: 3)

Homo sapiens Bruton agammaglobulinemia tyrosine kinase (BTK):
tgtccttectctctggactgtaagaatatgtctccagggeccagtgtectgetgecgatcgagteccac
cttccaagtcctggcatctcaatgcatctgggaagctacctgcattaagtcaggactgagcacaca
ggtgaactccagaaagaagaagctatg (Seq ID No: 4)

Homo sapiens complement component 2 (C2):
tgaccttttcecctecececgeggetcectcectacctectegecgeccctagggaggacaccatyg
(Seq ID No: 5)

Homo sapiens cyclin-dependent kinase 4 (CDK4):
gggcctctctagcttgeggectgtgtctatggtcgggecctectgegtecagetgetecggaccgag
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ctcgggtgtatggggccgtaggaaccggctccggggccccgataacgggccgceccccacagcacce
cgggctggegtgagggtctcecccttgatctgagaatg (Seq ID No: 6)

Homo sapiens cytochrome P450, family 17, subfamily A, polypeptide
1 (CYP17Al1): agctcttctactccactgctgtctatcttgecctgccggcacccagccaccatg
(Seq ID No: 7)

Homo sapiens endoglin (ENG):
cttcctctaccecggttggcaggeggectggecccagececcttetctaaggaagegeatttectgect
ccctgggecggeccgggetggatg (Seq ID No: 8)

Homo sapiens excision repair cross-complementing rodent repair def
iciency, complementation group 3 (ERCC3):
tcttectctetgectgetgtagetgecatg (Seq ID No: 9)

Homo sapiens excision repair cross-complementing rodent repair def
iciency, complementation group 5 (ERCCS5):
ctgtctttcttccgggaggecggtgacagctgectgagacgtgttgcagecagagtctctecgettta
atgcgctcccattagtgccgtcccccactggaaaaccgtggcecttetgtattatttgecatetttgt
tgtgtaggagcagggagggcttcctccecggggtcctaggecggecggtgcagtccgtecgtagaagaat
tagagtagaagttgtcggggtccgctcttaggacgcageccgectcatg (Seqg ID No: 10)

Homo sapiens ferritin, light polypeptide (FTL):
cgtccectegcagttecggeggtecccgegggtetgtetettgettcaacagtgtttggacggaacag
atccggggactctcttccagecteccgacecgecctecgatttectectecgettgecaaccteccgggac
catcttctcggccatctccectgettctgggacctgecagcaccgtttttgtggttagetecttettg
ccaaccaaccatg (Seqg ID No: 11)

Homo sapiens galactosylceramidase (GALC):
ccgectecctgggegecggagtcatgtgacccacacaatg (Seq ID No: 12)

Homo sapiens gap junction protein, alpha 1, 43kDa (GJAl):
ttttctttcattagggggaaggcgtgaggaaagtaccaaacagcagcggagttttaaactttaaat
agacaggtctgagtgcctgaacttgecttttcattttacttcatcctccaaggagttcaatcactt
ggcgtgacttcactacttttaagcaaaagagtggtgcccaggcaacatg (Seqg ID No: 13)

Homo sapiens gap junction protein, beta 1, 32kba (GJB1):
cattctctgggaaagggcagcagcagccaggtgtggcagtgacagggaggtgtgaatgaggcagga
tg (Seqg ID No: 14)

Homo sapiens glucose-6-phosphate isomerase (GPI):
cgctccttectectecggetegegtectcactcagtgtaccttctagteccgecatg
(Seq ID No: 15)

Homo sapiens hydroxyacyl-CoA dehydrogenase/3-ketoacyl-CoA thiolase
/enoyl-CoA hydratase (trifunctional protein), alpha subunit
(HADHA) : ctgtcctcttcagctcaagatg (Seq ID No: 16)

Homo sapiens hydroxyacyl-CoA dehydrogenase/3-ketoacyl-CoA thiolase
/enoyl-CoA hydratase (trifunctional protein), beta subunit

(HADHB) :
gggccctttctgggcaggaccecgecccttggtccecgecagagecttggtacttggacctgaaccttg
ctccgagagggagtectcgcggacgtcageccaagattccagaatg (Seq ID No: 17)
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Homo sapiens complement factor H (CFH):
cttccttttgcagcaagttctttcectgcactaatcacaattettggaagaggagaactggacgttg
tgaacagagttagctggtaaatgtcctcttaaaagatccaaaaaatg (Seqg ID No: 18)

Homo sapiens sarcoglycan, gamma

(35kDa dystrophin-associated glycoprotein) (SGCG):
agccctttctccagggacagttgctgaagecttcatcecctttgetctcattctgtaagtcatagaaaa
gtttgaaacattctgtctgtggtagagctcgggccagctgtagttcattcgeccagtgtgettttcet
taatatctaagatg (Seqg ID No: 19)

Homo sapiens lipase A, lysosomal acid, cholesterol esterase
(LIPA):
ggtcccctatccgcaccceggeccecctgagagectggecactgecgactecgagacagecggeccggcagga
cagctccagaatg (Seq ID No: 20)

Homo sapiens lipoprotein lipase (LPL):
cccectettectectectcaagggaaagetgeecacttcectagetgecctgecatecectttaaagg
gcgacttgctcagcgccaaaccgcecggctccagecctcecteccagectececggectcagecggectcatceag
tcggtccgegecttgcagctectccagagggacgcgecccgagatg (Seq ID No: 21)

Homo sapiens mutl homolog 1, colon cancer, nonpolyposis type 2
(E. coli) (MLH1): ggctcttctggcgccaaaatg (Seq ID No: 22)

Homo sapiens Niemann-Pick disease, type Cl (NPCl):
cttecttectgaccggecgegecgecagectgetgecgeggtcagegectgetectgetectecgetec
tcctgcgcecggggtgctgaaacagecccggggaagtagagecgecteccggggageccaaccagcecgaa
cgccgccggcgtcagcagecttgegeggecacagecatg (Seq ID No: 23)

Homo sapiens peroxisomal biogenesis factor 12 (PEX12):
gcgectctettecgeccaggecatcccagaggtectggtggtttcatttecgggtgeggettetgtea
taaagcggagacctcceccttcaaacgtggegtegtgggttgtttgegectecgectggggtcagegag
caaggacgggcgcgggcggggatactcaaagccaacagctggagtcageccttgtgtceccegggete
acagtggcacgactgaatcctcagagtcggectggcttttgagectectcacgattggggaggaggggyg
cgtttctggttcgcagctccagaggattgecgttecttecceccatacctgtecececcacagtcacget
ctgccctgacgtgcagcatttgacaagttacccectegecacatactacttccacccacgteccecgag
ttaactttgttcttaaccttcttgagactaccctcggcctccaggtetttttttecccagttcattt
ttgcccataagattgagtttcgagtttcagatatcatgcagaaagtttacctttaagactgagcac
ccatctgatactcttcctceccgaaaaagttcatgctcacgagagagtttgtgggaaaagtgaaagce
cagtacacgcaggaaactatg (Seq ID No: 24)

Homo sapiens peroxisomal biogenesis factor 6 (PEX6):
cgctccttcaccctectegttggtgtectgtcaccatg (Seq ID No: 25)

Homo sapiens phosphofructokinase, muscle (PFKM):
gagccttcttgtcagcatctgttagtggaggttgggaagcctctectecttceccectecctetttg
cctccacctggctectccececcatgttegtccatcaccectecccececttteccaaggacaatctgcaa
gaaagcagcggcggaggagagctaagactaaaagagtggatcatg (Seq ID No: 26)

Homo sapiens serpin peptidase inhibitor, clade A (al-
pha-1 antiproteinase, antitrypsin), member 1 (SERPINAL):
ctgtctcctcagecttcaggcaccaccactgacctgggacagtgaatcgacaatg
(Seq ID No: 27)
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Homo sapiens phosphatase and tensin homolog (PTEN):
agttctctcctctecggaagctgcageccatgatggaagtttgagagttgageccgectgtgaggecgagg
ccgggctcaggcgagggagatgagagacggcggcggccgcggcecccggagcecccctctecagegectgt
gagcagccgcgggggcagcgecctecggggagecggecggectgecggeggcggecageggeggegttt
ctcgcctectettegtettttctaaccgtgecagectecttecteggettetecctgaaagggaaggtg
gaagccgtgggctcgggcgggagccggectgaggegeggeggcggecggeggcacctcececegetecectgg
agcgggggggagaagcggcggcggcggcggcecgcggcggctgecagetccagggagggggtctgagt
cgcctgtcaccatttccagggectgggaacgecggagagttggtectetececttctactgecteccaa
cacggcggcggcggcggcggcacatccagggacccgggceccggttttaaacctcecegtececgecgecyg
ccgcaccccecgtggecccgggcteccggaggeccgecggcggaggcagecgttecggaggattattegt
cttctcecccattcecgectgecgececgetgeccaggectectggetgectgaggagaagcaggececagtcecge
tgcaaccatccagcagccgceccgcagcagceccattaccecggectgeggtecagagccaagecggecggcag
agcgaggggcatcagctaccgccaagtccagagccattteccatecctgcagaagaagecceccgeccace
agcagcttctgccatctctctcectectttttettcageccacaggectecccagacatg

(Seq ID No: 28)

Homo sapiens solute carrier family 3

(cystine, dibasic and neutral amino acid transporters, activator o
f cystine, dibasic and neutral amino acid transport), member 1
(SLC3Al): cctcccttactgcaggaaggcactccgaagacataagtcggtgagacatg

(Seq ID No: 29)

Homo sapiens aldehyde dehydrogenase 3 family, member A2 (ALDH3A2):

© ccgectceccactceccagegecceccggacegtgecagttctetgecaggaccaggeecatyg

(Seg ID No: 30)

Homo sapiens bleomycin hydrolase (BLMH):
gtttctcccagectcagectececeecgecgecgecgececgecgeecgecgeccgageeggtttecttttte
cggcgctecgggtgcgagagacaggtcgggecceccecctaggcagcgagecgcagegcaateccggege
tcgeccaaggaccctggaagctaccgttaccececgecgggcagegtgggegcecatg

(Seq ID No: 31)

Homo sapiens cathepsin K (CTSK):
cctcctectettacccaaattttccagecgatcactggagetgacttcecgcaatecccgatggaata
aatctagcacccctgatggtgtgecccacactttgectgecgaaacgaagccagacaacagatttccea
tcagcaggatg (Seqg ID No: 32)

Homo sapiens GM2 ganglioside activator (GM2A):
gcttctttgegtaaccaatactggaaggcatttaaaggcacctctgecgeccacagaccttgecagtt
aactccgeccctgacccaccctteccgatg (Seqg ID No: 33)

Homo sapiens hydroxysteroid (17-beta) dehydrogenase 4 (HSD17B4):
ccgcctectectgtcececcgcagtecggegtecageggetectgettgttegtgtgtgtgtegttgecagg
ccttattcatg (Seq ID No: 34)

Homo sapiens neutrophil cytosolic factor 2 (NCF2):
ctctctctgecttctttecttttctectectcatggtagggttatgagtcagttgccaaaaggtgggga
catttcctgatgcatttgcaacactgagaagttatcttaagggaggctgggccccattctactcat
ctggcccagaaagtgaacaccttgggggccactaaggcageccecctgectaggggagacgctceccaacct
gtcttctctectgtctectggcagectctecttggectectagtttctacctaatcatg

(Seq ID No: 35)

Homo sapiens 3-oxoacid CoA transferase 1 (OXCT1):
cagcctcctectgectcaccgecccgaagatg (Seq ID No: 36)



10

15

20

25

30

35

40

WO 2013/143700 PCT/EP2013/000938

106

Homo sapiens sulfite oxidase (SUOX):

ccgccccttctcgagaactcgcagagectgggectggtaaaattgcagtgectgaagacactggacccg
caaaaggctgtccctcccaaacctgggattctgggctcactgagttcacctgecgagtcagecctac
ctgcactgctctggtctagtacaaacaggctgctggcattgagggacggagtctccaactcecctgge
ctctagcagtcctcctgtgtaggtctecccaaagtgctagtgtgtccggaattggtgggttettggt
ctcactgacttcaagaatgaagccgcggaccctcgcagtctgctacaatg (Seqg ID No: 37)

Homo sapiens albumin (ALB): ttttctcttctgtcaaccccacacgcctttggeca-
caatg (Seq ID No: 38)

Homo sapiens arylsulfatase A (ARSA):
ctccctctagecgecttcececcececggeccgactecgetggtcagegeccaagtgacttacgececeecgac
cctgagcccecggaccgctaggcgaggaggatcagatctceccgectcgagaatectgaaggtgecctggte
ctggaggagttccgtcccagccecgeggtctececcggtactgtcgggecceggecctcectggagettea
ggaggcggccgtcagggtcggggagtatttgggtccggggtctcagggaagggecggegectgggte
tgcggtatcggaaagagectgectggagccaagtagecctecectctecttgggacagaccecteggte
ccatg (Seq ID No: 39)

Homo sapiens elastin (ELN):
ctcccteectcetttecctcacagecgacgaggcaacaattaggctttggggataaaacgaggtgceg
gagagcgggctggggcatttctcecccgagatg (Seq ID No: 40)

Homo sapiens hemoglobin, alpha 2 (HBA2): cactcttctggtccccaca-
gactcagagagaacccaccatg (Seqg ID No: 41)

Homo sapiens hexosaminidase B (beta polypeptide) (HEXB):
cttcctctgateccgggeccgggcgggaagtcgggtececcgaggectececggectecggcagaccgggcggaa

-agcagccgagcggccatg (Seqg ID No: 42)

Homo sapiens mannosidase, alpha, class 2B, member 1 (MAN2B1):
cggcctttccagggccggggaaccccaggaggaagctgetgageccatg (Seq ID No: 43)

Homo sapiens recombination activating gene 2 (RAG2):
cactctctttacagtcagccttctgecttgeccacagtcatagtgggcagtcagtgaatcttceccecccaa
gtgctgacaattaatacctggtttagcggcaaagattcagagaggcgtgagcagccectectggect
tcagacaaaaatctacgtaccatcagaaactatg (Seq ID No: 44)

Homo sapiens CD53 molecule (CD53):
tctccttttacacaaatagcecccecggatatctgtgttaccagecttgtectecggeccacctcaaggata
atcactaaattctgccgaaaggactgaggaacggtgcctggaaaagggcaagaatatcacggecatg
(Seq ID No: 45)

Homo sapiens Fc fragment of IgG, low affinity IIIa, receptor
(CD1l6a) (FCGR3A): tggtccctttagggctccggatatctttggtgacttgtccactccag-
tgtggcatcatg (Seq ID No: 46)

Homo sapiens interleukin 1, beta (IL1B):
aaacctcttcgaggcacaaggcacaacaggctgctetgggattctcttcageccaatcttcattget
caagtgtctgaagcagccatg (Seqg ID No: 47)

Homo sapiens CD4 molecule (CD4):
ctgtctctcttcatttaagcacgactctgcagaaggaacaaagcaccctcceccactgggectectgg
ttgcagagctccaagtcctcacacagatacgcctgtttgagaagcagcgggcaagaaagacgcaag
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cccagaggccctgccatttcetgtgggctcaggtececctactggectcaggeccectgecteectecggea
aggccacaatg (Seq ID No: 48)

Homo sapiens serpin peptidase inhibitor, clade A (al-

pha-1 antiproteinase, antitrypsin), member 5 (SERPINADS):
agccctctgcecctttctgagceccgagggactgcecacctccactgtgtgecacactcagctacgggac
acatttcaggtatccaaggcagcagaggtgagtgggtccecccgagcectctgtgaccttatgetccac
actaactctggcagagcctccgtttcctcatagaacaaagaacagccaccatg

(Seq ID No: 49)

Homo sapiens vitronectin (VTN):
tgccctectteccctgtectectgectcectececcteecttectcaggcatcagagecggagacttcagggag
accagagcccagcttgccaggcactgagctagaagcecctgceccatg (Seqg ID No: 50)

Homo sapiens aldehyde dehydrogenase 9 family, member Al (ALDHOSA1l):
ccgcccctcececgecggeccecgeccctececgeggeccgtcagectetgecgeggagetgegtecgeca
ctcatg (Seq ID No: 51)

Homo sapiens annexin Al (ANXAl):
cttcctttaaaatcctataaaatcagaagcccaagtctccactgeccagtgtgaaatcttcagagaa
gaatttctctttagttctttgcaagaaggtagagataaagacactttttcaaaaatyg

(Seq ID No: 52)

Homo sapiens ATPase, Na+/K+ transporting, alpha 1 polypeptide
(ATP1Al): ttttctctctgattctccagcgacaggacccggegeccgggcactgagcaccge-
caccatg (Seq ID No: 53)

Homo sapiens ATPase, Na+/K+ transporting, alpha 2 polypeptide
(ATP1A2) :
ctttctctgtctgccagggtctccgactgtcccagacgggetggtgtgggettgggatcectecectgg
tgacctctccegctaaggtcectcageccactectgecccaagatg (Seg ID No: 54)

Homo sapiens calcium channel, voltage-dependent, beta 3 subunit
(CACNB3) :
ccctecttegegetetectegeteecctgecgeecgececgcagggctgeggggectecggtggecatctece
gggcgcggcecccgcagtecttgeccctgectcecegggecgctcecececgececececggegecgetegetecce
cgacccggactcccccatg (Seq ID No: 55)

Homo sapiens cholinergic receptor, nicotinic, alpha 7 (neuronal)
(CHRNA7) :
gtgcctctgtggccgcaggcgecaggeccgggcgacagecgagacgtggagegegecggetegetge
agctccgggactcaacatg (Seq ID No: 56)

Homo sapiens cytochrome P450, family 51, subfamily A, polypeptide
1 (CYP51A1):
gcttctctegttececgtcgattgggaggagecggtggecgacctcggecttcagtgttteccgacggagt
gaatg (Seq ID No: 57)

Homo sapiens glutamate decarboxylase 1 (brain, 67kDa) (GAD1l):
atctctctcttctectggecgectcgegtgecgagagggaactagcgagaacgaggaagcagcectggagg
tgacgccgggcagattacgectgtcagggeccgageccgageggatcgectgggegetgtgcagaggaa
aggcgggagtgcccggctcecgctgtcgcagagecgagectgtttetgegecggaccagtecgaggact
ctggacagtagaggccccgggacgaccgagctgatg (Seqg ID No: 58)
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Homo sapiens gamma-glutamyl carboxylase (GGCX):
aattctcctggcggectcegttcagacgecggcagetgtgacccacctgectectecgcagageaat
g (Seqg ID No: 59)

Homo sapiens glutamate receptor, metabotropic 3 (GRM3):
tcecectettteccccaacctectecctectecttctacteccaccectecgttttecccactececactga
ctcggatgcctggatgttctgeccacecgggcagtggtccagegtgcageccgggagggggcaggggcea
gggggcactgtgacaggaagctgcgcgcacaagttggeccatttcgagggcaaaataagttctcecect
tggatttggaaaggacaaagccagtaagctacctcttttgtgtcggatgaggaggaccaaccatga
gccagagcccgggtgcaggctcaccgccgecgetgeccaccgecggtcagecteccagttectgecagga
gttgtcggtgcgaggaattttgtgacaggctctgttagtctgttccteccttatttgaaggacagg
ccaaagatccagtttggaaatgagagaggactagcatgacacattggctccaccattgatatctcc
cagaggtacagaaacaggattcatgaagatg (Seq ID No: 60)

Homo sapiens guanylate cyclase 1, soluble, alpha 3 (GUCY1A3):
ggttcctttggggtgatcaaagagggagacacagacacagagagacaaaggcaaggaggactgtct
gggagccacgcgggcgatacagtttccgaggcacgecgegtceecgectagectgttgaacaggtag
acatgagcgacccaagctgcggatttgcgaggecgecgecctggagectgctagagatccggaagcaca
gccccgaggtgtgcgaagccaccaagtcaagttcecctaacgagtcttcagaggaggcagcaggaagce
tcagagagctgcaaagcaaccgtgcccatctgtcaagacattecctgagaagaacatacaagaaagt
cttcctcaaagaaaaaccagtcggagccgagtctatcttcacactttggcagagagtatttgcaaa
ctgattttcccagagtttgaacggctgaatgttgcacttcagagaacattggcaaagcacaaaata
aaagaaagcaggaaatctttggaaagagaagactttgaaaaaacaattgcagagcaagcagttgca
gcaggagttccagtggaggttatcaaagaatctcttggtgaagaggtttttaaaatatgttacgag
gaagatgaaaacatccttggggtggttggaggcacccttaaagattttttaaacagcttcagtacc
cttctgaaacagagcagccattgccaagaagcaggaaaaaggggcaggcttgaggacgecteccatt
ctatgcctggataaggaggatgattttctacatgtttactacttcttccctaagagaaccacctcce
ctgattcttcccggcatcataaaggcagctgctcacgtattatatgaaacggaagtggaagtgtcg
ttaatg (Seq ID No: 61)

Homo sapiens 3-hydroxy-3-methylglutaryl-CoA reductase (HMGCR):
ggctccttcegcectceccgecgactgegttaactggagecaggetgagegteggegecggggtteggtgg
cctctagtgagatctggaggatccaaggattctgtagctacaatg (Seq ID No: 62)

Homo sapiens IMP (inosine 5'-monophosphate) dehydrogenase 2
(IMPDH2) : aggtctctgcggecgcggtcctcggagacacgecggeggtgtectgtgttggecatyg
(Seq ID No: 63)

Homo sapiens leukotriene A4 hydrolase (LTA4H):
acttcctttceccggcgtgcaccgecgaatcectectectettetttacctctceteectectcecteag
gttctctatcgacgagtctggtagctgagegttgggctgtaggtecgetgtgectgtgtgatccececca
gagccatg (Seq ID No: 64)

Homo sapiens neuropeptide Y receptor Y1 (NPY1R):
ccttctttaataagcaggagcgaaaaagacaaattccaaagaggattgttcagttcaagggaatga
agaattcagaataattttggtaaatggattccaatatggggaataagaataagctgaacagttgac
ctgctttgaagaaacatactgtccatttgtctaaaataatctataacaaccaaaccaatcaaaatg
(Seq ID No: 65)

Homo sapiens pyruvate dehydrogenase (lipoamide) beta (PDHB):
cggcccctetgttgtegtttggcagecggatagaggacacgaccaagatg (Seq ID No: 66)



10

15

20

25

30

35

40

45

WO 2013/143700 PCT/EP2013/000938

109

Homo sapiens ribosomal protein L36a-like (RPL36AL):
cttccctttectgttaggcgagagctgecgaaaggcgagagctgecgaagggceccaggtgtecgggeget
gtttctcgttttcatcatatagacaaaacagccctgctgcaaagatg (Seq ID No: 67)

Homo sapiens ATPase, Ca++ transporting, type 2C, member 1

(ATP2C1) :
gcttcttctcacgccgggagcaggctcecccgectcgecaccgectgeccegegagcagectectettete
ccgaggcgcgcggggcgceccccgegagecccgecggetgagaccceccgecagectggaggagggetgte
cggggctttggatgctgctgctaggggtggtgggagcagecgtgggacgcgtggecgggagecgggg
gtgacagcctgggattccgggggcttctcttecttgtectectectctectectetatteccagtgt
ggccgtggctgacactaaagactttgtageccatcaacccgagtgcagtttcgatggaaaatg
(Seq ID No: 68)

Homo sapiens UDP-glucose pyrophosphorylase 2 (UGP2):
ccgcecctcectttecattgaagaaatttaagttegtgtggttttacecttttecgggagtctceccagetgge
cctcatttgtgtccggagectcaggagttcccaaaccgactcagtcgecaccaagtttceccgtettttg
gaattggggaaggagtttctttctttecttttcttttttecttgagecagttttaatcgetttgaata
aatactcccttaagtagttaaatataggaggagaaagaatacatcggttgttaaagcaggagagga
agagagacctgccctgtagcgtgactcctctagaaaaaaaaaaaaaaagccggagtattttactaa
gcccctaaaatg (Seq ID No: 69)

Homo sapiens ATPase, Na+/K+ transporting, beta 1 polypeptide
(ATP1B1) :
cctcctectgetectgecttggectecteecgecgegegtectecgecactccgagagecgcagecggeagce
ggcgcgtcctgectgcagagageccaggeccggagaagccgageggcgcagaggacgeccagggegcegce
gccgcagccacccaccctececggaccgecggcagetgectgaccecgecatcgecatg

(Seq ID No: 70)

Homo sapiens glycoprotein M6B (GPM6B):
ctgtctttatggaccagtaggcagagcgaaattgacgctgacaagacttttgcatcttggaaggga
ctgtaatctactgtagtgaagaacagagcctctcaatcagacgggtgtaaataagagacggagggg
agtccaaaagaaaaggaagaggaggaaaaacaagtgtgtgttggggggaacagggggaaaagcatt
tttggtggatggtatg (Seq ID No: 71)

Homo sapiens wntless homolog (Drosophila) (WLS):
gctcctttaagcgtccacaggcggecggagcggccacaatcacagectececgggcattgggggaacccyg
agccggctgcgeccgggggaatccgtgegggegecttecgtecececggtecccatectecgecgegcetceca
gcacctctgaagttttgcagcgcccagaaaggaggcgaggaaggagggagtgtgtgagaggaggga
gcaaaaagctcaccctaaaacatttatttcaaggagaaaagaaaaagggggggcgcaaaaatg
(Seq ID No: 72)

Homo sapiens flavin containing monooxygenase 3 (FMO3):
ttttctctttcaaactgcccagacggttggacaggacgtagacacacagaagaaaagaagacaaag
aacgggtaggaaaattaaaaaggttaccatg (Seq ID No: 73)

Homo sapiens multiple C2 domains, transmembrane 1 (MCTP1):
cagcctcttttgccggtattcagtgaagaaagcaagtctaaatatgcagttctctcactggagtga
aagatgttttgttcatttctaatcaactatg (Seq ID No: 74)

Homo sapiens structural maintenance of chromosomes 4 (SMCA4):

ccgcctecteggegageccgecctettetgaagaggegtttetggaccactgageeccecgecteccac
tgtgagcggaaccctaccgtttttaaaaaaatctttttcaaaacttgccaggttgtctttccaaat
atttttaataatagtgctgctgctgtagaccacagagaaaagaatccctegetcttecttttecact
tagtagaaacttctaccgcgtaggtcccgeccaggagttegegcatgecgcaggagecgacaataagat
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ggcggtgataatcgccgcactttttttcaaattagtggatcccagaaatcattgecgegecatttgta
acgaatttccgttcgagtttgtattttaggcgeccattttcgagtgaaggacccggagccgaaacac
cggtaggagcggggaggtgggtactacacaaccgtctccagecttggtctgagtggactgtectge
agcgaccatg (Seq ID No: 75)

Homo sapiens GLE1l RNA export mediator homolog (yeast) (GLE1l):
tggccttcecceggecggetgattecgagggettgtttggtcagaaggggggcgtcagagaagctgeccce
ttagccaaccatg (Seq ID No: 76)

Homo sapiens tripartite motif containing 6 (TRIM6):
gagtctttcggcctgggtggaggacgcggctgcttcaagtcecttggectctgatccaggeccacagat
tccaggattctacaggcaggaaacatcttagaaatcagggttgggcaggcaggagccaggagagta
gctacaatg (Seq ID No: 77)

Homo sapiens ecotropic viral integration site 2A (EVI2A):
tatccttttttactgcagatttactttaaggctcatattctccaagtctattctgctttaaaaaga
agacaagaaaagaagtggtttatcaaaatcacgttataatcagattttgaccaagcattttgtaag
tatacaaatgtcagccaatgacatataacaaccatttcttataaaaccttgatgttcaaaagcctg
actagcagtggcatccatg (Seq ID No: 78)

Homo sapiens heterogeneous nuclear ribonucleoprotein L (HNRNPL):
tgctcttttcgatccgggacggeccggtcaggctcgeccgecgagcectggagaactacgatgaccecgcea
caaaacccctgectceccccagttgtecacatcaggggcectgattgacggtgtggtggaagcagacct
tgtggaggccttgcaggagtttggacccatcagctatgtggtggtaatg (Seq ID No: 79)

Homo sapiens mitochondrial translational initiation factor 2
(MTIF2):
cattcttccgggtccagaaggtgatctccgeccgtgectcagaatccaggggeccecggggectgtagat
tccttgacaaggatatcctagcggecgaaacaacaccgtactgggagtcagaacgtctgggttcectag
tcttgactgccattaactagcggtatgacattggagaagcttttttgacccttectggatttecegtt
tccttttctgtaaaatgaggagcttggaagatccggaaaatgaggcccataggaaacaagtgactt
gctgagtccagataacactgactgtcagagagaaacatg (Seq ID No: 80)

Homo sapiens nuclear factor of kappa light polypeptide gene enhanc
er in B-cells inhibitor, zeta (NFKBIZ):
tggcctcecctecttgeccacgaggtcagacggecgagttecttagagaaaaaggectgettagetgetgett
atcatgtaacctcaaaaggaaactgatcgtctttctcatgctgtcacgtacttgggttattatcge
tgattacagctggaaacaattgatttgctcttacgtatttgtgtgacttgactcttcaaacacaaa
ggttaacaggaagatctcgagggccctggctgaacttcaccttttggetttcttggectgatgetg
aactctcgaggttgagccccatatg (Seq ID No: 81)

Homo sapiens v-erb-b2 erythroblastic leukemia viral oncogene homol
og 3 (avian) (ERBB3):
atccctccececggactecggetecggctecgattgcaatttgcaacctecgectgececgtegecgecage
agccaccaattcgccagcggttcaggtggctcttgectcgatgtecctagecctaggggeccececggge
cggacttggctgggctcccttcaccctctgeggagtcatg (Seq ID No: 82)

Homo sapiens podoplanin (PDPN): ccgcctcctcgggagagataaatg
(Seq ID No: 83)

Homo sapiens ribonucleotide reductase M1 (RRM1):
gcgecccctttgtgegtcacgggtggecgggcgecgggaaggggatttggattgttgegectetgetet
gaagaaagtgctgtctggctccaactccagttcttteccecctgagcagecgecctggaacctaaccecett
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cccactctgtcaccttctcgatceccgeecggegetttagagecgecagtecagtecttggatectteag
agcctcagccactagctgecgatg (Seq ID No: 84)

Homo sapiens solute carrier family 2 (facili-

tated glucose transporter), member 4 (SLC2A4):
gcgtetttteccceccageccecgetecaccagatcecgegggagecccactgetecteccgggtecttgge
ttgtggctgtgggtcccatcgggeccgecctecgecacgtcacteccgggacceccgecggecteecgeag
gttctgcgctccaggccggagtcagagactccaggatecggttctttcatcttcgeccgecectgege
gtccagctcttctaagacgagatg (Seq ID No: 85)

Homo sapiens steroid-5-alpha-reductase, alpha polypeptide 1
(3-0x0-5 alpha-steroid delta 4-dehydrogenase alpha 1) (SRD5Al):
aaccctttctgcagagtcccggcagtgcgggacteccggtageccgecectececggtagecgecectece
tgcccecceccgegecgecgecctatatgttgecegecgeggectcectggggcatggagcacgectgeccag
ccctggcgatg (Seqg ID No: 86)

Homo sapiens thromboxane A synthase 1 (platelet) (TBXAS1):
gttcceccttttctacctgcagagcacggttecccataagggecggcgagatcagectectgtetcatet
ggaagaccaccactctggggtctcagaggaatg (Seq ID No: 87)

Homo sapiens transketolase (TKT):
ctatctctgtgtgtccgegtgtgegececcggtececegectgecgecaccatg (Seq ID No: 88)

Homo sapiens tumor necrosis factor receptor superfamily, member 1A
(TNFRSF1A) :
cctcctecteccagetettectgtecegetgttgcaacactgectcactcectteccecteccaccttcet
ctccectectetetgetttaattttectcagaattctectggactgaggecteccagttctggectttgg
ggttcaagatcactgggaccaggccgtgatctctatgceccgagtctcaaccctcaactgtcacccce
aaggcacttgggacgtcctggacagaccgagtcccgggaagcecccagcactgecgctgecacactg
ccctgageccaaatgggggagtgagaggccatagctgtctggecatg (Seq ID No: 89)

Homo sapiens tubulin, beta 2A class IIa (TUBB2A):
aggtctctgecgcagcccagecccgecggtceccacgeecgecgcaccgeteccgagggecagecgecacccge
tccgcagecggecaccatg (Seqg ID No: 90)

Homo sapiens actin, beta (ACTB): tcgcctttgccgatccgccgcccgtcca-
cacccgeccgcecagcetcaccatg (Seqg ID No: 91)

Homo sapiens adenylosuccinate synthase (ADSS):
ggctccttcettectcectgcatgtggctggcggeccgcagagcagttcagttcecgctcactectegecgg
ccgcectetecttegggetetectegegtcactggagecatg (Seq ID No: 92)

Homo sapiens alanyl (membrane) aminopeptidase (ANPEP):
cgttctctgecctggectgaggetecectgagecgecteccccaccatcaccatg
(Seq ID No: 93)

Homo sapiens beaded filament structural protein 1, filensin
(BFSP1) :
gcctectttetttectcagecccagacctggecctectggagagggttttggagtecctgggtaggcagg
gtacctcaggcagcaggcagcacaccttggatgtgagctgaatggattttcaaatttcacagaagg
agcctccatgctggagaaagtatgtatg (Seq ID No: 94)

Homo sapiens basic transcription factor 3 (BTF3):
cggcctecctttagectgecatecttgegtecececcgegtgtgtgegectaatctcaggtggtceccacceg
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agaccccttgagcaccaaccctagtcccccgegeggcecccttattcgecteccgacaagatg
(Seq ID No: 95)

Homo sapiens complement component 1, g subcomponent binding protei
n (ClQBP): ttgtcctttgcatctgcacgtgttcgcagtcgtttcegcgatg
(Seg ID No: 96)

Homo sapiens calsequestrin 1 (fast-twitch, skeletal muscle)
(CASQ1) :
tttcctttecttaatatggegatgagctcttaggeccagtgtggggaccggggctgaggtgecctgga
cactggaggagggggagggaaggagcccctgggagcctggggtagaagtgtaggaggtgggaggat
tccggeccgecatggagetgtecctggectcagaaggttatcecgtectetectgeccaaccatggagaca
tatttagacaggaccaggtggggactgaggggtgccaatttcagggggcagctccggttcecctece
cgccccctgctectattecteccacctgaccecttttteecttggetctgtcggecagtttcecteccagga
cccagcagtgccctctgtceccactgcectcectgggeccattecccaatcecececcteccacttgageceecta
actcagaatctgggacccaggggccccteccctaccccagctaacctettctggaccaggagagceca
acccagatcccactacctccatg (Seq ID No: 97)

Homo sapiens caveolin 3 (CAV3):
gtctctctgcccecetcectcectgecccaagtattttcagececcageccggecacacagetecggatctecte
ctgtggatccccccagctctgegatg (Seq ID No: 98)

Homo sapiens serpin peptidase inhibitor, clade H

(heat shock protein 47), member 1, (collagen binding protein 1)
(SERPINHI) :
aggtctttggctttttttggcggagctggggecgeccecctccggaagegtttccaactttccagaagtt
tctcgggacgggcaggagggggtggggactgccatatatagatcccgggagcaggggagecgggcta
agagtagaatcgtgtcgcggctcgagagcgagagtcacgtceccecggecgectageccageccgacceag
gcccaccgtggtgcacgcaaaccacttcecctggecatg (Seq ID No: 99)

Homo sapiens CD68 molecule (CD68):
tttcctecttteccaagagagggctgagggagcagggttgagcaactggtgcagacagectagetgg
actttgggtgaggcggttcagccatg (Seq ID No: 100)

Homo sapiens cell division cycle 20 homolog (S. cerevisiae)
(CDC20) :
gggtccctttctgteceecctgagcaccgtegectectttectceccagggeteccgtaggecaccaactge
aaggacccctccccectgegggegetcccatg (Seq ID No: 101)

Homo sapiens cadherin 13, H-cadherin (heart) (CDH13):
gagcctctcctcaaagcecctggectecccacggaaaatatgctcagtgcagecgegtgcatgaatgaaa
acgccgccgggegcttctagtcggacaaaatg (Seq ID No: 102)

Homo sapiens regulator of chromosome condensation (RCCl) and BTB
(POZ) domain containing protein 2 (RCBTB2):
cgctcceccecttegttteecgtetecggecgggcacccgagegcatececgecgaggececgggecgtttcagg
gggaggcgccaactcatcgcggcgeccgggeccctgacecgtgcagtaaccgectacccaggaggcgga
gcggacaaggctccggcectgecgaggagtcacattaactttgctctagaagacaactttacaaggat
Cctaaaaggaacaggattaaagatgactgaatactgggttccagaaatttaaaacaatcagcttagce
aaatcatatattcttctgtggagctgagaattgatgtccgectctteccecgtgatttggaactttec
aatcccagagaaaagttgacaaagggactgcccaggactgagtccatatg

(Seq ID No: 103)
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Homo sapiens cold inducible RNA binding protein (CIRBP):
ccceccctecactegegegttaggaggetegggtegttgtggtgegetgtectteccgettgegtcag
ggacctgcccgactcagtggccgeccatg (Seg ID No: 104)

Homo sapiens LIM domain binding 2 (LDB2):
cctecectectectcteectctectcectectgectatagagggeteccgacagecagttecccagecagegtgt
tcagcctgcectgcecctgectgectectgtgtgtgtgtgagegtgtgtgegtgegtctactttgtactg
ggaagaacacagcccatgtgctctgcatggacgttactgatactctgtttagettgattttcgaaa
agcaggcaagatg (Seqg ID No: 105)

Homo sapiens chloride channel, nucleotide~sensitive, 1A (CLNS1A):
ctgcctcttccagggcgggeggtgtggtgcacgcattgetgtgctecaactececctcagggectgtyg
ttgccgcactctgctgctatg (Seq ID No: 106)

Homo sapiens collapsin response mediator protein 1 (CRMP1):
cctectecttectececgecctectegecgatececgggeggtgetggcagecggagecggeggcgggecgg
gccgagcagceccggggcagecgegegtgggecatccacgggecgeccgagectecgtecegtgtectcectate
cctececcgggectttgtcagegegececgctgggageggggccgagagegecggtteccagtcagacag
ccecgcaggtcagecggeccgggecgagggecgccagagggggecatg (Seq ID No: 107)

Homo sapiens catenin (cadherin-associated protein), delta 1
(CTNND1) :
ttgcctttggctgggtgcaacttceccattttaggtgttggatctgagggggaaaaaaaagagagagg
gagagagagagaaagaagagcaggaaagatcccgaaaggaggaagaggtggcgaaaaatcaactgce
cctgctggatttgtctttctcagcaccttggecgaagecttgggtttetttcttaaaggactgattt
ttagaactccacatttgaggtgtgtggcttttgaagaaaatgtatgtactgacgggaaaaggagga
taagcaagtcgaatttttgtcttacgctctctecttectgettectecttgetgtggtggectggga
tgcttcttccatgattttttgaatctagactgggctgttctectgtgttaaaccaatcagttgecgac
cttctcttaacagtgtgaagtgagggggtctctctecctecttectecttectetgtgattcacctt
cctttttaccctgeecctgeggeggctcecgececttaccttcatg (Seq ID No: 108)

Homo sapiens diacylglycerol kinase, alpha 80kDa (DGKA):
ccgtccectceccageccagcectcecgggctccagectecagegecggegettcagetgegaccgegagcecce
tctcaagcaagatataacttccccaagtcacacagtggtatcagagctaagaatgggacccagata
tgactgatctagttctgttccaaaaccgtgctgtattatattaacgectaccctctgaagaggtcce
aagcaacggaagtactactacgaagctgcctttctggccatccttgagaaaaatagacagatgagt
tcctgccagtgagtcectaggectceccatctecteteccttgectgtaccaccttcaccaccatceccatg
cgaccccaagagccttaatgactctagaagagactccaggcaggggaagctgaaaggacctttcac
tcecctacttttggeccagggecttctgtgecacctgeccaagaccagcaggcctacccectectgaagagyg
tccaagcaacggaagtactactacgaagctgcctttctggccatccttgagaaaaatagacagatg
(Seq ID No: 109)

Homo sapiens aspartyl-tRNA synthetase (DARS):
cgatctttctggagccgcacctccacgecggagtccgagegegtgtgectgagacceccagggtcecggga
gggcggagactgggagggagggagaagcccecctttggcecctgecttacggaagectgcgagggagggt
ggtgtccactgcccagttcegtgtcccgatg (Seqg ID No: 110)

Homo sapiens dynein, cytoplasmic 1, intermediate chain 2

(DYNC1I2):
agttcttctcgatcgtgtcagtttgtaaggcgagggeggaagttggattcctggectgagaatatt
aggcgtagttttccagtttttggcaaagcggaaatacttaaggcccecctgggttgactgggttettt
gttttatctaccggcttctgctttacgacaggtcacaaacatg (Seq ID No: 111)
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Homo sapiens dedicator of cytokinesis 1 (DOCK1):
tttccteecccatectgtegeggectcgaaaggaatggaaaatggecggectagacgecggagtttectg
cccgaccecgeggeggcteceggeggegecatg (Seqg ID No: 112)

Homo sapiens dihydropyrimidinase-like 2 (DPYSL2):

ctctctetttttttteccgeectagetggggetgtgttggaggagaggaagaaagagagacagagga
ttgcattcatccgttacgttcttgaaatttcctaatagcaagaccagcgaagecggttgecacccttt
tcaatcttgcaaaggaaaaaaacaaaacaaaacaaaaaaaacccaagtccccttceceggecagtttt
tgccttaaagcectgecctettgaaattaattttttcccaggagagagatg (Seq ID No: 113)

Homo sapiens developmentally regulated GTP binding protein 2
(DRG2) :
tgttctctttggctteccgggegecacgctactctgtegecgecgtcagaccggaattgecggtgecg
ccgccaccgctgtctgtgegeccacctectgectgectaccatg (Seqg ID No: 114)

Homo sapiens eukaryotic translation elongation factor 1 alpha 1
(EEF1Al) :
cgttctttttcgcaacgggtttgccgeccagaacacaggtgtcgtgaaaactaccectaaaagccaa
aatg (Seqg ID No: 115)

Homo sapiens eukaryotic translation elongation factor 1 gamma
(EEF1G) :
tctcectetttececececteecettectectecccgggeggettactttgecggcagecgeccgagaacccecacecce
cctttctttgecggaatcaccatg (Seq ID No: 116)

Homo sapiens eukaryotic translation initiation factor 2, subunit 3
gamma, 52kDa (EIF2S3): atttccttcctcttttggcaacatggcgggce
(Seq ID No: 117)

Homo sapiens eukaryotic translation initiation factor 4B (EIF4B):
gggtcttttgcgttctctttecctecteccaacatg (Seqg ID No: 118)

Homo sapiens eukaryotic translation initiation factor 4 gamma, 2
(EIF4G2): tattcttttgaagattcttcgttgtcaagccgccaaagtg
(Seq ID No: 119)

Homo sapiens epithelial membrane protein 1 (EMP1):
cttccectcagtgecggtcacatacttccagaagageggaccagggctgcectgecagcacctgecact
cagagcgcctctgtecgcectgggacccttcagaactctectttgectcacaagttaccaaaaaaaaaaga
gccaacatg (Seq ID No: 120)

Homo sapiens fibrillarin (FBL):
cgctcecttttecacgtgcgaaagcecccggactegtggagttgtgaacgeccgeggacteccggagecgce
acaaaccagggctcgccatg (Seq ID No: 121)

Homo sapiens exostoses (multiple)-like 2 (EXTL2):
ctgtcccttgectccaggcgctcactttgecgggcggcactttttccaggttgttaatccagectaatg
gagaaggatagatgcacgctacttggtttagaaaaaaaaacaaaaatgagcaaacgagacgcccct
tccgttttatgataactaagctgcagggaaataaatcggctggececctactgecaatctactgecacte
gagaaacatcacagaaaattctttgatttatcttaatagtgacaagtgagcctgcttctgtcaatt
actgaagctataaggagattttttaaaaattaaacttcaacacaatg (Seqg ID No: 122)

Homo sapiens solute carrier family 37 (glu-
cose-6-phosphate transporter), member 4 (SLC37A4):
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ccgcctcectgttcaggacactgggtceccecttggagectecccaggettaatgattgtccagaaggceg
gctataaagggagcctgggaggctgggtggaggagggagcagaaaaaacccaactcagcagatctg
ggaactgtgagagcggcaagcaggaactgtggtcagaggctgtgecgtcecttggectggtagggectgce
tcttttctaccatg (Seq ID No: 123)

Homo sapiens GDP dissociation inhibitor 2 (GDI2):
agcccteccectcectegcectcececcteccecctectecteceegeccagttettetecttecccgtectgaggtygg
cggtcggtctcgecttgtcgeccagectccattttectectectttetettecectttecttegegecca
agagcgcctcccagcectecgtagggtggtcacggageccctgegecttttecttgetegggtectge
gtccgcgectgecccgecatg (Seq ID No: 124)

Homo sapiens UDP-Gal:betaGlcNAc beta 1,4- galactosyltransferase, p
olypeptide 1 (B4GALT1l): cacccttcttaaagcggcggcgggaagatg
(Seg ID No: 125)

Homo sapiens GDP-mannose 4, 6-dehydratase (GMDS):
ggccctcectgcacggectceccececgtgecgeccctgtcagactgtggecggecggtecgecgeggtgegete
tcecteectgececgecagectggagaggegettegtgetgecacaccceccgegttectgececggecaceg
cgcctgeectetgecgegecteccgeecctgecgecgaccgcacgccececgecgcegggacatg

(Seq ID No: 126)

Homo sapiens histone deacetylase 2 (HDACZ2):
ggccccctcecctecgecgagttggtgecgectgecaccteccgattcecgagetttecggecacectectgecggg
tggtaccgagccttccecggegecccectectetecteccaccggectgeccttececececgegggactat
cgcccccacgtttecctecageccttttecteteccggeccgagceccgecggeggcagcagcagcageagce
agcagcaggaggaggagcccggtggecggecggtggecggggageccatg (Seqg ID No: 127)

‘Homo sapiens protein arginine methyltransferase 2 (PRMT2):

gggccttceccggctgacggectgegtgcactgegettgegegggttgagggecggtggetcaggete
ctggaaaggaccgtccacccctcecgegectggeggtgtggacgecggaactcagecggagaaacgegat
tgagagcagtgtgtggattacactatcactggaaaaatacgaattgagaagaaggaaaagactgga
agatgcagaccttggttcctgttagtggaaacactgtaaggtcccagaaatggaaaagaaaatgaa
ataaatcagcagttatgaggcagagcctaagagaactatg (Seq ID No: 128)

Homo sapiens immunoglobulin (CD79A) binding protein 1 (IGBP1):
gttcctctctccccaagatg (Seq ID No: 129)

Homo sapiens eukaryotic translation initiation factor 3, subunit E
(EIF3E): actcccttttctttggcaagatg (Seq ID No: 130)

Homo sapiens activated leukocyte cell adhesion molecule (ALCAM):
gtccctctactcagagcagecccggagaccgctgecgecgetgeccgetgetaccaccgetgecacct
gaggagacccgccgccccecccgtecgecgectectgegagtecttcecttagecacctggegtttecatge
acattgccactgccattattattatcattccaatacaaggaaaataaaagaagataccagcgaaaa
gaaccgcttacacctttccgaattactcaagtgtctectggaaacagagggtcecgttgtcceccggag
gagcagccgaagggcccgtgggctggtgttgaccgggagggaggaggagttgggggcattgegtgg
tggaaagttgcgtgcggcagagaaccgaaggtgcagcgccacagcecccaggggacggtgtgtectggg
agaagacgctgcccecctgecgtcgggacccgecagegcecgcgggcaccgecggggeeccgggacgacgcecce
cctcctgecggecgtggacteccgtcagtggcccaccaagaaggaggaggaatatyg

(Seq ID No: 131)

Homo sapiens acyloxyacyl hydrolase (neutrophil) (AOAH):
ttttctttatcctgcagtctttacctcagcagaaccgcacaccacagactcecccecteccagetetttgt
gtgtggctctctcagggtccaacaagagcaagctgtgggtctgtgagtgtttatgtgtgettttat
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tcacttcacacttattgaaaagtgtgtatgtgagagggtggggtgtgtgtgtcaaagagagtgagg
aagagaaggagagagagatcaattgattctgcagcctcagctccagecatccctcagttgggagett
ccaaagccgggtgatcacttggggtgcatagectcggagatg (Seq ID No: 132)

Homo sapiens ADP-ribosylation factor 1 (ARF1l):
ccgcccecttaccecggegtgecccegegeccggaggecgetgacgtggececgecgtcagagecgecatet
tgtgggagcaaaaccaacgcctggctcggagcagcagectctgaggtgtecectggeccagtgtectt
ccacctgtccacaagcatg (Seq ID No: 133)

Homo sapiens ADP-ribosylation factor 6 (ARF6):
gcgcectttteccggcagecggeggecggcagaactgggaggaggagttggaggeccggagggagcccgeg
ctcggggcggcggctggaggcagcgcaccgagttcecgecgaggatccatgacctgacggggeccceg
gagccgcgctgcectcectecgggtgtectgggtecggtggggageccagtgectcgcaggececggcgggcgg
gccggagggctgcagtctcecctecgecggtgagaggaaggcggaggagegggaaccgecggeggegetce
gcgcggcgcectgcggggggaagggcagttcecgggecgggecgegectcagcagggeggeggetecce
agcgcagtctcagggecccgggtggecggcggcgactggagaaatcaagttgtgeggteggtgatgece
cgagtgagcggggggcctgggcctctgecccttaggaggcaactcccacgcaggeccgcaaaggeget
ctcgcggecgagaggcecttegtttecggtttegeggeggeggeggegttgttggectgaggggaceecgg
gacacctgaatgcccceggcecccggcetecteccgacgegatg (Seq ID No: 134)

Homo sapiens ras homolog family member A (RHOA):
cgcccteecgecgecgeccgecctegetetetegegectaccectececgecgeeccgeggtectecegte
ggttctctcgttagtccacggtctggtcttcagectaccegecttegtetececgagtttgegactege
ggaccggcgtccccggcgcgaagaggctggactcggattegttgectgagcaatg

(Seq ID No: 135)

Homo sapiens ras homolog family member G (RHOG):
cggcctcccecgcectcectecacttecttcectecgageccggagecgectgecgecgecceccagectececcecgect
cggggagggcaccaggtcactgcagccagaggggtccagaagagagaggaggcactgecctccacta
cagcaactgcacccacgatg (Seq ID No: 136) '

Homo sapiens ATP synthase, H+ transporting, mitochondrial F1 compl
ex, O subunit (ATP50): ctctcttcccactcgggtttgacctacagccgecccgggagaa-
gatg (Seqg ID No: 137)

Homo sapiens B lymphoid tyrosine kinase (BLK):
ccacctctgtctgctgccggcagaaagccacaagccatgaaaactgattgagatgagaagaattcea
tctgggactggcttttgctttaggatggtgttggaagttgectecgttgtcgectaggagectgectcececa
ctgtaagggtgtcaggatctgaagagctatggtgaaacaccactgaagcattgccaaggatg
(Seq ID No: 138)

Homo sapiens B-cell translocation gene 1, anti-proliferative
(BTG1) :
gcatctcttcgecctctcggagctggaaatgcagectattgagatcttcgaatgectgeggagetggag
gcggaggcagctggggaggtccgagcecgatgtgaccaggccgecatecgectegtetecttectetetece
tgccgcectectgtetecgaaaataacttttttagtctaaagaaagaaagacaaaagtagtcgtceccge
ccctcacgecctcetettectcectcagectteccgeccggtgaggaageccggggtggetgetceccgecg
tcggggceccgecgecgeccgagcceccageccgececceccgggecgececccgecacgceccgecceeatg

(Seq ID No: 139)

Homo sapiens calcium modulating ligand (CAMLG) :
cggcctctagtcatcgecctegcagecggcggeccaacatcaccgecactgeccacceccteccagactg
tggacgggaggatg (Seqg ID No: 140)
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Homo sapiens calnexin (CANX):
aggcctcttggttctgeggcacgtgacggtcgggececgecteecgectectetetttactgeggecgegyg

ggcaaggtgtgcgggcgggaaggggcacgggcacccecgcggteccececgggaggctagagatcatyg
(Seq ID No: 141)

Homo sapiens calpain 2, (m/II) large subunit (CAPN2):
cgacctttctctgecgcagtacggccgeccgggaccgecagecatg (Seq ID No: 142)

Homo sapiens caveolin 1, caveolae protein, 22kDa (CAV1):
gcgecttttttteccecccececcatacaatacaagatcttecttectcagttececcttaaagcacageccag
ggaaacctcctcacagttttcatccagccacgggccagcatg (Seq ID No: 143)

Homo sapiens CDld molecule (CD1D):
cgacctctttgcagctcgcacagctaagggcgagggcgeccttcggcagaagcagcaaaccgecgg
Caagcccagcgaggagggctgeceggggtctgggcttgggaattggctggcacccagcggaaaggga
cgtgagctgagcggcgggggagaagagtgcgcaggtcagagggcggcgegcagecggcegcetccgega
ggtccccacgecgggcgatatg (Seq ID No: 144)

Homo sapiens CD22 molecule (CD22):
tctcecttttgcectctcagatgetgeccagggtcecctgaagagggaagacacgcggaaacaggcttgcea
cccagacacgacaccatg (Seq ID No: 145)

Homo sapiens CD37 molecule (CD37):
cttcctcecttttggggttcttecctttctctctcagetetecegtectcectetttetetectcagectettt
ctttctccctgtcteccececcactgtcagcacctecttetgtgtggtgagtggaccgecttaccecacta
ggtgaagatg (Seq ID No: 146)

Homo sapiens CD38 molecule (CD38):
gcctctctecttgectgectagectectgecggectecatecttecgecccageccaacceccgectggagece
tatg (Seqg ID No: 147)

Homo sapiens CD48 molecule (CD48):
cggcctttttctagccaggctctcaactgtctcecctgegttgectgggaagttectggaaggaagcatyg
(Seq ID No: 148)

Homo sapiens chromogranin B (secretogranin 1) (CHGB):
cttcctttecgcacaggggeccgeccgageggggccatg (Seq ID No: 149)

Homo sapiens chloride channel, voltage-sensitive 3 (CLCN3):
ttccectteegtgggtcagggecggtcecggtcecggaacctgecagecccttteccagtgttctagtt
cgcccgtgacccggaataatgagcaaggagggtgtggtgggttgéaagccatcctactttactccc
gagttagagcatggattcagttttagtcttaagggggaagtgagattggagatttttatttttaat
tttgggcagaagcaggttgactctagggatctccagagcgagaggatttaacttcatgttgctcecce
gtgtttgaaggaggacaataaaagtcccaccgggcaaaattttcgtaacctctgecggtagaaaacg
tcaggtatcttttaaatcgcgatagttttcgetgtgtcaggectttcttecggtggagcteccgagggt
agctaggttctaggtttgaaacagatgcagaatccaaaggcagcgcaaaaaacagccaccgatttt
gctatgtctctgagctgcgagataatcagacagctaaatg (Seq ID No: 150)

Homo sapiens colipase, pancreatic (CLPS):

ttcececttececgtgggtcagggecggtcecggtcecggaacctgcageccctttecccagtgttctagtt
cgcccgtgacccggaataatgagcaaggagggtgtggtgggttgaaagceccatcctactttactcecece
gagttagagcatggattcagttttagtcttaagggggaagtgagattggagatttttatttttaat
tttgggcagaagcaggttgactctagggatctccagagcgagaggatttaacttcatgttgectcecce
gtgtttgaaggaggacaataaaagtcccaccgggcaaaattttcgtaacctctgecggtagaaaacg
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tcaggtatcttttaaatcgcgatagttttecgetgtgtcaggectttecttecggtggagetccgagggt
agctaggttctaggtttgaaacagatgcagaatccaaaggcagcgcaaaaaacagccaccgatttt
gctatgtctctgagctgcgagataatcagacagctaaatg (Seqg ID No: 151)

Homo sapiens cytochrome c oxidase subunit IV isoform 1 (COX4I1l):
ctacccttttccgcectccacggtgacctcecgtgecggeecgggtgecgggeggagtecttectegatececyg
tggtgctccgcggecgeggecttgetectettecggtecgegggacaccgggtgtagagggeggtegeg
gcgggcagtggcggcagaatg (Seq ID No: 152)

Homo sapiens cytochrome c oxidase subunit VIIc (COX7C):
ctttcttttcagtccttgecgcaccggggaacaaggtecgtgaaaaaaaaggtecttggtgaggtgecg
ccatttcatctgtcctcattctctgegectttcgecagagettccagcageggtatg

(Seq ID No: 153)

Homo sapiens activating transcription factor 2 (ATF2):
cagccttttcctccaggggtgetttgtaaacacggctgtgcectcagggectecgegggtgaccgaaagg
atcatgaactagtgacctggaaagggtactagatggaaacttgagaaaggactgcttattgataac
agctaaggtattcctggaagcagagtaaataaagctcatggcccaccagctagaaagtattcttgce
catgagaaaaagaatgtgataagttattcaacttatg (Seqg ID No: 154)

Homo sapiens casein kinase 1, alpha 1 (CSNK1Al):
agatccctttcccagagtgectcectgegecgtgaagaagecggctcecececggggactgggggecattttgtyg
ttggctggagctggagtaacaagatggcgtcgtccgecggagtgacaggggtcecctectgggecggag
ccggcggcagtggtggcagecggtatcgecgecctagectcaccgecgecectttteccageecgegacg
tcgccgcgcaagcgaggcagecggcggecgccgagaaacaagtggeeccagectggtaaccgecgaga
agcccttcacaaactgcggcctggcaaaaagaaacctgactgageggeggtgatcaggttccececctce
tgctgattctgggcceccgaaccececggtaaaggectecgtgttecgtttectgecgecctectecgt
agccttgectagtgtaggagccecccgaggectcecgtectectteccagaggtgteggggettggeccce
agcctccatcttcgtctctcaggatg (Seq ID No: 155)

Homo sapiens catenin (cadherin-associated protein), beta 1, 88kDa
(CTNNB1) :
aagcctctcggtctgtggcagcagegttggecccggececcgggagcggagagcgaggggaggcggag
acggaggaaggtctgaggagcagcttcagtcceccgecgagecgccaccgcaggtcgaggacggtcg
gactcccgecggcgggaggagectgttccecctgagggtatttgaagtataccatacaactgttttga
aaatccagcgtggacaatg (Seqg ID No: 156)

Homo sapiens dCMP deaminase (DCTD):
ccgcectectecececgacttecttececctgagcacggeggcggcggggacgagcaccggectgegege
ggagccggcaccggatgacccaacatg (Seq ID No: 157)

Homo sapiens damage-specific DNA binding protein 1, 127kDa (DDB1):
ctgtcttttcgcttgtgtcectetttctagtgtegecgectecgagtecccgacgggecgectccaagect
cgacatg (Seqg ID No: 158)

Homo sapiens desmin (DES):
ctgtctcccecctecgecgecatccactcectecggecggecgectgeccgecgectectecgtgegececge
cagcctcgecccgegecgtcaccatg (Seq ID No: 159)

Homo sapiens deoxyhypusine synthase (DHPS):
cgttccctacttcctgtgectcecttgecggagacgegegegtecggggtttaacgegtttectgggecgece
gtaagcccggcectaggggcagctttgactcgagageccggctataggegeatg

(Seq ID No: 160)
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Homo sapiens dihydrolipoamide S-acetyltransferase (DLAT):

caccctttcggatgcctceccectagaaccctaccactttccaccecttteecgtectgttatttectece
aaacttgcgcccgcacaggceccctctggaacactccectgececegtagtgeccectegteccegetecyg
tagagaaagagcgtgcgtgccgcgecatttectggectggggagegggtggagtaaacctgecgggaac
cattttacgacaacgtgcggctgtgcggtgtggctgacggcaacgeccgctgetecttggagaggtca
ctcecggagacggegttggttttggggtgtggggggttggtggcactatg (Seq ID No: 161)

Homo sapiens down-regulator of transcription 1, TBP-binding (nega-
tive cofactor 2) (DR1):
ccttcectggcatctggagggaccaccgttgeecgegtettecggetteccacgatctgegtteggget
acgcggccacggcggcagccactgcgactcccactgtgectggectctgtccatattagtteccagg
cggccgtcgceccecgttccagcagcggcageggcageggcagcggcggacatgttgtgaggecggeggceg
cgggtgtctgaaggatggtttggccgaggcggecggcaacggctgectggecggecggecggcageggceag
cggggcctcgggctctatagageccgagecccgectgggtaccecgeccecggtaccgeggcgaggecagtyg
cccctggatcecttgectcectgcteccgacgecgttggggaccagttaggcgacagecgeccgcecceccctetg
aggagacacgaaggtggttccccagccgctcaaatttccggaccaccgecgcetttecectectcage
ctgggctgtgctctctctagaatcctecgggeccccactttettecccaaactcatecctaaatectete
acacacgcgagtgttcccagccctcaagccagectgetectececgttcattttetgcaccctettege
aaagcaccccccgggatcactctecgagggcgactttttgagaaatctecggtggagtagtggacca
gagctggggagtttttaaaagccggggcgcgagaaacaggaaggtactatg

(Seq ID No: 162)

Homo sapiens endothelin receptor type A (EDNRA):
ttttctttttecgtgcgagecctegegegegegtacagtecateccgetggtctgacgattgtggaga
ggcggtggagaggcttcatccatcccacccggtcgtecgecggggattggggtecccagegagacctce
cccgggagaagcagtgcccaggaggttttctgaageccggggaagectgtgcageccgaageccgccgcec
gcgccggagcccgggacaccggccaccectecgegecacccaccctegeecggeteccggettectetyg
gcccaggcgccgcgcggacccecggcagcetgtectgegecacgecgagetceccacggtgaaaaaaaagtga
aggtgtaaaagcagcacaagtgcaataagagatatttcctcaaatttgcctcaagatg

(Seq ID No: 163)

Homo sapiens eukaryotic translation elongation factor 1 alpha 2
(EEF1A2) :
cagtccctctggctgagacctcggecteccggaatcactgcageecccecctegecctgageccagageac
cccgggtcecccgecageccctcacactcccagcaaaatg (Seq ID No: 164)

Homo sapiens eukaryotic translation elongation factor 2 (EEF2):
cgttctcttccgecgtegtecgecgecateccteggegegactegettettteggttectacectgggag
aatccaccgccatccgccaccatg (Seq ID No: 165)

Homo sapiens eukaryotic translation initiation factor 4A2
(EIF4A2): ctgtcttttcagtcgggcgctgagtggtttttceggatcatg
(Seq ID No: 166)

Homo sapiens egf-like module containing, mucin-like, hormone recep
tor-like 1 (EMR1): gtttcttttctttgaatgacagaactacagcataatg
(Seq ID No: 167)

Homo sapiens enolase 2 (gamma, neuronal) (ENO2):
gcgcctcecctcececgeececgecgeccgggagecgcagecgecgecgecactgecacteceegetcecteteag
cgccgccgtcecgecaccgceccaccgecaccgcecactaccaccgtctgagtectgecagteccgagatecce
agccatcatg (Seqg ID No: 168)
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Homo sapiens esterase D (ESD):
ccgecttttactteggeccgettcttetggtcactecgeccaccgtagaatecgectaccatttggtyg
caagcaaaaagcaatcagcaattggacaggaaaagaatg (Seq ID No: 169)

Homo sapiens Finkel-Biskis-Reilly murine sarcoma virus
(FBR~MuSV) ubiquitously expressed (FAU):
cttcectcectttctcgactceccatcttegeggtagectgggaccgecgttcagtecgecaatatg
(Seq ID No: 170)

Homo sapiens Friend leukemia virus integration 1 (FLI1):
ctgtctctttcgetcecgctacaacaacaaacgtgcacaggggagtgagggcagggcgctcgecaggyg
ggcacgcagggagggcccagggcgccagggaggccgcgecgggctaateccgaaggggectgegaggt
caggctgtaaccgggtcaatgtgtggaatattggggggctecggctgcagacttggccaaatg
(Seq ID No: 171)

Homo sapiens fibromodulin (FMOD):
gccecttttcacaatatttgattaggaatttggggecgggaccctggtctggcacaggcacgecacac
tctcagtagactctttcactectctectctettectetectcacacgttecteccaacccaaggaggeca
gacagagggacgtggtcactctctgaaaagttcaacttgagagacaaaatg

(Seq ID No: 172)

Homo sapiens ferritin, heavy polypeptide 1 (FTH1):
cgttcttcgeccgagagtecgtecggggtttectgecttcaacagtgecttggacggaaccecggegetegt
tceccacccecggecggceccgeccatagecagecctececgtecacctettcacecgecacectecggactgec
ccaaggcccccgcecgecgetecagegecgegecagecaccgecgecgeecgecgectctecttagteg
ccgccatg (Seqg ID No: 173)

Homo sapiens glyceraldehyde-3-phosphate dehydrogenase (GAPDH):
cgctctectgctectcectgttegacagtcagecgecatettettttgegtegecagecgagecacatce
gctcagacaccatg (Seq ID No: 174)

Homo sapiens glycyl-tRNA synthetase (GARS):
caccctctctggacagecccagggecgcaggctcatg (Seq ID No: 175)

Homo sapiens glutamic-oxaloacetic transaminase 2, mitochondrial
(aspartate aminotransferase 2) (GOT2):
ctgtccttaccttcagcaggagccggttecectgtgtgtgtgteccgectecgeecctectgetecgtectg
cggctgcccactgcectectacggtccaccatg (Seq ID No: 176)

Homo sapiens general transcription factor IIF, polypeptide 1, 74kD
a (GTF2F1l):
gcgcctcecttecggttaccttttecccagegeccagaggegectagggttggggtecctecgetcaggecac
agagacccgacaccgagcggcggcttcceccgggatcgagggacgcgcacgccagaggagacgaaag
gaacccgggtcggaccagatcggaaccactgaccattgcecccatg (Seq ID No: 177)

Homo sapiens glycogen synthase 1 (muscle) (GYS1):
cggcctecttcectgectaggtcecccaacgectteggggcaggggtgecggtecttgcaataggaagecgag
cgtcttgcaagcttccecgtecgggcaccagectactcggceccecgecaccctacctggtgecatteectag
acacctccggggtccctacctggagatccccggagecccecccttecctgegecagecatg

(Seq ID No: 178)

Homo sapiens major histocompatibility complex, class I, C (HLA-C):
cattctccccagaggceccgagatg (Seq ID No: 179)
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Homo sapiens major histocompatibility complex, class II, DP beta 1
(HLA-DPB1) :
gctccctttagcgagtcecttcttttectgactgcagetecttttcattttgecatecttttecaget
ccatg (Seg ID No: 180)

Homo sapiens 3-hydroxy-3-methylglutaryl-CoA synthase 1 (soluble)
(HMGCS1) :
ctgtecctttcgtggcectcactcecectttectectgetgecgectcggtcacgettgetetttcaccatg
(Seq ID No: 181)

Homo sapiens hippocalcin (HPCA}:
ccgccttccctgcgcagtcggtgtctccgcgtcgctgggtgggacttggctcggcggccatg
(Seq ID No: 182)

Homo sapiens hydroxysteroid (l17-beta) dehydrogenase 2 (HSD17B2):
ctccettcettgactcetcectgttcacagaactcaggectgectccagecagectttgecececgectagacte
actggccctgagcacttgaaggtgcagcaagtcactgagaatg (Seqg ID No: 183)

Homo sapiens heat shock 60kDa protein 1 (chaperonin) (HSPD1):
ctgtccctcactcecgeccgecgacgacctgtctegecgagcgcacgecttgecgecgcecceccgcagaaa
tg (Seq ID No: 184)

Homo sapiens intercellular adhesion molecule 3 (ICAM3):
ccgccttttececectgectgeccttecgggcacctcaggaaggcaccttectectgtcagaatg
(Seq ID No: 185)

Homo sapiens inositol polyphosphate-l1-phosphatase (INPP1):
cgtcecctetggeecgegectgeggeecgecacgeccagecgeccctecgectaacctegecgececgggccgeg
cctcctectectectgeteccecgecgettecgtttectcgagggaaaggetgetgectectgetetg
tcctcatcecccggcttagetgacggeccagagggtgggtgccaattccaccagcagetgcaactga
aaagcaaggttcagaaatg (Seq ID No: 186)

Homo sapiens interferon regulatory factor 2 (IRF2):
gtttcctctecttgttttgectttecgatctggactgttectcaggcaageceggggagtaacttttagt
tttgctcctgcgattattcaactgacgggectttcattteccatttcacatacecctagcaacacttat
accttgcggaattgtattggtagcgtgaaaaaagcacactgagagggcaccatg

(Seq ID No: 187)

Homo sapiens inter-alpha-trypsin inhibitor heavy chain 2 (ITIH2):
ttttcttecttttttcttetttcttaaagecgaactgtactecctectgetgttectttgaacttggtte
agtaggaagaagtgatatcctccccagaccatctgctttggggagecttggcaaaactgtccagcaa
aatg (Seq ID No: 188)

Homo sapiens karyopherin (importin) beta 1 (KPNB1):
ccgccttectecectecctegetceecteectgegegecgectectcactcacagecteecttecttet
ttctcccteecgecteeccgagcaccagegegectectgagetgeececccagggtecctececcecgecgeca
gcagcccatttggagggaggaagtaagggaagaggagaggaaggggagccggaccgactacccaga
cagagccggtgaatgggtttgtggtgacccececgecccceccaccccacccteccttecccaccecgaccece
ccaacccccatccececcagttcgagecgececgeccgaaaggecgggecgtegtecttaggaggagtcecgece
gccgcecgccacctcecgeccatg (Seqg ID No: 189)

Homo sapiens karyopherin alpha 3 (importin alpha 4) (KPNA3):
ctctcecectecteeccctececgeteccaagattcgecgecgecgecgecgcagecgcaggagtage
cgccgccggagecgegcgcagceccatg (Seq ID No: 190)
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Homo sapiens keratin 19 (KRT19):
gctcctceccgecgaatcgcagettectgagaccagggttgectecegtecgtgeteccgectegecatyg
(Seq ID No: 191)

Homo sapiens laminin, beta 1 (LAMBI):
attcccttcectttgggctcgggggctececcggagcagggcgagagectecgegtcgeccggaaaggaagac
gggaagaaagggcaggcggctcggegggcgtecttctecactecctectgecgegteccecgtggetgcea
gggagccggcatg (Seq ID No: 192)

Homo sapiens ribosomal protein SA (RPSA):
ctgtcttttccgtgctacctgcagaggggtccatacggecgttgttctggattceccgtegtaactta
aagggaaattttcacaatg (Seq ID No: 193)

Homo sapiens lymphocyte cytosolic protein 1 (L-plastin) (LCP1):
ttttctttcctggctgatgatttgtcattctagtcacttectgecttgtgaccacacacccaggcet
tgacaaagctgttctgcagatcagaaagaaggggttcctggtcatacaccagtactaccaaggaca
gcttttttcctgcaagatctgttacctaaagcaataaaaaatg (Seq ID No: 194)

Homo sapiens lectin, galactoside-binding, soluble, 1 (LGALS1):
ccatctctctcgggtggagtcttctgacagctggtgecgecectgeccecgggaacatecctectggactca
atcatg (Seqg ID No: 1985)

Homo sapiens SH2 domain containing 1A (SH2D1A):
ttctctcttttttgcacatctggctgaactgggagtcaggtggttgacttgtgectggectgcagta
gcagcggcatctcccttgcacagttctectecteggectgeccaagagtccaccaggecatg
(Seq ID No: 196)

Homo sapiens mannosidase, alpha, class 2A, member 1 (MAN2Al):
tgttcctttcececectecgettetetgacctagetgecgecggecccggeccgggagectgeccgaacccge
gcctcccectgggtgaggaggacacgectgecctecgtcgagaaaacttttectgecgactcagttgg
ggcggcggtggcaggaagtgcgggcagcgacctcteccteccgectgeccecgegegecctgecggagg
tcggcgctgagcettgegatcaagtttgtgggggecccecectteccagttgecggegagtcectegectce
gagaggggcgcccgaccceceggggagggcggcaggccagggcgaaggcecaagggcegtgtggtggege
cggagactaggtgcggagcaaggcggggactcgcacccgcatccgagagecgecggaggtcgegcage
ccgggagaagggagcctccggecggectgecttecctagagtceccacagtgegetgtetectttggetgag
gagagtgtcctggccccgagtctatcgaggaaaatg (Seq ID No: 197)

Homo sapiens myelin basic protein (MBP):
ccgectcecttttcececcgagatgeccccggggagggaggacaacaccttcaaagacaggeectcectgagtce
cgacgagctccagaccatccaagaagacagtgcagccacctccgagagectggatgtgatyg

(Seq ID No: 198)

Homo sapiens melanocortin 1 receptor (al-

pha melanocyte stimulating hormone receptor) (MCIR):
cattcttcccaggacctcagcgcagecctggecccaggaaggcaggagacagaggeccaggacggtece
agaggtgtcgaaatgtcctggggacctgagcagcagccaccagggaagaggcagggagggagctga
ggaccaggcttggttgtgagaateccctgagcccaggeggtagatgccaggaggtgtctggactgge
tgggccatgcctgggctgacctgtccageccagggagagggtgtgagggcagatctgggggtgceccea
gatggaaggaggcaggcatgggggacacccaaggccccctggcagcaccatgaactaagcaggaca
cctggaggggaagaactgtggggacctggaggcctccaacgactcecttectgettectggacagga
ctatg (Seq ID No: 199)

Homo sapiens malic enzyme 1, NADP(+)-dependent, cytosolic (ME1l):
gggcctttcccagtgecggccgecgeccgeccacagectgcagtcagcaccgtcaccccagecageateeg
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ccgcctgcaccecgegegtgeggececgecccggectgacecececgecgecgaacccggegecageecatg
(Seq ID No: 200)

Homo sapiens myocyte enhancer factor 2C (MEF2C):
agctctctgctcgcectcectgectcgcagtcacagacacttgagcacacgecgtacacccagacatcttceg
ggctgctattggattgactttgaaggttctgtgtgggtcgccgtggectgcatgtttgaatcaggtyg
gagaagcacttcaacgctggacgaagtaaagattattgttgttattttttttttctctctctctcet
ctcttaagaaaggaaaatatcccaaggactaatctgatcgggtcttccttcatcaggaacgaatgce
aggaatttgggaactgagctgtgcaagtgctgaagaaggagatttgtttggaggaaacaggaaaga
gaaagaaaaggaaggaaaaaatacataatttcagggacgagagagagaagaaaaacggggactatg
(Seq ID No: 201)

Homo sapiens mannosyl (al-

pha-1,3-)-glycoprotein beta-1,2-N-acetylglucosaminyltransferase
(MGAT1) :
agcccttcttggggaagtcagctacccagcagecctgtagtecteggctacccaccctcaccgectyg
gggtcccatggtgagacagctgggtgggcatcaggcttctgcagagggccaggeccggagggagetg
ggcgagggagtggggctggctcctggcttgcaccggectecgtggaatccaggecctcagacctgatce
gctggcgaaactggctctgtgcgectggageccectggtcecttectgegtctgtectectecececggecaga
ctttactcctggctcagcgacaggtatttgctatggaagagctgtcecccteectecececteggtggge
ctgggtccacctccacctectcttcaggtccgecaccttectecectttaaaacaccageccgggege
agacccgttctaggcttttccatggtgcttccgeccaaagettgtgaccgagtecttcececgectagg
gctggtgggcctccectgectggtaggtectectettegetttectttactcagaactgaagetctecatt
CCcCcacccaccaaggaaaaacaaaagggaagaagccacagctggecccggcttgetttggecacagg
tgtttcceceeccggecceceecgtecgggecaccctggttectgttetgtececctgececcacgecgacectygyg
ggctcccacccgggctcecctcagectecececctgggttggggtggggggactggectececcageccttgge
ctagggtttggtgaacgcctttcecctggactgcgggcccacttcaggcgeggcteccaggectgggcag
ctgcgctggagggccgagggcaggggtggggtcgggecgtccaccctcagggttgegeccagggagcec
ggaaagccgactcccgaagttggggtcctgggaaaacttgggtectgggttgactgagaagecggeg
gggaaaggaggcgggccaggaggagggggcctggcggacgccggecggggggceggggcgcggcecgygyg
gctgtcggtcacgccecctcagtececgeccecegeccecgecccgectgecggggaagggeccacgttgece
gcceggceecgtecggeccecggecgecgceccgecagaaagggctggecgagtcgaaaggecgaggceggccgcgg
cagcgcttgggacgcgcctgggcaccgggctcgeteecctgecgeccecggagecaggeccaagttcgggg
ccaggacgtcgggaggacctggtgcatggectgectectaatceccatagtccagaggaggcatceect
aggactgcgggcaagggagccgggcaagcccagggcagecttgaaccgtcecectggectgecctcece
ccggtgggggccaggatg (Seq ID No: 202)

Homo sapiens mitogen-activated protein kinase kinase kinase 11
(MAP3K11):
ctgcctccecgececececggggeccaaagtacaaagggaggaggaagaagggagcecggggtcggagecgtce
ggggccaaaggagacggggccaggaacaggcagtctcggeccaactgecggacgecteccctecacceccece
ctgcgcaaaaagacccaaccggagttgaggcgctgecccecctgaaggeccccaccttacacttggeggg
ggccggagccaggctcecccaggactgcectccagaaccgagggaagectcgggteccteccaagctageca
tggtgaggcgccggaggeeccggggccccacceeccceccggectgaccacactgecctgggtgeccte
ctccagaagcccgagatgcggggggccgggagacaacactcecctggcteccccagagaggegtgggtce
tggggctgagggccagggcccggatgecccaggttccgggactagggeccttggcageccagecgggggt
ggggaccacgggcacccagagaaggtcctccacacatcccagegececggcteccggecatg

(Seq ID No: 203)

Homo sapiens membrane protein, palmitoylated 1, 55kDa (MPP1):
ccgccttcectceccgecageccccgecaggecccgggecctgtecattececcagegetgecctgtettgegtte
cagtgttccagcttctgcgagatg (Seq ID No: 204)
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Homo sapiens v-myc myelocytomatosis viral oncogene homolog (avian)
(MYC) :
ggccctttataatgcgagggtctggacggctgaggaccceccgagetgtgetgectecgeggecgecac
cgccgggceecccggecgtcecectggetcecectectgectcgagaagggcagggettcectcagaggettyg
gcgggaaaaagaacggagggagggatcgcgectgagtataaaagccggttttcggggectttatctaa
ctcgctgtagtaattccagcgagaggcagagggagcgagcgggeggecggctagggtggaagagec
gggcgagcagagctgcgctgecgggegtectgggaagggagatccggagcgaatagggggcttegec
tctggcccagecectececgcectgatccecccagecageggtceccecgcaacccttgecgeatccacgaaact
ttgcccatagcagcgggcgggcactttgcactggaacttacaacacccgagcaaggacgcgactct
cccgacgcggggaggctattcectgeccatttggggacacttcececccgecgectgeccaggacecgecttcet
ctgaaaggctctccttgcagctgcttagacgetg (Seq ID No: 205)

Homo sapiens nuclear cap binding protein subunit 1, 80kDa (NCBP1):
tggcctcecteggtteccgecggegcaccggagggcagecatg (Seq ID No: 206)

Homo sapiens necdin homolog (mouse) (NDN):
cttcctcteccaggaatccgecggagggagecgecaggctcgaagagetectggacgcagaggecctgcece
cttgccagacggcgcagacatg (Seq ID No: 207)

Homo sapiens NADH dehydrogenase
(ubiquinone) 1 beta subcomplex, 5, 16kDa (NDUFBS):
ccttcttectectgececcgtagtagecatg (Seq ID No: 208)

Homo sapiens NADH dehydrogenase (ubiquinone) Fe-S protein 4, 18kDa
(NADH-coenzyme Q reductase) (NDUFS4):
ccgtectttcatcecctggegtttgectgcagcaagatg (Seqg ID No: 209)

Homo sapiens nuclear factor of kappa light polypeptide gene enhanc
er in B-cells 2 (p49/pl00) (NFKB2):
tgcccecctteceecggecaageccaactecggatcectegetectecaccggatectecacccgecacacccyg
gacaggcggctggaggaggcgggcgtctaaaattectgggaagcagaacctggeccggagccactaga
cagagccgggcctagecccagagacatg (Seq ID No: 210)

Homo sapiens non-metastatic cells 2, protein (NM23B) expressed in
(NME2) :
gcccectecteecgecgecggetcecececgggtgtggtggtegecaccagectetetgetcteccagegecage
gccgecgeccggeccctccagettececcggaccatg (Seq ID No: 211)

Homo sapiens nucleophosmin (nucleo-

lar phosphoprotein B23, numatrin) (NPM1):
gcgtcecectttcecectggtgtgattcecgtectgegeggttgttctectggagecagegttecttttatectece
gtccgecttctetectacctaagtgecgtgecgeccacccgatg (Seq ID No: 212)

Homo sapiens 5'-nucleotidase, ecto (CD73) (NT5E):
cattccttttgtagaaaaacccgtgcctecgaatgaggcgagactcagagaggacccaggcgcecgggg
cggacccctccaattccttectecgegecceccgaaagagecggcgcaccagcageccgaactgeecggeg
cccaggctcecctggtceccggecgggatgecggecggtaccecgetcecececgecgggaacaacctcectecac
tcttecctgcagggagectggtgeccagecgacagecgcgeccagggcecgetececgggtaccagggtegga
tcgggtgacgtcgcgaacttgegectggeccgecaagecggecteccaggctgaagaaggacccgece
cggccttgacccgggceccecccgeccctecagecggggecaccgagecccggecctagetgectegececet
actcgccggcactcgcecccggectecgeccgetttecgecacccagttcacgegecacagetatg

(Seq ID No: 213)
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Homo sapiens phosphatidylethanolamine binding protein 1 (PEBP1):
gcgtcttecccgagecagtgtgectgagectectecgegtegectetgtegececgegectggectacege
ggcactcccggctgcacgectcectgettggectegecatg (Seq ID No: 214)

Homo sapiens poly(A) binding protein, cytoplasmic 1 (PABPC1):
gcttceccttcecteccccggeggttagtgectgagagtgeggagtgtgtgectecgggectecggaacacac
atttattattaaaaaatccaaaaaaaatctaaaaaaatcttttaaaaaaccccaaaaaaatttaca
aaaaatccgcgtctccecccgecggagacttttattttttttettectettttataaaataacccgg
tgaagcagccgagaccgacccgeccgeccgecggcecccecgcagecagectccaagaaggaaccaagagac
cgaggccttcccgctgeccggacccgacaccgeccaccctecgeteccecgecggcageccggcagecag
cggcagtggatcgaccccgttctgecggecgttgagtagttttcaattcecggttgatttttgtecect
ctgcgcttgctccecgectceccectecececececggectecggeccececagecceggeactegetectectect
ctcacggaaaggtcgcggcctgtggeccctgecgggcagecgtgeccgagatyg

(Seq ID No: 215)

Homo sapiens proprotein convertase subtilisin/kexin type 2

(PCSK2) :
cgctctttctcteccggtacacacagcectceccacattecgcacceccectgececgegegecgggecgectg
actgcacggcttccecctccagccagatgectggagaacacacactgattegctgetttccaagacce
tgttcagtctctttctctatacaaagatttttttaaaaactatatataagaattctttatttgcac
cctcectecgagtcececctgectecgecagectgegecgectectagecaccacttttcactcecccaaaga
aggatg (Seq ID No: 216)

Homo sapiens phosphogluconate dehydrogenase (PGD):
gggtctttcectcactcgtectececgecgegtegecgetectteggttetgetectgtecgecgecatg
(Seq ID No: 217)

Homo sapiens phosphoglucomutase 1 (PGM1):
cgctccecttteecectecececgecggacctgeccaggaggtgggetggegeggagggagggecctgtece
cctgtccctttaaggaggagggccaaacgccggcctagagtgecggegtagececececcaccecgecgtge
cctcaccccagagcagctgcagecctcageccggecgcecececteecgeccagecaagteccgecgectetgac
ccccggcagcaagtcegecaccatg (Seqg ID No: 218)

Homo sapiens solute carrier family 25 (mitochon-

drial carrier; phosphate carrier), member 3 (SLC25A3):
cggcctctgtgagceccgcaacctttccaagggagtggttgtgtgatcgeccatcttagggagtgagtg
tggccgggecttcetectgtggecgggtgtggggagecggagecccagagectectgtggggecgetgett
tggcggtgggcccageccgggagecagectectttcgaaggeccgecgtgacctettcaagggegtggag
acgggaaggaaaaggccccggttggggttccagggecgeccggtaacgttaaccggegecttgectgt
cctctaaccgtcgecteccctecctecccctagaaagatg (Seq ID No: 219)

Homo sapiens pim-1 oncogene (PIM1):
cctccectttactcectggectgecggggecgagecgggegtectgetgecageggecgecggtggectgagga
ggcccgagaggagtcggtggcagcggcggecggcgggaccggcagcagcagcagcagcagcagecage
agcaaccactagcctcctgceccecgeggegetgecgcacgagccccacgagecgctcacececegecgt
tctcagcgctgecccgaccceccecgetggegegeectceceecgecgecagtececggcagegecctecagttgt
cctccgactcgececctecggecttececgegecagecgecagccacagecgecaacgeccaccecgeagcecaca
gccacagccacagccccaggcatagcecttcggcacageccccecggctecggetectgeggecagctect
ctgggcaccgtccctgecgeccgacatecctggaggttgggatg (Seqg ID No: 220)

Homo sapiens pyruvate kinase, muscle (PKM2):

ggatctcttcgtctttgcagecgtageccgagtcggtcagegecggaggtgagecggtgcaggaggcet
acgccatcagtccccaccaagggceccagtcgeccggectagtgeggaateccecggecgecgecggeccggcece
ccgggcacgcaggcagggcggcgcaggatccagggcegtectgggatgecagtggagectcagagagagg
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agaacggctcctcacgecctggggectgetcttcagaagtccccagecgecgttectteccagatecagg
acctcagcagccatg (Seq ID No: 221)

Homo sapiens pleiomorphic adenoma gene-like 1 (PLAGL1):
cggcctecctecggcecgcagecatcctecttggctgecgecgggecggcaaageccacggecatctgecattt
gtcattcagcccgtcggtaccgecccececgagecttgatttagacacggectggggegtgetectggectce
actctccgggecgggtgctggacggacggacggacggggcagecgtgetcacagectcagecagegegg
ggccttggcgcecgecggggegcecttecececegggtegecgtcatggecgecggaggtggcacgeccgagegyg
cctcgectgagectececgggggtegtecgeccecgcagggattgetgtcacgtctaatgtggetgetgece
tcgtgtcacatctgaaactcatctgtacctcacttagaaagtggttctgattagacaagacttttc
gttgcagtcgacagaaacctaatgggaccattgaagaattccaaacaggtatttgcataggaatca
gaggagttaatcttgtctcttctcacaggtttgaatcttcagacaaacttctgggaggactcggtc
cctgcctecgcagcagatgttcecctgtcactcagtaggcatatg (Seq ID No: 222)

Homo sapiens phospholipase D2 (PLD2):
tgctctcttggecteccggaaccecececgegggecgetggetecgtectgecagggatyg
(Seq ID No: 223)

Homo sapiens proteolipid protein 2 (colonic epithelium-enriched)
(PLP2) :
cccccttecccggeccagacggcgggcaagacagctgggtgtacagegtectecgaaaccacgagcaag
tgagcagatcctcecgaggcaccagggactccageccatgecatg (Seq ID No: 224)

Homo sapiens pinin, desmosome associated protein (PNN):
cagtcctttcgegectcggecggecgeggcatageccggecteggectgtaaagecagtctcaagectge
cgcagggagaagatg (Seqg ID No: 225)

Homo sapiens phosphoribosyl pyrophosphate amidotransferase (PPAT):
ggtccttccacgtgctttcggeggecgacatg (Seq ID No: 226)

Homo sapiens protein phosphatase 1, catalytic subunit, gamma isozy
me (PPP1CC):
tgttcttctcgtggttccagtggggagagaaggaggaagtagggageggggtggcaggggggggac
ccgecgeggctgcectgecaccegecgecaccaccgcectetgetegtggegtgggaaaggaggtgtgag
tececgggegegagecggeggeggegecgectgegggagggtcggeggtgggaaggcgatg

(Seq ID No: 227)

Homo sapiens protein phosphatase 1, regulatory subunit 8 (PPP1RS8):
cggtcttccagtttcccggegtgecttagggcgecgeccaaatgggagggggagacgcaagatg
(Seq ID No: 228)

Homo sapiens protein phosphatase 6, catalytic subunit (PPP6C):
cggcctecgecgetgecgecgecgetgectacagecgeecgeecgecgectgttgeecgeggettgttatt
cttaaaatg (Seq ID No: 229)

Homo sapiens protein kinase C substrate 80K-H (PRKCSH):
ctttctttctgcagcaggaaccgecggctgctggacaagaggggtgcggtggatactgacctttgcet
ccggcctecgtcgtgaagacacagcgcatctccecgetgtaggettectececcacagaaccegttteg
ggcctcagagcgtctggtgagatg (Seqg ID No: 230)

Homo sapiens mitogen-activated protein kinase 6 (MAPK®6) :

cgccccctcettectegecctetetegegggtecggggttacatggecggecgactgeggcaaagegaga
gcctcggagacgceccgctgecgccagcacageccggagacctgagecgacactgggggcagteccgega
gccccgcecactctcectecgatgagtcggagaagtceccegttgtatcagagtaagatggacggtagetttg
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attgtgattgtggtgagctggagccacctgatcactaacaaaagacatcttctgttaaccaacagc
cgccagggcttcctgttgaaataaatatatagcaacaaaggaaaaaaagaagcaaaacggaaatag
tgcttaccagcaccttagaatgatgctgctcaggaccagtccaacactgaatgtatctgcactgtg
aggagaatgttcatagaagcctgttgtgtgcatatttattcacatttttgttaaatgttaaatcgt
ttagcacggtaatctgagtgcacagtatgtcatttcattccgtttgagtttcttgttttcgttaaa
tgtctgcagagttgctgeccctttecttgaactatgagtactgcaatctttttaattctcaatatga
atagagctttttgagctttaaatctaaggggaactcgacaggcctgtttggcatatgcaatgaaca
tcaagaaaccatcttgctgtggaagcataattatttttcttctcectttttgaaagatectttectt
ttgatgccagttttcttccttgtttacacaagttcaatttgaaaggaaaaggcaatagtaagggtt
tcaaaatg (Seq ID No: 231)

Homo sapiens phosphoribosyl pyrophosphate synthetase 2 (PRPS2):
cctccecttcecectacatctagecgecgegettteeecgetcecececgecagecagcagectececcgegteget
gtcgctgttgcctcecgeccacctectecgecgecgegegeeccctecggagttecgegecccaccatyg
(Seq ID No: 232)

Homo sapiens phosphoribosyl pyrophosphate synthetase-associated pr
otein 1 (PRPSAP1):
ttgcctctggctctgaggecggecggecgecgggegctgcgaaggctecggeecgetgtagtcagtggtgt
ggggtgcgcaagggcacggacctcggagctctcceccgettgegecgagtttectcagecgecttececee
acccaaaccggggtctcgcagtcggaagcactcagagtgcagccececgecgeggggecggtcegtaacce
gcgccgegggecggacgatg (Seq ID No: 233)

Homo sapiens proteasome (prosome, macropain) subunit, beta type, 5
(PSMBS) : agttctttctgcccacactagacatg (Seq ID No: 234)

Homo sapiens proteasome (pro-
some, macropain) 26S subunit, non-ATPase, 13 (PSMD13):
tgttcttetgtgcecgggggtcttectgetgtcatg (Seq ID No: 235)

Homo sapiens protein tyrosine phosphatase, receptor type, N
(PTPRN) :
cagccectctggcaggcetceccegecagegtegetgeggectecggeccgggagecgagegeccggagcet
cggaaagatg (Seq ID No: 236)

Homo sapiens RAB3A, member RAS oncogene family (RAB3A):
ctccctttgcaggacgtcacggaggactgcaggggcctgageccgectgectgececgecgeccgeccgegcea
gccccacatcaacgcaccggggtectgtcaccgecaccgeccaaaaaagtcaccgceccgctagggtceg
ccgttgcatcggtgcagggcaagatg (Seq ID No: 237)

Homo sapiens RNA binding motif, single stranded interacting protei
n 2 (RBMS2): ctctctctctctctctctegectcecgttcecctaacattaaagagaaaatyg
(Seq ID No: 238)

Homo sapiens reticulocalbin 1, EF-hand calcium binding domain
(RCN1) :
gcgcccectectgetecggetecggggegggecactggecggagggactggecagteccctectecgegec
ggccccaaccctgtegectgecgeccgegectceccgagtececcecatteccgagetgecgetgttgtegetce
gctcagcgtctcectecteggecgecctectectegggacgatg (Seq ID No: 239)

Homo sapiens radixin (RDX):
ccgcecttttecccgecggaggecgeccgageggecatattgeggagetgtetgeggtggeggeggegect
ctcgtcectceccgecggecccagegetecgcaccaccegetteteecctecctgtegecagecgegeecgecgeg
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cagcgccccagccacacgceccggcgggcagaagecgeccgcetecteccggaaagtgataacagaattca
ttgaagtggagaatttttaaagaaggtaacaaaaagagaaagaaaatg (Seq ID No: 240)

Homo sapiens replication factor C (activator 1) 1, 145kDa (RFC1):
tcgeccttcecttgecacttecgecgggagaagttgttggcgegaatggatecctgagectecgataacagatt
cctcaaccggcccacccgccagecagecagegecttecatectggggetgegatg

(Seq ID No: 241)

Homo sapiens ring finger protein 4 (RNF4):
gcatctttctcgaggagctctectgggcggectgaagaaggagcttcectteteccggagtgegeecggceg
gtggcgcctgcggacctaactagctceccaggttaggeccgagetttgegggaaagcagecggacttgaa
aatactggaaatctgtccggatccaaattattttgcaagccagatgagtaaccagagggcatgaaa
ggttgagaacatttgacttccctgcaaaccttggtatagatcacttecttttctgtaggaaaggaa
aggcaccaaagagcacaatg (Seq ID No: 242)

Homo sapiens ribophorin I (RPN1): tgctcttcccggtcatg
(Seq ID No: 243)

Homo sapiens ribosomal protein S27a (RPS27A):
cgttcttcececttttecgatccgeccatctgecggtggagecgeccaccaaaatg (Seq ID No: 244)

Homo sapiens secreted and transmembrane 1 (SECTMI):
cttcctttagcgtgaaccgecgggtgeggtgecteccgtgaaaataataaattcaccgtcacgettg
ttgtgaacgcgggtggttcccgaaacttggaggcttcecccgtaaacccagetecttectecatectggg
aggtgggtcccgcgecgggteccgecgectectecctggecceccteecctetegtgtectttecattttect
ggggctccggggcgcggagaagctgcatcccagaggagcgcgtceccaggageggaccecgggagtgtt
tcaagagccagtgacaaggaccaggggcccaagtcccaccagceccatg (Seq ID No: 245)

Homo sapiens small glutamine-rich tetratricopeptide repeat

(TPR) —containing, alpha (SGTA):
ctttcttttgcgecaggegtcgegeecctggggecggggecgggecggecaccgecggtgecgcaagegecaa
ccgtcggtgggtecggggatcggtcecgectgagaggtatcacctettectgggectcaagatg

(Seq ID No: 246)

Homo sapiens SH3 domain binding glutamic acid-rich protein like
(SH3BGRL) :
agttctccttccaccttceccccacccttetetgeccaaccgectgtttcagecectagetggattceca
gccattgctgcagctgctccacageccttttcaggacccaaacaaccgcagecgetgttcecccagga
tg (Seqg ID No: 247)

Homo sapiens solute carrier family 1 (gluta-

mate/neutral amino acid transporter), member 4 (SLC1A4):
cgccctectactteccegtectgegtecgegttecgeggetecegtttgecatcatecececegtetgegte
cgcgttcgeggctcececegtttgecatcatctccagecggeggetgeteccagggaggectgggegegate
ctcteccgeccgceggcetccaaccecegecactetgegectctectegectttetegecacctgetectgeg
ccaggcccggagacccecceccggggcggettecccagaacctgecggagcacaactggeccgaccgacceat
tcattgggaaccccgtcttttgeccagagecccacgtcecectgecacctctageteggageggegtgt
agcgccatg (Seq ID No: 248)

Homo sapiens small nuclear RNA activating complex, polypeptide 2,
45kDa (SNAPC2): ctgcctctttctgagcggcatg (Seqg ID No: 249)

Homo sapiens sorting nexin 1 (SNX1): ctatctctcga-
taaagttgttgttgcggcttcecgecgegggtggaagaagatg (Seq ID No: 250)
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Homo sapiens signal recognition particle 54kDa (SRP54):
ctatctctcatctttccgcectcttagectgggagtgectccgectagtcacttttettaaggtggeteg
tcgaggcctgacttcttcecccgaaatcacgtcecctagacagectectattttaccactaactttac
tcctgcagttattcagecggtaggaaactgaaaccaaaaaccagtgtaagcaagtaaacatctaaac
tgtttcaggagccgcgtagaaggaacgcggcggtgtgecccggaagecggaagtagattctectata
gaaaggctggactacgcggagtggtgacgtttcctcattgggcggaaggttecgetggcacteegtt
ggtcttccagctggtgggagttgacgacgtggtgctgggecgttgggaccctactttatctagttcg
ggaagttgggttgtggggtcatacctgtctgtctgctcccagetttecttgggtttecttecgacgge
gtggggcctcgctaaggaattccecggecccecctcagggceccacggetttageggtgtecttttgegagtt
cttcgtaagtacatcttaaagctgtcaagatg (Seqg ID No: 251)

Homo sapiens signal sequence receptor, beta (translo-
con-associated protein beta) (SSR2):
cggtctttcggatgctgacgctctcttcecctgtetttgtggetcecggaaaggecgtttgggatgecaa
cgatg (Seq ID No: 252)

Homo sapiens signal transducer and activator of transcription 6, i
nterleukin-4 induced (STAT®6) :
ttttctttttggtggtggtggtggaaggggggaggtgctagcagggccagecttgaactcgctgga
cagagctacagacctatggggcctggaagtgcccgctgagaaagggagaagacagcagaggggttg
ccgaggcaacctccaagtcccagatcatg (Seq ID No: 253)

Homo sapiens suppressor of Ty 4 homolog 1 (S. cerevisiae)
(SUPT4HL) : tgttcttcccatcggcgaagatg (Seq ID No: 254)

Homo sapiens transcription factor 7 (T-cell specific, HMG-box)
(TCF7) :
ggtccttcccecctaaaacttggcactgeccgatactcecccagecccgttecttecccaagtcaggaacttg
caggggaccccttggcaattctttttectctcaagagcagacagecttcagtcccagecgectgecag
ggctggtgtgtctgacccagctgtggtttttccaggecctgaaggccecggagtgcaccageggeat
g (Seqg ID No: 255)

Homo sapiens TEA domain family member 4 (TEAD4):
cagtctcctecceccgaggtgecggtggecccegecgecactecctecggectecectececctecececgecgceg
gcgcgcatctcattccagcecctcattcecgegecattccagegtectectecgecacactecgaggecagg
gggcgggagggccgcagctceccggecgceccgecgcecgteccgeccaggtgagaggecgecccgegecccgecgce
acccgccggcgcecctcecacgggecgcgecgecccacgeccgecgecagecgaccgctecgegecgegtget
cggctgctecttttectttecgecgecegegttceccgecttggacctectgegeteccgacgegeteegt
cccgacctctggcettceecteccgegetcececggegetgetegetgececctecteecegetteecctectgte
cgcccecgegcetceccectectegeteccecggttgactcactecteccaggaatagggatcceecgtgtttt
cccgtcagtcececcattctgggaaaactcecctecctecgegegeteegetecgectececgetgggegecace
ggggccggtcggcgeggggtgggecttggecececgecggcecccgecttcecactgegecgececgteggecee
cggccggagcccggctctgegegetgacgecctgtegteccccgecagaacgatecgeccgeggecggaa
gagttggcgctcggggcggactecttggaactggecttagecgcacccatecccaccttececegecaccct
gggaccggtcggaacgagctgattgcccgctacatcaagctcecggacagggaagacccgcaccagg
aagcaggtctccagccacatccaggtgectggctcgtcgcaaagetcgecgagatccaggccaagcecta
aaggaccaggcagctaaggacaaggccctgcagagcatg (Seqg ID No: 256)

Homo sapiens G protein-coupled receptor 137B (GPR137B):
ttttctttecteccagtectcggggetgecaggctgagecgecgatgecgecggagacceccgegggggcggce
ggcggccgtgagceccccgatg (Seq ID No: 257)

Homo sapiens tumor protein, translationally-controlled 1 (TPT1):
cggcctttteccgcececgctececcececcteccececcgagegecgectecggetgcaccgegetegeteegag
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tttcaggctcgtgctaagctagcgcececgtegtegtcteccttcagtegecatcatg
(Seqg ID No: 258)

Homo sapiens ubiquitin A-52 residue ribosomal protein fusion produ
ct 1 (UBA52): ctatcttctttttcttcagcgaggcggccgagctgacgcaaacatg
(Seq ID No: 259)

Homo sapiens ubiquinol-cytochrome c¢ reductase core protein II
(UQCRC2) :
cggcctccgecaccatcttgetttectttaateccggcagtgaccgtgtgtcagaacaatcttgaat
catg (Seq ID No: 260)

Homo sapiens ubiquitin specific peptidase 1 (USP1):
ctgcctttcgtgtctctgcagegtggagactggaaccggcaatttcaaaggacgccacgttcaatce
gcagcgctggcgcgggcggaggctaaaacacgggggtecctgagactgaggaaaacgcgccaagttce
cccteggtggcggagtgctaaagaccectageggttcaggecgttecggegageggggecgectgettgt
tgcgctectggcectctecccggggecgggecgcagatgggegecgetecececgggatgtagttggtgttggt
gcaagacgggagcgagcggcggtcggggttccegetettgggagecggatggtcactecececececgeggg
gagggcgagccgaccagattttcctggggeccggggacccggcgggectcecggggecagggactcacctyg
tcgcacccacactcattcgggttggacttgeccggegtcaccgecgeggacttegetttgggecatyg
accagatataattggtgattacaactttcctctataaattaactcttgacactccttgggatttga
agaaaaaaatg (Seqg ID No: 261)

Homo sapiens voltage-dependent anion channel 2 (VDAC2):
gtgtctceccttcacttcgceccecctceccagetgectggagetgecageccecgaccgegagecgtgeccaagegget
tcagcagctagcggagcggtggecggcggeccccctcaggacaccaccagattceccectetteccgeg
gcctecgecatg (Seq ID No: 262)

Homo sapiens vimentin (VIM):
gcctettetecgggagecagtecgegccaccgecgecgeccaggccatcgecaccctecgecageca
tg (Seq ID No: 263)

Homo sapiens very low density lipoprotein receptor (VLDLR):
cccectececcecgetgectcaceceegetcectecggecgecgecggtgegggtgeteccgetaceggetect
ctccgttctgtgctctcttectgectcectecggetecccacceectecteccttecctectectececttge
ctccectectcectgecagegectgecattattttetgecegecaggetecggettgecactgetgetgecage
ccggggaggtggctgggtgggtggggaggagactgtgcaagttgtaggggagggggtgcecctcette
ttccececgetecctteececcegeccaactecttececctecttetecececctttececteececcgeeccceac
cttcttcctectttecggaaggactggtaacttgtcgtgecggagecgaacggecggcggcggcggcggce
ggcggcaccatccaggcgggcaccatg (Seq ID No: 264)

Homo sapiens wingless-type MMTV integration site family, member 10
B (WNT10B):
agtcctttgctcgecggecttgctagectectetegatcactececteccttecteecteccttectecce
ggcggceccgcggcggcecgctggggaageggtgaagaggagtggeccggecctggaagaatgeggcetcet
gacaaggggacagaacccagcgcagtctccccacggtttaagcagcactagtgaagcccaggcaac
ccaaccgtgcctgtctcggacecccgecacccaaaccactggaggtectgatcgatctgeccaccgga
gccteccgggecttecgacatg (Seqg ID No: 265)

Homo sapiens CCHC-type zinc finger, nucleic acid binding protein
(CNBP) :
cagcctctaccttgecgagecgtcettcecececcaggectgegtecgagtecteecgecgetgegggeccget
ccgacgcggaagatctgactgcagccatg (Seq ID No: 266)
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Homo sapiens zinc finger protein 43 (ZNF43):
gggcctttgtectectggctgcagttggagectetgegtectegtettegttettetgtgtectetgetyg
ctagaggtccagcctctgtggctctgtgacctgecgggtattgggggatccacagctaagacgcecag
gaccccccggaagcctagaaatg (Seq ID No: 267)

Homo sapiens zinc finger protein 74 (ZNF74):
cagtccttttgtgggagtccggtctgtccacttgeccggtecctcagaccgtcggeggtetcectgtee
gcttcgggacctgtccgectggtecgetcececgegtecgatggectectggecgeggaaccttaggectgg
ccctggtctceccgagcegegggttecgecgggaggagegtgtggegggggtgtgecggggegtgagtge
gccgagcatggggctgagectggtgtggggagtgggtatctgecggagccggectgaaccccacctce
agccgggcgcggggagggggctceccgtgegtgtgatecgtgcagectgtgagegegtggecgececgeg
gggctccgctgcaggcccecctcageccccaggagcagtactcgetecttcagggectgeecctggatect
ggaggctacacagctgcccactcctecctggggaggctgeccgtggaggecatyg

(Seq ID No: 268)

Homo sapiens zinc finger protein 85 (ZNF85):
gggcctttgtctctcgectgcagectgagetctaggtcettgttttecectgetttgtgttttcectgetce
gtggacgcccagcctctgtggecctgtggectgecaggtattgggagatccacagctaagacgecgg
gacccecctggaagectagaaatg (Seqg ID No: 269)

Homo sapiens zinc finger protein 91 (ZNF91):
gggcctttgtctctecgectgeccgeccggagttteccaggtctcgacttcactgetectgtgtectetget
ccaggaggcccagcctgtgtggccctgtgacctgcaggtattggagagccacagctaagatg
(Seq ID No: 270)

Homo sapiens zinc finger protein 141 (ZNF141):
gggtctttgcgtctggctactaccagaccgecgggttaggggcttcatctectectgegttcetcagttg
tgggaggccttggtgattcggccacagectcagectecgtecgectectgtgacctgegggtattggat
gattggtagctaagactcccgaatacttcagaagtggggaaatg (Seq ID No: 271)

Homo sapiens zinc finger protein 205 (ZNF205):
tgttctttctagctctgaaatagaaaatg (Seq ID No: 272)

Homo sapiens transmembrane protein 187 (TMEM187):
ctceccecttttecggagatttgaatttcecccagecgaggcgagtgaggcgaaatacccgtatggtgata
gctggccttttcgecgccaatactgaaaaaggcagaacgttceccteccgetggcgecagecaatcagea
ggactcctgccttccttcggggcaaggtcgcagcatctgectecggaaatcacgaaatcacggggcet
tctttctgctggctcageccgggaggeccagagtgttctgcagaggectgegtattgaaggetgetcet
ctgaagctccectgeccccaggtcacgececgecggttccagatg (Seq ID No: 273)

Homo sapiens histone cluster 2, H2be (HIST2HZ2BE):
acttcttttcttggctaagccgegtttgtactgtgtcttaccatg (Seq ID No: 274)

Homo sapiens solute carrier family 25 (mitochon-

drial carrier; oxoglutarate carrier), member 11 (SLC25A11):
ccgcctttgegetgegegectgegeccgegeecggcttecagegggtgtcggacctgagagectggag
gggcgtgcgcgcgecctegetectgttgegegegeggtgtcaccttgggecgcgagecggggccgcgceyg
cgcacgggacccggagccgagggecattgagtggecgatg (Seq ID No: 275)

Homo sapiens tyrosylprotein sulfotransferase 2 (TPST2):
ccteeccecttecececggetggggcggctggagagecgggagtegetgggtgegtggggetgectege
cgcgtctcgeccacgggctctgccagcagacagecttggcacacaggcacaagggctggageccaga
gatgagagtgcccaagggagatgtgagcctggcgggctgcecccgctaacctgtegectgaageccecag
aagcgggccctcaggceccaggcectaccctgecteecggeccagecatg (Seq ID No: 276)
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Homo sapiens sorbin and SH3 domain containing 2 (SORBS2):
aagcctcttttatacatctcttcagggaagagagaagcaatgggcatgttagtatacaatgatcac
agccacgcaggcctgcaagctgecttttggacaggctgttgactgececgttecaattagetgattgg
agaatgtggaatgcagagtgataatgctgcatatctgctatcaggcagcagcaaaggtttttgtct
tgggaaggcaagctttccctgcaatattatctcagcagecteccctagetgcttaccctgaaaacgag
ggatccaaacggagggtgttgcactctgctaacgctggtcctgtgegtggctgtggcatatgagceg
gcaggtctgaaaaagcaggtgtgtgctgggacgggcactggactggaacgcaggcggacgctctcg
ggtttacctgcttcctgttaacagattgtgggctcccagggecatatgtctgcacgectgaggcecgag
gcggagaaggggcttcctgagecgtceccagtacactgacagagacacttggattggacttaatctta
aacctctggagttcaagaccttttaaaaagggctaaataaacaatctctacatgtaaaaggccact
gactcctacttcctctgtatagagcaactgttgaactcagctgectgtaggaaaactgaagacttt
aataacaaactctccaaggtgaaaatg (Seq ID No: 277)

Homo sapiens .G protein-coupled receptor 65 (GPR65):
gtttctcttcttgacttgatgcaggcacagatttatcaagctcctcagtcaacaaacacatcaccg
gaagaaatatggaaggaaaggaattttaaaaggaaataccaatctctgtgcaaacaaagccttgta
tattcatgtttgcaccaatctactgtgagatttatgaagaaaaacaaattgcggacaactctctat
gtacacttacaaatgcctcagttgatgcttgtgggctgtttgtcagecgttctgtgataatgaacac
atggacttctgtttattaaattcagttgacccctttagccaattgccaggagcctggatttttact
tccaactgctgatatctgtgtaaaaattgatctacatccaccctttaaaagcattgatgaattaat
tagaactttagacaacaaagaaaaattgaaaaagaattctcagtaaaagcgaattcgatgttcaaa
acaaactacaaagagacaagacttctctgtttactttctaagaactaatataattgctaccttaaa
aaggaaaaaatg (Seqg ID No: 278)

Homo sapiens nipsnap homolog 1 (C. elegans) (NIPSNAP1):
gggccttcctgcaacctttgecggctccaacatg (Seq ID No: 279)

Homo sapiens inhibitor of kappa light polypeptide gene enhancer in
B-cells, kinase complex-associated protein (IKBKAP):
gcttctttgcagecgettcagegttttccecctggagggegcectcecatecttggaggectagtgeegt
cggagagagagcgggagccgcggacagagacgcgtgcecgcaattcggagecgactectgggtgeggac
tgtgggagctgactctgggtageccggectgecgegtggetggggaggcgaggecggacgcacctetgt
ttgggggtcctcagagattaatgattcatcaagggatagttgtacttgtctecgtgggaatcacttc
atcatg (Seg ID No: 280)

Homo sapiens COP9 constitutive photomorphogenic homolog subunit 3
(Arabidopsis) (COPS3): ctgccttcgccgctcgggccgeccgggggaaaacatyg
(Seq ID No: 281)

Homo sapiens pirin (iron-binding nuclear protein) (PIR):
ccgcctectctaggeccgecggecgecgaagecgctgagtcacggtgaggctactggacccacactcetce
ttaacctgcectcecctgecactegectcecccggeggetecttecgegtcacceccgecgctaaggctecag
gtgccgctaccgcagcgtgagtacctggggctcecctgcaggggtccactagecccteccatectctaca
gctcagcatcagaacactctctttttagactccgatatg (Seq ID No: 282)

Homo sapiens THO complex 5 (THOCS):
cctteccttacttecggttectectatggtgegegggcaagetttgeteecgecteccggecagtggettac
tcccggtgeccaggttcttggagectgtgaggaggaacaaccatg (Seqg ID No: 283)

Homo sapiens RuvB-like 1 (E. coli) (RUVBL1):
gggcctttgcaaaattgccctagtaacggeccgcatggtaactcaggegecgggegecactgtectag
ctgctggttttccacgctggttttagctcccggegtctgcaaaatg (Seq ID No: 284)



10

15

20

25

30

35

40

WO 2013/143700 ' PCT/EP2013/000938

133

Homo sapiens Kruppel-like factor 7 (ubiquitous) (KLF7):
tttcctttttagttgactgaaacaaaacaaaacaaaagggccactggatgtctgecttettggggg
gtgagccagacagactgacaaacaaacagccccaactgtgttcgggggagggtttecgecteccgtt
ttagcccggcagcagcagcatg (Seq ID No: 285)

Homo sapiens USOl vesicle docking protein homolog (yeast) (USOL):
gctccccecttttgecttcaaccttecgagececgeccacgtaatgeccacgtececccgegecatgegeatettg
gccgctgcectggecggetgtttecgggecttagagggetggagtggeccgeccgagttggaggeggtggtyg
gcagcagtaggagtgtgtagagtgcgggattgggggccaggccctgcggagggcgggggaagttgt
cttcttttttttccggaggggccggtaaacctggtggctgaacggcaagatg

(Seq ID No: 286)

Homo sapiens unc-5 homolog C (C. elegans) (UNC5C):
cccecttttggeccectgectttggagaaagtggagtgtggecgettggttgtegttatttecttecgga
ctgcttcgcggtgcacggattcagcttcectgeccagtggggectttcagetgtttgegegtectetetg
tcecectcececectececcececggcacacctetgtctacgatg (Seq ID No: 287)

Homo sapiens RNA terminal phosphate cyclase domain 1 (RTCD1):
gcttcttcegetttectegtcaggectecctgegecccaggcatgaaccaaggtttctgaactactggg
cgggagccaacgtctcttetttctcecgectectggeggaggetttgtecgectgecgggectgggecccag
ggtgtcccccatg (Seq ID No: 288)

Homo sapiens eukaryotic translation initiation factor 3, subunit A
(EIF3A):
ggctcctteccttteegtetectggecggectgggecgegggecgactgectggecgaggegegtgggacctt
acgctggttceccecttegtcectectcecteccggeccgggccactagagagttegetgacgecgggtgag
ctgagcctgccgccaagatg (Seqg ID No: 289)

Homo sapiens eukaryotic translation initiation factor 3, subunit D
(EIF3D):
gtttcctcttttectggtttctcaagagtgectgectgctaacgeggtececccggecacgecaccatectgt
tgccatccecggccggeccgaggeccattgcagattttggaagatg (Seq ID No: 290)

Homo sapiens eukaryotic translation initiation factor 3, subunit F
(EIF3F): ccgcctceccttectttctcgacaagatg (Seq ID No: 291)

Homo sapiens eukaryotic translation initiation factor 3, subunit G
(EIF3G): cgctctctggccgggcttgggctgecgtggagaatactttttgegatg
(Seq ID No: 292)

Homo sapiens eukaryotic translation initiation factor 3, subunit H
(EIF3H) : gtttctctttcttectgtctgecttggaaagatg (Seqg ID No: 293)

Homo sapiens eukaryotic translation initiation factor 3, subunit I
(EIF3I): aaaccttttccggtcttactcacgttgcggecttcctecgegtcacagecgggatg
(Seq ID No: 294)

Homo sapiens eukaryotic translation initiation factor 3, subunit J
(EIF3J): ctccctctcacacacgcectcacacccggctcgagatg (Seq ID No: 295)

Homo sapiens poly(A) binding protein, cytoplasmic 4 (induc-

ible form) (PABPC4):
ccgcctectectecgeeccegggtecgetgecgecteecgecgetttecgggecttecgecagectgaggaaaaa
aagagaaaaagataaaaaaaatctgaaaacgcttcaaaatcctgaaaaaaaaaaaggaaaagaaaa
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aacgaatcctcggagaacccgcggggaagtcactttecgtacgctteecggectgeccecgegeccgcece
gccgcagegcttggegtecgteggtetecgtececgtecggteccgggggtgageccgeccgeccggcecccyg
ccgtgccectceccecgectcecgggecccgagecccgecgeccecgegectgecccggegecaccacgtgte
cgtgctgcccttegecgeccgceccggggctecgecgagtcggecgeccacaaagatttggttteccte
tgcceccggeggttgtaatcttaaaccgeccggageccgaggectatatttatagagaaacgegtgte
cccgaggcecgecgtgggcagegteecggtecgectecttaaaggatttttacecttecggaaggggatte
ccecgtttaatttttttectactttgattttttgaaatttggagcttecgcaccaggaccgecggagaa
gtgcaaagtcgcggggagggccgtattgtgcggagagecttttgtctgeggtgetgeggecgtggg
agccggcceccecgcectececgtttecgtececgtctccaagececgecgactceccagetegtectegecge
gccggtgccacctgtgageccgecggecgcecgggcecccecgggctceccgaaggegecectttgtectgeggegg
gcccgataagaagtcctcectggeggggetcggggtggtggggggcggggagatyg

(Seqg ID No: 296)

Homo sapiens receptor-interacting serine-threonine kinase 2
(RIPK2):
agctctttcgcggcgctacggcgttggcaccagtctctagaaaagaagtcagctctggttcggaga
agcagcggctggcgtgggccatccggggaatgggcgeecctegtgacctagtgttgecggggcaaaaa
gggtcttgccggectcecgectecgtgecaggggegtatctgggecgectgagecgeggegtgggagecttgg
gagccgcecgcagcagggggcacacccggaaccggectgagegececgggaccatg

(Seg ID No: 297)

Homo sapiens neuropilin 1 (NRPL):
ctttcttttctccaagacgggctgaggattgtacagctctaggecggagttggggctctteggatcg
cttagattctcctctttgectgcatttcececcccacgtectegttectecccgegtectgectgeggacce
ggagaagggagaatg (Seq ID No: 298)

Homo sapiens guanine monphosphate synthetase (GMPS):
tggtcttctctcececgeggegetggggecccgegetececgetgectgttgeteccatteggegettttetyg
gcggctggctcctctecgetgecggectgectecctcgaccaggectecttectcaacctcageecegegg
cgccgacccttceccggecaccectceccgeccegtectegtactgtegecgtcaccgecgeggetecggcece
ctggcccecgatg (Seq ID No: 299)

Homo sapiens far upstream element (FUSE) binding protein 1

(FUBP1) :
ttttctttctttcttagetgttagectgagaggaagtctctgaacaggecggcageggetcttatagt
gcaaccatg (Seq ID No: 300)

Homo sapiens eukaryotic translation initiation factor 2B, subunit
5 epsilon, 82kDa (EIF2B5):
gatcctttttgtcecectactgegtgcecggtggcagetteccttgecggaagtggtgaccgtgagagaag
aagatg (Seq ID No: 301)

Homo sapiens eukaryotic translation initiation factor 2, subunit 2
beta, 38kDa (EIF2S52):
gtttcctttcgectgatgcaagagectagtgeggtggtgggagaggtatcggcaggggcagegetgce
cgccggggcectggggctgaccegtctgacttececcgtecgtgecgageccactecgagecgcagecat
g (Seq ID No: 302)

Homo sapiens adaptor-related protein complex 1, sigma 2 subunit
(AP1S2) :
cctccectectecgectaagectgecctatgeccageccgggtgtectecccacagecaccacggettcet
cttcctcagcacggcgacaggggcttcecececettegeecgecgecgeecgecgecggccaagetecgecg
cgccecgeggeccgeggecgecatg (Seq ID No: 303)
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Homo sapiens suppression of tumorigenicity 13 (colon carcinoma)
(Hsp70 interacting protein) (ST13):
cgcccccttectgecgeggtcacgeccgageccagecgectgggectggaaccgggecgtageecceccecag
tttcgcccaccacctccecctaccatg (Seq ID No: 304)

Homo sapiens solute carrier family 7 (cati-

onic amino acid transporter, y+ system), member 7 (SLC7A7):
ctcccectttecttaaatgecttggggtgagagagaagagaggctagggtggggcatggaggacacagag
agagagagtgctgtgtattccttccccgcectactgtcecctgtectcagectaacttgetetgggacagce
ttccccagggctacagatactgcactcagctgactgtcectttettetgggecectggtcccagage
agagctgacaaaggagattcctgagagagcaccttcttatcacagaaagtgctgagccaagagcetce
ctagctgccccttttgcagatgtgaagggccagtgaaccttggacccagatggttgecttaatactce
ctttcceccecteectcactecttectttgegggectgectcacctecteccacecttecttgettaaatce
cataggcatttgtctggccttcececttttactgectggectgggaaggaggagcatcagaccacagatce
ctggaaggcacttctctcectgactgctgctcacactgeccgtgagaacctgecttatatccaggacc
aaggaggcaatgccaggaagctggtgaagggtttcctctectccaccatg

(Seq ID No: 305)

Homo sapiens paired box 2 (PAX2):
ctcccttttectcectcaagtectgaagttgagtttgagaggcgacacggeggecggecggeecgegetge
tcccgetectectgectecccatg (Seqg ID No: 306)

Homo sapiens 5-aminoimidazole-4-carboxamide ribonucleotide formylt
ransferase/IMP cyclohydrolase (ATIC):
agccctcctacctgegcacgtggtgeccgececgectgetgecteccgetegeectgaacccagtgectg
cagccatg (Seqg ID No: 307)

Homo sapiens ATP synthase, H+ transporting, mitochondrial F1 compl
ex, alpha subunit 1, cardiac muscle (ATP5Al):
ccttctttgeggcetcecggecattttgtecccagtcagteccggaggectgeggectgcagaagtaccgect
gcggagtaactgcaaagatg (Seq ID No: 308)

Homo sapiens cyclin Gl (CCNG1):
cggcccctteggcectceccgagetgaccctgatcagggecgagttgtecteggeggegetgeccgaggect
ccacccaggacagtccccecctccecceccgggectectctectettgectacgagtecectectectegtagg
cctcectcggatctgatatcgtggggtgaggtgagcaggecececggggagggtggttaccgectgaggagce
tgcagtctctgtcaagatg (Seq ID No: 309)

Homo sapiens cadherin 16, KSP-cadherin (CDH16):
agctctcttcttgcttggcagctggaccaagggagccagtettgggegectggagggectgtectga
ccatg (Seq ID No: 310)

Homo sapiens cyclin-dependent kinase inhibitor 1B (p27, Kipl)
(CDKN1B) :
ttttcttcttcecgtcagecteccttecaccgecatattgggccactaaaaaaagggggectecgtettt
tcggggtgtttttcectcececectecectgteececegettgetcacggetectgecgactccgacgecggcea
aggtttggagagcggctgggttcgegggacccgegggcttgcacccgeccagactecggacgggett
tgccaccctctecgettgectggteccectetectetecgeccteccgetegecagteccatttgatce
agcggagactcggcggccgggcecggggctteccecgecagecectgecgegetectagagectecgggecyg
tggctcgtcggggtcectgtgtcttttggctccgagggcagtecgetgggettecgagaggggttecggyg
ctgcgtaggggcgetttgttttgttcggttttgtttttttgagagtgecgagagaggcggtegtgcea
gacccgggagaaagatg (Seq ID No: 311)
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Homo sapiens chimerin (chimaerin) 2 (CHNZ2):
tcteectettettectttgtgtgtgegegageggagttggggcggagggagaagggggaggtcgetce
tgtctgtccgtcteccecgecgectectgececggtctactcgaagtgecggcgggagaggcgggagecca
ggagagggtgcgggagctggcggggcggctcggagectgeccaggacgeccctggtcccageecgegeac
aggggagcgtggacggcagaggggctcggcgggagceccgagatccgececgtcecececggetgeccctegg
cctccctetgetcecccacctaccecectgacacccatagaaaagcgtgcaaaggcgcggagegggacg
gaaaccacaaataaatagcggcggcggcagcgcgtcatctggtggagcaggaagtgcaggcagagt
ccggaggctggtgcectttctgecgegtececcaggactttgeccatgggectgggggecgecggaggectgeg
agcggccgggcgagggcageggeggeggcegtecgecaccggggctgagecgagcagcgacgcgagggg
cgcgcggagatg (Seq ID No: 312)

Homo sapiens citrate synthase (CS):
gggcctccttgaggacccecgggctgggegecgecgcecggttcgtetactetttecttcagecgect
cctttcaaccttgtcaacccgtcggecgeggectectggtgcagecggeggeggetectgttectgeceg
cagctctctcecectttcttacctecccaccagatcccggagategeeccgeccatggetttacttactg
cggccgccecggctcecttgggaaccaaggcacccagtggcaagtactagctgagecatttgggagatge
ttgtcttacttggctgttgcttctectgectgctggggaaaaggaatgcatcttgtettgttcecttge
agcccggcatgccagtgcttceccteccacgaatttgaaagacatattggctgacctgatacctaagga
gcaggccagaattaagactttcaggcagcaacatggcaagacggtggtgggccaaatcactgtgga
catg (Seq ID No: 313)

Homo sapiens cathepsin S (CTSS):
atttcttttcaagtcaattgaactgaaatctccttgttgectttgaaatcttagaagagagcccact
aattcaaggactcttactgtgggagcaactgctggttctatcacaatg (Seq ID No: 314)

Homo sapiens deoxynucleotidyltransferase, terminal (DNTT):
cagtctccctcccecttectggagacaccaccagatgggccagccagaggcagcagcagectettecca
tg (Seqg ID No: 315)

Homo sapiens dual specificity phosphatase 3 (DUSP3):
cgctctccgectcecgettgetectgecgggecgtgcagggecccgecgecgecatg
(Seg ID No: 316)

Homo sapiens coagulation factor II (thrombin) receptor-like 2
(F2RL2) :
catcctttcectgecggaggaccagggcaagtttectgectgcacggcacaggagagcaaacttcta
cagacagaccaaggcttccatttgctgctgacacatggaactgaggtgaaattgtgctccatgatt
ttacagatttcataacgtttaagagacgggactcaggtcatcaaaatg (Seq ID No: 317)

Homo sapiens Fc fragment of IgG, receptor, transporter, alpha
(FCGRT) : cgtcctctcagcatg (Seq ID No: 318)

Homo sapiens guanylate binding protein 2, interferon-inducible
(GBP2) :
ttacctctttttcttgtctectecgtcaggtctctgacattgacagagecctggacgttggaggaagec
ccaggacgttggaggggtaaagtaaaagtccacagttaccgtgagagaaaaaagagggagaaagca
gtgcagccaaactcggaagaaaagagaggaggaaaaggactcgactttcacattggaacaaccttce
tttccagtgctaaaggatctctgatctggggaacaacaccctggacatg (Seq ID No: 319)

Homo sapiens G protein pathway suppressor 1 (GPS1l):
cgctctttctcecttcagcageccageccagetectgtgtcagggtecggggggtgcagaaagtcaggac
agaatg (Seqg ID No: 320)
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Homo sapiens general transcription factor IIF, polypeptide 2, 30kD
a (GTF2F2):
gttcctecttttecctecggttcccagtgttctggcaggtaaggaacgeccggectecttecgectcectecageg
cggcttgtcctttgttececggacgececgetectcageecctgeggetectggggtecgetgetgcatcee
cgcacgcctccaccggctgcagacccatg (Seq ID No: 321)

Homo sapiens glycogenin 1 (GYGI1):
cgctccctececcggtgecggettetectgagtcaccaacctgaggectgecececeggecgectgegecacce
ggcagcaccatg (Seq ID No: 322)

Homo sapiens heat shock 70kDa protein 9 (mortalin) (HSPA9):
agctctttgecgtcggagegettgtttgetgectegtactecteccatttatecgecatg
(Seq ID No: 323)

Homo sapiens iron-responsive element binding protein 2 (IREB2):
cttccttctttecteccttgeccagtecgectgtettecteececgtettcececctgeccggectecccce
ttcttcecececegetggeceecctecceccggagggataatatggtectecggegaty

(Seq ID No: 324)

Homo sapiens origin recognition complex, subunit 1 (ORC1):
ccaccttcttttcatttctagtgagacacacgctttggtecctggectttecggeccgtagttgtagaa
ggagccctgctggtgcaggttagaggtgccgcatcececceccggagetcectcgaagtggaggecggtagga
aacggagggcttgcggctagccggaggaagctttggagccggaagccatyg

(Seg ID No: 325)

Homo sapiens RAB1A, member RAS oncogene family (RABIA):
cattcctttctttcgattacccgtggegecggagagtcagggeggeggectgecggcagcaagggcggce
ggtggcggcggcggcagctgcagtgacatg (Seq ID No: 326)

Homo sapiens cytohesin 2 (CYTH2):
gagtcttttcagcgctgaggactggcgctgaggaggcggcggtggectecececggggecgtttgageggg
ctcacccgagcecccgegggccaacgcggatccaggeeccgactggecgggaccgeccecggattecececege
gggccttcctageccgeccatg (Seq ID No: 327)

Homo sapiens COP9 constitutive photomorphogenic homolog subunit 2
(Arabidopsis) (COPS2): atttctcctcccccteccggceccaagatg
(Seq ID No: 328)

Homo sapiens solute carrier family 9 (so-

dium/hydrogen exchanger), member 3 regulator 1 (SLC9A3R1):
ggtcctctctcggectcecctegeggetecgeggeggecgacggttecctgggacacctgettgettggece
cgtcecggecggetcagggecttctctgetgegetecececggttecgetggacgggaagaagggetgggecg
tceccegtcececegtecccatecggaaccccaagtecgegecgectgaccecgtecgecagggecgagatyg

(Seq ID No: 329)

Homo sapiens peptidase (mitochondrial processing) beta (PMPCB):
ctaccttccttctagcagaaatg (Seqg ID No: 330)

Homo sapiens RAB3D, member RAS oncogene family (RAB3D):
cggcccttectecgecttetgggecggagececgegegggatecgggtggectgcaggetgetggette
tgcggctgcggggtcggggtcgcggccagggeccaagecgcagecgagttcacaggcggaaccectgce
aggcggcgccccctacgcgaggtcaccectgggaaggagecgcagcccacccggeccctceccgecatcec
gagcaggacgcccgtctcecctcectcecectgaggatttcaggtcteccctgtcccaggaggettgtgecaa
gatg (Seqg ID No: 331)
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Homo sapiens ATP-binding cassette, sub-family B (MDR/TAP):
tcttctcteggttectectttectegetcaagatg (Seq ID No: 332)

Homo sapiens N-acylsphingosine amidohydrolase (acid ceramidase) 1
(ASAH1) : ggctcttctttgectctgectggagtccggggagtggegttggectgectagagegatyg
(Seq ID No: 333)

Homo sapiens cytochrome c¢ oxidase subunit VIc (COX6C):
ttttcectttagtcaggaaggacgttggtgttgaggttagcatacgtatcaaggacagtaactacca
tg (Seq ID No: 334)

Homo sapiens COX15 homolog, cytochrome c oxidase assembly protein
(yeast) (COX15):
gcttctcttttecttggcggaggagggagaccacagagcecctgggttgtggaagaggtggetgtte
cctgtcatcagtatg (Seq ID No: 335)

Homo sapiens c-src tyrosine kinase (CSK):
cccecttececececgectttettecctecgegaccecgggecgtgegtecgteceeectgectetgectyg
gcggtccctcectecectetecttgcacccatacctetttgtacecgecacceecctggggaccectgeg
ccccectecccteeccececctgaccgecatggacecgtececgecaggecgctgatgecgeccgeggegaggtyg
gcccggaccgcagtgceccccaagagagctctaatggtaccaagtgacaggttggectttactgtgact
cggggacgccagagctcctgagaagatg (Seqg ID No: 336)

Homo sapiens versican (VCAN):
gagcctttctggggaagaactccaggcgtgecggacgcaacagccgagaacattaggtgttgtggac
aggagctgggaccaagatcttcggccagcecccgecatcctecegcatcttccagecaccgtececcgeac
cctceccgcecatceccttececcgggecaccacgcttectatgtgacececgectgggcaacgccgaacccagt
cgcgcagcgctgcagtgaattttcecccccaaactgcaataageccgecttccaaggeccaagatyg
(Seq ID No: 337)

Homo sapiens dystroglycan 1 (dystrophin-associated glycoprotein 1)
(DAG1) :
gcgcectcttaggecttggcggtggcggecggeggcagcttecgecgecgaatccececggggageggceggtyg
gcggcecgtcecctggggccaggaggagcgaacacctgecgecggtectcececgecggegetgggetectgtyg
tgctccgggatggagcaggtgtgcagagggtgagaacccagcectctgggaccaagtcacttgettcece
ttacttagcaagactatcgacttgagcaaacttggacctgggatg (Seq ID No: 338)

Homo sapiens DEAD (Asp-Glu-Ala-Asp) box helicase 5 (DDX5):
cccectettttggttacagacgtgagggectectttggagacgtaaacatcteccgagtggecgagggtyg
ggcggggctgggcettgggaaagggcggggtggettgcttgaggtgtggaaagaccagaagaaggtg
aggtcaagagagtgcagaatgaggcattccaatggtgggtgggccctgacctgagagagtggcgcg
gggaggggtgaaagcgcggcgatcctggaacgccagegggcgttgeggectatgecgecgaggggcgyg
ggcgattaggtcatagagcggctcccagecgttcecctgecggegtaggaggcggtccagactataaaa
gcggctgccggaaagcggccggcacctcecattcatttctaccggtctctagtagtgecagettceggcet
ggtgtcatcggtgtccttecctcecgectgecgeccecegecaaggettecgecgtecatecgaggecatttece
agcgacttgtcgcacgcttttctatatacttcgttcceccgccaaccgcaaccattgacgccatyg
(Seqg ID No: 339)

Homo sapiens desmoplakin (DSP):
gctcctctgcgeccttgecgeccteccgageccacagetttectececgetectgecececcggecegteg
ccgtcteccgcecgctegcageggectecgggagggeccaggtagecgagcagecgacctegegagecttece
gcactcccgcecceccggttecccecggecgtceccgectatecttggeccecteecgetttctecgegecggcece
cgcctcgcecttatgectcecggecgetgageccgectecteccgattgeccgecgacatg

(Seq ID No: 340)
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Homo sapiens glutamyl-prolyl-tRNA synthetase (EPRS):
cttcctttcgeggggtectceccgtagttectggcacgageccaggecgtactgacaggtggaccagecgga
ctggtggagatg (Seq ID No: 341)

Homo sapiens acyl-CoA synthetase long-chain family member 4
(ACSL4) :
gctcctectegteccagegectagegggecacgeggttectttttgecgagetttecgagtgecaggeg
ccggccggctgcecgaagacgcggtgggecgecccteccgattgaaatcacagaagatattegtgttcet
tcttaagagaaaaagaggacattttagctttctcagttgaaggcgtactttattgtcggecttccaa
agattactaacttttatctgtatcactaagattgaactgccttggctgtactgctattcttactge
tgcttctattattgecttcttcagcacaataaggctttcaaaagccaaagaataacaagaaataag
caccattttagaagcctttccactatg (Seqg ID No: 342)

Homo sapiens fibroblast activation protein, alpha (FAP):
tggtccttttcaacggttttcacagatccagtgacccacgctctgaagacagaattagctaacttt
caaaaacatctggaaaaatg (Seq ID No: 343)

Homo sapiens UDP-N-acetyl-alpha-D-galactosamine:polypeptide N-acet
ylgalactosaminyltransferase 3 (GalNAc-T3) (GALNT3):
ctgcctcteccaggcaacgcgggaggcccagcgggaaggcaggaggcggecggecggaggaggagetcect
actgagccgcaactgtggcgacagcaaccggagtcgcageccgeccgecacctgcacctggcecgectag
cccacgtccagcgcctgeccggecgecgcttcececgecaccctgecctgeccaccecgceccaggtacta
ccattaaagataccttcttctcagcaaatctatgataaaaaatataagtaacagaagaagaaataa
ctgttatttgtcaagtgacaagcttttaatgtcagaatg (Seq ID No: 344)

Homo sapiens glypican 3 (GPC3):
acgtctcttgctcctcagggeccactgeccaggettgecgagtecctgggactgetetegetececggetyg
ccactctcccgegetcetcecctagectecctgegaagcaggatg (Seqg ID No: 345)

Homo sapiens interleukin enhancer binding factor 2, 45kDa (ILF2):
acgcctcttcagttgtctgectactcagaggaaggggcggttggtgcggectccattgttegtgttt
taaggcgccatg (Seq ID No: 346)

Homo sapiens nucleosome assembly protein 1-like 1 (NAP1L1):
gggtcttttttagcgccatctgctcgeggegecgectectgetecteececgetgetgetgecgetge
cgccecctgagtcactgectgegcagecteccggecgectggctecccatactagtegecgatatttgga
gttcttacaacatg (Seq ID No: 347)

Homo sapiens asparaginyl-tRNA synthetase (NARS):
cgctctctgatgcaacgccggaatcgecggaaaccgecggtgcacgttggagtcataagacggegtce
ggtgttgcagtctgtgtccttggaggtgaccagggccactgcaggcatg (Seqg ID No: 348)

Homo sapiens NADH dehydrogenase
(ubiquinone) 1 alpha subcomplex, 10, 42kDa (NDUFALOQ):
cgtccceecttgggtecttgatectgagectgaccgggtagecatg (Seq ID No: 349)

Homo sapiens NADH dehydrogenase (ubiquinone) Fe-S protein 2, 49kDa
(NADH-coenzyme Q reductase) (NDUFS2):
ttctccttcccgecagtctgcagececggagtaagatg (Seq ID No: 350)

Homo sapiens NADH dehydrogenase (ubiquinone) Fe-S protein 5, 15kDa
(NADH-coenzyme Q reductase) (NDUFS5):
catcctttacggcaggcgtccgegtecgectagectagtegttectgaagecggcggeccagagaagagtca
agggcacgagcatcgggtagccatg (Seqg ID No: 351)
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Homo sapiens phosphoenolpyruvate carboxykinase 2 (mitochondrial)
(PCK2) :
ccctectttttaagegecteecgecagectcectgetgtggctegettecgecgegeteectecttecece
cgccttceccatacctecececggctecgeteggttectggecaccececgecageccectgecccaggtgecat
g (Seq ID No: 352)

Homo sapiens serpin peptidase inhibitor, clade B (ovalbu-

min), member 6 (SERPINBG):
ctcecettegegetecggacgggegacggtagectcgagaccecgggactceccgecegectececcecgegag
tatttgaggtccggggcggetcecggegectectgeecegecgttectgetcgetegetececcecgetetygg
agtctgccatcatg (Seqg ID No: 353)

Homo sapiens Rab geranylgeranyltransferase, alpha subunit
(RABGGTA) :
ttctctcctcagacttcaagggctaccactggacccttcecectgtcecttgaaccctgagecggcacce
atg (Seq ID No: 354)

Homo sapiens Rab geranylgeranyltransferase, beta subunit
(RABGGTB) : ctctctcctttcecctgttagacatg (Seqg ID No: 355)

Homo sapiens small nuclear ribonucleoprotein polypeptide A
(SNRPA) :
agttctctcecgcacgcgggctggagaagecgggtectacgcacgetttgttgtecgegetttgectee
gtccttgccectactcecececgecttacctgacttecttttcggaggaagatccttgagcageccgacgt
tgggacaaaggatttggagaaacccagggctaaagtcacgtttttcctcctttaagacttacctca
acacttcactccatg (Seqg ID No: 356)

Homo sapiens sterol regulatory element binding transcription facto
r 2 (SREBF2):
cgccecctttetgtgecggecgeccgggecgecaacgcaaacatggeggegggtggcaccecgteggtgagge
ggtgccgggegggggttgtcgggtgtcatgggcggtggecgacggcaccgeccccgegtcteectga
gcgggacggcagggggggcttctgegetgagecgggegatg (Seq ID No: 357)

Homo sapiens translin (TSN):
ctgccctttggacgecgecgectcecggtteccgaacgcagecggacggegectcaggcagcgecggecggaca
gceccgtecteccggecgecgecgcgagectcggaggaccctagegacggtegtggegtaagaccggggg
gacgcggcggtagcggcggccgttgecgattgattgecgectggttgectgeggegtecacttecttgg
ccgcecttgectacactggetgattgttgtgcagecggegecatg (Seq ID No: 358)

Homo sapiens Fanconi anemia, complementation group G (FANCG):
ccaccctttctcgaggctgtggectecgegagageccgagecgggecgecaccgecggececgtgegactg
ccccagtcagacacgaccecggcttcectagececgectaagectgtttggggttgetgactegtttece
tcceccgagtttececcgecgggaactaactcttcaagaggaccaaccgcageccagagecttcecgecagacce
cggccaaccagaggcgaggttgagagcccggecgggecgeggggagagagegtececcatectgtectgg
aaagcctgggcgggtggattgggaccccgagagaagcaggggagctecggecggggtgecagaagtgec
caggccccteccccgetggggttgggagecttgggcaggeccagettcacccttectaagtecgettet
ggtctccgggcccagecteggcecaccatg (Seq ID No: 359)

Homo sapiens DEAD (Asp-Glu-Ala-Asp) box polypeptide 39B (DDX39B):
ttcectecttegtegetgttgetgecgeccatacgegetctecctgtttagetecttctgttagaaat
agtatctttgttttcctttgctgttcctcaatccectactcttcaccecttgttttcacctatttt
gcgagaacccatccagatcccccttcececttettecececctgecggeccagttatg

(Seqg ID No: 360)
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Homo sapiens RAB11A, member RAS oncogene family (RABI11A):
ccgcectttegetceccteggecgegecaatg (Seqg ID No: 361)

Homo sapiens SPARC-like 1 (hevin) (SPARCLI):
agctctttcccttttggtttgcaagcactgectgtaaageccctegecatgagaggccagectgcetag
ggaaatccaggaatctgcaacaaaaacgatgacagtctgaaatactctctggtgccaacctccaaa
ttctcgtctgtcacttcagacccccactagttgacagagcagcagaatttcaactccagtagactt
gaatatgcctctgggcaaagaagcagagctaacgaggaaagggatttaaagagtttttcttgggtyg
tttgtcaaacttttattccctgtctgtgtgcagaggggattcaacttcaatttttctgcagtgget
ctgggtccagccccttacttaaagatctggaaagcatg (Seq ID No: 362)

Homo sapiens cyclin B2 (CCNB2):
ctcccttttcagtceccgegteccteectgggecgggetggcactettgectteececgteccteatyg
(Seq ID No: 363)

Homo sapiens cytochrome c oxidase subunit VIIa polypeptide 2 like
(COX7A2L) : ggtccttctctggggcggtcgegttggcageggatgecgggaageccggactectg-
ggcgtcatg (Seq ID No: 364)

Homo sapiens lysophosphatidic acid receptor 2 (LPAR2):
cgccctctcagcaacccgcacagggcgcaccecggacgctctacegectcececcgecgcagtecgecggge
catgggcctcgagccecgceccccgaaccceecgegageccgecttgtectgeggegtgactggaggecca
gatg (Seqg ID No: 365)

Homo sapiens adaptor-related protein complex 4, mu 1 subunit
(AP4M1) :
cgttcttttgttccggggccgcagggecggggcaggeccgactttegecgtettettgtetactete
cagaacggccatg (Seq ID No: 366)

Homo sapiens budding uninhibited by benzimidazoles 3 homolog
(yeast) (BUB3):
cttcctcteccegectecttegectagectgegagtgttctgagggaagcaaggaggcggecggcggcce
gcagcgagtggcgagtagtggaaacgttgcttctgaggggageccaagatyg

(Seq ID No: 367)

Homo sapiens DEAD (Asp-Glu-Ala-Asp) box helicase 21 (DDX21):
ctacctcttcctcecteccacgecggttgagaagacecggteggectgggcaacctgecgetgaagatyg
(Seq ID No: 368)

Homo sapiens solute carrier family 33 (ace-

tyl-CoA transporter), member 1 (SLC33Al):
tgctctctgecgecattgatagcagcgagagctggaggtgttgggtcgggagaccagecgttcecgatce
ccgccgcaggtaggagetggttteccatecctggcaccacggcacacaccteccagectecgageccggce
gctgctgccecgggggtcteccttcaggectectttgacgecgtteccagggggcacctatccaggecatcece
tctgggcctctageccagaggactggectccecggettcagcacteecgggetgcagtaagaagtgecect
tatcgctctgagccctgecaccatcececgtgaaccaccgaaaccectggtccagecgcgacagecttgg
acctgggactggacggatccaaaacgctcagcctcggeccecccacagacggggectctgecategtet
ctgatatg (Seq ID No: 369)

Homo sapiens G protein-coupled receptor 37 like 1 (GPR37L1l):
tgctcttcecctgggectggectgtctectgectcatccagecatg (Seq ID No: 370)

Homo sapiens neuronal regeneration related protein homolog (rat)
(NREP) :
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ctgtctttctagcatgttgccecctttttcaaccacatttgtgtttcaggtgtagagaggagagagag
tgaacagggagcggggcttttgtctgttggtctcecctggactgaagagagggagaatagaagccca
agactaagattctcaaaatg (Seq ID No: 371)

Homo sapiens vesicle-associated membrane protein 3 (cellubrevin)
(VAMP3) : gcttctctgctgaccctctctcgtecgeecgetgecgeecgecgcagectgeccaaaatyg
(Seq ID No: 372)

Homo sapiens synaptosomal-associated protein, 29kDa (SNAPZ29):
cctecttetgtttecccagaccgagagecgegecggecaccatg (Seqg ID No: 373)

Homo sapiens lon peptidase 1, mitochondrial (LONP1):
cccectettectecgegtaggeccageteectgaageggectgtttcgageccacgecgeccatcgggta
ccgaggcacgcgccgggcgtcacgtgegtttcgecggegagecggaaatgacgcgagttgtgtgagec
gccagtatggccgggctatg (Seq ID No: 374)

Homo sapiens kinesin family member 3B (KIF3B):
ctgtctctcececcatccggggcageggggaatggectgageccaggggttecgecgeecccecgecgecgece

.gccgccgcecgcecgecgecgecgecgeccgctttecggetecgggectcaggaccgtagecatecctgaga

cattttgaattgacacttctcaagatttgactggatcagagttcatcatg
(Seq ID No: 375)

Homo sapiens transmembrane 9 superfamily member 2 (TM9SF2):
cttcctttatctctggeggecttgtagtegtecteccgagactecceccaccectecttecctettgace
ccctaggtttgattgecectttccecgaaacaactatcatg (Seq ID No: 376)

Homo sapiens cytosolic iron-sulfur protein assembly 1 (CIAOl):
gagcctctgtcggeccgcggaagectggagtgggecggtacgcagacgegegecggtgagaccecgcetgt
ctgctcagcggactctgeccecgeccceccaccteeccctgegtcgggecgacatg

(Seq ID No: 377)

Homo sapiens GRB2-related adaptor protein 2 (GRAP2):
caccctctttcagagtggtacatggaagacagcacaaagtggatccatactctgaaatgcagtaac
tctgatgcttgaatttgtctcecttcttgccagaaaggattctaataactecggtgtcaaagccaag
acataaactcaaccccttctcttccaaaagecttcacgttacagcatg (Seq ID No: 378)

Homo sapiens leupaxin (LPXN):
gtacctttctcggggtgtctgecgtaactgecccagacttgecttggtttggtcagatgacacctect
ctgggactggctagccagecgttcatg (Seq ID No: 379)

Homo sapiens SH3-domain binding protein 5 (BTK-associated)
(SH3BPS) :
tttcctctgctcececgecgeggecggaggtatececgecatecggegagetgegteteccgggtgtcggecce
cggcggctcececcgaccgtgeccggetgtggecgaggecggctccageccagectgtggcagecgegac
ccececggggegeteccggageccactgegeggegecgegtgecggetgectgeatg

(Seq ID No: 380)

Homo sapiens phosphatidylinositol glycan anchor biosynthesis, clas
s B (PIGB): ctttcttccgccttaggaaggtggcggeccagggatg (Seqg ID No: 381)

Homo sapiens lipopolysaccharide-induced TNF factor (LITAF):

cggcccttttcteggggcgecccgagaggeccagctcagacctececggetcgacaggecggcgcgggcyg
gcggtgagtgcggcgecggggacgecggggcgeggggaccagegggagacageggggggecggtgge
gccagcacctgctgggggecccecgggecactgagececttggectggggectecctgggatgecagggggce
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gcgggtcgggtegegggcatecgaggegecggcggagggcgtgggggeccggecggggcggggtecgg
cctcccagegcetggteccggecgegtecteccggttgggttcagetectgegteccagagtggeccga
tcgcgcgtggcggggtcgtccggeccccaccegaacgagegeccttegeggeccgecgegtecccce
tcccececggagaggacggceccctgggcectttttagaaaaaggecgecgattctetctagtgactcaggttyg
agatttccagaaatatcccccgggggttcagaaacaaaaccaaaacaaacaaaaaaaccccaacga
attcccaaatgctatttgccaaacatttgacttctaggggcgegggtaccegegtttctetecectyg
ccceccecgegacttecgecgcaagatccgggaaggacacccgaggcecccectgggagaccctggggaggtga
aaatcagagagcgaagcgggccgtggecccecctaggcectgacccctceccececcgeggggtaaggecgggeac
ccegcgagcegcaggggtectcettactgetgatggcacccagectctgggeccagacgecgectcaccg
tccaccgeecggtgetgggtaaaatg (Seq ID No: 382)

Homo sapiens etoposide induced 2.4 mRNA (EI24):
ccacccctteggcectcectgggeccecgectecgtggtgeecggetggttettegegetecgeccgacttecce
agcggcccecgtgecggeccgggcatgeccagtgecgggecgcageggecccggcecctggaagecgecccyg
gcggagcectggectgeggtgggetaggggcagggccggageecgeggeggceggagetgtggatecttce
atgatgagagatttggggacacttctctctecctgtgtgtagttgatagtttggtggtgaagagatg
(Seq ID No: 383)

Homo sapiens chromosome 14 open reading frame 2 (Cl4orf2):
tgacctttccgagttggctgcagatttgtggtgegttctgagecgtectgtectgegeccaagatg
(Seq ID No: 384)

Homo sapiens peroxiredoxin 6 (PRDX6):
attcctccgecgegectgggacaggctgettecttecgeccagaaccaaccggttgecttgetgtecccageg
gcgccccctcatcaccgtcecgecatg (Seq ID No: 385)

Homo sapiens solute carrier family 29 (nucleo-

side transporters), member 1 (SLC29A1):
ctctcttccgececcggecggeccacaccggtcaggeccggegegggctgegetectecagetgtggceta
tggccccagcecceccgagatgaggagggagagaactaggggcccgcaggcectgggaatttecgtecce
caccaagtccggatgctcactccaaagtctcagcaggecccctgagggagggagectgtcagecaggg
aaaaccgagaacaccatcaccatg (Seq ID No: 386)

Homo sapiens heterogeneous nuclear ribonucleoprotein F (HNRNPF):
cgaccttcctgccgggeccgggecggtccgaggetgetggagtgececgtgagcaggecgegggaacgte
gccgtcaccttgtctecggggectcecggegetgetteccgecaaaacacgtttaccgecgecgeeccggge
ctcccaccttgcggaagggaccccaccaccacttggatttectgttgcaggttgagaacaaaaacat
gcacctggagtttccccecggagceccecctcectgegtggttgagettecggtggaatttecggggectecttggcet
gccagccgcgcecttgectggtagcaacagaaaccagtcctgectecgecteccgtggacatttcattacc
atccagaagtgtctcccactgaaggcatccgtggttgtttttaagccacaaaaaagccacacccaa
gatcacctgacacccaccctgacaagtgtccatg (Seq ID No: 387)

Homo sapiens islet cell autoantigen 1, 69kDa (ICAl):
ccgeccceccttteectegectteggetgacgetgacgtecggatgagtgatceggagggacgctceccgac
cgcggccgggaggctectgggggeccggggetccgaggttataatataacttatectetcatgettt
tttcctgcccecttcectececcaaatcatcaacaatagaagaagaagaaaacatg

(Seq ID No: 388)

Homo sapiens PWP2 periodic tryptophan protein homolog (yeast)
(PWP2) : gtgtctctgtgggcggccgeccgggttgagctgcggcacacgtgecgacggeecgtgatg
(Seq ID No: 389)

Homo sapiens glutaminyl-tRNA synthetase (QARS):
gtttcttttagtttccggtgtctectgcaatg (Seq ID No: 390)
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Homo sapiens stearoyl-CoA desaturase (delta-9-desaturase) (SCD):
cggcctctgtectectceeccccteccgeccttaccteccacgecgggaccgeccgecgeccagtcaactect
cgcactttgccectgcttggcagcggataaaagggggctgaggaaataccggacacggtcacccgt
tgccagctctagcectttaaattcccggeteggggacctccacgcaccgcggctagcgeccgacaace
agctagcgtgcaaggcgccgcggctcagecgegtaccggecgggcttcgaaaccgcagtectceccggeyg
accccgaactccgctceccggagcectcagecccctggaaagtgatccecggcateccgagagecaagatg
(Seq ID No: 391)

Homo sapiens fragile X mental retardation, autosomal homolog 1
(FXR1) : cggcctttgcggttccaacatg (Seqg ID No: 392)

Homo sapiens musculin (MSC):
tagccttttcaaaaggcgcagcecttaccgecggtgecgecgeggattctggacttgggegeccaactegta
gtccacgctcceccggggtcagcagaggggcgctcacgectctecgeccaccecacctegetttectecaccece
cgcgcttcceceggectgggtttttagtectteccttggagegetctetggecteecgecteccgecaggga
gcggaaggcggagacagcgagactggccaggggggaggaaagaggacgcgtgtgggcaagggggac
aacgggatg (Seq ID No: 393)

Homo sapiens RNA binding motif protein 8A (RBM8A):
cgacctttceccctcectgecgacagtttecccgaggtacctagtgtectgageggcacagacgagatcectceg
atcgaaggcgagatg (Seq ID No: 394)

Homo sapiens heparan sulfate (glucosamine) 3-O-sulfotransferase 1
(HS3ST1):
ggtcctctgcgecctggcageccaggagtcgeccgeccacgaccgecgggtctcagtgggtgectgegce
cttctcccecgeccgectgececegggecatccagaaacttgectctaccecgecgegggtgectecggcag
tgctgcccatggcecccagceccaggagectatttagggegececggacgggetggacagaggegeggcete
agtaattgaaggcctgaaacgcccatgtgccactgactaggaggcttecectgctgeggecacttcat
gacccagcggcgcgcggcccagtgaageccaccgtggtgtccagecatg (Seq ID No: 395)

Homo sapiens solute carrier family 12 (potas-

sium/chloride transporters), member 6 (SLC12A6):
ctgtctcttgtaggcagggatcacagtctgaaacgacagcaaggaagaggtaggcagggaaaacta
actggaaggaagtttaaatacagaaagagcaaagtattatctaactataacaatg

(Seq ID No: 396)

Homo sapiens apelin receptor (APLNR):
cttcctceccagggtctggagaacccagaggcagctcecctecctgagtgectgggaaggactctgggeatce
ttcagcccttcecttactctectgaggctcaagecagaaattcaggctgettgcagagtgggtgacaga
gccacggagctggtgtccctgggaccctcetgececgtecttectectecactecccageatg

(Seq ID No: 397)

Homo sapiens calpain 1, (mu/I) large subunit (CAPN1):
cgctcecttecectggttgggecctgececctgagectgeccaccgggaagccagectcagggactgcagegac
ccccaaacacccctcccecccaggatg (Seq ID No: 398)

Homo sapiens cyclin C (CCNC):
cttcctttegecgtegeecgecgeggageggagtcgagecgagetgatttgatcgaggagecgeggtt
accggacgggctgggtctatggtcgectccgegggeecgectecgecggetggtgettttttatcaggg
caagctgtgttccatg (Seq ID No: 399)

Homo sapiens glutamate dehydrogenase 1 (GLUDL):
cttccteecctagtecgecggggagtectgagaaagecgecgectgtttcgecgaccatcacgecacctecect
ccgcttgtggccatg (Seq ID No: 400)
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Homo sapiens guanine nucleotide binding protein-like 1 (GNL1):
cctceccttectegecgececggggegeccteteggtgeccactggcectetcacgtgecagtageccaccce
gcatcatcctctcgectegectectggagggaagtgactatatcteeccecegtecgecttecategece
gccgcecggcecggtaattetgtecgggeccgececgetgacgtcacctgectageeeccgectectectagggt
cccgggcecccectgeggegggggetgececggggggcagtcagttgaggeggecgggagetcggeggag
ggcgggccaggtgactggtccgggeccatg (Seq ID No: 401)

Homo sapiens lysophosphatidic acid receptor 4 (LPAR4):
aggcctttttgtgtectgtttgctaaaggcatgecgggctacagcattcaagagagggagtcgttaa
caaagggaaagagataaatgtaaataagctcacatttacagaatgagcggtttgcagtaaaaagcect
gcggcagcccagagtctgctactttaggectgggctaacctttcectgtaaaaaaaaaaaaaaaaaa
aaaaaaaaaaaaatggataaaaatatgcacttccaaagggcgagttgcccatttacatgtttatta
gctaattatctacaggcatcagcacattctctcatctagcacactctttcttggggaggaaaatat
ttcctaccggtccatagtgtcagagtggtgaacccctgcagccagcaggecctcctgaaaaaaaagt
ccatg (Seq ID No: 402)

Homo sapiens G protein-coupled receptor kinase 5 (GRK5):
gctcctctttgcagagggggaaactcttgggctgagagcaggaataatgecggtaggcaaggcgggce
tgctggctcceccececggeteccggecagecagecggcggcagcecccgagcagcggcagcagcagcggcageac
cccaggcgctgacagcccecgecggecggcectceccecgttgetgaccgecgactgtcaatyg

(Seq ID No: 403)

Homo sapiens glutamic-pyruvate transaminase

(alanine aminotransferase) (GPT):
agccctttctgtcectcececcagtgaggeccagetgeggtgaagagggtgectetecttgectggagttcee
ctctgctacggctgceccccctcecccagececctggeccactaagecagacccagectgtegecatteccac
ttctggtcctgceccacctcectgagectgectteeccgectggtectgggtagagtcatg

(Seq ID No: 404)

Homo sapiens hydroxyacyl-CoA dehydrogenase (HADH):
gggtctcctcgctgtcgecgececgetgeccacaccatg (Seq ID No: 405)

Homo sapiens high density lipoprotein binding protein (HDLBP):
tcttctectttaccaagatggcggettgtecctgtttegecacagttecctaccttatgagecteggt
tttcttatgcttataagagtggaacagcaaaagctggcaggctgacagaggcggcecctcaggacgga
ccttctggctactgaccgttttgectgtggtttteccggattgtgtgtaggtgtgagatcaaccatg
(Seq ID No: 406)

Homo sapiens histidine triad nucleotide binding protein 1 (HINT1):
gttcctcececcttcettecgagectcectectectggecgeecgegegggagagaggccgagatyg
(Seqg ID No: 407)

Homo sapiens heat shock 70kDa protein 1A (HSPALA):
ctacctttttcgagagtgactcccegttgtcccaaggcttcccagagcgaacctgtgeggetgcagg
caccggcgcgtcgagtttccggegtccggaaggaccgagetettetegeggatccagtgtteegtt
tccagcccccaatctcagagcggagccgacagagagcagggaaccggecatg

(Seq ID No: 408)

Homo sapiens nucleolin (NCL):
cagtctttcgcctcagtctcgagectctecgectggecttecgggtgtacgtgetececgggatcttcagea
ccecgeggcecgecatcgeecgtecgettggettettectggactecatctgegecacttgtecgettcaca
ctccgcecgcecatcatg (Seq ID No: 409)
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Homo sapiens nuclear factor, interleukin 3 regulated (NFIL3):
ccgecceccecctttetttectectegecggeccgagagcaggaacacgataacgaaggaggceccaacttcea
ttcaataaggagcctgacggatttatcccagacggtagaacaaaaggaagaatattgatggatttt
aaaccagagtttttaaagagcttgagaatacggggaaattaatttgttctcctacacacatagata
gggtaaggttgtttctgatg (Seq ID No: 410)

Homo sapiens protein phosphatase 1, regulatory subunit 3C
(PPP1R3C):
cagtctctcccagcgaccgecgecgggggcaaggectggagetgtggttcgaatttgtgcaggcagce
gggtgctggcttttagggtccgecgectctectgectaatg (Seq ID No: 411)

Homo sapiens protein tyrosine phosphatase, non-receptor type 14
(PTPN14):
agttctttccaactttttctcggcggagtgagcgcagecgggcgcagactecgggggcaggttgetgt
gcttctcecgggectcagecgectgetcectectggectcaggtecctcggggagecctagacagacatcaa
gtggccactggcgctcecctteccectecccagetgagecatectecececggectectegggecgggacage
ccecgtgecttaggtttttcectecttttcectececcceggtgegectetgetecggactetegegecgggatce
gcggcggaaacctcectcececcectttegectectgeggectectteccttegecectectecgecagte
actggaatcaattccgtggggaatcggctcecgeccgececgegaaggacagecttteccgegegggacte
cggggcgccacgggggccatgtaagcagctatcttccagagggccacactgggcatggacaccectt
ttccctgectggaggagcacaggtgatagtgtaatttteccagtcacgaaactgectaaggecatcte
aggggcgtgtgcgccaggataggcgggcggcgtceccgaggaccacatagecatg

(Seq ID No: 412)

Homo sapiens selenoprotein P, plasma, 1 (SEPP1):
ctttcttttaagttgataacaatcagctcaggggtttgctctgecttgcaaggtcactgcaagaatg
aacattgaactttggactatacctgaggggtgaggtaaacaacaggactataaatatcagagtgtg
ctgctgtggctttgtggagctgccagagtaaagcaaagagaaaggaagcaggcccgttggaagtgg
ttgtgacaaccccagcaatg (Seqg ID No: 413)

Homo sapiens serine hydroxymethyltransferase 2 (mitochondrial)
(SHMT2) :
agctcttctcgcecgecatgegttctecgaacggtettettecgacagettgectgeectagaccagagt
tggtggctggacctcctgegacttccgagttgegatg (Seq ID No: 414)

Homo sapiens tyrosine kinase with immunoglobulin-like and EGF-like
domains 1 (TIEl):
tttcctcecttecteecccagcaccgacccacactgaccaacacaggctgagcagtcaggeccacagceca
tctgaccccaggcecccagectcecgtcecctggetggectgggteggectctggagtatg

(Seq ID No: 415)

Homo sapiens coiled-coil domain containing 6 (CCDC6):
cctecttteccccagececgecgeggecatg (Seq ID No: 416)

Homo sapiens nuclear receptor coactivator 4 (NCOA4):
ggacctttcgcactcgggtcaggggtaaagcagcctgtegettgececgggcagectggtgagtecggtyg
acctggcecctgtgaggagcagtgaggagaatg (Seqg ID No: 417)

Homo sapiens chromatin assembly factor 1, subunit B (p60)

(CHAF1B) :
gtgcctctgactgtccgggtccecctccagecattttgecagetttctectgtettgaagaagtagaacyg
gtgcccgagaaacgtttttccceccttcgagactcaggaggatgaaagtcatcacttgtgaaatagcee
tggcacaacaaggagcccgtgtacagcectggacttccagecatg (Seq ID No: 418)
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Homo sapiens 3'-phosphoadenosine 5'-phosphosulfate synthase 1
(PAPSS1) :
agccccgecccgcetcecgectggectgecctectettgetaceceteccggegcagagaaccececggetge
tcagcgcgcteccgeggtcatg (Seq ID No: 419)

Homo sapiens Fas apoptotic inhibitory molecule 3 (FAIM3):
tgccctectettgectacccteeccggecgcagagaaccecggetgetcagegegectecgeggtecatg
(Seq ID No: 420)

Homo sapiens N-acetylated alpha-linked acidic dipeptidase 2
(NAALADZ2) :
cagcctcctgccagegegetctectgtttetectgecageccecgaagectecgecgaatgtagcaggcgece
caagctcggtcctcaagaagccatggecggaatccaggggecgtectgtacctttggatgtgettgge
tgctgcgctggcatctttcctgatgggatttatggtgggtaagt (Seqg ID No: 421)

Homo sapiens abl-interactor 1 (ABIl): ctgtctctttaacgcgagaggaag-
cgatgcagaggggtggaaaatg (Seqg ID No: 422)

Homo sapiens potassium voltage-gated channel, Isk-related family,
member 3 (KCNE3): '
cttccttttctgecttectctectgetttectagetectgggetttececcagecteccgaagtcaatactga
gatcccagatgtgtccagagacatcctgaagaggctcgggggtggaggageccttagtgtgtccaca
aagggactcctgaaactgactgagagccagt (Seq ID No: 423)

Homo sapiens target of mybl (chicken)-like 1 (TOM1L1):
ggccctctggcgctaccatg (Seq ID No: 424)

Homo sapiens ubiquitin-like modifier activating enzyme 2 (UBA2):
cgcccttececccacccecgetteecggecgeggectecggttectececgecteccgectecgecgeggetegt
ggttgtcccgccatg (Seq ID No: 425) '

Homo sapiens scavenger receptor class B, member 2 (SCARB2):
ctccctecttgcagttggatcecctggecgggtgecggeccggececggeccgtgageggegcacagaat
g (Seq ID No: 426)

Homo sapiens insulin induced gene 1 (INSIG1):
actcctectttecccececgececcgecteecgttecggagagecggecgggcecgggegecteteggccaggaa
gcgcctcttggacgcgtgtgaccgatg (Seqg ID No: 427)

Homo sapiens kinesin family member C3 (KIFC3):
aggcctcttctgaggctctaggtgeccccagtagcagggccttctgecagcaaggecgggaactgetyg
caccattggtgtgttttaccttaagggactccaggcagcttccttgetgggaagatattcatttge
tggggtggggctgggggtgcagaggtaggaagtgctgtggectagaaggeggcectggccagegagta
ggtggtggagcgagtgagagcgtgtgcgctgtaaacagtgtgagtgcatyg

(Seq ID No: 428)

Homo sapiens LIM domain kinase 2 (LIMK2):

aggcctcttectgaggctctaggtgcecccagtagcagggceccttctgcagcaaggecgggaactgetg
caccattggtgtgttttaccttaagggactccaggcagecttccttgectgggaagatattcatttge
tggggtggggctgggggtgcagaggtaggaagtgctgtggctagaaggcggecectggccagcgagta
ggtggtggagcgagtgagagcgtgtgcgctgtaaacagtgtgagtgcatgtgcgeccagegegtgea
aggacacggtaagggatgtacatgtattgtctcgtgagtaagagcttgtgtgtgtgttgggatggg
aagacacgtactggtatgagagcccgcgtgagaagtgtatgtgtgagtactcgecgtggaagttttg
cactcgggtttgaggctgtgcaaaagtacgcatggctcaccaggtgtggggctgtgtgggetgect
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cgtgtgtgccagecccgtgtgcaggectgttttgtgagagecttcagggaacgecatgagcacgtgtyg
ccagtgcgagtgcgggacgcggggaggcgggagagaccgagtgggaggccccgcgaaggagtggga
gtgggagtgggagtgccggcgggagacctgcgggggcgegeccgggctgacgegtgegegecagtg
cgcgtgagtgcgggegcgcgecgecgeccecccecgecggggtcggagecggttgecatgggaacgcge
cgcggcccgagttaatcatttectgtggaaagtgtgcgggaggggcgecgagegggctggecgagga
ggaggcggcggcgtggagctgectcecctgecggegggccgggccgggccgagececcgggegetgcegg
cgacgcctggatcctgcectececgeccaggecggetgectggtgecceccgaggaggctgctgagecececcag
gccatg (Seqg ID No: 429)

Homo sapiens lectin, mannose-binding, 1 (LMAN1l): cctcctccgegttcca-
gaatccaagatg (Seqg ID No: 430)

Homo sapiens MRE1l meiotic recombination 11 homolog A

(S. cerevisiae) (MREl1lA):
cgttctctceccgeggaattcaggtttacggecctgecgggttctcagaggcaagttcagaccgtgtt
gttttcttttcacggatcctgecctttecttececgaaaagaagacagecttgggtcgegattgtggg
gcttcgaagagtccagcagtgggaatttctagaatttggaatcgagtgcattttctgacatttgag
tacagtacccaggggttcttggagaagaacctggtcccagaggagcttgactgaccataaaaatg
(Seg ID No: 431)

Homo sapiens nascent polypeptide-associated complex alpha subunit
(NACA) :
cttccttcetgcaacaggcgtgggtcacgctctcecgectecggtetttectgececgecatcttggttececgeg
ttccetgcacagtaagtactttcectgtgecgectactgtcectatecgcagecateccgectttetttegg
gctaagccgccccggggactgagagttaaggagagttggaggctttactgggccacagggttecta
ctcgcccectgggectceccggacaaaatggggtcectgeggttggtgtectggcaaaagcagggtagaag
ggctgcggggcgggcccagaatccgagcectgcagagatgggagcagttgecagtgttgagggeggaa
gaggagtgcgtcttgttttgggaactgcttcacaggatccagaaaaggaaatg

(Seqg ID No: 432)

Homo sapiens claudin 11 (CLDN11):

cgcceccecttegecgctgagetegecagectecggegeccacctceccacctccagtgteccecgectcecgggcec
gtcgccctccagcggctcecgecgagegtgggagacgtacctgggcaggcactgtccageccaggecca
ggcacagccgtgaggggcgaggcacggggacatcctggeggccaccatg (Seq ID No: 433)

Homo sapiens retinoblastoma binding protein 4 (RBBP4):
ccgcecctceccgcaacgctecgaccccaggattcecccecggetegectgeccgecatg
(Seq ID No: 434)

Homo sapiens acyl-CoA synthetase medium-chain family member 3
(ACSM3) :
ccctcettcectttagactgecacgaggaaaaagcagatgtgagaactcaaggttcagggetgetctte
taagaaacaagtctgccataatctccatctgtgttggaatctgttaactaatgaactggtctctgt
gcaaatcctgagtgctaaagcttccaacaagactgatg (Seq ID No: 435)

Homo sapiens syndecan binding protein (syntenin) (SDCBP):
cgctctcttacactecgggectcagaagtcecgtgeccagtgaccggaggeggeggcecggegageggtte
cttgtgggctagaagaatcctgcaaaaatg (Seqg ID No: 436)

Homo sapiens serum/glucocorticoid regulated kinase 1 (SGK1):

agtccttctcattccttgeccecgeccaaggctcectettcaccttececcgegggggtectetegttt
tctgtctcccaaatgetggcttececgecttteccteccececgettatttacttaattaaggececctggg
gctgcaccccaccggcagcectecttecgggggtgtggecgaagagectccgagggcggggectgacecgag
ccatattcgggcgtggeccggtggtgattggtgagggecggggectgecgcagggggcggggectgea
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ggtttggcccccgcagggagecgcagetggecgecgcectgggagetggtggegeggegecaggtcecececgge
cgagtgtggcgcagcagtggcggecgcttcccattecgeccatgegecgggggtgggtgecccgaaggtt
gcatgatggaatttgaacattacttcaagaggttttgtattttggattagttaattgggtttgtcc
tctgectgactgtttecttecggatgecattttttggtgtgectecttgagggattaaatg

(Seq ID No: 437)

Homo sapiens Wolf-Hirschhorn syndrome candidate 2 (WHSC2):
cgtccttcecggetcecteggetttgecacaaagettceccgaagacgecggecgectacccggagacgcgg
tcgccacccagaagegcectctecececgggaagecccgectegtgggaccgegeccacctgegecgectetyg
cggccecgcageccgacgggcecgcecgcecatgttggggtectagecgagggacgecgtaggtgtcecttecata
agatg (Seqg ID No: 438)

Homo sapiens nuclear receptor subfamily 1, group H, member 3
(NR1H3) :
cagtccttttgcaagagctgctaagagcgctgggtaaggagaggaaggggagagacatggaacttg
gctggtctgcagggaaatgccactgttttggccgggagtagggggcgggagtggcgggagaggggyg
tggccggectggggaggagecagectggtggagaagetgecctgtgggegggggtgaggaggggagyg
gctgtggtcaccaggcaggaaggaggggtggcctgaccecctecggcagtcecectecccctcagecttte
cccaaattgctacttctctggggctccaggtectgettgtgectcagecteccagetcactggetggece
accgagacttctggacaggaaactgcaccatcctcttctcccagcaagggggctccagagactgcec
cacccaggaagtctggtggcctggggatttggtgggtetgectecttag (Seqg ID No: 439)

Homo sapiens glypican 6 (GPC6):
Ccctcctttctcectteectettgecteccagtgactgtcteccaggatttectetettectatttcagga
ggactctcacaggctcccacagectgtgttaagctgaggtttecectagatctecgtatatcecccaa
cacatacctccacgcacacacatccccaagaacctecgagctcacaccaacagacacacgcgegceat
acacactcgctctcgettgtccatctcectececcgggggagecggcgecgegecteeccacctttgeege
acactccggcgagccgagceccgcagegctccaggattectgeggectecggaactecggattgecagetcet
gaacccccatggtggttttttaaacacttcttttecttectcttectegttttgattgcacecgttte
catctgggggctagaggagcaaggcagcagccttcccagccageccttgttggettgeccategtcece
atctggcttataaaagtttgctgagcgcagtccagagggctgecgectgetegteccectecggetggea
gaagggggtgacgctgggcagcggcgaggagcgecgecgectgectcectggegggetttecggecttgagg
ggcaaggtgaagagcgcaccggccgtggggtttaccgagctggatttgtatgttgcaccatg
(Seqg ID No: 440)

Homo sapiens peptidylprolyl isomerase F (PPIF):
cggccttcectgggecgecgegegacgtcagtttgagttectgtgttctcecececgeccgtgtecccgeccgac
ccgcecgeccgcgatg (Seq ID No: 441)

Homo sapiens ARP1 actin-related protein 1 homolog A, centractin al
pha (yeast) (ACTR1A): agttccttccccagaaggagagattcctctgecatg
(Seq ID No: 442)

Homo sapiens tripartite motif containing 28 (TRIM28):
ggctctttctgecgagecgggcgecgegggegageggttgtgecttgtgettgtggegegtggtgegggt
ttcggcggcggctgaggaagaagcgcgggecggcgecttcgggaggecgagcaggcagecagttggecg
tgccgtagcagcgtccececgecgegeggegggcagecggeccaggaggecgegtggeggegeteggecteg
cggcggcggcggcggcagecggcececcagcagttggeggegagegegtetgegectgecgeggegggecc
cgcgccecctecteececeecctgggecgeccecggeggegtgtgaatg (Seq ID No: 443)

Homo sapiens amincadipate-semialdehyde synthase (AASS):
cggccttccatcceccagtttcttctaggaattcggagectcecececctgcagegactecggaagattecgag
gcggcgggggacaagtcggecgecccagagecggacgagtcaccaggtgtecaagatg

(Seq ID No: 444)
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Homo sapiens cornichon homolog (Drosophila) (CNIH):
ccgccttteteecgectggecaacggegecgetceccecgetectectecccagecatg
(Seq ID No: 445)

Homo sapiens M-phase phosphoprotein 10
(U3 small nucleolar ribonucleoprotein) (MPHOSPH10):
ctccettecccttgecatgectgecattgtgtcgggagttgectgacageccatg (Seqg ID No: 446)

Homo sapiens ubiquitin specific peptidase like 1 (USPL1):
ccgccttectagtggagacgcgagtgggggaggagcagtccgaggggaacgtgggttgaacgttge
aactagggtggagatcaagctggaacaggagttccgatcgacccggtaccaagaaggggagtgecc
gcggcagggttcattgaaaaaatccttagtgatattgacatgtctcaagtgacataaattagccaa
tgactcggaatg (Seq ID No: 447)

Homo sapiens solute carrier family 23 (nucleo-

base transporters), member 1 (SLC23Al):
tggcctttgtcaagtcatccecectettectecctcaggaactgctcaaacctgtgeccccaaagatg
(Seq ID No: 448)

Homo sapiens splicing factor 3b, subunit 4, 49kDa (SF3B4):
ggatctctttcgccatg (Seq ID No: 449)

Homo sapiens Dnad (Hsp40) homolog, subfamily A, member 2 (DNAJA2):
ctgtctcceccteggectgtgeccgecgecgacgecgettgtgggececgacteecgetetgtetgetteg
ccaccttctcceccgagecactgecececggecggecgecatg (Seq ID No: 450)

Homo sapiens calicin (CCIN):
catcctctctteccaccctctecttcecteectggtcaaccgectctgcaaacaaccatcaatctgatcecce
acaggcctgagaaagtctgctcteccagtacctgectgetgatectgtttcageccgacaagaggcacca
tg (Seq ID No: 451)

Homo sapiens mannosidase, beta A, lysosomal (MANBA):
ctgcctttcgatctctceccacatcteggtggegegggatctcaagatg (Seq ID No: 452)

Homo sapiens microtubule-associated protein 1B (MAP1B):
aatcctttctcctgeccgecagtggagaggagecggccggagecgagacacttcgecgaggcacagecage
cggcaggatg (Seq ID No: 453)

Homo sapiens malate dehydrogenase 1, NAD (soluble) (MDHI):
gagccttttctcgctaacaccgctecgecctectccgagtcagtteccgeggtagaggtgacctgacte
tctgaggctcattttgcagttgttgaaattgtcccecgecagttttcaatcatyg

(Seq ID No: 454)

Homo sapiens microfibrillar-associated protein 1 (MFAP1):
gtttctctatcagtcgcgcagetgtgttcgecggactcaggtggaaggaatttettctecttegttga
cgttgctggtgttcactgtttggaattagtcaagtttcgggaatcaccgtecgetgecatcaacatg
(Seq ID No: 455)

Homo sapiens chaperonin containing TCP1l, subunit 3 (gamma) (CCT3):
ggttctctctctccagaaggttctgeccggttecccccagetectgggtaccecggetectgecategegtce
gccatg (Seq ID No: 456)

Homo sapiens tubulin, alpha la (TUBAlA):
caacctctcctcttegtctececgecatcagectecggcagtcgecgaagcagcaacecatg
(Seq ID No: 457)
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Homo sapiens CD164 molecule, sialomucin (CD164):
ctttctcccgaacgccagecgectgaggacacgatg (Seq ID No: 458)

Homo sapiens cysteine-rich secretory protein 3 (CRISP3):
ctctctctgcaccttecttctgtcaatagatg (Seg ID No: 459)

Homo sapiens SMYD family member 5 (SMYDS5):
cggcctccatgtgcgacgtgttctecettectgegtgggegtggecgggeccgecgegegggtetecgtgg
aagtccgtttcgtgagcagcgccaaggtgaggtcggggecgggtectgeccgggagectcteccecccagt
ccggccatg (Seqg ID No: 460)

Homo sapiens kelch repeat and BTB (POZ) domain containing 10
(KBTBD1O) :
ctgcctttttacagctagacctgtgtgctgcaaggagctaaggeccttcagtgtcecececttecttacce
caggtttctcacagaatg (Seq ID No: 461)

Homo sapiens aldo-keto reductase family 1, member Al (alde-

hyde reductase) (AKR1Al):
ccgccccttgecaccgceccacgtggeccagecgecacctgectcattgtgecccaggagttctccaaacc
cgcgctgcggagtgagtgaccaagttccggccagttcgacctcgaggatccagaggtggagacggt
actacctcccagctctgttttccateccccttcaggtecttecctecgggaggecggcgaaggecggtceca
ccctgcgegtgatcctttatgeccggecccectgecectecctececgggtggaactteccecectcaccgce
cagacttaagctgaggatcgttggatctctggcggggtgcagaactgagcccaggccacagtacce
tattcacgctctgtgcttgtgccaaggtttcaagtgatcctcececgectcagectgeccaggtgetg
agattacatgtatgagccactgcacctggaaaggagccagaaatgtgaagtgctagctgaaggatg
agcagcagctagccaggcaaagggggcaatg (Seq ID No: 462)

Homo sapiens TRK-fused gene (TFG):
tgttcttcecccacctgeccacgtacagagecccaagttctegectaggettgttgggtcagegegatt
ggccggggcccgegegagectgcgagegaggtgeggeggtcgegaagggcaaccgagggggcegtyg
accaccgcctccececgecgacgceccccagtceccagtggectcgegtecgeccattcagecggagacctgcecyg
gagaggcggcggccgcggcectceccgcaagecgtetttectctagagttgtatatatagaacatecectgg
agtccaccatg (Seqg ID No: 463)

Homo sapiens 3'(2'), 5'-bisphosphate nucleotidase 1 (BPNTL1):
catccttctcaaaagacttattgacagtgccaaagctecggtactggacacaacgagggacctgggt
ctacgataacgcgcttttgctcctectgaagtgtctttggteccaacgttgttccagagtgtaccat
g (Seqg ID No: 464)

Homo sapiens guanine nucleotide binding protein (G protein):
ttttctctectectcetttcactgcaaggcggecggcaggagaggttgtggtgetagtttctctaagcececa
tccagtgccatcctegtegectgcagecgacacacgctctcgecgecgecatg

(Seqg ID No: 465)

Homo sapiens major histocompatibility complex, class II, DM alpha
(HLA-DMA) :
caccctctcggggagggagttggggaagctgggttggectgggttggtagectectacctactgtgtyg
gcaagaaggtatg (Seq ID No: 466)

Homo sapiens transmembrane protein 50B (TMEM50B):
tctececttectgegegegegectgaagtecggegtgggegtttgaggaagectgggatacagecatttaa
tgaaaaatttatgcttaagaagtaaaaatg (Seq ID No: 467)
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Homo sapiens lactoperoxidase (LPO):
cagtctttcctgctaagcctcagecgtctectccaageccacatcaaaatctttecttetgggecttt
cccagaagtgaattcttgctggaaggtataaaagaccagctcctccaagcagagcaactccecctgge
tgccgtgaaaagacaaggcactgggcagtgatg (Seq ID No: 468)

Homo sapiens NEL-like 2 (chicken) (NELL2): ctgcctttacaacagaggga-
gacgatggactgagctgatccgcaccatg (Seq ID No: 469)

Homo sapiens nucleobindin 1 (NUCB1l): cgccctctgcggtgaaggagagacca-
cactgccatg (Seq ID No: 470)

Homo sapiens paired box 9 (PAX9):
aagcctctttcatcggggcacagacttecttttacttctteccttttgecctctegectectectcee
tgggaagaagcggaggcgccggecggtcggecgggatagcaacaggecgggccactgaggeggtgeg
gaaagtttctgtctgggagtgcggaactggggccgggttggtgtactgectcggagcaatg

(Seq ID No: 471)

Homo sapiens cyclin-dependent kinase 16 (CDK16):
cgccctttattcttgctecggectegecacagagagcaaatcagattggectgggcgacaacctcaaa
gggcggggctgcacacgttcactacgggaatgaggtagcggtggagggggcagttgggecggggata
ggccgtecctagctaaggtggtaaaggccaataactcecttcaggctgectcectectecgaaaagtcatcet
tctcgcgaacctttaaaatgcecttectccecccaagecacctcaagggactagaactgagtgecttecatt
tgtcttttttccteccttgcaaaagtceccgtttgeccaccatggggatgtaccaagtgagaccgagta
gggggaacgagtggtgattgacgcgccaggttactggccactgctcacctaggcgctagcaaactt
ctgccaagatcggaactgagtactaaacagcctccacagttctccctggtgecgtectecggettgg
cgccgcatcctectectgggctecgecgatggecgegtecectececgetgeggacgggtectttggtac
atg (Seq ID No: 472)

Homo sapiens serpin peptidase inhibitor, clade E

(nexin, plasminogen activator inhibitor type 1), member 2 (SER-
PINE2) :
ctgcctctttecggectgtgaccctecctcecgeecgecgeecgettggectgegtectecgactecceccgege
cgccgagaccaggctcccgetececggttgeggeecgecaccgeccteccgeggeegeccectggggatcece
agcgagcgcggtcgtecttggtggaaggaaccatg (Seq ID No: 473)

Homo sapiens pancreatic lipase-related protein 1 (PNLIPRP1):
aactcctttcccecctgectgtgacgtacaggtgaggtaaacagtactgaagtccagggcgtceggtge
tcactgctctggcaatgcccggtgagactgaattatgtttaaatttattgtagatg

(Seq ID No: 474)

Homo sapiens peripherin (PRPH):
ggctccttcccagecccececggectagetectgecgaacggtgactgeccatecttggecgecaatyg
(Seq ID No: 475)

Homo sapiens RAD21 homolog (S. pombe) (RAD21):
gacccttttecectececcgggecacccageccgceccaactececcagecggagagcaaggttttettcet
gttttcatagccagccagaacaatg (Seq ID No: 476)

Homo sapiens signal sequence receptor, delta (SSR4):
ttttcttttectctaggcagagaagaggcgatg (Seq ID No: 477)

Homo sapiens tissue factor pathway inhibitor (lipopro-
tein-associated coagulation inhibitor) (TFPI):
ctccctetttgctctaacagacagcagcgactttaggctggataatagtcaaattcttaccteget
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ctttcactgctagtaagatcagattgcgtttctttcagttactcttcaatcgecagtttcttgate
tgcttctaaaagaagaagtagagaagataaatcctgtcttcaatacctggaaggaaaaacaaaata
acctcaactccgttttgaaaaaaacattccaagaactttcatcagagattttacttagatg

(Seq ID No: 478)

Homo sapiens ubiquinol-cytochrome c reductase binding protein
(UQCRB) : gcttctctttctggtcaaaatg (Seq ID No: 479)

Homo sapiens mitogen-activated protein kinase kinase kinase 12
(MAP3K12) :
ccgecttttgtgectgeggecgeggageccececgagggeccagtgttcaccatcataccaggggecag
aggcgatg (Seq ID No: 480)

Homo sapiens sushi-repeat containing protein, X-linked (SRPX):
tggtctcttecggtctcecctgecgeccececcgggaagegegetgecgectgeecgaggegagectaagecgeeceg
ctcgccatg (Seq ID No: 481)

Homo sapiens aminopeptidase puromycin sensitive (NPEPPS):
ccccectetecctecectecttgegggecctecteccectteecctecectecgeccecctteeccegtagg
cagcccgceccgecagtcececgececgcaccgectecttecccageccctagegetecggetgggtetete
ccccegceccceccaggctceeccecggtegetetecteccggeggtegececgegetecggtggatg

(Seq ID No: 482)

Homo sapiens fibulin 5 (FBLNS):
tcgecttectgeccgggegectecgecagecgagecgecggeccggggaagggetcectecteccagegecgage
actgggccctggcagacgccccaagattgttgtgaggagtctageccagttggtgagecgectgtaatce
tgaaccagctgtgtccagactgaggccccatttgcattgtttaacatacttagaaaatgaagtgtt
catttttaacattcctcctccaattggtttaatgctgaattactgaagagggctaagcaaaaccag
gtgcttgcgctgagggctctgcagtggctgggaggacceccggecgctectececegtgtectectecacg
actcgctcggcccecctctggaataaaacaccecgecgagcecccgagggeccagaggaggeccgacgtgece
cgagctcctccgggggtecccgececgecgagectttecttectegecttegecatectectectegegegtcet
tggacatg (Seq ID No: 483)

Homo sapiens lysophospholipase I (LYPLAL):
cgctcttecttececgettgegectgtgagetgaggeggtgtatg (Seqg ID No: 484)

Homo sapiens high mobility group nucleosomal binding domain 4
(HMGN4) :
tcgtcecttctectgtecttagggetggtgetggeectgeccacgectagggctccggegegtcacggge
ctcagctgggattcccgcgecceccctecggacggccacgagactcecggacatcectttccaggaacagegtyg
aggaggacagaagcacccaacaggactgctcaagccacctgcgaacactgctgctaccatg

(Seq ID No: 485)

Homo sapiens eukaryotic translation initiation factor 3, subunit M
(EIF3M) :
agttcccttttccggtcggcgtggtcttgecgagtggagtgteccgetgtgeccgggectgecacecatg
(Seqg ID No: 486)

Homo sapiens Sec23 homolog A (S. cerevisiae) (SEC23A):
cctcctecttgacgtggcagaggecggcgccagccatg (Seq ID No: 487)

Homo sapiens cartilage associated protein (CRTAP):
cgtcctetttectttecttecteccteeectttteccttecttegteeccttecttecttectttege
cgggcgcgatg (Seq ID No: 488)
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Homo sapiens vesicle amine transport protein 1 homolog

(T. californica) (VAT1):
ccgcceccteccgcetggatecegcagecgeggcectcettececcgacgegttecgecttecccagetgtge
actctccatccagctgtgcgctctecgtcgggagtcccagecatg (Seqg ID No: 489)

Homo sapiens importin 7 (IPO7):
gcttctctttectttcgecgeeggttgecgetgeggagecgecggecgggteccatgtgegecagtgagtgg
cgctattcctggcccagtagcacccgagceccecgggtttgaccgagtececgegetgegatg

(Seq ID No: 490)

Homo sapiens ATG7 autophagy related 7 homolog (S. cerevisiae)
(ATG7) :
gctcctttgcecgecacgegegecgecttecccagtggcaagegecgggcaggaccgegttgegtcateggg
gcgcgcgectcagagagagectgtggttgecggaagttgageggecggtaagtgagececgeggegggceg
agggtgtagtggggtcttgctgggeceggttttggaggectggagtcaaggggcgagetcgeccaggg
agggcgagggtcacagcaagtctcaggatcectectectgeccagtttetgggtggtecttectectee
agggactcactgattccggctggcgeccttegtectgtagecgegtecececctcagactggttecagtece
ggggtcttctgacttggaagctcgtgctgatttcctaagtcageccectecctgtecctettggtagge
agtgctcagaatcttcagtgttggaacacgggagatgggacatttggattcccagectggctgtgt
ctggatttgctgtctctggcacgttecttcecccatctaagetgettttccatectgcaaaatgggaa
tgataatccgccatttgtttaagtgaggaggttaaataagtttactttctgagaaagaagattcte
gattccttggttacagggttagaaactaatg (Seq ID No: 491)

Homo sapiens dynactih 2 (p50) (DCTN2):
cgctccctttgecgecgecttagececcgggacccgaacccagectcteecctaceccgaacaccggcece
ccggctccaccgaggeccgggteccccageccgtctegecgecgecatg (Seq ID No: 492)

Homo sapiens acidic (leu-

cine-rich) nuclear phosphoprotein 32 family, member B (ANP32B):
agccccctttteccteccatggtttectectececgeteccecgtgagtaacttggecteccgggggetecgete
gcctgccecgecacgeccgeccgceccacccaggaccgegecgecggecteecgecgctagcaaaccecttece
gacggccctcecgetgegcaagecgggacgectcteccececteccgececececgecgecggaaagttaagtt
tgaagaggggggaagaggggaacatg (Seq ID No: 493)

Homo sapiens protein C receptor, endothelial (PROCR):
acttctcttttccctagactgcagccagecggageeccgcagecggecccgagccaggaacccaggtee
ggagcctcaacttcaggatg (Seqg ID No: 494)

Homo sapiens actin related protein 2/3 complex, subunit 1A, 41lkDa
(ARPCI1A) :
cgctceccectcectgggettecgtectecgeccgegeecgacggagectgttegegtecgactgeccagag
tccgecgaatcctececgeteecgageeccgtecggactceceecccgatecccagetttetetectttgaaaac
actaagaataatg (Seq ID No: 495)

Homo sapiens chaperonin containing TCP1l, subunit 4 (delta) (CCT4):
aggcccccttcectcecegecteccecgectectececgacgeeggegecgetttctggaaggttecgtgaagge
agtgagggcttaccgttattacactgcggccggeccagaatcecgggtccatecgtecttecccgagcece
aacccagacacagcggagtttgccatg (Seqg ID No: 496)

Homo sapiens Niemann-Pick disease, type C2 (NPC2):
gcttctttcccgagettggaacttecgttatccgegatg (Seq ID No: 497)

Homo sapiens phosphoribosylaminoimidazole carboxylase, phosphoribo
sylaminoimidazole succinocarboxamide synthetase (PAICS):
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acccctcettttctagagttetgectcecgettecececggegeggtegcagecctcageccacttaggata
atg (Seq ID No: 498)

Homo sapiens ST6 (al-

pha-N-acetyl-neuraminyl-2, 3-beta-galactosyl~-1,3)-N-acetylgalactosa
minide alpha-2,6-sialyltransferase 2 (ST6GALNAC2):
ctcecettetgectgggacgtcagecggacggggecgetecgecgggecggggetgtatyg

(Seq ID No: 499)

Homo sapiens polymerase (RNA) III (DNA directed) polypeptide C
(62kD) (POLR3C):
aagccctttceccgaggatggcaaaggatctgggaatgettctccaaagatatgtggatggacgaaat
aggtctctggtgatactgaggcggggtggggacggggaggcaaagacttggettcttaggaattgg
aagaaataagtaaacaatgtttggtagcaatttgtaataaggaagtaatcataaaattaactacgt
ccgtttctgattgtgtcaactttgtcaaggagtagaagtttaagaattgaatactgtcctgcaaac
aacgtaacctcatctecctgtttgacacaccctgttgagaagcagtectttacctcctaaatttett
tttcgaaattatcatttcctttatggactgagaataacactgcctgttcactcccaccgagetgtg
aacagtgaccttaattcttccaagcagggaagtgtagaaactaaggtctgtgacagaccgcaaaat:
catctcccaatctttaaggaaaatcagaatcacgcataatcccatagagataaatttgatgcatag
tcttttcctatgcatacatttttectttttttttacaataattgaatttttatattttttcagett
gcttctgtcacttaatatattatgagtaattttttttggttttttttgttttggagacagaatctc
gcactgtcgccecgggttggagtgcagtggcgecgatctcggctcactgcaacctectgectececcgget
tcaagcgattctcctgtctcagectecectagtagetgggattacaggcaccecgeccaccacgcccag
ctaatttttttgtgtgtttttagtagagaaggggtttcactatattggccaggctggtctcaaact
cctgacctcatgatacgcccacctcecggtctcccaaagtgectaggattacaggectgagccacegceg
ccagcctattatgaataattttctacatgaatacgcatcgtactaaataactttaaatgttggtgt
agtatgccattgtatgggtatggcatcatttattgttagacgttagattgtttccactaagtcggt
attataaagagaactaatgacttcattattattagctttttctttctttggacacaatatccaaaa
agaaattgttgtttcaaagatatgcaagatttttaaggctttttgatatgtattgtcaaattgccc
tccagaaagaatacatgaatttacactcagcagctctgctteccagecgtgaaagactttctattgta
ccattttggtgttttttccctagetctcagactccccagtacaatg (Seq ID No: 500)

Homo sapiens influenza virus NS1A binding protein (IVNS1ABP):
gtgtctccecggtcgegegtggaggteggtecgectcagagetgectgggegcagtttcectecgectgetyg
cttcggcgcggctgtatcggecgagegagecgagtteccegegagttecteggtggegecteccecttect
ttcagtctccacggactggececectcegtcecttctacttgacecgectececcgtecttecgecgecttetgg
cgctttccgttgggccgattcecegeccgettectectgetteccatcgaagectctagaaatgaatg
tttccatctcttcagagatgaaccagattatgatgcatcattatcacagaagaaattcgtgtctat
agcttttaaggacttgattacatcattttcaagcctgatagttttggaatcaccattagagecttaa
gacacacctgccttcatttcaaccacctgtcttcataccctgacgaagtgcaccttttaacactcce
tttgtccttggattacttaagagttecccagaaatacatttgccaccaacagagtagccaaatttat
aaggaaaaatg (Seq ID No: 501)

Homo sapiens thioredoxin interacting protein (TXNIP):
acccctctttttctccaaaggagtgcttgtggagatcggatcttttctccagcaattgggggaaag
aaggctttttctctgaattcgcttagtgtaaccagcggecgtatattttttaggecgecttttcgaaa
acctagtagttaatattcatttgtttaaatcttattttatttttaagctcaaactgcttaagaata
ccttaattccttaaagtgaaataattttttgcaaaggggtttcctcgatttggagettttttttte
ttccaccgtcatttctaactcttaaaaccaactcagttccatcatg (Seq ID No: 502)

Homo sapiens ecotropic viral integration site 2B (EVI2B):
ttttcetttecttagecaaatcaccaaaatgtccagttagaacaagaatttagcattctgcaaaaga
agttaacagctgagataacgaggaaatattctgaaatg (Seqg ID No: 503)
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Homo sapiens guanine nucleotide binding protein

(G protein), alpha inhibiting activity polypeptide 3 (GNAI3):
ggttcttctgggcgctaagggagctgacggagagggccaccgcccagecaatagacggtgectcagce
ctgccgagccgcagtttececgtggtgtgagtgagteccgggeccegtgtecececctctceccgeecgecgeca
tg (Seq ID No: 504)

Homo sapiens polymerase (DNA directed), eta (POLH):
cggcccttcgcagcgggegegctgtcagacctcagtectggeggetgecattgetgggegegecgetce
tcgtcectgatcectgectggggacggttgececgggcaggatecctttacgateccttecteggtttetece
gtcgtcacagggaataaatctcgctcgaaactcactggaccgctcctagaaaggcgaaaagatatt
caggagcccttccattttceccttccagtaggcaccgaacccagcattttcggcaaccgetgectggcea
gttttgccaggtgtttgttaccttgaaaaatg (Seq ID No: 505)

Homo sapiens solute carrier family 2 (facili-

tated glucose transporter), member 1 (SLC2A1):
cgctctctggcaagaggcaagaggtagcaacagcgagcgtgeccggtcgectagtegegggtceccga
gtgagcacgccagggagcaggagaccaaacgacgggggtcggagtcagagtegcagtgggagteec
cggaccggagcacgagcctgagecgggagagcgecgetecgecacgeccgtegecaccecgecgtacecegg
cgcagccagagccaccagcgcagcgctgeccatg (Seqg ID No: 506)

Homo sapiens zinc finger protein 138 (ZNF138):
gggtctttgtctcgctgcagecgggtgctgcaggtectggecttcacttttetgegtectcttactcece
tagaggcccagcectctgtggecgetgtgatctggttattgggagattcacagectaagacgeccaggat
cccccggaagcectagaaatg (Seq ID No: 507)

Homo sapiens ubiquitin specific peptidase 3 (USP3):
ctttctttgacgcaagggctcgagacgcageccgecgtcecggecgagcgeccggetagaagcgacace
agacggagcctccggagttcecctecgeccccacctecgecgggtectggagecgcagtectcecaget
gccctectecgtggecatg (Seq ID No: 508)

Homo sapiens calcium channel, voltage-dependent, gamma subunit 3
(CACNG3) :
ctgtcttttctccagtttgagcgggggtgtcgggagcaggcggagagetttectgecgaggetgtygg
aagcagtgaacactcttctcagcggctcgectcccagecagtgectattttttgecatececgeccteac
ccccagcacacgcgctcgcacacacacgcacgcacgcacacacacacacacacacactcacacaga
gacctctctgggtttctttgecttgagtctecccggggetgtgagaageccaggegcatctcaaaccg
agctggcagctccaggctccggageccatgeccctgcacggaccctcecgtctttaccacgectecctgagg
aatgaaaggaacccagggaccctcagaaggcagcagtgatgcggaccaaccccecggagectgeac
ccttccgagggccataggcecgacccagggaactggagagagctccagaaaggaaatcecccagetttece
caaagtccctgtggatgctgacaaaaggagacctgaatttttggaagagcectgtactaggttaccce
ggctgcagagtgattttcccctccggcactgactcecteccectccaaccecccagecgtccagagtac
catgaagaattatg (Seq ID No: 509)

Homo sapiens guanine nucleotide binding protein
(G protein), beta 5 (GNB5): ttccctctccgctgcgtccceccgegegaagatg
(Seq ID No: 510)

Homo sapiens chaperonin containing TCPl, subunit 8 (theta) (CCT8):
cttcctccgecggtettecgageggtecgegtgaactgettecctgecaggetggecatyg
(Seg ID No: 511)

Homo sapiens prostaglandin E synthase 3 (cytosolic) (PTGES3):
cgctctttccgecgecggtgecattectggggeccgaggtcgagececgecgetgeecgeecgtecgectgagg
gaagcgagaagaggccgcgaccggagagaaaaagcggagtcgecaccggagagaagtcgactcececet
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agcagcagccgccgccagagaggceccgceccaccagttcgecccgteccccctgecccgttcacaatg
(Seq ID No: 512)

Homo sapiens zinc finger protein 266 (ZNF266):
ttttcttcctggtggegtttgggettaatacagetttggcgaggtcggatgacgggtgggagecag
cggtggaaggggtggcgaaagtaccggtttgeccccaggeccgeccgaggggecteccttagagagacct
tgcctgctecgcetecgegtecgecggggecgegegggtectecctggecgecgeccaggttcaaaaagec
actcgagttgtcactgcgacggccctgggccaggagecgtttcgggatctgtcaaacaacgagttt
tcgtcgttcgaatcaggttgactggtccttcateccececccaatctececcgtacctggecgagtceccaget
cgtcgcggcaatgctaagaaaagagtgatatgcaagctgagaccaaaaatatggtatgatttagcce
atactgaaggggaaggaaataagagctgggcaaagcattctgtgaattggctgactccacttctat
ggtgagagagaggagtgcatcaaagattactcccagtagagatggtttcagcatgttggccagtct
ggtctcagactcctgacctcaagtgatccacccacctcggectcecccaaaatgectgggattacaggt
ataagccactgtgcctggccaaagataccgttaaccctggataaagagaatggaggttacctctgt
ccgtgtagattcctaagctgtcctggagtgatccttggagtaaaggaaaggtgctttgaagcacat
tcagccatcagccctgtgggatggcagccactgatttgtectatggtctttacagggacccagtcet
gccttcaagaaaagacagaagtagaaagggtggtggctgactgtctgacaaattgttatcaggtat
gcaggaagtatatccttctccaaaatatcatacttgcatcaccaggtagacacatttccttctaca
cagaattatcttcagagcttcttaaagcaaataaagcecctgcttcaaggactgagtccctagtcgaa
ttcccggaaggagtggagectgtcatattgtgtttatctagecatctgectcaagagtgtgectgecagt
ggagggaaatcagatgacctcccagtctggttgtgttacatacaatcatgtgtaagaagtgccatt
caagccgtgtcactggaggggactgacagtgagattcagtgacttttgatgatctggctgtggact
tcaccccagaagaatggactttactggacccaactcagagaaacctctacagagatgtgatg
(Seq ID No: 513)

Homo sapiens methylenetetrahydrofolate dehydrogenase
(NADP+ dependent) 2, methenyltetrahydrofolate cyclohydrolase
(MTHFD2) : gcttccctceccggegcagtcaccggegeggtctatg (Seq ID No: 514)

Homo sapiens chemokine (C-C motif) receptor 9 (CCR9):
cttcctttectegtgttgttatcgggtagctgectgectcagaacccacaaagcctgecectcatcecee
aggcagagagcaacccagctctttccccagacactgagagectggtggtgectgetgtecccagggag
agttgcatcgccctccacagagcaggcttgcatctgactgacccaccatg

(Seq ID No: 515)

Homo sapiens heat shock 105kDa/110kDa protein 1 (HSPH1):
cctcececttttgggteggtagttcagegecggegecggtgtgegagecgecggcagagtgaggecagyg
caacccgaggtgcggagcgacctgcggaggctgagecccgectttecteccagggtttettatcagece
agccgccgctgtcecceccgggggagtaggaggectectgacaggecgeggetgtctgtgtgtecttcetg
agtgtcagaggaacggccagaccccgcgggccggagcagaacgcggccagggcagaaagcggcegge
aggagaagcaggcagggggccggaggacgcagaccgagacccgaggcggaggcggaccgcgagccyg
gccatg (Seqg ID No: 516)

Homo sapiens StAR-related lipid transfer

(START) domain containing 10 (STARD1O):
tggtcctttcttttatgattcacaaggaatgaccctcttcatcgectctectaattcagtectcac
aacagtccttttacaaatgggacaacaggttagaggaagtcaggcagatttccagcatcatagaga
gtaaaggaccagggaaggatcaggattcaaggactgcacccaggctctgctteccagettgetgtgt
gactttgggtaattttgttcccttagggaactgagcectttctcatttgtaaatgcaaacaggectgtt
gggaggatcaaatgagatccaggggtgaaaacagcttagtttactttcaggaatttacccacgegg
tatataaaggcaaaatattattatagtcaggtgattgtagattgaggaacccatttcctcattctg
caaattgcaaacctgagggcccaaagagggacaggggcttgccccaggtctcagcaggctgtgage
aagagctaaagcctaatcctcectgectttgggectggageeccttecttgtacceccaggggtcagtyg
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tctttgttggatacaggcttagattgactgactgtaccctgagaacctaggggagtcecctgttcee
aattcttctcctacccceccaccttggectgatggaggaagacecctgectgtgttgagatgagcaccag
agccaagaagctgaggaggatctggagaattctggaggaagaggagagtgttgctggagctgtaca
gaccctgcttctcaggtcccaggaaggtggecgtcagcatctgcageccgegtcgacgttgteggage
ctccgcggaggacccaggagagceccggactaggaccagggeccecctgggectceccecccacacteeccatg
(Seq ID No: 517)

Homo sapiens UTP1l4, U3 small nucleolar ribonucleoprotein, homolog
A (yeast) (UTPl4A): ctttccttcggcttccgttcttggtccatgtgagagaagctggct-
gctgaaatg (Seq ID No: 518)

Homo sapiens SUBl homolog (S. cerevisiae) (SUB1):
ggttctctgtcagtcgcgagcgaacgaccaagagggtgttcgactgctagageccgagcgaagecgat
g (Seq ID No: 519)

Homo sapiens minichromosome maintenance complex component 5
(MCM5) :
ccgcctettgtttttececcgecgaaacteggeggectgagegtggaggttettgtecteceecctggtttgt
gaagtgcggaaaaccagaggcgcagtcatg (Seqg ID No: 520)

Homo sapiens RNA binding motif (RNP1l, RRM) protein 3 (RBM3):
tactctttatcaatcgtcttccggegcageccecgtecctgttttttgtgectececteccgagetegetyg
ttcgtccgggttttttacgttttaatttccaggacttgaactgccatg (Seq ID No: 521)

Homo sapiens KDEL

(Lys-Asp-Glu-Leu) endoplasmic reticulum protein retention receptor
1 (KDELR1):

ctccccectcectegetetectecctetteccecggetecagetcececgecgecagetecagectttgetecece
cctcccaaagtceccectecececggagecggagegecacctagggtecctettecgtececcececageccage

tacccgttcagaccagcagcctcggggggcacccecccecgeccagectgectecectececgetcagecce

tgccagggttccccagccatg (Seqg ID No: 522)

Homo sapiens StAR-related lipid transfer

(START) domain containing 3 (STARD3):
agatcttcttccgcectectgaggecgctactgaggccgecggagecggactgeggttggggecgggaagag
ccggggccgtggctgacatggagcagecctgectgetgaggeccgegecctececcgecctgaggtggg
ggcccaccaggatg (Seq ID No: 523)

Homo sapiens heterogeneous nuclear ribonucleoprotein A0 (HNRNPAO) :
cggcctectttgtgtggtgecccagataggggagecggaggtggeggeggeggeggtageggtggectt
ggttgtcttccagtctectecggectcecgecctttagecggcaccgeteeccctteccteececttecte
tctteccttecttecectecectteecttttteccttecececgtecggtgageggegggggtggetecag
caacggctgggcccaagctgtgtagaggccttaaccaacgataacggcggecgacggcgaaaccteg
gagctcgcagggcgggggcaaggecccgggecttggagatg (Seq ID No: 524)

Homo sapiens chromobox homolog 1 (CBX1):

ggctcttttgttcggctgaggggagggecgttggecggggectgecggtacgecgecttcagtgaggg
acgccactgcggccacccggcttgctgecttectgggcgeccacteccecccaggecgaccecgacgecgac
gcgccagcagcgcagcaccgattcecctcectegggetettgggegectgetectgaggtgaggageeecget
ggaggcgggagagctgggggagggggcgcggcggcggcggecggecgggagecctgegtgagggaacyg
cgctttcgaggcggaggttaggagcggggagecgcgcccgggteccagegtectgettectecgettec
cgcgctgagctcttegectgtecgetgaggegtecggtgeccagectgecgtgaaggatggagagggcggyg
gcgcgaatcctgagccagagactgagtgettgggggtgggecgagcacttgggggecgetecttegg
ggcccgggtggtctggaacaatgttgettggctgggcggectgecgggatagggecggaaggggacagyg
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cttgaggcttggataggcgtgaggaggcgcatacgaccgcacaacccgaggtttgtaactgtatte
ggaagacgccgggtccggctgggactgeccagaggaacctggctttgcaggactacggaggagtaac
gtcgagtgaattggaagagggcccagggccgcacaagcagcgtcaccctttacaccagaaagcetgg
cgggcactatg (Seq ID No: 525)

Homo sapiens myeloid/lymphoid or mixed-lineage leukemia (tritho-
rax homolog, Drosophila); translocated to, 11 (MLLT11):
cgcccttcttaggaggggctgcattgcagggggagagtgaactgacagactcagtcactgaagagg
gaaaaggagtgagaagacaaagccgtcaaagccccaacagctttgtatttctccageccggegecag
accccggagcectcecceccgaggcactccectccatectttggaacacgccagtaattgattgataacaggaa
gctatg (Seq ID No: 526)

Homo sapiens interferon-induced protein 44-like (IFI44L):
ttttctttectttectagagtctctgaageccacagatctcttaagaactttctgtcteccaaacecgtyg
gctgctcgataaatcagacagaacagttaatcctcaatttaagectgatctaacccctagaaacag
atatagaacaatg (Seqg ID No: 527)

Homo sapiens cyclin I (CCNI):
acttcttcctcececttceccecctetettececctecctecccagectteccegecgagecggacgcggeage
gcctctgtectegetttttettatttttecececececectttecectttetttttttttttttettttcttt
tcteccccteeccecctttecaccattteccecctecggaggegettteccecgggcaggggcagageecggt
ctcacccececcegectcecteececggeccecgecgecctatggcgagagggageccececctececcaaccecggg
ctcgagcggecggcggcctcaggeccgggggtcatcatggaactaattcgectgaccgacccagecggcece
gcagccgtgcgtccececgcectcgagcgecagegceccgecgeccgegecceccgateecgettecectttet
ccctectcagttggeccgagtcgtceccgegegecaccgectecgegcecgectatgagaatgaggtggta
acgggcccceccggatgaccccecgegtcaccactgtgaggectacagetcectgecggggaggaggaggag
gaggaagaggaggagaaggtagctacagcaagctgggtagcaggcagatccaaaggatatcatg
(Seq ID No: 528)

Homo sapiens methionyl aminopeptidase 2 (METAP2):
cattccctcgegcetctctecgggcaacatg (Seg ID No: 529)

Homo sapiens leukocyte immunoglobulin-like receptor, subfamily B
(with ™ and ITIM domains), member 4 (LILRB4):
gtctctttgtcctgeccggecactgaggactcatccatectgcacagetggggeccctgggaggagacyg
ccatg (Seq ID No: 530)

Homo sapiens destrin (actin depolymerizing factor) (DSTN):
gggtctctcggtcceccgcagecgtgaggaggacggtctgcatactcecgetgeccecgeecggecteccctecece
ccgecgtcectgegaccgecgcggegaagatyg (Seqg ID No: 531)

Homo sapiens eukaryotic translation initiation factor 2D (EIF2D):
gggcccttttcgeggeecgggecccagcatggectgeccececcacggctgagggectggecagectgetgeg
ccctcgcectttcecttgacattcectggettetgtgectectettecccaggeccacceccagcagacatg
(Seq ID No: 532)

Homo sapiens histamine N-methyltransferase (HNMT): ctgtctttctca-
gaaaaccaaatatg (Seq ID No: 533)

Homo sapiens ras-related C3 botulinum toxin substrate 1

(rho family, small GTP binding protein Racl) (RAC1):
gtttctctgcagttttcctcagetttgggtggtggeccgectgecgggcatcggetteccagtececgegyg
agggcgaggcggcgtggacagcggecccggcacccagecgceccccgeccgeccgcaagecgecgcecgeccyg
tcecgecgegeccegagceccgecgettectatetcagegecctgecgecgecgecgeggceccagega
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gcggccctgatgcaggccatcaagtgtgtggtggtgggagacggaaacaagaatctcagtgtaacce
cgagcaaaatcgcgcgtctcagcgttgettgtatagagctgtaggtaaaacttgectactgatcag
ttacacaaccaatgcatttcctggagaatatatccctactgtctttgacaattattctgccaatgt
tatg (Seqg ID No: 534)

Homo sapiens signal recognition particle 72kDa (SRP72):
tcgtctectccaagatg (Seq ID No: 535)

Homo sapiens zinc finger protein 33B (ZNF33B):
ccgcctttecttttgtttgtcectcacgttttgegtgggaggecggteccecgggatttcaggggtctace
ggctctcttatggcgaatgcaacccgaagagagagtgagctgtatcttcagagttgtctceegtcett
tccaagaacagaacaaaatg (Seq ID No: 536)

Homo sapiens zinc finger protein 16 (ZNF16):
gcctccttteccaagegegaccegttgaggtecttgtcatg (Seq ID No: 537)

Homo sapiens zinc finger protein 33A (ZNF33A):
ccgcctttecttttgtttttctcaggttttgegtgggaggeggtecccgggatttcaagggtctacyg
cgcttttctatggcgaatgcaacccgacgagggagtgggctgtatcttcagagttgtcteccecgtcett
tccaagaacagaacaaaatg (Seqg ID No: 538)

Homo sapiens butyrophilin, subfamily 3, member A3 (BTN3A3):

ctttctttttcectttecttcggaatgagagactcaaccataatagaaagaatggagaactattaacc
accattcttcagtgggctgtgattttcagaggggaatactaagaaatggttttccatactggaacc
caaaggtaaagacactcaaggacagacatttttggcagagctgctcactccttgctcagctcagtt

ttctgtgcttggaccctctgggeccatcctggeccatg (Seq ID No: 539)

Homo sapiens butyrophilin, subfamily 2, member A2 (BTN2A2):
ctctttgggatgctttgttgtctggtggtgactgtgcccatgggtgagttgtatcggaaaatcgte
atgtgaggatcagaggggaaaagaaaacagaggcctctggtctctgectgecctgggtgctcatg
(Seq ID No: 540)

Homo sapiens nudix (nucleo-

side diphosphate linked moiety X)-type motif 21 (NUDT21):
acgcctcctcttgegetgtectgttaatggecgggcagtagecgectgaggggattgcagataaccge
ttcececgcacggggaaagtctaccctgectgecactttetgetecgecgtcagegecggagetegeca
gcatg (Seqg ID No: 541)

Homo sapiens stathmin-like 2 (STMN2):
tgctctttctctagcacggtcccactectgcagactcagtgeccttattcagtettctectectegetet
ctcecgctgctgtagecggaccctttgecttecgecactgectcagegtetgecacateectacaatg
(Seq ID No: 542)

Homo sapiens katanin p60 (ATPase containing) subunit A 1 (KATNAl):
caccctcttceccgecgectecccgeccagegacctegetcecececggggecgacgeccecgegtgegecagagt
cgccgaggtcgtcceccggcaccggaagtgaccectggegggtttgtecttcaaattecteggecgagecag
gagccgcgccggcaggtggtgttgacgattgaactgggcagtactggggccgtgagecggagagcaa
agtgggctggactgggtcaggccctecttecctegetgecgggatecteccactecgeccaatececectgt
gcctggcgttgggeggtttcccgaggagettgggecgecgcagcttacagttgaacatg

(Segq ID No: 543)

Homo sapiens butyrophilin, subfamily 3, member A2 (BTN3A2):
ctttctctttttectttctteccggatgagaggctaageccataatagaaagaatggagaattattga
ttgaccgtctttattctgtgggctctgattctccaatgggaataccaagggatggttttccatact
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ggaacccaaaggtaaagacactcaaggacagacatttttggcagagcatagatyg
(Seg ID No: 544)

Homo sapiens CLK4-associating serine/arginine rich protein
(CLASRP) :
cggcctttcattteccgettececggtgecgggeccgegecgecgagegcagcecggtgggaggecggecgaccage
cggttgaggccccaggcttggectcaccacaatg (Seq ID No: 545)

Homo sapiens clathrin, light chain A (CLTA):
ctccctectggecgettgtectectecteccagteggcaccacagecggtggectgecgggegtggtgte
ggtgggtcggttggtttttgtctcaccgttggtgtecgtgecgttcagttgececgecatg

(Seq ID No: 546)

Homo sapiens NADH dehydrogenase (ubiquinone) flavoprotein 1, 51kDa
(NDUFV1) :
gcgtctctatcgecgeccagttecctcagectcagtgectatgaaggtgacagecgtgaggtgacccatcet
ggcccgccgcgatg (Seq ID No: 547)

Homo sapiens signal sequence receptor, gamma (translo-
con-associated protein gamma) (SSR3):
gggcctttgcceccgecttggecggecggetctacgtteecctgttctecgectgcagetececgecatyg
(Seq ID No: 548)

Homo sapiens valosin containing protein (VCP):
gcttcccttccgatgatteggcectcettcectcggetcagtctcagecgaagegtectgecgaccgtegtttg
agtcgtcgctgecgctgececgectgeccactgecactgecacctecgeggatcaggageccagegttgtte
gcccgacgcectcegectgeccggtgggaggaagcgagagggaageecgettgegggtttgtegecgetge
tcgeccacecgectggaagagecgageccceggeccagteggtegettgecaccgetegtagecgtta
ccecgecgggecgccacagccgecggeccgggagaggcegegegecatg (Seqg ID No: 549)

Homo sapiens zinc finger protein 195 (ZNF195):
gggcctttgtcccgacagagcectccacttecctgtecececgeggetetgtgtececcctgectagecgtagg
tcgtgtgaccecgecaggcaccgggagatccagaagtgaaacgccaggcectctctggaggecaggagat
g (Seq ID No: 550)

Homo sapiens testis-specific kinase 2 (TESK2):
cagtctttcgcggccecgggagctcagcagagctaccagcectgecctgttggettegetggteggatce
gtcctcctggecccgeccaaacaggecggggggagecggecccgactgtggggccatggcagtagtetce
ctcgttcgececgecgeecgetagectagectgagtegecggettectgecgetaggggectecccaccgecte
cgcaggctaaggagccgctgceccaccaacgagctgtgagggttactatgectecctectttgecgeegt
ctcctectecttgeccgecgecaggcacceectectggetgetcagtectgectcagtgtcaaaccagaag
agaagtaaaattcaacaaaaatttatgtgtggagttccttcttaaaagaagaaaaaagtgattatt
tagactatg (Seq ID No: 551)

Homo sapiens family with sequence similarity 107, member A
(FAM107A) :
agccctccttgctagtctgggacttccecggtggagtgaggaacccagcaacacgctcecctgacttcece
cttcccaaggactcgacctgagaaggacacagcagtctctgaatttcatgectctceccectetttgatgt
gaagaaaatgaaaagctgaacagttgtggaactgtggatagagttagacaataaggccgccatg
(Seq ID No: 552)

Homo sapiens serine/threonine kinase receptor associated protein
(STRAP) :
cccteccteecttteccteectegtegactgttgettgetggtecgcagacteecctgaccectceect
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cacccctcectaacctecggtgccaccggattgecccttcttttectgttgeccageccagecctagt
gtcagggcgggggcctggagcagecccgaggcactgcagcagaagagagaaaagacaacgacgacce
tcagctcgeccagtceggtecgectggettegecgecgecatg (Seqg ID No: 553)

Homo sapiens mitochondrial ribosomal protein L3 (MRPL3):
ctttctttcegtcgcagagagcatecggeccggegaccgttcecggecggecattgegaaaacttecceca
cggctactgcgtccacgtggcggtggcecgtggggactccctgaaagcagagecggcagggcgceccgga
agtcgtgagtcgagtcttcccgggctaatccatg (Seqg ID No: 554)

Homo sapiens zinc fingers and homeoboxes 1 (ZHX1):
ctcecttececectecgecececeggacggecgetggggecgegegectctectegecaceccccacectga
gtccccacactceccgecggggecaccgagctgectgaggeccctttgecgggecegecgageggttececgg
gtttagggttcacaggtcagagttgactccctgaaaagtgcagccggtttgaaatgcaagatggceg
gcggcgtggcgectgagaggcgcggcecggecccectgcaggagaagacagactgcectgetttggacctgtt
ggtaatgatggcctgagctaaacatctaactagaagggatacccttccatttcaaagaacagaatg
ctaaggaagctgtggcaagtgattggagttgtgcttcaaaaatttcagaaattcagcagtatttta
tctgccaacaataagctctttacttgattgcaccatgagaaagctgctaatgagacttgttgagcea
caaaaatggacttgaagaaccaaaagccattgttttcaaatgaagaacactgaacagttttaagcce
tcgatgctttttaatcaccactgagcttttecctcataacatcagaatg (Seqg ID No: 555)

Homo sapiens calcium binding protein P22 (CHP):
ccttectteectecectectteectectgtegeegtetecttetggegecgetgetecccggaggaget
cccggcacggcgatg (Seq ID No: 556)

Homo sapiens ecdysoneless homolog (Drosophila) (ECD):
ctttctctcaggatttceegetggettcaggttccggtcaggecgtcgggacagagectgateccagge
ttcggcggcecggtggcagectctecgatcagetectecgecagtcggagaggeggctaaggaaaggtgeca
cagcagagacgcgaaggagaggccctagaaccttttcaaagaagaatg (Seq ID No: 557)

Homo sapiens V-set and immunoglobulin domain containing 4 (VSIG4):
gagcctctttggtagcaggaggctggaagaaaggacagaagtagctctggectgtgatg
(Seq ID No: 558)

Homo sapiens prohibitin 2 (PHB2):
tgcecctttcectttecgeccagecttacgggeccgaaccctegtgtgaagggtgcagtacctaagecgga
gcggggtagaggcgggccggcaccccecttectgacctceccagtgeccgecggectcaagatcagacatg
(Seq ID No: 559)

Homo sapiens signal transducer and activator of transcription 1, 9
lkDa (STAT1):
ctgccttttctecctgecgggtagtttegetttectgegcagagtectgecggaggggectecggetgceac
cggggggatcgcgcctggcagaccccagaccgagcagaggcgacccagecgecgetcgggagaggcetg
caccgccgcgcccceccgcctageccttecggatectgecgecgcagaaaagtttecatttgetgtatgece
atcctcgagagctgtctaggttaacgttcgcactctgtgtatataacctcgacagtcttggcacct
aacgtgctgtgcgtagctgctcecctttggttgaatccccaggeccttgttggggcacaaggtggecag
gatg (Seqg ID No: 560)

Homo sapiens heat shock protein 90kDa alpha (cytoso-

lic), class B member 1 (HSP90AB1):
agctctctcgagtcactccggcgcagtgttgggactgtctgggtatcggaaagcaagectacgttyg
ctcactattacgtataatccttttcttttcaagatg (Seqg ID No: 561)

Homo sapiens cancer susceptibility candidate 3 (CASC3):
cgttctccgtaagatg (Seg ID No: 562)
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Homo sapiens nuclear cap binding protein subunit 2, 20kDa (NCBP2):
gcttctctgcactatg (Seq ID No: 563)

Homo sapiens non-POU domain containing, octamer-binding (NONO):
cgctcttttctcgggacgggagaggeccgtgtagecgtecgecgttactecgaggagataccagteggt
agaggagaagtcgaggttagagggaactgggaggcactttgctgtctgcaatcgaagttgagggtg
caaaaatg (Seqg ID No: 564)

Homo sapiens lectin, galactoside-binding, soluble, 9 (LGALS9):
atttctttgttaagtcgttcectctacaaaggacttecctagtgggtgtgaaaggcagecggtggeca
cagaggcggcggagagatg (Seq ID No: 565)

Homo sapiens chaperonin containing TCPl, subunit 5 (epsilon)
(CCTS5) : cggtctccgeccggttggggggaagtaattcecggttgttgcaccatg
(Seq ID No: 566)

Homo sapiens haloacid dehalogenase-like hydrolase domain containin
g 1 (HDHD1l): cttcctcctcgcccccacccagacccagaaggcecgeccaccatg
(Seq ID No: 567)

Homo sapiens glutamate dehydrogenase 2 (GLUD2):
cttccttectagtecgecggggagtctgagaaagcgcacctgttecgecgaccgtcacgcacccctect
ccgcectgececgegatg (Seq ID No: 568)

Homo sapiens general transcription factor IIIC, polypeptide 3, 102
kDa (GTF3C3): ggttctctgtcccggttcecctggggttgcacagacagaccctgtaaacatyg
(Seq ID No: 569)

Homo sapiens general transcription factor IIIC, polypeptide 5, 63k
Da (GTF3C5H):
gggtccctecgctggctagtaggagagactggtgcttgecccecgeccggtggactaactegettaatt
ttaaataaaaagtcgaggacacggcggtcgttttcccgaagacatgggccctecccatgggecattt
gctccctggaggcecctcegegtcecttgctgageccggggagttaggatgacgcgagecggtgagggage
ccggaacgattccttcgcggaacaattgaggcgaggectttgggagtactttgtgggacggaccct
ggcgggccctgccagacgcacagggatg (Seq ID No: 570)

Homo sapiens ancient ubiquitous protein 1 (AUPL):
ccgccttceeccaagageccectgecggeccgggegecgaaaatggcecggecggeggcgacggecgggegctece
tgaagcagcagttatg (Seq ID No: 571)

Homo sapiens coatomer protein complex, subunit gamma 2 (COPG2):
cggccttcetgcagectcttecgetegecggetgeggecgectgggacggttgeggtgggtectggge
gctgggaagtcgtccaagatg (Seqg ID No: 572)

Homo sapiens apoptosis antagonizing transcription factor (AATF):
cggtctctggcggagtcggggaatcggatcaaggecgagaggatccggcagggaaggagettecgggg
ccgggggttgggccgcacatttacgtgcgcgaageggagtggaccgggagetggtgacgatg
(Seq ID No: 573)

Homo sapiens integrator complex subunit 6 (INTS6):
tctecctectttcectceccaccacectecgggecccecggtgtececccggeccagecactatg
(Seq ID No: 574)

Homo sapiens F-box and leucine-rich repeat protein 4 (FBXL4):
tcttececttecgggtcecgegectaggecgggettgeggeggttgtgecgecatctagagagteggggage
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cgccccecgcacccaggcecttectcecgegetgectggtecgectggtgaagecccgecggcgcgegectetece
cggaccctgcagggtaaaagaatgtcacatgtcagcatttgtacctgaagtcagcatgcaaagttc
agggtacctggatgaatgccaacttttgcatttcccatgtgtatcctgtgaccattectatctggga
acatccttcaaagagttcatgcatcttactgaggacacctgaccttttgaagcttcataattcaca
tctagatg (Seq ID No: 575)

Homo sapiens guanine nucleotide binding protein

(G protein), gamma 3 (GNG3):
gctccttctagcecatccttcatecttcaggtaccageccatccagacagtgettgagctgecagaaact
gagaccagacctctggcctggccectceccccaggggcecctectttecgtatagtcactgettectgecatceca
gatactttcagctgcaactccctactgggtggggcacccatttcaggcagaaggttttggtaccct
ccactgaccctacacccagggctgctactgccgecttgtggettcaggatg

(Seq ID No: 576)

Homo sapiens histidyl-tRNA synthetase 2, mitochondrial (putative)
(HARS2) : aggccttttgttcctgtccecggaaageceggegtectgecgegegatg
(Seq ID No: 577)

Homo sapiens interleukin enhancer binding factor 3, 90kDa (ILF3):
ccteccectectectettetegecattgecagttggacccagcageeecggegegecaccgegtggettttyg
ggggcagaccccggcgggctgtggecaggagggcggcggcggcggctgecggtcgaagaaggggacgce
cgacaagagttgaagtattgataacaccaaggaactctatcacaatttgaaaagataagcaaaagt
ttgatttccagacactacagaagaagtaaaaatg (Seq ID No: 578)

Homo sapiens polymerase I and transcript release factor (PTRF):
gtttcctctgctcteccgetectegeccgectagetctectecectteecgetectgettectectecgggte
tcecgetecagetceccagececcaccecggecggteccgecacggetecgggtagecatg

(Seq ID No: 579)

Homo sapiens 5'-3' exoribonuclease 2 (XRN2):
tgccctetgecgetgeteeccgtetetttggttacgetecgtcagecggtcggecgecgecteccagec
gtgtgccgctatg (Seq ID No: 580)

Homo sapiens 2-hydroxyacyl-CoA lyase 1 (HACL1):
ccgcctettectteccegttgtttaaggcagttggttgecctecctgteccgtcagaggtgecagtacca
gaggtggcgtgctgccgatttegegtttgecttgetggatgattecegettgtttgecggetgegtyg
agtgcttagagcttttcggtggaagatg (Seqg ID No: 581)

Homo sapiens zinc finger protein 346 (ZNF346):
ggctctctaccggtgagggtttgecggggaagatg (Seq ID No: 582)

Homo sapiens microtubule-associated protein, RP/EB family, member
3 (MAPRE3): .
cagtctctgtgcgttgaagccggagaccgcggecggectcagcgaggaccctceccgeccecggagecge
cggccggagccgcagcectectgcecgcagecgecccecgeccacctgtececcteccectecgectecgecg
gagccgcectcecgtgcactctggggtatg (Seq ID No: 583)

Homo sapiens splicing factor 3b, subunit 3, 130kDa (SF3B3):
gtgcctttttccgeccgecgecgeccaccagaatgtccectgtcttgaggtctaatggecggacgeccagtat
gttggagttggtggtggcttaagttttgaagggaggtagcatccgttggatatccacaccatcectt
ctcgctgcaggctttettggactccgtactgttggtgtaaccaaggectggaggtctgggtggetce
aggtttcctgcagccatg (Seq ID No: 584)
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Homo sapiens spondin 2, extracellular matrix protein (SPON2):
ctgcctctcgectggaggeccaggecgtgcagcatcgaagacaggaggaactggagectcattggecg
gcccggggcgcecggectecgggecttaaataggagectecgggectectggetgggacccgaccgcectgecg
gccgcgctceccegetgetectgecgggtgatg (Seq ID No: 585)

Homo sapiens solute carrier family 13 (so-

dium/sulfate symporters), member 4 (SLC13A4):
ttttcttttctgectttgcaggcccaggctcaaggcaaattataagtagggaaccaatttgagggaa
agacatgtgaacagagttaaggtaccacgtcctgggagcgaccagcagccccacctgaagtccgcea
tgcaactctgacaagctcaggtgcttgttttaaggaaaggggctactagagtcttaccaacagcga
gcccaggtgggagatgaaacaggtactccccaaaataggtcatccgagggaggaaaactgatggag
agcacaatgtgctctgagcgtttttaatgtttttaagcttttaaatgatttcttcaaggccgagea
gcagcagcaaaggtgtggcttaaaggattaagggggtttctgctgacacctagaatgaagttactc
tattactaatcaagccgagaggaggcccactatgccccecgtttatcatectttececcagttectttt
tgctggtcacaaaacgatgctcatcaatcccacctaaagcaggaggccaggageccagectettgt
agaaacagcgagggtataactgccctcccgttctgeccceccaagacgaaggaggactctcggaagcece
aagaaaggtttaagaagtctttctggatagagagcagtgcccaggcaggaagectttcgecggeag
agcggggtccaaggacgagctggagaggacagaggcgcgatg (Seqg ID No: 586)

Homo sapiens PRP6 pre-mRNA processing factor 6 homolog
(S. cerevisiae) (PRPF6): attcctttccttcctagecttggtcgtcgecgecaccatg
(Seq ID No: 587)

Homo sapiens eukaryotic translation initiation factor 3, subunit K
(EIF3K) :
ccacctcttecctgttcececgtecttgaggacgececgtgecgggtcagtgttagectccageectggtt
gtggaaggcgacagaagtcatg (Seqg ID No: 588)

Homo sapiens ataxin 10 (ATXN1O0):
cccecteccecgeggegecgtctectectececcgectgaggegagtctgggectcagectagagetcet
ccggecggcggcgcagettcagggcagegegggetgcageggeggeggeggttagggetgtgtaggg
cgaggcctccccecttectectcecgecatectactectecctectegtecatecteccecttegtectce
ctcgcecttectectectegtcaggectcgacccagectgtgagecggcaagatyg

(Seg ID No: 589)

Homo sapiens secretogranin III (SCG3):
cttccttectcacttectctgcaggagggagecgagagtaaagctacgeccctggecgegcagtctecg
cgtcacaggaacttcagcacccacagggcggacagcgctccectctacctggagacttgacteccg
cgcgccccaaccctgcecttatcececcttgaccgtcgagtgtcagagatcecctgcagecgeccagteecgg
cccecteteccgecceccacacccaccctectggetcecttectgtttttactectecttttecattcataa
caaaagctacagctccaggagcccagcgccgggectgtgacccaageccgagegtggaagaatg
(Seq ID No: 590)

Homo sapiens polymerase (DNA directed), mu (POLM) :
cttccttcecgtctegectcecggagttteecctetgegttecgecteccgegetgetggaggectgtegteccea
atg (Seqg ID No: 591)

Homo sapiens epsin 1 (EPN1):
cctccttctgttgecttececgtetectecggecggeteccecctececeecgecceggetcectecgegecectte
tgggcggcggggcggecggagecgtecggegtgecggecctecttgegttegtgegtgecgeecegtggec
cggcgcacgtcccgcgacaccgaggccgagecggggcagggggcetgaccgecatgaccececcagagce
ccggcgtgagggggccgagatgcggtgacctgeccagcacctgceccgcagecttecgteccgggagtege
cccatctctccacgcatecggggccecctgtgececttgetgectgcagecgggcaccatg

(Seq ID No: 592)
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Homo sapiens Sec6l alpha 1 subunit (S. cerevisiae) (SEC61Al):
gtgtctctcggcggagctgetgtgcagtggaacgecgectgggecgcgggcagegtcgectecacgcegg
agcagagctgagctgaagcgggacccggagcccgagcagecgecgecatg

(Seq ID No: 593)

Homo sapiens Obg-like ATPase 1 (OLAl):
cgttctctcectececttectecccgectecagectgecggecaggacctttctetegetgecgetgggac
cccgtgtcatcgecccaggeccgagcacgatg (Seq ID No: 594)

Homo sapiens sorting nexin 12 (SNX12):
aggcctctgtcccccaccecectttecccggteccaggetctecttcggaaagatg
(Seq ID No: 595)

Homo sapiens LAGl longevity assurance homolog 2 (S. cerevisiae)
(LASS2) :
cggcctttttttcecggectgggectcecgggctcagetegactgggctecggcgggcggecggcggcggcyg
ccggcggctggecggaggagggagggcgagggcgggcgcgggecggcgggcgggcggaagagggagyg
agaggcgcggggagccaggcctcggggcecctecggagcaaccacccgagcagacggagtacacggage
agcggccccggecccgccaacgctgecgecggctacteectettgatgecctcececectttgecccte
actcaggatg (Seq ID No: 596)

Homo sapiens cytohesin 4 (CYTH4): tcatcttttccccagaggcgtcggaatg
(Seq ID No: 597)

Homo sapiens transportin 2 (TNPO2):

aattctctctctttggcteccctecttececgegegagtectectggagaagccgecagegegagttgecge
cgctgctgccecggggeccgggtaagtgggectcactcagageccgaccctettggecececggettgeg
tcgaccccecegecgggecaccgagectgecgeccgcgecgecggecccgggcgtcggggecgecgeccgaccgyg
gaaaggccgggaagccggttgggcccgatcctectggecagectagaacgggecgggcgggggagggyg
ggaaccgagcagagcttagggggtggggcctcggagccaggccatgtcggggectecctcaagaagag

ggccagtgggactgctggggtcgggctggaggggatctgattgggggaagecgtctggggactgett
ggggcctgattgggggacgtcgcgaggatcggettgecttgecgecatg (Seqg ID No: 598)

Homo sapiens makorin ring finger protein 1 (MKRN1):
gggcctttgctgtgtgggataaacagtaatg (Seq ID No: 599)

Homo sapiens vinculin (VCL):
ctgtctcttcgecggttceccggececgtggatectacttectetgtecgececgeggttecgecgecccyg
ctcgccgceegegatg (Seq ID No: 600)

Homo sapiens DEAH (Asp-Glu-Ala-His) box polypeptide 38 (DHX38):
cctccttttecctgeccccagactagaggecgggatgtagtctettaggectaagagtgattggtcaca
aggagactcggaagtgtctgatcagagccccagaggaggccttgagagectgttggegtacecgttce
cacacttggatccaggaatcgggcgtgttccaggctgctctectatggtagetttgggecggatagag
ggggcgcgcaaagtattaagggacaataatggccgctttcaaggtgtggattttggcteccttgagce
ctgtctgagcgaggggtggcagecgeccggecgecccagaatccgggacagaagggtcccaagagtege
gcttggtgagagaaatcccagatcctgtgatg (Seq ID No: 601)

Homo sapiens osteoglycin (OGN) :
catcctctaagcttttaaatattgcttcgatggtctgaatttttatttccagggaaaaagagagtt
ttgtcccacagtcagcaggccactagtttattaacttccagtcaccttgatttttgctaaaatg
(Seq ID No: 602)
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Homo sapiens NIN1/RPN12 binding protein 1 homolog (S. cerevisiae)
(NOB1): gctcccectctcacgcagceccaacatg (Seqg ID No: 603)

Homo sapiens nudix (nucleo-

side diphosphate linked moiety X)-type motif 5 (NUDTS):
catccttttagcaccgcgagaggcgeccggtgtttcgageccgtggcaccggcatcggectgacactge
tgcctccagctagttatttecgtcecctecttecgttcttcaccectacaccttggaggtgaacttcectca
cctgagggctgtaaagactcgtttgaaaatg (Seq ID No: 604)

Homo sapiens WD repeat domain 91 (WDR91l): cgtccctcaccgcac-
cacccctaaagacgctagcgctgcgatg (Seq ID No: 605)

Homo sapiens nuclear transcription factor Y, gamma (NFYC):
gggcctctgcattgecccgacteccgtaggagecgecgggggecggctectgetcecttectggactectgag
cagagttgtcgagatg (Seq ID No: 606)

Homo sapiens protein phosphatase 2, regulatory subunit A, alpha
(PPP2R1A) :
ccgcccttecttettcecteccagecattgecceccceccacgtttcagcacagegectggecgecagtectga
caggaaagggacggagccaagatg (Seq ID No: 607)

Homo sapiens vesicle-associated membrane protein 2 (synapto-
brevin 2) (VAMP2) :
ccatctttccgtcccgggcagccagecgeccagtcggagecagegcgagecgeecgecgecatcactge
cgctgccaagtcctccacccgetgecceccgecatg (Seqg ID No: 608)

Homo sapiens transmembrane protein 5 (TMEMS):
gattctctttccgeccgetceccatggecggtggatgectgactggaageeccgagtgggatg
(Seq ID No: 609)

Homo sapiens UDP-GlcNAc:betaGal beta-1,3-N-acetylglucosaminyltrans
ferase 3 (B3GNT3):
aactctttcttcggctcgecgagectgagaggagcaggtagaggggcagaggcecgggactgtecgtectgg
gggagccgcccaggaggctcctcaggccgaccceccagaccctggectggecaggatg

(Seq ID No: 610)

Homo sapiens SEC1l homolog A (S. cerevisiae) (SEC11A):
gcgcecttteeccctgecggtgtectgetegecgtccececgecatg (Seq ID No: 611)

Homo sapiens RUN and SH3 domain containing 1 (RUSC1l):
ctccctcececgegeccecgtectetecegecctacaggecctagcagggcaggegggaggtgagege
ggccatcccecgctceccggagttecgggatecctggagtecgtagttcgtggtecttegecggtgteece
cggagcccagcggctgtggatg (Seq ID No: 612)

Homo sapiens aryl hydrocarbon receptor interacting protein-like 1
(AIPL1): cctccctttctcectgcageccatg (Seq ID No: 613)

Homo sapiens tumor necrosis factor, alpha-induced protein 8
(TNFAIPS) :
cctccecttttetcecgecggetctaaccegegettggectaaggteccgegggaacccgtgageccaccyg
agagagcagagaactcggcgccgccaaacagcccagctcecgegettcagegteececggegecgtegeg
ccactcctccgatg (Seq ID No: 614)

Homo sapiens staphylococcal nuclease and tudor domain containing 1
(SND1) :
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gcgtctctttcgetecgtgteccgetgetgetectgtgagecgecccggcgagtecgtccegtecacce
gtccgcagctggtagccagcectgecccctecgectcecgactecectttecaccaacaccgacacccacatt
gacacctccagtccggccageccgcteccactcecgttgectttgecatctccacacatg

(Seq ID No: 615)

Homo sapiens DNA segment on chromosome 4

(unique) 234 expressed sequence (D4S234E):
cgccecctettttggtecgeccecctecccaacccagecactaaggagcacectgetectggtectecgecac
cacccagcgcecctcecctggacccatcceccccaaacccttgaacgtecctcaggaccececaggtgagcecge
ggcgcgctgcgggcggggaccctcectctgcacctecccgecaccectgggggtecgetectgteectacg
gtccccegectecectttetectttctaagecgectecgecgeccaggecgeccgececggggtggegecagce
ccgcagcccteccgetecgggegecctecgecgetecgagaccceecctgggggegegtectecteeeg
ctccectgttececctcececcceggectcagggecgggecgecgtggtecccaggggaggecteccecgeccagececce
gcactcctttgtgcggccgggegggegetgecgtcaaggtggaggcgecggecacacgegecgecaccca
cccgcgcegcecacccagececcgggagaggcaggaagggaggcggcecggecgecgaggaggagggagegge
cgtggagcccaatcgttcgcectcececccttececgggtecgecgegeggegecgectecgecattgetgeg
agcaggagcaggagacgcggagctcggagcgctcagectgacctgeccggageecgggecgtgggcectgea
gcctecggagctcccggaacgatg (Seqg ID No: 616)

Homo sapiens growth hormone inducible transmembrane protein
(GHITM) :
acgtcctttcgatgttgcgtcatgcagtgecgeccggaggaactgtgetctttgaggecgacgectagg
ggcccggaagggaaactgcgaggcgaaggtgaccggggaccgagcatttcagatctgectecggtaga
cctggtgcaccaccaccatg (Seq ID No: 617)

Homo sapiens stress-associated endoplasmic reticulum protein 1
(SERP1) : _
tttecttectcetttcactecgegetcacggcggecggccaaagecggcggcgacggecggecgcgagaac
gacccggcggccagttctcettectectgegcacctgecececgeteggtcagtcagtecggeggecggce
gccecggcecttgtgcectcagacctecgegettgecggegeccaggeccagecggecgtagetagegtetgge
ctgagaacctcggcgctceccggecggcgecgggcaccacgagceccgagectegcageggectccagaggag
gcaggcgagtgagcgagtccgaggggtggccggggcaggtggtggcgecgegaagatg

(Seqg ID No: 618)

Homo sapiens ADP-ribosylation factor interacting protein 1 (AR-
FIP1):
cggtctcctcacttecggettegetgetecttggttectggttectggaggctgggttgagaggtcecgec
ggtccgactgtcctcggeggttggtcagtgtgaatttgtgacagectgecagttgetecccegeceecg
agcagccgaggagtctaccatg (Seq ID No: 619)

Homo sapiens tumor necrosis factor receptor superfamily, member 21
(TNFRSF21) :
ccgccectteggegcecaccacgtgtgteccectgecgececggtggecaccgactcagteecctegecgac
cagtctgggcagcggaggagggtggttggcagtggectggaagecttcgctatgggaagttgttectt
tgctctctcgegeccagtectcectecectggttcetectcagecgetgtcggaggagagcacccggag
acgcgggctgcagtcgcecggcecggcttctececcecgectgggecggecgecgecgetgggcaggtgetgage
gcccectagagectceccecttgecgectecctectectgeeccggecgcagcagtgecacatggggtgttgg
aggtagatgggctcccggceccgggaggcggcggtggatgecggegetgggcagaagcagecgecgat
tccagctgecccgegegeccegggegecccectgecgagtececceggttcagecatyg

(Seq ID No: 620)

Homo sapiens sushi-repeat containing protein, X-linked 2 (SRPX2):
cccectecttcectgecagcagacggactgagttcecctctaateccectgtgttecttectececcatetttet
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aaaacccttctctgagagaggaataactatagcttcagggataatatagctttaaggaaacttttg
gcagatgtggacgtcgtaacatctgggcagtgttaacagaatcccggaggccgggacagaccagga
gccactcgttctaggaatgttaaagtagaaggttttttccaattgatgagaggagcagagaggaag
gagaaagaggaggagagagaaaaagggcacaaaataccataaaacagatcccatatttctgcttcece
cctcacttttagaagttaattgatggctgacttctgaaagtcactttcctttgccctggtacttca
ggccatatacatcttttcttgtctccataatcctecctttcaaggatg (Seq ID No: 621)

Homo sapiens HIV-1 Tat specific factor 1 (HTATSF1):
acctccctttctctgetcagetccagegtcatttcggectecttagttcecttectgaaccetgectectyg
agctaggtaggaaacatg (Seqg ID No: 622)

Homo sapiens trafficking protein particle complex 2 (TRAPPC2):
gggtctcttccgcggaaactgacattgegtttececgttgtcggectcccactgcaggagecatatat
tgaagaccatg (Seq ID No: 623)

Homo sapiens UDP-N-acetyl-alpha-D-galactosamine:polypeptide N-acet
ylgalactosaminyltransferase 5 (GalNAc-T5) (GALNTS):
ccaccttttcttgggcttgtaggaaggtggacatgggctcccggagacaagacaagtgatatgttyg
aactgttcggtggctggaatcaactgctcctggagtgacctaaggccagtgtttatcagaacttag
ccagggccagccaagcaggcacagatgctctgctatgaaatgccacgcaggcagagactgacaagce
ggtaggaactgagctttcceccttggactgctgettectgetgtgttcaggggagggggtcactttce
tggcaactctgctgetgetgetgetgctgetgetacttcagettectetecactcaaggtaagecag
gctaagggagggcaggctgctagggaaagctttgtaccatg (Seq ID No: 624)

Homo sapiens transmembrane protein 97 (TMEM97): tggcccctcttctca-
catcagcgggtccaggcccaaccgacagactatg (Seq ID No: 625)

Homo sapiens EH-domain containing 2 (EHD2):
cgtcctcececcgecteccgggecccacceggcectcagacggecteccggacgggaccgcgagcacaggecgce
tcecgecgggcgecttcecggatcctegegggacececcacccectectececcagectgecccageccgetgecagecyg
ccagcgcgccccgtecggcagetcteccatcectgecacgtctctecgtgaaccecegtgageggtgtgcag
ccaccatg (Seq ID No: 626)

Homo sapiens tubulin tyrosine ligase-like family, member 4

(TTLL4) :
cgccctecttetteccagactectecggtetgtecgetgggggegegegeggtgtgtggcaggeggcagce
ggcgctggcggccgagtgegettgtcacgegtggecggtgecgtggttgctaggggegectgaggctg
ccgggtagcccagcaggccgagggaggaagtagcgtggagecggtgeccgagecggggecgaagcetgg
atcccctagatagactgtcttcaagctcactgatattttcecctetgettgatccattgtgctgttga
gagcctctagtaaatttttcagactgacagacttcaaggatgcagctgctactaccggaggtgtgt
ggcaccttacctcagcaaggccatgagaccgtgtggccatgatgtgggccecctecatg

(Seq ID No: 627)

Homo sapiens basic leucine zipper and W2 domains 1 (BZW1):
acctctccctectectggegttagtteccggtcgcagaggagacaccgccgecagttgecggtacatce
ggggatttctggctctttectcttegecttaaattcgggtgtecttttatg

(Seq ID No: 628)

Homo sapiens centrosomal protein 57kDa (CEP57):
ttgccctttectgtgtaagectgtgagegtaggecggecctgagggggtgtgttgcaggggtttccaag
cccagcaccagcacccttgeccttttccatcaggggttcagectagggtecececgetggtgggecggce
tccecgagtcecttggagaagagcacgagaacctagaccgeccccgaagtgecggagacccececctgggecag
gctgaaagatg (Seq ID No: 629)
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Homo sapiens family with sequence similarity 115, member A
(FAM115A) :
ctgccctttgcectectgggcggagaagetgecttectectgggaacaaccgecteccecgetectagea
ggttgctactgccccgaaccecgegctgcagggaacagcggggcaaacagtgagtggggttcagegt
agactctggaccaggagaggcccgcggtgaccgaggecctgggccccggaaaccaatagagecatg
(Seq ID No: 630)

Homo sapiens ATG1l3 autophagy related 13 homolog (S. cerevisiae)
(ATG13) :
agccctctttcaccecccececceccecggecattaccgaagecggatgaaaacaaacactaacgatggeg
gcgccgggaagcgaccggctgectgggettaaggcgggagtgaccgecttaaccagtgagggaagcac
tgaagagcgccagtcgacgtgggtgecgacaactcgcggagtcttaggagcaaaacgtctggggect
gcgagccaggacccttctgaagecttaggtgtctatcggegacgtgtacggtcactgcagectecgg
agcgcggaaccctcagccaggaggcgeggctggtcggtecccaggtceccecggectecgtaatgagage
ccggaaccactctttgtgccgcagcttecgcagcatecttggactcaagtgattectecctgectcagec
tcctgagtagctgggactacagattcctataggcaatg (Seqg ID No: 631)

Homo sapiens sorting nexin 17 (SNX17):
ccgcctteccacatcggatcgcagggetecccaaaatggecgagtgaggectgeggggactcecgetgage
agcggagggggagcgtgcagagceccgctgcggecctcacagtecggagececggecgtgeegtgecgt
agggaacatg (Seq ID No: 632)

Homo sapiens phytanoyl-CoA 2-hydroxylase interacting protein (PHY-
HIP) :
cgttctttctceccttectectgectetetectecteccacgetgetttgatttegetecttgectectette
ttgcgctgctcagctgggaacatcgtctcaccaggggcagcagcgacgcgctgcacagecagacag
gagctggctgcggggcatggaagcagcectceccttggcageccgggagaggagcaagecgcacgecactg
cccgtgacccaggcegtcecggectgetgteccectgecggggagetcatccacgcagaggtetcecteect
gtcctccctgegagettttectctgcagageccagtggageccagtcecccacaggagacaaccctga
cgggagcatg (Seq ID No: 633)

Homo sapiens translocase of outer mitochondrial membrane 20 homolo
g (yeast) (TOMM20):
cggcctttectgtgttecctggeececgeggecgtecgggtgtgagectgegecgacecgectectgagggtteg
tggcccaccgctecttcgeggtcectgecgeccaccgteccacgetcagegttgtagagaagatg
(Seq ID No: 634)

Homo sapiens KIAA(0141 (KIAAO0141):
cggcctttctagecgctgtecccaagggttggtctegegettteggectgegagetectetgtggtget
ggcagcgacatg (Seq ID No: 635)

Homo sapiens janus kinase and microtubule interacting protein 2
(JAKMIP2) :
ctccctectttaaacagettctecgggtcectcagecatgggettccagggcagegattgaggagacct
taccaaggagcaccacacagtagatgctgagacatcgtactccaggataagaaacagtaacatggc
agcacctgcttgaaagaaattaaaaaccaacagactccatttagaaaggaacaatg

(Seq ID No: 636)

Homo sapiens EPM2A (laforin) interacting protein 1 (EPM2AIP1):
cctectctececttgeggectttctaacgttggecctgetettgtggecteeccgecagaatg
(Seq ID No: 637)

Homo sapiens centrosomal protein 170kDa (CEP170):
cggtctttgccgttaccgctatgtgtggggcgtgtgtggaataacgttattgecccageggagetga



10

15

20

25

30

35

40

45

WO 2013/143700 PCT/EP2013/000938

171

gggccccggagctcgaccgcagcggcagcgacgacaacagcggcgacgacgacgacgacgaggtygg
ggggaggacggcgtgcgagagactcacgggacgcgacgcgecccgectececccgtecggtceectcet
ctccacggtaaggggatgacgtagctttgccaaagacttagaagctaagcagaaaatg

(Seq ID No: 638)

Homo sapiens suppressor of Ty 7 (S. cerevisiae)-like (SUPTTL):
aggcctctcgaggtccagacagceccgecccagceccecgetectgecgacgcagcagtgaatagtgtggtace
tcecttgtctecggttcaggtccagacctceccecegtettecggetgecctgaacgtcaggecgaccectecag
gaccctgtgattggcgcctgecgecggcggaccgtgaccgaggaaaccectggagggacttgggeat
tcecttgggcteccgtgectgttcttegtgectectttecgggcaaggatctcacattatcagtctttga
ccgacacagaatgcctggcatttgataaatgtttgttgaacttgaagagacatatggacaatg
(Seq ID No: 639)

Homo sapiens non-SMC condensin I complex, subunit D2 (NCAPD2Z):
ttttccttttcatttcagecctgactgeccggaatcagagecgegggtgagatccccagecctgtgag
cctgtaggagtagaatg (Seq ID No: 640)

Homo sapiens ring finger protein 10 (RNF10):
ggttctttgagatgctgtttggcgactcgtcgeccattceccggagcaggtcggectcggecccagggyg
cgagtatccgttgctgtgtcggagacactagtccccgacaccgagacagccagceccctcectecectgce
ctcgcggcgggagagcgtgtceccggeccggccggecggecggggctegegecaaccteectegectecce
ttcccecgecagectecgeccegecaggeccggeccggactececgageccecggectectegtecteg
gtcgccgctgecgecgggettaacageccecgtcecgecgettetettectagtttgagaageccaagg
aaggaaacagggaaaaatgtcgccatgaaggccgagaaccgctgeccgeccgecgacccccgecggcec
ctgaacgccatgagcctgggtcccecgececgegeccgeteccgetccgactgececgtegeccgecgaggec
cccgttgatg (Seqg ID No: 641)

Homo sapiens PAN2 poly(A) specific ribonuclease subunit homolog
(S. cerevisiae) (PAN2):
agcccttcttgattggaagaagcgcctcggacccececggtecttggecgecgtagtggttaggttgage
cctaggcgtgggggagaactggggaaactggaatttccecgeggagectgacagegecttgegetcececce
ctactcgttctaattccacgcgctccaaaatatccgccatggagaaatcttggeccaggatgtceccat
tctaggcccatcggtgctgtcttgectgaaggttgggtcaggcatctaaagggactgtggtaaggga
gggtgtgacacaggtgtaagctgccatcgtcatcatg (Seq ID No: 642)

Homo sapiens CD302 molecule (CD302):
gctcctctccggecgegcagecgectgececgeccaccecgecaccecgecgtceatg
(Seq ID No: 643)

Homo sapiens NSA2 ribosome biogenesis homolog (S. cerevisiae)
(NSAZ2) :
gactctttcctgtcccggectgegtggtgtgggettgtgggtctttgagaccecgaaaattgagagce
gttttcgcactccagcggctgectcecctggecggetectgecggecgtcaccatg

(Segq ID No: 644)

Homo sapiens DIS3 mitotic control homolog (S. cerevisiae) (DIS3):
acgccttttgctggaagagecgctgctggggttaggattctgecgecggegaggcaagatyg
(Seq ID No: 645)

Homo sapiens caspase recruitment domain family, member 8 (CARDS):

cctcctectgegagegttatttcaaaagaagttgagaaccagagaaaccgacctaaggggattctcece
catttggcccgtcectacectaaagtcaccacctgetgettttctggagecgettaccagtgaccaag
aggaacagaacacagagcagcctggcagtgtccaagcaacaagcctccgectectecttectgceacce
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ctggggctcctgaaactcacatgggtaaaaaagatacagtaaagacataaataccacatttgacaa
atg (Seq ID No: 646)

Homo sapiens epsin 2 (EPN2):
ccgcectcectcgagecgectgecggtggeccgcagecggegcacccacgccggeccggaggagcagagtgtt
catttctgtgtcgggcacagtgctaagtgctgggtgctcactggtgatgaggcagatgaaggttac
caaacttgtggacaggagcctcatatcagagacgtggacctcactgtagcctggtcatggcttcca
gcttttcgaatctgaggctccaaaggaggaaatgaccattcagggatcttactccagcttgattac
ggagactgaaccttcatagggtgcgcacttaccaaggacaggaaggtttctctgtttgaagggctt
taaacttataacaaagaaaataaaaatg (Seq ID No: 647)

Homo sapiens pyridoxal-dependent decarboxylase domain containing 1
(PDXDC1) :

ccgcctctcaaccatcaggttcggcageccecgeggegecgectggcagetectectettetecgecece
cgccggcecgecgggcgcgggggacgtcagegetgeccagegtggaaggagetgeggggcgcecgggagga
ggaagtagagcccgggaccgccaggccaccaccggeccgectcagecatg (Seg ID No: 648)

Homo sapiens nicotinamide nucleotide adenylyltransferase 2
(NMNAT2) :
ccttcetttcteecctctgecagacacaacgagacacaaaaagagaggcaacccctagaccaccgega
aggacccatctgcaccatg (Seqg 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):
tccectectteccagegecttteggtggagcactgeggcactcageccgagetgecgttttceececte
gcggggaacgctgtgaccccccecgecaggagecggeggggcggggtgggggggeccgggagaagatyg
(Seg ID No: 651)

Homo sapiens PAS domain containing serine/threonine kinase (PASK):
gctccttteecgtggtgtgtageccggcttggegtgaccctegectgateccagttgttagagttggaa
gcttggcagttggcctececttettecccatg (Seq ID No: 652)

Homo sapiens megalencephalic leukoencephalopathy with subcortical
cysts 1 (MLC1l):
cttcctttectagttgggttctgacagectccgaggcagtggtttacacaaccaacacgaaacattt
ctacgatccacccgattcctcecccctcattgatattcaggaagcagctctecttececctgecttcag
ctcaagtttgctgagecttttgtttcatttgtgaatacttcttgctggaagtccctcacccagagac
cagtgctcccaacggcagagcagcgggggagataaagaactggtgacacgtggctgtacattcagce
acagctgtggtgtccccaagtgccatg (Seq ID No: 653)

Homo sapiens RRS1 ribosome biogenesis regulator homolog

(S. cerevisiae) (RRS1):
ctttcttttecggattgggcatcccggcatctgecacgtggttatgectgecggagtttgggcecgeca
ctgtaggaaaagtaacttcagctgcagccccaaagcgagtgagccgagecggagccatg

(Seq ID No: 654)

Homo sapiens formin binding protein 4 (FNBP4):
cgctctctgectcgegettgggetegegatg (Seqg ID No: 655)

Homo sapiens peptidylprolyl isomerase domain and WD repeat contain
ing 1 (PPWD1l): gcgccttttctgacgatgcgaacaacatg (Seq ID No: 656)
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Homo sapiens sorting and assembly machinery component 50 homolog
(S. cerevisiae) (SAMMSO0):
ccgcecttcectgcecctcagcagcagacgectcectgtecececgeececgggcagetectgegaggcageggetgga
gagggaaccatg (Seqg ID No: 657)

Homo sapiens Yipl domain family, member 3 (YIPF3):
gcttctcecectttttgtgttecggececgatcccacctectectcgacecctggacgtectacctteccggagg
cccacatcttgcccactcecgecgegeggggctagegegggtttcagegacgggagecctcaagggac
atg (Seq ID No: 658)

Homo sapiens tectonin beta-propeller repeat containing 1 (TECPR1):
caccctcttgececggtceccececgggagggecggtececgeteccteccggacgccgaggacctaccaccgce
gacttcgccccgececcggecgecgggeccaggacectgatgtecgettttgaacageecctgecacctgge
agccagcgagctactgtagtaggcattgccgactgtttgcataccggatgggagtgacagtgtaat
agaaaaacaagcaagaaaccttttaggtaggactcctaaggctcagaggaagttacctccagecgce
tgccatg (Seq ID No: 659)

Homo sapiens DDB1 and CUL4 associated factor 12 (DCAF12):
ccttccctttececggctcaagtecttectcectetetttectttectttecgectatettttttetget
gccgeteccgggtcececgggccattttecgggecgggegecactaaggtgecgecggecececggggeccagta
tatgacccgceccgtcecctgectateccttegettececececgecccatgtggectgeggggececgecggecggegce
tgcccactatg (Seqg ID No: 660)

Homo sapiens chromosome 3 open reading frame 17 (C3orfl7):
ccgcctttegtaagtcceccecgectegecatg (Seq ID No: 661)

Homo sapiens LETM1 domain containing 1 (LETMDI1):
caacctcttctctcececgettectctecgetgtgaagatg (Seqg ID No: 662)

Homo sapiens chordin-like 2 (CHRDL2):
ctcccttectgectggaccttecttegtetctecatectetecectectttecececegegttetcetttccac
ctttctcttcttceccaccttagacctececttectgecctectttectgeeccacecgetgettectgg
cccttctcececgaccececgetctagecagcagacctectggggtectgtgggttgatetgtggececectgtyg
cctcegtgtecttttegtetececttecteccgactecgeteccggaccageggectgacecctgggg
aaaggatg (Seq ID No: 663)

Homo sapiens CCR4-NOT transcription complex, subunit 10 (CNOT10):
actcctctagccggaacctgggggcccggageccggggtaggcacagagttgtecteggaggtccag
gacagcggccagcccggcggcgggagtcagggecacgccacctgcagggaagaacccgagtcgaag
cgggaagatg (Seq ID No: 664)

Homo sapiens THUMP domain containing 3 (THUMPD3):
cttcctcttgcagttgaggeccggegecgageccggacttcaggeggatctecgtggeggageccatcet
tgctceccteteccaggectttaccegetcecectaggatteccecgggecctgtaggtgggagttgggag
acgacagtactgcttttaaagagacagtgttagggatcttggaagcacagccaacatg

(Seq ID No: 665)

Homo sapiens nipsnap homolog 3A (C. elegans) (NIPSNAP3A):
gctcctttccactcgggaaaccttcagaggagtctcagaaaggacacggctggctgettttctcag
cgccgaagccgcgccatg (Seq ID No: 666)

Homo sapiens CAP-GLY domain containing linker protein 3 (CLIP3):
gccectececctecteegeccccacceectgteggegtetgggectegtececttectetetgtecteect
tgcctcecceccatcacgtececctgacaccgacaccceccattgetcecccacagtectecccagtctecact
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ttggtccccagcegcetgtectgeccgaggatttgectgaaggctgeccccaactectgcaccecgcccce
cgagggccaccgaggaccatg (Seq ID No: 667)

Homo sapiens ring finger protein 167 (RNF167):
cacccttecccgaagtttttectgtcacctgtgttaggecteccgtececttteegegttttateceegt
accagaaaaggatacatttagtgcctcccacccagctccactaaacgggttggatatctcattctt
tgagttggtgttccttccececggegececccatgtagetgggaagtgggacctgggggtggttggace
cctgggatcctaaaggaggggcagggagggcgcagaactcecgettcectgetecttgectaccaggacyg
cgcggcctecectcagectectttectecegetgecatg (Seq ID No: 668)

Homo sapiens polymerase (RNA) II (DNA directed) polypeptide M
(POLR2M) :
cgttcttccgggaaaatggcgactcecegetcecgtgeccecggagtcaccgecgteecgecggatecggeg
ctagtagcggggcctgeccgaggaagecgagtgecccgecgecgegecagectcageccecgecgcagaat
g (Seq ID No: 669)

Homo sapiens dihydroxyacetone kinase 2 homolog (S. cerevisiae)
(DAK) :
tcgcecctettteegecagegeeccgecaggacccggatgagagegcacgetteggggtectecgggaagt
cgcggcgcecttecggatgtggecggatgeggecgtgagecggecgggggaggtgetgetgetgecteca
ctgtactcagacccaggtagcacaggattgtccatcctccagcagctcagtgcaacggtgtgaact
cagcctgtttcagagcctccacaccatg (Seq ID No: 670)

Homo sapiens RNA polymerase II associated protein 1 (RPAP1):
cgatctctgcggggcaagatggcggcgecccagacaggcctggagcacggatgaataagagggaacce
CCcacacggagacactgctggagagagtcgtactggggaggcagctggagcagcaagatg

(Seq ID No: 671)

Homo sapiens torsin A interacting protein 1 (TOR1AIP1):
cctcctectttggtgeccteccageccaggaggcgggagegatccacagcagectgacccagectcaggeac
tgcctctctcacagecectcaagacacaccatgggecccagaggcaggtttgctacacagcagecgacyg
acgcaggcggcggccccagcgactcecgcaactgecctececctgaccacagecggccaccgcccaacaccece
ccgagaagccatcgccaccaccggcaggagaacctagggtccataaageccatcttcgegatcgact
aaagctacgtcaacaactatg (Seq ID No: 672)

Homo sapiens SERPINE1l mRNA binding protein 1 (SERBP1):
cccectetetecggcececggcecatcecttgtgggaagagetgaagcaggegetcttggeteggegeggcec
cgctgcaatccgtggaggaacgcgccgecgagceccaccatcatg (Seq ID No: 673)

Homo sapiens N-acetyltransferase 9 (GCN5-related, putative)
(NAT9) : caccctttctgcgggggacgatttcgtcggtggtaggctgctaccatg
(Seq 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)
(SH3YL1) : cttcctcttectgggcagecctcgggacggggcgeccgecggecgggegggcageatyg
(Seq ID No: 676)

Homo sapiens methylmalonic aciduria (cobala-
min deficiency) cblD type, with homocystinuria (MMADHC):
acttcctttgcectgctcaccgeccagecgtaggtgctaccaccgetgeecgtecgecgeecgecattttga
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tggcaggaagagtccggttctgggacagctggagacagtggtggtgactgaaataactttaccaaa
ggaaagctattttgcgaactatcttctccagecggagatg (Seq ID No: 677)

Homo sapiens glioma tumor suppressor candidate region gene 2
(GLTSCR2): agttcttcctttgacaagatg (Seq ID No: 678)

Homo sapiens DDBl1 and CUL4 associated factor 8 (DCAFS):
cagtcttctcgagcacatcgtcgcaaacggggccggaaagecgtggcagecgcaggecgcaagcgecaga
gagcggaggcggtggtggtggcggccgctggccagttecttcagtgaatctacagacctattttet
caggagctcagcctggecttacttcagtgataaaaggaggaaaggctggctacagcaaacatcatt
caagatg (Seq ID No: 679)

Homo sapiens UBX domain protein 1 (UBXN1):
ctttcttctcgtcecggtgttcecggectgectatagagecgggtgagagagcgagegeccgteggeggg
tgtcgagggcgggttgcctcgecgectgacccttececcgecctecttectegtcacacaccaggteeccg
cggaagccgcggtgtcecggegcecatg (Seq ID No: 680)

Homo sapiens antizyme inhibitor 1 (AZINI1):
ccgcecttectcacactttcaggctctgatcgecggecgcagtttttecttttttecttectgecgtegece
ttctctgcecctcecttcectcatectttectegetectgetgectectgcagtgtgacgagtecgaatectettce
ccacccagcccgcegectttettettttgectgegetgttectatttctcetteggecgecgecgececa
ctgctgcacacagctggtgtcggtgeccgcecgettttaccceccaagtecgttecececgecagectatggecce
aggccgceccttgggtatttctgctcaaggtaaccacatccctectttaaaaattccgeccgaaaaagag
aagacgctttacccgactctttgggecgttatctcacggcgaactttctgaccaagtatacaacta
cccagagggcctaggagaagtgctgtatagagagcagttcecgacttcaacgctgagccaccttggga
acctagctgatgataggggggttccatctcccaacttgtccatggaggtcttcacttcagaaatcc
aagactcatattcatccagcttggtgtcaagtgggctgttgctgccagaattatcttgtgattatt
tgagagatgtatcagtttcttctgaagtacaatcaactgtagaagcctttgtagcagtttgttgceca
tattctaaggacccagacataggcttggtggcccgtctcttgtectttecctggtttatgactttecgg
ctttgtggaatacggctgagatg (Seq ID No: 681)

Homo sapiens cell division cycle 40 homolog (S. cerevisiae)
(CDC40) : gcctecttettetteecgecctggcagggtctecgecagaagatttgttgeegteatg
(Seg ID No: 682)

Homo sapiens stathmin-like 3 (STMN3):
gcgcctctceccagectecgecaggeccaaccgeccgecagecaccatg (Seq ID No: 683)

Homo sapiens nudix (nucleo-

side diphosphate linked moiety X)-type motif 13 (NUDT13):
tttectcettttgtgetgattectgaggactaggaaggtgeccccgaaaagaattcagagacctgaca
atg (Seq ID No: 684)

Homo sapiens calcium homeostasis modulator 2 (CALHM2):
ctctcttttctggagttagattagtctgaageccgeccaccagecccaggeccceccgtgcagaagaaaa
gcgggagggaacggcggaggccgcecgcectgecctgcaccgecctecctggaggeccacttggagagtece
ggccccgaggaggccatggccacaagtgcecccacagetggecccaggttgeccagegtecgectacagec
cagaccaaggcagaataatctccggatgagctggtggcaccgctgagectttggtctcaccaggge
ttcctgttgctggcaggecggggtggagecggagectgctgggaggctgectggataggagaggggtcac
ggctgcggaagaggaggttcttcgggacacccgtggatggacacggcaaggaaacaccaggccaac
cacagctggggataaaatagcacaaccacaccctgccgtceccagegectcecccagectgtgececette
ctagtaccaccagcaaccatcaatcccgtctcctectgectectcectectgcaateccaccecgecac
gactatcgccatg (Seqg ID No: 685)
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Homo sapiens NMD3 homolog (S. cerevisiae) (NMD3):
tcttctectgtggcggagacagccaggttggcagetgacgggacagecggggtectattttgttgegg
gttttcagcaaatccagggctggtctggaggecgecgaaaacttaaggcatacagaacgatg

(Seq ID No: 686)

Homo sapiens ATPase, H+ transporting, lysosomal 50/57kDa, V1 subun
it H (ATP6V1H):
gcgcctctgtcattcectactgecggececgecctggettecttctacctgtgecggecctcaacgtetect
tggtgcgggacccgcttcactttecggctccecggagtctecctecactgectcagacctectggaccetyg
acaggagacgcctacttggctctgacgcggcgeccccageccggcectgtgtccccggegeececggace
accctccecctgeecggetttgggtgegttgtggggtecccgaggattcgegagatttgttgaaagacat
tcaagattacgaagtttagatg (Seq ID No: 687)

Homo sapiens DPH5 homolog (S. cerevisiae) (DPH5):
gggccttttctetgcacggageccggegettttgecagttgettctgeggaaaggtggtagttaagaa
tttgtaaaggccagagaactacctacgattctctcageggtctctettectectcaagtttgaaatyg
(Seq ID No: 688)

Homo sapiens polymerase (RNA) I polypeptide D, 16kDa (POLR1D):
cctectecectecttecgtectecgegectteecgteggteggtecttgettectgettegectecge
gcctcgcecgctatgggacagageccccgatccgeccagcaccacctgaggatccagaaaccgeccecag
cgatg (Seq ID No: 689)

Homo sapiens HMP19 protein (HMP19):
ctgtcctttcagcaccacaagctcgggctgaggagggaggactectggecgtectectectettcea
aattggcttgaatcttctctgaccecccacgagtgcagcacagtctgggaagaaaggcgtaaggat
g (Seqg ID No: 690)

Homo sapiens adiponectin receptor 1 (ADIPOR1):
gcgcccecttecggecgecggggagggegcectgaagatcggggecgetecggeccgcaggecgecteccagceg
ccgcgggatgtagcgcgggggaccgeggecccccagcagagececgectgeceggettgtcectaccatce
agagggagatctctgccccecctggggctgagagaccccaacctttcececcaagectgaagectgcagggt
attgaggtaccagccagatg (Seq ID No: 691) .

Homo sapiens SH3-domain GRB2-like endophilin Bl (SH3GLB1):
ttttcececttgggaccecgggtccacacggeggggtecgececgtecatecteccggetegeccgeggggcec
catcgtcgacgttagcggccgttcteccgageccgactgacccatecttggegectgeccgecgegeget
tgttctcecctecctegeccecgecttcatectececcgttcacggaaacgacagectgeggetgecggggce
tggcgccgecteectccacctaccacgtctgecctecgecgetctagecctgecgececcageccecggec
gcggcacctececgectcecgecgecgctaggtecggecggectecgeceggetgecgectaggatg

(Seg ID No: 692)

Homo sapiens anterior pharynx defective 1 homolog A (C. elegans)
(APH1A) :
gtcccecctecttcecggettceccgtagaggaagtggecgecggaccttecatttggggttteggtteeeccecect
tcceecttecececggggtectgggggtgacattgcaccgegeccecctegtggggtecgegttgecacceccea
cgcggactccccagcectggegegeccecteccatttgectgtectggtcaggececccacceccecttec
cacctgaccagccatg (Seq ID No: 693)

Homo sapiens RNA binding motif protein, X-linked 2 (RBMX2):
ctgecctttcececgggegectgattectgagtgectgagecgcgaaccecgaggagatg
(Seq ID No: 694)
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Homo sapiens family with sequence similarity 82, member B
(FAMB82B) :
atctcctttagccccgeccgectecgtagetgectgaagtagtgcagggtcageccgcaagttgea
ggtcatg (Seq ID No: 695)

Homo sapiens UTPll-like, U3 small nucleolar ribonucleoprotein,
(yeast) (UTP1l1L): tgatcttttccaaggctgtacagacatg (Seq ID No: 696)

Homo sapiens chromosome 14 open reading frame 166 (Cl4orfl66):
cgccctctecgecgegtecgecggtgectgegectececcgetceccacctegettettectecteccggecga
ggccecgggggaccagagcgagaageggggaccatg (Seq ID No: 697)

Homo sapiens transmembrane emp24 protein transport domain containi
ng 5 (TMEDS) :
gcttctctttecggagggagtgttcgecgeecgecgecggecgecacctggagtttecttcagactecag
atttccctgtcaaccacgaggagtccagagaggaaacgcggagcggagacaacagtacctgacgec
tctttcagcccgggatcgecccagcagggatg (Seq ID No: 698)

Homo sapiens coatomer protein complex, subunit zeta 1 (COPZ1):
gtttcttttgcggctccacgtcggcaccagctgcggggcaagat (Seq ID No: 699)

Homo sapiens mitochondrial ribosomal protein S16 (MRPS16):
ggttctttctgtgtttgttctctgececctgeccaaggeccgtagagectggtgecgtgecgggtageggggce
tctccgaggageccgcacgceccggeggecaccatg (Seq ID No: 700)

Homo sapiens charged multivesicular body protein 3 (CHMP3):
ctacctccttttcececgegggeccecegeccaggeggctgeccgtgacctgectgggecgeggggaactga
aagccggaaggggcaagacgggttcagttcgtcatggggetgtttggaaagacccaggagaagccg
cccaaagaactgatatccaaagagaagaagaaaaagtgaaacgatctgtgaaagatgctgccaaga
agggccagaaggatgtctgcatagttctggccaaggagatg (Seq ID No: 701)

Homo sapiens RNA binding motif protein 7 (RBM7):
cgaccttttggccaggttagggagggggcgacgctgagatg (Seq ID No: 702)

Homo sapiens eukaryotic translation initiation factor 3, subunit L
(EIF3L): cgctctttccggeggtgctcgcaagecgaggcagecatg (Seq ID No: 703)

Homo sapiens zinc finger protein 706 (ZNF706):
ccttecttteccteecggegtectecteccggecctectegegetgecactgtectetecgacgcaagact
gtcccggecccggatatg (Seqg ID No: 704)

Homo sapiens androgen-induced 1 (AIGl):
cgccctecttgecgeccagecggteccaggectetggegaacatg (Seq ID No: 705)

Homo sapiens interleukin-1 receptor-associated kinase 4 (IRAK4):
cgccccttegeggegettectagtteggetggttettetgtegecggettcagcagececgecgeccy
ggcaggaatagaagatg (Seq ID No: 706)

Homo sapiens transmembrane protein 66 (TMEM66) :
cgttccttegeecgecgeccaggggtageggtgtagectgecgecagegtegegegegetaccgecaccceag
gttcggccecgtaggegtctggcageccecggegecatcttcatcgagegecatg

(Seq ID No: 707)

Homo sapiens carboxypeptidase Q (CPQ):
ccgcecctetecggececcgeggectggecggcaagcagggctgecagtcacggggeggecgeggagggcecce
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- cagcccagtcaggggtgtggccgecgeccaccgtaaggctaggeccgegagcttagtcctgggagecg

cctcecgtegecgecgtcagagecgecctatcagattatcttaacaagaaaaccaactggaaaaaaa
aatg (Seq ID No: 708)

Homo sapiens hydroxysteroid (17-beta) dehydrogenase 12 (HSD17B12):
cgctcttttcattcacgaaggtagtgaggcctagtggaaagccatg (Seq ID No: 709)

Homo sapiens protein phosphatase methylesterase 1 (PPMEl):
cctcccectegatg (Seq ID No: 710)

Homo sapiens HemK methyltransferase family member 1 (HEMK1):
cccecttteecggcaggectactgggetecgeccacacaccteececggectggttcctaaacgecaget
cggagcaatccccttgggctggagccaaatcecctgectgtgattttaaggaagaccggcaggtcecgg
gcccccaagggtcaaccccacacacatcceccegecactttectgtatgcaggectgecgagegtagagg
gagtggaattcacagcctccccacccatececgecaggggtectectgggaggaacccaccagcgatagg
aacactgaagctgggctacggcgtccgeccgagecttttcttaaaggcgeccgaccccggaageggg
gcgtccgagggagcgcgcgacgggceccacgcacgtecgggegtceccagttcggggecagettcectecegge
tggtgggtgggtggggcagcctttcaggcagggtggcaaccaactatatctgaggaccagagceccat
tttggggcaccagagcttgtgacctctccatctccacccagetgggtccaggggeccactctcagcea
ctcacctcagcagctgacatcataaagcagacttgggaacctggaagcactctggagaacctttcce
ctgagacatg (Seq ID No: 711)

Homo sapiens N(alpha)-acetyltransferase 38, NatC auxiliary subunit
(NAA3S) :
cgccctttcagttctgettgetgteggcacegetgegttaceceggaaccgecgggeccgaacageat
g (Seq ID No: 712)

Homo sapiens cleavage and polyadenylation specific factor 3, 73kDa
(CPSF3) :
ggttcttccecttttttatttaccggtggctgtgecttccaatttaggaagaccccggecgacctgttece
tcaccccegettecgecctcacactttecgggatg (Seq ID No: 713)

Homo sapiens dynactin 4 (p62) (DCTN4): tcgcctcctccectcecccaagatg
(Seq ID No: 714)

Homo sapiens hydroxysteroid (17-beta) dehydrogenase 11 (HSD17Bl1):
gttcctccttgectctcecgecectactetttetggtgttagatcgagctaccctctaaaagcagttta
gagtggtaaaaaaaaaaaaaaacacaccaaacgctcgcagccacaaaagggatg

(Seq ID No: 715)

Homo sapiens YTH domain family, member 2 (YTHDF2):
tagtctttccaggtgttagtcgaaacctcgtggtgcgaccectggtcgtecccaaacccecctaggect
taatcctggggcggtgggggcggggaggceccgtgagcacggcecttecgectectccaatecgecagagg
gcgcagcggccggcectctecctteececggggttettecgegeecgggeccectteccgegtgggtgagtga
atgtgagagtcagcgctcgecgeccgecgecgegecgeccgectececgetgtteggegetectgetttagge
ggtggggggcgggcgcgcgcgtaaaagcatagagacgggcattgagectcecttgggctagagegtege
cgagtcggagccggagcctgagcecgegegetgtgtcectecgetgegtecgecgaggecececgagtgt
cagggacaaaagcctccgcectgctceccgcagecggggctcatetgecgecgecgecgegetgagga
gagttcgccgccgtcgececgeccgtgaggatctgagageccatg (Seqg ID No: 716)

Homo sapiens tubulin, epsilon 1 (TUBELl):
agctctctagcagagcgccgttgctgggggaatgcagaagecggceccgcgggctagcaagetececcgga
gccggcggcgcaccaccatg (Seq ID No: 717)
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Homo sapiens ubiquitin interaction motif containing 1 (UIMC1):
cctcettttecttectcagegggtececgeggececgectactectecgggaggggegettececcgacgcecaa
ggtaggcctctceccgacgceccggggcggeccttectgatgececggggtgtgtectectegegacgecgggg
gtgggctccggacgccggggctggecttgeccgaagtcgggggtgggtecctecggacgecgaagtyg
ggctcgggatgcggggctgggaccctcececcgattececggggecggatteccggacgeccgggaccggeecat
tactggtgccgggttgggcttcteccagatgeccggggectgggtecttcccaaggttgagacaaaagyg
atg (Seq ID No: 718)

Homo sapiens TNF receptor-associated protein 1 (TRAP1):
ccgcccctteccatecgtgtacggteccecgegtggectgegegeggegetctgggagtacgacatyg
(Seq ID No: 719)

Homo sapiens cereblon (CRBN): cagcctcctttgcgggtaaacagacatg
(Seq ID No: 720)

Homo sapiens ribosomal L24 domain containing 1 (RSL24D1):
cttcctctcaagcttggegtttgtttggtggggttacacgegggttcaacatyg
(Seq ID No: 721)

Homo sapiens leucine carboxyl methyltransferase 1 (LCMT1):
taccctcttcectgttgcectttcectecectgtggectecgegecgtececcececgecgeccgtecgaccecegettece
atgtccctggcggacacagctcccaggaacctccacgceccatggccactaggcagagggaatectce
tatcacctcctgctgttccacctecgagectgecgacgcagacgacgagggegtgecgeggecacctgega
agatg (Seqg ID No: 722)

Homo sapiens RAB14, member RAS oncogene family (RABL4):
cceccecttettttgtggteccggeccattgegagggtgacaggaaaccctgtgcagggagcgecgceca
tcttggaccagcccgaggaagatactgagggagcacaggagcagtcaccgctgccactgectactge
cgctactgctgccggcgegtctgcacctcectecggectgecagtgtacctgecggegecteggtcgac
cgccccecgecccectcectececgetgegtecgecactectgttectggtecctgacgeccececteccgecce
ggaaagctgcccagccaccagcaaccceccagtgecaccatg (Seq ID No: 723)

Homo sapiens Enah/Vasp-like (EVL):
cttccttttectgtttggttttaagtaggctataaaaatcaagttgectgtcttcagagggtctgtg
gtcctctgatcaacataggctggtgggagtacaggactcgcctcecctcagggttccctgtgetgeca
cttttcagccatg (Seq ID No: 724)

Homo sapiens LIM domain and actin binding 1 (LIMAl):
ctctcttcecectcecteccteteectectgecgggtggatgetttecteccatgtggcaaggectgtaactg
ttcacagctgtctgaaacagcagtggaccaggagcagcttggagttttaactttcattttacaaag
aacaacatgtttgaatgtttcagcaggcaagttataactggcatctacttcttgttcttctagaac
accgaaaatctctcccagcactttagaaaggggaccctgactgtgttaaagaagaagtgggagaac
ccagggctgggagcagagtctcacacagactctctacggaacagcagcactgagattaggcacaga
gcagaccatcctcectgcectgaagtgacaagecacgetgcttectggageccaaagectgaccaagaagaa
caaatccaccccagatctagactcaggtcacctcctgaagcecctegttcagggtcgatatcecccecac
atcaaggacggtgaggatcttaaagaccactcaacagaaagtaaaaaaatg

(Seq ID No: 725)

Homo sapiens ubiquitin-fold modifier conjugating enzyme 1 (UFC1):
gtttctcttgcgcecctggtccaagatg (Seq ID No: 726)

Homo sapiens coatomer protein complex, subunit beta 1 (COPB1):
cacccccttccacgtcageccaaggactctggagecgecgecgecgetgectgeggttcatagecgga
gtagacggagccgcagtagacggatccgcggcetgcaccaaaccactgecccectecggagectggtagt
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gggccacaagcccccagtcccagaggcgtggtgggtcgggcagagtcggaagaactggetttcectag
ctggaagatgcggaaggggagcgactaggccgcttgecgtctgggectggcagaagggaccggattt
tctggcatccttaaatcttgtgtcaaggattggttataatataaccagaaaccatg

(Seg ID No: 727)

Homo sapiens transmembrane protein 9 (TMEM9):
gggtcttttgcggctgcagcgggcttgtaggtgteccggectttgectggecccagcaagectgataage
atg (Seqg ID No: 728)

Homo sapiens shisa homolog 5 (Xenopus laevis) (SHISAS):
ctttctttttctccaaaaggggaggaaattgaaactgagtggcccacgatgggaagaggggaagcce
caggggtacaggaggcctctgggtgaaggcagaggctaacatg (Seq ID No: 729)

Homo sapiens transmembrane protein 69 (TMEM69):
gtgcctttccagtggacctgggetgttgttgeggttgttttecttctectecgtgcaacgectggeaa
gtctcaaagtcgccacagaaacatgcccctgattcagtgectctgecttagectgtaacatgttaatce
agaactacctggcatcttcctgaacaagactttcaataggggccagtatg

(Seq ID No: 730)

Homo sapiens kelch repeat and BTB (POZ) domain containing 4
(KBTBD4) : agatcttcttccgggcggacgtggageccggaagcggaggttccgggetecgggatyg
(Seq ID No: 731)

Homo sapiens pipecolic acid oxidase (PIPOX):
cgtcctttagccgggagectgtctttgecttgectttgectttgaggectectgtggetgtggggetga
gtggcatcatg (Seq ID No: 732) '

Homo sapiens blocked early in transport 1 homolog

(S. cerevisiae)-like (BET1L):
agctctttccccgecgactgcgeccacgtctgaggecggctgtggecgegtecggtgteccgegtcgagga
gccggggcagggcacgatg (Seqg ID No: 733)

Homo sapiens zinc finger protein 581 (ZNF581):
ttctctctttecggececggegecgecagttectggggcacacccagaggtecececttectecgecgecgcec
tgcaactgcgagggtagcccggggecgcttggagtecgeccggacctgagaggectgectgecactggge
ctcagccagccctceccggatg (Seqg ID No: 734)

Homo sapiens armadillo repeat containing, X-linked 1 (ARMCX1):
cgtccttctaatcctagtcttecgtttggteccggttgcactcttectatageccagagggecgagagg
gcctgtgagcctgggggaaggaggacgaggttctgectggatcccagcagtaggacgectgtgecatt
tgggaacaaaggaatagtctgcctggaatccctgcagatcttggggeccggaggeccagtccaaccecet
tggagcaggaagaaacgcaaagttgtcaagaaccaagtcgagctgcecctcagagccggeeccgcadgta
gctgcagactccgcccgcgacgtgtgegegettcectetgggeccagagegagectgttttgtgetegg
gttaagagatttgtcccagctataccatg (Seqg ID No: 735)

Homo sapiens spastic paraplegia 21 (auto-

somal recessive, Mast syndrome) (SPG21):
cggcctcececgcacgcaccgcgecagectgetgtgecegtgggtecccgagtgetececgecgeccgeccee
gacccgggcccagceccgectceccacggcecccgcegetecgtactggagcgaagagecggectectgaaggag
gggaagggacgtgggggcggccacggcaggattaacctccatttcagctaatcatg

(Seg ID No: 736)

Homo sapiens.staufen, RNA binding protein, homolog 1 (Drosophila)
(STAUL) :
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tctcecttttttecttettectteccectectegecgecaccgeccaggaccgecggecgggggacyg
agctcggagcagcagccagagtttattaaccacttaacctctcagaactgaacaaagacaacattg
ttcctggaacgecctetttttaaaaaagaaagcataacccctactgtagaactaaatgecactgtge
atg (Seq ID No: 737)

Homo sapiens adducin 2 (beta) (ADD2):
cggccttttgtcagecgcgcagggccaggagagctctcatttecctecccagectecgtgegggaaatygg
ctttaattctgacggcagggctgtgagggactagcgggaacccgagecttttgtcaaggaactgceg
gcgtcggtggccagtcatcceccgecgeccgeggagecgectgcactgetgggggatctecccagecaget
ctgacgagcgcgggctgcagcatgggcagaaaacgctgeccctgcagattagectgggtggatttttt
aagcgcaccccaccccccaaacccataaaataacaaaaccaacccgcagtggecgaccggagatag
ctaagatgccgcgcaggagtttccacctggatgtttgaggttgtgtagatgtggeccggcaceecttg
agagtggagctagggggtgcagactgagcagtgaacagaaggagccttggacagggctgggccagce
ctcccgagttccaggagcgaattgcaaacccaccgggaaaatyg (Seq ID No: 738)

Homo sapiens WD repeat domain 1 (WDRL1):
ccgccttecggetecagteccecgggectecggectcggecgaggtgtaattcgcagecgegggecggecce
cggaggctctcggcgagcgecggecgcggtaacaagtgggecgaggatg (Seq ID No: 739)

Homo sapiens family with sequence similarity 20, member A
(FAM20A) :
cgacctctacttccacctctggecccaagtacagecgccagectgeggectcgggagcgeccgcecgggg
gtgcccgtgcaccggceccgecgectecteectggecgecgggactcggeccgcagetgectecggaccecgg
cacgatcgtgcacaacttttcccgaaccgageccccggactgaaccggectggecggcageccacagcecgg
gtcgagctccaagttgcaggccctcecttcgeccaccegectgtacaacgtecccggaggagecgectcet
cctgggagccgaggactcgctcecctggceccageccaggaggcgectgeggtattaccggaggaaggtgge
ccgctggaacaggcctcagttectgettttgaaaggaagagggggagtctgtgaccectgaggect
ccttgcaactctgttttccaagctttgcacatcttccgaatttcttcttcaaagtctaccctaatg
aaatatcagacaattttccaagtgtgcttcatgaacttctgggaggtgcttcacagtttctgcaaa
tgattgattgaattttcactttgaaaaaatatactttaaggcgacacaagatg

(Seq ID No: 740)

Homo sapiens kelch domain containing 4 (KLHDC4):
ttttctttcctggtgtcccgtecgeggettgggaccecggcaagatg (Seq ID No: 741)

Homo sapiens calcium channel flower domain containing 1 (CACFD1):
tgctccectcetececcacaaggcagegegecggetcggacgecggecggectaccgageectttgtgaggg
ctgtgagctgcgcectgacggtggcaccatg (Seq ID No: 742)

Homo sapiens zinc finger, CCHC domain containing 8 (ZCCHCS8):
gaatcttttccacagcccaaaatg (Seq ID No: 743)

Homo sapiens kelch-like 24 (Drosophila) (KLHL24):
gtttcctttgttgtgagctgcggcagagactggtggctggaggagacgeccggcecgectggagagtgeg
ctgcgccgcecccgecgctgagggaccgcggggttagecactgectggetgetteccagtgttegecgag
aggtaccgggggtgacagctccgggaccggccgaaaggcgaggaaccggtgtggaaattaaaagaa
cacacatattttgactggggctttgatcaaccaaatgctaaaaagccacataaagaagatccctaa
tagtcatttctcaacaattatatagtcaactgatgtaacaatg (Seq ID No: 744)

Homo sapiens FtsJ homolog 3 (E. coli) (FTSJ3): ctccccctttccaccatg
(Seq ID No: 745)

Homo sapiens dymeclin (DYM):
gcttccectcttectectegecgectectggectececgcaccgacgecggeccgggetggageccgagecgg
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ggccgagctgcaggccggaccggagccggatectgtaccecgetgagacgtggaaacatggaggectg
agccggtgtgcgccacctgggctgcggecggecgacagcgacttcectectgacccectectgecaccectece
catccgtccgegggtceccgtggagctggagcagatccecccagecggctgagacaggttgtettttgg
aaatgcaggtttaaggacaaattatctgcttaagctagaagatg (Seq ID No: 746)

Homo sapiens zinc finger protein 280D (ZNF280D):
cctcecctetttcectectectecctcagggectccagtcaggecgatcecgetecgetcacggaaggaaaac
agaaataacttgctggcttgtctggagtcacatgtacttaggtgacaatttacagaaagtcatctce
tgcagcttgatg (Seqg ID No: 747)

Homo sapiens ankyrin repeat domain 10 (ANKRD10):
cgttcctttgtgctgcggecggeggecttctecgagtectececgacgegtecctetaggecagecgagec
ccgcgctctcececggtgacggaccatg (Seqg ID No: 748)

Homo sapiens SWT1 RNA endoribonuclease homolog (S. cerevisiae)
(SWT1):
ctctecetttggettggggctceccggagttgecactgecgecggecgectggtaagettttcaggatyg
(Seq ID No: 749)

Homo sapiens leucine rich repeat containing 49 (LRRC49):
tgacctctttcgggtctectttgaatctececgetgtagegtcacctggaaggcagatctaacagagaa
cctggactgtctcctatcatg (Seq ID No: 750)

Homo sapiens F-box and leucine-rich repeat protein 12 (FBXL12):
ccgccttctggacttggtcecttagtteccagtcgeggccaaatcacgectcagecaccteccgcaag
cctctcactgcectcagccacgettteccaggetggtttctggteceeccatccgeggetggtececggcecece
tgggaccgaatcacttcccagcgagaggaaggtcaaatttctecgaccggctacgggaaggtcgegg
ccgccgceectgtcagecgectecggegeccccaggacccctegggtetcectttaaccggaageggaag
tgcgtgtcggcgggatcatg (Seq ID No: 751)

Homo sapiens WD repeat domain 55 (WDR55): cagtccttctcagcatg
(Seq ID No: 752)

Homo sapiens zinc finger protein 3 (ZNF3):
cgttctttgttctgtccececggtgtgtgggtectgtgacagggtccaacagggectggteccgtgtecg
gtcccccaaatctgtcgtcectgecceccaggecattggcatcaacaaaagtcagaattccecgggaac
ttgaacagaggctgctaaattcccagtaattgctcecctttggecttctagggactgacttcaaagaa
ggaaggaaagaatcaggcagtgcttcctcattctcttttaaaacccgecttceccgectgagtctgeac
ccaggagaccagagagcaccttgcccttccatg (Seq ID No: 753)

Homo sapiens tetratricopeptide repeat domain 27 (TTC27):
ggttcttctcctaggcggaagccagaccagagagcgtgegtgttttteccagggtgeceecgegetg
ctgttatggccgcectcecttgaggtagtatccgcacatggaattctagggececgcaggtgtatttacg
gtaactgtcgccactagatttcagcgcectttggactctecctgttttcactttecttttgttgactcce
cgtgtggccctecgtgggagectgttttggetgcageggtgtectggggtgatg

(Seq ID No: 754)

Homo sapiens THUMP domain containing 1 (THUMPD1):
gtttctctttectctcagtttgegcacaccatg (Seq ID No: 755)

Homo sapiens ankyrin repeat and KH domain containing 1 (ANKHD1):
tgctcttctecgttceccgagatcageggcggeggtgaccgecgagtgggteggecacegtectecggcete
cgggtgcgaacaatg (Seqg ID No: 756)
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Homo sapiens syntabulin (syntaxin-interacting) (SYBU):
cctcectectggacggcggcageggeggegcgaggagecggegggcageggegegatyg
(Seq ID No: 757)

Homo sapiens coiled-coil-helix-coiled-coil-helix domain containing

3 (CHCHD3):
gcgcecttectecttgettetgggggtegtggecttgecteccegetgtgecgggaaaagaatccaggecce
ttccacgcgegtgtgggtgcgggggecccgaagtgetegtggttececgectaggtectecgetgggyg
caggaaccggaatcatg (Seq ID No: 758)

Homo sapiens HAUS augmin-like complex, subunit 4 (HAUS4):
ccteccttegtcecgeggectcectagtgecacttteggetectteccectteeccgggectttecagettggte
tttccgggcectegettececcccageccecctgegeeccggeccgaacgagaggttecggagecececggege
gggcgggttctggggtgtagacgctgctggccageccgececcagecgaggttectcggcacegectt
gagagcttcagctgccccaggattagaatcccaagaaaatcaaatg (Seq ID No: 759)

Homo sapiens solute carrier family 41, member 3 (SLC41A3):
ccgcectettteccgeecgecgectgggaggggacceccgggectgecaggecgeccagetgtgeccagatyg
(Seq ID No: 760)

Homo sapiens phosphatidylinositol glycan anchor biosynthesis, clas
s V (PIGV):
cttccttteccagectcececcgecctegtetgettecggecctgtggectggtggggetectgcaggetce
cctcgggagtggtcecttgggececgtggecectctgggaggecctgagggagctcaatcctggtagcecaa
cacccctgaattcctggtggtgaaaggatg (Seqg ID No: 761)

Homo sapiens poly (ADP-ribose) polymerase family, member 16
(PARP16) :
agttcctttatcecctgggecccaacctcececcgecgacecgeggtccaggecteggtetectetetteg
gcggcgagccgcggcccagaccccggecagaggacacttgtecggcacgttectcaccectgtcecatcetce
agccccectgectagcectccaccccaggettgggaaccecggcecccctgacggeccattgteccgegggec
cagcccccgecgctgaacgecacgectecgeccttgeccctaaccagegegtctacceccggcaacgcecgcea
gtgacctgggatg (Seq ID No: 762)

Homo sapiens thioredoxin-like 4B (TXNL4B):
gtttcttttctgecgecttgtgegttttectgtteggtttecttecccgetagecggggecacgagggttyg
ctaggcaacagcccctgggtgacttggtcttagggtectgteccggettggggctgatgaaaggagce
tgtccgcgeccecgggetcectteccgagaagtggttgectgacageccacaaagtgaaagggagtgaggegyg
cgtggacgagtaaggagtgacagtgaggattcacatttgggttatttcaagatg

(Seq ID No: 763)

Homo sapiens slingshot homolog 3 (Drosophila) (SSH3):
cgtccttectggtecctgecgggtccaggactgteccgeggggttgagggaaggggecgtgecececggtgce
cagcccaggtgctcgecggectggctccatg (Seq ID No: 764)

Homo sapiens zinc finger protein 692 (ZNF692):
ctccectctggggecgecgggcecctcagttccgggctacagcagecgacgeccgagaggcacegtttette
ttaaaagagaaacgctgcgcgcgcgaggtgggcccctgtcecttecagcagecteccgggectgecteget
aggcccgggaggcgcaggcgcaggcgecagtgggggtgagggegegtgggggegecacagectetggt
gcacatg (Seq ID No: 765)

Homo sapiens tRNA-histidine guanylyltransferase 1l-like
(S. cerevisiae) (THG1L): tggccctttcctttccgegtgtagaatg
{(Seq ID No: 766)
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Homo sapiens solute carrier family 25, member 38 (SLC25A38):
tctceccecttcectacagagtteccteccggegettectceccacececegggatacacagaacctcatcectecta
cggtgctgaagcctgcagcagggcaggatgggcaggagagcagagccgeggagtctgeggegeggyg
tgaagagcggcgcgtaattcccgcagcaagattgttccgegececgecageccctggactagcaggat
ccgaaccccggcecggcectgegtgecttataggecgcagacgtcagagagecccgeggcttaaagegegteg
cctggctagcgccacccecctagecttcecttcaaggecteccagggectgggeccaagecgeccgtecgacyg
gcaccctgggcccagaggactcgecgggectcatcteccaatg (Seq ID No: 767)

Homo sapiens WD repeat domain 13 (WDR13):
agttctttctgatagcaggcagccatcttgecctggagecctgagaaagggaggagagacagaaggaa
ccggcgacagtggtctcagggecgecteccggggggectcaagaaccggaggcageccecggaggtggt
ccccgatceccgggcectatgetcecttggatctgagaagggaaggcggagggecggcggggacaagatggg
tggagaatgtcaagcaaggaatgctaggcgggggaggggcgttgctatggcgactggggaggggceg
gtgtctgttctgaatcgctgtgtgtcacccgggecgectgecccaggaagggcagggctggggtgatga
ccatggtaacacccgggggggagttcgtgacatctccggecgecggagggactecgatgtctatggecaa
tggtcgcctggtggaagggacggaactagatcccttcgectcgggacgctcacattccaggececcttg
tcectgcaggcectgecgcgggeggacacgceccagaggaggaggecggggaatg

(Seq ID No: 768)

Homo sapiens chromosome 1 open reading frame 123 (Clorfl23):
ccgccttttacgacgcgeccggaaagcaacggcaagggcggcagccagcaccgggcggagagggceta
ccatg (Seq ID No: 769)

Homo sapiens chromosome 20 open reading frame 11 (C20orfll):
ctgcctccttctactcgggecgecccggeggececgccacctetecceccageccaggagaggetgeggag
ccgcagccgcecccagaccgcecgecagcgecgggaggcaggtteccgcacgaaataaatcagaatyg

(Seq ID No: 770)

Homo sapiens zinc finger protein 446 (ZNF446):
ttccecttttggggacagatcccgaagttcgagcatcececteggataggececgggtgtcaggectggt
ctctcaggcccgtccaggcccatcttgacgattccaagaccacccecttgagcaagaatyg

(Seq ID No: 771)

Homo sapiens mitofusin 1 (MFN1):
ccgccectttgcecacteeccctgectectcectecegectttaacttectcgggaagatgaggcagtttgg
catctgtggccgagttgctgttgccgggtgatagttggagcggagacttagcataatg

(Seq ID No: 772)

Homo sapiens phosphotyrosine interaction domain containing 1
(PID1) :
agtcctctcgcagectgecgccaggacagecggecgecgeggecgtgeccacaagttgecggcagetgag
cgccgcgectcectectgetegecagececctacgecccaccecggeggcggtggecagegecaggacgce
acatcccgcggacaccgaccccagatgtaaagecgggaccccageccctecgececccggegecgatcg
acagtctcgccagecgtctcecctcectgeccaaaacccagggctggaagatgtggcagecggccacggage
gcctgcaggagagatttgcagacacagaagcggcacagagaaggccattgtgaagatcaaggcaga
aaccggagttatggcatcataagccaaggaatg (Seq ID No: 773)

Homo sapiens pleckstrin homology domain interacting protein
(PHIP) :
tttcctectectectecteecgectecgecgecgttgettgaatggtggageccgaageteggetegt
gaacacacactgacagctatagggcaggcggcggcaccgtceceecgettececccteggeggecggggtyg
tccegtcecggecggceccctgaagtgacccataaacatg (Seq ID No: 774)
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Homo sapiens LIM and senescent cell antigen-like domains 2

(LIMS2):
tggeccttttttgggecgtctccectgeteccgeggeccgggectggegggegggegetecggetggegget
gcagcagcagagggagacccgcggcaacccecggcaacccagggctecggegtegetgecaccatg
(Seq ID No: 775)

Homo sapiens SCYl-like 2 (S. cerevisiae) (SCYL2):
aggtcttttagtctttttceccecteccttactecttegtececcecggtecctececteccecacceecttt
ccttctagctecgacgtttgeggecgecgggggcggecggaggatatggagtaaagecagagtcagtyg
gccaggcacgaaggcagagcaggaacagccaggaggcgtttattaggggggcggggggaaagagcce
ccagcaccgcccctectggaagaaggaagaggtaagtgaccggceccgeccggecaccgaccgacctecece
tcaccggecggctctetegectgggetecccggagecggecgaggagggaatggaggactcgegeeccgg
gttaggcctcccagggecgcectcaggetggtgggtgttgectggtgacgggectgeccggecggecgge
cgggcgatcggcggtcggcgeccgecgcaaageggggctggacgagcagegageteccggggagecgga
tccgagagggecgagtectcgaaagaggecttgaggecgacgggagacccgggatcgaagtecagetg
ccggagggagagccccccatgecggcectecgagagetecgggtttecggtggtggagaacgtagtacctt
tcggggacattggacactactctaggaccgggtaactataactacccaatattgcagecatg
(Seq ID No: 776)

Homo sapiens ring finger protein 31 (RNF31):
caccctctctectagtacttecctgttecteggctaaccctggegetgggeccgggggctggagagtga
ccgtggtctgagtgacctggggecggctgegtgggeccggggtgggecctcaaagecgggcaccagacg
ggaggggcggcgctcgggecgegegetgeccgegecgggtectggcgggeggegaggetggggetyg
actcctgecctcaggatg (Seq ID No: 777)

Homo sapiens mediator complex subunit 9 (MED9): cgacctctggctaacc-
tacccccggageccatg (Seq ID No: 778)

Homo sapiens ATP5S-1ike (ATPS5SL): cggccccttccggttacgaaaccttagcaa-
gatg (Seq ID No: 779)

Homo sapiens GPN-loop GTPase 2 (GPN2):
tctecttttgcgegacacggtctcagetgttcececgectgaggecgagtgacgectggececgecaacgagyg
tatacgtactgggaccctcgceccctcagtctegtectecggegeggectacctgececegtttteecetgt
gagttgacctgctccgggecgegggeccgecaatg (Seq ID No: 780)

Homo sapiens transmembrane protein 48 (TMEM48):
cggtctcctgtacgccctagactaggggccgeccatctccatg (Seq ID No: 781)

Homo sapiens ankyrin repeat and zinc finger domain containing 1
(ANKZF1) :

-ttgtcctcttcgcectgcteccgtagtgacggggattgttgtgttgcagaaatcecggcaatecgacctga

ggacttgcgagccgctcagctcceccgggacgtttggagctgetgctaaataatttctgetcagecat
g (Seq ID No: 782)

Homo sapiens notchless homolog 1 (Drosophila) (NLEl):
ggctctttctcctccacgtggggacgcaggatg (Seq ID No: 783)

Homo sapiens cell division cycle associated 8 (CDCAS8):
cgctctctectcactggcacagcgaggttttgctcageeccttgtctecgggaccgcagecteccgecga
gcgccatg (Seqg ID No: 784)

Homo sapiens polymerase (RNA) III (DNA directed) polypeptide E
(80kD) (POLR3E) :
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cgctcecccceccecccacgtgtecgecggagtttecteccaccagcaacatggceccgecgectgagaggagagce
cgggccgecgceccgtctectgcagecececgegggtaactgggecgttgecgecgtecgegeteggecccee
gcggagagatcgagctgaaggactgcecgeggetggetctectctagtatyg (Seq ID No: 785)

Homo sapiens armadillo repeat containing 1 (ARMCI1):
gagcctttgcccgeccagegecttegetetttggctececctgagttagtecggttgettgegategece
gcggccggggctgcgaaccgaagggctegetceccgegecgectgggtetctacctcatececgtaggty
tggccctgatggtgtggcaggctctggactcctaaagectctggagecgaatttaagattttattcat
gtgcatggcatagaagatg (Seqg ID No: 786)

Homo sapiens transmembrane protein 33 (TMEM33):
ccgtectttctggaaacaccgctttgatctcggecggtgecgggacaggtaccteccecggetgectgeggg
tgccctggatccagtcggctgcaccaggcgagcgagaccctteectggtggaggectcagagttecg
gcagggtgcatccggectgtgtgtggcgcgaggcagggaagecggtacccgggtectggecccage
gctgacgttttctctccectttcttctcectettegeggttgeggegtecgecagacgctagtgtgagece
cccatg (Seqg ID No: 787)

Homo sapiens pyridoxamine 5'-phosphate oxidase (PNPO):
ccttccttecececggggtagaagtccagggtgagaaattggttccgaactcaaaggaacccagtgec
gggccacagccgggtcacgtggeccggecggeccccccatg (Seq ID No: 788)

Homo sapiens golgi phosphoprotein 3-1like (GOLPH3L):
attccttctctgcatcgaaggatcaggaagtttgtgctctctgegtggctaagtttttcacctact
aggacgggggtggggtggggagaacaggtgtccttctaaaatacagcacaagctacagcctgegtce
cagccataacccaggagtaacatcagaaacaggtgagaatg (Seq ID No: 789)

Homo sapiens regulator of chromosome condensation (RCCl) and BTB
(POZ) domain containing protein 1 (RCBTB1):
cgctectectecttegetgecggtgggcaccgecgectecgectegecacttectgegeccattggagette
ggagatccctgcggtcccgcgggacggecgcggcagcagetgacctegecagacaggatcecttgetcete
ttgcccagactggaatacagtggtgtgaacacggctcactgcagecctcaacctcctggactcagag

-atgtcggcttatttataggaattgcttgaagccagagtcatg (Seq ID No: 790)

Homo sapiens leprecan-like 1 (LEPREL1):
cgtcectttaagagcggctggccaggcacggecteccgectectcagtacgeggagecgeccggeggtcea
cctggggctcgcggagcggccagatcgeggeggagtcggegegettecccgagggaaggtgggaga
ggggacccggacgcgaggtgccccgaagcecctcectecgagegtaaccgtececgegectctcectgaggeg
gaggatg (Seq ID No: 791)

Homo sapiens hedgehog acyltransferase (HHAT):
ctgtctcttggctcaggcttggaggecctccgagcagcaacatcgtceccaattataccecegttggag
catcttcagatcttccactcttttcacaacgcaatcaaaatcttcgtacccattttgcagtagtga
tctctgtaagttgctttacaattcataaagtttattctatttgatcttcactctaatttacaaaga
aaagcagggaagtctatttctgttttacagaggtgtacagggaggctcacaggggctaagttcaca
cagtaagccctcgaagctgccagggctgcaaageccaccctcettteccaccgecaccgaactacctcece
tttcgcctacaaaacgtaggtggggaccactggtgttggaatgacggcccacctecgagtttcaggt
gacttccactctgcaattaacttgcaggcagccccagacctgcaatgaacacacgggtgggggaga
gatatgcacgccagggtcagtgggaaccaacagccgaggggtgagcggggctaggggccccgggcce
gccggcggggcaaacgcggttcagaaacgcaggccgegctetggeeccgeccectgcagecagecacgg
cctgctcgccatcgecccggagagegecgecgggttececcgagtecgggegecggagggecgcgegggeac
ggcggcaggggcgtgctcggaggacgcgcgectgecgetgectectccaaagggcagectceccgggggaaa
gagggtggcgtcccggggaagcccgcageccgececgecgatgtecgectgggactcggaagtgeccgaaag
aggggtgttgggaactcgcggcgcgcgtgaacgttgecgtcgeccgeccgeccgggacagececcggaga
aactctcagcgtaggcatcgggaaccttcgtgccaaggagccatg (Seq ID No: 792)
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Homo sapiens chromosome 11 open reading frame 57 (Cllorf57):
cctcetttttecteccaaaccacttecttcececececctaceccecececgecacgecgaggetgecggegecacggt
atgggtgtgtttgtgtgtatttgtgtggggagggcgtttggagggaaggttaccgggagctccgag
gccgctggggaacagggatcccggtgacaaagatggggatatttectctgtecttceccacttggaaac
ctcaacceccgcecttcaggectecectagatactttectggggcccaaccgaaggecgtagecatccaaa
gcgttccecagectttcectggggagtgaaacttaccececcggggttcgtectagaggagegtgagcggg
gaatgcccaggtcaaccgggctgtccgaattecgeccecggectecagecteecggectcagteccgggag
agagatctgcctgtcggtctgggctgggggaaacgecggcagtggectgggeccacaggtgagggecag
agtaaccagtgggaaggctgcgttttcacgaaggactcgggtgaagctgcagagectgecctttgagce
cctgacteccttggettecctgggtecggaggagatcttgtaatggagtggttcttegtctcactagea
agatgcctgatttcctcaggatcaagggattgaagaatg (Seq ID No: 793)

Homo sapiens high mobility group 20A (HMG20A):
agtccttegecgcattggggcaaaataatceccttecatttttgtgaaggtaccgtggaaaatatttce
atttttcttctcaccggagcaattgtaaatgctatgcggtaagaggagttacctgtggaaaggtygg
ttaagagattaggtaaagaaaaggaaaggacaccaaaataaagtgctgcggaagaatttttgtcca
gctgtgagacgacgagtgcgtgaagtgaaggcgattgagaggggctgagggaattgtcecctetgtgg
aagggactttcttttggccctaggeccccttcecctgecccctgtecgtcagcagagtctctacaaggaag
ataacggactgtaaaattctataaagcaaagctacacatcacttgacaccatacaccatcttggtt
acataatgaagagagatg (Seq ID No: 794)

Homo sapiens checkpoint with forkhead and ring finger domains, E3
ubiquitin protein ligase (CHFR): ‘
atgtctcttgacagcggcggcggcgcagecggttccgggttcggecgecggggcggggatgtgaatce
cgatg (Seqg ID No: 795)

Homo sapiens nucleoporin 133kDa (NUP133):
ccatctcttcccttaggtgtttaagttccgegegecaggeccaggectgecaacctgacggeccagatccce
tcgctgtectagtcecgetgetecttggagtcatg (Seq ID No: 796)

Homo sapiens CNDP dipeptidase 2 (metallopeptidase M20 family)
(CNDP2) : cttccttccaagaaccttcgagatctgeggtctggggtectggttgaaagatg
(Seq ID No: 797)

Homo sapiens oxoglutarate dehydrogenase-like (OGDHL):
gcaccccttcecegegcagecccecctgacctgecagecteccggacctegetgecagegeggacccggeccg
cccgcecccgaatg (Seq ID No: 798)

Homo sapiens transmembrane protein 30A (TMEM30A):
ccgcctcttecgcectctacageggaggtggetgtggecggtggegetggtggectgecggeggeggecggce
ggcagcggcgctcgageggttectgtcagggtcagecggegggeccectgggtggteccacctgeaa
atcgcggagcggcgecccagggatcgatg (Seq ID No: 799)

Homo sapiens elongation protein 2 homolog (S. cerevisiae) (ELP2):
gcgtctettgtttgtgecggetgaccagttggegacatg (Seq ID No: 800)

Homo sapiens WD repeat domain 12 (WDR12):

cgttcttttctttgtatttccgectctegectcectetctaaaagecgecagttagaggcgagatttag
gaaaaacctctgccgagtgagcctctggttgggaatatgtatgagaaaaaaaaactggcaaggcgt
tagtcaagcaaagctgaaggcagaggaaatttgatatctggctggagtctagaggatttaatgcaa
ataagatactctgagggcagcgtggcaaaaaaagactacaattcccggtggtcacagecgtttgaga
agcgatgctttctgagacttgtagtaactaggagctgtgtttgaactatccaggctcaggacagece
tcttgaaaaaaaattttttattaataaagcggatttgagtgggatctttttcctaatcgattacgg
gcccacacgtatgggaagaattctaacaatgattaaagggacatgctacctttacgactatcecttt
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tctaatcgatgactcctaaatctaggagtaggtagtcgatgtttgtggtctgggcgtectgtagaag
ggcaacctcgtgctttctgcagaggagaccggagggcagaaggcagagtccaggcttagactgcag
ttcctecgecttacctgtgcagtctaattttgagetgectctttgtagtecttaaaaggcaggagcette
gtgttgtgggtctgctaacccgtacgtttccgtgggcaagtcgtgtgtactecctcecgecatg

(Seq ID No: 801)

Homo sapiens tetratricopeptide repeat domain 17 (TTC17):
cgacctcttcaagatggcgggcgccggagactagettceccgecttececggtgtgageggecececggecggg
dgggcaagatg (Seqg ID No: 802)

Homo sapiens proline rich 11 (PRR11):
ttttctttatggcgtgggagaggccacagceccggactccatcgacteceecccggctecttagactaaa
atcatg (Seqg ID No: 803)

Homo sapiens TBCl domain family, member 23 (TBC1D23):
Cctccctcectttcecttecectectggggaagectcagtgectggacttccgaagaccttttacgacattgag
tctcggagttggtctcagecgecggatccactttteggcaaagtgacgtggacgtcaacagcaatg
(Seq ID No: 804)

Homo sapiens leucine rich repeat neuronal 3 (LRRN3):
gctcctctctggggagtggagggtgttcagttattaatgaccgctgagcaggcagcaccatgtcag
tgtgacaactgatcgggtgaacgatgcaccactaaccaccatggaaacaaggaaaaataaagccag
Cctcacaggatctctcttcactggattgagagcctcagectgccgactgagaaaaagagttceccagga
aaaagaaggaatcccggctgcagcctcctgecttectttatattttaaaatagagagataagattyg
cgtgcatgtgtgcatatctatagtatatattttgtacactttgttacacagacacacaaatgcacc
tatttataccgggcaagaacacaaccatgtgattatctcaaccaaggaactgaggaatccagcacg
caaggacatcggaggtgggctagcactgaaactgcttttcaagcatcatgctgctattecctgcaaa
tactgaagaagcatgggatttaaatattttacttctaaataaatgaattactcaatctcctatgac
catctatacatactccaccttcaaaaagtacatcaatattatatcattaaggaaatagtaaccttc
tcttctccaatatgcatgacatttttggacaatgcaattgtggcactggcacttatttcagtgaag
aaaaactttgtggttctatggcattcatcatttgacaaatgcaagcatcttccttatcaatcaget
cctattgaacttactagcactgactgtggaatccttaagggcccattacatttctgaagaagaaag
ctaagatg (Seq ID No: 805)

Homo sapiens MIS18 binding protein 1 (MIS18BP1l):
ggccctctctececgecgecggagecgageccggaactgecggcagtcteteectgecaggctettecatceca
aggtttctgtggatcccttctgaagttctatctgaaaattgcgcttaagtgaattttctgttagaa
gaacttggttgctactttcttgtcaagatg (Seqg ID No: 806)

Homo sapiens LMBR1 domain containing 1 (LMBRD1):

~ ccgcccectttaacctttagggtgegegggtgcagtatatctecgegetetetececttteccectec

cctttccceccaccececgggecgetcaggttggtctggaccggaagcgaagatg
(Seq ID No: 807)

Homo sapiens ST6 (al-

pha-N-acetyl-neuraminyl-2, 3-beta-galactosyl-1,3)-N-acetylgalactosa
minide alpha-2,6-sialyltransferase 1 (ST6GALNACLl): cttcctcta-
gaacccgacccaccaccatg (Seq ID No: 808)

Homo sapiens spermatogenesis associated 7 (SPATA7):
gctectcettttccagtcectccactgececggggetgggeccggecgecgggaaggaccgaaggggatac
agcgtgtccctgecggcggctgcaagaggactaagcatg (Seqg ID No: 809)
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Homo sapiens docking protein 5 (DOK5):
cctcctecttectectectectectecttettctectecttectecggecgggaggaggcagggetgg
atccctcagccgecgecgcectectectectggcaggecggecgecggagtcagectgacgeecggegcte
cagcctcgcecctceccececgegeccgegetcectgegetecceccgaaagtggcectgcaageccggecgeccactgt
cagggttggggggacagagaaagtgatgtgcgccttctaaagcctcgeccagcgecgecgaagcag
cttcacctctccaactttctcccaccgactgcttgtcttgaccctgecctccaccctecccagagce
cacttcgggtgcgcgctcttgggtaaagggggggtcaccggectgtectgggatg

(Seq ID No: 810)

Homo sapiens glycosyltransferase 8 domain containing 1 (GLT8D1):
tctcctcecatecgectgecagtaagggecggeccgeggegagectttgaggggaacgacttgtcggagec
ctaaccaggggtatctctgagcctggtgggatcccecggagecgtcacatcacttteccgatcacttcea
aagtggttaaaaactaatatttatatgacagaagaaaaagatg (Seq ID No: 811)

Homo sapiens cullin-associated and neddylation-dissociated 1
(CAND1) :
tggccttttgececctagggagcgagtgcggagecgagtgggagcgagacggecctgagtggaagtgtce
tggctcceccgtagaggcececttcectgtacgeecececgecgeccatgagetegttectcacgecgaacagege
cgtcgttaggctggctctgtagcctecggettacceccgggacaggecccacgectecgeccagggagggyg
gcagcccgtcgaggegectcecctagtcagegtecggegtegegetgegaccectggaagecgggagecg
ccgcgagcgagaggaggagctccagtggcggcggecggeggeggcagecggcagcgggecagcagetcece
agcagcgccagcaggcgggatcgaggccgtcaacatg (Seq ID No: 812)

Homo sapiens BRICK1, SCAR/WAVE actin-nucleating complex subunit
(BRK1) : cgctcttcctcaggcggecggceccatg (Seqg ID No: 813)

Homo sapiens zinc finger CCCH-type containing 15 (ZC3H15):
cggtcttcctcecctcgtecctgeccgcagggccagaacccctgacggtattcagetgegecgtaagtcetg
gccggtgccatctgtctccgcaatg (Seq ID No: 814)

Homo sapiens polo-like kinase 1 substrate 1 (PLK1S1):
cggtctccttcggcaaccccggccgaacggecacccagaggetgtgectgagetggegcageggecag
cagcatg (Seq ID No: 815)

Homo sapiens dysbindin (dystro-

brevin binding protein 1) domain containing 2 (DBNDD2):
gtttctttcctacgcagccgectectgecgecgtggtecgectggagetttgectectctaggecggeag
cgcctctectceccatggtectgtectgtcagegetgttttgggageccgecggtgaggecgggecacy
ctcagacacttcgatcgtcgagtctgtcactgggcatg (Seq ID No: 816)

Homo sapiens KIAA1704 (KIAA1704):
gattctttttggatagggttgacgttecgtggatagactcatatctgtgaccagtgtccgccaccgce
ggatg (Seq ID No: 817)

Homo sapiens solute carrier family 25, member 37 (SLC25A37):
cccectecectgeccacctectgecagecteccectgegececgecgagetggeggatyg
(Seq ID No: 818)

Homo sapiens myoneurin (MYNN):
cgtcctcccaagatggcggagacagagtgaagaaactgtgttcececceecttgggttgectatcgatca
agggtaaaattccattctgatatcaaaatg (Seq ID No: 819)

Homo sapiens vacuolar protein sorting 33 homolog B (yeast)
(VPS33B) :
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gcttctttttctggtagaaggecggggttctecctcgtacgctgecggagtctctgcggggtgtagace
ggaatcctgctgacgggcagagtggatcagggagggagggtcgagacacggtggctgcaggtctga
gacaaggctgctccgaggtagtagctctcttgectggaggtggccattcattcctggagtgetget
gaggagcgagggcccatctggggtctctggaagtcggtgcccaggecctgaaggatagecceccttg
cgcttecetgggetgeggecggecttcectcagaacgaagggegtecttecacececcgecggegcaggtyg
accgctgccatg (Seqg ID No: 820)

Homo sapiens zinc finger, C4H2 domain containing (ZC4H2):
aggcctctccaagcccctaccgcacaggctcatageccccaageccggaggaggtggetacattgtyg
tctattgtatcccttggctggtgtatttgtacatctctcgggacgtgaaattgacagtgaaaagta
tg (Seq ID No: 821)

Homo sapiens BAIl-associated protein 2-like 1 (BAIAP2L1):
cttcctectggecggegtcecggeccgettectectectgectecctecgaagaaggeccagggecggegetgecgce
aagttttgacattttcgcagcggagacgcgcgcgggcactctecgggecgacggctgeggeggeggce
cgaccctccagagccecccttagtcgecgecceggeeccteccecgetgececggagtecggecggecacgagg
cccagccecgcecgtectcececcecgegettgectcgeccggecggecgcagecatg (Seq ID No: 822)

Homo sapiens solute carrier family 25, member 40 (SLC25A40):
cgtccttectecgegectegetcectggecctgecaggttgtgtttecgectctaccececgectecattecg
ttgctctctcagtctcagacccgggetcecteggteccgecgettcaggtecttggecgecagectcagaga
gttggcgcggctctgtgttgaccaaacctagtggatgcagttagcgececggagcccggeccccgeccyg
tcaccagggttattcccgecttctaggtttgccaggactgeccggecectgecagetgeecttetgeccce
aggtttttggctactgatgttacaaacaataaaatattggagcatagagttgaagaacagactcaa
accaggtttttatttaattagttaaaaatatg (Seq ID No: 823)

Homo sapiens protocadherin alpha subfamily C, 2 (PCDHAC2):
tttcctttteectececcectggagectgtageggcagcagcagcaggaageccgageccgggttgagcega
ctcggaggcgagcggaggagctggaatatggggagtcagcgaggacggtggggccaggagceccttg
ggagggcctacggagggagcggccccaggcgctttctagagecgtgagecggtgggggagcaggcgcea
gggtggcacgagcggaggcggggcccgggegtggggcacggctggggaagetgecgecteeggecc
tgccecggcetgectecegecgeggeccagtggetatg (Seq ID No: 824)

Homo sapiens chondroitin polymerizing factor 2 (CHPF2):
gttcctttttgggttagctttggcagtattgagttttacttcctecctetttttagtggaagacaga
ccataatcccagtgtgagtgaaattgattgtttcatttattaccgttttggctgggggttagttce
gacaccttcacagttgaagagcaggcagaaggagttgtgaagacaggacaatcttcttggggatgce
tggtcctggaagccagecgggcectegetcectgtetttggectcattgacceccaggttctetggttaaa
actgaaagcctactactggcctggtgcccatcaatceccattgatccttgaggectgtgececectgggge
acccacctggcagggcectaccaccatg (Seq ID No: 825)

Homo sapiens thioredoxin-related transmembrane protein 3 (TMX3):
gcttctcttecegectcecegggteggeteccgtttececcttteccgggecgggcaggecggecggaccccagtgt
ctttatccctcttttgcacagtcagettctgcagectctceccegggectageatg

(Seq ID No: 826)

Homo sapiens ras homolog family member F (in filopodia) (RHOF):
cgacctcttggctcecgectagtgccecggecgegecgeecgeccagtgectgegggeteccgggcaatyg
(Seq ID No: 827)

Homo sapiens amyloid beta

(A4) precursor protein-binding, family B, member 1 interacting pro
tein (APBBlIP):
ctttctctcaggaaactccactcccaactgacaggtgctattteccageccagtectatgetgttgea
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aatagtgagtccatgaatgccctctgeccgtgtgcattacttattttcatcagcagatcttcgtaac
acactcctggaagtgggatgacggggtcaaaaggcgaatccatacataagttaaatagatattgct
caattctcttccacggggttcagaccattttggatttctacgagcaatgaagacagtgctattcct
Ctacaccctggccggccaactgagcgtggttaaacgtggggagggaggagggtgaggttaccaacc
tgatggttgagaaagggcctcegeccagecgegeccttecteccaccecccacccgagagacagctgaa
ctccggcecgggacgcegegtgttgeccagteccagecctgecaccgegtecectgagggecgggetgecagg
cggccgggaagccttgcacaaccggcccaaaagaggaagcccagaaagtgctgaagtaaacacttt
gggagaccgttgcaacataaagcggcctctcagtctttggtggaaccatcactaggcceccaatecc
ttagtccctettgecgtcgaggectgcaaaatggttccattcgecaggagacgetecctgagagaaggg
cgcgcgcggcacaggggcecttecttgcacctcggagcaaagcagecteggatagecgecacacgtcectg
cgcgctgcgtgggaagggcagggctgacagcacttcectcececeggggcagegacctggageccgggt
gcggcagtctgcaccgcgcecgtcecgettteeccggeccggagtectegecgecttecececgegeececcgcageyg
ccccgcagagcagtcgagatg (Seq ID No: 828)

Homo sapiens roundabout, axon guidance receptor, homolog 4 (Droso-
phila) (ROBO4):
cctteccecctcecttcactgtgagectcagagcagcaggacaaagtgctcgggacaaggacatagggctga
gagtagccatg (Seqg ID No: 829)

Homo sapiens translocase of outer mitochondrial membrane 7 homolog
(yeast) (TOMM7):
acctcctttccectttecggattcccgacgetgtggttgetgtaaggggtectecctgegecacacgg
ccgtcgeccatg (Seqg ID No: 830)

Homo sapiens major histocompatibility complex, class II, DR alpha
(HLA-DRA) :
ttttcttttattcttgtctgttctgectcactceccgagetctactgactcccaacagagecgeccaa
gaagaaaatg (Seq ID No: 831)

Homo sapiens protein arginine methyltransfefase 8 (PRMTS8):
cctcetctactatctecggtatcaccaaaccettgecggetecttatg (Seq ID No: 832)

Homo sapiens adducin 3 (gamma) (ADD3):
ctgcctcttatgaagcaatactagagaggaaaaacaaaacccattcctttaagaaagattccgect
cctctcataagcaagcgcctaatggtaattgtagagtttactaagtcaaacacttactactcagca
ttgagagaagctgctgctgctaatgctgctgetgectgectgecgecgecgecgetgetgetgetget
gttggtctgaggctgcagtaggtttctgtgcagcattgcagaatccacacctagagaacagaagac
acagacacgtacgtctactacccttgttagaaggaagctttggatcttcggtggataacaagagta
atccacagacttaaaacatg (Seq ID No: 833)

Homo sapiens BarH-like homeobox 1 (BARHL1):
agcccttttggatctaatgcgcagaggaggttggecccagagectccecgggctceccccaaggctgaac
tcecgtccaaggtgccecegecaggcetcececctgececgectteccccatgeccagecececgecagectaggggcaggyg

gcagcggcggctggggttgggggtgggtggggagettttggggaggacaggtcgcagettggetat
g (Seqg ID No: 834)

Homo sapiens intraflagellar transport 46 homolog (Chlamydomonas)
(IFT46) :
ttatctttttgcctagcgactgacaacaggctggttgettggecgtggaatcctaaagtggecctgge
tttgagactggagtgagaccccagcectaggctggggttectttccattatagaggagacggattca
gaagggctacagaccaaggttgttgaaaaccagacatatgatgagcgtctagagattaacgactcc
gaagaggttgcaagtatttatactccaaccccaagacaccaaggacttcctcgttctgeccatectt
cctaacaaggctatg (Seqg ID No: 835)
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Homo sapiens carbonic anhydrase X (CAl0):
ccececttttegggaggagggaggcagggacttgcaggcaagagttgcacctggtctaggaacctge
agagaaaagaactctggggtaagtagtgttctggcactggcacggaaaggggtaaagggtgggggg
catgagagggacgaaatggagagggcagggaatgaattatgcaaaaaaatctccaatatttcgcag
cggagggagagcacagcacagcactcccaggatgagtcctgectgggtctecccgecgecgaacccge
agcacgaagttctttttaagaagagaaactcgaaaatcctggagggtaacagaggcagccagggcg
gggcggagtgcggaggcggctgceccagggactggggccgaggcggcggccaaggtggectgaagetg
tgacacccagcctcctcectectectectcatggecgegetcagectcacctececcecgeececgggectce
ctgcctceccegeccecgggtgecgggectgecggagectgacgetgggacgeccggecggcggcgaggacgce
tcacctggccaagcecctceccttctecectecteccectececgecceecacctgtectectectectectgagt
tgggaagcgtagggatccgtaggcgaggaaataacgacccctgcagttgtattgecggaaaatcteg
acagcggcgctagttgcgggcgatggaagccaggcaactgggggttctggggagttcaggaaaata
gcagaggagcaggaagggcgcgcgcgacctggagagtctgtgtgecccccaccgegecccagtcececce
ggggcccagcccttcecececteggegecctggacgcactgeccggaacccggectgagaggetgcagget
gcgcgcggacctggggagcagggagggtcecggeggaggetgecggeggetggeggtttcgggceaata
atccctgectctetttetetgtgtgtetgetgtgtctgectecttecccecgececceccggaagecaggag
aagaactgccccggagcgcagcagccacccteccgaccatgeccecggtgaggggggcecggacttegag
ggcaacttgccgcggactgcctgggcttageccagecgagctacgecgectecccgggagececggaattge
acggcgcagcccggcggggggctatcecgtctatgtecttcttggggcgecagacgaatcggggtcetceg
tttttgctggaagagcccagtgttggtggcttcaggtggctgetgecgeccgecgeccgeccgccgecyg
ctgctagtgcggtttccgecgctggtgcgaagagaagagacacgcgagcggggagacctccaaggce
agcgaggcatcggacatgtgtcagcacatctggggcgcacatccgtcgagecccgaggggagatttg
ccggaacaattcaaactgcgatattgatcttgggggtgactgtccctggececggetgtecgggtggga
gtgcgagtgtgcactcgctcggaagtgtgtgecgagtgtgtatgtgtgtgtgeccgtgtcgggcetecce
cccttcececcceecgttttececgtcgagtgatgcacttggaatgagaatcagaggatg

(Seqg ID No: 836)

Homo sapiens dual specificity phosphatase 22 (DUSP22):
cctcctecectgtaacatgecatagtgecgectgecgaccacacggeccggggcecgctagegttegectte
agccaccatg (Seqg ID No: 837)

Homo sapiens -olfactomedin-like 3 (OLFML3): gttccttctactctggcac-
cactctccaggctgccatg (Seq ID No: 838)

Homo sapiens phosphoribosyl transferase domain containing 1
(PRTFDC1) : ccgtcttccctteccegegtteccccgggagaaacatg (Seq ID No: 839)

Homo sapiens translocase of outer mitochondrial membrane 22 homolo
g (yeast) (TOMM22): cctcctttccgcttccggtgtecceccecctacagtcatg
(Seq ID No: 840)

Homo sapiens arrestin, beta 1 (ARRB1):
gctcctectgctggctggggattttccagectgggcgectgacgecgeggaccteccctgegaccgte
gcggaccatg (Seqg ID No: 841)

Homo sapiens cytokine induced apoptosis inhibitor 1 (CIAPIN1):
cctectectecgecgagaggecgecaaggegtggagtcgacggectggagagaagccgggagcgageccagg
cggcagtcttgattcccttttggccagcagtttttaggtctgtcagtactgcactgcaagaatg
(Seq ID No: 842)

Homo sapiens leucine zipper transcription factor-like 1 (LZTFL1):
taccctceccttcececcattttctgtggtccaactacccteggegatececcaggettggecggggcaccgce
ctggcctcteccegttectttaggetgecgecgetgectgecgecatg (Seq ID No: 843)
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Homo sapiens phospholipid scramblase 4 (PLSCR4):
agccctccecttecgegegettactttgtttataacttgaaaaatcectcectecgteteeccttecctge
ctcctttecctttecectttectectgeccagtacaactagacececggegtctggecgtecececeggtgeccag
cattctgcggggcaggcggattaattggaattcttcaaaatg (Seqg ID No: 844)

Homo sapiens ectonucleoside triphosphate diphosphohydrolase 7
(ENTPD7) :
cctecttecggetgggcaaggggccgecggggagcagectecgggactgaaccgagaggtgeccgaagga
accggcgggccgcttgatcecegetgcagacgtaggagatgeectgggacaaggaggecaccttctcea
gggcaaaagaaaaagaaggtgacaggcgttgagaccaccgaagggaacccatg

(Seq ID No: 845)

Homo sapiens fascin homolog 3, actin-bundling protein, testicular
(Strongylocentrotus purpuratus) (FSCN3):
agttctctctgggaacatctggtgggtactacaggceccctatteccaggecectatggectgtggaacc
tcaccacgggggggagggctgggccagacggagacatcacctgtggtgtcageccccatg

(Seq ID No: 846)

Homo sapiens X-prolyl aminopeptidase (aminopeptidase P) 1, soluble
(XPNPEP1) :
cctccttecgegeeggeccttecgegggtgatcagetggtetgegetececctgacgtgggectgggge
acgtcaccgccgaatg (Seqg ID No: 847)

Homo sapiens REX4, RNA exonuclease 4 homolog (S. cerevisiae)
(REXO4) :
gggtctcttccggagtcttttectggacggggtcecctgeggtgggtgtgtttecggectggectggg
caggcgcttgtgctgccagggcgececgggecccggggaggecggggtcectcecgggtggeccgecggeccag
gcgctggacggcagcaggatg (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):
ggttcttcactcgcgactgacggagctgcggtggecgtctccacacgcaaccatyg
(Seq ID No: 850)

Homo sapiens transmembrane protein 159 (TMEM159):
ccttcttectecttgttectectectgectectettegettegectgcaaacgeggtgggggetgete
ggcggtcaggagcaggttaccctccgtctgcatgcecccaccatcaaggtatgaggatggtagaagcet
ctcgtcgaaccagatggatgaagaccactaacggcttttgtttecctctggtaacagcaagagacag
agcgacatgagagattggaccgcgggctgcactggagaatttactggtaggataattcatccctaa
agagattgaagtgagcttcagaatg (Seqg ID No: 851)

Homo sapiens NDRG family member 4 (NDRG4):
cggcctccgeccctgcagecgcgggcacgecggaggggctectggetgececgcacctgecacccgege
gtcggcggcgccgaagcecccegctececcegectgegegtetgtetegteecgecatecteccgeggectect
gctccacgacgtgaccatg (Seq ID No: 852)

Homo sapiens pre-B-cell leukemia homeobox interacting protein 1
(PBXIP1):
ttttcttctcgggctgcaaacaaagggaagcctgcaacaagttaagctgaagaccgaagcaagagce
tggttcaggtggcagccacagcagcctcagggacctcagcaactatg (Seq ID No: 853)
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Homo sapiens twisted gastrulation homolog 1 (Drosophila) (TWSG1):
ctgtctctttaaggtgcccgaggctecgecgggecgectgcgctgaggggacggcgggaggegeggectg
gcctcgcactcaaagccgeccgcagegcgcecccgggetcggecgacccggecggggatctaggggtgg
gcgacttcgcgggaccgtggcgcatgtttcctgggagttactgatcatcttectttgaagaaacatg
(Seq ID No: 854)

Homo sapiens zinc finger protein 286A (ZNF286A):

gtcccctttgtgaggcccgggatgggaggtgecccggttecceccagggacagettcaageggtaggg
acagacatctgaggacccagcctcagggatgctgtccccgggectteccaggecteccagegecgtagga
ctgaggcagactccacggtgagaaagagacccgatctaacccaggcctttcatcagagecccaggag
ggaaggcaggaagtgggaccacgaggcccggggggcttctaactegtectggeccagggagatctgaa
ttggggtgaagagcagaatctccagaacaaggaggaggtggtgatcatg (Seq ID No: 855)

Homo sapiens S100 calcium binding protein Al4 (S100A14):
gctcctectgtettgtctcagecggectgecaacagatcatgagecatcagetectectggggecaget
ataggacaacagaactctcaccaaaggaccagacacagtgggcaccatg (Seq ID No: 856)

Homo sapiens ANKHD1-EIF4EBP3 readthrough (ANKHD1-EIF4EBP3):
tgctcttectcecgttecccgagatcagecggeggcggtgaccgcgagtgggtcggcacegtetecggete
cgggtgcgaacaatg (Seq ID No: 857)

Homo sapiens KIAA1143 (KIAAl11l43): ctgtctttacccagagctaccatg
(Seq ID No: 858)

Homo sapiens neuroligin 4, X-linked (NLGN4X):
ctctctttttcecttgcagaaccgtctcectctececttctectgtetecttagcacagagectcttattcage
cactagcttggcccttcectgecttcaattgtaatgecttgttetgeccgtccacagactattggegge
agaaacaacgaatttcctccaaactaggcggtgttggtggectcttgcattecctectggatgaggaaa
tctagttggggggttccagaaggggaaggctcctgggctttcaatacatcctectgaatcatacct
cgtttcgggttcecctagaaaaatctggacgtgtaaaaagaactcttaacggeccgatgecagcetcttce
caaagctaaggctgccttggagttttcataagaaattgtcececctggaggtgttggatgatcacagcet
tccttggagcattgcagttgctggaatccagtttcaggattaagggagggctgectecttgcaatg
ggctgccaagaaaacggctgtgcttgttcttaacctcaggctctgtctgtgatcagtctgagagtce
tctcccaggtctactgctecctggaaagecectatctectectgcaggetegectectgggetttgtetce
cttggagccacatcactgggacagctgtggatgtggatgcagatttgaaccatg

(Seg ID No: 859)

Homo sapiens mitochondrial antiviral signaling protein (MAVS):
ccgcectectcecgetgecgggaagggtectgggecececgggecggeggtecgecaggtectcagggecggggg
tacccgagtctcecgtttectctcagtccatceccacecttcatggggccagagececctetcteccagaatce
tgagcagcaatg (Seqg ID No: 860)

Homo sapiens serine incorporator 1 (SERINC1):
ctgtctccatcttgtctgtatcecgectgetecttgtgacgttgtggagatg (Seq ID No: 861)

Homo sapiens KIAA1324 (KIAA1324):
cctceectttttttecgecttectgeccagcagaagcagcagececgcagcacctgagecgctactgecg
ctcactcaggacaacgctatg (Seq ID No: 862)

Homo sapiens synaptotagmin IV (SYT4):
ggacctccctctttgectectecectgttccaggagetggtgececctgggetectgegetgttgtttte
agcgctccgaaagccggcgcttgagatccaggcaagtgaatccageccaggcagttttececttcecage
acctcggacagaacacgcagtaaaaaatg (Seq ID No: 863)
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Homo sapiens pyruvate dehyrogenase phosphatase catalytic subunit 2
(PDP2) :
cttccttctggagctgggtcctgactagggaccgectgggtgaggtgaggacctggtggecgeagt
tgtggcactgtgcgcaggcgctgaactgaccggacggagcgggcggctgtggectcgecagetggt
ttaaaaatatccttttttgctgaaggaacacatttgctggtatagtttcagaatg

(Seqg ID No: 864)

Homo sapiens gephyrin (GPHN):
ctatcctttcctctcagtcctgeccatctagectgecttgggtctecgegeteccgecagagegttecgac
actctccggcctcecgttectgecgecteccgegegetctecececgtgeggeccaccgegecccccaagcett
gcctecttecttgecggacttggggecgecgegecctgactecttececctecececgeggaccecgegeact
cccggcecgceggcectcecteccceccacgcaggecaccgtgecactetgtggecteccectectteceegetce
tcctegegettetetggetecctagetgtegegetetecteggecgagegecgectececcggeccgegecg
ctccgggctcecggtttcectecccggetcecctgtcagtgecggtgactgegectgggaaacatg

(Seq ID No: 865)

Homo sapiens deltex homolog 2 (Drosophila) (DTX2):
ccttctcecctgagagtcggagccacageccagagecctgeccecaggecgagecggagectgcageeecgag
cgcggtggtgccctcagececcgtectettgtectectcagectcggtgecttggaatttgtgtcege
tgagtcagcaagcctttcagatttgceccecggtttttgttgtttgtggtttgtatcaagatgggaact
caaacaagtcattcctcctaaggagctggtgtcttcatccagaagggacagtttgtgccagectcte
cagagagaaaaggatctggtactgttctggagtggcctgtagcagacactgaaccaccagccagct
gcatttgttgtcctggaagtcattgccaactctgccagtcacactggggtcecccagagaagtcaag
atctgccggaggcgctgggcaatgaccccgggacteccaggccagaggggtctgaagetgtttggga
aagcagcgggactccttgggaagatg (Seq ID No: 866)

Homo sapiens melanoma antigen family E, 1 (MAGEE]):
ctgcctttttcaccacctctaatttcagecttcagcagttgettggaactttggttctggcagcage
agcaacatcattaccgctagcggcagttttgtgccgaggcacctacacacctecececgtectctetge
cagatcgcgggcctgtcggtgtctgctectacacgeccaacgeccggtgggcaggaccatyg

(Seq ID No: 867)

Homo sapiens G protein-coupled receptor 107 (GPR107):
cgccctttcaccccggacgtgggcgggagaggaagcggctggtgatgectggaacaaacatg
(Seg ID No: 868)

Homo sapiens PDZ and LIM domain 1 (PDLIM1):
cgctctttcteccgacagetgeecgggggtgeccctgecaagetgttccgegegtectgeccgtetgtec
ccgegggtcgtegececcgeccacagecgegecatg (Seq ID No: 869)

Homo sapiens thymosin beta 10 (TMSB10):
cgctcttttgtttcttgectgcagcaacgcgagtgggagcaccaggatctecgggctecggaacgagac
tgcacggattgttttaagaaaatg (Seq ID No: 870)

Homo sapiens phospholipid scramblase 1 (PLSCR1):
agacccttttcagacccttttccggctgacttctgagaaggttgcgcagcagectgtgeccggeagt
ctagaggcgcagaagaggaagccatcgcctggccccggetctectggaccttgtctecgetegggage
ggaaacagcggcagccagagaactgttttaatcatg (Seqg ID No: 871)

Homo sapiens eukaryotic translation elongation factor 1 beta 2
(EEF1B2) :
gggtcctttttcctctcttcagegtggggecgeccacaatttgegegetcectetttectgetgetecce
agctctcggatacagccgacaccatg (Seq ID No: 872)
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Homo sapiens pyrophosphatase (inorganic) 1 (PPAl):
ggctctctcecttgtcagteggegecgegtgegggectggtggectetgtggcagecggecggeggcagga
ctccggcactatg (Seq ID No: 873)

Homo sapiens X-ray repair complementing defective repair in Chines
e hamster cells 5 (double-strand-break rejoining) (XRCC5):
ggctctttccgcectatctgecgettgtccaccggaagecgagttgecgacacggcaggttceccecgeccgg
aagaagcgaccaaagcgcctgaggaccggcaacatg (Seq ID No: 874)

Homo sapiens GATA zinc finger domain containing 1 (GATAD1):
gatccctttcccagtectgettcecccagtgectecgggecagggaatcectggectececgectgeggage
cggcggaacccgcttcececgectccacggggcagcgeccagcggectggtectttcaceggecagetcece
gtgccgacgctctcaccgctcttectatecgecgggagtggecgggeccgaccagggggecggcecgggcet
accgtccgcecattecececgtgtcectetgegeccgegggggecgeccgagecggecaccatg

(Seq ID No: 875)

Homo sapiens enolase-phosphatase 1 (ENOPH1):
ccgccttttceccagttccaggtgtgcagaagtgtcctctecccacgecgecggegggetgcacttggte
gctggctccgagatcgcgecggggccgecggaageccaagacggtaccgggggecgcagecgecagec
ggcgccgcecctecgecctecccaacagecaggecgagtececcgtagcateccggtagggaaatyg

(Seg ID No: 876)

Homo sapiens regulation of nuclear pre-mRNA domain containing 1B
(RPRD1B) :
agctctttccgggggcccggggaactactctecttgectegetectgtectecttegaagtgetectge
gcgaggttcagagcggccgeccgcectceccaaagggacggttttctagagecteccgacgectcteggtge
ccctetgcecteccggeccttgecctttgacctegectectegeggcagggtgagaggtegggtggecatce
ttgtggcggcggcgcgggcggctgttactgecggagacccatcccctecececttetecgcaccectgg
cagtctgtcagtcggtaaaaagtcccgcagectgtcaggtgaggececcggectegtgecgtegete
ttccegecgecactgggecggcccaggecgectecctgecgggectcactgecgecaccatg

(Seq ID No: 877)

Homo sapiens family with sequence similarity 60, member A
(FAMG6OA) :
ctatctttctagacaaggcagttgaggaggagggagcgcttgagggggactggecctggecgtgecact
ccgcacctcggggacattattgcgcgtggaacggectgettttggaaggcacaacttcecctgaatgga
ccatgactcccaccaaagatccctgtctctgattcaccaaacagcttcaaccctgaaaccaggacg
agaagttgacaacatctgagtggacagctaattgacctaagacttcagaccagactattgcccaga
agaaaagatg (Seq ID No: 878)

Homo sapiens MID1 interacting protein 1 (MID1IP1):
gggccttttatctcggtgctgecgggggaggcgggaggaggagacaccaggggtggecctgagegce
cggcgacacctttcctggactataaattgagcacctgggatgggtagggggccaacgcagtcaccg
ccgtccgcagtcacagtccageccactgaccgcagcagecgeccttgecgtagcageccgettgcagega
gaacactgaattgccaacgagcaggagagtctcaaggcgcaagaggaggccagggctcgacccaca
gagcaccctcagccatcgcgagtttccgggcgeccaaageccaggagaagccgeccatecccgecagggce
cggtctgccagecgagacgagagttggecgagggcggaggagtgeccgggaatcecegecacaccggceta
tagccaggcccccagcecgegggecttggagagcgecgtgaaggecgggcatcecececttgaccecggecgac
catccccgtgcecccctgegtececctgegectccaacgtecgegeggcecaccatg

(Seq ID No: 879)

Homo sapiens transmembrane protein 35 (TMEM35):
ctctcectttgtcattctagectgectgetgecteccgcagegteccececcagetecteecctgtgetaac
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tgcctgcaccttggacagagcgggtgcgcaaatcagaaggattagttgggacctgecttggegacce
ccatg (Seq ID No: 880)

Homo sapiens Fc fragment of IgG, low affinity IIa, receptor (CD32)
(FCGR2A) : cttcctcttttctaagcecttgtctcttaaaacccactggacgttggcacagtgectg-
ggatg (Seq ID No: 881)

Homo sapiens tribbles homolog 2 (Drosophila) (TRIB2):
ctttctctttttgtttggcttctaacgecgttgggactgagtcgecgeccgtgagetcececgaagact
gcacaaactaccgcgggctceccteccgeececcgtetgegattcggaageecggectgggggtegegtegyg
gagccctggcgctgcagctceccgcaccttagcagecececgggtactcateccagatccacgecggggaca
cacacacagagtaactaaaagtgcggcgattctgcacatcgccgactgectttggggtaacaaaaag
acccgagttgcecctgeccgaccgaggaccccecgggageccgggctecggagcagacgaggtatececggegg
cgcccatttgggggcttctaactectttctccacgcagececectettectgtececctecectectegete
ccttttaaaatcagtggcaccgaggcgcctgcagecgcactecgeccagegactecatcteteccagegg
gtttttttttgtttgtcgtgtgcgatcctcacactcatg (Seq ID No: 882)

Homo sapiens family with sequence similarity 3, member A (FAM3A):
cgtcctcteccgggggecggagecgggtcggecgggectgacagggaacectecectgaccgageccacgte
tcecccacggceccagagaaatcteccggeccggeccgecatcgeccageccccaggecccggaggaacggcece
cgagcccaggagaaccacatcttcecgtcecccagecececcggaggctectgtgggcaagatcgtgagecaa
cgggttcctgaggccectecectggeccaggcagggtttecececcgegegttteccgaggageecctgectgg
ccgggcggctggacaaacaggtcgtagcaccgatcgegeccgecccccagcaggggtcecegecacagg
cttgcccctgacccceccacccaaacctgtecttecgetttgeccccaaacagtgcacttgeecggegg
tcccaacccagcaggagaagtggacatg (Seqg ID No: 883)

Homo sapiens exocyst complex component 4 (EXOC4):
ggctctccececgegtccaagatg (Seqg ID No: 884)

Homo sapiens ELOVL fatty acid elongase 5 (ELOVLS5):
gcgcecttectecttcecccatcgegegggtectagecaccggtgtctecttctacatcegectcectgege
cggctgccacccgegcectcecectcecegecgecgecgecttgetgectgectcaaagetgectgecgeeccecett
gggctaaaaggttttcaaatg (Seqg ID No: 885)

Homo sapiens apolipoprotein B mRNA editing enzyme, catalytic polyp
eptide-like 3G (APOBEC3G):
ctttctctttecectttgcaattgecttgggtecctgecgcacagageggectgtetttatcagaggt
ccctectgccagggggagggccccagagaaaaccagaaagagggtgagagactgaggaagataaage
gtcccagggcctcecctacaccagcgectgagcaggaagecgggaggggecatgactacgaggecctgg
gaggtcactttagggagggctgtcctaaaaccagaagcttggagcagaaagtgaaaccctggtgcet
ccagacaaagatcttagtcgggactagccggccaaggatg (Seq ID No: 886)

Homo sapiens gamma-aminobutyric acid (GABA) B receptor, 1

(GABBR1) :
gctcctectectecectecgteggtecagtcagteccgecgaggagagteccgeggtggecggegacggtyg
gcgagagccgcgggggecgtaggaagceccaaccttecctgettecteccggggecctegeccecectecte
cccacaaaatcagggatggaggcgcctccceceggcaccctcttagcagececctececccaggaaaagtgt
cccceectgagcetectaacgcectcecccaacagetaccectgeccecccacgecatyg

(Seq ID No: 887)

Homo sapiens cofilin 2 (muscle) (CFL2):
cctcecttectecteccagtgeccacagageccgaageccgagetgecgecgecagececacageccgagggea
ctatg (Seqg ID No: 888)
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Homo sapiens DEAH (Asp-Glu-Ala-His) box polypeptide 35 (DHX35):
tgaccttttaccccaacatg (Seq ID No: 889)

Homo sapiens resistance to inhibitors of cholinesterase 8 homolog
A (C. elegans) (RIC8A): ccgccttcceccggegecgeccatg (Seq ID No: 890)

Homo sapiens FK506 binding protein 10, 65 kDa (FKBP1O0):
agttctttgtagtgcctccctcagactctaacacactcagecctggcccectectectattgcaacc
cccteccccgetecteccggeccaggecagcectcagtettecccageccccattecacgtggaccagec
agggcgggggtagggaaagaggacaggaagagggggagccagttctgggaggcggggggaaggagyg
ttggtggcgactccctcgctcecgecctecactgecggeggtcecccaactecaggecaccatg

(Seq ID No: 891)

Homo sapiens small ArfGAP 1 (SMAP1):
cctcecctececcgttecagetgecgetgecgettectgggectgagtecgececgeggtecccggecggegcee
aggtgcgttcactctgcceccggctccageccagegteccgecgeecgecgtagetgecccaggcteceeg
cccecgcectgeccgagatg (Seq ID No: 892)

Homo sapiens chromosome 14 open reading frame 93 (Cl4orf93):
cctectttttgcacacacacgaatacaaagagccatacgaccttcggatgecggaaggtcecettetg
aatcccttccctgttecttaggttgcactagtcgggggttecatgectggggggcagaaggaatget
ctctaccgtctgaaaccgttcatcaggaaggceccttgatttgtgatgtgectaggagagcacaggatce
tgcaaatagaaggcacctgtctccecttctgcaggcecgaggagaggecgecatggactgtgtgettce
ttcatggcttgtttactcttcectttcacagaccctacagecttggggectgggectectctgaccatcece
tcattgagaaaggaaagtgagtccagagaagttgatgcttcctacctgttggagcggceccageagt
gtaagcgtggttgttactgccccatcecgecatg (Seq ID No: 893)

Homo sapiens brevican (BCAN):
cgccctecttecgaatgtcctgeggecccagectectectcacgectecgegecagtectececgecgeagtcet
cagctgcagctgcaggactgagccgtgcacccggaggagacccccggaggaggcgacaaacttege
agtgccgcgacccaaccccagccctgggtagectgcagecatg (Seq ID No: 894)

Homo sapiens H2.0-like homeobox (HLX):
cggcctctcttectcagtgcgggecggagaagcgaaagcggatcecgtecteggectgecgecgecttet
ccgggactcgecgcecgceccecteceecgegegeccacccacccagtecggetggactgecggcagecgcege
ggctcaccccggcaggatg (Seq ID No: 895)

Homo sapiens v-rel reticuloendotheliosis viral oncogene homolog A
(avian) (RELA):
ccgectctggecgaatggectegtectgtagtgcacgecgegggeccagectgecgaccececggeccccgece
ccgggaccccecggecatg (Seq ID No: 896)

Homo sapiens zinc finger protein 277 (ZNF277):
cctcccecttttettttctgecgggtaatg (Seq ID No: 897)

Homo sapiens globoside alpha-1,3-N-acetylgalactosaminyltransferase

1 (GBGT1):
cttcctettttctgtectggccecgeggececegetgectgeccctgecteccaggeteccacctgecgeegec
gatcgcccgggtatcgecgggggeccaggccagectgagtecgttttecgegeecggggtggecgecect
ccaaccgtcctaacgccgggccggcagcaaggagtgttecctgggacctcagagaccaggctcagag
cctgacatccctgcgaggggacagcecctcatcececgeccaggecagtgggggtectectacaagtgeccag
gctcaggtgcagcccccagcaatg (Seq ID No: 898)
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Homo sapiens FXYD domain containing ion transport regulator 6
(FXYD6) : ggtcctcctgggagtctcggaggggaccggctgtgcagacgecatg
(Seq ID No: 899)

Homo sapiens nuclear RNA export factor 3 (NXF3):
tcectetcectatgettggggaaggaacttectgtaagcaaggcttgaggettgetctegecttegtea
gcagccctcectcaatcttcectceccaaactcecececgtecceccaggecacacagattetectcaagagagecce
tataaggacattggtaaaatg (Seq ID No: 900)

Homo sapiens chromosome 14 open reading frame 133 (Cl4orfl33):
attcccttccecgceccecttetctaagetgcacagectgaatagaagggctggtccageggeggegga
ggctggcgctgtcctgagagggagggctctgtgcggaagagtcagggcgacccttgggegectggag
tacgcttgggactggggctgcgagtgagcaccagecgattggttcggaagecggacatttggttcaga
acgagcatttaactctgccagggatccgctgggctctgacgactgeggtagatccatggettectg
gacgttcacccgtagagtcatcctagecttaactcttgttcecctggtectcagttcacaagectecacce
tgtatcttcctggctcggaagataattgaaaccaagtctgacttctcaatg

(Seq ID No: 901)

Homo sapiens X-prolyl aminopeptidase (aminopepti-
dase P) 3, putative (XPNPEP3): ctttctcttcccgacgcgtgagttaggccgtaatg
(Seq ID No: 902)

Homo sapiens death inducer-obliterator 1 (DIDO1):
ggccctctggcaagatggctgctgcggaggecgttggagcgcggaaatctggaaccgggatggcgac
gtctacactgagtcggaggcgaaggagcttactccacgggaacagectctagataatctgagttgt
tgaaaatacgaagcctgttactcgtgaacagtggctgacaacagtgttgttgtgagecctggctgtce
tgcttggacccagaggtttcgtctgccagggtttttggttgtatttaggatttcagggaaaagtgt
ccaagctttcagtgttggagcaggtatg (Seq ID No: 903)

Homo sapiens PERP, TP53 apoptosis effector (PERP):
cggcctecttcgettttgtggeggecgeccgegectcgcaggecactctetgetgtecgeecegteececgeg
cgctcctceccgaccegceteegcectecgecteegetecggeccecgegecgeccgtcaacatg

(Seq ID No: 904)

Homo sapiens tubulointerstitial nephritis antigen-like 1

(TINAGLL) :
tcectcectcecttgactttgagegtecggeggtcgcagageccaggaggcggaggecgecgecgggecagectg
ggccccagcccacaccttcaccagggcccaggageccaccatg (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):
ccccecctcectecgecgggaattatttgaacgttcgageggtaaatactececctggggetgtcatagaagac
tactcggagagcgctgectctgggttggcgggectggcaggctgtagecgagegecgggcaggacteg
tcecggcagggttccagageccatg (Seqg 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):
ctgcctctacagctgtgtgtaggcctgggggecgagggtcttcggaacgtagecgectggectgeggecce
cgcccgectacccacccecgeccgtecggcagecggcectcecececgecgecteccgegetetgtetggggceca
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gccacctggcgggccgctceceggtgegectgeccgegecttttecactgacaggegetgttecceccacag
ccagcgccgcccgccacgteccagcectcectecggeccaacggagcectgegeggegggtgacectttecgage
ccagcgcgatg (Seg ID No: 909)

Homo sapiens stimulated by retinoic acid gene 6 homolog (mouse)
(STRASG) :
ctaccctttcatctctgcaactcctteccteecctgggecteccttetggtgtgtetgtgggtectgte
taggtgggcttgggaaaggggaaggaaggggcgtctctttaggcagctcagactggacaagecttce
tttgaaaatggtcctttgaacacacgcecctgetggtggttggtcagacagatgcgeccagecgggagece
ccggggccccaaggggacagectatctectgcaggaccagtgegatg (Seqg ID No: 910)

Homo sapiens 5-azacytidine induced 2 (AZI2):
cagccccttttccggctgagagctcatccacacttccaatcactttccggagtgettecececteect
ccggceccecgtgectggteccgacggecgggectgggtectegegegegtattgectgggtaacgggecttce
tctcgecgteggececcggeccectectgecteggectegtecctecttecagaacgtcececgggetectge
cgagtcagaagaaatgggactccctccgecgacgtgecccggagcagectececcttegetgtggaagegyg
cggtgtcttcgaagaaaccggaagcccgtggtgacccctggcgaccecggtttgtttteggtecgtt
tccaaacactaaggaatcgaaactcggcggceccttgggggcggeccctacgtagectggettectggtt
gtcatg (Seqg ID No: 911)

Homo sapiens polymerase (RNA) I polypeptide E, 53kDa (POLRI1E):
acgccttttccggeccecgcagecgeggectgggectecccgegtgtttaaaagtgecgettgtggetgetg
ctgtcttaactcctgtgcttggecggacagacaggcgagatg (Seq ID No: 912)

Homo sapiens mitochondrial ribosomal protein S25 (MRPS25):
agtcctttctcgtegetgcteggectecgeggeccgtggggteggeceecgecacecgttgecgecatg
(Seqg ID No: 913)

Homo sapiens TRM2 tRNA methyltransferase 2 homolog A

(S. cerevisiae) (TRMT2A):
cggcctcecgecgcacgecgcectggecggactaagagtggectggcgaagcgagecggeccggcgecgggccce
tggcgggcgggcggtacagccccaagectgagaccecggacctgagecatcecgcaggttcgagteecege
cccgcectggggcgaagccgggggtggeggcecgacctecgeggegttgecacecggctetgtgagecacctce
ccctctgagcacttcecttgtgacaggecacttcececttgtgacaggecccaggacgaggtggccagg
cggcccccatggegtceccctggtctaggecggagaaccgectgggegatg (Seq ID No: 914)

Homo sapiens lipid phosphate phosphatase-related protein type 2
(LPPR2) :
ccctceectecacctecggagtectgegeggcgecggeccaggeccggecgaccgegteteggtettegeg
tctgccagectggctggcagtcececgtetgteccatecececgecgecgeecggggcagtectaggecggagcggyg
ggctcaggcggcggcggectcgacgecgagtgagtgtecgtggttggggtgectggacccagagtgect
accctcgectgectgggectcagtttccacatctgcacaatgggggtgaccatcecctgeectgetg
gctgccaggagcggctgtgagtcttcaggecgtggatgcagectgggggaagccatagggegettte
acaggcctggccttcaccatg (Seq ID No: 915)

Homo sapiens chromosome 11 open reading frame 1 (Cllorfl):
gaaccttttttcacctcgtctgaaatyg (Seq ID No: 916)

Homo sapiens microtubule associated monoxygenase, calponin and LIM
domain containing 1 (MICAL1l):
cgccctccececacccgetcagacctggttgeccagecccaacaggaagcggcececteeccggettecggage
cgccgccactcatctctgecccagectgectgecctecccaggaggectecatg

(Seq ID No: 917)
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Homo sapiens kinesin light chain 2 (KLC2):
gctcctttaaggcagcgaacgggccaagagaagegtgtttegeccecteccgacgeccaccgaggtag
cggcttcacctttaaggcggcgcgggggctgctgggaaggccggcgggatggaggeggcgggaceyg
gctcgcegggtgcgggteccgggtgaagecgggaggcagccagagtcggageccgggeccgagecaccagg
cgcaggcccggcgcecccgectgeccgecaccctegtectcacagacgecacagecatg

(Seq ID No: 918)

Homo sapiens DNA cross-link repair 1B (DCLRE1B):
acttcctttttctgeccactctggtaacttattgectctgetgggectecttteecttagggtectetgg
ccctgttcttgccccagcatgacttttatcgggacgccgttgtggaagecctcacgcaggageectg
cccececgtggagaagatcccactggtgactccaaccctaccaccatg (Seq ID No: 919)

Homo sapiens armadillo repeat containing, X-linked 5 (ARMCX5):
gctcctecccactgecgttgtgggtaacgcggacgtggaagaacctcgtctgecggaggaaaaggtag
atgttaaatggtaactacgcgcgaggttctgaggagccctgggaacaggaaggagaaaagaatacc
aaaagtgacaacagtttgccaatcgcagtctttaatctgataaagcggttatctcgtcttgagtcce
caggtgccgagtcaatccccatacacagccgceccgceccattgectecgagtecttgtgtctgactgtet
gttcctgctgctgtatgacacagcacctcgaggcaaggaaataagaaaactgcctctgatccaagce
agagaaggtctgcctgtagatctgctgtagggcttgtcaccattggaagcaaggtcecctacttcagt
ggcagatctggtggccttggagtggctgaagaccaccaccctccacagggctgggecccatgcacag
ccatccttcectaccttgagtgagecttectectgecatgttttectatatcactggecagagectgtagt
tggaaaggggacagagtgactactggactttgtgtgaaaacaccaaccgggacaaaacttcagtca
aggctgagacgggtgggggtatataacttgtccttacgttaaacttggaacatg

(Seg ID No: 920)

Homo sapiens chromosome 12 open reading frame 43 (Cl2orf4d3):
aatcctttgcggtggttcaagatg (Seqg ID No: 921)

Homo sapiens vacuolar protein sorting 33 homolog A (S. cerevisiae)
(VPS33A):

ggtcctccecgtaggaaccggecggactecggttggecgttgtggggcagggggtggtggagcaagatg
(Seq ID No: 922)

Homo sapiens arginine/serine-rich coiled-coil 2 (RSRC2):

gggcctcctcgectttgtgecateccgggtctectecgegegagegatttagtectgaggecgaagettcg
gagcggccggtactgttgaaagcgacaagtggaggcgccgctctagecggeccgggactctgaactat
ggcggctagtgatacagagcgagatggactagccccagaaaagacatcaccagatagagataagaa
aaaagagcagtcagaagtatctgtttctcctagagcttcaaaacatcattattcaagatcacgatc
aaggtcaagagaaagaaaacgaaagtcagataatgaaggaagaaaacacaggagccggagcagaag
caaagagcgtgcttatgcgcgaagagactgaactgaagacgctgcagactcagatagcaaaataat
aagcctacttcatgataagggaagaagacatgaatccaaagataaatcctctaagaaacataagtc
tgaggaacataatgacaaagaacattcttctgataaaggaagagagcgactaaattcatctgaaaa
tggtgaggacaggcacaaacgcaaagaaagaaagtcatcaagaggcagaagtcactcaagatctag
gtctcgtgaaagacgccatcgtagtagaagcagggagcggaagaagtctcgatccaggagtaggga
gcggaagaaatcgagatccagaagcagagagaggaagaaatcgagatccagaagcagggaaagaaa
acggcggatcaggtctegttcecccgctcaagatcaagacacaggcataggactagaagcaggagtag
gacaaggagtaggagtcgagatagaaagaagagaattgaaaagccgagaagatttagcagaagttt
aagccggactccaagtccacctcecttcagaggcagaaacacagcaatg (Seq ID No: 923)

Homo sapiens integrator complex subunit 3 (INTS3):

ccgcctteccaccecececgeccttcecactatggecgettectgtgtggtgtggggagacgectggtect
ccccgtcectcececcatagegettattgectcacectcacceccecctaggggccggatccaaaggcgetge
actccccaagccttggggcatcagccaggaaggtttectacctectaattcaggggcaggactect
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cttttcccececccacggggaaaagaggcagaaacttaggggtttcectectttecttagggtcagacge
tcttagggtccacttcttcaggggcggaagecctectectacecttecccataggggcacaggecttta
cceccactgtacttcggagccaacgecttteecctcagecactgeccaccccagagtcaggacccagagg
actgtgccttcgcecceccccaacgcaggegecggceccttttggagaggagggaggagtggagaggacaggg
gcccttgetcecteccectecccaacttgttectettgececcccagtececctggcaatccagagateceg
atatctaggactgtccatccatccactccctgaccttttecececggectectggetgcagecatg
(Seq ID No: 924)

Homo sapiens spermatogenesis associated, serine-rich 2 (SPATS2):
tctectttcectcettectcagaccecgggagegteccgggacgcggageccggagectggggecgacgagge
gattgcgggggcctgggctagctgctggctaccaatattctactttetgtetctatgaatgtgact
accctggttacctcatataatctccctggaaaaggagacatgaatgtctgcaatgatacttcctga
caagaagttgatacaagaaaaggaaaggagattaacagctagtgagcagaatttcgaacagcagga
tttcgtattttttgcttccaactgcacacttececgttgeccacttttaaatcagagatacctacact
caaaacccagacaaggcaaaaggatacttttcttgtatattttttgagatcgaagaaacgacaatg
(Seq ID No: 925)

Homo sapiens fibroblast growth factor receptor 1 (FGFR1):
ccgcccectttcecacctectggeteccteeccgggegatecgegececttgggtectecccteccttecce
tccgtecgegtcectectgegecececctecctgegetegtecececgeecgetettececgecgeccaactttt
cctccaactcgcecgctcgggagectggecgaggecggeggcggctectcaggtcagtttgaaaaggagga
tcgagctcactgtggagtatccatggagatgtggagccttgtcaccaacctctaactgcagaactg
ggatg (Seq ID No: 926)

Homo sapiens FUN14 domain containing 2 (FUNDC2):
ctcectcecttecgectgecgecgtgggaatg (Seq ID No: 927)

Homo sapiens ganglioside induced differentiation associated protei
n 1-like 1 (GDAP1L1l): .cctccttctttcctgectctgattccgggetgtcatyg
(Seq ID No: 928)

Homo sapiens chromosome 19 open reading frame 43 (Cl9orfd4d3):
agtcctttgcgcggcacctggcgacaaaatg (Seq ID No: 929)

Homo sapiens MIS12, MIND kinetochore complex component, homolog
(S. pombe) (MIS12):
ccctctecttctceccaccageccaacgteccgggaaaaacgagtaagtacaggttecttcetgcecaatcecce
cgccggccacagctaactttcececcgeececggeccectttectgtcataattgaggtgtccacaaccagcec
aatcaggaacgcgagagtatcccgegtttgectttcgectcgeccgaggegegtatcagteggaatttt
ggggagccaaccgcgccgtctgtcecccectggcaagccagecggcggtttaaaggaggtggecgggaagcece
tgtgtgtgcttcaaatcgtcaccctcatggtcgcteccggtaagtgetgecggggcagcattttetet
gaggaggagcggggacgggcgagactggcataagcgtcttcgegagggagcaaggcggectgtggg
tcggcctcaccececggectcececgacctgaagatecccagcatgcagecgegggegeggggececcgacggaa
gccgggagccggccggaagcagttectgegetectggettectgggtectgtectgegegatecgeggg
gtcttagacagctcaactcgccgagatgacctgggcacctctgecgttgaatcggcaaatactgatce
aagccgcatttattctgctctcaggaactctaagtctagcagagaagatgaggecggtagaagttca
tcaatggcttggctggaggacaagcaaattgaggacattggcaacggagtgatcaaaatgatagat
catgaggcctaaaatgaataaggaaagaagagaagtggcagaggctgagaacagaaagagagggtyg
gaggggctgtaaatcttgaagattagggtataatatgagtatatgggtaagaattggaagaattgt
gtaggaggcagtagtcaaaaagtagaagcagtttggaagagtagttacaaatatcaagagccaggt
ggctaaaaggtggagctataggtcattgaagctcaagaaactgagtctctagggcattggttaagt
catctgtctagacttcaaagttgtctaggatgataattcagaagactgatctgtgccaaagtcaca
ggtttttcacgactgaaaacaacatagcaaaataagccaagatg (Seq ID No: 930)
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Homo sapiens DEAD (Asp-Glu-Ala-Asp) box polypeptide 50 (DDX50):
cttcctttcacgectgtcgetgeccgtaggtggttgtggecactgtgeccggagggaggeggeggtyg
gccagtaatg (Seg ID No: 931)

Homo sapiens chromosome 7 open reading frame 25 (C7orf25):
cggcctcectgegtgcacgegectgegtgetegegetegeggttcectggegetgecggaataatgcectga
cagcatg (Seqg ID No: 932)

Homo sapiens KxDL motif containing 1 (KXD1):
ccgcectttectgtecgtgacttaacgecacgcaagecggctccagggtacgtcccecgeccacgegegcet
cgcaggatcggtgcgtggtgacgtttcgececggcgcgggcgeccatcccggaagecgcgagcaaggcecg
ccagatgtgcaggcagcggaggaggagaaagagatg (Seq ID No: 933)

Homo sapiens defective in sister chromatid cohesion 1 homolog

(S. cerevisiae) (DSCC1):
acttctttcttgccecgeccaagecccgcageccacccgggecgeggegggactectagaceccggegetge
gatg (Seq ID No: 934)

Homo sapiens zinc finger protein 426 (ZNF426):
cgttccttttgtgacgececggctgtgagecgectgagagtectttttgectttcagagttaaggectcea
ctggcctgggaaaataattgectgecttttgecatcecgegttggectececgteccccaggatcttececeggt
tcagggacctggcgatttctgagtgttccggaatcecccaataaccctgtttaaagaggaatggagat
tgccactgtccatttagattaatgaggtgtcctgaagtgatggtgacatcaatgaaaggagggttce
tgacacgttctcacctcgcgggatg (Seq ID No: 935)

Homo sapiens TATA box binding protein _

(TBP) -associated factor, RNA polymerase I, D, 41kDa (TAF1D):
caacccttttcttccgcacggttggaggaggtcggectggttatcgggagttggagggectgaggtcyg
ggagggtggtgtgtacagagctctaggacaccaggccagtcgecgggttttgggccgaggectgggt
tacaagcagcaagtgcgcggttggggccactgecgaggeccgttttagaaaactgtttaaaacaaaga
gcaattgatg (Seqg ID No: 936)

Homo sapiens PHD finger protein 1 (PHF1):
ccgcctectcectectgecgetgecgetgetttggetgetgecgtcatacgecccagagecgecggga
cggaggggctgggcctggggacccceccecggcectecgectgecacgeccecccacgeccggacgtgecce
tctcecgegegggggactecgectaggtetectacgtcectgeccectgececggecteccggeggecccage
tgtcaccggccecccccaggatgcaatg (Seq ID No: 937)

Homo sapiens family with sequence similarity 134, member A
(FAM134A) :
ccccecttecgectgacgegececceccggcecggcecggecgegcecageectggectectcegegggetegggegyg
cggctgcggeggggctatg (Seqg ID No: 938)

Homo sapiens membrane bound O-acyltransferase domain containing 7
(MBOAT7) :
ccgcctectttecggagececgtetgttececcttegggteccaaagettttggctectecttgttecyg
agcccgaaggcccgecccttcacgtacteggagectecggatecccagtgtggacctggactcgaatcece
cgttgccgactcgegetcteggettectgectecggggettecttecectgececgeccggggecctgace
gtggcttcttececceceggectgatctgecgcagecccggegggecgecccagaaggagcaggcggcecgecgggyg
gcgcgctgggcgggggaggcgtggecggagetgecggecggcaagegggcectgggactgetcggecgec
tcctgeccggecgagcagectcagaccatg (Seq ID No: 939)

Homo sapiens major facilitator superfamily domain containing 11
(MFSD11) : :
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acgccccttttttgectcagecgtcagececcgtecteccgtctgaagagtgettctgecctecatttgece
tctecctgtgaccececggecceccectcagactecgetgegtegtcectecteggececcgteccageecgttect
gactgctcttcgccggagtceccgecttceccaaccecctttecgeccagageccgagagetecegteggcetce
tgcgtcctggcggattgtcagtggecttcgecccgaggagagectgactgeecctgggetgetgectcece
ggcagagctgagccaaaatg (Seq ID No: 940)

Homo sapiens thiamine triphosphatase (THTPA):
ctcecctteccectectgtgggteccgecgaggagactetecgggectttgaggtgagacctgaagtteeg
ctggccggtagtgtagcaggaaagggcaggtcctcecccgggtcgtgagecagtagectecectggggtyg
gcaaggtgtagagaggggggcgttgaaaggacacccgctacccggectgcectttectaggggtectcett
tggattgaggacatcagcagcagtggaagggattttactggagacctgtcactgtcagagccttaa
aatatcaccgacggggccttaatgtcaccgaggtagagagaaaagggcagtagccctagagactat
tgcgacacagtgtgcccctcataagtttttccagggaggggttctgtactgagttgacgeccccagyg
agctgagcaccaggctttgcatccttgggaactcagcaaacgtttgttcageccaattgcaggtage
atg (Seqg ID No: 941)

Homo sapiens acyl-CoA synthetase short-chain family member 3
(ACSS3) :
tactccctteccecctcaggecccaggaagttgcaagagtaccatttgtcgcacactcggggaccgegg
gtggccggaggagatg (Seq ID No: 942)

Homo sapiens chromosome 6 open reading frame 211 (Cé6orf211):
gctcctecttecgeggeggtacegectetgtttectgeggegattgaacagececgagetttgeggeecygg
gatcgcggaaagtgatg (Seq ID No: 943)

Homo sapiens transmembrane protein 204 (TMEM204):
atttcctctctgctgagagccagggaaggcgagctctgcgcacacgggcgtceccectgcagcagecac
tctgctttccaggaccggccaactgecctggaggcatccacacaggggcccaggcagcacagagga
gctgtgaacccgctccacaccggccaccctgcécggagcctggcactcacagcaggccggtgctaa
ggagtgtggcgcgggctcgactcccactgectgecggectecccgagtgactetgttttecactgetg
caggcgagaagaggcacgcgcggcacaggccggccteecgectteccgggaagacggecgecactectgg
ccectgggttettgetgetgeccaccctectgetecctgggatgggecceccgaggegagecagettcage
acaggcctggccctgctccaggtgcaggaaggaggataaggccgggeccgagaggcggcacacctygg
accatcccatgggcctcecgecccgegecgececcgaggatgagtggtgatgtectctageccaccecta
gcagcgtcggctctceccctggacgtgecggecgecggactgggacttggetttectececggataageggeg
gcaccggcgtcagcgatg (Seq ID No: 944)

Homo sapiens DEAH (Asp-Glu-Ala-His) box polypeptide 40 (DHX40):
tcgtctttcecececteccatectectcagatecggtggacgtgetcecgecteccactecggggeccaggtetat
g (Seq ID No: 945)

Homo sapiens importin 4 (IPO4): cctccccttttcggcccagtagcecggcggctcag-
ttgctgccatg (Seq ID No: 946)

Homo sapiens N-acetyltransferase 10 (GCN5-related) (NAT10):
ccttctectttecggagttgttcecgtgectcccacgtgetteccecttcectecactggectgggatececeeceyg
ggctcggggcgcagtaataatttttcaccatg (Seqg ID No: 947)

Homo sapiens 1in-28 homolog A (C. elegans) (LIN28A):
aaccctttgceccttcecggacttctccggggccagcagecgeccgaccaggggeccggggecacgggcet
cagccgacgaccatg (Seq ID No: 948)

Homo sapiens CAP-GLY domain containing linker protein family, memb
er 4 (CLIP4):
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cggcctttectececgegecceccgegtecccagecggecgctecgagaggacccggaggaggcaggtyg
gctttctagaagatg (Seq ID No: 949)

Homo sapiens zinc finger, ANl-type domain 1 (ZFANDL):
ccgcecccttacggecgecggagagatg (Seq ID No: 950)

Homo sapiens GTPase, IMAP family member 6 (GIMAPOG):
cctcectttttctactteccgaggctgcaaagtgcaacagcagactecttectgactcaggaaggecgg
tgctcctacccacttectgttectccatctccageggacactgectetttcaagggcaggtectccag
cccagctctctgaaaacattttgctgaaaatataagcaaacatcggecttgtectecttgtgttca
tacactgtggaagcttttctctgectecteccgtgagagtgecgtggeccgggagaccagaaacgtggt
cctttetettgectgtgagectggtgcagagatg (Seq ID No: 951)

Homo sapiens thioredoxin domain containing 15 (TXNDC15):
cttcctcecggectggcagecacgactcgegtagecgtgegecgattgecteteggectgggecaatg
(Seq ID No: 952)

Homo sapiens asparagine-linked glycosylation 9, alpha-1,2-mannosyl
transferase homolog (S. cerevisiae) (ALG9):
aattcttttttccccaggcttgeccatg (Seq ID No: 953)

Homo sapiens glutathione S-~transferase, C-terminal domain containi
ng (GSTCD):
acttcccectttttecggtcecgecggattatgaatgacggececggecgecgagtattttceccacataaggtyg
gctgtcgtttttctecctggegtectgtggaggecgagtggtctgegggcagcagectcccagaggcage
cttggaattccagctcggactgggcgggaaggcgcaggcggcecccaggtcgecgacacgctcacgcea
ccctecctgectggecgegectectgegaccaggtgacccaatgaaagaagaaaatg

(Seq ID No: 954)

Homo sapiens CXADR-like membrane protein (CLMP):
actcctttttctttccaaacagggaaaagtgttccacgaagcggtagecgectttceccgectegegtt
ttcctcececctgaccctggteccggetceccegteecgggegecagetggtggggcgagecgecgggagece
atctgcccccaggggcacggggcgcggggeecggeteccecgeccggcacatggectgecagecacctege
gcgecaccccgaggcgceccgegceccagctegeccgaggteccgtecggaggecgeccggecgecccggagce
caagcagcagctgagcggggaagcgcccecgegtecggggatcgggatg (Seq ID No: 955)

Homo sapiens nonhomologous end-joining factor 1 (NHEJ1):
cctectcettgeggtggggggaaagcecggectcttactctaggectttecggtttgegegagegggceag
gaaagcgtgcgtgcecggctaagagagtgggecgectectecgeggeecgectgacgatg

(Seq ID No: 956)

Homo sapiens gametogenetin binding protein 2 (GGNBP2):
cctceccttetteccacteccecgecggecgecgageggectgactgeccgtagaggaaacgacattecggaget
gcgctceccgeccaggceccggceccctgacgecgggectegtcageccagtaacagggagcagaggtgggag
ttagcgaggcgaccacgaaaacggtgaaggtcggaaccgacagcctceccteccgagaagggcaggagce
tgggaggaggcggcagcggcggcggcagaaacagcageggceggcggceggceggcagetgggaggagyg
tggtgacggtggcaacggcagcgtcggggacgatg (Seq ID No: 957)

Homo sapiens zinc finger protein 672 (ZNF672):

ctttctcttttagccecgectgetteccggetceccagetggggeccggagaggctgagtggttggtac
gctgcectcgetggecteccagtcecttecccagcaaccggtgacactgecececgecgecagactgacecactag
ccgacgcgggcgagagggacaggagcgtgacctceccecceccatcecccgaggggccggacgctcgggegect
cccecgcectccecceccecceccacteggaggecgegegegecgttagececcttectecgetcececceccgeccecagtec
cgcagtccgggaggcgggggtcggecagecggetgagtgggaaccgegeggtgtctgaggaggeagt
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cggcgaccggtttccacttcaagecgtgacccttttgectgtgggatgagetccagcatggggtgag
gtacagaagagagacttgaagagcgtgccttgggactcaagcgccaaacctgtaccctagecgagtg
tcctacteccgecatcecgtaatggaaggaaatgcacatcttactccagaggcacaagaggaggacatc
ccatgcggctactcecctgcececcagegtggtggggcagcagaagctccagageccagacttgecaggete
acggtgcagggtgaacctggccacagctcaccctggaacagccacaatgtctgecccttagagaag
aaccctgaaatcagaccagtttttgecggcctccececctttectetectgttacagtgececctttecagg
ccttaagagaagtaaaacttagctgcagcgccaggaggtggaccccagagtgtgagtggcacgett
ccctgtgaaccegtcctcaccatg (Seqg ID No: 958)

Homo sapiens N(alpha)-acetyltransferase 60, NatF catalytic subunit
(NAAGKO) :
ccgcectececgtceeccggetgeggecccectgecggttacataactegttgegggectecgegeggteccac
ttccecggcectcececttecgecteccaggatgecgectgageccctacaacacccccagcggecgecggcetecee
ccacgaggtgtgaatg (Seq ID No: 959)

Homo sapiens transcription elongation factor A (SII)-like 4
(TCEAL4) :
tgccctectgtcececeecgeggectgggtetegtectgectececggttecctgggetectaattecttggteccage
ttcttccaggtcagtgtgcgggectteccacgctgeccagecggaacactggaatggcggaaggggaac
gggtctgcgcecgtctgttgttcccagecgectctgecgaagectgaaaaggaggagcaacctgtceccagaa
tccccgcaggacaggaaaaggaggggaaatctcgacatg (Seq ID No: 860)

Homo sapiens progestin and adipoQ receptor family member VI
(PAQRS) :
tccectttgtctecccacteccecgeccaggectggeccgectgectggecactettectececatecag
cctggctggcagcagccttggactccgeccgtggageecctgggectgttgacccaccagettagga
gcacccaccaagctctgggtaaggaagctcaccttctggggctcttctgggaaaatagaggtcaac
gtggaggtaccaggccaccatgctcagtctcaagctgecccaacttcttcaagtccaccaggtecc
ccgggtgttctgggaagatggcatcatgtctggctaccgeccgecccaccagcteggetttggactg
tgtcctcagctecttccagatgaccaacgagacggtcaacatctggactcacttecctgeccacctg
gtgaggggaggctctgccccaggecgecggccttgagectcagagggggtacccaggecgggcagggac
cgtccaggcccacgggctgcagecggcagtegegggggtecgeggeggectgagcacgecgeccgecyg
caggtacttcctgtggcggctcecctggegectggegggecggecceggcttecgtgeggagecgtacca
ctggccgctgcectggtetteectgectgececgectgectectaccecttecgegtegtgectgegegcacac
cttcagctccatg (Seq ID No: 961)

Homo sapiens DENN/MADD domain containing 2D (DENND2D):
catccttcttgctcaaccactgggtgcacaggatggaaacttctattcectctectggaagacageg
cgtggcttggcttcacagagttgtggctggagaccgaagcageccctttectcaggecttactgtcac
cagtctgtctgtgttaggggagaggggagtccgctctgtcctgaaggecccagagatg

(Seq ID No: 962)

Homo sapiens family with sequence similarity 188, member A
(FAM188A) :
ccttcttectttectgcectcaccttecaattegtttgecgecgecgteccgecagetgetgttteecgg
agttgccccttcececccatgtteccggggcaggagtccgcaaagegaagateccgeccgeecggttcectcea
tcatg (Seqg ID No: 963)

Homo sapiens neurensin 2 (NRSN2):
ccgcecctttgectecggcggagacagcaggcagagagatgaggaaactgagacccagaaaggtggaage
acttgtctaaggtcacgcctccaggaagcagtgtgtccacgactccagtccaagtggtcaggctcec
agagcccacagtcccaggggtccatg (Seq ID No: 964)
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Homo sapiens tripartite motif containing 46 (TRIM46):
agccctcctcacacccccactgggetectgecattaageccggggttecgecagecgecageecgggateg
ggcacccaggggcgggcgggcacggtagggecatg (Seq ID No: 965)

Homo sapiens target of EGR1l, member 1 (nuclear) (TOEl):
catcctctctgggaatttaccgatgcccagaacgcccttctttecececccacacgaccctctectagt
ctaactcctgggcgtgctttaagctcagctcaggcagegtcaccttctctggaaagecccaaaccca
gccaccccactacccgctacccgeggcccacgctgatgaagacagcagaacacggaggceccccgegt
tcccgecgcgagagcaggagagaaagattacctceccecgegagetcectagegegeccggetttecggeg
cactccagggggcgtggctecgggtccacccgggctgcgagececggcagcacaggccaataggcaatt
agcgcgcgccaggctgecttcececccgegecggaceccgggacgtectgaacggaagttecgaceccatcgg
cgacccgacggcgagaccccgccccatccecgactgectgaaccgegccaggagacggaccgcaag
tccagcgtacccacagacgactcaggcgggagacgageggtgtcatg (Seqg ID No: 966)

Homo sapiens DBF4 homolog B (S. cerevisiae) (DBF4B):
cgttcttttaggggtggagccggcaggaaatttaaactgaagccgecggccgaaaacgccaagagat
tgatgctgtagctgccctgagataaccaggactgtggaatcgggaagagctcatggagctcgcgaa
tgtaatacggaggcctctgaggaaggagtacggaggccgagaaggagccggecatttgatg

(Seq ID No: 967)

Homo sapiens myc target 1 (MYCT1l): atttccttttatg (Seq ID No: 968)

Homo sapiens myosin XIX (MYO19):
ggttcctttcecctcactgcacgectcecttgecectectettttetecteectgecegtgttetteccgecg
cctgacctggcecccgcccgectttceccagtctggeccgggecgggggectgaagcacggecggectecgggec
gtgggaccgtgttcacaccctttccagaaattcttggctggtaaccgcgaaaccgactggagcagg
agctgggagaactggagaaaactgctctaatctcacttgactccagctaggagctgatgctgcecatc
gtaataacatttgcagagcgctttcacaggcgctggagtgacttgtctgagattcctccagaactyg
agccctttgttggaaccataccccagcccatggtcecccatgactaggtggatagtactecttgtacce
tcctgcaacccagaaccctggectgaccactttgaaggaggatg (Seq ID No: 969)

Homo sapiens KIAAQ0226-like (KIAAQ226L):
cctceccctttcectgectgttaccgggagecgeggtggeccacggaacgctgecccggageccgegegaggga
ggacccgacgcgcggcgtttacccagegcagegtteccaccgetegggtttggetggataaaataaa
aaatggggatattgacctcctgtcactactgcatggactttgatggtttccaatcattactttctce
ctctgtgtcaatctgcctcttcgagaaattcatactcectgaatagectctccagaccecccagetggce
catgtggtgagttcagggcccaaatcaagtagtaccagcaatcagggaactcctatctgttttgaa
tggattcacaccagccacaagcctggaaagatg (Seq ID No: 970)

Homo sapiens MUS81 endonuclease homolog (S. cerevisiae) (MUS81):
ctccctcetteeccecgececgecctgggeccaggtgttcgaatececcgacteccagaactggecggegtece
cagtcccgcgggcgtggagecgeccggaggacccgecctegggcectcatg (Seqg ID No: 971)

Homo sapiens zinc finger protein 430 (ZNF430):
gggcctttgtccctegetgtggectgageteccaggtectegtecttcagegetcectgtgtectetgetce
ctagaggtccaggctctgtggccctgtgacccgcaggtattgggagatctacagctaagacgccag
gaacccctggaagcctagaaatg (Seq ID No: 972)

Homo sapiens mutS homolog 5 (E. coli) (MSHS5):
gctcecttttgcaggctecgtggecggtecggtcageggggegttcecteccacctgtagecgactcaggtta
ctgaaaaggcgggaaaacgctgcgatggcggcagectgggggaggaggaagataagcgecgtgaggcet
ggggtcctggcgcgtggttggcagaggcagagacataagacgtgcacgactcecgeccccacagggccce
tcagaccccttcecttceccaaaggagectccaagetcatg (Seq ID No: 973)
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Homo sapiens proline rich 3 (PRR3): gccccttcctcac-
taccctccaaatcccgetgcageccattgecgcagacacgatg (Seqg ID No: 974)

Homo sapiens sirtuin 2 (SIRT2):
cgccctttaccaacatggctgctgacgccacgecttctgggactecgtagteccggtectegegeget
ttcttacctaactggggcgctctgggtgttgtacgaaagcgegtctgcggecgecaatgtctgetga
gagttgtagttctgtgccctatcacggccactcccatttectggtgecgtcacgggacagagcagtce
ggtgacaggacagagcagtcggtgacgggacacagtggttggtgacgggacagagcggtcggtgac
agcctcaagggcttcagcaccgcgcccatggcagagccagaccgactcagattcagactectgaggg
aggagccgctggtggagaagcagacatg (Seqg ID No: 975)

Homo sapiens KIAA1715 (KIAA1715):
ttgtctctctgtcagtggcggectgetgectgectectggaggcaggectgggecggtggecggecgagact
ggcgggggtggacgcccgagecgggectgegeccgcttecttgecagectgtgaattecctttggacaatt
gatgatatttatcattgtgcccagtttctacaaataaaagatg (Seq ID No: 976)

Homo sapiens proline-rich transmembrane protein 1 (PRRT1):
ctgccttcatctctccatctectgegetgectgeccggectgegecatccagcacccagactceccagecace
ggccgaggacccccactccggectgcagggaccctgteccagcgagaccgcaggeatg

(Seq ID No: 977)

Homo sapiens t-complex 1 (TCP1):
ccgcccectteccececcggagectcacttecgtcacagtectgtttectetecctgttgtecctgectett
tttcectteecgecgtgececcgeggecgggecggggcagecgggaagegggtggggtggtgtgttac
ccagtagctcctgggacatcgectcgggtacgctccacgecegtegcagecactgetgtggtcgeegg
tcggeccgaggggeccgecgatactggttgeccgeggtgtaagcagaattcgacgtgtatcgectgecegt
caagatg (Seq ID No: 978)

Homo sapiens Yipl domain family, member 5 (YIPF5):
cgttctttggccctgtgacacgtagcaacggggctggttcagggtctgaaacagagtttgggggtt
gtttgggattagtgaagctactgcctttgeccgeccagecgcagectcagagtttgattatttgcaatg
(Seq ID No: 979)

Homo sapiens glucose-fructose oxidoreductase domain containing 2
(GFOD2) :
cctcectttecagageccceccagttecttagaaaccaggeggcecgegttececggtggeggegecctgg
actcccgggcccgegcatcececcgeccagecttecttaaggecggatgggtggeccececgagacceegtce
ggacccatggtttccagtgcagcgcggagtgggcgatgeccagegtgeccaggageccatgtctgacca
ggacgtttggaagatcatatccatgccagaggctcttgtgaggagatgagttggtaaagagagagg
ctgggatg (Seq ID No: 980)

Homo sapiens apolipoprotein L, 2 (APOL2):
ttcecctttecgaatteccagggtatatctgggaggeccggaggacgtgtctggttattacacagatgea
cagctggacgtgggatccacacagctcagaacagttggatcttgctcagtctectgtcagaggaaga
tccettggacaagaggaccctgecttggtgtgagagtgagggaagaggaagctggaacgagggtta
aggaaaaccttccagtctggacagtgactggagagctccaaggaaagcccctecggtaacccagecg
ctggcaccatg (Seq ID No: 981)

Homo sapiens microtubule-associated protein 4 (MAP4):
ccgcectecctgegeccegeccectecggcectagetecgetggeteceggetecteccgacgtectectac
ctccectcacggcectectteccggegctectectggeteccttectgecceccagetecgtecteggeggeggeg
ggcagttgcagtggtgcagaatg (Seqg ID No: 982)
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Homo sapiens exonuclease NEF-sp (LOCB1691): cttccttctttgccaggca-
gacgcccgttgtageccgttggggaaccgttgagaatccgecatg (Seq ID No: 983)

Homo sapiens ST6 (al-

pha-N-acetyl-neuraminyl-2, 3-beta-galactosyl-1,3)-N-acetylgalactosa
minide alpha-2,6-sialyltransferase 5 (ST6GALNACS):
ctgtctctaatctctgcaacagccgecgecttecececgggtecccgeggeteccgegegegatetgeecgeg
gccggctgcectgggcaaaaatcagagceccgectceccgecccattacccatcatggaaaccctceccaggaa
aaagtggccccggacgcgcgagcectgaggattctgcacaaaagaggtgcccaaaatyg

(Seq ID No: 984)

Homo sapiens heterogeneous nuclear ribonucleoprotein Al (HNRNPAL):
tgctcctttctgeccgtggacgeccgecgaagaagcatcgttaaagtcectcectettcaccectgecgtca
tg (Seq ID No: 985)

Homo sapiens zinc finger protein 93 (ZNF93):
gggtcctttgtctctcggtgcageccggagectccaggtctectettcactactectgtgtectgtget
cctacaggcccagcectctgtggecctgtgacctgcaggtattgggagatccacagctaagacacca
ggacccctggaagcctagaaatg (Seq ID No: 986)

Homo sapiens N-terminal EF-hand calcium binding protein 3 (NE-
CAB3) :
cggcctctagccacaccgagtccgceccgecggecgtccagggtcggcagcaaccgecageccgagcccgag
cgggtggcggcgccatg (Seq ID No: 987)

Homo sapiens splicing factor 3b, subunit 5, 10kDa (SF3B5):
cattcttctgcgacggcgecggacctggagcttcecgegecggtggettcactetecctgtaaaacgcta
gagcggcgagttgttacctgcgtcctctgacctgagagcgaaggggaaagcggcgagatg

(Seq ID No: 988)

Homo sapiens INO80 complex subunit B (INO8OB): gtcccctttcctcgcag-
gacctcatg (Seq ID No: 989)

Homo sapiens polyamine modulated factor 1 binding protein 1
(PMFBP1) :
ctttcttcctcttggcttatattagggataggggatgtggtttgttacaaaggatgagtattttga
tagcttctcattccttgaactattctgcaggtttataacaaagctcagaaaatactaaaggttaaa
ggagaattgagagctgccaaggaaatg (Seq ID No: 990)

Homo sapiens pseudouridylate synthase 3 (PUS3):
cttcctttctcggaaacgcggegeggecggectgeccggaaaacagggcagacctgtatggttegttt
attcctggggttgtcatatcatg (Seq ID No: 991)

Homo sapiens heterogeneous nuclear ribonucleoprotein D

(AU-rich element RNA binding protein 1, 37kDa) (HNRNPD):
tattcttttttagtgcagcgggagagagcgggagtgtgegecgcgcgagagtgggaggcgaagggyg
gcaggccagggagaggcgcaggagcctttgcagccacgegecgcegecttececectgtettgtgtgettce
gcgaggtagagcgggcgcgcggcagecggcggggattactttgetgectagttteggttecgeggecage
ggcgggtgtagtctcggcggcagecggcggagacactagcactatg (Seq ID No: 992)

Homo sapiens GABA(A) receptor-associated protein like 1
(GABARAPLI1) :
atttctccatctggctctectctacctccaggcaggectcaccecgagatccececgecececgaacceccece
ctgcacactcggcccagcgectgttgecceccggageggacgtttctgecagectattectgagecacaccect
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tgacgtcggctgagggagcgggacagggtcagcggcgaaggaggcaggccccgegcecggggatcecteg
gaagccctgcggtgcatcatg (Seq ID No: 993)

Homo sapiens chromosome 22 open reading frame 13 (C220rfl3):
ccttcctttececcagtgttgagegeggtcectegectecgettectectecactecgectgecggetgg
gaaactagggcaccagtacgatagttccggcaccggaaaagagggctgatgactgggcccgggggce
cgccgcaacgacccttggggccggcaaagagccagagagggtgctcacacttccaagecacccecaca
ccaaggacaggctggacggcaaggcggagacgcggggcttgggccctcagaccggggacagecagga
ggttgggccaagggccaggacttcccgtcacaatttcatttgttgatceceggcaccgccaggtaag
gggggccctgagtgaggctaggtatctggtacggataaagttaggtatagagtagagcggctgecce
gctcagggttatccctaaagacagttggaggagagttgcttggggcctcggggatgcactgggegg
gatcagggcttacacctaggactggcaaaagagcgggacccggcagaggcggggcttgecgaaggg
acgagcctctattcaggaaatgcacgagctttggggcggggctcaaagaaaggggcggggcttecg
gggcccgcgtectggtgagetgegegtectgegecgaggattgggcgagagggtggggccactcaacg
ctgaggcggcgaatggccggagcagacttaaatcaagaggctggggacctctaagatcaaagtttg
gggcggggcctaaggagggggcggggcctccagattcgagacctggaagggetggggcggegettyg
gggcggccctgceccgecgecteecgttecteccetecgcageggeggcggtggecggagaaggaacteg
acacgcaccgaccgccctcecccgceccagecgaagcggaagetgtagecccgetectgggecggggeca
tgggcgccecgegecgeccgggtecatg (Seqg ID No: 994)

Homo sapiens lon peptidase 2, peroxisomal (LONP2):
ggctctttttgacagcccccagtgegaaaggctgeccagcatg (Seqg ID No: 995)

Homo sapiens RNA binding motif protein 4B (RBM4B):
ggttctctctgacgtgggagccgecgtcgetgeccgecacccggaggctettgtcaggatg
(Seq ID No: 996)

Homo sapiens protocadherin alpha 3 (PCDHA3):
aggtctttctccacaaaagaaataacagcgtgcattacgtattcagatactgetttgcttcatcecct
ctctaaaatttaacaccgaggagtttaagaaatgaagataaggaactcgaattatttttaaacttt
ggatcaatgtaaaggcaatctaatatttggaaaatacttgcaatg (Seq ID No: 997)

Homo sapiens RAB34, member RAS oncogene family (RAB34):
gcctctecttgggecccttetecteccectttececcteecctgetggttectggecatecgecagatget
gcgcagcagtctccgattcecccatcaccaattcggetggegtctccgagaccgecggactcececcecgtag
ggtcccegtggceccceccgagttgtagtcgggacaccceggecgegggtgategtecgggtecteccacgeg
cccgggtcecgetgacgcecggatccggecteggecgecttectcagggecgecctgcaaggecgcaggecagg
atg (Seq ID No: 998)

Homo sapiens cell division cycle associated 7 (CDCA7):
gctcctcctgectgtgggaccgectgaccgegeggectgectecgetcecteccecgetecaagegecgatcet
gggcacccgccaccagcatg (Seq ID No: 999)

Homo sapiens ArfGAP with GTPase domain, ankyrin repeat and PH doma
in 3 (AGAP3):

gggtcttttaggagagcactgctgcagccggcagtggagagcctgggcagggagacagggagaaaa
ctccggcagcagggtggtctctagggctgacctecggagecctggggacaggggagectatgecgeac
tgaaggcgggacgctgtaagcgaggagcagctgggcecctgggeggactecctecggecaatcagecteg
gtcagcagcaccctcaggcgcagggcactgtttgggcattgecctagagatccgacaccccgeccag
atcagcgcagggaggcgaaagcgacageccgggcgecgggaggagaccagggcagetgteccctecge
gagggtggccctcgaggcaatgcgggtgggggectggtgaggaggcggaagggeccgaggctgagtygg
gaggggccggggcgccagggctggagegegeggetcgggggtggaggctgcagageccagcgagega
gcgaggggcgggggcgcccgggcecggcgegcaggaggggcgggggcggcggggaggggggcteggg
ctgcgtgtgccggagecggegggggeggcggtgecgtgegecatgacgecggggggagggectgggecg
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cgcgctcececggtececcgttgttgttgecgetggaggctgectccgaggcagegggatcacggecgetgg
gaagcgctcggcagcggcggccacagegtgecgeggeggegectecectggectecggectececggecccece
ggcccececggcectccatgegectagecccgegecgecagceccagtagteececggecececgeccagecccgeg
ctcecegcetegececgetgececgeccgecgecgecgecgecgecteecgecgecgecgececcgggecegecte
gggccccacggcteccgaagceccatg (Seqg ID No: 1000)

Homo sapiens potassium channel tetramerisation domain containing 1
0 (KCTD1l0): ctgcctctctcagtccgggtttggagactcctgegtectecgacttttcatg
(Seq ID No: 1001)

Homo sapiens cyclin Bl (CCNB1):
cattctctgcgaccggcagccgccaatgggaagggagtgagtgeccacgaacaggccaataaggagg
gagcagtgcggggtttaaatctgaggctaggctggctcttctecggegtgectgecggecggaacggetyg
ttggtttctgctgggtgtaggtceccttggectggtegggectecggtgttectgettecteccececgetgag
ctgctgcctggtgaagaggaagccatg (Seq ID No: 1002)

Homo sapiens eukaryotic translation initiation factor 2A, 65kDa
(EIF2A) : gtttctctttccgggacaacatg (Seq ID No: 1003)

Homo sapiens protocadherin gamma subfamily B, 7 (PCDHGB7):
cagcctctagcecctgggattcecctgecgcagceccaacaacagaaaagaaaaccagctcccacacagagg
ctccecggetgecgcagaccttgcecccagcacaccagattgeccagecteccgagacccgggactectectg
tcctgggccgaatgcectcecttttagecgecggtagagtgcactttcteccaactggaaaagcggggaccca
gcgagaacccgagcgaacgatg (Seq ID No: 1004)

Homo sapiens acyl-CoA dehydrogenase family, member 11 (ACAD1l1l):
ggctctttcggcttecttectegetgggecggectaaacccggecgcagcagcaccggggtgataag
tgtccagggcaggaggccagcgatgttgecttgctaaccgggtatctaagagaaacagggtctttt
tattcttaggctcgacagtctgacggccctttttctgaacgggaccctgcaggtcttecgectget
gttgcattaaatttgggggtggaagaggcttctgcgttgttccttacccgcaacgatgaccatggce
tttgccttctttaaaattgaggcctccaactctgacgctgactggagaattgaaacccgaacacac
attgggctcttttggcacttgactagagctaaaacctcgggattcagecgggcaagegttgetcagce
aacggcgcgtaggctgtgtgeggttggctggagccagaccccaccecggectecggecccatgetceta
gaggggacgttgccccaatcctgaaggacttcggcactcgagacctgtggatgecgegttgetgtyg
gcctgcgggggtgatcatg (Seq ID No: 1005)

Homo sapiens zinc finger, CCHC domain containing 7 (ZCCHC7):
ccgtccectctacgegttttggttcececggttggtgettectgttegecagetgecggcacttcaaggtt
actgactttttatg (Seq ID No: 1006)

Homo sapiens zinc finger, MYND-type containing 12 (ZMYND12):
gggcctttctggacttggactccttgggagtecgtttctcggecatttgaccecgtgggacttgtggg
ttttgtgctgctttttctttectttcttecectttteccaacttcagcaatacacccagatgttagte
gagtcacgtcccgeccgecctcectgeccttgaaatgetggcaagtacgcagececcgecgatecgtcacgt
gacgccggggttcagcecgtatccttgectgggcaaccgtcttagagaccagcactgetggctgcacca
tg (Seq ID No: 1007)

Homo sapiens forty-two-three domain containing 1 (FYTTD1):
cgctccctecggtgeggcgggctgegtgecgegagtgggaggtggcaggecctgecgactececggecttgt
ccgcgcccgcecteteggegegacgtcecteccagecatg (Seq ID No: 1008)

Homo sapiens SH3-domain GRB2-like (endo-
philin) interacting protein 1 (SGIP1l):
ctccctttcectcectcagcatcttettggtagectgectgtaggtgaagaagcaccagcagcatceccatg
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gcectgtcecttttggecttaacacttatctectttggetttgacagcggacggaatagacctcagecage
ggcgtggtgaggacttagctgggacctggaatcgtatcctectgtgttttttcagactecttggaa
attaaggaatgcaattctgccaccatg (Seqg ID No: 1009)

Homo sapiens GTPase activating Rap/RanGAP domain-like 3 (GARNL3):
cagccctttttgcaaatg (Seqg ID No: 1010)

Homo sapiens DCN1, defective in cullin neddylation 1, domain conta
ining 5 (S. cerevisiae) (DCUN1DS5):
gagcctcttgecttgctgtgactggtggagectgeccgecgectgtecgegttatcteccteccggtgagaa
cgaaccgcagtgtccaccggcgaggagccagecctgtceccggtcagagaaagacgacgaggatacce
tgggagcgggcggcggceccgggctgggeccgegecggtgegggetggegactetgetectecgettge
tgctgtctctgggaactgggtgccagegetgaggggecttccagecggacagggaccccecctteeccecgg
ctccecctgeccaccctgecggggagggecggaagatg (Seqg ID No: 1011)

Homo sapiens alkB, alkylation repair homolog 7 (E. coli) (ALKBH7):
tgcectctctcatgaccecegeteegggattatg (Seq ID No: 1012)

Homo sapiens nitric oxide associated 1 (NOAL):
ccgcccecctttggagetacttectcatg (Seqg ID No: 1013)

Homo sapiens BTB (POZ) domain containing 10 (BTBD1O):
tcgcctecttegecattgtgagetctcgecggtaagaggectgaggagccggectgcaacctgececggggce
ggctccgctacgcgcagceccgcectcagtggcttcecteccacagecacctececggagggatectggetgag
gaggaagtggaggtgtcactggccccggectttgecccaatecttgtgtgggcactgaagggggact
acaggttcgagagttatgggtgctacatgtgtgctttcagagcagtagtgtgaggaagcttggagt
gggatg (Seqg ID No: 1014)

Homo sapiens zinc finger protein 397 (ZNF397):
cggtctttgtggcttgcagctcggggtgggtggctcatttcctggecgetectgggecttecgeggaa
agaagagattactcacactccttcgcaagcacagaaccagttgtactgagectttttgctaagctgt
ttcagccaagaatg (Seqg ID No: 1015)

Homo sapiens mitochondrial ribosomal protein L45 (MRPL45):
gctcccttececeggeggectttgegggaacaagatg (Seq ID No: 1016)

Homo sapiens AKT1 substrate 1 (proline-rich) (AKTL1S1):
cttccttctccatattgtatactggaattgaagccaaggaggtaccattttgetecgagggcatgge
ctaagccggtcagctaaggccatgttaatacggggctgtcecccatctctetgecggggcgcgacaget
ggaagagccgaacggataagagaagaggaggtgagaggagctgtacaccacaagaggcactgaggg
actcaggataacgggatgaagccgtcagtgcccccagaaacgaagcggceccccggacgaatttctga
gtcaccgtcgecgagaaagcgggctgageccgceccattttgaagecctggcaaaccgaagcaagaaatge
tgccgtgttggatctttgccagecttegtgeccgaatgggagcaggttggagggagggagageccaat
atacactatgggctgattaagcccggttggctgccatgttgttaacgagcaccgatttectctact
tttgtcgaagaagtttattgtgggtcagggacgtcaggtcgettgecttcgtttactgtggtcatyg
attgagcatatgaggacggccattattgttgggggcaaatggaaatgctctaggcggggccatttt
tcttaggggcaagctgtcgtcacccttgtcaactggttcggatgaagecececctgtggecgecatett
gatctcgggcggccccgataagggaggcggagtgtgecggagaggaggcggggcaactgcgeggacyg
tgacgcaaggcgccgccatgtcttttgagggcggtgacggecgeccgggecggecatgetggetacgg
gcacggcgcggatg (Seq ID No: 1017)

Homo sapiens transmembrane protein 101 (TMEM101l): ctgccctttcccaa-
gatg (Seqg ID No: 1018)
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Homo sapiens eukaryotic translation elongation factor 1 delta
(guanine nucleotide exchange protein) (EEFI1D):
ggccctcectttcatcagtcttececcgegtecgeecgattectectecttggtegecgegtecttgge
tggcgttagagacagggtttcaacgtgttagccaggatggtctcagtctccagaccctgtgatccg
ccecgcectcggcectceccaaagtgttgggattacaggtgtgagecaccgtgectggecgaggetectt
cttttatg (Seq ID No: 1019) '

Homo sapiens ADP-ribosylation factor GTPase activating protein 2
(ARFGAP2) :
cgccctcecccgecgtggattggeccecgeggecgggaccegtcagecgeggttgtgtctgggaaggaga
gaaaatg (Seq ID No: 1020)

Homo sapiens junctophilin 4 (JPHA4):
atttctctcctcecctgggggtctcagtgcatcectecttectectectetgectgectectecctcaceg
aagggttagcggacacccatccttttctgettggggaccccaccaccacccgecaacactgecgetg
tctcttcttcaccgtatecttcectctacccaccctettectetecttctettectececctgeccctttaaa
tctgecctggeccagectecceccgtgatgectgggatggagcaaacattgatttgtgetgggatggaa
tcggaattttgatttatttttcctctecccaaccataagaagaaaaaaataataaaaacaccccecte
ttgagagccccctcececceccctttgecatccageteccagectcecttcectteecctatctecatccaaggecaga
ttttttccectacactattctcatectteecccacccttgeccactacctegecececececcacccagect
gctcctccagectggggagagaggggactctccggactcecccacctttectectectgggttggagea
gtctctccggaaggggagggggcttggettgteccgggecgaggtgggagtggaggtatcctgecatg
gatgctgtgccggggaggcagcctgagcecccagcecccacatgagacgeccgaagaaccggggcagagyg
ggtcctgacagcagccagggaaacgggtgccctacgattctgeccagecccectetcaggaccecca
aactgccatccacactcgacacttcggggttctagccactcaggatgagggteccggecctgectge
cctcgctggggceccceccecgeccggeccecggtctaactgeececececgecccgaggectecgeccggcetec
aaggcccccagcaggctctccagtecccaggatgecgectgagececgecggggggectgaggeccgecgecaa
ctacatgcatg (Seq ID No: 1021)

Homo sapiens embryonal Fyn-associated substrate (EFS):
ttttctttctectectccaaccttggecggaggecacgactcaggecgeccacagctgggggctagagyg
ccgcggaccatggtgecggggcagecaccgctgaagtcagcaaaaccgagectggectgaggcaggce
tgcgcgggaggccaaagccatg (Seq ID No: 1022)

Homo sapiens GH3 domain containing (GHDC) :
cgctccttetttctggecggatgtgtgectgagacccagagtcacccaggggtctecegtcacgtgece
aggagtaggcagaagtgggctgtgacagatcaggaaacagagctcagtgcagcccactaaattgcet
cagggccctacagctaacaagcggcagaggcaggatctgcactcaggagectgcttggagatg
(Seg ID No: 1023)

Homo sapiens acrosin binding protein (ACRBP):
ggctctctctgcggcttggccecgttagaggeggettgtgtccacgggacgegggcggatcttctece
ggccatg (Seq ID No: 1024)

Homo sapiens jagunal homolog 1 (Drosophila) (JAGNL):
agttctcttcacggagccgecgeggctgegggggcgcaaatagggtcagtgggecgettggeggtgt

cgttgcggtaccaggtccgecgtgaggggttcgggggttctgggcaggcacaatg
(Seq ID No: 1025)

Homo sapiens ligand of numb-protein X 1, E3 ubiquitin protein liga
se (LNX1):

gttcctttcctgggcatcagecttgectgetctcagectaagectetectegecaaccgtggtggetcece
ttgcgttcctacatcctctcatctgagaatcagagagcataatcttecttacgggecccgtgatttat
taacgtggcttaatctgaaggttctcagtcaaattctttgtgatctactgattgtgggggcatggce



10

15

20

25

30

35

40

45

WO 2013/143700 PCT/EP2013/000938

214

aaggtttgcttaaaggagcttggctggtttgggcecttgtagectgacagaaggtggccagggagaa
ggcagcacactgctcggagaatg (Seq ID No: 1026)

Homo sapiens cyclin-dependent kinase 2 interacting protein (CINP):
tctecttctacggatatectgtggaccttatg (Seq ID No: 1027)

Homo sapiens splA/ryanodine receptor domain and SOCS box containin
g 2 (SPSB2):
gcttctttcececgeccggetecttcagaggeccggegaccteccagggctgggaagtcaaccgagetcce
cttccaggtcaatccaaactggagctcaactttcagaagagaaagacgccccagcaagcectcttte
ggggagtcctctagctectcacctccatg (Seqg ID No: 1028)

Homo sapiens Berardinelli-Seip congenital lipodystrophy 2 (seipin)
(BSCL2) :
cctcctectttecteectctactectgacacagcacttagcacctgaatcecttegtttetectececcagg
gaccctccattttccatatccaggaaaatgtgatgcgccacaggtatcagegtctggatcgecact
tcacgttttagccacaagtgactcagtggaagatccagagtcaacagaggctcgtcaggaagatyg
(Seq ID No: 1029)

Homo sapiens tubulin, alpha 1lc (TUBAIC):
caccctttcactacttcteccceccggactecttggtagtectgttagtgggagatecttgttgecgte
ccttegectecttcaccgecgcagaccecttcaagttctagtcatg (Seq ID No: 1030)

Homo sapiens l-acylglycerol-3-phosphate O-acyltransferase 8 (AG-
PAT9) :
tttccttectcectetteecttecgcagaggtgagtgecgggetcggegetectgetecctggagetececcg
cgggactgcctggggacagggactgctgtggcgctcggeccctceccactgeggacctctectgagtgg
gtgcgccgagtcatg (Seq ID No: 1031)

Homo sapiens l-acylglycerol-3-phosphate O-acyltransferase 1 (lyso-
phosphatidic acid acyltransferase, alpha) (AGPAT1):
gccectttetttecttegettectettttagagaatgtccggattgetattggactttggagegta
tggctccaaatcaactcattggctaaaacttgacggaaaatggtggttaggtggccagaatyg
(Seq ID No: 1032)

Homo sapiens abhydrolase domain containing 14B (ABHD14B):
cggcctcecttececcagegttcecctectecggecccaggtcaccgeccagcacgegectgettecegtetg
cgcgagtccacgcagctccccagatcaagaagectgaggeccccaggttacacactaaagtaaatgge
agaggcagaaataacacctatgtcctcctgaccccaaggcatgttcttaaagttcectggaaacctcce
tggaggcttccttgectgectectctgggactgeccaccectgggcagggtgttctgtggeccctcatca
tcgtggttttgaaccacaggcccttcaccagcacagcagcagcaggcatg

(Seq ID No: 1033)

Homo sapiens protein tyrosine phosphatase, non-receptor type 5
(striatum—-enriched) (PTPN5):
catcctcccgecagectgeecgectgetcecgecggegeccggageccgetetggecgettgettttt
gctgagaaagcttcctgececctggaagatggcacccttecccatccagacaccttgggaatg

(Seq ID No: 1034)

Homo sapiens carbonyl reductase 4 (CBR4):
cttcctcecttttcacggecgtcttgecattactattgtgecggctgcaggaggtgtcgageggegttat
ttttttttgcggtttgectttttttttettttttttttttttggaaccgecggttgtttaaaagect
gagggaacctggagaggggctcccactccctaccetetttecteccgagtttgtgacteccgagatg
(Segq ID No: 1035)
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Homo sapiens zinc finger CCCH-type containing 10 (ZC3H10) ::

ggctctttgtcgaagctagaggaccggcaggcggcagcagcaactacggecggcggcggcagaacce
agcagcgatgtggaggtggagacccacaggagccccggacttcacctgagctacctcagtggtcac
caagagtggcaagataaagaaaaccctgagttgggcgggaccaggatg (Seq ID No: 1036)

Homo sapiens poly (ADP-ribose) polymerase family, member 10
(PARP10) :
ccgtctttcagtttcacttttgttttectgctecccagecagggttaggecttgetgaggggcaggceac
aggagtcctggctgagctcatggcctgaggctgecctagecggccacggggaatyg

(Seqg ID No: 1037)

Homo sapiens RNA pseudouridylate synthase domain containing 4
(RPUSD4) : ccgcccttccttgtaagatg (Seq ID No: 1038)

Homo sapiens family with sequence similarity 73, member B

(FAM73B) :
ctgcccttececgecagcgatggecatcececgggtgagtatcggecccecggecgageeccccaaggcecgggegg
gcagcgcggcagggccgggacttgagecggaggaccgagtaggecgcaggtgteccgggeccaacagga
ccaggaaggtgtcggggttggaatgagtgggtacccgggccggggacggtgcgagagggtgecttg
cttgggagcggaacgagaaggtacttgggtcagggaggtgatgcccgggectggaacgtggcgggg
attggagcaggcgcgcaggtacccgatccgaggcggggagagcacccgggatggaaggagcaggcg
tgcgggccgtgagcggcgeccagagggtacctggectctgtggaggggecctectggtatgtgtgtece
tgtccttctggggcgtggatggtgectgggacccagectggcaaccagttgaagacgttctecttgg
aagctcttggccctgaggactttgectggggecattggecctgecatg (Seq ID No: 1039)

Homo sapiens protein phosphatase 1, regulatory subunit 15B
(PPP1R15B) :
gcgtctctteccggegtctaggggggtgtecctgecggecgecgegggecctgeggeccattttgggette
gcttccaccgcaccagccggcctacccagteccttececggtatecgegttgectcaggggettttcaacce
ctctgtcagtcggaaaaccatcgccgaggeccgtggggggactcecctatccatggtgttgaagegtcg
agccgactagggaacctccttccececcgeccaggatggaagtcecgcatcagtcgecgectattgegeggg
ctgttctteccectgtgttctgeccgececgetgeccgecattegetgecctetgtggettttetgetgget
cgaagatcggcctggagcagcgacgccaccgectgggcaaggccgagactctgtaggecttectccga
atcccgtcgacctccagceccgcectgagecgecgecggecectacctgagagactgtcaagaaaaaggagat
g (Seq ID No: 1040)

Homo sapiens family with sequence similarity 104, member A
(FAM104A) : ccctctcttecgeggagecggcgecgegtagettceccatcecgecagetgecatg
(Seq ID No: 1041)

Homo sapiens PRP38 pre-mRNA processing factor 38

(yeast) domain containing A (PRPF38A):
agccctttacactacggtgtttecggettcaagatggtcgectaagectgtttagtgaaacttctte
cacctttctccattcctctaggtgetttttctgaacctggatgtgaggcattaaaggateccgacgg
aaatagaattgaaggcattctaaaatg (Seq ID No: 1042)

Homo sapiens synaptotagmin-like 1 (SYTL1):
cctcctececgtgtggggcagcectgetggectgggetgectgttgagtcagecttettecctcacggetce
ttctccecggtcececctgaaactcecggectgeccaggggagectggagecacctgcgaaggtgtectececata
ctggacccctacaggaagctcecgtgtgeccagectggggcacagecccagetgatg

(Seq ID No: 1043)

Homo sapiens ubiquitin associated and SH3 domain containing B (UB-
ASH3B) :
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gctccttttecctttttgatccattcaaaaattactcattgcaaattcccggactgectaggcgagga
gagggaagggggcggaggagacagggctactgcaggcgcagagctgggggcagecgggggceccgag
tggctgaggctggtcccgcageggeccgecttgecggegttectggectectgtggectcaccaggaagce
gtcagagtcccgacactggggaagctcggagcecgccgectecgectgecgecgectectgectggetce
tgggtcccecgageccectcececctggecccageeccgactceectectecttececcgaaccatecggeteg
ggctccttecectggegatggectggecgetgagecatg (Seq ID No: 1044)

Homo sapiens transmembrane protein 241 (TMEM241):
ccgtctcectgggeggctgectgecgectgecgetgetgetgectgecgggggtcgggeggcggeccagggga
tttgggcaggcaccgtggatccccgagaaggggacgagttgacagatg (Seq ID No: 1045)

Homo sapiens ataxia, cerebellar, Cayman type (ATCAY):
gagcctctgceccagcecectgagetgggaagaagcagctacctcggaggcagggcgcgcaggecgggegg
cgatgagagggggcgcagccgcagccccgegectggggagcecccaccgctaaccctgcaccccacccea
cccctgcacaaaagagctggecgggegetggccacgtecgecctgggtgaccttecteggatgcagaa
tcecgecectgegagecatectettectectaggetectgaaggecccggggagcgtgagecgatgeccag
ctgcacccgggcagggctcgectttgtttgeccagtaaggaggagaggctgtectcagetgcagaggg
gtcatccctgcecttcaagecagtgectcttecccageteccatg (Seq ID No: 1046)

Homo sapiens ELL associated factor 1 (EAF1):
attcctctctcacccccacgcagaggagagaacttgettectggacececgggtgggtgeecggetegge
tctecttgtcttccagagecggtggecececggaagcacagtcctcccagacgeccagecgccagaagcetcg
gatcgcggctgcaccgggagagcgccgatctgggtgecgaggcaggtgecggggeecatg

(Seq ID No: 1047)

Homo sapiens tripartite motif containing 5 (TRIMS):
gttcctctaggaaaattcctttgtgcagatcaggeccgtggattggtgagtgaatcctaaccacgt
cttccctggectgtcecttcactecttctececccagaatcaccacttctgecactggtgtctgaaggtgta
ttgagtgattttgtggagggcagaagtaggaagtctttgggacaaaactgtatttaccttgggatc
tgtgaacaagaggaacctcagcagccaggacaggcaggagcagtggaatagctactatg

(Seq ID No: 1048)

Homo sapiens wingless-type MMTV integration site family, member 3A
(WNT3A) : cgccctctegegeggegatg (Seq ID No: 1049)

Homo sapiens chromosome 16 open reading frame 45 (Cl6orf45):
ctccctcecectgcageccgcaacgggaatggagtaaagggagaccegtcgacctggeccacggggate
agcgatg (Seq ID No: 1050)

Homo sapiens zinc finger protein 502 (ZNF502):
cattcttccggtttcagaagttaaggctggtgtcecctggecccagtccacctectgggagegectgceg
ccgctccgecggagagtececgtggatctcacagtgaaaaatgtttgectgacccttgacattgacaaac
tgctgacagctcagatgatccatgattggaaggatgtggtcatcaccaagatgtctttctttctece
ggttcccagttttccagacctgaagtgttttccaatcaaagcgaagagacgatctgtggatg
(Seq ID No: 1051)

Homo sapiens armadillo repeat containing 6 (ARMC6):
ggctctcttgcgcaagcgcgctgtcecgettettetgggeggacgctetggaggcaaaacattteec
tgctgggggcggcgaccaccgtgagecgtcccggaaggggcggcaaagacgectcecgtegegeacga
ggtggcctcgttggctttaccttggttcgeggtcgtecttggttatecgtgagegtececgegagtete
tgggaggccaagcctaggggcgccacagcgectgecgegegtacggecggeccggaaggggctagagge
ggctcecctgggtgacaaccgegegecccacctttececccacgtggeccgcgaagaccggectcaggagce
atctatcggctgcacgccaacatcaacacaggcgaagatg (Seq ID No: 1052)
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Homo sapiens post-GPI attachment to proteins 3 (PGAP3):
gctcectecececccggecggecgageccagggagaaaggatg (Seq ID No: 1053)

Homo sapiens histone cluster 3, H2a (HIST3H2A):
tgccctettgtttttagtctegetttteggttgecgttgtettttttecttgactcggaaatyg
(Seq ID No: 1054)

Homo sapiens ethanolaminephosphotransferase 1
(CDP-ethanolamine-specific) (EPT1):
ggctctcctaccttctcgggcagcccagtctttgccatccttgcccagccggtgtggtgcttgtgt
gtcacagccttgtagccgggagtcgectgececgagtgggegetcagttttecgggtegtecatg

(Seq ID No: 1055)

Homo sapiens F-box and leucine-rich repeat protein 5 (FBXL5):
ccgcctctgcecececgeggegagggtgtctatggagaggcggeggecgeggectgetgaggeggagget
gaggcagtggcgatggcgccctttecctgaagaagtggacgtcecttcaccgeccccacactggecggatg
aagcagctggtggggctctactgcgacaagctttctaaaaccaatttttccaacaacaacgatttc
cgtgctcttctgcagtctttgtatgctactttcaaggagttcaaaatgcatgagcagattgaaaat
gaatacattattggtttgcttcaacaacgcagccagaccatttataatgtacattctgacaataaa
ctctccgagatgcttagectctttgaaaagggactgaagaatgttaagcctactactgttgactgg
aagccttaccaataacataaaacaatcgaataacaattatttcatgtattatatgtaaaatatata
tactggattcttacagtaagaatgaatatgaacagttaaattatgcaaaacaactgaaagagagat
tggaggcttttacaagagattttcttcctcacatg (Seq ID No: 1056)

Homo sapiens major histocompatibility complex, class II, DP alpha
1 (HLA-DPAl):
ctgcctccactcggcectcagttectcatcactgttectgtgetcacagtcatcaattatagacccc
acaacatg (Seqg ID No: 1057)

Homo sapiens secretory carrier membrane protein 1 (SCAMP1):
tcgtcectctetetetgegectgggtegggtgggtgacgecgagagecagagagatyg
(Seqg ID No: 1058)

Homo sapiens chromosome 15 open reading frame 57 (Clb5orfb7):
ccgccccteccgatttectecgggectacaggcgacagagctgageccaagegtttactgggecagetyg
ttacggtaagtgaggaggggctggggtgcccagecgttttggatcteccactctggecccggecccegyg
aataccacatagaggccttgggacctgattcatccecgtccagacagceccctagagacctgagcgact
gaggcctgggatctggacgccggaatttcctgegtggttctggacgeccctgeccctgggectcagatt
ccaaatg (Seq ID No: 1059)

Homo sapiens WD repeat and FYVE domain containing 2 (WDFY2):
cctcecctcettgtagtggegecggettgecatcccaggtegtggeggttttggtgectgaagcagggag
cgcggagtcgttcccgagagaggcggccaggctatgetecgecggtttecggegttecgeteccggece
agccagagtctctgtctcaacctgtgtceccgtgcteccagcagtctcctcageccggececececgecggcge
ggttggcggcggcgecccaggegegeccectectecgatg (Seq ID No: 1060)

Homo sapiens topoisomerase (DNA) I, mitochondrial (TOP1MT):
cgctctttcccggaggctggcagatg (Seqg ID No: 1061)

Homo sapiens intraflagellar transport 122 homolog (Chlamydomonas)
(IFT122) :
ctttccecctttecggacatgegegectecggagcaaggcegecctcecgecactcagettaccgegecatgtacg
ttgccaggggtaacgcaggtagccaaagtggcttgtggagtggcgaccgttagtgaggeggttget
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gagacagacgctgaggcgggtaggaggagcccgagccgtaagggaageccgtgatg
(Seq ID No: 1062)

Homo sapiens mitochondrial ribosomal protein L53 (MRPL53):
agttcttccggggecggaggtcaccatg (Seq ID No: 1063)

Homo sapiens T-cell activation RhoGTPase activating protein (TA-
GAP) :
ccgccecttcecgecttataatgcagagcatgtgaagggagaccggcteggtctectectecteteecagtyg
gactagaaggagcagagagttatgctgtttctcccattctttacagctcaccggatgtaaaagaac
tctggctagagaccctccaaggacagaggcacagccacacgggagtgaaateccaccectggacagt
cagccgcaatactgatgaagctgagaagcagccacaatgcttcaaaaacactaaacgccaataata
tggagacactaatcgaatgtcaatcagagggtgatatcaaggaacatcccctgttggcatcatgtg
agagtgaagacagtatttgccagctcattggacattctcactattctatgccttaaaggecccttca
acggaagggatattcaggagagcagccaacgagaaagcccgtaaggagctgaaggaggagctcaac
tctggggatgcggtggatctggagaggcteccececgtgcacctectegetgtggtctttaaggactte
ctcagaagtatcccccggaagctactttcaagcgacctectttgaggagtggatg

(Seq ID No: 1064)

Homo sapiens phosphoserine aminotransferase 1 (PSATI1):
ggtcctcecttggectgactcacecgecectggcecgecgcaccatg (Seqg ID No: 1065)

Homo sapiens CD97 molecule (CD97):
cceccecctecttecataaagtectggectegggacagectgcacagetgectagectgtggagacggga
cagccctgtcccactcactcectttcececcectgecgetectgecggecagetccaaccatg

(Seq ID No: 1066)

Homo sapiens protein tyrosine phosphatase, non-receptor type 2
(PTPN2) :
cgctctcecceceggategtgeggggectgagectectecgecggegcaggetetgetecgegecageteg
ctcecegcageccatg (Seq ID No: 1067)

Homo sapiens chromosome 20 open reading frame 112 (C20o0rfl12):
gccecctcecteecccgggcagecgeggcggcagcagcagecagecagcagetggagetgtggggetgtcac
cgccgcecccecgecccgcetcactecgecggatcccgaccgeccatctececgectegettccageccaggatyg
agacttctgtgagcagcgaggattttgatatg (Seq ID No: 1068)

Homo sapiens APEX nuclease (multifunctional DNA repair enzyme) 1
(APEX1) :
cacccttectttgtgectcgggttaggaggagctaggctgeccatcgggeccecggtgcagatacggggttyg
ctcttttgctcataagaggggcttcgectggcagtctgaacggcaagcttgagtcaggacccttaat
taagatcctcaattggctggagggcagatctcgecgagtagggcaacgecggtaaaaatattgettcg
gtgggtgacgcggtacagctgcccaagggegttcgtaacgggaatg (Seq ID No: 1069)

Homo sapiens intermediate filament family orphan 1 (IFFO1):
tttcctcttgageccatcatgcacatctgactgcagececccagecgageeccttecttecttgtetgact
gctcttecttctecgatttettettgttctgecttecteggtttgcageecctgacecececgetgtgtgte
tggceccttggtgactgtcecegtgtttetgttectgtcattgtaactgtgacttttctetetgtcetge
ccecceecttectactggttcatgetteteccccatteccacccectetetgeccggectecececgetececeg
ccctttectectcatgcacccggectegtectetgtagtectectgecacttgtectecccattaaggtecca
tccatg (Seq ID No: 1070)

Homo sapiens neuralized homolog 2 (Drosophila) (NEURL2):
cagtcttcctccececgececttetttggteccctacggacctggggggecggtggecggtcaatgecgggt
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caaggtccgcgggcctcgecagatcgtagecccgggegcacgecgatcagatgatectgttgtggacgg
ctaagttgtaggcgggatggctgagaaagcggcgctaggacccecgggcagaggctecggggaaggg
agtcaggggggaaatgccttacaaggtcgceccttgecggtcaccatcattgeccgececgeccaaaatag
cccecggegecagectggectgecctatggeccgagagatg (Seq ID No: 1071)

Homo sapiens drebrin 1 (DBN1):
ctcecctcectttececcteectectecteecgtececgeccgtecgtececgegegtectgtecgtteggeceggt
ccggcccgaagcatg (Seq ID No: 1072)

Homo sapiens WW domain containing adaptor with coiled-coil (WAC):
cagcctcceccttatttagtcecgegatggettecctegegecececacecgtectetteccggaaggegget
cccteectgecgcageccggageccctgagatcagectegagecaggcgeccgagecgagactateect
aaacgggaacggcggtggccgactcgcgagtgaggaaaagaaggaaagggcagactggtcgcgaag
agaagatccaggcctcagaggaggagaaaggccggagccagecgaggtttgeccgagggeggtgtte
cggacccgcgcggtgcggggaggaaggccgagggtgggagaggaggggcccggcggaaactgecga
ggtttcccgaaggcggcagegteccgagttgeccggatgtagttggtggagecggcagecggecggecacce
agcggcggcggceggcggcgggaggaggaggaggagaagaaggaccaggcggceggcagcageggcgg
cggcggggggaggaggggaggaggcggcggagcaggaggaggagaaggcggaggaggcagtcegete
tccgcggggcectgagecggacgegtegtecttgeccececteecceceecggttegeggtgecgecgtgtag
ttggcgccgctgececcggectgagagtgagegtggtgtcgacggagggagatggecccgggagcgecg
gcgccagtaactgggagctgatgagagtcgeccgagggcgecgecgggeccaggtgecggggcectgecee
gccgeccgecgcecgcecgecgectgegegececgeccgectttegeggecgetcteccececccectececga
cacacactcacaggccgggcattgatg (Seq ID No: 1073)

Homo sapiens kelch-like 6 (Drosophila) (KLHL6):
cgctccttcagtctcgatg (Seq ID No: 1074)

Homo sapiens GTPase, IMAP family member 1 (GIMAP1):
cagccttctgcactcacagccgaagggaaagcagcaggttggggettecttgtggccaacttcagag
cctgtcaccaggaaaggtaagcatg (Seq ID No: 1075)

Homo sapiens RAB24, member RAS oncogene family (RAB24):
cgccctctageccecteeccgegggagtcgeggegetgecgggtaggagececgggttgecgggagacccece
aggttcggttgggattcccagccagaacggagcttaageccgggcaggcgagecgaatgacggagtag
cgagctgcacggcggcecgtgctgegetgttgaggacgectgtccecgecgegetecccaggecgecccgayg
gcttggggtcttcgaaggataatcggcgececcggggceccgaacagcgggggcacacggggegetgecg
aagtgcaaggccacggccagagctcgagecccgacgegectgtctggagtecgtaggaccctgacgtgg
ctgaagcggccccgggagcatg (Seq ID No: 1076)

Homo sapiens adaptor-related protein complex 2, alpha 1 subunit
(AP2A1) :
agccctcececgeggecggeteggetecttggegetgectggggtectttecgeccggtececegett
gccagcccececgcectgetectgtgecctgtecggccaggectggagecgacaccaccgeccatecatg
(Seq ID No: 1077)

Homo sapiens copine IV (CPNE4):
ctccctettttetcagtaccectectetttactecteccgagttaactgagagecgacctgacatctece
aacattttcaccctcecttcecceccacccecccatcaccgagaatggagtcagggtttececggagagaccga
actctgctctcagcacctttecccagececgectgttgectaaactgacctecggaggacgagaggggaagg
aggtgcgacgccccttacatcagtacataactaccacaccaaccacctceccacttcaaagecggatt
ttgcatcctgggggcgggacagacctcegtcecgggectgaatteteteteccactettecgagattgge
acacccagaatg (Seq ID No: 1078)
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Homo sapiens synaptosomal-associated protein, 25kDa (SNAP25):
ctgtctttecttceecctcececctgectecggeggeteccaccacagttgcaacctgcagaggececcggagaac
acaaccctcccgagaagceccaggtccagagccaaacccgtcactgaccecccageccaggcgecca
gccactccccaccgctaccatg (Seq ID No: 1079)

Homo sapiens cAMP responsive element binding protein 3-like 4
(CREB3L4) :
aggtctcttgactctttcecgectttgtttacaaccectgccatgatctecectettgcaaaagecgagg
gctacagaacaggcattcaggagtcctgtgctccagtcacagecttttcectgttecttcagectaggag
acaccaaaccctcaggaagatttactatagctaagagaaaactgcagcagaaagggcgcggctacce
tacttcttaaattccgtttgtggaccctcagactcttagtcccctactecccagatacageggeect
accgtggctcctggcaaggtggcatccacttttgtagtaagcatg (Seq ID No: 1080)

Homo sapiens leucine-rich pentatricopeptide repeat containing
(LRPPRC) : ctgtccttctggcggagcgtgecttcccgectgecggggacgttcgagcaatg
(Seq ID No: 1081)

Homo sapiens zinc finger protein 418 (ZNF418):
cgttctctggtagcgaccattttggttaatgttgggtgtgtttctgeggtttgtgaggtgagaggce
gctggagctatgggtccgaaccgcggtgtctgaacccagaaggtgaagagtecttcttgetgecaca
gaggcagatcttaggccccgtaacggcgcececcgecgcecteccecggecagtgettteccecgegtacteggg
atggcggcggccgcgctgaggctceccecggctcaggcatcatctggectgcaaagaagagaacacactg
tgtttgagggaggaggaaggaggatcagagtttaaactcctgccataatg

(Seq ID No: 1082)

Homo sapiens tetratricopeptide repeat domain 14 (TTC1l4):
gtttcttccgcttectgtaccacceggctcaagtagecggacacggaacagggaactatcageecgt
cggcctccgggecctgecattctctagecatg (Seq ID No: 1083)

Homo sapiens BMP binding endothelial regulator (BMPER):
agcccttttegactgtgagctgecggcagetgagcagaggecggcggcgegggacctgecagtegecag
ggattccctccaggtgacgatg (Seq ID No: 1084)

Homo sapiens zinc finger protein 384 (ZNF384):
ccececttttegtttecggegetececcgecttectecteccgcagagetecttectectgagectgttgggggg
agggaggggggcgtggaggaactggggttcgcgggagcacgagctgcagcaccacttececgggtgag
tgcaaggggagggcagcaaggagggggggccacccactacctecgecgcccccgecctgegggtgtet
cgcgcgcgttecegtgegtgtgagtgtgtgggtectgtctecgetccagaagtgegtgeccgegegcetyg
cgccttgegcectttttecccteectcecgeccettectggtecteccacccectecteggetecectecttt
cccagcaaacgccgcecccctececgcecgecctggetcaggectctggecgecgeccgecagecgtcgecgcecce
gaaagttcaggagccctggaaaggagaaggaataagacggcaggaggaagagagagagagggtaga
atg (Seqg ID No: 1085)

Homo sapiens RADS51-like 3 (S. cerevisiae) (RAD5S1L3):
ctctectttctecteccggecageccagegegectgtgtectetectaggaaggggtaggggaggggegt
ctggagaggaccccccgegaatgeccacgtgacgtgcagtcececctggggetgtteccggectgegg
ggaacatg (Seq ID No: 1086)

Homo sapiens CD99 molecule-like 2 (CD99L2):
gctcctceccteccgetectecteggectececttegggegetectegegectaactgtgectectecggg
gccctccegectgetcecccagecatg (Seqg ID No: 1087)

Homo sapiens glucosamine-6-phosphate deaminase 2 (GNPDA2):
gcgcctttatctgcateccgggtecgtgggattcgegecteccactggtcagetggggtegetctecggg
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tggttgggtgttgcttgttcccgetgttccagegtcgaagaaccattgggtctgecggtttgaact
tgttctggaagctgtgcgtcaccgtaatg (Seqg ID No: 1088)

Homo sapiens methionyl-tRNA synthetase 2, mitochondrial (MARS2):
ccgcctecteccgettgeggecggtetgecaccatg (Seq ID No: 1089)

Homo sapiens chromosome 12 open reading frame 57 (Cl2o0rf57):
tttcctttcececgectecccaggggegttgggaacggttgtaggacgtggectectttattecgtgagttttce
catttacctccgctgaacctagagcttcagacgccctatg (Seq ID No: 1090)

Homo sapiens tRNA-yW synthesizing protein 3 homolog

(S. cerevisiae) (TYW3):
ggaccttttcggccaccgctcecgcttcaatatggectgeccceccagggagagacgaggctaccatgaag
gagccgagcgcagaccctgagtccgtcacccatg (Seq ID No: 1091)

Homo sapiens Spl transcription factor (SP1l):
ctccctcectcecttaccceccecceccectecctgtecggtececgggttegettgectegtcagegteccgegtt
tttcececggecceccececccaaccecccccggacaggaccceccttgagettgtecectcagetgecaccatg
(Seq ID No: 1092)

Homo sapiens histidine triad nucleotide binding protein 3 (HINT3):
cgccctctagtggcagecggttttgaggecggecctecggetttgaagttcctcaccgegtetectt
ccctctceccecccaaagectggatcaccgeccagegtcaggecgaggggcgacgtctecgaggtaaaacgg
aggaggtgcgggacgcggagactgcgcecgggcccggtagecctggagaggeccgaggcetctaggecge
gaggggcgggtgcaatg (Seq ID No: 1093)

Homo sapiens M-phase specific PLKl interacting protein (MPLKIP):
agttctctgcggagggccggttgatacagttccggtgggagaacgecggectgcgaggtttteggett
tggctcctgatatg (Seq ID No: 1094)

Homo sapiens palmitoyl-protein thioesterase 2 (PPT2):
cacccttcccecceccgeccaccgtgggttccagacttgggataagtaaacagcgggtggagegaggect
acggacccaggccaggtgggagtctgcactcttcaaggggcctgggectgctgectcacgggtattaa
agaactccgcgttgttcatggctgaggcgatgcattaggaagatcctggacctagagaacaagtcce
cccgaacgctgagttggaggcgggacttecgggtgecgegttggecgggagecatg

(Seq ID No: 1095)

Homo sapiens BCL2-1ike 14 (apoptosis facilitator) (BCL2L14):
aagcctcttttcaggctgagtcctaaacctgaagaaagtttagagcctggggectctaaactacctg
agtctttccaaacgacaagccaagaagacctgttgaaagtttectcttaagtttecgtggagagaga
ctcaggtatagaaatatccttactgccacctgacctgaagcagaagaaatcacagacagcttccag
accaggcccaacatg (Seq ID No: 1096)

Homo sapiens galactose mutarotase (aldose l-epimerase) (GALM):
acgccccttctectgtaaacttgggtcecgectctagettagecgagegetggagtttgaagagecgggce
agtggctgcacacgccaaactttccctatg (Seq ID No: 1097)

Homo sapiens carboxymethylenebutenolidase homolog (Pseudomonas)
(CMBL) :
cttcctteecttececccgactttgcagatttctectteccccaggectecctectecacctetecgec
ccctcececgggcettggectctecccaggaggctacgactggageccactggtcecececgecaggatcecceecgegte
ctcggtcgeccgcegtecacgtcecectectegegtecececgeccggegecacgecgectectetgggtteg
gcctccgcecgecggtgcagegcagtctcaggeccgegggacaagcccgacttaaatctectgecaatg
(Seq ID No: 1098)
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Homo sapiens chromosome 7 open reading frame 31 (C7orf31l):
cgtccttctcececgeeccecgeccectgectgeccagectccaccgggecgtaggtgeggacgacctcaaa
attcctcggecccgcgaaggcecgceccagetgecggggaggggaggggaggegeggtcececgcagegecce
caggctcatgtcccaggtatgtccagacccccgaggcaccgcttgcagggcagtgacageccgtga
ggctcggcctcgacccctggcacccttggtecccagetacgecggetectggecttceceecccaagtcee
gagagagaggtgggattctccccgacgcagttggaaaccgggaatccecctttagggtceccgttegt
gctgcactactgactccaccatctgcaaagggattcttgtccagaatcecccgaaggectttaggaca
gcgcttattttgttgaatgaagagtctctaattttcggaaagaccacaggctaaaagtcaagttgt
gcctttttagccaagaagcatg (Seq ID No: 1099)

Homo sapiens secretory carrier membrane protein 5 (SCAMPS):
cggcctttcggcageccgaacggecgeggcagttcaggacaaagaggtgtgggcaggeccactgggcece
agctggtaacatcatg (Seq ID No: 1100)

Homo sapiens mitogen-activated protein kinase 10 (MAPK1O0):
tgctcctttcecggttgccatagcaaccccattecceccaageectectgtecgtetectectggtaggtte
cacaatggtacaggcagcatcacgctgcacaatggtttccaggcagtgaaagagggtgattcagca
agccactcttcttctattttctttaaccteccecttecactttttatttttatgggggtgggtggtge
ttgctatatgcttacctttttettttcttttttcatttttacaaatttecttttttgtecctcacce
ctcaattcctaggggcttgagtgagtttaagattgggttttcttggaaatcacctgtccatcgtta
attttaaacaatctccatatctccaaagaatctcttccatgttagtctggaatgtggttaatgaaa
aacaagtagggaggatttctggggcaaacactgccggatcaggatcgtagttctcaggcacggaat
ggctagtgtgagaaacaccaacagcaggcccatctcagatcttcactatggcaacttatgcaagaa
actgttgaattagacccgtttcctatagatgagaaaccatacaagctgtggtatttatgagcectcece
atttcttatactactgcagtgaaccaacattggatgtgaaaattgecttttgtcaggtgtgtgttc
cttacaggtaaaacaagggattcgataaacaagtggatgtgtcatatattgccaaacattacaaca
tg (Seq ID No: 1101)

Homo sapiens beta-site APP-cleaving enzyme 2 (BACE2):
cgtcctecccgecgecgecggtececggtgecgegeccatececctgeccgecagecccgecgegecggecyg
agtcgctgagccgcggctgeccggacgggacgggaccggctaggectgggegegeccceccgggececcyg
ccgtgggcatg (Seqg ID No: 1102)

Homo sapiens SWI/SNF related, matrix associated, actin dependent r
egulator of chromatin, subfamily d, member 1 (SMARCD1):
acgccttttccgctagtcgeccegetctatecccatagtectegetgecctgagectceecgtgecggce

cggccggcecgggggaacaggcgggcgcetcecggggggcecgectcggggggecggggggagttececggtteceg
gttctttgtgcggctgecatcggecggcteccgggaagatg (Seq ID No: 1103)

Homo sapiens family with sequence similarity 175, member A
(FAM175A) : cgtcctcttgtgtagectgaggcggeggtagecatg (Seq ID No: 1104)

Homo sapiens adenosine deaminase domain containing 1 (tes-
tis-specific) (ADAD1):
aggcctcttttgaaagatgcggccctgaccctgtgaacctcgecgcagagecggcctgaagcgagagg
ttgaggctgggaggtgagaaaatg (Seq ID No: 1105)

Homo sapiens acyl-CoA synthetase short-chain family member 2
(ACSS2) :
gcccctcectacggaggcecceccgcectectagttecggectgttttectcagtcecggcacccgecgegaccy
caaaggcggccgcggttctaggaacttgacgtgatg (Seq ID No: 1106)
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Homo sapiens multiple coagulation factor deficiency 2 (MCFD2):
cttcccttactcaccggtgtccggaaaggtgaacgectgcgectecgggetgectecgectgttacctec
gccgccgggecatg (Seq ID No: 1107)

Homo sapiens SPOC domain containing 1 (SPOCD1):
gctccttttcagctagtgggtggaaccccaggagggaaaactcagggaageccagggeccgtgttg
tgcttttggcccaggtaggtggacagacatg (Seq ID No: 1108)

Homo sapiens LY6/PLAUR domain containing 1 (LYPD1):
agttccttcagtctcagccgccaactccggaggcgecggtgectecggeccgggagecgcgagcgggagyg
agcagagacccgcagccgggagceccgagcecgegggcecgatgecaggecteccgecgagecggcacctgegget
cctctaagctacgaccgtcgtcectececgeggcagcagegegggececcagcagectcggecagecacagce
cgctgcagccggggcagcectecgetgetgtecgectectectgatgegettgeeccteteceggeccecg
ggactccgggagaatg (Seq ID No: 1109)

Homo sapiens cytochrome b5 domain containing 1 (CYB5D1):
cattctttcatactgcctecctececttgtttttctgtctcagagagatagtctgtectaaatatceccece
atgtagcccaggccactgaattaaaacggagcgtattcgttctectgecccaccecgcaactectga
aagcggcgcaactcaattacttgatccttatatgccccacgegggactcatactacgtttececgtg
aacacgtgcagtccaaaccccgceccecctgatatttatctcagtggacggtggeccggaaaaggacaat
ggtttccatgtcagcggataaacgctctccecectecggectceccggacgecgacggaggtecgtagtagta
gtgagtacgtgctgaggagcaaaggagtaaccaagagatccagtgaccgacagagcaagagccatg
(Seqg ID No: 1110)

Homo sapiens synaptoporin (SYNPR):
tctcctectttgettcataaaaagagggacaagtggctggtgectgtggacagagaagectttatttt
tagtatgagacaacctctattttctttcaggagagggaagttggattatcaattcttttgtaaatyg
(Seq ID No: 1111)

Homo sapiens heterogeneous nuclear ribonucleoprotein U-like 1
(HNRPULL1) :
cccceccecttteccecttegectectgacaggaaaggtttaagggggacagageecctgggaggecgg
gccgggctecgggggcecaccceccgggggeccgggecatg (Seqg ID No: 1112)

Homo sapiens schlafen family member 5 (SLFN5):
ggttctctgctctggacttgggaggctcegttgectgetcecggagggagacgecgetgecgaggag
aacccagcgggagaacatttcaggataggaataggccaagtgctgagaagatg

(Seq ID No: 1113)

Homo sapiens MAS-related GPR, member F (MRGPRF):
ccatctcttccagcaggagagggctctactctgagetectattttccaaggecteccgggeecgecgcetce
ggcgctggcctgctgeccececggecgggtceccgecggecggaggegggagtcacaggaagagecctcecac
aaaaggaggcctcggcggatcaggacagctgcaggtgggtgtgcagactggtgagctgceccagcagyg
ggcccagacgcgccaggcectggagatg (Seq ID No: 1114) -

Homo sapiens ubiquitin-like domain containing CTD phosphatase 1
(UBLCP1) :
cggtctctcagcggecggtttctgegteccgetgecgecaggttccaccgegecteccaggtattttttt
ttctgaaggaaagctgcttcctcatatgtttcaagaatg (Seq ID No: 1115)

Homo sapiens Rab interacting lysosomal protein-like 2 (RILPL2):

cctccttttcececgttgteeccttcgegecccaaaccacatecctggagecgcactcteccagegtggetgg
cagcggggacggtgcgeccggggcgcaggcccaagagtegegtgecgecggecccttgecaccatececccece
cgggcccaccccecgggecgegectgattgggcaggtagggactctgecccageggaaagttttgggtyg



10

15

20

25

30

35

40

WO 2013/143700 PCT/EP2013/000938

224

ccgggaggaagtctaacctttgggagactccaagacagcagcteccgaggteggecgggggtetgggt
ggccatg (Seq ID No: 1116)

Homo sapiens zinc finger with UFMl-specific peptidase domain
(ZUFSP) :
acttcttttccgtgggagtaaggaagtgcttttgaatgaggtactgagggccaaggtgttggaagt
tcctaattcectttcectcggttaactgtgaaactctgegtattgggaaggectggecctcagtcatcag
gccaggagaggtactggacgccgecgcacgcactcgtctgeccagcgaggecccaaaggggaagectag
cggagctcagtgtggcagctgctggcctctgggeccgctacttgtcaataccatg

(Seqg ID No: 1117)

Homo sapiens mitogen-activated protein kinase kinase 5 (MAP2KS5):

ccgccttectectectectetegecgctaccgecgtecgecgecgecgcagecgecgecggtecgeg
cggcctcgggtggccggagctcagectgecgegegecgegecctgtgtectecgggtggggcagaaga
ctcgecccttgaaccteccececgeggggactecteccgtggtgtggeggecctggggetetttecttaatag
ccceggactgagtceccecectccagtecgaggaccctetectagtccactgacgagecggtggacacctgce
cgctgtatctcccccaaaccgagtecttgecectgetgectectcatacccacacggecggcagagac
cttcaccatagcgttcgctcaactccagaaccttccgacctcecegetagttectgegggectttgece
cgcttcccggtgcaccctceccececgggagacacctcagaccecccgacagectgggecaggectecggtgece

© tgcgggtgcgttcecctgatcaccectcececcctcecttecccteeccectecatectecatteecttgttttcea

ccctectgtectctgeccgtcactececttgtcacctettggageccectectaaccageggecagt
gggtttcccataccccaggatgtgagectctttaacctgtaatg (Seqg ID No: 1118)

Homo sapiens solute carrier family 2 (facili-

tated glucose transporter), member 12 (SLC2Al2):
cactcttctttagcatgctattatggggaaagtgaccactcctgggagcgggggtggtcggggcgg
tttggtggcggggaagcggctgtaacttctacgtgaccatg (Seqg ID No: 1119)

Homo sapiens mitochondrial ribosomal protein L30 (MRPL30):
cttcctctgcectctgecttcececttecggaggaaaatttcaggctgaaggtttagegggtgecgectcta
aagagagcaatcactacacttatg (Seq ID No: 1120)

Homo sapiens tripartite motif containing 11 (TRIML1):
gctcctcttectgecggcatecgggatececctacgteccecgegteccececgagegecteggagectacgce
gcccagcgctaccgaaacccagagtcecctgegecctggagtcececcgegecccggageccgagcaccece
gggagtcccgagcctcgcecgecccggagtgeccecgagectgecgececgecgecacccggatacceccgegtce
cccgcecgagctgceccgaggccgeccgecgecgececcgecggacagtaccgecttectecectetgtecg
cgccatg (Seq ID No: 1121)

Homo sapiens proline-rich transmembrane protein 2 (PRRT2):
ctcectecctagetgacttgetcecectececcgggetgeggetgectgcaaaageccagcagecggcagcgg
gagctgtccggaggccggcgtecgagggtttgecgetgtectectgetatteccatecteccecatagggg
ctctctcecectcteccatctcaagatg (Seq ID No: 1122)

Homo sapiens zinc finger protein 626 (ZNF626):
cggcctttgtctctegectgcagtcagagctccaggtectggttecttectectaaaggeccaggetgtyg
tggcccegtgtectgecaggtattgggagatccacagctaagacaccgggacctecctggaagecaaa
aatg (Seqg ID No: 1123)

Homo sapiens solute carrier family 25, member 43 (SLC25A43):
cggtcttccgggecccgggteggggctecgatg (Seq ID No: 1124)
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Homo sapiens crystallin, zeta (quinone reductase)-like 1 (CRYZL1):
ggctctctgacgaaggactggaaggtggcggtggtgaaggtgcaggececgttggggcggctcagagg
caggtgactatg (Seq ID No: 1125)

Homo sapiens mitogen-activated protein kinase kinase kinase 7
(MAP3K7) :
ctgcctctaccceccgeccacggatcgeccgggtagtaggactgegecggectccaggectgagggteggte
cggaggcgggtgggcgcgggtctcaccecggattgtecgggtggcaccgttecececggecccaccggge
gccgcgagggatcatg (Seqg ID No: 1126)

Homo sapiens septin 6 (SEPT6):
ctttctectttgtcggaggagctcecctetgtttectgtgcagtagetecececgttgecggeggcaceecgtyg
gcagccctggcggacgcaggagcgatg (Seqg ID No: 1127)

Homo sapiens myotrophin ({(MTPN):
ctgcctctcectecggeccaggecggaacctctetgectgggeccecggtggecgcaaaagaactttetttcet
cccgcecccgaacggtcecgecgceggceccaactgectegeccgectggcagectaaccectecttetettet
tctectetecggettegegeggeecctgectecctetegececggecggecateecgettgetgetgecac
cgcctcctcatcttctgececcggecaaccggectgeccegectgcagtgatg

(Seq ID No: 1128)

Homo sapiens annexin All (ANXAll):
ccctcececttgcactgectectggcacctggggcagecgecgeccgecggagttttecgeeccggegetga
cggctgctgcgcccgecggecteccecccagtgecececgagtgecccgecgggeccccecgegagegggagtggga
cccagcccctaggcagaacccaggcgccgcgeccgggacgcccgecggagagagecactceccecegecca
cgtcccatttcgececctecgegtecggagtcececcgtggecagggattattggacctgectggtttaa
actattgtcttagttaattttgtgctgctctaacaaaatatcacagactgagtaatttataagcaa
tagtagcttatttggctcacagttctggaggctgagaagatcgtgaggctgcatctggcaagggec
ttcttgctgcttcataacatggcagaagacatcatgcgggtgtgtgtctggggaagagacttacag
aagtggagttgctgagtcaaagatctaaccatg (Seq ID No: 1129)

Homo sapiens RNA binding protein, fox-1 homolog (C. elegans) 1
(RBFOX1) :
ttttctttetttectectececggegttgatgagtgettggectectgacagaagggatttggectecca
gctttgtagttcggaagaagttgggtctatagatttecccecctaactcteccattgatgtgttgaget
tcagagggaataataactctacgtaaagcatg (Seqg ID No: 1130)

Homo sapiens prefoldin subunit 5 (PFDNDS):
cttcctcttcgttaagtcggecttecccaacatg (Seq ID No: 1131)

Homo sapiens high mobility group AT-hook 1 (HMGAL):
cgctctttttaagctcccctgagecggtgetgegectectctaattgggactccgagecggggetat
ttctggcgctggecgeggctccaagaaggcatccgecatttgectaccageggecggeccgcggcecggagec
aggccggtcctcagcgcccagcaccgcecgetecccggcaaccecggagecgecgcaccgcaggecggcgyg
ccgagctcgcgcatcccageccatcactcectteccacctgetececttagagaagggaagatg

(Seq ID No: 1132)

Homo sapiens zinc finger protein 323 (ZNF323):
cggcctttgcggttgatcggtcattggggtgctgcageccecgecacctgttceccgtagettgeecggt
gccccgaaggtgtcecttectectaaggaagattaaatcagaaaattttaaatcacagttatcecttta
cttaaagccagagtaagccttccaaattaaccccaggaatg (Seqg ID No: 1133)

Homo sapiens tumor protein p53 inducible protein 3 (TP53I3):
ctttctcttctcttagcagcacccagettgeccacccatgctcaagatgggcgggatgccagectyg
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ttacataaatgtgccaaaagcctggccatgecctggaaaatggaccaatccgccecgeccaagaggttg
ggtctcgttccctagagagaaggaagtttcctcteccttgaagtgagagectagaatcgcactttcetg
tcaagctgagagaaagactcttttccagaggctaaaaggacaagaaaatctgatttgcttgettcet
aactttgcgttttaaagggggaaggaggaaaggaaagagggggagggtggttctgecttagecccac
ccctececggcectaccccaggtccagecgteccattececggtggaggcagaggcagtecectggggetectggg
gctcgggctttgtcaccgggacccgcaggageccagaaccactcggecgecgectggtgecatgggagg
ggagccgggccaggaacaatatg (Seq ID No: 1134)

Homo sapiens ceramide synthase 5 (CERSS5):
ccgcctecececgegggttecgttggectgtggecggcagetgacgettgtggeggeggtggettcgggyg
tgggcgtaagatg (Seq ID No: 1135)

Homo sapiens TRAF3 interacting protein 2 (TRAF3IP2):
tgttcttctacttacctgggececcggagaaggtggagggagacgagaagccgeccgagagecgactac
cctcecgggeccagtctgtctgteccgtggtggatctaagaaactagaatg

(Seq ID No: 1136)

Homo sapiens Smith-Magenis syndrome chromosome region, candidate 7
(SMCR7) :
ggtccttcacgttccattcccaggectggtctgagectccggggeccgtggteccegetgectectecgg
tcgtcgtgcggaagctgcgacgcaggcagaccatg (Seqg ID No: 1137)

Homo sapiens mitochondrial ribosomal protein L10 (MRPL1O):
cattcttccggtggagatggctgcggecgtggecggggatgctgecgagggggtectecctgecececagge
gggctagagtgcagtggcatg (Seq ID No: 1138)

Homo sapiens proteasome (pro-

some, macropain) subunit, alpha type, 1 (PSMAl):
acttctctgtagatcgctgagcgatactttcggcagcacctccecttgattctcagttttgectggagg
ccgcaaccaggcecccgcgccgecaccatg (Seq ID No: 1139)

Homo sapiens sorting nexin 5 (SNX5):
cggtctttctctagacgecgtecttgectgggagagtgtcecgttgetteecegteccgtgtegeggecctg
cggttggcggectectegtggagecggagcaaggecaggcggeccctgetecgagtececgegtegeca
tg (Seq ID No: 1140)

Homo sapiens zinc finger protein 276 (ZNF276):
gggccccctecgegegtactgegggcecccacgggtgttagtggecgggggecggcagagteccgggtgg
gttgtcgcgacggagccgggcctcttecgecgtecttgagacggggctggecgagaagggecccctecacg
gagttgccatgggcgtctaaccgcggcagccaggcccctctctacgtgagaccccggecccccectcee
cctttctgcagceccgeccgecacctgegegecgegtggectccgecggegectgecececgeecccgege
ctcecgtcteccacggagcaggecgggetetcgecatg (Seq ID No: 1141)

Homo sapiens zinc finger protein 561 (ZNF561):
ccatcttttccggegetggectectctecgtecagtgeggtttegectttatggtggtggagtetgec
caggctgtggaccgcaaataaccctgtacaaagaggaatggagattgcctctatccacctagattce
ataagctggcctgaggtgatcttggcatcaaggaagggatgcacatcatcacaccatcagcttcag
agaatg (Seg ID No: 1142)

Homo sapiens mucin 7, secreted (MUC7):

- ctttctcttcttttgecttctagttaccatcctcaaaggattggctaaaagcaagcaactggattga

acaccctaagaagaaagattcacactgcaccaggagacatcagaaagaatg
(Seq ID No: 1143)
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Homo sapiens threonyl-tRNA synthetase (TARS):
gcgcctttcgattgcatcagctggtccageccgaggeccaagtecccgggegectageccaccteeccacce
cgcctcttggctectectectctaggecgtecgetttecgggttetectecategettegtegttecgecaa
tg (Seqg ID No: 1144)

Homo sapiens ATPase, Na+/K+ transporting, alpha 3 polypeptide
(ATP1A3) :
cagcctctgtgcggtgggaccaacggacggacggacggacgcgcgcacctaccgaggcgcgggegce
tgcagaggctcccagcecccaagectgagectgageccecgeccegaggtececececgecececgececgectgge
tctctcgecgecggagecgeccaagatg (Seq ID No: 1145)

Homo sapiens chromosome 11 open reading frame 46 (Cllorf4é6):
cgtcctctcagtggtagcgcggggactggectgggaageggteggtcgagtgtggectgtgtggact
cgcatcttgcccgaageccgggcecggaggagagctcaagectaagggtgatcageccatgacctaaacce
tccagacaaaataaaacggaaaatttgctagaatcaagaatg (Seq ID No: 1146)

Homo sapiens chromosome 17 open reading frame 45 (Cl70orf45):
tgaccttttcattcccgttgttatggaggtaggctctctaggaatctgggagtagtagetgggggg
caagagcaaataaagagctcgagcttctgtggtctctggggagatg (Seq ID No: 1147)

Homo sapiens AHAl, activator of heat shock 90kDa protein ATPase ho
molog 2 (yeast) (AHSA2):
gggccttctggcagtttctgggagctgcgaacgcgceccgecceccggggetecggeggeccggaaacgcetyg
gcttcggagccttaggecgecgeggcectttecttgttttecgeccagteccacgeecgecatggecaag
tggggccaggggaacccccactggatcgtggaggagecgggaggacgggaccaacgtgaacaactgg
cgctggcgcggctggcggeggecteetteccgggatctggggagggecgggeecgecgggageegggge
tgccctggggtctgtgeggggecgecggggccagggggtcagggggecegeccecccctcagetgetgg
acgcagggctcggccettcgectcectecggectcgggagagteccttgagtacggagaccggectaggaggyg
ttgcagctgcectctttttgaaagttgggttgggeccccaagagtgacttceccgacagacctttecact
cccaccgtctgtggecctgagggectteecttectectecegeccaccectectggatgttteggggag
ttagaagggagctggattgagagactgtgttaggggcgggggtatggaacgtagtggaaagggcag
aaatttggatctcagttcgcgcccacceccgecaggecgectececcgecgagecgggecctectgtgagtyga
gacaagctccccttectttacgegcectcacctggegegtggggagaggtcggecageecctecgecgce
agaacctccggaagggatgtcctctgeccctgegectectggecggggectgtggtececteccaggecgt
cgaggggatgctgaggccggtccccagaggagcatgacttggectggteccggaggagectctgaggge
atgggcaatcttggctcgctgcaacctcagcttccagagttcaagegagtctecctgettcagecte
atgagtagctgggactacagatgcgtgccactacgtccgtctgatgtttgtatttttagtagagac
agggtttcaccatgttggtcaggctgctctcgaactccagatctegtgatccgecececgectgggect
actaaagtgctgggattacaggcgtgagctagatctgactttctagtgtcctagecttggceccgat
ggacatgtcatttctctcagctcgtttctgtcccctaaagtgagaatattgecctgggaagattaca
ttagacgatgtatatgcgaagacacttgatagctggtattgtcatgattctgattagttcactact
gctactttccctgtggectaggetttgectattteccagtgggecgagetagectagatectectecect
taaataagccagtgtttttaagacagaatactacttgcatagtggacaataatatcttaaagaact
gagcaggatgaaaagaatttgatagaaagcaggtttgaggagcacattggaggttggcaggtttcg
aggctgcttgagaggacttgggccgatctgggctgggcttggacgtgaccctggcacccaggecagg
tggatcccagcectggggcttccattcacgactttctggtececctggcaggacagagecgggatgecacce
agcttgtccaaagggaagttccaggagctcctggtgggcatecgttgtggagaatgacgctggecge
ggcgagatcaacgagttgaagcaggtggaaggggaggcttcgtgcagcagccgcaaaggaaagcetg
attttcttctatgagtggaacatcaaactgggctggaaaggcatcgttaaagaatctggagtgaag
cacaagggattgattgaaatacccaatctttctgaggaaaatgaagtagatgacactgagaattta
caacgggaatg (Seqg ID No: 1148)
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Homo sapiens GrpE-like 2, mitochondrial (E. coli) (GRPEL2):
ctgcctctcagecccaaattggaaacatg (Seqg ID No: 1149)

Homo sapiens xyloside xylosyltransferase 1 (XXYLT1):
ccgceccctttcatggecgeccgectggegecggggctaagtggecgecggegteccgggtacccgagg
gctctceccegegttgectggcaccgectggecgecgeggtectecgtagegecatg

(Seq ID No: 1150)

Homo sapiens chromosome 7 open reading frame 60 (C7orfé60):
cctcctcectggcectgetgectecgecagetececctectectaccccacctecteccatctggggagegtet

gegggggcctgaggggcggeggeggeggeggeggetgegatatg (Seq ID No: 1151)

.Homo sapiens tetratricopeptide repeat domain 39B (TTC39B):

ccctcectttgegectgggectgageccagagecgagagcaggggteggectctgagttecectgettggt
ttttgggtggcagcagccagaggaggaatatg (Seq ID No: 1152)

Homo sapiens motile sperm domain containing 2 (MOSPD2):
cacccttctctgtctacctectgggecgggactgeccgggtgatgagatactcggtecggecgacggtaga
acgggcgacggcgacaaccgcaatcacatccacgacggtgatcatg (Seg ID No: 1153)

Homo sapiens major facilitator superfamily domain containing 6-1lik
e (MFSDeL):
ggcccctttecggtccaacggcaggacctgggggectgtggecgggggeggecgttgacctggtgace
gcggcgccgcecccagaccgggggcgcagtcccactegetecgagecececggtecececcaagectecect
cccgggtacctggggceccgegeccgecctgegeccagetceccgecctececgteggeccaggectgacag
agcccggcagccatg (Seq ID No: 1154)

Homo sapiens consortin, connexin sorting protein (CNST):
cttcctctctagccgeccagtgectcectatgetecgeggtecgegggecgecagecteccagecggecage
cgcgaggggtgcgcagagggaggcggggcggaaaggcgagaggtgtctectccaccggagecaggyg
gagacccgagcaagctccgtgacagcacgtcggecgeccatgtcgecgagtggggectggaaacagac
ccggcgcccagcggtagecctecttgegectecgattcccagacatggaaggtectttaatgtaact
ttaaatggttcaccaaaggatgctctaatg (Seq ID No: 1155)

Homo sapiens zinc finger protein 92 (ZNF92):
gggcctttgtctctecgetgcageccggegectccacgtctagtettcactgetetgegtectgtgetg
ataaaggctcgccgctgtgaccctgttacctgcaagaacttggaggttcacagctaagacgccagg
accccctggaagcecctagaaatg (Seq ID No: 1156)

Homo sapiens DnaJ (Hsp40) homolog, subfamily C, member 18
(DNAJC18) :
ccececttcectetttcagectecgggecacgggggaggcteggeggacctgectgattgggaaccgatatg
(Seq ID No: 1157)

Homo sapiens polymerase (RNA) I polypeptide D, 16kDa (POLR1D):
cctcctcecectecttecgtectececgegecttecgteggtecggtecttgettectgettegectecge
gcctcecgecgcectatgggacagagecccccgatceccgecagcaccacctgaggatccagaaaccgeccecag
cgatg (Seq ID No: 1158)

Homo sapiens ring finger protein 182 (RNF182):

acctccctcceeccteccaggecgecgecgecagecggageggetecccgggecctgggecgecgecggcece
aggaagaaatacttgtgttggctgcatttccagggatgctaccagagctcaaggctgtcacctggt
cttgcccagaagagccgttcttagaggcaggacttgatgaaggctttectgectgatggaataggtt
tgctagagctggccttggaattagaacccttcatgtggectttataaatatgegtttgagacagag
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ttatatgcagaagttgaaaatgcctggaagatttctggtttctttcactacttatcctgecttttt
gcatcgctgccagatttggatgatatgatattcagaggggcaccttaatcaaagccattcttcaac
aagacccacctggcataagattgcacacataattcaagatg (Seqg ID No: 1159)

Homo sapiens transmembrane protein 18 (TMEM1S8):
cctectectgtggattectggeccaggececgggttcggeggttgetgtgagagecgggecttcccaacacca
tg (Seqg ID No: 1160)

Homo sapiens Hermansky-Pudlak syndrome 4 (HPS4):
aggcctctctgccgecgecgecgcaggtacggggcagaagtcgcaggtacccagetgetgeccacattt
ctggtccagagtcccgaaccccgagecactgggatgectggectacteccgageccaaggcactgatgtt
tgaactggaaacttcaaaacgtttaataagagtcttcaggatgggtttgaactagacaagctagaa
atttctttagaacaccagctctagcatgcatctcccacttttggctttcctggagaggagcttgaa
gaggtggttctgcagacagccacagtgatacttaggaaaccagaggaatggatttgacttttctge
taggattctctgttatagtttctccctgagttgtaagaggcatggaaatatacatgaaactgaaga
acctgcaaggaagggaagtggaactttccatgctgagtgaaaactaaccaagtggcagttgtgact
gaaaacactgaaacctaccacgtccagattcactggattgggggatagaggaacggtcacagctag
ggagaaagaagtgataccggaaaagaaaacctaaatgaagagaatgaggatgactgcacagtagat
g (Seqg ID No: 1161)

Homo sapiens PTK7 protein tyrosine kinase 7 (PTK7):
agctccttttcctgagecccgeecgegatg (Seqg ID No: 1162)

Homo sapiens kelch repeat and BTB (POZ) domain containing 6
(KBTBD®6) :
agttctcctgggcgectagecattgtecgeccacgectgcagtagecggettctgeggectceccaagecagce
gggtcctgtgaaggcgagcagacgcggagaaaggacgcgggagtgagagagggtgagtcageccact
gtctaaacgataacgggaggcggctctgcggggtagggttgaattcagtaaatgggectcgtgetgce
tgtctcttcggagacgctgctatcttagegtcagecgagggaaggttgaggaggagccagagccggg
tcctgcagegtttetegeccatcagegeccgtegecatcteccaccatg (Seq ID No: 1163)

Homo sapiens sperm antigen with calponin homology and coiled-coil
domains 1 (SPECC1):
ctttctttgactggagcggacccgeccggacgcaaccgcectcgeccagecggageccagegegagetcg
gcacggtggacacccggtccgaggccggcaagecggetggtgecccgagtecggecaageatg

(Seq ID No: 1164)

Homo sapiens ST6 (al-

pha-N-acetyl-neuraminyl-2, 3-beta-galactosyl-1,3)-N-acetylgalactosa
minide alpha-2,6-sialyltransferase 3 (ST6GALNAC3):
ggtcceccttatttggatctgecgggaatgtgggctggagaggtecctgeecgtggtaccagecteccagce
ctgcccccaggactgceccectgacccaggecgcecgeccgectgetecggtggcaggagggecggcggagceg
ccatg (Seq ID No: 1165)

Homo sapiens transportin 1 (TNPOl):
gattctctttgttccgcagccatttcaggcececcggacaggaggcagtgecgettecggecgaaggec
cgagcgcccgaggcgtcectgggatg (Seq ID No: 1166)

Homo sapiens heat shock 70kDa protein 8 (HSPAS):
cttcecttegttattggagccaggcecctacaccccagcaaccatg (Seq ID No: 1167)

Homo sapiens hyaluronoglucosaminidase 1 (HYALL):
ggctccttcctccaggagtectectggtgecagetggggtggaatctggccaggececctgettaggceccce
catcctggggtcaggaaatttggaggataaggcccttcagcecccaaggacatcctggetgecatac
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ctgctcctgacttctcagggctggcagtcatcgactgggaggcatggcgcccacgctgggecttca
actgggacaccaaggacatttaccggcagcgctcacgggcactggtacaggcacagcaccctgatt
ggccagctcctcaggtggaggcagtagcccaggaccagttccagggagectgcacgggectggatyg
(Seq ID No: 1168)

Homo sapiens STE20-related kinase adaptor alpha (STRADA):
agtcctcecceccggtcecgecccactgegecatggcacgttgegtactcececccteccagcaaccggtetggeg
gcggcgcggcagtaaaactgaggaggcggagccaagacggtcggggctgecttgectaactceccaggaa
caggtttaagtttttgaaactgaagtaggcctacacagtaggaactcatg

(Seg ID No: 1169)

Homo sapiens transmembrane protein 161B (TMEM161B):
ccctcectcetttegetgtttgagagtctcectecggectcaaggaccgggaggtaagaggtttgggactgece
ccggcaactccagggtgtctggtccacgacctatcctaggegecatg (Seq ID No: 1170)

Homo sapiens Usher syndrome 1C (autosomal recessive, severe)
(USH1C) :
ggctctttccagctecctggcageccgggcacccgaaggaacgggtecgtgcaacgacgcagetggacce
tggcccageccatg (Seq ID No: 1171)

Homo sapiens interleukin 12 receptor, beta 1 (IL12RB1l):
cagtcttttctccttgctcagcettcaatgtgttccggagtggggacggggtggctgaacctcgcecag
gtggcagagaggctceccctggggctgtggggectctacgtggatccgatg

(Seq ID No: 1172)

Homo sapiens Meis homeobox 2 (MEIS2):
atcccettectetettttetgttegecctettcecteectgetettttteccttteccaccececectecte
tgttctccctcacctectgegeccecectececcecctteeccgggttctgacagtacgatgagetgeecca
ttacggcgggatg (Seq ID No: 1173)

Homo sapiens G elongation factor, mitochondrial 2 (GFM2):
ttttecttttcecgtttagatacattgecttttgectaggectggegtegagacttgaggecgttgecaga
ctttggcgcggctcgcgectectgecttcaagagecccagecggtgagagetggectgecggecacgeggce
ctaatgccagacagtaacagtttggaggatcaagatg (Seq ID No: 1174)

Homo sapiens lamin A/C (LMNA):
gagcctttgccccggegtecggtgactcagtgttcecgegggagecgecgcacctacaccagccaaccca
gatcccgaggtccgacagcgceccggecccagatccccacgectgeccaggagcaagecgagagecage
cggccggcgcactcecgactccgagcagtcectectgtecttcgaccecgagecececgegecctttecggga
cccectgececcgegggcagegetgecaacctgecggecatg (Seq ID No: 1175)

Homo sapiens calcium/calmodulin-dependent protein kinase II delta
(CAMK2D) :
cgctctttctctcgeccgegecgtecttgaagecgegegggectecgtgagcagcgcgaggeccgecaagyg
tgcctcegettcgecggagecgetgeccgeccgeccggagggaagccggcctegggegegecacgetegt
cggagccccggcgcecgeccegegcectgagectgectgacageggecgetgggctcaggectgtecgetce
tgggctcecgecggectcecggecececgetgcactccaccteccgececcecctecggacteccteccectetgett
ctactcctectgcectccagtgcggatcgtttecgcaactgettgecactegtecegtgectggetgtt
tttccatttecccggeccectecttecttgagtactttacceectgecatttggggacagggactggaaa
aggggcgggtggagcgtccagtggagaagaaggaagcgaggcccgcaggaggaggaggatcggegg
actgtggggaggagaccccacgccaccctttctggtcatctececectecececgecececgeeccectgegeac
actccctcgcgggcgagctactttcggaccaggaaagtaagagecggcecctgggtgacagecgecgcg
gggccagtcccggggttageccgegegtectgetegettectggtececgtegegectecccagecagggecac
agcccggaccgaggatg (Seq ID No: 1176)
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Homo sapiens calcium/calmodulin-dependent protein kinase II gamma
(CAMK2G) :
ccgtcteetcectettgecteccteggecgggeggecggtgactgtgcaccgacgtecggegegggetge
accgccgegtccegeccgeccgcecagecatg (Seq ID No: 1177)

Homo sapiens interleukin 15 (IL15):
ttttcttttcgccaggggttgggactccgggtggcaggcgececcgggggaatceccagetgacteget
cactgccttcgaagtccggecgeccececcgggagggaactgggtggecgcaccctecececggetgeggtyg
gctgtcgcecccccaccctgecagceccaggactcgatggagaatccattccaatatatggecatgtgge
tctttggagcaatgttccatcatgttccatgectgectgacgtcacatggagcacagaaatcaatgtt
agcagatagccagcccatacaagatcgttttcaactagtggeccccactgtgteccggaattgatggg
ttcttggtctcactgacttcaagaatgaagccgecggaccctecgecggtgagtgttacagetcettaag
gtggcgcatctggagtttgttccttctgatgttcggatgtgttecggagtttcttecttectggtggg
ttcgtggtctcgctggctcaggagtgaagctacagaccttcgecggaggcattgtggatggatggcet
gctggaaaccccttgccatagccagectcttettcaatacttaaggatttaccgtggectttgagtaa
tgagaatttcgaaaccacatttgagaagtatttccatccagtgctacttgtgtttacttctaaaca
gtcattttctaactgaagctggcattcatgtcttcattttgggatgcagctaatatacccagttgg
cccaaagcacctaacctatagttatataatctgactctcagttcagttttactctactaatgectt
catg (Seq ID No: 1178)

Homo sapiens protein O-fucosyltransferase 1 (POFUTI1):
gtccctcecettcecectececcgactgtgecgecgeggetggetegggtteccecgggecgacatg
(Seq ID No: 1179)

Homo sapiens calpain 3, (p94) (CAPN3):
cactctctttctctctcecctctggcatgecatgectgetggtaggagaccecccaagtcaacattgett
cagaaatcctttagcactcatttctcaggagaacttatggcttcagaatcacagctcggtttttaa
gatggacataacctgtacgaccttctgatgggctttcaactttgaactggatgtggacacttttct
ctcagatgacagaattactccaacttcccctttgcagttgcttectttecttgaaggtagetgtat
cttattttctttaaaaagctttttcttccaaagccacttgecatg (Seqg ID No: 1180)

Homo sapiens PTK2B protein tyrosine kinase 2 beta (PTK2B):
agcccttttactcageccacagectccggagecgttgecacacctacctgeccggecgacttacctgt
acttgccgccgtcecceccecggcectcacctggcggtgecccgaggagtagtecgectggagtececgegectceectg
ggactgcaatgtgccgatcttagctgctgcctgagaggatg (Seq ID No: 1181)

Homo sapiens ST6 beta-galactosamide alpha-2,6-sialyltranferase 1
(ST6GALL) :
cttccttecttcteccagtcectteccactgtgegtettectgtecceeccgttettecececageggacccce
tctttcgagactccctagtggggteccccagecteccecgggegatecctgeeccttgecgagegegtttte
tggagtcacctgggggaggggagtcctgggcagggecgggectggggaagacgectggggcactgec
cggcgttaacaaagggagccgataccgaccggegtgggcgcggagcgggcggecgecaccgagegt
gctgagcaaccgcagcctccgcggceccgagagtgcagecgagcaaggggagagecagttgecgcagagce
cctgcaaccagcagtccagggagaagtggtgaatgtcatggagcccagctgaaatggactggceccce
cttgagcctgtcccaagececctggtgecaggtgtccateccecgtgctgagatgagttttgatcatcece
tgagaaaaatgggccttggectgcagacccaataaaccttccctcccatggataatagtgctaatt
cctgaggacctgaagggcctgccgeccctgggggattageccagaagcagatgatcatgacgecagtce
ctgaggtttaatggggcacccacagccaacttccaacaagatgtgggcacaaaaactaccattege
ctgatg (Seqg ID No: 1182)

Homo sapiens ubiquitin-conjugating enzyme E2Q family member 2
(UBE2QZ2) : ctccceccttecegcecgeccggeteeecttecgegececcteccgecggagatgaggg—
gaagatg (Seq ID No: 1183)
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Homo sapiens membrane magnesium transporter 1 (MMGTI1):
gcttettttgetgggetgetgetecttecggecatcatg (Seqg ID No: 1184)

Homo sapiens PAP associated domain containing 4 (PAPD4):
cggtcttccgggtgtctttgacagggttttctacgceccgectttttecggegactttttgetecttceege
tttttgccaccgccecccaaccttctatateccttgecagecectaccttttettgtgttgetectecc
ctggcagccgtgaggggggttagatctcageccggagecggagcectgggectagetgtcececacgggcec
accactacctcctttggttcgggagaaagctacgaccaagtacgcccagctegggecttagaactt
ctgaacgggcagtgcgggtaggccctgecttageccttcccggaggacacctgaccaaaagaggaag
atagtcttgggacccttgcatggtgtttcaaagggtggtgaagaactaaggtagaagaatacatgt
tcacttccagtgaacaagagcatg (Seq ID No: 1185)

Homo sapiens chromosome 3 open reading frame 23 (C3o0rf23):
ctcecttectggtgtactgggtgggaggtggaactagtcggacaaagcectcecgegtecggacccecttge
cagaactcaattaatggatgcctcgaagttgacgtacatatatattcagaaatg

(Seg ID No: 1186)

Homo sapiens mucosa associated lymphoid tissue lymphoma translocat
ion gene 1 (MALT1):
cgccectttgegeggectggecgecggeccagecggecaggctecececctecggecaaacctgtctaattgggg
cggggagcggagcttcctectctgagggececgtgecgegectgeccagatttgttecttecgecectgec
tccgeggcteggaggecgageggaaggtgeccecggggecgaggeccgtgacggggegggcgggagece
ccggcagtccggggtcecgecggecgagggeccatg (Seqg ID No: 1187)

Homo sapiens UDP glycosyltransferase 3 family, polypeptide A2
(UGT3A2) : '
ctacctctacccacagccagtgcctttggcgcactgaggtgcacagggtececcttagecgggegcag
ggcgcgcagcecccaggctgagateccgeggetteccgtagaagtgagecatg (Seq ID No: 1188)

Homo sapiens sodium channel, voltage-gated, type IV, beta subunit
(SCN4B) :
cctectctegetcectcectgeccgectaacttteccgageccecgaccggeggecgcagagetecggggtag
ctttgtggccgaacgccgacctcgggecggagagecgcggctgtgeccagtateccatecececgegacce
cccgcgecgctecggagagaacaggactatg (Seq ID No: 1189)

Homo sapiens JAZF zinc finger 1 (JAZF1):
tccectetgecteceggtggetectegetetecttecatcectetectegeccectecteccctecgtecce
gtcctcgceccgceteccctcaccecgectectecteccectecceccageccctectetectcaccceccace
cggcctccctecectecectegeccgeececggegectecgcagageccgacaccaggggggetcectecgatgta
gcaccatg (Seq ID No: 1190)

Homo sapiens chromosome 15 open reading frame 55 (Cl5o0rf55):
ttcccttecttggatcectgtgecacctactggagccaggttactcectgggtecctggacctgactgece
tcattctggaggcttccagacagccacagttagtgcccaaacctgagaggatg

(Seq ID No: 1191)

Homo sapiens ras homolog family member C (RHOC):
cgccecctectecttectgcagectgggaacttcagecggetggageccecaccatg
(Seg ID No: 1192)

Homo sapiens CTP synthase II (CTPS2):

cattctctttccttttceccttctectectgagegetecctgecagttecctggggegtagtaggggateca
caagcgtttgtgaccagtgaagttctttacaagggtgagatctgcacgggaggacccgagcgaggyg
tctecggcttgeccaggaageccggggttcececcgggaagecgtggagttcacececgegecactecgaagtgec
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tttgcaaaattatatctgggtgttggcacccagccactattctgccaatg
(Seq ID No: 1193)

Homo sapiens PRP4 pre-mRNA processing factor 4 homolog B (yeast)
(PRPF4B) :
agctcttttecttcecttectccacttececctaccctceccaccgteccgggagecgecgecaccgecgcece
gaggagtcaggaagttcaagatg (Seq ID No: 1194)

Homo sapiens molybdenum cofactor synthesis 2 (MOCS2):
gcgcctttgeggecgtgattcggtecceccgetgtecctaggecgggatggtgecgetgtgeccaggtaagg
gtggcgggtgtgcgtgcgggectgggtgeggagecctecctecgacgtgtectctececcgeecctttecct
ccacatacccagccttggtcagtcggacctceccccactageccecccaacctggecggegtettgggtt
cgggggcgccecccgcecccecgeccecegggeccttectgtetecgggetttactgecgactgececcage
agaagtcgggtcctctccgagaactcttgtcagctcacggcagcaaggacggactcgttctgaagg
cgcctccaccttttatgaccacctectttcccagattattecgttttgatgaagctaaaattttaate
taaaaagaaatgcacctcatggagaattcttgtgaagaactgtgcttcatctgtggatttctacac
ccttgatcatttgcaaacctgtaattatttcgtaaagagttgtttgcacggagtgacaggttgaag
tattgtattttgcaaaaagtgctgaaataacaggagttcgttcagagaccatttctgtgcctcaag
aaataaaagcgttgcagctgtggaaggagatagaaactcgacatcctggattggctgatgttagaa
atcagataatatttgctgttcgtcaagaatatg (Seqg 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 (SLC13AS5):
ctgcccectecactegtcetegecececgecagteteccctecccgegegatg (Seq ID No: 1197)

Homo sapiens armadillo repeat containing, X-linked 3 (ARMCX3):
agtccttcttgtcecctggtecgttgttcecgtectgagtaccagectcecceccecactgeccctgagggegggec
ggcctgcggcggagggaaaaaggaagaggagaaggaaattgtcccgaatccctgecagtgggtccaa
gcctcectececcgggtggecagtetttectgtaggttgeggcacaacgeccaggcaaaagaagaggaagga
atttaatcctaatcggtggaggtcgatttgagggtctgectgtagcaggtggctcecgecttgaagega
gggaggaagtttcctccgatcagtagagattggaaagattgttgggagtggcacaccactagggaa
aagaagaaggggcgaactgcttgtcttgaggaggtcaacccccagaatcagctcttgtggecttga
agtggctgaagacgatcaccctccacaggcttgagcccagtcccacagecttectececcccagectg
agtgactactctattccttggtcectgctattgtcggggacgattgcatg

(Seq ID No: 1198)

Homo sapiens armadillo repeat containing, X-linked 2 (ARMCX2):
cgtcctectetgggtaccaactctattgecgecagctcecgetgecgtgegtttaacccaggecgaggagg
aggaggagaaaattcccccagattcgggcaggcceccgcaccccacatteccgtectgttttgagagga
ggagggaagagaaataaacgtggcagcgcatagaaggccagcagggagactgctttccagacacct
ccggcccacacagcecgttcacceccceccegtecttttcagtecctggaaaaggaattecggtctgtecttag
gatgaagctctaactgaactgaagtaaggagaaacagccttgaatctttggagggtctgtcttcect
tttgggctctgtgcaactgcagctacagtggaaaaaagcaaactgectcttgatcccaggcecctgec
taagcctcagcagaacttgtaagcctaaactgaagagcecctcacccggacgagcaggcatcecttaa
ccttaagcaatccagttccacgccctggatcagtgaataaccccagctgcaccatg

(Seq ID No: 1199)

Homo sapiens UBA domain containing 2 (UBAC2):

cgccctectggggctccgageccggegggaccatgttcaccagcaccggctccagtgggetcectgtga
gtaccggcctceccgeccatcctggectgeccecctacacgccaccctaggcacctectttgaggaggetgg
ggcagcggggaccctcgggtttgecggaggtggtggggeccgaccctceccagacccgegtccgaaccce
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tgctagttcccggtcttgggggtcageggaaaccgceccccattteggectggaggggcgaatgggyg
acaaagccccgccgeccgecccgaccccacctggtatcececcaggtgetectgeccaggagtetettyg
gggccgctgcaagtgggcaggtgccctggtgttcectegtgggecggeccccaggecctttgeggageg
tgtgccgcgctgaaggaaggggccgteccccecttaccatgecccattettttaggettgggggaccyg
aactaactccccccgeccccacttgcaaagttcagectecgetttagaagectgacctectecagttte
acttggatg (Seq ID No: 1200)

Homo sapiens cancer susceptibility candidate 4 (CASC4):
cctectecectecggecggeecctggggecgtgtecgeccgggcaacteccagecgaggectgggettetyg
cctgcaggtgtectgecggcgaggeccctagggtacagecccgatttggeccecatg

(Seq ID No: 1201)

Homo sapiens protein phosphatase, Mg2+/Mn2+ dependent, 1G (PPMLG):
cgctccectcacagetececegteccgttaccgectectggecggectecgegectttcaccggcacctt
gcgtcggtcgegecgeggggectgectectgecgegegcacececccggggetteggetecggcacggg
tcgegececcagetttectgecacctgaggeccgeccggeccagecgecgecatyg

(Seq ID No: 1202)

Homo sapiens StAR-related lipid transfer

(START) domain containing 13 (STARD13):
ctttctttttaaaaatcgctgggtctgttgagetgtectgggectgggtgecttgetetttgactga
gactggagacagacggcaacagccacaggcagactgaggtggcaataggaaatctgccgagatg
(Seq ID No: 1203)

Homo sapiens tubulin, beta class I (TUBB):
gattctcccgecteccageccecggegcacgcgegecccgeccagectgettteccteegegececte
ccctctecectttetecctcectcagaaccttectgecgtegegtttgecacctecgetgeteccagectetyg
gggcgcattccaaccttccagecctgcgacctgcggagaaaaaaaattacttattttcettgceecccat
acataccttgaggcgagcaaaaaaattaaattttaaccatg (Seq ID No: 1204)

Homo sapiens cytochrome P450, family 4, subfamily X, polypeptide 1
(CYP4X1) :
tttecttcttececcgegagtcagaagecttcgegagggeccagagaggcecggtggggtgggecgaccecta
cgccagctccgggcgggagaaagcccaccctetececcgegeecccaggaaaccgecggegttecggege
tgcgcagagccatg (Seq ID No: 1205)

Homo sapiens doublecortin (DCX):
ttttctttctctcagcatctccacccaaccagcagaaaaccggtgagtggggettttaagtgattt
tcaagaagaatgtaacagatgtcaaacgggaaaagcacaaggcaaagcctgctctctctgtctctce
tgtctcecctcettectecttttttgecttattectatccgattttttecctaagettctacctgggattt
tcctttggaaaagtctectgaggttccaccaaaatatg (Seqg ID No: 1206)

Homo sapiens protein phosphatase 2, regulatory subunit B', gamma
(PPP2R5C) :
ttgtctttttttttttaaactaaaatggaggctggtttcttgecttaaggagcccattgectttcee
cgctgaagtctagatg (Seq ID No: 1207)

Homo sapiens solute carrier family 9, subfamily B

(cation proton antiporter 2), member 2 (SLCO9B2):
ccacctttcecgggggaagccacgcgcaccaggcatcgecacgecggectectgecaccecgegecgcececggac
ctgaaacccggcggagggcacacggggctgccgctgecgggecccggaccaacccatgcecttactecg
gagcctgtaccggcgccgacgggteggacctecctgegeggtgtcgecccagegggttegtgecgaaa
ggcggggccgactacacgcggtgceccgegecctgagaccgtttatectgcagtcaacgecagecteccg
gctcagcctgggaagatgecgcgaatcgggaaccccagagegceggtggectagaccgggetecgeege
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ctcceccacagcececctttectaatcecgttcagacggagectggtecgacttecgecggagactgecaga
tctcgttcectcecttecctgtgtcatecttcttaattataaataatg (Seq ID No: 1208)

Homo sapiens hypoxia inducible factor 1, alpha subunit (ba-

sic helix-loop-helix transcription factor) (HIF1A):
caccctcttcgtcecgetteggecagtgtgtecgggectgggecectgacaageccacctgaggagaggctce
ggagccgggcccggacccececggcecgattgecgeccgettcectectectagtctcacgaggggtttececgec
tcgcacccccacctctggacttgectttecttetecttectececgegtgtggagggageccagegettag
gccggagcgagcctgggggecgcccgecgtgaagacatecgeggggaccgattcaccatyg

(Seq ID No: 1209)

Homo sapiens interleukin 21 receptor (IL21R):

cctcecctettectecccactectgcacatgecggectgggtggcageccagecggectcagacagacccact
ggcgtctctctgectgagtgaccgtaagectcggegtetggecctectgectgectectececctgagtgtyg
gctgacagccacgcagctgtgtctgtctgtctgecggececcgtgcatececctgetgeggeecgectggta
ccttcececttgecgtectetttectectgtetgetgectectgtgggacacctgecctggaggeccagetgece
cgtcatcagagtgacaggtcttatgacagcctgattggtgactcgggctgggtgtggattctcace
ccaggcctctgcecctgcetttetcagaccectcatctgtecaccceccacgctgaacccagctgceccaccecce
cagaagcccatcagactgcccccagcacacggaatggatttctgagaaagaagccgaaacagaaga
tgaggcaatgaggctgcgagaggtagagtgattttccctecggtgactcaactgggacgtagcaggt
cgggcagtcaagccaggtgaccccatg (Seq ID No: 1210)

Homo sapiens DDBl and CUL4 associated factor 4 (DCAF4):
tggtctttccgggtecttgecacgettcecgectccaactectgcagagectgageccggaggggaatceecgg
aagggacacgctgaacaggtctgactcccgggcagcacagcecccgctcacgattcecggccacggtga
tgacgagtctccgtcaacctegtectggcacagectgggacctectectgtgecagagectacctgggtt
ttactttgaccctgaaaagaaacgctacttccgettgectececctggacataacaactgcaaccccect
gacgaaagagagcatccggcagaaggagatg (Seq ID No: 1211)

Homo sapiens oxidation resistance 1 (OXR1):
ccgectettgtgaggecgecgecggagecgectecectgggtcaggtctgatgggecggtgggegeget
agtggtggeccgeccaccgceccgaaaccgtecgacctectgggecccagttecgegtccageccecgegge
agcatg (Seq ID No: 1212)

Homo sapiens cut-like homeobox 1 (CUX1l): ccccctctctat-
cagccgctcactccgtctcaatatgtctcaagatg (Seqg ID No: 1213)

Homo sapiens atlastin GTPase 1 (ATL1l):
ctcccecttttectcececccactectteccaccagecgecacagcaacatecctcagagtctgagcgaactg
cgcccagcgecgggcacggagectcecccaccgeccagcaacctgecggeccecggagaaggcagcgagege
agtgacagcgcctcaccgccaccagctcctggaccaccatg (Seq ID No: 1214)

Homo sapiens chemokine-like factor superfamily 5 (CKLFSF5):
ctgccttctecteccecggggecctgtgggcaagectectgettcactttcaggtttectegaagtgect
tcttgctcecctgtctgtttecccatcctgeccagatttectgtttetecttgectgggettttggecagtag
ggggctgtgttggtgggccctacgaagatg (Seq ID No: 1215)

Homo sapiens transmembrane emp24 protein transport domain containi
ng 7 (TMED7):
aggccttttceccgettctettttacctcececccaggtececgececgtetgegcecectcacaggaageccgga
gggtcgctctgatcccgaatctcecccacaggegtgaacctgectcectgetgtgtatctttgecggggtgg
cctgcgctgaggcctgeccgegegeggtgagteccgegecagacctgaccctgegtctcgcageteggt
tgaggccgceccgccecgecttectegggatg (Seqg ID No: 1216)
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Homo sapiens ubiquitin-conjugating enzyme E2D 3 (UBE2D3):

cttcctttaccttectcecccatggtctecttecggttcectecgatgettectetgagectaagggtttece
gccactcgttcaccctecccccagectcatgatectectececteccecegecctectggteccaatcete
cgatctgtttagtaagaaggtgctgttccgagaagaaggaaaagggcttgacacgtattcactcgg
cccecggacgtgggaagcaagecgtcectggetteggectcacatcggtettgtgetecgggacggeggce
gttggcggactgatccgcggcggtgaagagaggccgggaagttaaacttgtageccaccacctecgce
tcttccecgtcaccctegeccccacttecgggecgaaagcacggtacagaggectgttggtggetttge
cacgccaccccacccaccccggatcgeggetgtcecttaagggacctggattcatcaggggectectteg
gggcctgtgcgagtgctgatctgctecgtttttgcaaaaggegectgtgtctggcagagectggtgt
gagacgagacaatcctgccccgecgecgggataatcaagagttttggecggacctttgagcataca
ccgagagagtgaggagccagacgacaagcacacactatg (Seq ID No: 1217)

Homo sapiens zinc finger protein 595 (ZNF595):
tttcctcectggctectgecgagggettggtttagggettcagetectetgegttecteggeteccgggagg
cctcggtgattcagccacagcectcectgecteeccgttgetectgtgacctgagggtattggacaatttg
tagctaagactcccggataccctgaagtcgggaaatg (Seq ID No: 1218)

Homo sapiens acyl-CoA synthetase medium-chain family member 2B
(ACSM2B) :
tgctctcttccaaggctgtaggagttctggagectgetggectggagaggagggtggacgaagctcete
tccagaaagacatcctgagaggacttggcagcctgecagatggectattgtgggaccttgtgatcat
gcctgaacatg (Seq ID No: 1219)

Homo sapiens SRSF protein kinase 2 (SRPK2):
tttccectttatagcaccattgaatecccagtecctaacagaagtactgcgaatcttgtggectceattce
tgaacaaaagggattagagaagaaaaatctcttgatataaggcttgaaagcaagggcaggcaatct
tggttgtgaatattttctgatttttccagaaatcaagcagaagattgagctgctgatg

(Seq ID No: 1220)

Homo sapiens synaptophysin-like 1 (SYPLL):
tgcccttectegeccaccgggctgctcectggtectegteggtecececctectecgececgtcgtectgact
ctctctccectectttectcagaggatg (Seq ID No: 1221)

Homo sapiens thioredoxin reductase 1 (TXNRD1):

aaccctttcacctcagttttcttcacteccggecatttgcagcagagcgaaaggtggtcgagtcctga
aggagggcctgatgtcttcatcattctcaaattcttgtaagctetgecgtcgggtgaaaccagacaa
agccgcgagcccagggatgggagcacgcgggggacggcectgeccggecggggacgacagcattgcegece
tgggtgcagcagtgtgcgtctcggggaagggaagatattttaaggcgtgtctgagcagacggggag
gcttttccaaacccaggcagcttegtggecgtgtgecggtttcgacccggtcacacaaagcettcagcea
tgtcatgtggcttatcaggagggcagacttcaaaagctactaaaaatg (Seq ID No: 1222)

Homo sapiens minichromosome maintenance complex component 7

(MCM7) :
tgtccttccgegeggecggecgecggagagagetgecggeccgggggggegtgectgggatecggaget
tcgctcgggecccgggaaaggcggcagtgggctgggatecgeggtgtectectgggtgtgatggccaatg
gctggactggctccecgeccctgggcggaggaatceccgagectgtgaageggctggaatccgggeccat
gtgcttctttgtttactaagagcggaagcgatggcgggagcegggggtggggtgcggtggecggggtyg
cggtggcggaggtcccggtgaaatcaggggctaaggggacccaaagaaggcgggggatcatagggg
tggaaagaaagctgagaaccttgagaccggagtgtgaggggccaacggggaagggcgctagaattt
taaactaaagtagggaccggaattcccctggggagatgttggatggeccctgtgcactgccacggge
tctttattcttcgectggttagaaacagacttgtgaaaaagagttatgcecccactttggggagactte
gaaaaggttaagaagttcttacaagagttctaccaggatgatgaactcgggaagaagcagttcaag
tatgggaaccagttggttcggctggctcatcgggaacaggtggctctgtatgtggacctggacgac
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gtagccgaggatgaccccgagttggtggactcaatttgtgagaatgeccaggecgectacgecgaagcte
tttgctgatgcecgtacaagagctgctgectcagtacaaggagagggaagtggtaaataaagatgtce
ctggacgtttacattgagcatcggctaatgatggagcagcggagtcgggaccctgggatggtccga
agcccccagaaccagtaccctgcectgaactcatgecgcagattgtgagtggtctetgtcgggaaagat
gtagggattggttctccaggatcttgtttgtgactgttttctcceccttagtgagectgtattttcaa
ggccctagcagcaacaagcctecgtgtgatccgggaagtgegggectgactctgtggggaagttggta
actgtgcgtggaatcgtcactcgtgtctctgaagtcaaacccaagatg (Seq ID No: 1223)

Homo sapiens pre-B-cell colony enhancing factor 1 (PBEF1):
tttceccectcectececectectecgecgaccgagcagtgacttaagcaacggagcecgcggtgaagetcea
tttttctecttectecgecagecgegecagggagetegeggegegeggeccctgtectecggeeccgag
atg (Seq ID No: 1224)

Homo sapiens cyclin Bl interacting protein 1,  E3 ubiquitin protein

ligase (CCNB1IP1):
ctttctttccctctecgttttggtgggectggttgaagatgaaatccactgaggagggaagtccage
accctgtgtgccagtccagaactggecccatctgtagacceccctgaaaatcatatgggecttggattt
ggatattctcaacagaaagggttaaaggctgatggtacctaaagcctggtacttgaattttgatca
agataagctgccttaagttctcttcattacacaaatgatcctagataattgatagatcctgtggtt
caactggatttctagatagaagctggattcatgtgatgccagaggagtaaaatttcaagagactga
aaccagatctgagtttcgctgttccagtctggacctctttggtgctgtaaatcctggatatactgt
agatgagtactgcgtttttcttttatggcectctecttcagettctggagacctecactatecctattat
g (Seq ID No: 1225)

Homo sapiens STEAP family member 3, metalloreductase (STEAP3):
ccgccttcgecgeggaccttcagetgecgeggtecgetccgagecggecgggeccgcagagatgacattt
attcattttatgcatcctgggttctactggtcgtcccacctcagttecctgtagcaaagagacttga
gtctgagccactaattatcacccgtgaggtttecctccccgagcaggaagcagcaggeccagagcetgce
gctctctcagtgcactctccaaccaagcatcagtcaccactccecggteccageccctgtggeccaaga
gctggcgtgcaggctgcgggaggcagectggetgtgcaagaccctggcagggecctegectectgag
aaaccgagagtcagaaccaaagccaggctgtcecctggttggagactgagccagaaagggtggctcac
ctcacggtgaggctgtcgagtgacctgagagcctcagaccctcacgtcagecggatg

(Seq ID No: 1226)

Homo sapiens nicotinamide nucleotide transhydrogenase (NNT):
tgttcttcecgggttggaggecgcagegecgecggggeccaagceccecgggtectgecagegegacgtecte
tcgcggececctcagggcacagcecccaaggctgtcagectececggeccagtgatttgecttcaaggaaa
ctggggagtcagaaaattgggaactcatatcaacatg (Seq ID No: 1227)

Homo sapiens SHC

(Src homology 2 domain containing) transforming protein 1 (SHC1):
gtccctcecteectecccaggacttectgtgactecctgggeccacagaggtccaaccaggctaagggect
ggggataccccctgecctggcecccccttgecccaaactggcaggggggccaggectgggcagcageccect
ctttcacctcaactatg (Seq ID No: 1228)

Homo sapiens bromodomain containing 8 (BRD8): cggcccttcca-
gaccgtctctcctcagggttggagacttecggggccaagatg (Seq ID No: 1229)

Homo sapiens ring finger protein 13 (RNF13):

tcgectetttagtaggtcgggtgagtgtagtgtgcagggaagagacgcecgtcagecgeccagggecagg
ccecgceccgggggcageccggcagecgaatecttgggetactetgtecccaacagecggagcagatecag
accgaccggccctgcececgctecggtcecgecgeccteccagaccctacggtctecgtttetaggggcecac
atggttagcggcaggcgcccacagccaatccactttgeccagectgeccecttectectgecaagagea
gcttcttcagccgecgctccagttcecgecagacgectgecccaccctgetettecectteccagggaaga
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cggatcacgcggccaagaacgagactcgcaaactgggcatttctccgagecgggectagagcaagta
gcgagactccgcgtgagagtgggaaagagccttaacaggcaaccatgttgeccagtgggttttctg
tgcctttgggtgcggaccaatgaggcgecgtggggegggactteccgettegectaggtgttgtegtce
cctgctagtactccgggectgtgggggtcggtgeggatattcagtcatgaaatcagggtagggactt
ctcccgcagcgacgcggctggcaagactgtttgtgttgecgggggeccggacttcaagagagaaagag
agagtgggcagacatcgaagccaaacagcagtatcccggaagcactcatgcaactttggtggecggce
cactcagttttctctgccagtgtctggtgattttacaacgagatg (Seqg ID No: 1230)

Homo sapiens aldolase A, fructose-bisphosphate (ALDOA):
ccgcecctecectgegecgecceccttecgaggectaaatcggectgegttectectecggaacgecgeccgcagaag
gggtcctggtgacgagtcccgegttcectctecttgaatccactecgecageccgecgecctectgecge
cgcaccctgcacacccgceccctcectectgtgeccaggaacttgetactaccagecaccatg

(Seq ID No: 1231)

Homo sapiens LY6/PLAUR domain containing 6 (LYPD6):
cgctccttecctgageteccecgggetecggecagegegetggeggggegecgecattgcacactectggg
ggcgccgcagtgttecgtgggatggggcagegggctgcagectggecggeccggaatccgegecgecagecce
gggtgcaagttctctcctgttgcecctgagtgeccactecccaggecctectgtatgagtgacacttcea
gtctgccatg (Seq ID No: 1232)

Homo sapiens butyrophilin, subfamily 3, member Al (BTN3Al):
cagtctctgctttctttttectttcttccagaaggagatttaaccatagtagaaagaatggagaac
tattaactgcctttcttectgtgggctgtgattttcagaggggaatgctaagaggtgattttcaatg
ttgggactcaaaggtgaagacactgaaggacagaatttttggcagaggaaagatcttcttcggtca
ccatacttgagttagctctagggaagtggaggtttccatttggaattctatagcttcttccaggtc
atagtgtctgcccceccacctteccagtatctecctgatatgcagcatgaatg

(Seq ID No: 1233)

Homo sapiens lipoic acid synthetase (LIAS):
ctgtcctttcccgggagttagcgatecctcaaccectgcactgecgctagtecctaaagaggaaatyg
(Seq ID No: 1234)

Homo sapiens C-type lectin domain family 7, member A (CLEC7A):
gattctcttttgtccacagacagtcatctcaggagcagaaagaaaagagctcccaaatgctatatc
tattcaggggctctcaagaacaatg (Seq ID No: 1235)

Homo sapiens CD247 molecule (CD247):
actccttttctecctaaccgtcccggeccaccgetgectcagectctgecteccagectectttetgag
ggaaaggacaagatg (Seqg ID No: 1236)

Homo sapiens myeloid zinc finger 1 (MZF1):

aagcctttctccattttgcggtctaggaagtagcagaggccecttectgtagggagttgecatgga
gacgcggtggggcaccgacggagttctaatgacggccgtgattggtgcaggatecctgctaatctcea
ggaaggcccgtagagaagtgaggaaaacgtggtggggggcatgcgegatctggtaggeggtgetge
cgtctgttgtacctgagaggcttgcgcatgccgacgcacggattcgaggcggggagcatgggaaga
agcggccaggagtatgacctgatcattgcgaccaccgctaggggaagggaggagagggtgtagaaa
cggggacgagggtgggggaagggcaaggaggcgctcgagctggtgcgeggagcatcctgggagacyg
tagtccagcgggagggggaagtcgaagactgcgecgtgectcaggagecgecggagcggecccgctgageg
cagaggggcagacactggcctcagatacctgacctggtaccctctatg (Seq ID No: 1237)

Homo sapiens E2F transcription factor 6 (E2F6):
cctcectcetttttecgtectgegtecgggageteccecgggecacgtgaggeegtgecgegtttactggegg
gcgggacggcctagccgggcggegectcggaggaageccgeggaccecttaggtgetgggeeccttgg
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aaatcggcgcgtggggggcggtgctcgagectgagegcgagagggegggagagectecgtggggtgega
ggggagcaggacgcccggccgggcagecatg (Seq ID No: 1238)

Homo sapiens purinergic receptor P2Y, G-protein coupled, 10
(P2RY10) :
cttcctctttcaacaacaaatgtgtcagttatcagcaggatccatgeccgccagagtaaagetttcet
accctttactccctgcaaagaaacaagagtgcttatcccagectaagectccagggtaatgttatcat
gacagcttcaacttttagaccacaggcaaatgctttgttaaaactctatgctggtcattcccttca
ggatttggcactcaccaacatacccttctttcaagtgaaaaggcatctcttttaatggtcctgacc
tttggaataggaagcatgtaccctggacagagcacttcaaactagaggaaccataaatccatg
(Seq ID No: 1239)

Homo sapiens chromosome 9 open reading frame 85 (C9%orf85):
catccttttgcctgctcccggcgaggggtggetttgattteggegatg (Seg ID No: 1240)

Homo sapiens ERGIC and golgi 3 (ERGIC3):
cgtcccctttececggecggteccccatg (Seq ID No: 1241)

Homo sapiens ankyrin repeat domain 46 (ANKRD46):
ccctececcecctcececgeccgtcaccgectecttgaagetgecgetgtecgetgetgetegttcgagtecgcea
gatccttgccagcacattacagaatatttttgttgaaccttcttgagaattcagagaaactgctga
gtgaccactgaacgaaaagatctaatcttaaggcttacgectcactttgatgeccaggctggagtyg
ctgtggctcaatcacagctcatcgcaacctcgaccteccecgggctcaagtgatectcectcacctecage
gtcccgaacaggegtgttccatccaccacatcagaacaatg (Seqg ID No: 1242)

Homo sapiens Ras and Rab interactor-like (RINL):
tcctcectcecteccacttectgctactgcaggectectectecgagaacagaggeccaggtecatgacteact
ggcttcctgcaacctgacgatggcccagccagaagacaaggcacctgaagtcceccacagagggggt
gaggtgaacaaagcagacaggacccctctaggggtecctcagcaccctagagecacttactcecgectg
cagaggacatggggggtgtggcatgtgccagagctggatacccaggatgcggaggeccttgtgggg
ctgtggccactagggagtttcttggtcacaggacgtgaccccagccaggccecctggtgttgaggtca
ggacctttaccaggagaagtcaatacctaccagatccagaagattcccagaggtgtgtccctggaa
tcctccaacctctgcatg (Seq ID No: 1243)

Homo sapiens embigin (EMB) :
ccgccttttcecttcagegtectaccecgeggecactggetgecgagegecgggeccacctgegagtgtgeg
cagggactctggacacccgcggcggcgagctgagggagcagtctccacgaggacccaggcecggaccce
tctggcgeccatg (Seq ID No: 1244)

Homo sapiens MMS22-like, DNA repair protein (MMS22L):
ccgcectttecggagecgecgggegegeggtggegggaatttegectgtttgeggtttagaccccaaag
attcctgttggtggtctgggtcacaggaggcaggtttcgggagctggaaatgtgagcgggtacgac
aggcaccgcgggtaaccgacgccccgggtceccttgectgcagececgggtacgecgggataccggcaccece
gccttcteccgeccgagtgectgeccaggegtgggectggaatctettcacaccttectetttggagcecce
ttaatgatacgacgaaccccaagtgtttcagaacatgaagtaaacaatg

(Seq ID No: 1245)

Homo sapiens chromosome 19 open reading frame 54 (Cl9orfb54):
actcctttcctttttccagtggttatcgecggegeccaccggectctgatctectgagtecttcectcecaa
cccacagacgttttttgttgctctggttccaggaccttctccacaactaggccatttteccctgeca
ggtgtcctttttgacctcttgacctctgactcaaagggectgctceccecectcatgtecttecggectgg
agaagagccagctcctgaaggaggcctttgataaggccggeccggtccccaagggcagagaagatg
tgaagaggcttctgaaactacacaaggaccggttccgaggtgacctgcggtggatcctecttctgtyg
cagacctgccgtccctcatccaagaaggccctcaatg (Seq ID No: 1246)
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Homo sapiens zinc finger protein 621 (ZNF621):
cgcccttecggetecggectttagttagtgaccageteccteggegttectgcagagegtgggtttcag
cgagttctacgtgccaggtccgceccecggtgecggettectegectgeccectggecggectecgtcagecce
cactacccctgaacttggtcccaatggcggeccgeccctecttcaccecggaccgtgggecatectggg
cctcgecgaagecgtcaaggtggctgectcecgggettcectagageccecgtgtecageectttgecaccga
ggcctgatcctcecttttctgeccctaaagaacttgececctgacagectetggectececgetecttgaggat
cttgcttgtccaaacccagaagacagtgcatgaagccaggggacatccgeccatg

(Seq ID No: 1247)

Homo sapiens family with sequence similarity 73, member A
(FAM73A) : ccgccttctccatg (Seqg ID No: 1248)

Homo sapiens RNA binding motif protein 43 (RBM43):
ccgccecttttcecttegtagecteccaagggagctggaacaaaaaacgaaaccaaaacctgectgetceg
ctcctcectecccatcecgectgegttcececgetggttgtgggetttetgeggecgectgagggegegtetece
cctccgceccatg (Seqg ID No: 1249)

Homo sapiens spermatogenesis and centriole associated 1 (SPATC1):
caccctceccttcagecccaggcaaggectggggecctgggecagecteccaggtgcagtgecctecegtg
ggccgcacccttgeccactgccccagggcatg (Seq ID No: 1250)

Homo sapiens carbonic anhydrase XIII (CAl3):
ctttctcttcctteccaccececgagggaccatg (Seq ID No: 1251)

Homo sapiens transglutaminase 2

(C polypeptide, protein-glutamine-gamma-glutamyltransferase)
(TGM2) :
cgctctccgcectecggcagtgccagecgecagtggtcgecacttggagggtctcgecgeccagtggaag
gagccaccgcccccgeccgaccatg (Seqg ID No: 1252)

Homo sapiens NOP2/Sun domain family, member 4 (NSUN4):
atttcctttcececttttttegetegtgtcececgecgggtggegetcaccacctcecececcggaacacgega
gtctcctgtegeggtteccggtecggaattaccececgtggagcacgecgatatg

(Seq ID No: 1253)

Homo sapiens mitochondrial ribosome recycling factor (MRRF):
gagtctttccttagtaacctgggcgatagctgtggatgtttccaaggattgtcttcagtcatg
(Seq ID No: 1254)

Homo sapiens PHD finger protein 17 (PHF17):
cttcctccataacaagccaaacgccagaccgagagtgcectecgtgegegagtgececggtgtgtgeg
cgccggcgagagcaggggcccgeccggcectecccgeccgecgeggeccgaactcatgcagetecgag
cgagcgagecggcgcececcageccagecgectecggecgaacccecteccgecagecaggetgectgetgtttee
cggggagatcatg (Seq ID No: 1255)

Homo sapiens prolylcarboxypeptidase (angiotensinase C) (PRCP):
cctecttttegecctcecccaccegecactgcagtcectccagectgagecatg
(Seq ID No: 1256)

Homo sapiens proteolipid protein 1 (PLP1):
aagcccttttcattgcaggagaagaggacaaagatactcagagagaaaaagtaaaagaccgaagaa
ggaggctggagagaccaggatccttccagctgaacaaagtcagccacaaagcagactagccagcecyg
gctacaattggagtcagagtcccaaagacatg (Seq ID No: 1257)



10

15

20

25

30

35

40

45

WO 2013/143700 PCT/EP2013/000938

241

Homo sapiens coiled-coil domain containing 80 (CCDC80):
cagccttctcactcctcactgagtccactctgaacgtgctaaaatgggaaggaggeggtgttttge
tgatctgttaaattcttagtgaagtttccttgatttccagtggectgectgttgtttgagtttggttt
ggagcaaaactgaggtagtcctaacatttctgggactgaatccaggcaagagaaagaagaaaaaga
agaagaaaaagaggaggaaaaaggtagggagaaataaagggaggagagaagcacagtgaaagaaaa
aaaaagtcccttttcgacatcacattcctgtgttttccctcagectggaaaacatattaatcccag
tgcttttacgcccggaaacaaagagactaagccagactatgggggaaagggagataagaaggatcc
tggaactttaaagagggaaagagtgagattcagaaatcgccaggactggactttaagggacgtcct
gtgtcagcacaagggactggcacacacagacacacgagaccgaggagaaactgcagacaaatggag
atacaaagacttagaaggacagctcctttcacctcatcctacttgtccagaaggtaaaaagacaca
gccagaaagaaaaggcatcggctcagctctcagatcaggacaggctgtggatctgtggecggtacte
tgaaagctggagctgcagcacaccccttttgtattgctcaccectecggtaaagagagagagggctygg
gaggaaaagtagttcatctaggaaactgtcctgggaaccaaacttctgatttcttttgcaaccctc
tgcattccatctctatgagccaccattggattacacaatg (Seq ID No: 1258)

Homo sapiens chromosome 20 open reading frame 44 (C20orf4d4):
cgacctctttgcgecctgcgeccccecttgecagtcectttcgeccggcaaaaggaggacgtagaaaaggg
gacaccggaaactcactcttcacccggaaatggttattgaggaacatg (Seq ID No: 1259)

Homo sapiens tryptophanyl tRNA synthetase 2, mitochondrial
(WARS2) : cgcccttctcaagatg (Seq ID No: 1260)

Homo sapiens myotubularin related protein 2 (MTMR2):
ctttccctgtgctgeccectgecgegecgatggagaagagctcgagetgcgagagtettggeteecag
ccggcggcggctecggecgeccagegtggactecttgtccagttaatgtgttaagageccattgacat

‘ttgaagatcatcagaagtgaagataaaacatctcaaaaattataattgcctccacttctcattcag

agaattcagtgcatacaaaatcagcttctgttgtatcatcagattccatttcaacttctgccgaca
acttttctcctgatttgaggagggagtctcgctctatccecctaggctggagtgcattggegecatce
tcggctcatttgcaacctcectgtctecccgggttcaagegattctectgectecagetteccgaggage
tgggattacaggtcctgagggagtctaacaagttagcagaaatg (Seq ID No: 1261)

Homo sapiens reticulon 3 (RTN3):
cgccctctagctgcgctcecggectgagtcagtcagtctgteggagtcectgtecteggagcaggecggagt
aaagggacttgagcgagccagttgccggattattctatttceccctecctctecteeccgececegtate
tcttttcacccttcectececcacecctegetecgegtagecatg (Seqg ID No: 1262)

Homo sapiens G protein-coupled receptor 56 (GPR56):
gtcccectceectctecgecactagetgtetgecctgeecctgecgtaggagatgggctgggagectccea
cgctctccagctcactcggcaggcagecggggaccagggctggcaggttaagectctgggggtggat
cctgaaaggtggtccagccgcectggecctgegtgggaccctceccacctggcagcagacagggtcteg
ctctgtcacacaggctggagtgcagtggtgtgatcttggctcatcgtaacctccacctcccgggtt
caagtgattctcatgcctcagcctcccgagtagectgggattacaggtggtgacttccaagagtgac
tcecgtcggaggaaaatg (Seq ID No: 1263)

Homo sapiens immunoglobulin superfamily containing leucine-rich re
peat (ISLR):
gctcctcectgecgectectcectcagtggatggtteccaggcacectgtectggggcagggagggecaca
ggcctgcacatcgaaggtggggtgggaccaggctgeccecctcgecccagecatccaagtecteecttg
ggcgcccgtggeccctgcagactctcagggctaaggtectectgttgetttttggttecaccttagaa
gaggctccgcecttgactaagagtagettgaaggaggcaccatg (Seq ID No: 1264)

Homo sapiens glycoprotein M6A (GPMG6A) :
atttcttttccccattttaaatgcaaagcaagacttgtgaatcatagtgtctctgetecctgggatt
cagaccaaatttccccccaaaattectcaggctatttgtttgaatacctgecttacagtggtacacaa
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tgggcagctttgagaagaaaaattgataatcttcacggaagagtaatttgaatgaaattacacttg
acagcctgtctccaagcaaacaagaggaacgagggagcctgagctaagctctgaggacttgeccaa
gccactgctgttggagcttcccaggaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaac
accagtttttccaacatctaattgagcttttgattaattccgtgtaccagattctactgaagaaag
gtagccatg (Seqg ID No: 1265)

Homo sapiens splicing factor 1 (SF1):
ctceccectetttgtgegtctecgegecgecgecgececgecgecgtgagaggacgggectecgegegeteeg
gcagcgcattcgggteccctcececceccecgggaggcttgcgaaggagaagecgeccgcagaggaaaagea
ggtgccggtgectgteccccgggggegecatg (Seq ID No: 1266)

Homo sapiens cell cycle associated protein 1 (CAPRIN1):
ccgccecctecgcecgacccagagggctgetggetggctaagtcecteccgeteccececggetectegectceac
taggagcggctctecggtgcagecgggacagggcgaagecggectgecgecccacggagegegecgacactg
cccggaagggaccgccacccttgeccecectcecagectgeccactegtgattteccageggecteccgegeg
cgcacgatg (Seq ID No: 1267)

Homo sapiens hypothetical protein FLJ90297 (LOC388152):
ctgccctcecttgegtgececccggceccacececececgggeggecttgtagecggtgecgeggggtggetgggget
acgtgcagagctgtcgcggagccggaacagcagcggtgaageccectecggectecggeccgagaccgecyg
tgcccattgctegecteggttgecgecgetttagecgcageecgetgectgeccgececgeccgggggagag
gcagcctattgtctttcteccgecggecgaaggtgaggagectgtcteggctecggececgegggggagecce
cgggagccgcacggagatggaggaggacatctggacagtgagcaggaggcgecteggceccatg
(Seq ID No: 1268)

Homo sapiens kelch-like ECH-associated protein 1 (KEAP1):
cgccctceteeccgectecttttecgggegteccgaggeccgecteccccaaccgacaaccaagacececgce
aggccacgcagccctggagccgaggccccceccgacggcggaggcecgeccgegggtecectacagecaa
ggtccctgagtgccagaggtggtggtgttgecttatcecttctggaaccecatg

(Seq ID No: 1269)

Homo sapiens F-box protein 38 (FBX038):
ctccctctcaaccacaataacaggcggagggtcggcgtaggtactttgaactcaagtaaacaaaag
ggaagattttctcgttgatactggagactgcacaacaatg (Seq ID No: 1270)

Homo sapiens musculoskeletal, embryonic nuclear protein 1

(MUSTN1) :
agatcttttccagcagctgctgcctgeccagagaggcgecttcagagacccagecgecttacacaatac
ccaccatg (Seqg ID No: 1271)

Homo sapiens QKI, KH domain containing, RNA binding (QKI):
cctectcectecggeggeggecggeggecggecggegggecggagtgagetgeggagectggaatatg
(Seq ID No: 1272)

Homo sapiens protein phosphatase 1, catalytic subunit, beta isofor
m (PPP1CB):
gggcctctecttgtttatttatttatttteccgtgggtgecteccgagtgtgecgegegetectcecgetacce
cggcggggagggggtggggggagggcccgggaaaagggggagttggagecggggtcgaaacgecge
gtgacttgtaggtgagagaacgccgagccgtecgecgecagecteccgeecgecgagaageccttgttec
cgctgctgggaaggagagtctgtgccgacaagatg (Seq ID No: 1273)

Homo sapiens methyltransferase like 21B (METTL21B):
cagcctctacccegetecggatcecgggatctgagecgecggecgeggtgeccaggeactececcttgge
gggccggatg (Seq ID No: 1274)
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Homo sapiens adaptor-related protein complex 3, mu 1 subunit
(AP3M1) :
cggccttctcecggcecttectceccagettecggtaggagaggatcecggecgecgaatcactgactggcacagg
tgttgggatagtgtctcacttggtcacccaggctggagtgcagtggcgcaatcttagcectctctaca
gcgtcgatcttcectectgggctcaagcaattcectectgettcatecectectgagtacctaggactaca
gaaaatg (Seq ID No: 1275)

Homo sapiens muscleblind-like splicing regulator 1 (MBNL1):

cagtcttttcactgcagctgaatgagttgtggcgcccacaatgctcccatgacaaggagctgacaa
gttccattttccgtecgecgggecatcttggaatcatgactcccacaatgecttgggcacttggtcegac
agtggggccgcecctctgaaaaaaaaatgtgagaggttggtactaagaagtgcectttectgacgtcetce
tgctgcttggaaccgcttctagagcagtctctgecttttgecttgecttgectgeccagetagactgtga
cgacagcacatccaccctccacctctagecccagacacccccatttctacttataatcaagagaaaa
gctctaagtatctggcattgccctaggctgectttagtgttaaaagaaaagtttgctgaaaaagtaa
gatatcttctgccaggaaatcaaggaggaaaaaaaaaatcattttctcgattttgectctaaactgce
tgcatctgtctatgccaaactaatcaataccgattgcaccaccaaactccattgcaaattcagetg
tgaggagattccctttcagacaactttgectgaaagcagecttggaaattcggtgtcgaagggtctge
cacgttttcatgcttgcattttgggctccaaattggcactgggaaggggttactgagagcacaagg
ctgataccaggccctacttttaaacgttcatctacttacaatcctagtatttctctaaaaaccaaa
acctctttgaattaacagtttcatgctgtgaatttctagtgggagatcttttecttgatattgacyg
acacaattttccatgtacttttaaagcagggagtggggaaaagtattttgaggggacattttcatc
atcagttcagctttttttttttggttgttgctecttttttgggggggttgggtttgttggtttcact

- gaaacatttaactacctgtaaaatctaaacatg (Seq ID No: 1276)

Homo sapiens lipid phosphate phosphatase-related protein type 1
(LPPR1):
cagccttttgctctttectttcattaaacaaacaggagatcctgaaacctggaccctgtgcaagcet
gcagcgccaggaggaggcagcggaggaagcagagcgegggatgggegeccageggcatetgtgatce
ccgcgcacctececgecccacgggcgcgegcacaaacacggacacacacatacacacactegcegcaca
cactcgcacaaacacacactcgtacacgcccgcgecgctcecgetecgecggettgecteteccacgeaa
gcggaatgcagcagcgcctggagagegtgtctcggaccgecgectgaatgtacctegetccecggga
gccggacggcccagtagggegecactggaggacgectceccgectgecgggagectggacagtttttgacgg
tgcagtcttgctatatggtgtgagaaatg (Seq ID No: 1277)

Homo sapiens muscleblind-like splicing regulator 2 (MBNL2):
ctgtctttgcttcatcatctgaaggtaaaattttccagatacggcagacggctttcagagtacaat
aaacagggaatgagaactatttacatggaagtttctttctcatgatgcggtggagaagcctcggcec
acttggttctgccagatgttcctggggttactgtaaatgggaaggacaggcagagctaaacaaggt
ttatcatttaaaagtgcctgtgtgaagtcacttttgctggaaaactgcagcttgggagetttettt
gtattcacatcccactcttctgtcaagtacactttaccctgaccttatgagtggatgaagatacct
cagttgtctgactttgccaattgcttaatttcagaatttaaaaaggggaaagaaaaacatcctgct
aaaatatgaacatctgagtgtcttattttccaacatcgtcaatagctgtgagecgtcagcattaaat
attctcccaaggagtgccatgatattgaagtcactttattaataacagctgtatctgcaaaacagt
caagagactcggacgttgaaagccagagatgacactgagcatgcttttattgcggectaccatectt
taagtgggacatattgattgatgagtgattgcctgtccatacactctctcatcatcctgttccettg
gattggacttcactaagcaatttatcactcaccttcagacttacatgtgggagttttcacaacagt
agttttggaatcattagaacttggattgatttcatcatttaacagaaacaaacagcccaaattact
ttatcaccatg (Seq ID No: 1278)

Homo sapiens chromosome 3 open reading frame 25 (C3orf25):
gcgcctttcecgcacgacttggagttacggtttatctgataccgecggtacecectacgcaagcaagece
acatcgacacacattcacacacgcccttcagcacccceccteccagecaccacgaccatg

(Seq ID No: 1279)
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Homo sapiens testis expressed 19 (TEX19):
cctectectttecctgggtgecccacatgaacagagacaccaggatgctctectgagaccacagcaa
ctgcagaagctgaagacatttccagaagttcaagcttccaccctctgcaggtcecceccactgagetgg
gacccaggtcatccaccccaccccaaatcectggataggaaaccecctttctectectgetecttgt
ccccttcatcectgeccgeccagecatecctactggecctcagecacctgtggecagaccgtccaagatcece
tctgaaggcccagctcttgctgtccaccccggcagtaggcaggcagectggecatg

(Seq ID No: 1280)

Homo sapiens protein kinase C, beta (PRKCB):
gcctcceccteccccgecagectggggecagecggtgccaagcgcagcectggacgageggcagecagcectggge
gagtgacagccccggcectecgecgegecgecggecgeccagagecggcgcaggggaagcgcccgeggcecce
cgggtgcagcagcggccgccgectcececegecgecteecececggeccgcageccgeggteececgeggeececyg
gggccggcacctctcgggctccggctecccecgegegcaagatg (Seq ID No: 1281)

Homo sapiens protein kinase N1 (PKN1):
ccctcectecgegeggggaccectggecgggecggcaggaggacatg (Seqg ID No: 1282)

Homo sapiens hemochromatosis type 2 (juvenile) (HFE2):
ccttctctggtteccecctgacctcagtgagacagcageccggectggggacctgggggagacacggagyg
accccctggctggagctgacccacagagtagggaatcatggectggagaattggatagcagagtaat
gtttgacctctggaaacatcacttacagggcttccggtcaaaattcactaggtaggagggtcatca
gctgggaagaaccggcgcctgggaaacctggectggataggtatg (Seqg ID No: 1283)

Homo sapiens ribosomal protein L9 (RPLY):
cgttctttctttgctgcgtctactgcgagaatg (Seqg ID No: 1284)

Homo sapiens ribosomal protein L3 (RPL3):
cggcctctaccggegggatttgatggegtgatg (Seq ID No: 1285)

Homo sapiens ribosomal protein. L4 (RPL4):
acttccttttcctgtggcagcagccgggctgagaggagegtggctgtctectcectctecgcecatg
(Seq ID No: 1286)

Homo sapiens ribosomal protein L5 (RPL5):
tggcccttttcecccacccectagegeecgetgggectgcaggtectetgtcgagecageggacgecggte
tctgttccgcaggatg (Seq ID No: 1287)

Homo sapiens ribosomal protein L6 (RPL6): aattctctttcccatcttgcaa-
gatg (Seq ID No: 1288)

Homo sapiens ribosomal protein L7 (RPL7): cttcctctttttccggectggaac—
catg (Seq ID No: 1289)

Homo sapiens ribosomal protein L7a (RPL7A):
ctttcctttetetctectecegecgeccaagatg (Seq ID No: 1290)

Homo sapiens ribosomal protein L11 (RPL11): ctttctcttcctgctctccat-
catg (Seq ID No: 1291)

Homo sapiens ribosomal protein L12 (RPL12):
cggcctcteggettteggctecggaggaggeccaaggtgcaacttectteggtecgtecccgaatccggg
ttcatccgacaccageccgectcecaccatg (Seqg ID No: 1292)
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Homo sapiens ribosomal protein L13 (RPL13):
gcttecctttecgeteggetgttttecctgegecaggagecgecagggecgtaggecagecatg
(Seq ID No: 1293)

Homo sapiens ribosomal protein L23 (RPL23):
acttccttttttcttttttccggegttcaagatg (Seqg ID No: 1294)

Homo sapiens ribosomal protein L18 (RPL18):
cgttctctctttcecggacctggccgagcaggaggegeccatcatg (Seq ID No: 1295)

Homo sapiens ribosomal protein L18a (RPL18A):
acttccttttgcgggtggcggcgaacgcggagagcacgecatg (Seq ID No: 1296)

Homo sapiens ribosomal protein L19 (RPL19):
agctctttcctttegectgetgeggecgcagecatg (Seq ID No: 1297)

Homo sapiens ribosomal protein L21 (RPL21):
gcctctttectttecggecggaaccgeccatcttccagtaattcgecaaaatyg

(Seq ID No: 1298)Homo sapiens ribosomal protein L22 (RPL22):
acctccctttctaactccgectgecgecatg (Seq ID No: 1299)

Homo sapiens ribosomal protein L23a (RPL23A): agacccttttcacaagatg
(Seg ID No: 1300)

Homo sapiens ribosomal protein L17 (RPL17):
cgctcttecctctttecctaagcagectgagggttgactggattggtgaggeccgtgtggectacttce
tgtggaagcagtgctgtagttactggaagataaaagggaaagcaagcccttggtgggggaaagtat
ggctgcgatgatggcatttcttaggacacctttggattaataatgaaaacaactactctctgagca
gctgttcgaatcatctgatatttatactgaatgagttactgtaagtacgtattgacagaattacac
tgtactttcctctaggtgatctgtgaaaatg (Seq ID No: 1301)

Homo sapiens ribosomal protein L24 (RPL24):
ttctectetttettttegecatecttttgtetttecgtggagetgtegecatyg
(Seq ID No: 1302)

Homo sapiens ribosomal protein L26 (RPL26):
agttctcttcecttttgcggeccatcaccgaagcgggagecggccaaaatyg
(Seq ID No: 1303)

Homo sapiens ribosomal protein L27 (RPL27):
ctttcctttttgctggtagggeccgggtggttgectgecgaaatg (Seqg ID No: 1304)

Homo sapiens ribosomal protein L30 (RPL30):
aagtctttcctttctcgttcececcggecatecttageggetgetgttggttgggggecgteccgetec
taaggcaggaagatg (Seq ID No: 1305)

Homo sapiens ribosomal protein L27a (RPL27A):
ccttcctttttegtctgggectgeccaacatg (Seq ID No: 1306)

Homo sapiens ribosomal protein L28 (RPL28):
cttcctcectttcecgtctcaggtecgecgetgcgaagggagecgecgecatg
(Seq ID No: 1307)



10

15

20

25

30

35

40

WO 2013/143700 PCT/EP2013/000938

246

Homo sapiens ribosomal protein L29 (RPL29):
cagcccctttcectettececggttctaggegecttcgggageccgeggettatggtgcagacatg
(Seq ID No: 1308)

Homo sapiens ribosomal protein L31 (RPL31):
cgctcttcctttccaacttggacgctgcagaatg (Seq ID No: 1309)

Homo sapiens ribosomal protein L32 (RPL32):
ccgtcecttcectcectettecteggegetgectacggaggtggcagecatctecttecteggecatcatg
(Seq ID No: 1310)

Homo sapiens ribosomal protein L35a (RPL35A):
cgtccttetcecttaccgecatcecttggetectgtggaggectgetgggaacgggacttctaaaaggaa
ctatg (Seq ID No: 1311)

Homo sapiens ribosomal protein L37 (RPL37):
ccttctcttecggtctttctggtctecggeccgcagaagecgagatg (Seq ID No: 1312)

Homo sapiens ribosomal protein L37a (RPL37A):
gcgtctcttectttctgggctcggacctaggtcgeggegacatg (Seg ID No: 1313)

Homo sapiens ribosomal protein L38 (RPL38):
cgttctttttcecgtecttttcecececggttgetgettgectgtgagtgtctctagggtgatacgtgggtyg
agaaaggtcctggtccgcgccagageccagegecgectegtegecatg (Seq ID No: 1314)

Homo sapiens ribosomal protein L39 (RPL39):
ccctectettectttetecgeccategtggtgtgttecttgactecgetgetegecatyg
(Seq ID No: 1315)

Homo sapiens ribosomal protein, large, PO (RPLPO):
aggcccttctctecgecaggecgtectecgtggaagtgacatecgtectttaaacectgegtggcaatecce
tgacgcaccgccgtgatg (Seq ID No: 1316)

Homo sapiens ribosomal protein, large, Pl (RPLP1):
cggtccttccgaggaagctaaggctgegttggggtgaggccctcacttcateccggecgactagcecacce
gcgtccggcagcgcecagcecctacactcecgeccgegecatg (Seq ID No: 1317)

Homo sapiens ribosomal protein, large, P2 (RPLPZ):
ccttecttttectececectgtecgecaccgaggtegcacgegtgagacttctecegecgecteecgecgea
gacgccgccgegatg (Seq ID No: 1318)

Homo sapiens ribosomal protein S3 (RPS3):
acttcctttectttcagcggagecgeggecggcaagatg (Seq ID No: 1319)

Homo sapiens ribosomal protein S3A (RPS3A):
ccgeccttttggctetetgaccagecaccatg (Seqg ID No: 1320)

Homo sapiens ribosomal protein S4, X-linked (RPS4X):
ggtcctctttceccttgectaacgcagecatg (Seqg ID No: 1321)

Homo sapiens ribosomal protein S4, Y-linked 1 (RPS4Y1l):
gattctcttccgtcgcagagtttcgecatg (Seq ID No: 1322)

Homo sapiens ribosomal protein S5 (RPS5):
ttttcttcccagttaaaagtgttggceccgeggecgegeggectettectgtectgtaccagggecggeg
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cgtggtctacgccgagtgacagagacgctcaggctgtgttctcaggatg
(Seqgq ID No: 1323)

Homo sapiens ribosomal protein S6 (RPS6):
ggccctettttcecgtggegectcggaggegttcagetgecttcaagatg (Seq ID No: 1324)

Homo sapiens ribosomal protein S$7 (RPS7):
gggtctcttcctaagcecggcgctcggcaagttctcccaggagaaagcecatyg
(Seq ID No: 1325)

Homo sapiens ribosomal protein S8 (RPS8):
gtttctctttccagccagegecgagegatg (Seq ID No: 1326)

Homo sapiens ribosomal protein S9 (RPS9):
gcgcectctttctcagtgaccgggtggtttgecttaggecgcagacggggaagcggagccaacatg
(Seq ID No: 1327)

Homo sapiens ribosomal protein S10 (RPS10):
gctccttectttceccageccecggtaccggaccctgcagecgcagagatyg (Seqg ID No: 1328)

Homo sapiens ribosomal protein S11 (RPS11):
ctgcccctttetttttttcaggcggccgggaagatg (Seq ID No: 1329)

Homo sapiens ribosomal protein S12 (RPS12):
aggcctctttcecctgececgecgecgagtecgegeggaggeggaggcttgggtgegttcaagattcaac
ttcacccgtaacccaccgeccatg (Seq ID No: 1330)

Homo sapiens ribosomal protein S13 (RPS13):
cgctctcctttegttgectgatcgecgeccatcatg (Seq ID No: 1331)

Homo sapiens ribosomal protein S15 (RPS15):
cgatctcttctgaggatccggcaagatg (Seq ID No: 1332)

Homo sapiens ribosomal protein S15a (RPS15A):
cgtcctctttecgecatcecttteccgegeccggtgagtagecactctctgagagetccaatttcateegt
ctgccatcggcgccatcecctgcaatctaagceccacaatg (Seq ID No: 1333)

Homo sapiens ribosomal protein S16 (RPS16):
ctttccttttccggttgeggegececgecgeggtgaggttgtctagteccacgetcggagecatg
(Seq ID No: 1334)

Homo sapiens ribosomal protein S19 (RPS19):
cgttcecctttccectggectggcagecgeggaggeccgecacgatg (Seq ID No: 1335)

Homo sapiens ribosomal protein S20 (RPS20):
ccacccctttectttttgaggaagacgecggtcgtaagggctgaggatttttggteccgecacgctectg
ctcctgactcaccgetgttcgectctecgeccgaggaacaagtcggtcaggaageccgegegcaacage
catg (Seqg ID No: 1336)

Homo sapiens ribosomal protein S21 (RPS21):
gcttectttectectectecgegegeggtgtggtggcagecaggecgcagecccagectecgaaatyg
(Seq ID No: 1337)

Homo sapiens ribosomal protein S$23 (RPS23):
gcttctctectttecgectcaggeccgtggegecgacaggatg (Seq ID No: 1338)
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Homo sapiens ribosomal protein S25 (RPS25):
gcttectttttgtccgacatcttgacgaggectgecggtgtectgetgetattecteccgagettegeaat
g (Seq ID No: 1339)

Homo sapiens ribosomal protein S26 (RPS26):
ccgtctectetcectecggtecgtgectccaagatg (Seqg ID No: 1340)

Homo sapiens ribosomal protein S27 (RPS27):
cgctccectttccggeggtgacgacctacgcacacgagaacatg (Seq ID No: 1341)

Homo sapiens ribosomal protein S28 (RPS28):
actcctctcecgecagaccgeccgecgegecgecatcatg (Seq ID No: 1342)

Homo sapiens ribosomal protein S29 (RPS29):
gcttcttecttttacctegttgcactgectgagagcaagatg (Seq ID No: 1343)

Homo sapiens ribosomal protein L15 (RPL15):
agctctttcecctttecegtectggecggecagecatcaggtaageccaagatyg (Seq ID No: 1344)

Homo sapiens ribosomal protein S2 (RPS2):
cgttcttcttttccgacaaaacaccaaatg (Seqg ID No: 1345)

Homo sapiens ribosomal protein L14 (RPL14):
gggtcttcttceccttctecgectaacgeccgeccaacatg (Seq ID No: 1346)

Homo sapiens ribosomal protein S14 (RPS14):
ctctctttceggtgtggagtctggagacgacgtgcagaaatg (Seq ID No: 1347)

Homo sapiens ribosomal protein L10 (RPL1O):
gcgcctctttecectteggtgtgecactgaagatectggtgtegecatg (Seq ID No: 1348)

Homo sapiens ribosomal protein L1l0a (RPL10A):
tagtctcttttccggttagecgecggecgtgagaageccatg (Seq ID No: 1349)

Homo sapiens ribosomal protein L35 (RPL35):
tcctetttecctecggagecgggeggecggegttggeggettgtgcagecaatyg
(Seq ID No: 1350)

Homo sapiens ribosomal protein Ll1l3a (RPL13A):
cctectectttteccaageggetgecgaagatg (Seq ID No: 1351)

Homo sapiens ribosomal protein L36 (RPL36):
cagcccttcecegeccacggeegtectcectggagagcagcagecatg (Seq ID No: 1352)

Homo sapiens ribosomal protein L36a (RPL36A):
gtttctttctttcecgegecgatagegectcacgcaagcatg (Seqg ID No: 1353)

Homo sapiens ribosomal protein L41 (RPL41):
tcgece tttctctcggecttagegcecatttttttggaaacctcectgegcecatg
(Seq ID No: 1354)

Homo sapiens ribosomal protein S18 (RPS18):
cgctctctcttccacaggaggcctacacgecgceccgettgtgectgcagecatg
(Seq ID No: 1355)
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Homo sapiens ribosomal protein S24 (RPS24):
ggttctcttttecteccttggetgtctgaagatagatcgeccatcatg (Seq ID No: 1356)

Homo sapiens ribosomal protein L8 (RPLS):
tttcetetttecggeccgegetggtgaacaggtaggtcatecttgeggecttgeggecatg
(Seq ID No: 1357)

Homo sapiens ribosomal protein L34 (RPL34):
cttcctecttececggggacgttgtctgcaggtatg (Seq ID No: 1358)

Homo sapiens ribosomal protein S17 (RPS17):
gtttcctcttttaccaaggacccgccaacatg (Seq ID No: 1359)

Homo sapiens ribosomal protein SA (RPSA):
ctgtcttttccgtgctacctgcagaggggtccatacggegttgttctggattccecgtecgtaactta
aagggaaattttcacaatg (Seq ID No: 1360)

Homo sapiens eukaryotic translation initiation factor 3, subunit C
(EIF3C):
cttctctctecggegtttecgetgtcagggececctgeggtgtgactecgegggectcagetggtcececggece
gtagcacctccgcgccgtegeccatg (Seq ID No: 1361)

Homo sapiens poly(A) binding protein, cytoplasmic 1 (PABPCI1):
cgctctcecctectctcacggaaaggtecgeggectgtggecctgecgggcagecgtgeccgagatg
(Seq ID No: 1362)

Homo sapiens tubulin, beta 1 class VI (TUBB1):
cactcccttccaaaagcatgacaggcagaaagcagagaagggccaggactggctgagggcggggag
ctgggcctctggggtggacacacccttggtcacattgtgagggtagecttggttggccagtcccacce
actgcagtgaccacagttgtgttgggctcacaccagtgaaccgaagctctggattctgagagtctg
aggattccgtgaagatctcagacttgggctcagagcaaggatg (Seq ID No: 1363)

PpLuc (GC) - A64N64

GGGAGAAAGCTTGAGGATGGAGGACGCCAAGAACATCAAGAAGGGCCCGGCGCCCTTCTA
CCCGCTGGAGGACGGGACCGCCGGCGAGCAGCTCCACAAGGCCATGAAGCGGTACGCCCT
GGTGCCGGGCACGATCGCCTTCACCGACGCCCACATCGAGGTCGACATCACCTACGCGGA
GTACTTCGAGATGAGCGTGCGCCTGGCCGAGGCCATGAAGCGGTACGGCCTGAACACCAA
CCACCGGATCGTGGTGTGCTCGGAGAACAGCCTGCAGTTCTTCATGCCGGTGCTGGGCGC
CCTCTTCATCGGCGTGGCCGTCGCCCCGGCGAACGACATCTACAACGAGCGGGAGCTGCT
GAACAGCATGGGGATCAGCCAGCCGACCGTGGTGTTCGTGAGCAAGAAGGGCCTGCAGAA
GATCCTGAACGTGCAGAAGAAGCTGCCCATCATCCAGAAGATCATCATCATGGACAGCAA
GACCGACTACCAGGGCTTCCAGTCGATGTACACGTTCGTGACCAGCCACCTCCCGCCGGG
CTTCAACGAGTACGACTTCGTCCCGGAGAGCTTCGACCGGGACAAGACCATCGCCCTGAT
CATGAACAGCAGCGGCAGCACCGGCCTGCCGAAGGGGGTGGCCCTGCCGCACCGGACCGT
CTGCGTGCGCTTCTCGCACGCCCGGGACCCCATCTTCGGCAACCAGATCATCCCGGACAC
CGCCATCCTGAGCGTGGTGCCGTTCCACCACGGCTTCGGCATGTTCACGACCCTGGGCTA
CCTCATCTGCGGCTTCCGGGTGGTCCTGATGTACCGGT TCGAGGAGGAGCTGTTCCTGCG
GAGCCTGCAGGACTACAAGATCCAGAGCGCGCTGCTCGTGCCGACCCTGTTCAGCTTCTT
CGCCAAGAGCACCCTGATCGACAAGTACGACCTGTCGAACCTGCACGAGATCGCCAGCGG
GGGCGCCCCGCTGAGCAAGGAGGTGGGCGAGGCCGTGGCCAAGCGGTTCCACCTCCCGGG
CATCCGCCAGGGCTACGGCCTGACCGAGACCACGAGCGCGATCCTGATCACCCCCGAGGG
GGACGACAAGCCGGGCGCCGTGGGCAAGGTGGTCCCGTTCT TCGAGGCCAAGGTGGTGGA
CCTGGACACCGGCAAGACCCTGGGCGTGAACCAGCGGGGCGAGCTGTGCGTGCGGGGGCC
GATGATCATGAGCGGCTACGTGAACAACCCGGAGGCCACCAACGCCCTCATCGACAAGGA
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CGGCTGGCTGCACAGCGGCGACATCGCCTACTGGGACGAGGACGAGCACTTCTTCATCGT
CGACCGGCTGAAGTCGCTGATCAAGTACAAGGGCTACCAGGTGGCGCCGGCCGAGCTGGA
GAGCATCCTGCTCCAGCACCCCAACATCTTCGACGCCGGCGTGGCCGGGCTGCCGGACGA
CGACGCCGGCGAGCTGCCGGCCGCGGTGGTGGTGCTGGAGCACGGCAAGACCATGACGGA
GAAGGAGATCGTCGACTACGTGGCCAGCCAGGTGACCACCGCCAAGAAGCTGCGGGGLGG
CGTGGTGTTCGTGGACGAGGTCCCGAAGGGCCTGACCGGGAAGCTCGACGCCCGGAAGAT
CCGCGAGATCCTGATCAAGGCCAAGAAGGGCGGCAAGATCGCCGTGTAAGACTAGTAGAT
CTAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAARA
AAAAAATGCATCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCARAAGGCTCTTTTCAGAGC
CACCAGAATT (SEQ ID No: 1364)

PpLuc (GC) - albumin7 - A64N64
GGGAGAAAGCTTGAGGATGGAGGACGCCAAGAACATCAAGAAGGGCCCGGCGCCCTTCTA
CCCGCTGGAGGACGGGACCGCCGGCGAGCAGCTCCACAAGGCCATGAAGCGGTACGCCCT
GGTGCCGGGCACGATCGCCTTCACCGACGCCCACATCGAGGTCGACATCACCTACGCGGA
GTACTTCGAGATGAGCGTGCGCCTGGCCGAGGCCATGAAGCGGTACGGCCTGAACACCAA
CCACCGGATCGTGGTGTGCTCGGAGAACAGCCTGCAGTTCTTCATGCCGGTGCTGGGCGC
CCTCTTCATCGGCGTGGCCGTCGCCCCGGCGAACGACATCTACAACGAGCGGGAGCTGCT
GAACAGCATGGGGATCAGCCAGCCGACCGTGGTGTTCGTGAGCAAGAAGGGCCTGCAGAA
GATCCTGAACGTGCAGAAGAAGCTGCCCATCATCCAGAAGATCATCATCATGGACAGCAA
GACCGACTACCAGGGCTTCCAGTCGATGTACACGTTCGTGACCAGCCACCTCCCGCCGGG
CTTCAACGAGTACGACTTCGTCCCGGAGAGCTTCGACCGGGACAAGACCATCGCCCTGAT
CATGAACAGCAGCGGCAGCACCGGCCTGCCGAAGGGGGTGGCCCTGCCGCACCGGALCCGC
CTGCGTGCGCTTCTCGCACGCCCGGGACCCCATCTTCGGCAACCAGATCATCCCGGACAC
CGCCATCCTGAGCGTGGTGCCGTTCCACCACGGCTTCGGCATGTTCACGACCCTGGGCTA
CCTCATCTGCGGCTTCCGGGTGGTCCTGATGTACCGGTTCGAGGAGGAGCTGTTCCTGCG
GAGCCTGCAGGACTACAAGATCCAGAGCGCGCTGCTCGTGCCGACCCTGTTCAGCTTCTT
CGCCAAGAGCACCCTGATCGACAAGTACGACCTGTCGAACCTGCACGAGATCGCCAGCGG
GGGCGCCCCGCTGAGCAAGGAGGTGGGCGAGGCCGTGGCCAAGCGGTTCCACCTCCLCGGG
CATCCGCCAGGGCTACGGCCTGACCGAGACCACGAGCGCGATCCTGATCACCCCCGAGGG
GGACGACAAGCCGGGCGCCGTGGGCAAGGTGGTCCCGTTCTTCGAGGCCAAGGTGGTGGA
CCTGGACACCGGCAAGACCCTGGGCGTGAACCAGCGGGGCGAGCTGTGCGTGCGGGGGCC
GATGATCATGAGCGGCTACGTGAACAACCCGGAGGCCACCAACGCCCTCATCGACAAGGA
CGGCTGGCTGCACAGCGGCGACATCGCCTACTGGGACGAGGACGAGCACTTCTTCATCGT
CGACCGGCTGAAGTCGCTGATCAAGTACAAGGGCTACCAGGTGGCGCCGGCCGAGCTGGA
GAGCATCCTGCTCCAGCACCCCAACATCTTCGACGCCGGCGTGGCCGGGCTGCCGGACGA
CGACGCCGGCGAGCTGCCGGCCGCGGTGGTGGTGCTGGAGCACGGCAAGACCATGACGGA
GAAGGAGATCGTCGACTACGTGGCCAGCCAGGTGACCACCGCCAAGAAGCTGCGGGGCGE
CGTGGTGTTCGTGGACGAGGTCCCGAAGGGCCTGACCGGGAAGCTCGACGCCCGGAAGAT
CCGCGAGATCCTGATCAAGGCCAAGAAGGGCGGCAAGATCGCCGTGTAAGACTAGTGCAT
CACATTTAAAAGCATCTCAGCCTACCATGAGAATAAGAGAAAGAAAATGAAGATCAATAG
CTTATTCATCTCTTTTTCTTTTTCGTTGGTGTAAAGCCAACACCCTGTCTAAAAAACATA
AATTTCTTTAATCATTTTGCCTCTTTTCTCTGTGCTTCAATTAATAAAAAATGGAAAGAA
CCTAGATCTAAAAAAAAAAAAAAAAAAAAAAAAAAAARAAAAAAAAAAAAAAAAARARAARL
AAAAADAAAAAARATGCATCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCAAAGGCTCTTT
TCAGAGCCACCAGAATT (SEQ ID No: 1365)

RPL32RPL32 - PpLuc(GC) - A64N64
GGGGCGCTGCCTACGGAGGTGGCAGCCATCTCCTTCTCGGCATCAAGCTTGAGGATGGAG
GACGCCAAGAACATCAAGAAGGGCCCGGCGCCCTTCTACCCGCTGGAGGACGGGACCGCC
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GGCGAGCAGCTCCACAAGGCCATGAAGCGGTACGCCCTGGTGCCGGGCACGATCGCCTTC
ACCGACGCCCACATCGAGGTCGACATCACCTACGCGGAGTACTTCGAGATGAGCGTGCGC
CTGGCCGAGGCCATGAAGCGGTACGGCCTGAACACCAACCACCGGATCGTGGTGTGCTCG
GAGAACAGCCTGCAGTTCTTCATGCCGGTGCTGGGCGCCCTCTTCATCGGCGTGGCCGTC
GCCCCGGCGAACGACATCTACAACGAGCGGGAGCTGCTGAACAGCATGGGGATCAGCCAG
CCGACCGTGGTGTTCGTGAGCAAGAAGGGCCTGCAGAAGATCCTGAACGTGCAGAAGAAG
CTGCCCATCATCCAGAAGATCATCATCATGGACAGCAAGACCGACTACCAGGGCTTCCAG
TCGATGTACACGTTCGTGACCAGCCACCTCCCGCCGGGCTTCAACGAGTACGACTTCGTC
CCGGAGAGCTTCGACCGGGACAAGACCATCGCCCTGATCATGAACAGCAGCGGCAGCACC
GGCCTGCCGAAGGGGGTGGCCCTGCCGCACCGGACCGCCTGCGTGCGCTTCTCGCACGLCC
CGGGACCCCATCTTCGGCAACCAGATCATCCCGGACACCGCCATCCTGAGCGTGGTGCCG
TTCCACCACGGCTTCGGCATGTTCACGACCCTGGGCTACCTCATCTGCGGCTTCCGGGTG
GTCCTGATGTACCGGTTCGAGGAGGAGCTGTTCCTGCGGAGCCTGCAGGACTACAAGATC
CAGAGCGCGCTGCTCGTGCCGACCCTGTTCAGCTTCTTCGCCAAGAGCACCCTGATCGAC
AAGTACGACCTGTCGAACCTGCACGAGATCGCCAGCGGGGGCGCCCCGCTGAGCAAGGAG
GTGGGCGAGGCCGTGGCCAAGCGGTTCCACCTCCCGGGCATCCGCCAGGGCTACGGCCTG
ACCGAGACCACGAGCGCGATCCTGATCACCCCCGAGGGGGACGACAAGCCGGGLCGCCGTG
GGCAAGGTGGTCCCGTTCTTCGAGGCCAAGGTGGTGGACCTGGACACCGGCAAGACCCTG
GGCGTGAACCAGCGGGGCGAGCTGTGCGTGCGGGGGCCGATGATCATGAGCGGCTACGTG
AACAACCCGGAGGCCACCAACGCCCTCATCGACAAGGACGGCTGGCTGCACAGCGGCGAC
ATCGCCTACTGGGACGAGGACGAGCACTTCTTCATCGTCGACCGGCTGAAGTCGCTGATC
AAGTACAAGGGCTACCAGGTGGCGCCGGCCGAGCTGGAGAGCATCCTGCTCCAGCACCCC
AACATCTTCGACGCCGGCGTGGCCGGGCTGCCGGACGACGACGCCGGCGAGCTGCCGGCC

"~ GCGGTGGTGGTGCTGGAGCACGGCAAGACCATGACGGAGAAGGAGATCGTCGACTACGTG

GCCAGCCAGGTGACCACCGCCAAGAAGCTGCGGGGCGGCGTGGTGTTCGTGGACGAGGTC
CCGAAGGGCCTGACCGGGAAGCTCGACGCCCGGAAGATCCGCGAGATCCTGATCAAGGCC
AAGAAGGGCGGCAAGATCGCCGTGTAAGACTAGTAGATCTAAAAAAAAAARAARAAARAA
AARAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAATGCATCCCCCCCCCCC
CCCCCCCCCCCCCCCCCCCCAAAGGCTCTTTTCAGAGCCACCAGAATT (SEQ ID No:

RPL32 - PpLuc(GC) - albumin7 - A64N64

GGGGCGCTGCCTACGGAGGTGGCAGCCATCTCCTTCTCGGCATCAAGCTTGAGGATGGAG
GACGCCAAGAACATCAAGAAGGGCCCGGCGCCCTTCTACCCGCTGGAGGACGGGALCCGLCC
GGCGAGCAGCTCCACAAGGCCATGAAGCGGTACGCCCTGGTGCCGGGCACGATCGCCTTC
ACCGACGCCCACATCGAGGTCGACATCACCTACGCGGAGTACTTCGAGATGAGCGTGCGC
CTGGCCGAGGCCATGAAGCGGTACGGCCTGAACACCAACCACCGGATCGTGGTGTGCTCG
GAGAACAGCCTGCAGTTCTTCATGCCGGTGCTGGGCGCCCTCTTCATCGGCGTGGCCGTC
GCCCCGGCGAACGACATCTACAACGAGCGGGAGCTGCTGAACAGCATGGGGATCAGCCAG
CCGACCGTGGTGTTCGTGAGCAAGAAGGGCCTGCAGAAGATCCTGAACGTGCAGAAGAAG
CTGCCCATCATCCAGAAGATCATCATCATGGACAGCAAGACCGACTACCAGGGCTTCCAG
TCGATGTACACGTTCGTGACCAGCCACCTCCCGCCGGGCTTCAACGAGTACGACTTCGTC
CCGGAGAGCTTCGACCGGGACAAGACCATCGCCCTGATCATGAACAGCAGCGGCAGCACC
GGCCTGCCGAAGGGGGTGGCCCTGCCGCACCGGACCGCCTGCGTGCGCTTCTCGCACGCC
CGGGACCCCATCTTCGGCAACCAGATCATCCCGGACACCGCCATCCTGAGCGTGGTGCCG
TTCCACCACGGCTTCGGCATGTTCACGACCCTGGGCTACCTCATCTGCGGCTTCCGGGTG
GTCCTGATGTACCGGTTCGAGGAGGAGCTGTTCCTGCGGAGCCTGCAGGACTACAAGATC
CAGAGCGCGCTGCTCGTGCCGACCCTGTTCAGCTTCTTCGCCAAGAGCACCCTGATCGAC
AAGTACGACCTGTCGAACCTGCACGAGATCGCCAGCGGGGGCGCCCCGCTGAGCAAGGAG
GTGGGCGAGGCCGTGGCCAAGCGGTTCCACCTCCCGGGCATCCGCCAGGGCTACGGCCTG
ACCGAGACCACGAGCGCGATCCTGATCACCCCCGAGGGGGACGACAAGCCGGGLGLLGETG
GGCAAGGTGGTCCCGTTCTTCGAGGCCAAGGTGGTGGACCTGGACACCGGCAAGACCCTG

1366)
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GGCGTGAACCAGCGGGGCGAGCTGTGCGTGCGGGGGCCGATGATCATGAGCGGCTACGTG
AACAACCCGGAGGCCACCAACGCCCTCATCGACAAGGACGGCTGGCTGCACAGCGGCGAC
ATCGCCTACTGGGACGAGGACGAGCACTTCTTCATCGTCGACCGGCTGAAGTCGCTGATC
AAGTACAAGGGCTACCAGGTGGCGCCGGCCGAGCTGGAGAGCATCCTGCTCCAGCACCCC
AACATCTTCGACGCCGGCGTGGCCGGGCTGCCGGACGACGACGCCGGCGAGCTGLLCGGLC
GCGGTGGTGGTGCTGGAGCACGGCAAGACCATGACGGAGAAGGAGATCGTCGACTACGTG
GCCAGCCAGGTGACCACCGCCAAGAAGCTGCGGGGCGGCETGGTGTTCGTGGACGAGGTC
CCGAAGGGCCTGACCGGGAAGCTCGACGCCCGGAAGATCCGCGAGATCCTGATCAAGGCC
AAGAAGGGCGGCAAGATCGCCGTGTAAGACTAGTGCATCACATTTAAAAGCATCTCAGCC
TACCATGAGAATAAGAGAAAGAAAATGAAGATCAATAGCTTATTCATCTCTTTTTCTTTT
TCGTTGGTGTAAAGCCAACACCCTGTCTAAAAAACATAAATTTCTTTAATCATTTTGCCT
CTTTTCTCTGTGCTTCAATTAATAAAAAATGGAAAGAACCTAGATCTAAAAAAAAAARAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAARAAARAATGCATCCCC
CCCCCCCCCCCCCCCCCCCCCCCCCCCAAAGGCTCTTTTCAGAGCCACCAGAATT (SEQ ID
No: 1367)

5’UTR of human ribosomal protein Large 32 (RPL32) lacking the 5’
terminal oligopyrimidine tract
GGCGCTGCCTACGGAGGTGGCAGCCATCTCCTTCTCGGCATC (SEQ ID No. 1368)

Human albumin 3’UTR

CATCACATTT AAAAGCATCT CAGCCTACCA TGAGAATAAG AGAAAGARAAA 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)
gctggagcctcggtggccatgcecttcttgececececttgggecteecceccagecectectececttectyg

cacccgtaccececgtggtetttgaataaagtctgagtgggegge (SEQ ID No: 1370)

3’UTR of Homo sapiens hemoglobin, alpha 2 (HBA2)
gctggagcctcggtagccgttectectgecegetgggecteccaacgggeectecteccectecttyg
caccggcccttectggtctttgaataaagtctgagtgggcag (SEQ ID No: 1371)

3’UTR of Homo sapiens hemoglobin, beta (HBB)
Gectcgcectttettgectgtccaatttctattaaaggttecctttgttececctaagteccaactactaaact
gggggatattatgaagggccttgagcatctggattctgectaataaaaaacatttattttcattge
(SEQ ID No: 1372)

3’UTR of Homo sapiens tyrosine hydroxylase (TH)
gtgcacggcgtccctgagggcecccttcecccaacctceecectggtectgcactgtcccggagetcaggcec

ctggtgaggggctgggtcccgggtgecccceccatgeecctecectgectgecaggetcccactgecectg
cacctgcttctcagcgcaacagctgtgtgtgecccgtggtgaggttgtgectgectgtggtgaggtec
tgtcctggcectcccagggtectgggggetgetgcactgecctecgececttececctgacactgtctget
gccccaatcaccgtcacaataaaagaaactgtggtctcta (SEQ ID No: 1373)

3’UTR of Homo sapiens arachidonate 15-lipoxygenase (ALOX15)
gcgtcgccaccctttggttatttcageccceccatcacccaageccacaagectgaccecttecgtggtta

tagccctgceccecctceccaagtceccaccctcecttecccatgtecccaccecctececctagaggggcaccttttca
tggtctctgcacccagtgaacacattttactctagaggcatcacctgggaccttactcctectttcce
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ttccttectectttectatettecttectetectectettectetttettcattcagatectatatgge
aaatagccacaattatataaatcatttcaagactagaatagggggatataatacatattactccac
accttttatgaatcaaatatgatttttttgttgttgttaagacagagtctcactttgacacccagg
ctggagtgcagtggtgccatcaccacggctcactgcagcectcagegtectgggectcaaatgatcect
cccacctcagectectgagtagectgggactacaggctcatgeccatcatgeccagetaatatttttt
tattttcgtggagacggggcctcactatgttgecctaggctggaaataggattttgaacccaaattyg
agtttaacaataataaaaagttgttttacgctaaagatggaaaagaactaggactgaactatttta
aataaaatattggc (SEQ ID No: 1374)

3"UTR of Homo sapiens collagen, type I, alpha 1 (COL1Al)
actccctccatcccaacctggectceccctceccacccaaccaactttecccecccaacccggaaacagaca

agcaacccaaactgaaccccctcaaaagccaaaaaatgggagacaatttcacatggactttggaaa
atatttttttcctttgcattcatctctcaaacttagtttttatctttgaccaaccgaacatgacca
aaaaccaaaagtgcattcaaccttaccaaaaaaaaaaaaaaaaaaagaataaataaataacttttt
aaaaaaggaagcttggtccacttgcttgaagacccatgcgggggtaagtccectttctgececegttgg
gcttatgaaaccccaatgctgecctttcectgetectttectccacacceccecceccttggggectcececectece
actccttcccaaatctgtctececcagaagacacaggaaacaatgtattgtcectgecccagcaatcaaa
ggcaatgctcaaacacccaagtggcccccaccctcagecccgetectgececcgecccagecacccccagg
ccctgggggacctggggttcectcagactgeccaaagaagecttgecatcectggegetceccecatggetett
gcaacatctccccttegtttttgagggggtcatgccgggggagecaccageccctcactgggtteg
gaggagagtcaggaagggccacgacaaagcagaaacatcggatttggggaacgcgtgtcaatccect
tgtgccgcagggctgggcgggagagactgttctgttecttgtgtaactgtgttgectgaaagactac
ctcgttcttgtcttgatgtgtcaccggggcaactgectgggggcggggatgggggcagggtggaag
cggctccccattttataccaaaggtgcectacatctatgtgatgggtggggtggggagggaatcactg
gtgctatagaaattgagatgcccccccaggeccagcaaatgttectttttgttcaaagtetattttt
attccttgatatttttectttttttttttttttttttgtggatggggacttgtgaatttttctaaag
gtgctatttaacatgggaggagagcgtgtgcggctccagcccageccgcectgectcactttccaccect
ctctccacctgcectctggecttcectcaggectectgetctecgacctcectectectectgaaaccctectcec
acagctgcagcccatcctececggectcecctectagtectgtectgegtectetgteccecgggttteag
agacaacttcccaaagcacaaagcagtttttccececctaggggtgggaggaagcaaaagactctgta
cctattttgtatgtgtataataatttgagatgtttttaattattttgattgctggaataaagecatg
tggaaatgacccaaacataa (SEQ ID No: 1375)

albumin7 3’UTR
CATCACATTTAAAAGCATCTCAGCCTACCATGAGAATAAGAGAAAGAAAATGAAGATCAATAGCTT
ATTCATCTCTTTTTCTTTTTCGTTGGTGTAAAGCCAACACCCTGTCTAAAAAACATAAATTTCTTT
AATCATTTTGCCTCTTTTCTCTGTGCTTCAATTAATAAAAAATGGARAAGAACCT (SEQ ID No:
1376)

Human albumin 3’/UTR + poly(A) sequence

CATCACATTT AAAAGCATCT CAGCCTACCA TGAGAATAAG AGAAAGAAAA TGAAGATCAA
AAGCTTATTC ATCTGTTTTT CTTTTTCGTT GGTGTAAAGC CAACACCCTG TCTAAAAAAC
ATAAATTTCT TTAATCATTT TGCCTCTTTT CTCTGTGCTT CAATTAATAA AAAATGGAAA
GAATCTAGAT CTAAAAAAAA AAAAAAAAAA AAAAAAAAAA AAAAAAAAAA AAAAAAAAAA
AAAAAAAAAA AAAAAA (SEQ ID No: 1377)
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Human albumin 3’UTR fragment 1

AAAAGCATCT CAGCCTACCA TGAGAATAAG
ATCTGTTTTT CTTTTTCGTT GGTGTAAAGC
TTAATCATTT TGCCTCTTTT CTCTGTGCTT

Human albumin 3’UTR fragment 2
CATCACATTT AAAAGCATCT CAGCCTACCA
AAGCTTATTC ATCTGTTTTT CTTTTTCGTT
1379)

Human albumin 3’UTR fragment 3
AAAAGCATCT CAGCCTACCA TGAGAATAAG
ATCTGTTTTT CTTTTTCGTT GGTGTAAAGC
1380)

Human albumin 3’/UTR fragment 4
CAGCCTACCA TGAGAATAAG AGAAAGAAAA
CTTTTTCGTT GGTGTAAAGC CAACACCCTIG
1381)

Human albumin 3UTR fragment 5
TGAGAATAAG AGAAAGAAAA TGAAGATCAA
GGTGTAAAGC CAACACCCTG TCTAAAAAAC
1382)

Human albumin 3’UTR fragment 6
AGAAAGAAAA TGAAGATCAA AAGCTTATTC
CAACACCCTG TCTAAAAAAC ATAAATTTCT
1383)

Human albumin 3’UTR fragment 7
TGAAGATCAA AAGCTTATTC ATCTGTTTTT
TCTAAAAAAC ATAAATTTCT TTAATCATTT
1384)

Human albumin 37UTR fragment 8
AAGCTTATTC ATCTGTTTTT CTTTTTCGTT
ATAAATTTCT TTAATCATTT TGCCTCTTTT
1385)

Human albumin 37UTR fragment 9
ATCTGTTTTT CTTTTTCGTT GGTGTAAAGC
TTAATCATTT TGCCTCTTTT CTCTGTGCTT
1386)

AGAAAGAAAA
CAACACCCTG
CAATT (SEQ

TGAGAATAAG
GGTGTAAAGC

AGAAAGAAAA
CAACACCCTG

TGAAGATCAA
TCTAAAAAAC

AAGCTTATTC
ATAAATTTCT

ATCTGTTTTT
TTAATCATTT

CTTTTTCGTT
TGCCTCTTTT

GGTGTAAAGC
CTCTGTGCTT

CAACACCCTG
CAATTAATAA

PCT/EP2013/000938

TGAAGATCAA
TCTAAAARAAC
ID No:

AGAAAGAAAA
CAACACCCTG

TGAAGATCAA
TCTAAAAAAC

AAGCTTATTC
ATAAATTTCT

ATCTGTTTTT
TTAATCATTT

CTTTTTCGTT
TGCCTCTTTT

GGTGTAAAGC
CTCTGTGCTT

CAACACCCTG
CAATTAATAA

TCTAAAAAAC
AAAATGGAAA

AAGCTTATTC
ATAAATTTCT

1378)

TGAAGATCAA
(SEQ ID No:

AAGCTTATTC
(SEQ ID No:

ATCTGTTTTT
(SEQ ID No:

CTTTTTCGTT
(SEQ ID No:

GGTGTAAAGC
(SEQ ID No:

CAACACCCTG
(SEQ ID No:

TCTAAAAAAC
(SEQ ID No:

ATAAATTTCT
(SEQ ID No:
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Human albumin 3’UTR fragment 10

CAGCCTACCA TGAGAATAAG AGAAAGAAAA TGAAGATCAA AAGCTTATTC ATCTGTTTTT
CTTTTTCGTT GGTGTAAAGC CAACACCCTG TCTAAAAAAC ATAAATTTCT TTAATCATTT
TGCCTCTTTT CTCTGTGCTT CAATTAATAA A (SEQ ID No: 1387)

Human albumin 3’UTR fragment 11

TGAAGATCAA AAGCTTATTC ATCTGTTTTT CTTTTTCGTT GGTGTAAAGC CAACACCCTG
TCTAAAAAAC ATAAATTTCT TTAATCATTT TGCCTCTTTT CTCTGTGCTT CAATTAATAA
A (SEQ ID No: 1388)

Human albumin 3’UTR fragment i2
CTTTTTCGTT GGTGTAAAGC CAACACCCTG TCTAAAAAAC ATAAATTTCT TTAATCATTT
TGCCTCTTTT CTCTGTGCTT CAATTAATAA A (SEQ ID No: 1389)

Human albumin 3’UTR fragment 13
AAGCTTATTC ATCTGTTTTT CTTTTTCGTT GGTGTAAAGC CAACACCCTG TCTAAAAAAC

(SEQ ID No: 1390)

Albumin7 3’UTR - poly(A) sequence - poly(C) sequence - HL
CATCACATTTAAAAGCATCTCAGCCTACCATGAGAATAAGAGAAAGAAAATGAAGATCAATAGCTT
ATTCATCTCTTTTTCTTTTTCGTTGGTGTARAGCCAACACCCTGTCTAAAAAACATAAATTTCTTT
AATCATTTTGCCTCTTTTCTCTGTGCTTCAATTAATAAAAAATGGAAAGAACCTAGATCTAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAARAAAAAAAAAAAAAARAAAAAAAAAAAAATGCATCCC
CCCCCCCCCCCCCCCCCCCCCCCCCCCCAARGGCTCTTTTCAGAGCCACCAGAATT (SEQ ID
No: 1391)

‘Albumin7 3’UTR - poly(A) sequence - poly(C) sequence

CATCACATTTAAAAGCATCTCAGCCTACCATGAGAATAAGAGAAAGAARATGAAGATCAATAGCTT
ATTCATCTCTTTTTCTTTTTCGTTGGTGTAAAGCCAACACCCTGTCTARAAAACATAAATTTCTTT
AATCATTTTGCCTCTTTTCTCTGTGCTTCAATTAATAAAAAATGGAAAGAACCTAGATCTAAAAAA
AAADAAAAAADAAAAADAAAAARAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAARATGCATCCC
CCCCCCCCCCCCCCCCCCCCCCCCCeeC (SEQ ID No: 1392)

Center, o-complex-binding portion of the 3’UTR of an a-globin gene
GCCCGATGGGCCTCCCAACGGGCCCTCCTCCCCTCCTTGCACCG (SEQ ID NO: 1393)

Histone stem-loop
CAAAGGCTCTTTTCAGAGCCACCA (SEQ ID NO: 1394)

ATP synthase lipid-binding protein, mitochondrial (atp5g2)
tagttt ctcctctcga acgccaggtg gagcaaccgg ccggataccg ccacagccct
ggcaggcggc gctgtgatg (SEQ ID NO: 1395)

RPL35 - PpLuc(GC) - albumin7 - A64N64

GGGGAGCGGGCGGCGGCGTTGGCGGCTTGTGCAGCAAAGCTTGAGGATGGAGGACGCCAA
GAACATCAAGAAGGGCCCGGCGCCCTTCTACCCGCTGGAGGACGGGACCGCCGGCGAGCA
GCTCCACAAGGCCATGAAGCGGTACGCCCTGGTGCCGGGCACGATCGCCTTCACCGALCGC
CCACATCGAGGTCGACATCACCTACGCGGAGTACTTCGAGATGAGCGTGCGCCTGGCCGA
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GGCCATGAAGCGGTACGGCCTGAACACCAACCACCGGATCGTGGTGTGCTCGGAGAACAG
CCTGCAGTTCTTCATGCCGGTGCTGGGCGCCCTCTTCATCGGCGTGGCCGTCGCCCCGGL
GAACGACATCTACAACGAGCGGGAGCTGCTGAACAGCATGGGGATCAGCCAGCCGACCGT
GGTGTTCGTGAGCAAGAAGGGCCTGCAGAAGATCCTGAACGTGCAGAAGAAGCTGCCCAT
CATCCAGAAGATCATCATCATGGACAGCAAGACCGACTACCAGGGCTTCCAGTCGATGTA
CACGTTCGTGACCAGCCACCTCCCGCCGGGCTTCAACGAGTACGACTTCGTCCCGGAGAG
CTTCGACCGGGACAAGACCATCGCCCTGATCATGAACAGCAGCGGCAGCACCGGCCTGCC
GAAGGGGGTGGCCCTGCCGCACCGGACCGCCTGCGTGCGCTTCTCGCACGCCCGGGACCC
CATCTTCGGCAACCAGATCATCCCGGACACCGCCATCCTGAGCGTGGTGCCGTTCCACCA
CGGCTTCGGCATGTTCACGACCCTGGGCTACCTCATCTGCGGCTTCCGGGTGGTCCTGAT
GTACCGGTTCGAGGAGGAGCTGTTCCTGCGGAGCCTGCAGGACTACAAGATCCAGAGCGC
GCTGCTCGTGCCGACCCTGTTCAGCTTCTTCGCCAAGAGCACCCTGATCGACAAGTACGA
CCTGTCGAACCTGCACGAGATCGCCAGCGGGGGCGCCCCGCTGAGCAAGGAGGTGGGCGA
GGCCGTGGCCAAGCGGTTCCACCTCCCGGGCATCCGCCAGGGCTACGGCCTGACCGAGAC
CACGAGCGCGATCCTGATCACCCCCGAGGGGGACGACAAGCCGGGCGCCGTGGGCAAGGT
GGTCCCGTTCTTCGAGGCCAAGGTGGTGGACCTGGACACCGGCAAGACCCTGGGCGTGAA
CCAGCGGGGCGAGCTGTGCGTGCGGGGGCCGATGATCATGAGCGGCTACGTGAACAACCC
GGAGGCCACCAACGCCCTCATCGACAAGGACGGCTGGCTGCACAGCGGCGACATCGCCTA
CTGGGACGAGGACGAGCACTTCTTCATCGTCGACCGGCTGAAGTCGCTGATCAAGTACAA
GGGCTACCAGGTGGCGCCGGCCGAGCTGGAGAGCATCCTGCTCCAGCACCCCAACATCTT
CGACGCCGGCGTGGCCGGGCTGCCGGACGACGACGCCGGCGAGCTGCCGGCLCGCGGTGGT
GGTGCTGGAGCACGGCAAGACCATGACGGAGAAGGAGATCGTCGACTACGTGGCCAGCCA
GGTGACCACCGCCAAGAAGCTGCGGGGCGGCGTGGTGTTCGTGGACGAGGTCCCGAAGGG
CCTGACCGGGAAGCTCGACGCCCGGAAGATCCGCGAGATCCTGATCAAGGCCAAGAAGGG
CGGCAAGATCGCCGTGTAAGACTAGTGCATCACATTTAAAAGCATCTCAGCCTACCATGA
GAATAAGAGAAAGAAAATGAAGATCAATAGCTTATTCATCTCTTTTTCTTTTTCGTTGGT
GTAAAGCCAACACCCTGTCTAAAAAACATAAATTTCTTTAATCATTTTGCCTCTTTTCTC
TGTGCTTCAATTAATAAAAAATGGAAAGAACCTAGATCTAAAAAAAAAAAAARAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAARAAAAAAAATGCATCCCCCCCCCCCC

CCCCCCCCCCCCCCCCCCCARAGGCTCTTTTCAGAGCCACCAGAATT (SEQ ID NO: 1396)

RPL21 - PpLuc(GC) - albumin7 - A64N64

GGGGCCGGAACCGCCATCTTCCAGTAATTCGCCAAAAAGCTTGAGGATGGAGGACGCCAA
GAACATCAAGAAGGGCCCGGCGCCCTTCTACCCGCTGGAGGACGGGACCGCCGGCGAGCA
GCTCCACAAGGCCATGAAGCGGTACGCCCTGGTGCCGGGCACGATCGCCTTCACCGACGC
CCACATCGAGGTCGACATCACCTACGCGGAGTACTTCGAGATGAGCGTGCGCCTGGCCGA
GGCCATGAAGCGGTACGGCCTGAACACCAACCACCGGATCGTGGTGTGCTCGGAGAACAG
CCTGCAGTTCTTCATGCCGGTGCTGGGCGCCCTCTTCATCGGCGTGGCCGTCGCCCCGGC
GAACGACATCTACAACGAGCGGGAGCTGCTGAACAGCATGGGGATCAGCCAGCCGACCGT
GGTGTTCGTGAGCAAGAAGGGCCTGCAGAAGATCCTGAACGTGCAGAAGAAGCTGCCCAT
CATCCAGAAGATCATCATCATGGACAGCAAGACCGACTACCAGGGCTTCCAGTCGATGTA
CACGTTCGTGACCAGCCACCTCCCGCCGGGCTTCAACGAGTACGACTTCGTCCCGGAGAG
CTTCGACCGGGACAAGACCATCGCCCTGATCATGAACAGCAGCGGCAGCACCGGLCCTGCC
GAAGGGGGTGGCCCTGCCGCACCGGACCGCCTGCGTGCGCTTCTCGCACGCCCGGGACCC
CATCTTCGGCAACCAGATCATCCCGGACACCGCCATCCTGAGCGTGGTGCCGTTCCACCA
CGGCTTCGGCATGTTCACGACCCTGGGCTACCTCATCTGCGGCTTCCGGGTGGTCCTGAT
GTACCGGTTCGAGGAGGAGCTGTTCCTGCGGAGCCTGCAGGACTACAAGATCCAGAGCGC
GCTGCTCGTGCCGACCCTGTTCAGCTTCTTCGCCAAGAGCACCCTGATCGACAAGTACGA
CCTGTCGAACCTGCACGAGATCGCCAGCGGGGGCGCCCCGCTGAGCAAGGAGGTGGGLCGA
GGCCGTGGCCAAGCGGTTCCACCTCCCGGGCATCCGCCAGGGCTACGGCCTGACCGAGAC
CACGAGCGCGATCCTGATCACCCCCGAGGGGGACGACAAGCCGGGCGCCGTGGGCAAGGT
GGTCCCGTTCTTCGAGGCCAAGGTGGTGGACCTGGACACCGGCAAGACCCTGGGCGTGAA
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CCAGCGGGGCGAGCTGTGCGTGCGGGGGCCGATGATCATGAGCGGCTACGTGAACAACCC
GGAGGCCACCAACGCCCTCATCGACAAGGACGGCTGGCTGCACAGCGGCGACATCGCCTA
CTGGGACGAGGACGAGCACTTCTTCATCGTCGACCGGCTGAAGTCGCTGATCAAGTACAA
GGGCTACCAGGTGGCGCCGGCCGAGCTGGAGAGCATCCTGCTCCAGCACCCCAACATCTT
CGACGCCGGCGTGGCCGGGCTGCCGGACGACGACGCCGGCGAGCTGCCGGCCGCGGTGGT
GGTGCTGGAGCACGGCAAGACCATGACGGAGAAGGAGATCGTCGACTACGTGGCCAGCCA
GGTGACCACCGCCAAGAAGCTGCGGGGCGGCGTGGTGTTCGTGGACGAGGTCCCGAAGGG
CCTGACCGGGAAGCTCGACGCCCGGAAGATCCGCGAGATCCTGATCAAGGCCAAGAAGGG
CGGCAAGATCGCCGTGTAAGACTAGTGCATCACATTTAAAAGCATCTCAGCCTACCATGA
GAATAAGAGAAAGAARAATGAAGATCAATAGCTTATTCATCTCTTTTTCTTTTTCGTTGGT
GTAAAGCCAACACCCTGTCTAAAAAACATAAATTTCTTTAATCATTTTGCCTCTTTTCTC
TGTGCTTCAATTAATAAAAAATGGAAAGAACCTAGATCTAAAAAAAAAAAARAAAAAARA
AAAAAAAAAAAAAAAAAARAAAAAAAAAAAAAAAAAAAAAAAATGCATCCCCCCCCCCCC
CCCCCCCCCCCCCCCCCCCAAAGGCTCTTTTCAGAGCCACCAGAATT (SEQ ID NO:

ATP5A1 - PpLuc(GC) - albumin7 - A64N64
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
CTGCGGGGCGGCGTGGTGTTCGTGGACGAGGTCCCGAAGGGCCTGACCGGGAAGCTCGAC
GCCCGGAAGATCCGCGAGATCCTGATCAAGGCCAAGAAGGGCGGCAAGATCGCCGTGTAA
GACTAGTGCATCACATTTAAAAGCATCTCAGCCTACCATGAGAATAAGAGARAGAAAATG
AAGATCAATAGCTTATTCATCTCTTTTTCTTTTTCGTTGGTGTAAAGCCAACACCCTGTC
TAAAAAACATAAATTTCTTTAATCATTTTGCCTCTTTTCTCTGTGCTTCAATTAATAAAA
AATGGAAAGAACCTAGATCTAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAARAAA
AAAAAAAAAAAAAAAAAAAAAAAATGCATCCCCCCCCCCCCCCLLCeeeeeeeeceeece
AAAGGCTCTTTTCAGAGCCACCAGAATT (SEQ ID NO: 1398)
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HSD17B4 - PpLuc(GC) - albumin7 - A64N64
GGGTCCCGCAGTCGGCGTCCAGCGGCTCTGCTTGTTCGTGTGTGTGTCGTTGCAGGCCTT
ATTCAAGCTTGAGGATGGAGGACGCCAAGAACATCAAGAAGGGCCCGGCGCCCTTCTACC
CGCTGGAGGACGGGACCGCCGGCGAGCAGCTCCACAAGGCCATGAAGCGGTACGCCCTGG
TGCCGGGCACGATCGCCTTCACCGACGCCCACATCGAGGTCGACATCACCTACGCGGAGT
ACTTCGAGATGAGCGTGCGCCTGGCCGAGGCCATGAAGCGGTACGGCCTGAACACCAACC
ACCGGATCGTGGTGTGCTCGGAGAACAGCCTGCAGTTCTTCATGCCGGTGCTGGGCGCCC
TCTTCATCGGCGTGGCCGTCGCCCCGGCGAACGACATCTACAACGAGCGGGAGCTGCTGA
ACAGCATGGGGATCAGCCAGCCGACCGTGGTGTTCGTGAGCAAGAAGGGCCTGCAGAAGA
TCCTGAACGTGCAGAAGAAGCTGCCCATCATCCAGAAGATCATCATCATGGACAGCAAGA
CCGACTACCAGGGCTTCCAGTCGATGTACACGTTCGTGACCAGCCACCTCCCGCCGGGCT
TCAACGAGTACGACTTCGTCCCGGAGAGCTTCGACCGGGACAAGACCATCGCCCTGATCA
TGAACAGCAGCGGCAGCACCGGCCTGCCGAAGGGGGTGGCCCTGCCGCACCGGALCCGLCT
GCGTGCGCTTCTCGCACGCCCGGGACCCCATCTTCGGCAACCAGATCATCCCGGACACCG
CCATCCTGAGCGTGGTGCCGTTCCACCACGGCTTCGGCATGTTCACGACCCTGGGCTACC
TCATCTGCGGCTTCCGGGTGGTCCTGATGTACCGGTTCGAGGAGGAGCTGTTCCTGCGGA
GCCTGCAGGACTACAAGATCCAGAGCGCGCTGCTCGTGCCGACCCTGTTCAGCTTCTTCG
CCAAGAGCACCCTGATCGACAAGTACGACCTGTCGAACCTGCACGAGATCGCCAGCGGGG
GCGCCCCGCTGAGCAAGGAGGTGGGCGAGGCCGTGGCCAAGCGGTTCCACCTCCCGGGCA
TCCGCCAGGGCTACGGCCTGACCGAGACCACGAGCGCGATCCTGATCACCCCCGAGGGGG
ACGACAAGCCGGGCGCCGTGGGCAAGGTGGTCCCGTTCTTCGAGGCCAAGGTGGTGGACC
TGGACACCGGCAAGACCCTGGGCGTGAACCAGCGGGGCGAGCTGTGCGTGCGGGGGCCGA
TGATCATGAGCGGCTACGTGAACAACCCGGAGGCCACCAACGCCCTCATCGACAAGGACG
GCTGGCTGCACAGCGGCGACATCGCCTACTGGGACGAGGACGAGCACTTCTTCATCGTCG
ACCGGCTGAAGTCGCTGATCAAGTACAAGGGCTACCAGGTGGCGCCGGCCGAGCTGGAGA
GCATCCTGCTCCAGCACCCCAACATCTTCGACGCCGGCGTGGCCGGGCTGCCGGACGACG
ACGCCGGCGAGCTGCCGGCCGCGGTGGTGGTGCTGGAGCACGGCAAGACCATGACGGAGA
AGGAGATCGTCGACTACGTGGCCAGCCAGGTGACCACCGCCAAGAAGCTGCGGGGCGGCG
TGGTGTTCGTGGACGAGGTCCCGAAGGGCCTGACCGGGAAGCTCGACGCCCGGAAGATCC
GCGAGATCCTGATCAAGGCCAAGAAGGGCGGCAAGATCGCCGTGTAAGACTAGTGCATCA
CATTTAAAAGCATCTCAGCCTACCATGAGAATAAGAGAAAGAARATGAAGATCAATAGCT
TATTCATCTCTTTTTCTTTTTCGTTGGTGTAAAGCCAACACCCTGTCTAAAAAACATAAA
TTTCTTTAATCATTTTGCCTCTTTTCTCTGTGCTTCAATTAATAAAAAATGGAAAGAACC
TAGATCTAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAARAAAAAANAAAARAAAA
AAAAAARAARAAATGCATCCCCCCCCCCCCCCCCeeeeceeceecCCCCAAAGGCTCTTTTC
AGAGCCACCAGAATT (SEQ ID NO: 1399)

AIGl - PpLuc(GC) - albumin77 - A64N64

GGGCCGCCCAGCCGGTCCAGGCCTCTGGCGAACAAGCTTGAGGATGGAGGACGCCAAGAA
CATCAAGAAGGGCCCGGCGCCCTTCTACCCGCTGGAGGACGGGACCGCCGGCGAGCAGCT
CCACAAGGCCATGAAGCGGTACGCCCTGGTGCCGGGCACGATCGCCTTCACCGACGCCCA
CATCGAGGTCGACATCACCTACGCGGAGTACTTCGAGATGAGCGTGCGCCTGGCCGAGGC
CATGAAGCGGTACGGCCTGAACACCAACCACCGGATCGTGGTGTGCTCGGAGAACAGCCT
GCAGTTCTTCATGCCGGTGCTGGGCGCCCTCTTCATCGGCGTGGCCGTCGCCCCGGCGAA
CGACATCTACAACGAGCGGGAGCTGCTGAACAGCATGGGGATCAGCCAGCCGACCGTGGT
GTTCGTGAGCAAGAAGGGCCTGCAGAAGATCCTGAACGTGCAGAAGAAGCTGCCCATCAT
CCAGAAGATCATCATCATGGACAGCAAGACCGACTACCAGGGCTTCCAGTCGATGTACAC
GTTCGTGACCAGCCACCTCCCGCCGGGCTTCAACGAGTACGACTTCGTCCCGGAGAGCTT
CGACCGGGACAAGACCATCGCCCTGATCATGAACAGCAGCGGCAGCACCGGCCTGCCGAA
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GGGGGTGGCCCTGCCGCACCGGACCGCCTGCGTGCGCTTCTCGCACGCCCGGGACCCCAT
CTTCGGCAACCAGATCATCCCGGACACCGCCATCCTGAGCGTGGTGCCGTTCCACCACGG
CTTCGGCATGTTCACGACCCTGGGCTACCTCATCTGCGGCTTCCGGGTGGTCCTGATGTA
CCGGTTCGAGGAGGAGCTGTTCCTGCGGAGCCTGCAGGACTACAAGATCCAGAGCGCGCT
GCTCGTGCCGACCCTGTTCAGCTTCTTCGCCAAGAGCACCCTGATCGACAAGTACGACCT
GTCGAACCTGCACGAGATCGCCAGCGGGGGCGCCCCGCTGAGCAAGGAGGTGGGCGAGGC
CGTGGCCAAGCGGTTCCACCTCCCGGGCATCCGCCAGGGCTACGGCCTGACCGAGACCAC
GAGCGCGATCCTGATCACCCCCGAGGGGGACGACAAGCCGGGCGCCGTGGGCAAGGTGGT

‘CCCGTTCTTCGAGGCCAAGGTGGTGGACCTGGACACCGGCAAGACCCTGGGCGTGAACCA

GCGGGGCGAGCTGTGCGTGCGGGGGCCGATGATCATGAGCGGCTACGTGAACAACCCGGA
GGCCACCAACGCCCTCATCGACAAGGACGGCTGGCTGCACAGCGGCGACATCGCCTACTG
GGACGAGGACGAGCACTTCTTCATCGTCGACCGGCTGAAGTCGCTGATCAAGTACAAGGG
CTACCAGGTGGCGCCGGCCGAGCTGGAGAGCATCCTGCTCCAGCACCCCAACATCTTCGA
CGCCGGCGTGGCCGGGCTGCCGGACGACGACGCCGGCGAGCTGCCGGCCGCGGTGGTGGT
GCTGGAGCACGGCAAGACCATGACGGAGAAGGAGATCGTCGACTACGTGGCCAGCCAGGT
GACCACCGCCAAGAAGCTGCGGGGCGGCGTGGTGTTCGTGGACGAGGTCCCGAAGGGCCT
GACCGGGAAGCTCGACGCCCGGAAGATCCGCGAGATCCTGATCAAGGCCAAGAAGGGCGG
CAAGATCGCCGTGTAAGACTAGTGCATCACATTTAAAAGCATCTCAGCCTACCATGAGAA
TAAGAGAAAGAAAATGAAGATCAATAGCTTATTCATCTCTTTTTCTTTTTCGTTGGTGTA
AAGCCAACACCCTGTCTAAAAAACATAAATTTCTTTAATCATTTTGCCTCTTTTCTCTGT
GCTTCAATTAATAAAAAATGGAAAGAACCTAGATCTAAAAAAAAAAAAAAAAAAAARAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAATGCATCCCCCCCCCCCCCCC

-CCCCCCCCCCCCCCCCAAAGGCTCTTTTCAGAGCCACCAGAATT (SEQ ID NO: 1400)

COX6C - PpLuc(GC) - albumin7 - A64N64

GGAGTCAGGAAGGACGTTGGTGTTGAGGTTAGCATACGTATCAAGGACAGTAACTACCAA
GCTTGAGGATGGAGGACGCCAAGAACATCAAGAAGGGCCCGGCGCCCTTCTACCCGCTGG
AGGACGGGACCGCCGGCGAGCAGCTCCACAAGGCCATGAAGCGGTACGCCCTGGTGCCGG
GCACGATCGCCTTCACCGACGCCCACATCGAGGTCGACATCACCTACGCGGAGTACTTCG
AGATGAGCGTGCGCCTGGCCGAGGCCATGAAGCGGTACGGCCTGAACACCAACCACCGGA
TCGTGGTGTGCTCGGAGAACAGCCTGCAGTTCTTCATGCCGGTGCTGGGCGCCCTCTTCA
TCGGCGTGGCCGTCGCCCCGGCGAACGACATCTACAACGAGCGGGAGCTGCTGAACAGCA
TGGGGATCAGCCAGCCGACCGTGGTGTTCGTGAGCAAGAAGGGCCTGCAGAAGATCCTGA
ACGTGCAGAAGAAGCTGCCCATCATCCAGAAGATCATCATCATGGACAGCAAGACCGACT
ACCAGGGCTTCCAGTCGATGTACACGTTCGTGACCAGCCACCTCCCGCCGGGCTTCAACG
AGTACGACTTCGTCCCGGAGAGCTTCGACCGGGACAAGACCATCGCCCTGATCATGAACA
GCAGCGGCAGCACCGGCCTGCCGAAGGGGGTGGCCCTGCCGCACCGGACCGCCTGCGTGL
GCTTCTCGCACGCCCGGGACCCCATCTTCGGCAACCAGATCATCCCGGACACCGCCATCC
TGAGCGTGGTGCCGTTCCACCACGGCTTCGGCATGTTCACGACCCTGGGCTACCTCATCT
GCGGCTTCCGGGTGGTCCTGATGTACCGGTTCGAGGAGGAGCTGTTCCTGCGGAGCCTGC
AGGACTACAAGATCCAGAGCGCGCTGCTCGTGCCGACCCTGTTCAGCTTCTTCGCCAAGA
GCACCCTGATCGACAAGTACGACCTGTCGAACCTGCACGAGATCGCCAGCGGGGGLCGCCC
CGCTGAGCAAGGAGGTGGGCGAGGCCGTGGCCAAGCGGTTCCACCTCCCGGGCATCCGCC
AGGGCTACGGCCTGACCGAGACCACGAGCGCGATCCTGATCACCCCCGAGGGGGACGACA
AGCCGGGCGCCGTGGGCAAGGTGGTCCCGTTCTTCGAGGCCAAGGTGGTGGACCTGGACA
CCGGCAAGACCCTGGGCGTGAACCAGCGGGGCGAGCTGTGCGTGCGGGGGCCGATGATCA
TGAGCGGCTACGTGAACAACCCGGAGGCCACCAACGCCCTCATCGACAAGGACGGCTGGC
TGCACAGCGGCGACATCGCCTACTGGGACGAGGACGAGCACTTCTTCATCGTCGACCGGL
TGAAGTCGCTGATCAAGTACAAGGGCTACCAGGTGGCGCCGGCCGAGCTGGAGAGCATCC
TGCTCCAGCACCCCAACATCTTCGACGCCGGCGTGGCCGGGCTGCCGGACGACGACGCCG
GCGAGCTGCCGGCCGCGGTGGTGGTGCTGGAGCACGGCAAGACCATGACGGAGAAGGAGA
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TCGTCGACTACGTGGCCAGCCAGGTGACCACCGCCAAGAAGCTGCGGGGCGGCGTGGTGT
TCGTGGACGAGGTCCCGAAGGGCCTGACCGGGAAGCTCGACGCCCGGAAGATCCGCGAGA
TCCTGATCAAGGCCAAGAAGGGCGGCAAGATCGCCGTGTAAGACTAGTGCATCACATTTA
AAAGCATCTCAGCCTACCATGAGAATAAGAGAAAGAAAATGAAGATCAATAGCTTATTCA
TCTCTTTTTCTTTTTCGTTGGTGTAAAGCCAACACCCTGTCTAAAAAACATAAATTTCTT
TAATCATTTTGCCTCTTTTCTCTGTGCTTCAATTAATAAAAAATGGAAAGAACCTAGATC
TAAAAAAAAAAAARAAAAAAAAAAARAAAAARAAAAARAAAAAAAAAAARAAARARARAAARAA
AARAAATGCATCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCAAAGGCTCTTTTCAGAGCC
ACCAGAATT (SEQ ID NO: 1401)

ASAH1 - PpLuc(GC) - albumin7 - A64N64

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
AAGAAGGGCGGCAAGATCGCCGTGTAAGACTAGTGCATCACATTTAAAAGCATCTCAGCC
TACCATGAGAATAAGAGAAAGAAAATGAAGATCAATAGCTTATTCATCTCTTTTTCTTTT
TCGTTGGTGTAARAGCCAACACCCTGTCTAAAAAACATAAATTTCTTTAATCATTTTGCCT
CTTTTCTCTGTGCTTCAATTAATAAAAAATGGAAAGAACCTAGATCTAARAAARAAAAAAA
AAAAAAAAAAAAAAAAAAAAAAAAAARRAAAAAAAAAAAAAAAARAAAAAAATGCATCCCC
CCCCCCCCCCCCCCCCCCCCCCCCCCCARAGGCTCTTTTCAGAGCCACCAGAATT (SEQ
NO: 1402)

mRPL21 - PpLuc(GC) - albumin7 - A64N64
GGGGCCGCCGCAGCCATCTTCCAGTAACTCGCCAAAAAGCTTGAGGATGGAGGACGCCAA
GAACATCAAGAAGGGCCCGGCGCCCTTCTACCCGCTGGAGGACGGGACCGCCGGCGAGCA
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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
GAATAAGAGAAAGAAAATGAAGATCAATAGCTTATTCATCTCTTTTTCTTTTTCGTTGGT
GTAAAGCCAACACCCTGTCTAAAAAACATAAATTTCTTTAATCATTTTGCCTCTTTTCTC
TGTGCTTCAATTAATAAAAAATGGAAAGAACCTAGATCTAAAAAAAAAAAAAAAANANAA
AAAAAAAAANAAAAAAAAAAAAARAAAAAAAAAAAAAAARAAAAATGCATCCCCCCCCCCCC
CCCCCCCCCCCCCCCCCCCARAAGGCTCTTTTCAGAGCCACCAGAATT (SEQ ID NO:

mRPL35A -~ PpLuc(GC) - albumin7 - A64N64

GGGCCATCTTGGCGCCTGTGGAGGCCTGCTGGGAACAGGACTTCTAACAGCAAGTAAGCT
TGAGGATGGAGGACGCCAAGAACATCAAGAAGGGCCCGGCGCCCTTCTACCCGCTGGAGG
ACGGGACCGCCGGCGAGCAGCTCCACAAGGCCATGAAGCGGTACGCCCTGGTGCCGGGCA
CGATCGCCTTCACCGACGCCCACATCGAGGTCGACATCACCTACGCGGAGTACTTCGAGA
TGAGCGTGCGCCTGGCCGAGGCCATGAAGCGGTACGGCCTGAACACCAACCACCGGATCG
TGGTGTGCTCGGAGAACAGCCTGCAGTTCTTCATGCCGGTGCTGGGCGCCCTCTTCATCG
GCGTGGCCGTCGCCCCGGCGAACGACATCTACAACGAGCGGGAGCTGCTGAACAGCATGG
GGATCAGCCAGCCGACCGTGGTGTTCGTGAGCAAGAAGGGCCTGCAGAAGATCCTGAACG
TGCAGAAGAAGCTGCCCATCATCCAGAAGATCATCATCATGGACAGCAAGACCGACTACC
AGGGCTTCCAGTCGATGTACACGTTCGTGACCAGCCACCTCCCGCCGGGCTTCAACGAGT
ACGACTTCGTCCCGGAGAGCTTCGACCGGGACAAGACCATCGCCCTGATCATGAACAGCA
GCGGCAGCACCGGCCTGCCGAAGGGGGTGGCCCTGCCGCACCGGACCGCCTGCGTGCGCT
TCTCGCACGCCCGGGACCCCATCTTCGGCAACCAGATCATCCCGGACACCGCCATCCTGA
GCGTGGTGCCGTTCCACCACGGCTTCGGCATGTTCACGACCCTGGGCTACCTCATCTGCG
GCTTCCGGGTGGTCCTGATGTACCGGTTCGAGGAGGAGCTGTTCCTGCGGAGCCTGCAGG
ACTACAAGATCCAGAGCGCGCTGCTCGTGCCGACCCTGTTCAGCTTCTTCGCCAAGAGCA
CCCTGATCGACAAGTACGACCTGTCGAACCTGCACGAGATCGCCAGCGGGGGLCGLCCCLCGL
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TGAGCAAGGAGGTGGGCGAGGCCGTGGCCAAGCGGTTCCACCTCCCGGGCATCCGCCAGG
GCTACGGCCTGACCGAGACCACGAGCGCGATCCTGATCACCCCCGAGGGGGACGACAAGC
CGGGCGCCGTGGGCAAGGTGGTCCCGTTCTTCGAGGCCAAGGTGGTGGACCTGGACACCG
GCAAGACCCTGGGCGTGAACCAGCGGGGCGAGCTGTGCGTGCGGGGGCCGATGATCATGA
GCGGCTACGTGAACAACCCGGAGGCCACCAACGCCCTCATCGACAAGGACGGCTGGCTGC
ACAGCGGCGACATCGCCTACTGGGACGAGGACGAGCACTTCTTCATCGTCGACCGGCTGA
AGTCGCTGATCAAGTACAAGGGCTACCAGGTGGCGCCGGCCGAGCTGGAGAGCATCCTGC
TCCAGCACCCCAACATCTTCGACGCCGGCGTGGCCGGGCTGCCGGACGACGACGCCGGLG
AGCTGCCGGCCGCGGTGGTGGTGCTGGAGCACGGCAAGACCATGACGGAGAAGGAGATCG
TCGACTACGTGGCCAGCCAGGTGACCACCGCCAAGAAGCTGCGGGGCGGCGTGGTGTTCG
TGGACGAGGTCCCGAAGGGCCTGACCGGGAAGCTCGACGCCCGGAAGATCCGCGAGATCC
TGATCAAGGCCAAGAAGGGCGGCAAGATCGCCGTGTAAGACTAGTGCATCACATTTAAAA
GCATCTCAGCCTACCATGAGAATAAGAGAAAGAAAATGAAGATCAATAGCTTATTCATCT
CTTTTTCTTTTTCGTTGGTGTAAAGCCAACACCCTGTCTAAAARACATAAATTTCTTTAA
TCATTTTGCCTCTTTTCTCTGTGCTTCAATTAATAAAAAATGGAAAGAACCTAGATCTAA
AAAAAAAAAAAAAAAAAAAAAAARAAAAAAAAAAAAAARAAAAAAAARAAAAAAARAAARAAA
AATGCATCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCAAAGGCTCTTTTCAGAGCCACC
AGAATT (SEQ ID NO: 1404)

RPL35 ~ PpLuc(GC) - A64N64
GGGGAGCGGGCGGCGGCGTTGGCGGCTTGTGCAGCAAAGCTTGAGGATGGAGGACGCCAA
GAACATCAAGAAGGGCCCGGCGCCCTTCTACCCGCTGGAGGACGGGACCGCCGGCGAGLCA
GCTCCACAAGGCCATGAAGCGGTACGCCCTGGTGCCGGGCACGATCGCCTTCACCGACGC
CCACATCGAGGTCGACATCACCTACGCGGAGTACTTCGAGATGAGCGTGCGCCTGGCCGA
GGCCATGAAGCGGTACGGCCTGAACACCAACCACCGGATCGTGGTGTGCTCGGAGAACAG
CCTGCAGTTCTTCATGCCGGTGCTGGGCGCCCTCTTCATCGGCGTGGCCGTCGCCCCGGC
GAACGACATCTACAACGAGCGGGAGCTGCTGAACAGCATGGGGATCAGCCAGCCGACCGT
GGTGTTCGTGAGCAAGAAGGGCCTGCAGAAGATCCTGAACGTGCAGAAGAAGCTGCCCAT
CATCCAGAAGATCATCATCATGGACAGCAAGACCGACTACCAGGGCTTCCAGTCGATGTA
CACGTTCGTGACCAGCCACCTCCCGCCGGGCTTCAACGAGTACGACTTCGTCCCGGAGAG
CTTCGACCGGGACAAGACCATCGCCCTGATCATGAACAGCAGCGGCAGCACCGGCCTGLC
GAAGGGGGTGGCCCTGCCGCACCGGACCGCCTGCGTGCGCTTCTCGCACGCCCGGGACCC
CATCTTCGGCAACCAGATCATCCCGGACACCGCCATCCTGAGCGTGGTGCCGTTCCACCA
CGGCTTCGGCATGTTCACGACCCTGGGCTACCTCATCTGCGGCTTCCGGGTGGTCCTGAT
GTACCGGTTCGAGGAGGAGCTGTTCCTGCGGAGCCTGCAGGACTACAAGATCCAGAGCGC
GCTGCTCGTGCCGACCCTGTTCAGCTTCTTCGCCAAGAGCACCCTGATCGACAAGTACGA
CCTGTCGAACCTGCACGAGATCGCCAGCGGGGGCGCCCCGCTGAGCAAGGAGGTGGGCGA
GGCCGTGGCCAAGCGGTTCCACCTCCCGGGCATCCGCCAGGGCTACGGCCTGACCGAGAC
CACGAGCGCGATCCTGATCACCCCCGAGGGGGACGACAAGCCGGGCGCCGTGGGCAAGGT
GGTCCCGTTCTTCGAGGCCAAGGTGGTGGACCTGGACACCGGCAAGACCCTGGGCGTGAA
CCAGCGGGGCGAGCTGTGCGTGCGGGGGCCGATGATCATGAGCGGCTACGTGAACAACCC
GGAGGCCACCAACGCCCTCATCGACAAGGACGGCTGGCTGCACAGCGGCGACATCGCCTA
CTGGGACGAGGACGAGCACTTCTTCATCGTCGACCGGCTGAAGTCGCTGATCAAGTACAA
GGGCTACCAGGTGGCGCCGGCCGAGCTGGAGAGCATCCTGCTCCAGCACCCCAACATCTT
CGACGCCGGCGTGGCCGGGCTGCCGGACGACGACGCCGGCGAGCTGCCGGCCGCGGTGGT
GGTGCTGGAGCACGGCAAGACCATGACGGAGAAGGAGATCGTCGACTACGTGGCCAGCCA
GGTGACCACCGCCAAGAAGCTGCGGGGCGGCGTGGTGTTCGTGGACGAGGTCCCGAAGGG
CCTGACCGGGAAGCTCGACGCCCGGAAGATCCGCGAGATCCTGATCAAGGCCAAGAAGGG
CGGCAAGATCGCCGTGTAAGACTAGTAGATCTAAAAAAAAAAAAAAAARAAARAAAAAARA
AAAAAAAAAAAAAAAAAAAAAAAAAANAANAAAAAAATGCATCCCCCCCCCCeeeceeecee
CCCCCCCCCCCCARAAGGCTCTTTTCAGAGCCACCAGAATT (SEQ ID NO: 1405)
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RPL21 - PpLuc(GC) - A64N64
GGGGCCGGAACCGCCATCTTCCAGTAATTCGCCAARAAAGCTTGAGGATGGAGGACGCCAA
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
CGGCAAGATCGCCGTGTAAGACTAGTAGATCTAAAAAAAAAAAAAAARAAAARNARAADA
AAAAAAARAAAAAAAAAAAAAAAARAAAAAAAAAAAAATGCATCCCCCCCCCCCCCCCeeeC
CCCCCCCCCCCCAAAGGCTCTTTTCAGAGCCACCAGAATT (SEQ ID NO: 1406)

ATP5A1 - PpLuc(GC) - A64N64

GGGCGGCTCGGCCATTTTGTCCCAGTCAGTCCGGAGGCTGCGGCTGCAGAAGTACCGCCT
GCGGAGTAACTGCAAAGAAGCTTGAGGATGGAGGACGCCAAGAACATCAAGAAGGGCCCG
GCGCCCTTCTACCCGCTGGAGGACGGGACCGCCGGCGAGCAGCTCCACAAGGCCATGAAG
CGGTACGCCCTGGTGCCGGGCACGATCGCCTTCACCGACGCCCACATCGAGGTCGACATC
ACCTACGCGGAGTACTTCGAGATGAGCGTGCGCCTGGCCGAGGCCATGAAGCGGTACGGC
CTGAACACCAACCACCGGATCGTGGTGTGCTCGGAGAACAGCCTGCAGTTCTTCATGCCG
GTGCTGGGCGCCCTCTTCATCGGCGTGGCCGTCGCCCCGGCGAACGACATCTACAACGAG
CGGGAGCTGCTGAACAGCATGGGGATCAGCCAGCCGACCGTGGTGTTCGTGAGCAAGAAG
GGCCTGCAGAAGATCCTGAACGTGCAGAAGAAGCTGCCCATCATCCAGAAGATCATCATC
ATGGACAGCAAGACCGACTACCAGGGCTTCCAGTCGATGTACACGTTCGTGACCAGCCAC
CTCCCGCCGGGCTTCAACGAGTACGACTTCGTCCCGGAGAGCTTCGACCGGGACAAGACC
ATCGCCCTGATCATGAACAGCAGCGGCAGCACCGGCCTGCCGAAGGGGGTGGCCCTGCCG
CACCGGACCGCCTGCGTGCGCTTCTCGCACGCCCGGGACCCCATCTTCGGCAACCAGATC
ATCCCGGACACCGCCATCCTGAGCGTGGTGCCGTTCCACCACGGCTTCGGCATGTTCACG
ACCCTGGGCTACCTCATCTGCGGCTTCCGGGTGGTCCTGATGTACCGGTTCGAGGAGGAG
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CTGTTCCTGCGGAGCCTGCAGGACTACAAGATCCAGAGCGCGCTGCTCGTGCCGACCCTG
TTCAGCTTCTTCGCCAAGAGCACCCTGATCGACAAGTACGACCTGTCGAACCTGCACGAG
ATCGCCAGCGGGGGCGCCCCGCTGAGCAAGGAGGTGGGCGAGGCCGTGGCCAAGCGGTTC
CACCTCCCGGGCATCCGCCAGGGCTACGGCCTGACCGAGACCACGAGCGCGATCCTGATC
ACCCCCGAGGGGGACGACAAGCCGGGCGCCGTGGGCAAGGTGGTCCCGTTCTTCGAGGCC
AAGGTGGTGGACCTGGACACCGGCAAGACCCTGGGCGTGAACCAGCGGGGCGAGCTGTGC
GTGCGGGGGCCGATGATCATGAGCGGCTACGTGAACAACCCGGAGGCCACCAACGCCCTC
ATCGACAAGGACGGCTGGCTGCACAGCGGCGACATCGCCTACTGGGACGAGGACGAGCAC
TTCTTCATCGTCGACCGGCTGAAGTCGCTGATCAAGTACAAGGGCTACCAGGTGGCGCCG
GCCGAGCTGGAGAGCATCCTGCTCCAGCACCCCAACATCTTCGACGCCGGCGTGGCCGGG
CTGCCGGACGACGACGCCGGCGAGCTGCCGGCCGCGGTGGTGGTGCTGGAGCACGGCAAG
ACCATGACGGAGAAGGAGATCGTCGACTACGTGGCCAGCCAGGTGACCACCGCCAAGAAG
CTGCGGGGCGGCGTGGTGTTCGTGGACGAGGTCCCGAAGGGCCTGACCGGGAAGCTCGAC
GCCCGGAAGATCCGCGAGATCCTGATCAAGGCCAAGAAGGGCGGCAAGATCGCCGTGTAA
GACTAGTAGATCTAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAARAAAAANAARAA
AAAAAAAAAARAAAPAAAATGCATCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCAAAGGCT
CTTTTCAGAGCCACCAGAATT (SEQ ID NO: 1407)

HSD17B4 - PpLuc(GC) - A64N64
GGGTCCCGCAGTCGGCGTCCAGCGGCTCTGCTTGTTCGTGTGTGTGTCGTTGCAGGCCTT
ATTCAAGCTTGAGGATGGAGGACGCCAAGAACATCAAGAAGGGCCCGGCGCCCTTCTACC
CGCTGGAGGACGGGACCGCCGGCGAGCAGCTCCACAAGGCCATGAAGCGGTACGCCCTGG
TGCCGGGCACGATCGCCTTCACCGACGCCCACATCGAGGTCGACATCACCTACGCGGAGT
ACTTCGAGATGAGCGTGCGCCTGGCCGAGGCCATGAAGCGGTACGGCCTGAACACCAACC
ACCGGATCGTGGTGTGCTCGGAGAACAGCCTGCAGTTCTTCATGCCGGTGCTGGGCGCCC
TCTTCATCGGCGTGGCCGTCGCCCCGGCGAACGACATCTACAACGAGCGGGAGCTGCTGA
ACAGCATGGGGATCAGCCAGCCGACCGTGGTGTTCGTGAGCAAGAAGGGCCTGCAGAAGA
TCCTGAACGTGCAGAAGAAGCTGCCCATCATCCAGARGATCATCATCATGGACAGCAAGA
CCGACTACCAGGGCTTCCAGTCGATGTACACGTTCGTGACCAGCCACCTCCCGCCGGGCT
TCAACGAGTACGACTTCGTCCCGGAGAGCTTCGACCGGGACAAGACCATCGCCCTGATCA
TGAACAGCAGCGGCAGCACCGGCCTGCCGAAGGGGGTGGCCCTGCCGCACCGGACCGCCT
GCGTGCGCTTCTCGCACGCCCGGGACCCCATCTTCGGCAACCAGATCATCCCGGACACCG
CCATCCTGAGCGTGGTGCCGTTCCACCACGGCTTCGGCATGTTCACGACCCTGGGCTACC
TCATCTGCGGCTTCCGGGTGGTCCTGATGTACCGGTTCGAGGAGGAGCTGTTCCTGCGGA
GCCTGCAGGACTACAAGATCCAGAGCGCGCTGCTCGTGCCGACCCTGTTCAGCTTCTTCG
CCAAGAGCACCCTGATCGACAAGTACGACCTGTCGAACCTGCACGAGATCGCCAGCGGGG
GCGCCCCGCTGAGCAAGGAGGTGGGCGAGGCCGTGGCCAAGCGGTTCCACCTCCCGGGCA
TCCGCCAGGGCTACGGCCTGACCGAGACCACGAGCGCGATCCTGATCACCCCCGAGGGGG
ACGACAAGCCGGGCGCCGTGGGCAAGGTGGTCCCGTTCTTCGAGGCCAAGGTGGTGGACC
TGGACACCGGCAAGACCCTGGGCGTGAACCAGCGGGGCGAGCTGTGCGTGCGGGGGCCGA
TGATCATGAGCGGCTACGTGAACAACCCGGAGGCCACCARCGCCCTCATCGACAAGGACG
GCTGGCTGCACAGCGGCGACATCGCCTACTGGGACGAGGACGAGCACTTCTTCATCGTCG
ACCGGCTGAAGTCGCTGATCAAGTACAAGGGCTACCAGGTGGCGCCGGCCGAGCTGGAGA
GCATCCTGCTCCAGCACCCCAACATCTTCGACGCCGGCGTGGCCGGGCTGCCGGACGACG
ACGCCGGCGAGCTGCCGGCCGCGGTGGTGGTGCTGGAGCACGGCAAGACCATGACGGAGA
AGGAGATCGTCGACTACGTGGCCAGCCAGGTGACCACCGCCAAGAAGCTGCGGGGCGGCG
TGGTGTTCGTGGACGAGGTCCCGAAGGGCCTGACCGGGAAGCTCGACGCCCGGARGATCC
GCGAGATCCTGATCAAGGCCAAGAAGGGCGGCAAGATCGCCGTGTAAGACTAGTAGATCT
AAAAAAAAARAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAARAAAAARAA
AAAATGCATCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCARAGGCTCTTTTCAGAGCCA
CCAGAATT (SEQ ID NO: 1408)



10

15

20

25

30

35

40

45

50

WO 2013/143700 PCT/EP2013/000938

265

AIGl - PpLuc(GC) -~ A64N64
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
GCTGGAGCACGGCAAGACCATGACGGAGAAGGAGATCGTCGACTACGTGGCCAGCCAGGT
GACCACCGCCAAGAAGCTGCGGGGCGGCGTGGTGTTCGTGGACGAGGTCCCGAAGGGCCT
GACCGGGAAGCTCGACGCCCGGAAGATCCGCGAGATCCTGATCAAGGCCAAGAAGGGCGG
CAAGATCGCCGTGTAAGACTAGTAGATCTAAAAAAAAARAAAAAAARAAAAAAAAAAAARAA
ARAAAAAAAAAAAAAAAAAAAAAAAAAAAARAAATGCATCCCCCCCCCCCCCCCLCCCeee
CCCCCCCCCARAAGGCTCTTTTCAGAGCCACCAGAATT (SEQ ID NO: 1409)

COX6C - PpLuc(GC) - A64N64

GGAGTCAGGAAGGACGTTGGTGTTGAGGTTAGCATACGTATCAAGGACAGTAACTACCAA
GCTTGAGGATGGAGGACGCCAAGAACATCAAGAAGGGCCCGGCGCCCTTCTACCCGCTGG
AGGACGGGACCGCCGGCGAGCAGCTCCACAAGGCCATGAAGCGGTACGCCCTGGTGCCGG
GCACGATCGCCTTCACCGACGCCCACATCGAGGTCGACATCACCTACGCGGAGTACTTCG
AGATGAGCGTGCGCCTGGCCGAGGCCATGAAGCGGTACGGCCTGAACACCAACCACCGGA
TCGTGGTGTGCTCGGAGAACAGCCTGCAGTTCTTCATGCCGGTGCTGGGCGCCCTCTTCA
TCGGCGTGGCCGTCGCCCCGGCGAACGACATCTACAACGAGCGGGAGCTGCTGAACAGCA
TGGGGATCAGCCAGCCGACCGTGGTGTTCGT GAGCAAGAAGGGCCTGCAGAAGATCCTGA
ACGTGCAGAAGAAGCTGCCCATCATCCAGAAGATCATCATCATGGACAGCAAGACCGACT
ACCAGGGCTTCCAGTCGATGTACACGTTCGTGACCAGCCACCTCCCGCCGGGCTTCARCG
AGTACGACTTCGTCCCGGAGAGCTTCGACCGGGACAAGACCATCGCCCTGATCATGAACA
GCAGCGGCAGCACCGGCCTGCCGAAGGGGGTGGCCCTGCCGCACCGGACCGCCTGCGTGC
GCTTCTCGCACGCCCGGGACCCCATCTTCGGCAACCAGATCATCCCGGACACCGCCATCC
TGAGCGTGGTGCCGTTCCACCACGGCTTCGGCATGT TCACGACCCTGGGCTACCTCATCT
GCGGCTTCCGGGTGGTCCTGATGTACCGGTTCGAGGAGGAGCTGTTCCTGCGGAGCCTGC
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AGGACTACAAGATCCAGAGCGCGCTGCTCGTGCCGACCCTGTTCAGCTTCTTCGCCAAGA
GCACCCTGATCGACAAGTACGACCTGTCGAACCTGCACGAGATCGCCAGCGGGGGCGCCC
CGCTGAGCAAGGAGGTGGGCGAGGCCGTGGCCAAGCGGTTCCACCTCCCGGGCATCCGCC
AGGGCTACGGCCTGACCGAGACCACGAGCGCGATCCTGATCACCCCCGAGGGGGACGACA
AGCCGGGCGCCGTGGGCAAGGTGGTCCCGTTCTTCGAGGCCAAGGTGGTGGACCTGGACA
CCGGCAAGACCCTGGGCGTGAACCAGCGGGGCGAGCTGTGCGTGCGGGGGCCGATGATCA
TGAGCGGCTACGTGAACAACCCGGAGGCCACCAACGCCCTCATCGACAAGGACGGCTGGC
TGCACAGCGGCGACATCGCCTACTGGGACGAGGACGAGCACTTCTTCATCGTCGACCGGC
TGAAGTCGCTGATCAAGTACAAGGGCTACCAGGTGGCGCCGGCCGAGCTGGAGAGCATCC
TGCTCCAGCACCCCAACATCTTCGACGCCGGCGTGGCCGGGCTGCCGGACGACGACGCCG
GCGAGCTGCCGGCCGCGGTGGTGGTGCTGGAGCACGGCAAGACCATGACGGAGAAGGAGA
TCGTCGACTACGTGGCCAGCCAGGTGACCACCGCCAAGAAGCTGCGGGGCGGCGTGGTGT
TCGTGGACGAGGTCCCGAAGGGCCTGACCGGGAAGCTCGACGCCCGGAAGATCCGCGAGA
TCCTGATCAAGGCCAAGAAGGGCGGCAAGATCGCCGTGTAAGACTAGTAGATCTAAAAAA
AAAAAAAAAAAAAAAAAAAPAAPAAARAAAAARAAAAAAAANAAAAAAAAAAAAAAAARRATG
CATCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCAAAGGCTCTTTTCAGAGCCACCAGAA
TT (SEQ ID NO: 1410)

ASAH]1 - PpLuc(GC) - A64N64

GGGCCTCTGCTGGAGTCCGGGGAGTGGCGTTGGCTGCTAGAGCGAAGCTTGAGGATGGAG
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
AAGAAGGGCGGCAAGATCGCCGTGTAAGACTAGTAGATCTAAAAAAAAAAAAAAARAAAAR
AAAAAAAAAAAAAAAAAAAAAAANAARAAAAAAAAAARARAAAAATGCATCCCCCCCCCCC
CCCCCCCCCCCCCCCCCCCCARAGGCTCTTTTCAGAGCCACCAGAATT (SEQ ID NO:

1411)
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5’UTR of human ribosomal protein Large 35 (RPL35) lacking the 5’
terminal oligopyrimidine tract

GGAGCGGGCGGCGGCGTTGGCGGCTTGTGCAGCA (SEQ ID NO: 1412)5’UTR of human
ribosomal protein Large 21 (RPL21) lacking the 5’ terminal oli-
gopyrimidine tract

GGCCGGAACCGCCATCTTCCAGTAATTCGCCAAA (SEQ ID NO: 1413)

5'UTR of human ATP synthase, H+ transporting, mitochondrial F1
complex, alpha subunit 1, cardiac muscle (ATP5Al1l) lacking the 5’
terminal oligopyrimidine tract
GCGGCTCGGCCATTTTGTCCCAGTCAGTCCGGAGGCTGCGGCTGCAGAAGTACCGCCTGCGGAGTA
ACTGCAAAG (SEQ ID NO: 1414)

5’UTR of human hydroxysteroid (l7-beta) dehydrogenase 4 (HSD17B4)
lacking the 5’ terminal oligopyrimidine tract
GTCCCGCAGTCGGCGTCCAGCGGCTCTGCTTGTTCGTGTGTGTGTCGTTGCAGGCCTTATTC
(SEQ ID NO: 1415)

5'UTR of human androgen-induced 1 (AIGl) lacking the 5’ terminal

oligopyrimidine tract
GCCGCCCAGCCGGTCCAGGCCTCTGGCGAAC (SEQ ID NO: 1416)

5'UTR of human cytochrome c oxidase subunit VIc (COX6C) lacking
the 5’ terminal oligopyrimidine tract
AGTCAGGAAGGACGTTGGTGTTGAGGTTAGCATACGTATCAAGGACAGTAACTACC (SEQ ID
NO: 1417)

5'UTR of human N-acylsphingosine amidohydrolase (acid ceramidase)
1 (ASAH1) lacking the 5’ terminal oligopyrimidine tract
GCCTCTGCTGGAGTCCGGGGAGTGGCGTTGGCTGCTAGAGCG (SEQ ID NO: 1418)

5/UTR of mouse ribosomal protein Large 21 (mRPL21) lacking the 5’
terminal oligopyrimidine tract
GGCCGCCGCAGCCATCTTCCAGTAACTCGCCAAA (SEQ ID NO: 1419)

5'UTR of mouse ribosomal protein large 35A (mRPL35A) lacking the
5/ terminal oligopyrimidine tract
GCCATCTTGGCGCCTGTGGAGGCCTGCTGGGAACAGGACTTCTAACAGCAAGT (SEQ ID NO:
1420)

Mouse ribosomal protein Large 21 (mRPL21)
TCCTCCTTTCGGCCGCCGCAGCCATCTTCCAGTAACTCGCCAARAATGCCATCTTCCAGTAACTCGC
CAAAATG (SEQ ID NO: 1421)

mouse ribosomal protein large 35A (mRPL35A)
CTTCCTCTTTCCGCCATCTTGGCGCCTGTGGAGGCCTGCTGGGAACAGGACTTCTAACAGCAAGTA
TG (SEQ ID NO: 1422)
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Claims

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).

The artificial nucleic acid molecule according to claim 1 further comprisingc. at
least one 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 from a variant of the 3’UTR of a
vertebrate gene, more preferably from a variant of the 3’UTR of a mammalian

gene, most preferably from a variant of the 3'UTR of a human gene,

wherein the at least one 3’UTR element preferably 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 1 or 2,

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 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 artificial nucleic acid molecule according to any one of claims 1-3, wherein

the at least one 3’UTR element comprises or consist of a nucleic acid sequence
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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 1-4, wherein
the at least one 3'UTR element exhibits a length 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.

The artificial nucleic acid molecule according to claims 1-5, wherein the 5’"UTR
element and the open reading frame are heterologous and wherein the 5'UTR
lacks the 5'TOP motif or the 5’UTR does not contain a functional 5'TOP motif,

e.g. by insertions, deletions or substitutions of the 5’TOP motif..

The artificial nucleic acid molecule according to claim 1 to 6, wherein the
5’UTR element is suitable for increasing protein production from the artificial

nucleic acid molecule.

The artificial nucleic acid molecule according to any one of claims 1-7, 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 TOP-motif of the 5’UTR of the TOP

gene.

The artificial nucleic acid molecule according to any one of claims 1-8, 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 located
at position 1, 2, 3, 4, 5, 6, 7, 8, 9 or 10 upstream of the start codon of the open

reading frame of the gene or mRNA it is derived from.
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The artificial nucleic acid molecule according to any one of claims 1-9, 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 of claims 1 to 10, 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 1-11, further

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

The artificial nucleic acid molecule according to claim 12, wherein the

polyadenylation signal is located within the 3'"UTR element.

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/T)(U/T)AAA.

The artificial nucleic acid molecule according to any one of claims 12-14,
wherein the polyadenylation signal, preferably the consensus sequence
NNUANA, is located less than about 50 nucleotides upstream of the 3’-end of
the 3'UTR.

The artificial nucleic acid molecule according to any one of claims 12-15,
wherein the poly(A) sequence has a length of about 20 to about 300 adenine
nucleotides, preferably of about 40 to about 200 adenine nucleotides, more

preferably of about 50 to about 100 adenine nucleotides.
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The artificial nucleic acid molecule according to any one of claims 1-16,
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), wherein the 5'UTR lacks the 5'TOP
motif or the 5’UTR does not contain a functional 5'TOP motif, e.g. by insertions,

deletions or substitutions of the 5’TOP motif.

The artificial nucleic acid molecule according to any one of claims 1-17,
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, 1358, 1421 or 1422 orto
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 1D No.
SEQ ID NOs: 67, 259, 1284-1318, 1344, 1346, 1348-1354, 1357, and 1358,
1421 or 1422 or to a corresponding RNA sequence, preferably lacking the
5'TOP motif.

The artificial nucleic acid molecule according to any one of claims 1-18,
wherein the 5’UTR element comprises or consists of a nucleic acid sequence
which is derived from the 5’UTR 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),
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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 (ATP5A1) gene, a
vertebrate hydroxysteroid (17-beta) dehydrogenase 4 gene (HSD17B4), a
vertebrate androgen-induced 1 gene (AIGT), a vertebrate
cytochrome c oxidase subunitVic gene (COX6C), or a vertebrate N-
acylsphingosine amidohydrolase (acid ceramidase) 1 gene (ASAHT1) 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 Vlc 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 (ATP5AT1) gene, a
human hydroxysteroid (17-beta) dehydrogenase 4 gene (HSD17B4), a human
androgen-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 motif of said gene.

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 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
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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 1412-1420, 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 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 1412-1420, or to a corresponding RNA sequence.

The artificial nucleic acid molecule according to any one of claims 18 or 20, ,
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.

The artificial nucleic acid molecule according to any one of claims 1-21,
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 1-22,
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. 1369-1393
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
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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. 1369-1393 or to a corresponding RNA

sequence.

The artificial nucleic acid molecule according to claim 23, 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.

The artificial nucleic acid molecule according to claim 23 or 24, wherein the
fragment exhibits a length 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.

The artificial nucleic acid molecule according to any one of claims 1-25,
wherein the at least one 3'UTR element exhibits a length 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.

The artificial nucleic acid molecule according to any one of claims 1-26,
wherein the open reading frame does not code for a reporter protein, such as a
GFP protein, a luciferase protein, a globin protein, human growth hormon, or

human albumin, preferably not for albumin.

The artificial nucleic acid molecule according to any one of claims 1-27, further

comprising a 5’-cap structure, a poly(C) sequence and/or an IRES-motif.

The artificial nucleic acid molecule according to any one of claims 1-28, further

comprising a promoter containing-sequence.
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The artificial nucleic acid molecule according to any one of claims 1-29,
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 1-30,
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 1-31, 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 33 further comprising

c. at least one 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 from a variant of
the 3’UTR of a vertebrate gene, more preferably from a variant of the 3'UTR
of a mammalian gene, most preferably from a variant of the 3'UTR of a

human gene,

wherein the at least one 3'UTR element preferably 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 any one of claims 33 or 34, wherein the 3'UTR element

comprises or consists of a nucleic acid sequence derived from a 3’UTR of a gene
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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 33-35, wherein the at least one
3’UTR element comprises or consist 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 of claims 33 to 36, wherein the 5’UTR element and

the open reading frame are heterologous.

The vector according to any of claims 33 to 37, wherein the 5’UTR element is

suitable for increasing protein production from the vector.

The vector according to any one of claims 33 to 38, 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 TOP-motif of the 5'UTR of the TOP gene.

The vector according to any one of claims 33-39, 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 located at position 1, 2, 3, 4,
5,6, 7,8, 9 or 10 upstream of the start codon of the open reading frame of the

gene or mRNA it is derived from.
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The vector according to any one of claims 33-40, wherein 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 TOP gene.

The vector according to any of claims 34 to 41, 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 vector according to any one of claims 33-42, further comprising
d. a poly(A) sequence and/or a polyadenylation signal.

The vector according to claim 43, wherein the polyadenylation signal is located

within the 3’UTR element.

The vector according to claim 43 or 44, 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/T)(U/MAAA.

The vector according to any one of claims 43-45, wherein the polyadenylation
signal, preferably the consensus sequence NNUANA, is located less than about

50 nucleotides upstream of the 3’-end of the 3’UTR.

The vector according to any one of claims 43-46, wherein the poly(A) sequence
has a length of about 20 to about 300 adenine nucleotides, preferably of about
40 to about 200 adenine nucleotides, more preferably of about 50 to about 100

adenine nucleotides.

The vector according to any one of claims 33-47, 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 ribosomal
protein selected from RPSA, RPS2, RPS3, RPS3A, RPS4, RPS5, RPS6, RPS7,
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RPS8, RPS9, RPS10, RPS11, RPS12, RPS13, RPS14, RPS15, RPST5A,
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, UBAS52
,more preferably from a.5’UTR of a nucleic acid sequence according to any of
SEQ 1D NOs: 67, 170, 193, 244, 259, 554, 650, 675, 700, 721, 913, 1016,
1063, 1120, 1138, and 1284-1360, a corresponding RNA sequence, a homolog
thereof, or a variant thereof as described herein, preferably lacking the 5'TOP

motif.

The vector according to any one of claims 33-48, wherein the 5'UTR element
comprises or consists of a nucleic acid sequence which is derived from the
5’UTR 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 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 (ATP5AT1) 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, 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), an ATP synthase, H+ transporting, mitochondrial F1

complex, alpha subunit 1, cardiac muscle (ATP5A1) gene, an hydroxysteroid
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(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, most preferably from a human 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,
wherein preferably the 5’UTR element does not comprise the 5'TOP of said

gene.

The vector according to any one of claims 33-49, 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 No. 1368 or SEQ ID NOs 1412-1420, 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 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 1412-1420, or to a

corresponding RNA sequence.

The vector according to claim 50, 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
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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 one of claims 33-51, 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 34-52, 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. 1369-1393 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. 1369-1393 or to a corresponding RNA sequence.

The vector according to claim 53, 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.

The vector according to claim 53 or 54, wherein the fragment 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.
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The vector according to any one of claims 34-55, wherein the at least one
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 nucleotides.

The vector according to any one of claims 33-56, wherein the open reading
frame does not code for a reporter protein, such as a GFP protein, a luciferase
protein, a globin protein, human growth factor or human albumin, preferably

not for albumin.

The vector according to any one of claims 33-57, further comprising a 5’-cap

structure, a poly(C) sequence and/or an IRES-motif.

The vector according to any one of claims 33-58, further comprising a promoter

containing-sequence.

The vector according to any one of claims 33-59, 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 33-60, 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 33-61, which is an RNA vector.
The vector according to any one of claims 33-62, which is a DNA vector.

The vector according to any one of claims 33-63, which is a plasmid vector or a

viral vector, preferably a plasmid vector.

The vector according to any one of claims 33-64, which comprises or codes for

an artificial nucleic acid molecule according to any one of claims 1-39.

The vector according to any one of claims 33-65, which is a circular molecule.



10

15

20

25

WO 2013/143700 PCT/EP2013/000938

67.

68.

69.

70.

71.

72.

73.

74.

75.

282

The vector according to claim 66, wherein the ORF, the poly(A) sequence or the
3’UTR element of the coding strand is followed in 5’3’ direction by a

restriction site for linearization of the circular vector molecule.

A cell comprising the artificial nucleic acid molecule according to any one of

claims 1-32 or the vector according to any one of claims 33-67.
The cell according to claim 68, which is a mammalian cell.

The cell according to claim 68 or 69, 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 1-32, the vector according to any one of claims

33-67, or the cell according to any one of claims 68-70.

The pharmaceutical composition according to claim 71, 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 1-32, the
vector according to any one of claims 33-67, the cell according to any one of
claims 68-70, or the pharmaceutical composition according to claim 71 or 72

for use as a medicament.

The artificial nucleic acid molecule according to any one of claims 1-32, the
vector according to any one of claims 33-67, the cell according to any one of
claims 68-70, or the pharmaceutical composition according to claim 71 or 72

for use as a vaccine or for use in gene therapy.

A method for treating or preventing a disorder comprising administering the
artificial nucleic acid molecule according to any one of claims 1-32, the vector
according to any one of claims 33-67, the cell according to any one of claims
68-70, or the pharmaceutical composition according to claim 71 or 72 to a

subject in need thereof.
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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 1-32 or

the vector according to any one of claims 33-67.

The method according to claim 76, 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 77, wherein the cell which is to be transfected /n

vitro is an isolated cell of the subject, preferably of the human patient.

The method according to any one of claims 75-78, 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:

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.

The method according to claim 80, 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 TOP-motif of the 5’UTR of the TOP gene.

The method according to claim 80 or 81, wherein the 5’UTR lacks the 5'TOP
motif or the 5’"UTR does not contain a functional 5'TOP motif, e.g. by insertions,

deletions or substitutions of the 5'TOP motif.

The method according to any of claims 80 to 82, further comprising providing

the artificial nucleic acid molecule with:

ii. at least one 3’UTR element which comprises or consists of a nucleic acid

sequence derived from the 3'UTR of a chordate gene, preferably a vertebrate
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gene, more preferably a mammalian gene, most preferably-a human gene, or
from a variant of the 3’UTR of a chordate gene, preferably from a variant of the
3’UTR of a vertebrate gene, more preferably from a variant of the 3'UTR of a

mammalian gene, most preferably from a variant of the 3’UTR of a human gene.

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 for increasing protein production from a

nucleic acid molecule.

Use according to claim 84, 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

TOP-motif of the 5’UTR of the TOP gene.

The use according to claim 84 or 85, wherein the 5’"UTR lacks the 5'TOP motif
or the 5'UTR does not contain a functional 5 TOP motif, e.g. by insertions,

deletions or substitutions of the 5'TOP motif.

Use according to any of claims 84 to 86, wherein the 5'UTR element is used in
combination with 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 from a
variant of the 3’UTR of a vertebrate gene, more preferably from a variant of the
3’UTR of a mammalian gene, most preferably from a variant of the 3'UTR of a

human gene.

A kit or kit of parts comprising an artificial nucleic acid molecule according to

any one of claims 1-32, the vector according to any one of claims 34-67, or the
cell according to any one of claims 68-70, and/or the pharmaceutical

composition according to claim 71 or 72.

The kit according to claim 88, further comprising instructions for use, cells for

transfection, an adjuvant, a means for administration of the pharmaceutical
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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.



