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METHODS FOR PROCESSING NUCLEIC ACID SAMPLES
CROSS-REFERENCE

[0001] This application claims the benefit of U.S. Provisional Application No. 62/421,028, filed
November 11, 2016 and U.S. Provisional Application No. 62/477 211, filed March 27, 2017, each of

which is entirely incorporated herein by reference.

BACKGROUND
[0002] A common technique used to study gene expression in living cells is to produce
complementary deoxyribonucleic acid (cDNA) from a ribonucleic acid (RNA) molecule. This technique
provides a means to study RNA from living cells which avoids the direct analysis of inherently unstable
RNA. As a first step in cDNA synthesis, the RNA molecules from an organism are isolated from an
extract of cells or tissues of the organism. After messenger RNA (mRNA) isolation, using methods such
as affinity chromatography utilizing oligo dT (a short sequence of deoxy-thymidine nucleotides),
oligonucleotide sequences are annealed to the isolated mRNA molecules and enzymes with reverse
transcriptase activity can be utilized to produce cDNA copies of the RNA sequence, utilizing the
RNA/DNA primer as a template. Thus, reverse transcription of mRNA is a key step in many forms of
gene expression analyses. Generally, mRNA is reverse transcribed into cDNA for subsequent analysis by
primer extension or polymerase chain reaction.
[0003] Reverse transcriptase has both an RNA-directed DNA polymerase activity and a DNA-
directed DNA polymerase activity. The reverse transcription of RNA templates may require a primer
sequence which is annealed to an RNA template in order for DNA synthesis to be initiated from the 3’
OH of the primer. At room temperature, reverse transcriptase enzymes may allow formation of both
perfectly matched as well as mismatched DNA/RNA hybrids. In some instances, a reverse transcriptase
enzyme can produce large amounts of non-specific cDNA products as a result of such non-specific
priming events. The products of non-specific reverse transcription can interfere with subsequent cDNA
analyses, such as cDNA sequencing, real-time polymerase chain reaction (PCR), and alkaline agarose gel
electrophoresis, among others. Non-specific cDNA templates produced by non-specific reverse
transcriptase activity can present particular difficulties in applications such as real-time PCR. In
particular, such non-specific cDNA products can give rise to false signals which can complicate the
analysis of real-time PCR signals and products. Thus, the reduction of non-specific reverse
transcriptase activity may result in greater specificity of cDNA synthesis. Currently, there are no reliable
and easy to use methods for improving the specificity of reverse transcription. The present disclosure
satisfies these and other needs.
[0004] Several approaches may be used for obtaining transcriptome data from single cells. A pioneer
approach used reverse transcriptase and oligo-dT primers with a T7 phage RNA polymerase promoter

sequence attached to the 5° end of the oligo-dT run. The resulting cDNA was transcribed into multiple



copies of RNA which were then converted back to cDNA (Phillips, et al., Methods 10(3):283-288
(1996)). This often truncates the cDNA molecule, losing 5° sequences of the original mRNA, especially
for relatively long transcripts, and requires multiple rounds of processing when starting with low quantity
(LQ) of cells, further exacerbating cDNA truncation. A recent modification (Hashimshony, et al., Cell
Rep. 2(3):666-673 (2012)) enables multiplex analyses, but this is still 3” end sequence biased. Other
methods are based on PCR amplification of cDNA (Liu, et al., Methods Enzymol. 303:45-55 (1999),
Ozsolak, et al., Genome Res. 20(4):519-525 (2010), Gonzalez, et al., PLoS ONE. 5(12):¢14418 (2010),
Kanamori, et al., Genome Res. 21(7):1150-1159 (2011), Islam, et al., Genome Res. 21(7):1160-1167
(2011), Tang, et al., Nat. Methods. 6(5):377-382 (2009), Kurimoto, et al., Nucleic Acids Res. 34(5):e42
(2006), Qiu S, et al., Front Genet. 3:124 (2012)).

[0005] These approaches, however, may yield biased representations of sequences along the mRNA,
and fail to give complete sequences for mRNAs (e.g., long mRNAs) because DNA templates (e.g., long

DNA templates) are discriminated against even when a long PCR reaction is used.

SUMMARY

[0006] The present disclosure provides methods of amplifying cDNA from RNA isolated from low
quantities of cells and/or single cells. The present disclosure also provides methods of transcriptome
analysis where cells do not go through stress (e.g. elevated temperature for cDNA analysis), thus
maintaining the transcriptome profile.
[0006a] In one aspect, the present disclosure refers to a method for preparing a complementary
deoxyribonucleic acid (¢cDNA) molecule comprising:
(a) annealing a primer to a template nucleic acid molecule, thereby generating an annealed template
nucleic acid molecule; and
(b) mixing, in the presence of nucleotides,

i. said annealed template nucleic acid molecule;

ii. one or more acceptor nucleic acid molecules; and

iii. a modified reverse transcriptase, wherein said modified reverse transcriptase:

is an R2 reverse transcriptase comprising SEQ ID NO: 50; and

generates a plurality of continuous complementary deoxyribonucleic acid molecules by: 1)
reverse transcribing at least a portion of said annealed template nucleic acid molecule; ii) upon reaching a
5’ end of the annealed template nucleic acid, migrating to an acceptor nucleic acid molecule; and iii)
reverse transcribing at least a portion of said acceptor nucleic acid molecule at a temperature of from 12°
C to 42° C with an error rate of at most 5%.
[0007] In one example, the present disclosure relates to a method for preparing a complementary

deoxyribonucleic acid (¢cDNA) molecule comprising:



(a) annealing a primer to a template nucleic acid molecule, thereby generating an annealed

template nucleic acid molecule; and

(b) mixing, in the presence of nucleotides,
I said annealed template nucleic acid molecule;
ii. one or more acceptor nucleic acid molecules; and
iii. a modified reverse transcriptase, wherein said modified reverse transcriptase

generates a plurality of continuous complementary deoxyribonucleic acid molecules by: 1)
reverse transcribing a sequence of said annealed template nucleic acid molecule; ii) migrating to
an acceptor nucleic acid molecule; and iii) reverse transcribing a sequence of said acceptor
nucleic acid molecule at a temperature of from about 12 °C to about 42 °C with an error rate of at
most about 5%.
[0008] In some examples, the migrating is independent of sequence identity between the template
and the acceptor nucleic acid molecule. In some examples, (a) and (b) are performed in a single vessel. In
some examples, the method further comprises performing the method on a heteregoneous plurality of
template nucleic acid molecules comprising a plurality of distinct ribonucleic acid (RNA) molecules. In
some examples, the plurality of distinct ribonucleic acid molecules comprise messenger RNAs (mRNAs),
ribosomal RNAs (rRNAs), transfer RNAs (tRNAs), micro RNAs (miRNAs), and long non-coding RNAs
(IncRNAs). In some examples, the plurality of continuous complementary deoxyribonucleic acid
molecules is prepared in at most about 2 hours. In some examples, the template nucleic acid molecule is
selected from the group consisting of an artificially fragmented DNA template, a naturally fragmented
DNA template, an artificially fragmented ribonucleic acid (RNA) template, a naturally fragmented
ribonucleic acid (RNA) template, or a combination thereof.
[0009] In some examples, the modified reverse transcriptase amplifies said annealed template nucleic
acid molecule at a processivity of at least about 80% per base. In some examples, the modified reverse
transcriptase comprises at least one improved enzyme property relative to a wild type unmodified reverse
transcriptase. In some examples, at least one improved enzyme property is selected from the group
consisting of: higher thermo-stability, higher specific activity, higher processivity, higher strand
displacement, higher end-to-end template jumping, higher affinity, and higher fidelity relative to said
wild type unmodified reverse transcriptase. In some examples, modified reverse transcriptase is an R2
reverse transcriptase. In some examples, the modified reverse transcriptase has at least about 90%
identity to SEQ ID NO: 49, SEQ ID NO: 50, SEQ ID NO: 51, SEQ ID NO: 52, SEQ ID NO: 53, SEQ ID
NO: 54, SEQ ID NO: 55, SEQ ID NO: 56, SEQ ID NO: 57, SEQ ID NO: 58, SEQ ID NO: 59, SEQ ID
NO: 60, SEQ ID NO: 61, SEQ ID NO: 62, SEQ ID NO: 63, SEQ ID NO: 64, SEQ ID NO: 65, SEQ ID
NO: 66, or SEQ ID NO: 67, and contains at least one substitution modification relative to SEQ ID NO:
52.
[0010] In some examples, the method further comprises adding a tag to the template nucleic acid
molecule, thereby generating a plurality of tagged continuous complementary deoxyribonucleic acid
molecules after performing (a) and (b). In some examples, the method further comprises sequencing the
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tagged plurality of continuous complementary deoxyribonucleic acid molecules. In some examples,
modified reverse transcriptase further comprises a tag. In some examples, the tag is selected from the
group consisting of biotin, azido group, acetylene group, His-tag, calmodulin-tag, CBP, CYD, Strep II,
FLAG-tag, HA-tag, Myc-tag, S-tag, SBP-tag, Softag-1, Softag-3, V5-tag, Xpress-tag, isopeptag, SpyTag
B, HPC peptide tags, GST, MBP, biotin carboxyl carrier protein, glutathione-S-transferase-tag, green
fluorescent protein-tag, maltose binding protein-tag, Nus-tag, Strep-tag, and thioredoxin-tag.
[0011] In some examples, the method further comprises performing a polymerase chain reaction
(PCR) amplification reaction, thereby forming one or more amplicons. In some examples, (a) and (b) and
the PCR amplification reaction are performed in the same vessel. In some examples, the PCR
amplification is performed at a temperature sufficient to inactivate the reverse transcriptase.
[0012] In some examples, the one or more acceptor nucleic acid molecules comprise a modified
nucleotide that stops the reverse transcription by the modified reverse transcriptase. In some examples,
the method further comprises obtaining a sample comprising one or more template nucleic acid
molecules from a subject and annealing one or more primers to said one or more template nucleic acid
molecules. In some examples, the sample is a tissue sample. In some examples, the sample comprises one
or more cell free nucleic acids and the method further comprises performing the reaction of (a) and (b) in
the same vessel.
[0013] In some examples, the method further comprises depleting at least one ribosomal RNA
(rRNA) from the sample comprising one or more template nucleic acid molecules prior to annealing one
or more primers. In some examples, depleting the at least one ribosomal RNA (rRNA) comprises
hybridization of an oligonucleotide to the rRNA. In some examples, depleting said at least one ribosomal
RNA (rRNA) comprises an oligonucleotide probe-guided endonucleolitic cleavage of the rRNA. In some
examples, the one or more template nucleic acid molecules comprise at least one transfer RNA (tRNA)
and the method further comprises depleting the at least one tRNA from the one or more template nucleic
acid molecules prior to annealing one or more primers.
[0014] In some examples, the method is performed in the absence of purification of one or more
annealed template nucleic acid molecules. In some examples, the method further comprises purifying the
mixture comprising a plurality of continuous complementary deoxyribonucleic acid molecule. In some
examples, purifying comprises two purification steps. In some examples, the two purification steps
comprise a nickel and a heparin affinity purification steps.
[0015] In some examples the method is performed on from about 0.1 nM to about 100 nM of one or
more template nucleic acid molecules. In some examples, the method further comprises annealing one or
more random primer(s) to the template nucleic acid molecule. In some examples, a primer hybridizes to
one or more adapter sequence. In some examples, the template nucleic acid molecule is derived from a
single cell.
[0016] In one examples, the present disclosure relates to a method for preparing a complementary
deoxyribonucleic acid molecule comprising:

(a) annealing one or more primers to an amount of template nucleic acid molecules, thereby
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generating one or more annealed template nucleic acid molecules; and

(b) mixing, in the presence of nucleotides,
I said one or more annealed template nucleic acid molecules;
ii. one or more acceptor nucleic acid molecules; and
1il. a modified reverse transcriptase, whereby said modified reverse transcriptase

generates a plurality of continuous complementary deoxyribonucleic acid
molecule by reverse transcribing a sequence of an annealed template nucleic acid
molecule, migrating to an acceptor nucleic acid molecule, and reverse
transcribing a sequence of said acceptor nucleic acid molecule without thermal
cycling in a single reaction vessel.
[0017] In some examples, the migrating is independent of sequence identity between the template
and the acceptor nucleic acid molecule. In some examples, the plurality of continuous complementary
deoxyribonucleic acid molecules are prepared in at most about 2 hours. In some examples, the amount of
template nucleic acid molecules is selected from the group consisting of an artificially fragmented DNA
template, a naturally fragmented DNA template, an artificially fragmented ribonucleic acid (RNA)
template, a naturally fragmented ribonucleic acid (RNA) template, or a combination thereof. In some
examples, the amount of template nucleic acid molecules comprises one or more cell free nucleic acids.
In some examples, the modified reverse transcriptase comprises at least one improved enzyme property
relative to a wild type unmodified reverse transcriptase. In some examples, the improved enzyme
property is selected from the group consisting of: higher thermo-stability, higher specific activity, higher
processivity, higher strand displacement, higher end-to-end template jumping, higher affinity, and higher
fidelity relative to said wild type unmodified reverse transcriptase. In some examples, the modified
reverse transcriptase is an R2 reverse transcriptase. In some examples, the modified reverse transcriptase
has at least 90% identity to SEQ ID NO: 49, SEQ ID NO: 50, SEQ ID NO: 51, SEQ ID NO: 52, SEQ ID
NO: 53, SEQ ID NO: 54, SEQ ID NO: 55, SEQ ID NO: 56, SEQ ID NO: 57, SEQ ID NO: 58, SEQ ID
NO: 59, SEQ ID NO: 60, SEQ ID NO: 61, SEQ ID NO: 62, SEQ ID NO: 63, SEQ ID NO: 64, SEQ ID
NO: 65, SEQ ID NO: 66, or SEQ ID NO: 67 and contains at least one substitution modification relative
to SEQ ID NO: 52.
[0018] In some examples, the method further comprises adding a tag to the amount of template
nucleic acid molecules, thereby generating a plurality of tagged continuous complementary
deoxyribonucleic acid molecules after performing (a) and (b). In some examples, the method further
comprises sequencing the plurality of tagged continuous complementary deoxyribonucleic acid
molecules. In some examples, the modified reverse transcriptase comprises a tag. In some examples, the
tag is selected from the group consisting of biotin, azido group, acetylene group, His-tag, calmodulin-tag,
CBP, CYD, Strep II, FLAG-tag, HA-tag, Myc-tag, S-tag, SBP-tag, Softag-1, Softag-3, V5-tag, Xpress-
tag, isopeptag, SpyTag B, HPC peptide tags, GST, MBP, biotin carboxyl carrier protein, glutathione-S-
transferase-tag, green fluorescent protein-tag, maltose binding protein-tag, Nus-tag, Strep-tag, and
thioredoxin-tag. In some examples, the one or more acceptor nucleic acid molecules comprises a
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modified nucleotide that stops the reverse transcription by said modified reverse transcriptase.

[0019] In some examples, the method further comprises obtaining a sample from a subject. In some
examples, the sample comprises one or more cell free nucleic acids and the method further comprises
performing the reaction of (a) and (b) in the same vessel. In some examples, the sample is a tissue
sample. In some examples, the method further comprises depleting at least one ribosomal RNA (rRNA)
from the one or more template nucleic acid molecules prior to annealing one or more primers. In some
examples, depleting said at least one ribosomal RNA (rRNA) comprises hybridization of an
oligonucleotide to the rRNA. In some examples, depleting the at least one ribosomal RNA (rRNA)
comprises an oligonucleotide probe-guided endonucleolitic cleavage of the rRNA. In some examples,
depleting at least one transfer RNA (tRNA) from the amount of template nucleic acid molecules is prior
to annealing one or more primers.

[0020] In some examples, the method is performed in the absence of purification of one or more
annealed template nucleic acid molecules. In some examples the method further comprises purifying the
mixture comprising the plurality of continuous complementary deoxyribonucleic acid molecules. In some
examples, purifying comprises two purification steps. In some examples, the two purification steps
comprise a nickel and a heparin affinity purification steps. In some examples, the amount of template
nucleic acid molecules is from about 0.1 nM to about 100 nM of said one or more template nucleic acid
molecules. In some examples, the one or more primers comprise one or more random primer(s). In some
examples, the one or more primers is hybridized to one or more adapter sequence. In some examples, the
amount of template nucleic acid molecules are derived from a single cell.

[0021] In one example, the present disclosure relates to a polypeptide having reverse transcriptase
activity comprising an amino acid sequence that has at least 90% identity to SEQ ID NO: 49, SEQ ID
NO: 50, SEQ ID NO: 51, SEQ ID NO: 52, SEQ ID NO: 53, SEQ ID NO: 54, SEQ ID NO: 55, SEQ ID
NO: 56, SEQ ID NO: 57, SEQ ID NO: 58, SEQ ID NO: 59, SEQ ID NO: 60, SEQ ID NO: 61, SEQ ID
NO: 62, SEQ ID NO: 63, SEQ ID NO: 64, SEQ ID NO: 65, SEQ ID NO: 66, or SEQ ID NO: 67 and
contains at least one substitution modification relative to SEQ ID NO: 52.

[0022] In one example, the present disclosure relates to a purified polypeptide comprising one or
more domains from an R2 reverse transcriptase wherein said purified polypeptide generates one or more
copies of a complementary deoxyribonucleic acid molecule from a template nucleic acid molecule with
an error rate of at most about 5%.

[0023] In some examples, the polypeptide reverse transcribes a template nucleic acid molecule at a
processivity of at least about 80% per base. In some examples, the polypeptide reverse transcribes a
template nucleic acid molecule at a temperature of from about 12 °C to about 42 °C. In some examples,
the polypeptide comprises an amino acid sequence as set forth in SEQ ID NO: 49, SEQ ID NO: 50, SEQ
ID NO: 51, SEQ ID NO: 52, SEQ ID NO: 53, SEQ ID NO: 54, SEQ ID NO: 55, SEQ ID NO: 56, SEQ
ID NO: 57, SEQ ID NO: 58, SEQ ID NO: 59, SEQ ID NO: 60, SEQ ID NO: 61, SEQ ID NO: 62, SEQ
ID NO: 63, SEQ ID NO: 64, SEQ ID NO: 65, SEQ ID NO: 66, or SEQ ID NO: 67.

[0024] In one example, the present disclosure relates to a non-naturally occurring enzyme comprising
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one or more domains from an R2 reverse transcriptase wherein the non-naturally occurring enzyme
generates a complementary deoxyribonucleic acid product in a time period of less than about three hours
and at a performance index greater than 1.0 for at least one enzyme property selected from the group
consisting of improved stability, specific activity, protein expression, purification, processivity, strand
displacement, template jumping, increased DNA/RNA affinity, and fidelity, as compared to a purified
enzyme of SEQ ID NO: 49, SEQ ID NO: 50, SEQ ID NO: 51, SEQ ID NO: 52, SEQ ID NO: 53, SEQ ID
NO: 54, SEQ ID NO: 55, SEQ ID NO: 56, SEQ ID NO: 57, SEQ ID NO: 58, SEQ ID NO: 59, SEQ ID
NO: 60, SEQ ID NO: 61, SEQ ID NO: 62, SEQ ID NO: 63, SEQ ID NO: 64, SEQ ID NO: 65, SEQ ID
NO: 66, or SEQ ID NO: 67.

[0025] In some examples, an R2 reverse transcriptase and/or a non-naturally occurring enzyme
and/or a polypeptide can have at least one mutation and/or modification. In some examples, an R2 and/or
a non-naturally occurring enzyme and/or a polypeptide comprises a C952S, and/or C956S, and/or C952S,
C956S (double mutant), and/or C969S, and/or H970Y, and/or R979Q), and/or R976Q), and/or R1071S,
and/or R328A, and/or R329A, and/or Q336A, and/or R328A, R329A, Q336A (triple mutant), and/or
G426A, and/or D428A, and/or G426A,D428 A (double mutant) mutation, and/or any combination
thereof.

[0026] In one example, the present disclosure relates to a method comprising:

(a)  adding a nuclease complex to a plurality of double-stranded nucleic acid molecules,

wherein said nuclease complex comprises:

1. a Cas9 nuclease or a functional variant thereof; and

ii. at least one synthetic guide oligonucleotide, wherein said synthetic guide
oligonucleotide is complementary to a ribosomal ribonucleic acid (rRNA) or transfer
ribonucleic acid (tRNA) region in at least one double-stranded nucleic acid molecule
in said plurality of double-stranded nucleic acid molecules;

(b)  permitting said complex to cleave said rRNA or tRNA region of at least one double-
stranded nucleic acid molecule, thereby providing at least one cleaved double-stranded
nucleic acid molecule, and

(¢)  subjecting said at least one cleaved double-stranded nucleic acid molecule or derivative
thereof to nucleic acid sequencing, thereby yielding a nucleic acid sequence of said at
least one double-stranded nucleic acid molecule lacking said rRNA or tRNA region.

[0027] In some examples, the synthetic guide oligonucleotide is complementary to a ribosomal
ribonucleic acid (rRNA). In some examples, the synthetic guide oligonucleotide is complementary to a
transfer ribonucleic acid (tRNA). In some examples, the method does not require denaturation of the
plurality of double-stranded molecules comprising sequences derived from rRNAs and tRNAs prior to
sequencing. In some examples, the plurality of double-stranded nucleic acid molecules comprise a
cDNA.

[0028] In some examples, the method does not require denaturation of the plurality of double-
stranded molecules comprising sequences derived from rRNAs and/or tRNAs. In some examples, the
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plurality of double-stranded nucleic acid molecules comprises sequences derived from an rRNA and/or a
tRNA. In some examples, the double-stranded nucleic acid molecules comprises cDNA. In some
examples, the pre-determined region is a region of an rRNA. In some examples, the pre-determined
region is a region of a tRNA.

[0029] In one example, the present disclosure relates to a method for preparing a concatemer of
nucleic acid molecules comprising:

(a) processing ends of a plurality of double-stranded nucleic acid molecules;

(b) adding a first plurality of adaptor molecules to said plurality of double stranded nucleic
acid molecules, wherein said first plurality of adaptor molecules comprise one or more
overhang sequences, wherein at least two overhang sequences are complentary to each
other, thereby providing a first plurality of adaptor connected double-stranded nucleic
acid molecules;

(c) adding a polymerizing enzyme to said first plurality of adaptor connected double-stranded
nucleic acid molecules in the absence of a primer, whereby said polymerizing enzyme
forms a first set of adaptor connected double-stranded nucleic acid concatemers by
joining two or more adaptor connected double-stranded nucleic acid molecules by said
one or more overhang sequences;

(d) adding a second plurality of adaptor molecules to said first set, wherein said second
plurality of adaptor molecules comprise one or more overhang sequences, wherein at least
two overhang sequences are complementary to each other, thereby providing a second set
of adaptor connected double-stranded nucleic acid molecules;

(e) repeating (a)-(c) with a set of adaptor molecules to yield a concatemer comprising a
predetermined average length.

[0030] In some examples, the processing of (a) comprises end repair. In some examples, the
polymerizing enzyme is a reverse transcriptase. In some examples, the reverse transcriptase is an R2
reverse transcriptase or a functional variant thereof. In some examples, the first plurality of adaptor
molecules, the second plurality of adaptor molecules, or both comprise a unique molecular identifier
sequence (UMI). In some examples, the polymerizing enzyme joins two or more adaptor connected
double-stranded nucleic acid molecules in a PCR or isothermal amplification reaction. In some examples,
the first plurality of adaptor molecules, the second plurality of adaptor molecules, or both comprise at
least one modified nucleotide
[0031] In some examples, the adaptor comprises a unique molecular identifier sequence (UMI). In
some examples, the amplifying is performed by PCR or isothermal amplification. In some examples, the
adaptor comprises at least one modified nucleotide.
[0032] Advantages of the present disclosure include, but is not limited to: efficient and simple
method for cDNA and nucleic acid library preparation (e.g., single cell and/or bulk library preparation)
that is compatible with various sequence technologies; high quality library preparation that can be used
for single cell nucleic acid (e.g., RNA) sequencing and bulk nucleic acid (e.g., RNA) sequencing;
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modified reverse transcriptase enzymes with improved enzyme property; high conversion (e.g.,
efficiency and/or fidelity) of a nucleic acid sample (e.g., RNA, and/or mRNA, and/or DNA) to nucleic
acid (e.g., cDNA) library; low non-specific products yield; and transcriptome analysis where cells don’t
go through stress (e.g., no need for elevated temperature for cDNA synthesis) because nucleic acid
synthesis may be performed at ambient temperatures (e.g., 30 °C).

[0033] Advantages of the present disclosure also include the ability to produce a nucleic acid (e.g.,
cDNA) library using random or multi-priming and/or a library from fragmented/degraded nucleic acid
molecule(s) (e.g., RNA and DNA), even at low amounts (e.g., 500 femtomolar) of fragmented/degraded
nucleic acid molecule(s). Advantages of the present disclosure also include the ability of the disclosed
methods (e.g., by using a modified reverse transcriptase) to amplify a fragment (e.g., amplification of the
full fragment) and generate multiple copies of the full fragment for sequencing. Current available
methods may cause a fragment to be amplified at a random location and may only amplify sections of the
fragment, thus sequencing and identification of the fragment(s) according to current methods is not
available at low amounts. Advantages of the present disclosure also include amplification via a single
step or via a two step amplification protocol, thus increasing specificity and efficiency. Current methods
include multiple step amplification that can result in low yield, low efficiency, and/or low specificity.
Another adavantage of the methods of the present disclosure is the capability to prime using a piece of
nucleic acid molecule (e.g., RNA) that does not have to be complementary to a template. Another
advantage of the present disclosure is the ability of the modified enzymes to template jump at room
temperature and/or at temperatures as low as about 30 °C. Another advantage of the present disclosure is
the ability to prepare a library from a sample in less than three steps (Figure 1) and/or less than 4 hours.
This advantage is particular important for clinical research and testing and the medical field. Another
advantage of the present disclosure is the ability of the methods disclosed herein (e.g., by using a
modified reverse transcriptase) to improve template jumping, processivity, strand displacement
properties, enzyme activity, and/or fidelity.

[0034] Additional aspects and advantages of the present disclosure will become readily apparent to
those skilled in this art from the following detailed description, wherein only illustrative examples of the
present disclosure are shown and described. As will be realized, the present disclosure is capable of
other and different examples, and its several details are capable of modifications in various obvious
respects, all without departing from the disclosure. Accordingly, the drawings and description are to be

regarded as illustrative in nature, and not as restrictive.

INCORPORATION BY REFERENCE
[0035] All publications, patents, and patent applications, and NCBI accession numbers mentioned in
this specification are herein incorporated by reference to the same extent as if each individual

publication, patent, patent application, or NCBI accession number was specifically and individually



indicated to be incorporated by reference. To the extent publications and patents, patent applications, or
NCBI accession numbers incorporated by reference contradict the disclosure contained in the
specification, the specification is intended to supersede and/or take precedence over any such

contradictory material.

BRIEF DESCRIPTION OF THE DRAWINGS
[0036] The novel features of the disclosure are set forth with particularity in the appended claims. A
better understanding of the features and advantages of the present disclosure will be obtained by
reference to the following detailed description that sets forth illustrative embodiments, in which the

principles of the disclosure are utilized, and the accompanying drawings (also “Figure” and “FIG.”
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herein), of which:

[0037] Figure 1 illustrates a difference between preparing a complementary deoxyribonucleic acid
(cDNA) library between a traditional method and the method of the present disclosure. Figure 1 also
illustrates a difference between preparing a sample for sequencing from a liquid biopsy sample based on
a traditional method and the method of the present disclosure. The traditional method involves a protocol
that requires about 1 to 2 days and more than 4-5 hours of hands-on time, while the method of the present
disclosure involves a protocol that requires less than about 2 hours and less than about 30 minutes of
hands-on time;

[0038] Figure 2 illustrates a workflow for constructing a library based on the methods of the present
disclosure;

[0039] Figure 3 illustrates a workflow for constructing a library;

[0040] Figure 4 illustrates a workflow using random primers for constructing a library;

[0041] Figure 5A illustrates a workflow using fragmented or degraded ribonucleic acid (RNA) or
deoxyribonucleic acid (DNA) with RNA priming for constructing a library;

[0042] Figure 5B illustrates an example of a workflow using fragmented or degraded RNA or DNA
with RNA priming for constructing a library — method with specific primer;

[0043] Figure 6A illustrates a workflow using fragmented or degraded RNA or DNA with a donor
complex for constructing a library;

[0044] Figure 6B illustrates an example of a workflow using fragmented or degraded RNA or DNA
with a donor complex for constructing a library — with specific primer;

[0045] Figure 7 illustrates a schematic representation of an N-terminal and a C-terminal truncation
of an R2 reverse transcriptase;

[0046] Figure 8 illustrates a sequence analysis with selected non-long terminal repeat (LTR)
retrotransposon and an example of a site of N-truncation upstream two conservative regions (region -1
and region 0);

[0047] Figure 9 illustrates a sequence analysis with selected non-LTR retrotransposon and an
example of a site of C-terminal truncation downstream two conservative motifs 8* and 9%*;

[0048] Figure 10 illustrates a gel showing purified wild type R2 reverse transcriptase and N-terminal
truncated R2 reverse transcriptase;

[0049] Figure 11 illustrates a polyacrylamide gel electrophoresis (PAGE) gel showing activity and
template jumping properties of an R2 enzyme and of moloney murine leukemia virus (MMLYV) reverse
transcriptase by using synthetic RNA;

[0050] Figure 12A illustrates a workflow for sequencing library preparation;

[0051] Figure 12B illustrates real-time PCR data of library preparation based on 1-pot (e.g., single
vessel) reactions;

[0052] Figure 12C illustrates a gel showing amplicon;

[0053] Figure 13 illustrates 1-pot (¢.g., single vessel) RNA library preparation using different
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template amounts;

[0054] Figure 14 illustrates1-pot (¢.g., single vessel) RNA library preparation with different template
lengths;

[0055] Figure 15 illustrates that enzyme activity and template jumping is dependent on the
concentration of sodium chloride (NaCl);

[0056] Figure 16A illustrates enzyme activity after nickel and/or heparin affinity purification
visualized based on fluorescently labeled primer (fluorescein);

[0057] Figure 16B illustrates template jumping properties after nickel and/or heparin affinity
purification visualized based on Sybr gold staining;

[0058] Figure 17 illustrates R2 enzyme activity and template jumping in the presence of DNA
template (lane 1: no enzyme control; lane 2: 0.023 ug/ul enzyme in the presence of DNA template);
[0059] Figure 18A illustrates a workflow of a method of the present disclosure for sequencing a
library preparation from liquid biopsy;

[0060] Figure 18B illustrates that a sample DNA fragment was captured by an R2 enzyme with both
an RNA priming approach and an RNA donor approach;

[0061] Figure 18C illustrates that a sample DNA fragment (at various concentrations) was captured
by an R2 enzyme using an RNA priming approach;

[0062] Figure 18D illustrates that a sample DNA fragment (at various concentrations) was captured
by an R2 enzyme using an RNA donor approach;

[0063] Figure 19 illustrates that a sample DNA fragment was captured using an RNA donor
approach at a concentration as low as 500 femtomolar;

[0064] Figure 20 illustrates that the method of the present disclosure can be used for liquid biopsy
application. Figure 20 discloses that the methods described herein show high sensitivity compared to
current available technology (¢.g., the methods disclosed herein can be used for very low DNA amounts,
as low as 0.3 pg, which is about a 100-1000 fold higher sensitivity than current available methods). Data
also shows the potential for applications involving DNA amounts that are even lower than 0.3 pg (e.g., a
few orders of magnitude lower);

[0065] Figure 21 illustrates a method of the present disclosure that takes advantage of detecting
mutations on both RNA (e.g., exosomal RNA) and cell-free DNA. This method can be used to detect rare
mutations or low frequency mutations (e.g., some mutated alleles can occur at less than 1 copy per mL of
plasma) by increasing the detection sensitivity by combining RNA and cell-free DNA. This method can
be used, for example, to test analytes isolated from body fluids (e.g., blood). Body fluids, such as blood
plasma, may contain different cell-free sources of nucleic acids. Such cell-free sources can be circulating
cell-free DNA (e.g., double-stranded DNA (dsDNA) and single-stranded DNA (ssDNA)) and RNA (e.g.,
extracellular RNA (exRNA) and RNA from exosomes). Cell-free DNA can be present at various stages
of fragmentation and/or degradation (e.g., different lengths). Extracellular RNA can include, but is not
limited to, messenger RNA (mRNA), transfer RNA (tRNA), microRNA (miRNA), small interfering
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RNA (siRNA), and long non-coding RNA (IncRNA). Figure 21 also illustrates a method of the present
disclosure that driscriminately tag cell-free DNA and RNA present in the same, or different, tube (e.g.,
same PCR tube). Tagging facilitates post-sequencing analysis by allowing discrimination between
sequences that originated from DNA and RNA templates. Figure 21 shows that two different analytes,
DNA and RNA, were polytailed in the presence of Terminal Deoxynucleotidyl Transferase (TdT), Poly
A Polymerase, and specific nucleotide substrates dCTP (or alternatively dGTP or dTTP) and ATP. In
short, a reaction containing both RNA and DNA (dsDNA and ssDNA) was mixed and incubated with
poly A polymerase, TdT, dCTP, and ATP (Figure 21). Poly A polymerase preferentially extends RNA
using the preferred substrate ATP while TdT preferentially extends DNA using the preferred deoxy
substrate dCTP. In general, the reaction can be performed with both enzymes (¢.g., poly A polymerase
and TdT) at the same time, or alternatively, it can be performed sequentially with one enzyme at a time;
[0066] Figure 22A illustrates that streptavidin-immobilized oligonucleotides can be used for
improving the efficiency of specific template capture and template jumping capabilities. Figure 22A
shows that streptavidin-immobilized oligonucleotides bind to specific DNA and/or RNA template(s). In
this case, the streptavidin-immobilized oligonucleotides are bound to magnetic beads. Once the specific
DNA and/or RNA template is bound to the streptavidin-magnetic bead complex, the template can be
enriched. The oligonucleotide can be used as a primer and the template can be transcribed in the presence
of an enzyme (¢.g., R2 enzyme);

[0067] Figure 22B illustrates that a complex comprising of streptavidin bound to both an
oligonucleotide primer and an oligonucleotide acceptor is capable of binding to specific DNA and/or
RNA template(s). In short, the specific template binds to the oligonucleotide primer, which can then be
extended in the presence of an enzyme (¢.g., R2 enzyme). The primer extension then undergoes template
Jumping due to the close proximity between the acceptor oligonucleotide and the specific template;
[0068] Figure 22C illustrates that a complex comprising of streptavidin bound to an oligonucleotide
primer, an oligonucleotide acceptor, and a magnetic bead is capable of binding to specific DNA and/or
RNA template(s). In this case, the specific template is first enriched with magnetic beads. The template is
then copied in the presence of an enzyme (e.g., R2 enzyme) and the extended sequence can further
undergo template jumping;

[0069] Figures 23A and 23B illustrate template concatemerization. Some sequencing technologics
have a long sequencing read-length (~500bp to ~50000bp) while others have a short sequencing read-
length (~50bp to ~250bp). Most of the isolated cell-free DNA and RNA from body fluids are short
fragments (~20bp to ~200bp). The method shown in Figures 23A and 23B is particularly suitable for
sequencing technologies that have a long sequencing read-length because the method is capable of
forming long template concatemers. Figure 23A illustrates a method of concatemerizing several
templates separated by signaling sequences. In this method, short dsDNA fragments are converted to a
long concatemer separated by signaling sequences. Figure 23B shows a final product of a

concatemerization that includes specific adaptors on both ends. The adaptor design incorporates unique
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molecular identifier sequences (UMI) that allow one to trace the tagged molecule and also help reduce
errors during data analysis. In short, dSDNA fragments are ligated with two or more adaptors. The ligated
fragments are then extended using PCR without primers (alternatively isothermal amplification). The
concatemer length or the number of attached templates can be determined, for example, by tagging the
adaptors with modified nucleotides (e.g., by introducing methylated nucleotides or by inserting dUTP).
The length of the concatemer can be regulated based on the ratio between modified/unmodified adaptors.
The adaptor sequences can serve as a homology priming location (annealed to the homology spot ssDNA
fragments serve as template and primer). The reaction in the PCR undergoes a selected number of cycles
(the more cycles, the longer the concatemer) or time (isothermal amplification). The reaction is then
stopped and the long dsDNA concatemers are ligated with two unique dsDNA adaptors. See also,
Example 13;

[0070] Figure 24A illustrates a workflow of template concatemerization of the present disclosure;
[0071] Figure 24B illustrates a gel showing the concatemerization of a 200bp DNA fragment;
[0072] Figure 25 illustrates a schematic reaction in the presence of a reverse transcriptase and a
second enzyme or enzymatic activity (i.e., companion enzyme), such as an ssDNA 3 to 5” exonuclease
or a polymerase with editing activity (¢.g., 3" to 5° exonuclease). Examples of a companion enzyme
include, but are not limited to, T4 DNA polymerase, exonuclease I, and exonuclease T. One function or
purpose of the companion enzyme is to remove the excess of free unused extension primer. Free primer
may contribute to unwanted products (¢.g., free primer may serve as a jumping acceptor or it may be
used as a nonspecific primer). Figure 25 shows a reaction scheme which starts with the annealing of a
primer to an RNA template (the primer can be annealed to a specific sequence, or to a polyA tail, orto a
product of poly-tailing of the 3" end). The reaction is then mixed with an enzyme (e.g., R2 enzyme), a
polymerase with editing activity (¢.g., 3" to 5° exonuclease), and an acceptor template (e.g., acceptor
template with a protected 3” end). The acceptor template may include bases at the 3™ end to protect it
against exo digestion. Examples of nucleotides that can be used to protect the acceptor template include,
but are not limited to, ribonucleotides, thiophosphates, and nucleotide bases with or without
modification. Alternatively, the reaction shown in Figure 25 can be executed in a single step if, for
example, a proper ratio of primer to exonuclease is used. As shown in Figure 25, if the R2 reverse
transcriptase dissociates from the DNA/RNA heteroduplex before completion of the jumping to the
acceptor template, the product is overextended (3” overhang). The 3” to 57 exonuclease activity can then
regenerate the bland end structure of the DNA/RNA duplex. In general, jumping to the acceptor template
can be completed by a multi-turnover mechanism, thus increasing the yield of the reaction;

[0073] Figure 26 illustrates a BioAnalyzer trace data of Next-Generation Sequencing (NGS)
libraries. Line 1 represents a fragmented RNA seq library from plasma and line 2 represents a no-
fragmented RNA seq library from plasma (see, Example 15);

[0074] Figure 27 and Figure 28 illustrate methods of generating cell free deoxyribonucleic acid
(cfDNA) library;
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[0075] Figure 29 illustrates library preparation: pulling ribosomal RNA and/or transfer RNA and/or
PCR products using complementary oligonucleotide attached to magnetic beads or solid support to
maximize sequencing capacity;

[0076] Figure 30 illustrates library preparation: oligonucleotide-guided degradation of ribosomal
RNA and/or transfer RNA and/or PCR products to maximize sequencing capacity.

[0077] Figure 31 illustrates a technology of the present disclosure that is capable of
capturing/targeting all species of RNA simultancously. Figure 31 shows cell free RNA library that was
obtained according to the methods of the present disclosure. The graph corresponds to Illumina
sequencing results of library prepared from 20 ng cell free RNA (cfRNA). 28357171 reads were
analyzed, 91.9% mapped. Examples of captured items/analytes included, but was not limited to, vault
RNA, tRNA, stpRNA, sSRNA, snRNA, snoRNA, scRNA, scaRNA, rRNA, RNA, long non-coding RNAs
(IncRNAs), micro RNA (miRNA), macro Inc RNA, miscellancous RNA, 3 prime overlapping ncRNA,
DNA, bidirectional promoter incRNA, lincRNA, MT tRNA, MT rRNA, ribozyme, LTR, retroposon,
and SINE.

DETAILED DESCRIPTION
[0078] While various embodiments of the disclosure have been shown and described herein, it will
be obvious to those skilled in the art that such embodiments are provided by way of example only.
Numerous variations, changes, and substitutions may occur to those skilled in the art without departing
from the disclosure. It should be understood that various alternatives to the embodiments of the
disclosure described herein may be employed.
[0079] Unless defined otherwise, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which the present disclosure
belongs. In case of conflict, the present application including the definitions will control. Also, unless
otherwise required by context, singular terms shall include pluralities and plural terms shall include the
singular. All publications, patents and other references mentioned herein are incorporated by reference in
their entireties for all purposes as if each individual publication or patent application were specifically
and individually indicated to be incorporated by reference, unless only specific sections of patents or
patent publications are indicated to be incorporated by reference. In order to further define the present
disclosure, the following terms, abbreviations and definitions are provided.
[0080] As used herein, the term “about” refers to variations in the numerical quantity that may occur,
for example, through typical measuring and liquid handling procedures used for making concentrates or
solutions in the real world; through inadvertent error in these procedures; through differences in the
manufacture, source, or purity of the ingredients employed to make the compositions or to carry out the
methods; and the like. The term “about” also encompasses amounts that differ due to different
equilibrium conditions for a composition resulting from a particular initial mixture. Whether or not

modified by the term “about”, the claims include equivalents to the quantities. In some embodiments, the
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term “about” means within 10% of the reported numerical value, or within 5% of the reported numerical
value, or within 20% of the reported numerical value.

[0081] The indefinite articles “a” and “an” preceding an element or component of the present
disclosure are intended to be nonrestrictive regarding the number of instances, i.¢., occurrences of the
clement or component. Therefore “a” or “an” should be read to include one or at least one, and the
singular word form of the element or component also includes the plural unless the number is obviously
meant to be singular.

[0082] The terms “anneal”, “hybridize” or “bind,” can be used interchangeably herein to refer to the
combining of one or more single-stranded polynucleotide sequences, segments or strands, and allowing
them to form a double-stranded molecule through base pairing. Two complementary sequences (€.g.,
ribonucleic acid (RNA) and/or deoxyribonucleic acid (DNA)) can anneal or hybridize by forming
hydrogen bonds with complementary bases to produce a double-stranded polynucleotide or a double-
stranded region of a polynucleotide.

[0083] The term “subject” can be any animal which may benefit from the methods of the disclosure,
including, ¢.g., humans and non-human mammals, such as primates, rodents, horses, dogs and cats.
Subjects include without limitation a eukaryotic organism, a mammal such as a primate, ¢.g., chimpanzee
or human, cow; dog; cat; a rodent, ¢.g., guinea pig, rat, mouse; rabbit; or a bird; reptile; or fish. Subjects
specifically intended for treatment using the methods described herein include humans. A subject may be
an individual or a patient.

[0084] As used herein, the term “primer extension reaction” generally refers to the denaturing of a
double-stranded nucleic acid, binding of a primer to one or both strands of the denatured nucleic acid,
followed by elongation of the primer(s).

[0085] As used herein, the term “reaction mixture” generally refers to a composition comprising
reagents necessary to complete nucleic acid amplification (¢.g., DNA amplification, RNA amplification),
with non-limiting examples of such reagents that include primer sets having specificity for target RNA or
target DNA, DNA produced from reverse transcription of RNA, a DNA polymerase, a reverse
transcriptase (¢.g., for reverse transcription of RNA), suitable buffers (including zwitterionic buffers), co-
factors (¢.g., divalent and monovalent cations), dNTPs, and other enzymes (e.g., uracil-DNA glycosylase
(UNG)), etc). In some cases, reaction mixtures can also comprise one or more reporter agents.

[0086] As used herein, a “reporter agent” generally refers to a composition that yields a detectable
signal, the presence or absence of which can be used to detect the presence of amplified product.

[0087] As used herein, the term “target nucleic acid” generally refers to a nucleic acid molecule in a
starting population of nucleic acid molecules having a nucleotide sequence whose presence, amount,
and/or sequence, or changes in one or more of these, are desired to be determined. A target nucleic acid
may be any type of nucleic acid, including DNA, RNA, and analogues thereof.

[0088] The term “primer”, as used herein, refers to an oligonucleotide, occurring naturally as in a

purified restriction digest or produced synthetically that is characterized by an ability to be extended
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against a template oligonucleotide, so that an oligonucleotide whose sequence is complementary to that
of at least a portion of the template molecule is linked to the primer, when all are placed in the presence
of nucleotides at a suitable temperature and pH. However, the mere ability to be used in this fashion does
not require that primers be fully extended against a template, and in some embodiments, primers are used
only as a site for the addition of a small number of non-templated nucleotides. Primers such as primer
hexamers having a length of at least 6 nucleotides long can be used. In some embodiments, a primer may
be fluorescently labeled (e.g., 5°-/S6FAM/TGATGACGAGGCATTTGGC/37). In some embodiments,
primers have a length within the range of about 6 to about 100 nucleotides, or in some embodiments from
about 10 to about 70 nucleotides. In some embodiments, larger primers can be used. In some
embodiments, random primers may be used. In some embodiments, a primer may be a random primer. In
some embodiments, one or more primer(s) may be one or more random primer(s).

[0089] The term “one or more primer(s)” can comprise any number of primers or random primers.
For example, “one or more primer(s)” can include at least, at most, or about 1, 2, 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, 20, 31, 32, 33, 34, 35, 36, 37, 38, 39,
40,41, 42,43, 44, 45,46, 47, 48, 49, 50, 51, 52, 53, 54, 55,56, 57, 58, 59, 60, 61, 62, 63, 64, 65, 66, 67,
68, 69,70, 71,72, 73,74,75,76,77, 78,79, 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95,
96, 97, 98, 99, or 100 primers or random primers. One or more primer(s) can include about 1 to about 2,
about 1 to about 3, about 1 to about 4, about 1 to about 3, about 1 to about 6, about 1 to about 7, about 1
to about 8, about 1 to about 9, about 1 to about 10, about 1 to about 15, about 1 to about 20, about 1 to
about 25, about 1 to about 30, about 1 to about 35, about 5 to about 15, about 3 to about 10, about 5 to
about 20, about 10 to about 50, about 30 to about 100, or more than about 100 primers. One or more
primer(s) can comprise any number of primers. For example, one or more primer(s) can include at least,
at most, orabout 1,2, 3,4,5,6,7,8,9,10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, 24,25, 26,
27,28,29,20,31,32,33,34,35,36,37, 38, 39,40, 41, 42,43, 44, 45, 46, 47, 48, 49, 50, 51, 52, 53, 54,
55,56, 57,58, 59, 60, 61, 62, 63, 64, 65, 66, 67,68, 69, 70,71, 72,73, 74, 75,76, 77, 78, 79, 80, 81, 82,
83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 100, 150, 200, 250, 300, 350, 400, 450,
500, 550, 600, 700, 800, 900, 1000, 1100, 1200, 1300, 1400, 1500, 1600, 1700, 1800, 1900, 2000, 3000,
4000, 5000, 6000, 7000, 8000, 9000, 10000, 11000, 12000, 13000, 14000, 15000, 16000, 17000, 18000,
19000, 20000, 25000, 30000, 35000, 40000, 45000, 50000, 55000, 60000, 65000, 70000, 75000, 80000,
85000, 90000, 95000, 100000, 150000, 200000, 250000, 300000, 350000, 400000, 450000, 500000,
550000, 600000, 650000, 700000, 750000, 800000, 850000, 900000, 950000, 1000000, 1500000,
2000000, 2500000, 3000000, 3500000, 4000000, 4500000, 5000000, 5500000, 6000000, 6500000,
7000000, 7500000, 8000000, 8500000, 9000000, 9500000, or 10000000 primers. One or more primer(s)
can include about 10 to about 100, about 100 to about 1000, about 1000 to about 10,000, about 10,000 to
about 100,000, about 100,000 to about 1,000,000, or about 1,000,000 to about 10,000,000 primers.
[0090] The term “random primer,” as used herein, refers to a primer containing a random base

sequence therein, and is intended to encompass primers whether they consist partially or wholly of
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random base sequences.

[0091] In some embodiments, a primer may comprise an adaptor sequence. In some embodiments,
the 5’ tail sequence of a primer comprises a sequence which does not hybridize to a target (the adaptor
sequence). The adaptor sequence may be selected such that it is the same in a variety of primers which
have different 3 target binding sequences (i.¢., a “universal” 5’ tail sequence). This allows a single
reporter probe sequence to be used for detection of any desired target sequence, which is an advantage in
that synthesis of the reporter probe is more complex due to the labeling. In some embodiments, a primer
may comprise an RNA primer. In some embodiments, a primer may comprise a DNA primer. In some
embodiments, a primer may comprise an R2 RNA primer. In some embodiments, a primer may comprise
ong or more random primer(s).

[0092] As used herein, the tem “acceptor template™ is synonymous to “acceptor nucleic acid
molecule.” In some embodiments, an acceptor nucleci acid may be modified. In some embodiments, an
acceptor nucleic acid molecule may be modified at the 3 end, for example to protect it from being
mistaken as an RNA primer. In some embodiments, the modification of the acceptor nucleic acid
molecule may comprise a dideoxy 3” end. In some embodiments, the modification may comprise a
phosphorylated 3° end. In some embodiments, the phosphorylated 3' end of a polynucleotide or of an
acceptor nucleic acid molecule, which typically has a hydroxyl group on its 3' end, can act as a 3' block
because extension by an enzyme of the present disclosure, or of DNA polymerase for example may be
inhibited or ligation by a ligase may be inhibited. Another non-limiting example of a 3' block includes the
addition of a 3' C3 spacer (three-carbon spacer) to the 3' end of a polynucleotide which can function as an
effective blocking agent against polymerase extension. Zhou, et al., Clin. Chem., 50: 1328-1335 (2004).
Thus, the 3' end can be blocked by the addition of, for example, a C3 spacer, a phosphate, an amine
group (NH2), or any other chemical modification that inhibits formation of a subsequent phosphodiester
bond between the 3' end of the polynucleotide and another nucleotide.

[0093] An “overhang sequence,” as used herein, refers to a single stranded region of nucleic acid
extending from a double stranded region.

[0094] An “isolated” polynucleotide, as used herein, means a polynucleotide that has been either
removed from its natural environment, produced using recombinant techniques, or chemically or
enzymatically synthesized. A polynucleotide can also be purified, i.¢., essentially free from any other
polynucleotides and associated cellular products or other impurities.

[0095] The term “polymerase™ as used herein can refer to an enzyme that links individual nucleotides
together into a strand, using another strand as a template. In some embodiments, the polymerase is a
polymerase with editing capabilities. In some embodiments, the polymerase with editing capabilitics may
be 37 to 57 exonuclease, T4 DNA polymerase, exonuclease I, Phi29, Pfu, Vent, KOD, exonuclease 111,
and exonuclease T. Examples of polymerases can include a DNA polymerase, an RNA polymerase, an
RNA-directed DNA polymerase, reverse transcriptase, a polypeptide having reverse transcriptase

activity, or any variant thereof, a thermostable polymerase, a wild-type polymerase, a modified
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polymerase, E. coli DNA polymerase I, T7 DNA polymerase, bacteriophage T4 DNA polymerase PHI 29
(phi29) DNA polymerase, Taq polymerase, Tth polymerase, Tli polymerase, Pfu polymerase VENT
polymerase, DEEPVENT polymerase, EX-Taq polymerase, LA-Taq polymerase, Sso polymerase, Poc
polymerase, Pab polymerase, Mth polymerase, ES4 polymerase, Tru polymerase, Tac polymerase, Tne
polymerase, Tma polymerase, Tca polymerase, Tih polymerase, Tfi polymerase, Platinum Taq
polymerases, Tbr polymerase, Tfl polymerase, Tth polymerase, Pfutubo polymerase, Pyrobest
polymerase, Pwo polymerase, KOD polymerase, Bst polymerase, Sac polymerase, Klenow fragment,
polymerase with 3' to 5' exonuclease activity, and variants, modified products and derivatives thereof. In
some embodiments, the polymerase may be a reverse transcriptase or a modified reverse transcriptase of
the present disclosure. In some embodiments, the polymerase is a single subunit polymerase. The
polymerase can have high processivity, namely the capability of the polymerase to consecutively
incorporate nucleotides into a nucleic acid template without releasing the nucleic acid template.

[0096] The term “reverse transcriptase” or RT refers to an enzyme with both an RNA-directed DNA
polymerase and a DNA-directed DNA polymerase. RT refers to a group of enzymes having reverse
transcriptase activity (e.g., that catalyze synthesis of DNA from an RNA template). In general, such
enzymes include, but are not limited to, retroviral reverse transcriptase, retrotransposon reverse
transcriptase, retroplasmid reverse transcriptases, retron reverse transcriptases, bacterial reverse
transcriptases, group Il intron-derived reverse transcriptase, and mutants, variants or derivatives thereof.
Non-retroviral reverse transcriptases include non-long terminal repeat (LTR) retrotransposon reverse
transcriptases, retroplasmid reverse transcriptases, retron reverse transciptases, and group Il intron
reverse transcriptases. Further bacterial reverse transcriptases are described by Simon D & Zimmerly S
(2008) “A diversity of uncharacterized retroclements in bacteria” Nucleic Acids Res 36(22):7219-7229
and Kojima, KK & Kanehisa, M (2008) “Systematic survey for novel types of prokaryotic retroclements
based on gene neighborhood and protein architecture” Mol Biol Evol 25:1395- 1404., which describe
many classes of non-retroviral reverse transcriptases (i.¢., retrons, group Il introns, and diversity-
generating retroclements among others). Reverse transcriptase has been used primarily to transcribe RNA
into cDNA, which can then be cloned into a vector for further manipulation or used in various
amplification methods such as polymerase chain reaction, nucleic acid sequence-based amplification
(NASBA), transcription mediated amplification (TMA), self-sustained sequence replication (3SR),
diverse primer extension reactions, S'RACE, detection of chemical modifications or other techniques that

require synthesis of DNA using an RNA template.

Retroviral Reverse Transcriptase Enzymes

[0097] Moloney Murine Leukemia Virus (M-MLV) reverse transcriptase contains a single subunit of
78 kDa with RNA-dependent DNA polymerase and RNase H activity. This enzyme has been cloned and
expressed in a fully active form in E. coli (reviewed in Prasad, V. R, Reverse Transcriptase, Cold Spring
Harbor, N.Y.: Cold Spring Harbor Laboratory Press, p. 135 (1993)).

[0098] Human Immunodeficiency Virus (HIV) reverse transcriptase is a heterodimer of p66 and p51
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subunits in which the smaller subunit is derived from the larger subunit by proteolytic cleavage. The p66
subunit has both a RNA-dependent DNA polymerase and an RNase H domain, while the p51 subunit has
only a DNA polymerase domain. Active HIV p66/p51 reverse transcriptase has also been cloned and
expressed successfully in a number of expression hosts, including E. coli (reviewed in Le Grice, S. F. J.,
Reverse Transcriptase, Cold Spring Harbor, N.Y.: Cold Spring Harbor Laboratory press, p. 163 (1993)).
Within the HIV p66/p51 heterodimer, the 51-kD subunit is catalytically inactive, and the 66-kD subunit
has both DNA polymerase and RNase H activity (Le Grice, S. F. J., et al., EMBO Journal 10:3905
(1991); Hostomsky, Z., et al., J. Virol. 66:3179 (1992)).

[0099] Members of the Avian Sarcoma-Leukosis Virus (ASLV) reverse transcriptase family are also
a heterodimers of two subunits, alpha (approximately 62 kDa) and beta (approximately 94 kDa), in which
the alpha subunit is derived from the beta subunit by proteolytic cleavage (reviewed in Prasad, V. R,
Reverse Transcriptase, Cold Spring Harbor, N.Y.: Cold Spring Harbor Laboratory Press (1993), p. 135).
Members of this family include, but are not limited to, Rous Sarcoma Virus (RSV) reverse transcriptase,
Avian Myeloblastosis Virus (AMV) reverse transcriptase, Avian Erythroblastosis Virus (AEV) Helper
Virus MCAYV reverse transcriptase, Avian Myelocytomatosis Virus MC29 Helper Virus MCAYV reverse
transcriptase, Avian Reticuloendotheliosis Virus (REV-T) Helper Virus REV-A reverse transcriptase,
Avian Sarcoma Virus UR2Helper Virus UR2AV reverse transcriptase, Avian Sarcoma Virus Y73 Helper
Virus YAV reverse transcriptase, Rous Associated Virus (RAV) reverse transcriptase, and
Myeloblastosis Associated Virus (MAV) reverse transcriptase, among others.

[00100] ASLYV reverse transcriptase can exist in two additional catalytically active structural forms,
Ad and a (Hizi, A. and Joklik, W. K., J. Biol. Chem. 252: 2281 (1977)).

[00101]  Sedimentation analysis suggests the presence of alpha/beta and beta/beta are dimers and that
the a form exists in an equilibrium between monomeric and dimeric forms (Grandgenett, D. P. et al.,
Proc. Nat. Acad. Sci. USA 70:230 (1973); Hizi, A. and Joklik, W. K, J. Biol. Chem. 252:2281 (1977);
and Soltis, D. A. and Skalka, A. M., Proc. Nat. Acad. Sci. USA 85:3372 (1988)). The ASLV alpha/beta
and beta/beta reverse transcriptases are the only known examples of retroviral reverse transcriptase that
include three different activities in the same protein complex: DNA polymerase, RNase H, and DNA
endonuclease (integrase) activities (reviewed in Skalka, A. M., Reverse Transcriptase, Cold Spring
Harbor, N.Y.: Cold Spring Harbor Laboratory Press (1993), p. 193). The a form lacks the integrase
domain and activity.

[00102]  Various forms of the individual subunits of ASLV reverse transcriptase have been cloned and
expressed. These include a 98-kDa precursor polypeptide that is normally processed proteolytically to
beta and a 4 kDa polypeptide removed from the beta carboxy end (Alexander, F., et al., J. Virol. 61:534
(1987) and Anderson, D. et al., Focus 17:53 (1995)), and the mature beta subunit (Weis, J. H. and
Salstrom, J. S., U.S. Pat. No. 4,663,290 (1987); and Soltis, D. A. and Skalka, A. M., Proc. Nat. Acad. Sci.
USA 85:3372 (1988)). (See also Werner S, and Wohrl B. M., Eur. J. Biochem. 267:4740-4744 (2000);
Wemer S, and Wohrl B. M., J. Virol. 74:3245-3252 (2000); Wemer S, and Wohrl B. M, J. Biol. Chem.

19



WO 2018/089860 PCT/US2017/061197

274:26329-26336 (1999).) Heterodimeric RSV alpha/beta reverse transcriptase has also been purified
from E. coli cells expressing a cloned RSV beta gene (Chemov, A. P, et al., Biomed. Sci. 2:49 (1991)).

Reverse Transcriptases of Non-Retroviral Origin

[00103] Reverse transcriptase enzymes may also be isolated from a large number of mobile genetic
elements which are not of retroviral origin. Such mobile genetic elements are resident in the genomes of
higher order species and play a function role in life cycle of these mobile genetic elements. Mobile
genetic elements are known to encode genes for reverse transcriptase enzymes (reviewed in Howard M
Temin, Reverse Transcription in the Eukaryotic Genome: Retroviruses. Pararetroviruses,
Retrotransposons, and Retrotranscripts, Mol. Biol. Evol. 2(6):455-468). These elements include, but are
not limited, to retrotransposons. Retrotransposons include the non-long terminal repeat (LTR)
retrotransposon and L'TR mobile elements (e.g., TY3, TYS, non-LTR, LINE-L1, R2, R1). (Reviewed by
Cordaux and Batzer, Nature Reviews, October 2009, volume 10, pp 691-703.).

[00104]  As used herein, “non-LTR retrotransposon” refers to naturally occurring proteins encoded by
non-L TR retrotransposons and polypeptide fragments thereof which possess reverse transcriptase
activity, as well as proteins or polypeptides derived therefrom which contain one or more amino acid
substitutions that either enhance the reverse transcriptase activity thereof or have no deleterious effect
thereon. A preferred class of non-L'TR retrotransposon are R2 proteins or polypeptides. Thus, as used
herein, “R2 protein or R2 enzyme or polypeptide or a functional fragment thereof” refers to naturally
occurring proteins encoded by R2 elements and polypeptide fragments therecof which possess reverse
transcriptase activity, as well as proteins or polypeptides derived therefrom which contain one or more
amino acid substitutions that either enhance the reverse transcriptase activity thereof or have no
deleterious effect thereon.

[00105] Retroelements, genetic elements that encode RTs, are divided into two major families denoted
LTR-containing retroelements and non-L'TR-containing retroelements (Xiong Y, Eickbush TH (1990)
“Origin and evolution of retroelements based upon their reverse transcriptase sequences” EMBO J
9:3353-62). Non-LTR-retroelements are a diverse family of RT-encoding elements that includes
retroplasmids, non-LTR-retrotransposons, retrons, and mobile group I introns.

[00106]  As used herein, the term polymerase “active fraction™ is defined as a fraction of enzyme with
polymerase activity. For example, a reverse transcriptase active fraction (RT active fraction) is a fraction
of enzyme that has a reverse transcriptase activity.

[00107]  As used herein, the terms “variant,” “modified,” “non-naturally occurring,” and “mutant” are
synonymous and refer to a polypeptide or enzyme differing from a specifically recited polypeptide or
enzyme by one or more amino acid insertions, deletions, mutations, and substitutions, created using, €.g.,
recombinant DNA techniques, such as mutagenesis. Guidance in determining which amino acid residues
may be replaced, added, or deleted without abolishing activities of interest, may be found by comparing
the sequence of the particular polypeptide with that of homologous polypeptides, ¢.g., yeast or bacterial,

and minimizing the number of amino acid sequence changes made in regions of high homology
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(conserved regions) or by replacing amino acids with consensus sequences. In some embodiments, the
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terms “derivative,” “variant,” “modified,” “non-naturally occurring,” and “mutant” are used
interchangeably.

[00108] The mutants of the present disclosure may be generated in accordance with any suitable
method, including, but not limited to, methods described and exemplified herein. Mutations, such as
substitutions, insertions, deletions, and/or side chain modifications, may be introduced into the nucleotide
and amino acid sequences of the gene of interest using any suitable technique, including site-directed
mutagenesis (Wu, ed., Meth. Enzymol. 217, Academic Press (1993)). The lambda red recombinase
method may be used to “knock out” genes (Datsenko et al., PNAS USA 97: 6640-6645 (2000)).
Permanent, marker-free, multiple gene disruptions may be created. Non-naturally occurring nucleotides
and amino acids also may be used.

[00109]  As used herein, “homologue™ refers to a protein that is functionally equivalent i.¢. has the
same enzymatic activity as an enzyme having an amino acid sequence of the specified sequence
identification number, but may have a limited number of amino acid substitutions, deletions, insertions or
additions in the amino acid sequence. In order to maintain the function of the protein, the substitutions
may be conservative substitutions, replacing an amino acid with one having similar properties.

[00110] In some embodiments, a homologue refers to a protein which has an identity of at least about
25%, at least about 50%, at least about 60%, at least about 70%, at least about 80%, at least about 85%,
at least about 90%, at least about 95% or at least about 99% with the amino acid sequence of SEQ ID NO
corresponding to the protein. Algorithms for determining sequence identity include ¢.g. BLAST available
through the National Center for Biotechnology Information (NCBI). Sequences may be determined to be
similar to a degree that indicates homology and thus similar or identical function.

[00111] A polynucleotide encoding a homologue of each enzyme may be obtained by appropriately
introducing substitution, deletion, insertion, and/or addition to the DNA of the enzyme which is
composed of a nucleotide sequence disclosed herein, using methods such as random mutagenesis and
site-specific mutagenesis (Nucleic Acid Res. 10, pp. 6487 (1982), Methods in Enzymol. 100, pp. 448
(1983), Molecular Cloning 2nd Edt., Cold Spring Harbor Laboratory Press (1989), PCR A Practical
Approach IRL Press pp. 200 (1991)). The polynucleotide encoding a homologue of each enzyme may be
introduced and expressed in a host to obtain the homologue.

[00112]  The term “heterologous™ refers to a molecule or activity derived from a source other than the
referenced species whereas “homologous™ refers to a molecule or activity derived from the host
microbial organism. Accordingly, exogenous expression of an encoding nucleic acid of the present
disclosure may use either or both a heterologous or homologous encoding nucleic acid.

[00113] In some embodiments, a host cell may be selected from, and the modified or non-naturally
occurring enzyme generated in, for example, bacteria, yeast, fungus or any of a variety of other
organisms may be used as a host organism.

[00114] In some embodiments, the host is not particularly restricted and the enzymatic activity or
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activities may be incorporated into any suitable host organism using methods, for example, as described
herein. In some embodiments, the host is selected from bacteria, yeast, algae, cyanobacteria, fungi, or a
plant cell, or any combination thereof. E. coli and S. cerevisiae are particularly useful host organisms
since they are well characterized microorganisms suitable for genetic engineering.

[00115]  As used herein, “enzyme” includes proteins produced by a cell capable of catalyzing
biochemical reactions. Further, unless context dictates otherwise, as used herein “enzyme” includes
protein fragments that retain the relevant catalytic activity, and may include artificial enzymes
synthesized to retain the relevant catalytic activity.

[00116] Each of the enzymes described herein may be attached to an additional amino acid sequence
as long as it retains an activity functionally equivalent to that of the enzyme. As mentioned above, it is
understood that each enzyme or a homologue thereof may be a (poly)peptide fragment as long as it
retains an activity functionally equivalent to that of the enzyme.

[00117] In some embodiments, the enzymes for use in compositions, methods and kits of the present
disclosure include any enzyme having reverse transcriptase activity. Such enzymes include, but are not
limited to, non-retroviral reverse transcriptases, retroviral reverse transcriptases, retrotransposon reverse
transcriptases, non-LTR retrotransposons, R2 reverse transcriptases, LTR-retrotransposons, hepatitis B
reverse transcriptases, cauliflower mosaic virus reverse transcriptases, bacterial reverse transcriptases,
Tth DNA polymerases, Taq DNA polymerases (Saiki, R. K., et al., Science 239:487-491 (1988); U.S.
Pat. Nos. 4,889,818 and 4,965,188), Tne DNA polymerases (PCT Publication No. WO 96/10640), Tma
DNA polymerases (U.S. Pat. No. 5,374,553) and mutants, fragments, variants or derivatives thereof. In
some embodiments, reverse transcriptases for use in the present disclosure include retroviral reverse
transcriptases such as M-MLYV reverse transcriptase, AMYV reverse transcriptase, RSV reverse
transcriptase, RAV reverse transcriptase, MAV reverse transcriptase, and generally ASLV reverse
transcriptases. Mutant reverse transcriptases can, for example, be obtained by mutating the gene or genes
encoding the reverse transcriptase of interest by site-directed or random mutagenesis. Such mutations
may include point mutations, deletion mutations, insertional mutations, and truncations. For example,
ong or more point mutations (¢.g., substitution of one or more amino acids with one or more different
amino acids) may be used to construct mutant reverse transcriptases for use in the present disclosure.
[00118] In some embodiments, the enzyme is selected and/or engineered to exhibit high fidelity with
low error rates. The fidelity of a nucleotide polymerase is typically measured as the error rate, i.¢., the
frequency of incorporation of a nucleotide in a manner that violates the widely known Watson-Crick base
pairing rules. The fidelity or error rate of a polymerase (¢.g., DNA polymerase) may be measured using
any suitable assay. See, for example, Lundburg et al., 1991 Gene, 108:1-6. The term “fidelity” can be
used to refer to the accuracy of polymerization, or the ability of the polymerase to discriminate correct
from incorrect substrates, (e. g., nucleotides) when synthesizing nucleic acid molecules (¢. g. RNA or
DNA) which are complementary to a template. The higher the fidelity of an enzyme, the less the enzyme

misincorporates nucleotides in the growing strand during nucleic acid synthesis; that is, an increase or
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enhancement in fidelity results in a more faithful polymerase having decreased error rate (decreased
misincorporation rate). In some embodiments, the misincorporation error rate is at most about 10-2, 10-4,
10-6, or 10-8.

[00119] In some embodiments, the non-naturally occurring or modified enzyme (e.g., non-naturally
occurring or modified reverse transcriptase, non-naturally occurring or modified non-LTR
retrotransposon, non-naturally occurring or modified R2 reverse transcriptase) or a modified polypeptide
having reverse transcriptase activity exhibits a misincorporation error rate of equal to or less than about
50%, equal to or less than about 45%, equal to or less than about 40%, equal to or less than about 35%,
equal to or less than about 30%, equal to or less than about 25%, equal to or less than about 20%, equal
to or less than about 15%, equal to or less than about 10%, equal to or less than about 9%, equal to or less
than about 8%, equal to or less than about 7%, equal to or less than about 6%, equal to or less than about
5%, equal to or less than about 4%, equal to or less than about 3%, equal to or less than about 2%, equal
to or less than about 1%, equal to or less than about 0.01%, equal to or less than about 0.001%, equal to
or less than about 0.0001%, equal to or less than about 0.00001%, equal to or less than about 0.000001%,
or equal to or less than about 0.0000001%.

[00120] In some embodiments, the non-naturally occurring or modified enzyme (e.g., non-naturally
occurring or modified reverse transcriptase, non-naturally occurring or modified non-LTR
retrotransposon, non-naturally occurring or modified R2 reverse transcriptase) or a modified polypeptide
having reverse transcriptase activity generates one or more nucleic acid (e.g., cDNA) molecule(s)
complementary to a template at an error rate that is at least about 10000 times lower, at least about 1500
times lower, at least about 1000 times lower, at least about 500 times lower, at least about 100 times
lower, at least about 95 times lower, at least about 90 times lower, at least about 85 times lower, at least
about 80 times lower, at least about 75 times lower, at least about 70 times lower, at least about 65 times
lower, at least about 60 times lower, at least about 55 times lower, at least about 50 times lower, at least
about 45 times lower, at least about 40 times lower, at least about 35 times lower, at least about 30 times
lower, at least about 25 times lower, at least about 20 times lower, at least about 15 times lower, at least
about 10 times lower, at least about 9 times lower, at least about 8 times lower, at least about 7 times
lower, at least about 6 times lower, at least about 5 times lower, at least about 4 times lower, at least
about 3 times lower, at least about 2 times lower, or at least about 1 time lower than the unmodified or
naturally occurring enzyme or unmodified polypeptide having reverse transcriptase activity.

[00121] In some embodiments, the sequencing error rate will be equal to or less than about 1 in
100,000 bases. In some embodiments, the error rate of nucleotide sequence determination is equal to or
less than about 1 in 10 bases, 1 in 20 bases, 3 in 100 bases, 1 in 100 bases, 1 in 1000 bases, and 1 in
10,000 bases.

[00122]  The terms “polynucleotides”, “nucleic acid”, “nucleotides™ and “oligonucleotides™ can be
used interchangeably. They can refer to a polymeric form of nucleotides of any length, either

deoxyribonucleotides or ribonucleotides, fragments, or analogs thereof. The following are non-limiting
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examples of polynucleotides: coding or non-coding regions of a gene or gene fragment, loci (locus)
defined from linkage analysis, exons, introns, messenger RNA (mRNA), transfer RNA, transfer-
messenger RNA, ribosomal RNA, antisense RNA, small nuclear RNA (snRNA), small nucleolar RNA
(snoRNA), micro-RNA (miRNA), small interfering RNA (siRNA), ribozymes, cDNA, recombinant
polynucleotides, branched polynucleotides, plasmids, vectors, isolated DNA of any sequence, isolated
RNA of any sequence, nucleic acid probes, and primers. A polynucleotide may comprise modified
nucleotides, such as methylated nucleotides and nucleotide analogs. If present, modifications to the
nucleotide structure may be imparted before or after assembly of the polymer. The sequence of
nucleotides may be interrupted by non-nucleotide components. A polynucleotide may be further
modified after polymerization, such as by conjugation with a labeling component. A nucleic acid
described herein can contain phosphodiester bonds. In some embodiments, the nucleic acids can be DNA
(including, ¢.g., genomic DNA, mitochondrial DNA, and ¢cDNA), RNA (including, ¢.g., mRNA and
rRNA) or a hybrid, where the nucleic acid contains any combination of deoxyribo- and ribo-nucleotides,
and any combination of bases, including uracil, adenine, thymine, cytosine, guanine, inosine, xathanine
hypoxathanine, isocytosine, isoguanine, etc. A polynucleotide is intended to encompass a singular
nucleic acid as well as plural nucleic acids The polynucleotide may be composed of any
polyribonucleotide or polydeoxyribonucleotide, which may be unmodified RNA or DNA or modified
RNA or DNA. For example, polynucleotides may be composed of single- and double-stranded DNA,
DNA that is a mixture of single- and double-stranded regions, single- and double-stranded RNA, and
RNA that is mixture of single- and double-stranded regions, hybrid molecules comprising DNA and
RNA that may be single-stranded or, more typically, double-stranded or a mixture of single- and double-
stranded regions.

[00123] Ribosomal RNAs can make up as much as 80% or more of the total RNA in a sample. It is
often desirable to separate mRNA from rRNA because rRNA can adversely affect the quantitative
analysis of mRNA. One approach to separating rRNA from mRNA is to deplete the rRNA from the
sample. One example, is the hybridization of rRNA molecules using oligonucleotides, for example,
oligonucleotides homologous to the 17S rRNA, 18S rRNA, or 28S rRNA in the case of eukaryotic
rRNAs, or to the 16S rRNA or 23S rRNA in the case of bacterial rRNA. The oligonucleotides are
designed such that they can be “captured” and the hybridization product removed from the sample. For
example, the oligonucleotides may be immobilized on a surface such as a column or a bead.
MICROBEXxpress (Registered Trademark) and MICROBEnrich (Registered Trademark) (Ambion,
Austin, Tex.) are examples of commercially available kits for the depletion of rRNA. Methods and
compositions for the depletion or rRNA from a sample are described in U.S. application Ser. No.
10/029,397, which is incorporated by reference. The poly(A) tail at the 3' end of most eukaryotic mRNAs
can be used to separate these molecules away from rRNA and other non-mRNA species that lack this
poly(A) tail. In some embodiments, the method of the present disclosure comprises depleting ribosomal

RNA, such as by hybridization of an oligonucleotide to an rRNA. In some embodiments, the method of
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the present disclosure comprises depleting rRNA and/or tRNA by oligonucleotide probe-guided
endonucleolitic cleavage of at least one rRNA and/or tRNA sequence. In some embodiments, depletion
can be partial or a complete depletion. In some embodiments, depletion comprises decreasing the number
of rRNA and/or tRNA from a sample. In some embodiments, the present disclosure relates to methods of
depleting rRNA and/or transfer RNA (tRNA). In some embodiments, the present disclosure relates to
depleting at least one transfer RNA (tRNA) from one or more template nucleic acid molecules. In some
embodiments, depleting rRNA and/or tRNA occurs prior to annealing of a primer (¢.g., one or more
primers) to a template.

[00124] In one embodiment, the present disclosure relates to a method of depleting ribosomal and/or
transfer RNA from a sample for library sequencing. In some embodiments, the method comprises
providing a sample comprising RNA. In some embodiments, the RNA comprises ribosomal RNA
(rRNA) and/or transfer RNA (tRNA). In some embodiments, the method comprises performing a
polymerase chain reaction (PCR) to convert the rRNA and/or tRNA to double stranded DNA (dsDNA).
In some embodiments, the method comprises partial or full (complete) amplification. In some
embodiments, the method further comprises introducing a complex comprising a nuclease and/or a
polynucleotide encoding a nuclease and at least one specifically designed guide oligonucleotide. In some
embodiments, the at least one guide oligonucleotide comprises a sequence complementary to at least one
rRNA and/or at least one tRNA. In some embodiments, the at least one guide oligonucleotide comprises
at least one sequence complementary to at least one dsDNA. In some embodiments, the nuclease or
polynucleotide encoding the nuclease cleaves at least one strand of the dsDNA. In some embodiments,
the nuclease or polynucleotide encoding the nuclease cleaves the rRNA and/or the tRNA and/or the
dsDNA, thereby depleting the rRNA and/or the tRNA from the sample. In some embodiments, the
nuclease is Cas9 or the polynucleotide encodes Cas9 or a functional variant thercof. In some
embodiments, the method comprises denaturing the dsDNA into single-stranded DNA (ssDNA) strands.
In some embodiments, the method further comprises introducing at least one oligonucleotide (e.g.,
specifically designed oligonucleotide) comprising a binding molecule and at least one sequence
complementary to at least one ssDNA strand to form a hybridized complex of the oligonucleotide and the
at least one ssDNA strand. In some embodiments, the method comprises immobilizing the hybridized
complex to at least one solid support. In some embodiments, immobilizing the hybridized complex
causes the hybridized complex to be removed from a sample. In some embodiments, the solid support
comprises streptavidin. In some embodiments, the method comprises introducing at least one
oligonucleotide (e.g., specifically designed oligonucleotide) comprising a binding molecule and at least
one sequence complementary to at least one rRNA and/or tRNA to form a complex comprising the
oligonucleotide and the at least one rRNA and/or tRNA. In some embodiments, the method further
comprises immobilizing the complex to at least one solid support. In some embodiments, immobilizing
the complex causes the complex to be removed from a sample. In some embodiments, the solid support

comprises streptavidin. In some embodiments, the binding molecule is biotin.
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[00125] In some embodiments, any of the method of the present disclosure comprises a nuclease or
polynucleotide encoding the nuclease. In some embodiments, the nuclease or polynucleotide encoding
the nuclease cleaves at least one strand of a dsDNA. In some embodiments, cleavage of dsDNA is an
intermediate product of library preparation. In some embodiments, cleavage of dsDNA includes rRNA
and/or tRNA (coding sequences). In some embodiments, oligo-guided nucleolitic cleavage may not or
does not require denaturing dsDNA. In some embodiments, not requiring dsDNA denaturation is a
significant improvement of the present disclosure. In some embodiments, the nuclease or a
polynucleotide encoding the nuclease is Cas9, or a polynucleotide encoding Cas9, or a functional variant
thereof.

[00126] In one embodiment, the present disclosure relates to a method comprising adding a nuclease
complex to a plurality of double-stranded nucleic acid molecules. In some embodiments, the nuclease
complex comprises a Cas9 nuclease or a functional variant thereof and at least one synthetic guide
oligonucleotide. In some embodiments, the synthetic guide oligonucleotide is complementary to a
ribosomal ribonucleic acid (rRNA) and/or transfer ribonucleic acid (tRNA) region. In some
embodiments, the region is in at least one double-stranded nucleic acid molecule. In some embodiments,
the method comprises permitting the complex to cleave an rRNA and/or a tRNA region. In some
embodiments the region is present in at least one double-stranded nucleic acid molecule. In some
embodiments, the method provides at least one cleaved double-stranded nucleic acid molecule. In some
embodiments, the method comprises subjecting the at least one cleaved double-stranded nucleic acid
molecule or derivative thercof to sequencing (¢.g., nucleic acid sequencing). In some embodiments, the
method comprises sequencing a nucleic acid sequence of at least one double-stranded nucleic acid
molecule lacking an rRNA and/or a tRNA region. In some embodiments, the method comprises
sequencing a nucleic acid sequence of at least one double-stranded nucleic acid molecule comprising an
rRNA and/or a tRNA region. In some embodiments, the method comprises sequencing a mixture of
nucleic acid sequence wherein the mixture comprises at least one double-stranded nucleic acid molecule
comprising an rRNA and/or a tRNA region and at least one double-stranded nucleic acid molecule
lacking an rRNA and/or a tRNA region.

[00127] In one embodiment, the present disclosure relates to a method of producing a cell free
deoxyribonucleic acid (cfDNA) library comprising: providing a sample comprising cfDNA; denaturing
the cfDNA to produce a single stranded DNA (ssDNA) sample; introducing, in the presence of
nucleotides and/or a catalytic metal, a complex comprising a template, a primer, and a reverse
transcriptase to the ssDNA sample, wherein the reverse transcriptase extends the primer on the template
and subsequently template jumps to the ssDNA sample to produce a double stranded DNA (dsDNA)
sample, and wherein the dsDNA comprises at least one nick between the template and the ssDNA;
introducing a polymerase comprising a 3'-to-5' exonuclease activity to generate a dsDNA with blunt ends
and/or a 3’-overhang; introducing an asymmetric adapter comprising a nucleic acid duplex with a single-

stranded overhang at the 5° end, wherein the asymmetric adapter is ligated to the 5° end of the dsDNA,
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and wherein the single-stranded overhang comprises a sequence complementary to at least one
polymerase chain reaction (pcr) amplification primer; and performing a pcr reaction to amplify only one
strand of the dsDNA.

[00128] In one embodiment, the present disclosure relates to a method of producing a cell free
deoxyribonucleic acid (cfDNA) library. In some embodiments, the method comprises providing a sample
comprising ¢cfDNA. In some embodiments, the method comprises denaturing the cfDNA to produce a
single stranded DNA (ssDNA) sample. In some embodiments, the method comprises introducing a
terminal deoxynucleotidyl transferase (TdT) and a deoxyadenosine triphosphate (dATP) to the ssDNA
sample to generate a poly(A) and/or a poly(C) tail. In some embodiments, the method comprises
introducing a non-extendable nucleotide. In some embodiments, the method comprises annealing a
complex comprising a primer and a first adapter to the tail of the ssDNA sample. In some embodiments,
the complex comprises a sequence complementary to the tail. In some embodiments, the method
comprises introducing, in the presence of nucleotides and/or a catalytic metal, a reverse transcriptase
(e.g., a modified reverse transcriptase) and a complex comprising an acceptor and a second adapter to
produce a double strand DNA (dsDNA) sample. In some embodiments, the nucleotides comprise
degradable nucleotides. In some embodiments, the reverse transcriptase extends the primer and
subsequently template jumps to the complex to continue extension. In some embodiments, the complex
comprises a nucleotide block to prevent the reverse transcriptase from reaching the end of the complex
and jumping to another complex. In some embodiments, the dsSDNA comprises an original strand and a
copy strand. In some embodiments, the original strand comprises at least one nick between the complex
and the ssDNA. In some embodiments, the copy strand comprises at least one degradable nucleotide. In
some embodiments, the method further comprises introducing a polymerase comprising a 3'-to-5'
exonuclease activity to generate a dsDNA with blunt ends or a 3’-overhang, and/or a DNA ligase to
ligate the at least one nick. In some embodiments, the method further comprises introducing at least one
uracil-DNA glycosylase to degrade at least one degradable nucleotide. In some embodiments, the method
further comprises performing a polymerase chain reaction (PCR) comprising a primer (e.g., at least a first
primer and/or at least a first and a second primer) to amplify the original strand. In some embodiments,
the primer (e.g., the first primer) comprises a sequence complementary to the first adapter and the second
primer comprises a sequence complementary to the second adapater.

[00129] In one embodiment, the present disclosure relates to a method of producing a library for
sequencing. In some embodiments, the method comprises providing a sample comprising cell free
ribonucleic acid (cfRNA). In some embodiments, the method comprises subjecting the sample to high
temperature. In some embodiments, the high temperature is sufficient to allow for transphosphorylation
of the RNA (e.g., cfRNA). In some embodiments, the method further comprises introducing a
phosphatase. In some embodiments, the phosphatase can convert a phosphate moiety of an RNA to a 3°-
hydroxyl group. In some embodiments, the method further comprises introducing an adenosine

triphosphate and a polymerase to generate a poly(A) tail on the 3’-hydroxyl group of the RNA. In some
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embodiments, the method further comprises introducing, in the presence of nucleotides, a primer, an
acceptor, and a reverse transcriptase. In some embodiments, the primer comprises a sequence
complementary to the poly(A) tail thereby annealing to the poly(A) tail. In some embodiments, the
reverse transcriptase extends the primer and subsequently template jumps to the acceptor to continue
extension. In some embodiments, the method further comprises introducing at least one solid support to
immobilize excess primer and non-specific primer products to the at least one solid support, thereby
removing the excess primer and the non-specific primer products from the sample. In some
embodiments, the method further comprises performing a polymerase chain reaction (PCR) reaction to
amplify the RNA. In some embodiments, the method further comprises using an isothermal amplification
reaction.

[00130] In one embodiment, the present disclosure relates to a method for preparing a nucleic acid
library for sequencing. In some embodiments, the method comprises obtaining a plurality of nucleic acid
molecules. In some embodiments, the method comprises inducing a non-enzymatic intramolecular
transphosphorylation of at least one nucleic acid molecule (e.g., in the plurality of nucleic acid
molecules). In some embodiments, the non-enzymatic intramolecular transphosphorylation can occur by
increasing temperature (¢.g., increase the temperature of a plurality of nucleic acid molecules). In some
embodiments, non-enzymatic intramolecular transphosphorylation and/or an increase of temperature
results in a nucleic acid molecule having a free 5°-phosphate moiety (e.g., a plurality of nucleic acid
molecules can have a free 5’°-phosphate moiety). In some embodiments, the method comprises adding a
phosphatase to the nucleic acid molecules with the free 5°-phosphate moiety. In some embodiments, the
phosphatase converts one or more of the free 5’ -phosphate moieties to a hydroxyl group. In some
embodiments, this results in a plurality of nucleic acid molecules to have a free hydroxyl group. In some
embodiments, the method comprises mixing (e.g., in the presence of an amount of adenosine
triphosphates) a plurality of nucleic acid molecules and a polymerase. In some embodiments, the
polymerase generates a poly(A) tail on the free hydroxyl group. In some embodiments, the method
comprises mixing, in the presence of nucleotides, (i) one or more primers comprising a sequence
complementary to said poly(A) tail; (i) one or more acceptor nucleic acid molecules; and (iii) a modified
reverse transcriptase. In some embodiments, the modified reverse transcriptase generates a plurality of
continuous complementary deoxyribonucleic acid molecule by reverse transcribing a sequence of an
annealed template nucleic acid molecule, migrating to an acceptor nucleic acid molecule, and reverse
transcribing a sequence of said acceptor nucleic acid molecule. In some embodiments, the method
comprises adding at least one solid support. In some embodiments, the solid support immobilizes an
excess of the one or more primers comprising a sequence complementary to said poly(A) tail. In some
embodiments, the method comprises performing a polymerase chain reaction (PCR) reaction. In some
embodiments, the method comprises performing an isothermal amplification.

[00131] In one embodiment, the present disclosure relates to a method of producing a library for

sequencing. In some embodiments, the method comprises providing a sample comprising at least one
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nucleic acid molecule (such as ribonucleic acid (e.g., cfRNA)). In some embodiments, the method
comprises subjecting the sample (or the nucleic acid molecule) to high temperature sufficient to allow for
transphosphorylation of the nucleic acid molecule (e.g., RNA). In some embodiments, the method further
comprises adding a catalytic metal (¢.g., magnesium) and/or a polyamine. In some embodiments, the
method comprises introducing a phosphatase to convert a phosphate moiety of a nucleic acid molecule
(e.g.. RNA) to a 3”-hydroxyl group. In some embodiments, the method comprises introducing an
adenosine triphosphate and a polymerase to generate a poly(A) tail. In some embodiments, the poly(A)
tail is generated on the 3’-hydroxyl group of the nucleic acid molecule (¢.g., RNA). In some
embodiments, the method comprises introducing, in the presence of nucleotides, a primer, an acceptor,
and a reverse transcriptase to the sample or to the nucleic acid molecule. In some embodiments, the
primer comprises a sequence complementary to the poly(A) tail thereby annealing to the poly(A) tail. In
some embodiments, the reverse transcriptase extends the primer and subsequently template jumps to the
acceptor to continue extension. In some embodiments, the method comprises introducing at least one
solid support. In some embodiments, the solid support immobilizes excess primer and non-specific
primer products. In some embodiments, the excess primer and the non-specific primer products is
removed from the sample/mixture. In some embodiments, the method further comprises performing a
polymerase chain reaction (PCR) reaction to amplify the nucleic acid molecule (e.g., RNA). In some
embodiments, the method further comprises an isothermal amplification reaction.

[00132] In one embodiment, the present disclosure relates to a method of depleting rRNA and/or
tRNA and/or to a method comprising reverse transcribing at least one nucleic acid molecule by
performing an amplification reaction. In some embodiments, at least one nucleic acid moleculte is rRNA
and/or tRNA. In some embodiments, the amplification reaction provides a plurality of double-stranded
nucleic acid molecules (e.g., cDNA). In some embodiments, the method comprises adding a nuclease or a
polypeptide comprising a nuclease and/or a guide oligonucleotide. In some embodiments, the method
comprises adding a complex comprising a nuclease or a polypeptide comprising a nuclease and a guide
oligonucleotide. In some embodiments, the nuclease or polypeptide comprising the nuclease is Cas9 or a
polypeptide comprising Cas9. In some embodiments, the guide oligonucleotide is complementary to
region of a nucleic acid molecule. In some embodiments, the guide oligonucleotide is complementary to
a pre-determined region in at least one nucleic acid molecule (e.g., double-stranded nucleic acid
molecule). In some embodiments, the oligonucleotide directs the nuclease (e.g., Cas9) to the site of
cleavage. In some embodiments, the complex comprising a nuclease and a guide oligonucleotide cleaves
a region or a pre-determined region of the nucleic acid molecule. In some embodiments, the cleavage is
at a gene. In some embodiments, the method comprises sequencing the cleaved nucleic acid molecules
(e.g., cleaved double stranded nucleic acid molecules) (¢.g., sequencing a library of cleaved nucleic acid
molecules). In some embodiments the double-stranded nucleic acid molecules comprises sequences
derived from an rRNA, a tRNA, or both an rRNA and a tRNA. In some embodiments, the pre-

determined region of at least one double-stranded nucleic acid molecule is a region of an TRNA, a tRNA,
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or both (e.g., a combination). In some embodiments, the pre-determined region is a region of an rRNA.
In some embodiments, the pre-determined region is a region of a tRNA. In some embodiments the
method does not require denaturation of nucleic acid molecules. In some embodiments, the method does
not require denaturation of the plurality of double-stranded nucleic acid molecules. In some
embodiments, a double-stranded nucleic acid molecule comprises a sequence derived from an rRNAs
and/or a tRNA prior to sequencing. In some embodiments, the double-stranded nucleic acid molecules
comprise a cDNA.

[00133] In one embodiment, the present disclosure relates to a method for preparing a concatemer of
nucleic acid molecules. In some embodiments, the method comprises processing ends of a plurality of
double-stranded nucleic acid molecules. In some embodiments, the method comprises adding a first
plurality of adaptor molecules to the plurality of double stranded nucleic acid molecules. In some
embodiments, the first plurality of adaptor molecules comprise one or more overhang sequences. In some
embodiments, at least two of the one or more overhang sequences are complentary to each other. In some
embodiments, the method provides a first plurality of adaptor connected double-stranded nucleic acid
molecules. In some embodiments, the method comprises adding a polymerizing enzyme (¢.g., adding a
polymerase enzyme to the first plurality of adaptor connected double-stranded nucleic acid molecules). In
some embodiments, adding a polymerase enzyme is in the absence of a primer. In some embodiments,
the method does not comprise adding a primer. In some embodiments, the polymerizing enzyme forms a
first set of adaptor connected double-stranded nucleic acid concatemers. In some embodiments, forming
a first set of adaptor connected double-stranded nucleic acid concatemers is by joining two or more
adaptor connected double-stranded nucleic acid molecules by the one or more overhang sequences. In
some embodiments, the method comprises adding a second plurality of adaptor molecules to the first set
(e.g., first adaptor molecules). In some embodiments, the second plurality of adaptor molecules comprise
ong or more overhang sequences. In some embodiments, at least two of the one or more overhang
sequences are complementary to each other. In some embodiments, the method provides a second set of
adaptor connected double-stranded nucleic acid molecules. In some embodiments, any one of the
previous embodiments can be repeated with a set of adaptor molecules to yield a concatemer comprising
a predetermined average length.

[00134] In one embodiment, the present disclosure relates to a method for preparing a concatemer of
nucleic acid molecules. In some embodiments, the method comprises subjecting at least one nucleic acid
molecule and/or a plurality of double-stranded nucleic acid molecules to end-repair. In some
embodiments, the method comprises adding at least one or a plurality of adaptor molecules to the at least
one nucleic acid molecule and/or the plurality of double-stranded nucleic acid molecules. In some
embodiments, adding at least one or a (first) plurality of adaptor molecules to the at least one nucleic acid
molecule and/or the plurality of double stranded nucleic acid molecules comprises ligation. In some
embodiments, adding at least one or a (first) plurality of adaptor molecules to the at least one nucleic acid

molecule and/or the plurality of double stranded nucleic acid molecules comprises a reverse transcriptase
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(e.g., R2 reverse transcriptase, or a modified reverse transcriptase). In some embodiments, In some
embodiments, the at least one or a plurality of adaptor molecules comprise one or more overhang
sequences. In some embodiments, at least two overhang sequences are complentary to each other (e.g.,
thereby providing a (first) plurality of adaptor connected double-stranded nucleic acid molecules). In
some embodiments, the at least one or a plurality of adaptor molecules comprise a sequence (e.g.,
overhang sequence) that attaches/ligates to the 3° end of the nucleic acid molecule and/or a sequence
(e.g., overhang sequence) that attaches/ligates to the 5° end of the nucleic acid molecule. In some
embodiments, the nucleic acid molecule comprises adaptors on both the 3™ and the 5° end. In some
embodiments, the adaptor that binds to the 3 end is complementary to the adaptor that binds to the 5°
end. In some embodiments, the sequence of the adaptors is unknown. In some embodiments, the
sequence of the adaptors is pre-determined. In some embodiments, the adaptor serves as a template
and/or as a primer. In some embodiments, the adaptor that binds to the 3° end of one nucleic acid
molecule can bind to an adaptor on the 5° end of another nucleic acid molecule. In some embodiments,
the method further comprises adding a polymerase enzyme to the adaptor connected to a nucleic acid
molecule. In some embodiments, the method further comprises adding a polymerase to the (first)
plurality of adaptor connected double-stranded nucleic acid molecules. In some embodiments, the
polymerase is added in the absence of a primer. In some embodiments, the polymerase enzyme forms a
first set of adaptor connected double-stranded nucleic acid concatemers by joining two or more adaptor
connected double-stranded nucleic acid molecules by the one or more overhang sequences. In some
embodiments, the polymerase permits that the adaptor connected to the nucleic acid molecule form
concatemers. In some embodiments, the method comprises adding a second plurality of adaptor
molecules to the first set. In some embodiments, the second plurality of adaptor molecules comprise one
or more overhang sequences. In some embodiments, the at least two overhang sequences are
complementary to each other. In some embodiments, a second set of adaptor connected double-stranded
nucleic acid molecules is formed. In some embodiments, the concatemer length or the number of
attached templates can be determined, for example, by tagging the adaptors with modified nucleotides
(e.g., by introducing methylated nucleotides or by inserting dUTP). In some embodiments the length of
the concatemer can be regulated based on the ratio between modified/unmodified adaptors. In some
embodiments the adaptor sequences can serve as a homology priming location (annealed to the homology
spot ssDNA fragments serve as template and primer). In some embodiments, the method comprises
amplifying the concatemers by PCR or isothermal reaction. In some embodiments, the reaction in the
PCR undergoes a selected number of cycles (the more cycles, the longer the concatemer) or time
(isothermal amplification). In some embodiments, the reaction is stopped and the (long) dsDNA
concatemers are ligated with two unique dsDNA adaptors. In some embodiments, the length of the
concatemer can be manipulated. In some embodiments, the length of the concatemer can be determined
at least based on the number of PCR cycles, and/or the amount of time (¢.g., in an isothermal

amplification), and/or based on the modified nucleotide present in the adaptor. In some embodiments, the
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adaptor comprises a unique molecular identifier sequence (UMI). In some embodiments, the polymerase
enzyme joins two or more adaptor connected double-stranded nucleic acid molecules in a PCR or
isothermal amplification reaction. In some embodiments, the adaptor comprises at least one modified
nucleotide.

[00135] In some embodiments, nucleic acid from a biological sample obtained from a subject is
amplified. In some cases, the biological sample is obtained directly from the subject. In some
embodiments, a biological sample obtained directly from a subject refers to a biological sample that has
been further processed after being obtained from the subject. In some embodiments, a biological sample
obtained directly from a subject refers to a biological sample that has not been further processed after
being obtained from the subject, with the exception of any approach used to collect the biological sample
from the subject for further processing. For example, blood is obtained directly from a subject by
accessing the subject's circulatory system, removing the blood from the subject (e.g., via a needle), and
entering the removed blood into a receptacle. The receptacle may comprise reagents (¢.g., anti-
coagulants) such that the blood sample is useful for further analysis. In another example, a swab may be
used to access epithelial cells on an oropharyngeal surface of the subject. After obtaining the biological
sample from the subject, the swab containing the biological sample can be contacted with a fluid (e.g., a
buffer) to collect the biological fluid from the swab.

[00136] In some embodiments, a biological sample has been purified. In some embodiments, a
biological sample has not been purified. In some embodiments, the nucleic acid of a biological sample
has not been extracted when the biological sample is provided to a tube. For example, the RNA or DNA
in a biological sample may not be extracted from the biological sample when providing the biological
sample to a tube. In some embodiments, a target nucleic acid (e.g., a target RNA or target DNA) present
in a biological sample may not be concentrated prior to providing the biological sample to a reaction
vessel (e.g., a tube). Any suitable biological sample that comprises nucleic acid may be obtained from a
subject.

[00137] The present disclosure relates to a non-naturally occurring or modified enzyme (¢.g., a non-
naturally occurring or modified reverse transcriptase, modified reverse transcriptase) or a modified
polypeptide having reverse transcriptase activity that has an improved enzyme property compared to a
naturally occurring or wild type or unmodified enzyme (e.g., a wild type reverse transcriptase) or
unmodified polypeptide having reverse transcriptase activity. In some embodiments, the non-naturally
occurring or modified enzyme is an enzyme with reverse transcriptase activity. In some embodiments,
the non-naturally occurring or modified enzyme is a modified reverse transcriptase. In some
embodiments, the non naturally occurring or modified enzyme is a modified non-retroviral reverse
transcriptase. In some embodiments, the non-naturally occurring or modified enzyme is a modified non-
LTR retrotransposon. In some embodiments, the non-naturally occurring or modified enzyme is a
modified R2 reverse transcriptase. In some embodiments, a non-naturally occurring or modified enzyme

or a modified polypeptide having reverse transcriptase activity can amplify a template nucleic acid
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molecule at a processivity of at least about 80% per base, of at least about 85% per base, of at least about
88% per base, of at least about 89% per base, of at least about 90% per base, of at least about 91% per
base, of at least about 92% per base, of at least about 93% per base, of at least about 94% per base, of at
least about 95% per base, of at least about 96% per base, of at least about 97% per base, of at least about
98% per base, of at least about 99% per base, of at least about 99.5% per base, or of about 100% per
base.

[00138] In some embodiments, a non-naturally occurring or modified enzyme or a modified
polypeptide having reverse transcriptase activity can amplify or is capable of amplifying a template
nucleic acid molecule at a processivity measured at a temperature of between about 12 °C and about 40
°C. In some embodiments, the temperature is between about 10 °C and about 35 °C, between about 12 °C
and about 30 °C, between about 25 °C and about 40 °C, or between about 12 °C and about 42 °C. In
some embodiments, the temperature is between about 8 °C to about 50 °C, between about 2 °C to about
60 °C, between about 8 °C to about 42 °C, between about 6 °C to about 32 °C, or between about 7 °C to
about 35 °C.

[00139] In some embodiments, a non-naturally occurring or modified enzyme or a modified
polypeptide having reverse transcriptase activity can amplify or is capable of amplifying a template
nucleic acid molecule at a processivity of at least about 80% per base at a temperature at about or at most
about 4 °C, at about or at most about 8 °C, at about or at most about 12 °C, at about or at most about 15
°C, at about or at most about 20 °C, at about or at most about 25 °C, at about or at most about 30 °C, at
about or at most about 35 °C, at about or at most about 40 °C, or at about or at most about 42 °C; of at
least about 85% per base at a temperature of about or at most about 12 °C, at about or at most about 15
°C, at about or at most about 20 °C, at about or at most about 25 °C, at about or at most about 30 °C, at
about or at most about 35 °C, at about or at most about 40 °C, at about or at most about 42 °C, at about or
at most about 45 °C, at about or at most about 50 °C; of at lcast about 89% per base at a temperature at
about or at most about 4 °C, at about or at most about 8 °C, at about or at most about 12 °C, at about or at
most about 15 °C, at about or at most about 20 °C, at about or at most about 25 °C, at about or at most
about 30 °C, at about or at most about 35 °C, at about or at most about 40 °C, or at about or at most about
42 °C; of at least about 90% per base at a temperature of about or at most about 12 °C, at about or at most
about 15 °C, at about or at most about 20 °C, at about or at most about 25 °C, at about or at most about
30 °C, at about or at most about 35 °C, at about or at most about 40 °C, at about or at most about 42 °C,
at about or at most about 45 °C, at about or at most about 50 °C; of at least about 91% per base at a
temperature at about or at most about 4 °C, at about or at most about 8 °C, at about or at most about 12
°C, at about or at most about 15 °C, at about or at most about 20 °C, at about or at most about 25 °C, at
about or at most about 30 °C, at about or at most about 35 °C, at about or at most about 40 °C, or at about
or at most about 42 °C; of at least about 85% per base at a temperature of about or at most about 12 °C, at
about or at most about 15 °C, at about or at most about 20 °C, at about or at most about 25 °C, at about or

at most about 30 °C, at about or at most about 35 °C, at about or at most about 40 °C, at about or at most
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about 42 °C, at about or at most about 45 °C, at about or at most about 50 °C; of at least about 95% per
base at a temperature at about or at most about 4 °C, at about or at most about 8 °C, at about or at most
about 12 °C, at about or at most about 15 °C, at about or at most about 20 °C, at about or at most about
25 °C, at about or at most about 30 °C, at about or at most about 35 °C, at about or at most about 40 °C,
or at about or at most about 42 °C; of at least about 85% per base at a temperature of about or at most
about 12 °C, at about or at most about 15 °C, at about or at most about 20 °C, at about or at most about
25 °C, at about or at most about 30 °C, at about or at most about 35 °C, at about or at most about 40 °C,
at about or at most about 42 °C, at about or at most about 45 °C, at about or at most about 50 °C; of at
least about 99% per base at a temperature at about or at most about 4 °C, at about or at most about 8 °C,
at about or at most about 12 °C, at about or at most about 15 °C, at about or at most about 20 °C, at about
or at most about 25 °C, at about or at most about 30 °C, at about or at most about 35 °C, at about or at
most about 40 °C, or at about or at most about 42 °C; of at least about 85% per base at a temperature of
about or at most about 12 °C, at about or at most about 15 °C, at about or at most about 20 °C, at about or
at most about 25 °C, at about or at most about 30 °C, at about or at most about 35 °C, at about or at most
about 40 °C, at about or at most about 42 °C, at about or at most about 45 °C, at about or at most about
50 °C; of at least about 99.5% per base at at a temperature at about or at most about 4 °C, at about or at
most about 8 °C, at about or at most about 12 °C, at about or at most about 15 °C, at about or at most
about 20 °C, at about or at most about 25 °C, at about or at most about 30 °C, at about or at most about
35 °C, at about or at most about 40 °C, or at about or at most about 42 °C; of at least about 85% per base
at a temperature of about or at most about 12 °C, at about or at most about 15 °C, at about or at most
about 20 °C, at about or at most about 25 °C, at about or at most about 30 °C, at about or at most about
35 °C, at about or at most about 40 °C, at about or at most about 42 °C, at about or at most about 45 °C,
at about or at most about 50 °C; or of about 100% per base at a temperature at about or at most about 4
°C, at about or at most about 8 °C, at about or at most about 12 °C, at about or at most about 15 °C, at
about or at most about 20 °C, at about or at most about 25 °C, at about or at most about 30 °C, at about or
at most about 35 °C, at about or at most about 40 °C, or at about or at most about 42 °C; of at least about
85% per base at a temperature of about or at most about 12 °C, at about or at most about 15 °C, at about
or at most about 20 °C, at about or at most about 25 °C, at about or at most about 30 °C, at about or at
most about 35 °C, at about or at most about 40 °C, at about or at most about 42 °C, at about or at most
about 45 °C, at about or at most about 50 °C.

[00140] In some embodiments, the non-naturally occurring or modified enzyme or a modified
polypeptide having reverse transcriptase activity can amplify or is capable of amplifying a template
nucleic acid molecule at a processivity of at least about 80% per base at a temperature of at most about
35 °C, of at least about 85% per base at a temperature of at most about 40 °C, of at least about 88% per
base at a temperature of at most about 35 °C, of at least about 89% per base at a temperature of at most
about 40 °C, of at least about 90% per base at a temperature of at most about 35 °C, of at least about 91%

per base at a temperature of at most about 35 °C, of at least about 92% per base at a temperature of at
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most about 40 °C, of at least about 93% per base at a temperature of at most about 35 °C, of at least about
949% per base at a temperature of at most about 40 °C, of at least about 95% per base at a temperature of
at most about 35 °C, of at least about 96% per base at a temperature of at most about 40 °C, of at least
about 97% per base at a temperature of at most about 35 °C, of at least about 98% per base at a
temperature of at most about 40 °C, of at least about 99% per base at a temperature of at most about 40
°C, of at least about 99.5% per base at a temperature of at most about 40 °C, or of about 100% per base at
a temperature of at most about 40 °C.

[00141] In some embodiments, the improved enzyme property is selected from at least one of the
following: improved stability (e.g., improved thermostability), improved specific activity, improved
protein expression, improved purification, improved processivity, improved strand displacement,
improved template jumping, improved DNA/RNA affinity, and improved fidelity. In some embodiments,
a non-naturally occurring enzyme or a modified enzyme or a modified polypeptide having reverse
transcriptase activity amplifies a template nucleic acid molecule. In some embodiments, the non-naturally
occurring enzyme or the modified enzyme or the modified polypeptide having reverse transcriptase
activity that amplifies a template nucleic acid molecule has a performance index greater than about 1,
greater than about 2, greater than about 3, greater than about 4, greater than about 5, greater than about 6,
greater than about 7, greater than about 8, greater than about 9, greater than about 10, greater than about
15, greater than about 20, greater than about 25, greater than about 30, greater than about 35, greater than
about 40, greater than about 45, greater than about 50, greater than about 60, greater than about 70,
greater than about 80, greater than about 90, or greater than about 100 for at least one enzyme property.
In some embodiments, the enzyme property and/or the performance index is performed at a temperature
equal to or lower than or at most about 50 °C, equal to or lower than or at most about 42 °C, equal to or
lower than or at most about 40 °C, equal to or lower than or at most about 39 °C, equal to or lower than
or at most about 38 °C, equal to or lower than or at most about 37 °C, equal to or lower than or at most
about 36 °C, equal to or lower than or at most about 35 °C, equal to or lower than or at most about 34 °C,
equal to or lower than or at most about 33 °C, equal to or lower than or at most about 32 °C, equal to or
lower than or at most about 31 °C, equal to or lower than or at most about 30 °C, equal to or lower than
or at most about 29 °C, equal to or lower than or at most about 28 °C, equal to or lower than or at most
about 27 °C, equal to or lower than or at most about 26 °C, equal to or lower than or at most about 25 °C,
equal to or lower than or at most about 23 °C, equal to or lower than or at most about 20 °C, equal to or
lower than or at most about 15 °C, equal to or lower than or at most about 13 °C, equal to or lower than
or at most about 12 °C, equal to or lower than or at most about 10 °C, equal to or lower than or at most
about 8 °C, equal to or lower than or at most about 4 °C. In some embodiments, the non-naturally
occurring enzyme or the modified enzyme (e.g., modified reverse transcriptase) or the modified
polypeptide having reverse transcriptase activity exhibits a processivity for a given nucleotide substrate
that is at least about 5%, at least about 10%, at least about 15%, at least about 20%, at least about 25%, at
least about 30%, at least about 35%, at least about 37.5%, at least about 40%, at least about 45%, at least
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about 50%, at least about 60%, at least about 70%, at least about 75%, at least about 80%, at least about
90%, at least about 95%, at least about 100%, at lecast about 110%, at least about 125%, at least about
150%, at least about 170%, at least about 190%, at least about 200%, at least about 250%, at least about
500%, at least about 750%, at least about 1000%, at least about 5000%, or at least about 10000% higher
than the processivity of a reference enzyme or a reference polypeptide for the same nucleotide substrate.
In some embodiments, the non-naturally occurring enzyme is a non-naturally occurring reverse
transcriptase enzyme. In some embodiments, the modified enzyme is a modified reverse transcriptase.
[00142] The present disclosure relates to processes and/or methods that require considerably less
hands-on time, the protocol is much simpler to perform and requires a much shorter duration time than
other methods used for RNA sequencing and/or liquid biopsy, for example. In some embodiments, the
methods and processes of the present disclosure comprises a protocol that is less than about 2 hours
and/or less than about 30 minutes of hands-on time. In some embodiments, the protocol is less than about
20 hours, less than about 15 hours, less than about 12 hours, less than about 11 hours, less than about 10
hours, less than about 9 hours, less than about 8 hours, less than about 7 hours, less than about 6 hours,
less than about 5 hours, less than about 4 hours, less than about 3 hours, less than about 2.5 hours, less
than about 2 hours, less than about 1.5 hours, less than about 1 hour, or less than about 30 minutes. In
some embodiments, the hands-on time 1s less than about 5 hours, less than about 4 hours, less than about
3 hours, less than about 2.5 hours, less than about 2 hours, less than about 1.5 hours, less than about 1
hour, less than about 50 minutes, less than about 40 minutes, less than about 35 minutes, less than about
30 minutes, less than about 25 minutes, less than about 20 minutes, or less than about 15 minutes.
[00143] In some embodiments, the method for preparing a nucleic acid library and/or a
complementary cDNA library comprises preparing the library in at most about 1 hour, at most about 2
hours, at most about 3 hours, at most about 4 hours, at most about 5 hours, at most about 7 hours, at most
about 10 hours, at most about 15 hours, or at most about 20 hours.

[00144] In one embodiment, the present disclosure relates to methods and processes that enable the
discovery of novel markers and mutations for cancer, and/or provides approaches for precision medicine.
In some embodiments, the methods and processes disclosed herein provides for higher sensitivity to
capture minor allele in ctDNA of <0.1% (available current methods have sensitivity >1%). In some
embodiments, the methods and/or processes of the present disclosure comprise a 1-pot (e.g., single
vessel), 1-step protocol, and the library is prepared from a sample in an amount of time that is equal to or
less than about 2 hours. See figure 2.

[00145] The present disclosure relates to methods for preparing a modified reverse transcriptase,
which method comprises at least one of the following steps: (a) subjecting a nucleic acid sequence
encoding a reverse transcriptase enzyme to random or rational mutagenesis; (b) subjecting a nucleic acid
sequence encoding a reverse transcriptase enzyme to truncation of amino acids; (¢) subjecting a nucleic
acid sequence encoding a reverse transcriptase enzyme to alteration comprising an insertion, a deletion or

a substitution of an amino acid residue; and (d) subjecting a nucleic acid sequence encoding a reverse
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transcriptase enzyme to fusion with a protein or domain. In some embodiments, the nucleic acid
sequence obtained in any one of steps (a) to (d) is expressed in a host cell. In some embodiments, the
modified reverse transcriptase comprises at least one improved enzyme property relative to a wild type or
unmodified reverse transcriptase. In some embodiments the nucleic acid sequence is DNA, RNA, or a
combination of RNA and DNA. In some embodiments, the method comprises screening for host cells
expressing modified reverse transcriptase(s). In some embodiments, the method comprises preparing
modified reverse transcriptase(s) expressed by the host cell(s). In some embodiments, the method may
comprise purifying the modified reverse transcriptase(s) according to any method including any method
disclosed herein. In some embodiments, the method may comprise determining the reverse transcriptase
activity, estimating the reverse transcriptase activity fractions, and/or testing the stability and/or
robustness of the modified reverse transcriptase(s). In some embodiments, determining the reverse
transcriptase activity, estimating the reverse transcriptase activity fractions, and/or testing the stability
and/or robustness of the modified reverse transcriptase(s) are performed or tested using a reverse
transcriptase activity assay. In some embodiments, the reverse transcriptase activity, the reverse
transcriptase active fraction, and/or the stability and/or robustness of the modified reverse transcriptase(s)
is increased/improved compared to the unmodified or naturally occurring reverse transcriptase.

[00146] The present disclosure relates to methods for preparing a complementary deoxyribonucleic
acid (cDNA) molecule. In some embodiments, the method comprises annealing a primer to a template
nucleic acid molecule, thereby generating an annealed template nucleic acid molecule. In some
embodiments, the method further comprises mixing, in the presence of nucleotides, the annealed template
nucleic acid molecule, a one or more acceptor nucleic acid molecules, and a modified reverse
transcriptase. In some embodiments, the modified reverse transcriptase generates a plurality of
continuous complementary deoxyribonucleic acid molecules. In some embodiments, the plurality of
continuous complementary deoxyribonucleic acid molecules are prepared in at most about 2 hours. In
some embodiments, the plurality of continuous complementary deoxyribonucleic acid molecules is
generated by having the modified reverse transcriptase reverse transcribe a sequence of the annealed
template nucleic acid molecule. In some embodiments, the modified reverse transcriptase then migrates
to an acceptor nucleic acid molecule (e.g., one or more acceptor nucleic acid molecules). In some
embodiments, the reverse transcriptase (e.g., modified reverse transcriptase) is able to reverse transcribe
a sequence of the template and/or the acceptor nucleic acid molecule at a temperature of from about 12
°C to about 42 °C. In some embodiments, the reverse transcriptase (e.g., modified reverse transcriptase) is
able to reverse transcribe a sequence of the template and/or the acceptor nucleic acid molecule at a
temperature of from about 8 °C to about 50 °C (e.g., about 8 °C, about 15 °C, about 20 °C, about 25 °C,
about 30 °C, about 35 °C, about 40 °C, about 45 °C, about 48 °C). In some embodiments, the reverse
transcriptase (e.g., modified reverse transcriptase) is able to reverse transcribe a sequence of the template
and/or the acceptor nucleic acid molecule at a temperature of at most about 4 °C, at most about 8 °C, at

most about 15 °C, at most about 20 °C, at most about 25 °C, at most about 30 °C, at most about 35 °C, at
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most about 40 °C, at most about 45 °C, or at most about 48 °C. In some embodiments, reverse
transcription occurs at an error rate of at most about 5%. In some embodiments, the reverse transcriptase
(e.g., modified reverse transcriptase) is capable of reverse transcribing the template and/or the acceptor
nucleic acid molecule at an error rate of at most about 45%, at most about 40%, at most about 35%, at
most about 30%, at most about 25%, at most about 20%, at most about 15%, at most about 10%, at most
about 8%, at most about 7%, at most about 6%, at most about 5%, at most about 4%, at most about 3%,
at most about 2%, or at most about 1%. In some embodiments, the reverse transcriptase (e.g., modified
reverse transcriptase) can migrate from the template to the acceptor nucleic acid molecule independently
of sequence identity between the template and the acceptor nucleic acid molecule. In some embodiments,
the method is prepared in a single vessel. In some embodiments, the template nucleic acid molecule is a
fragmented DNA template, a fragmented RNA template, a non-fragmented DNA template, a non-
fragmented RNA template, or a combination thereof. In some embodiments, the method further
comprises adding a tag to a template nucleic acid molecule, thereby generating a plurality of tagged
continuous complementary deoxyribonucleic acid molecules. In some embodiments, the method further
comprises performing a polymerase chain reaction amplification reaction, thereby forming one or more
amplicons.

[00147] The present disclosure relates to methods for preparing a complementary deoxyribonucleic
acid (cDNA) molecule using a modified reverse transcriptase. In some embodiments, the method for
preparing a cDNA molecule is via template jumping. In some embodiments, the modified reverse
transcriptase has an improved enzyme property compared to a naturally occurring or unmodified or wild
type enzyme (e.g., wild type reverse transcriptase). In some embodiments, the method for preparing a
c¢DNA molecule comprises: (a) annealing a primer to a template; and (b) mixing, in the presence of
nucleotides (¢.g., dNTPs), the template annealed to the primer with a modified reverse transcriptase and
an acceptor nucleic acid molecule (e.g., acceptor RNA, DNA, or a combination thereof) under conditions
sufficient to generate a cDNA molecule complementary to the template and/or to the acceptor nucleic
acid molecule (Figure 3). In some embodiments, the enzyme (e.g., modified reverse transcriptase)
generates a continuous cDNA molecule by migrating from the template to the acceptor nucleic acid
molecule. In some embodiments, template jumping is independent of sequence identity between the
template and the acceptor nucleic acid molecule. In some embodiments, step (a) and step (b) are done at
the same time. In some embodiments, step (a) comprises step (b) (e.g., step (a) and step (b) are merged
into one step). In some embodiments, at least one of step (a) and/or step (b) further comprises addition of
a hot start thermostable polymerase. In some embodiments, the method of the present disclosure is
performed in a single tube. In some embodiments, the method of the present disclosure further comprises
a polymerase chain reaction (PCR) amplification reaction. In some embodiments, the PCR amplification
reaction is performed in a single tube (¢.g., the same one tube from steps (a) and (b)). In some
embodiments, all the steps of the method of the present disclosure are performed in a single tube.

[00148] The present disclosure relates to a method for preparing a concatemer of nucleic acid
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molecules for sequencing. In some embodiments, the method comprises ligating a nucleic acid molecule
with a first adaptor. In some embodiments, the method further comprises amplifying the ligated nucleic
acid molecule by performing a nucleic acid amplification reaction to form a concatemer. In some
embodiments, the amplification reaction is performed in the absence of a primer. In some embodiments,
the method further comprises ligating the concatemer with a second adaptor. In some embodiments, the
adaptor(s) (first and/or second adaptor) is/are designed to allow recombination or homology based
annealing and extension of molecules (¢.g., nucleic acid molecules, and/or a template, and/or a primer,
and/or an acceptor). In some embodiments, the nucleic acid amplification reaction is polymerase chain
reaction (PCR) or isothermal amplification. In some embodiments, the first adaptor comprises a unique
molecular identifier (UMI) sequence. In some embodiments, the first adaptor serves as a primer. In some
embodiments, the first adaptor comprises single stranded nucleic acid. In some embodiments, the single
stranded nucleic acid comprises single stranded DNA (ssDNA). In some embodiments, the second
adaptor comprises double stranded nucleic acid. In some embodiments, the double stranded nucleic acid
comprises double stranded DNA (dsDNA). In some embodiments, the first adaptor is different from the
second adaptor. In some embodiments, the first adaptor comprises two or more adaptors. In some
embodiments, the second adaptor comprises two or more adaptors. In some embodiments, both ends of
the nucleic acid molecule comprise an adaptor. In some embodiments, only one end of the nucleic acid
molecule comprises an adaptor. In some embodiments, both the 3” and the 5° ends of a nucleic acid
molecule comprise an adaptor.

[00149]  The present disclosure relates to methods for preparing a complementary deoxyribonucleic
acid (cDNA) molecule using a modified reverse transcriptase. In some embodiments, the method for
preparing a cDNA molecule is via template jumping. In some embodiments, the modified reverse
transcriptase has an improved enzyme property compared to a naturally occurring or unmodified or wild
type enzyme (e.g., wild type reverse transcriptase). In some embodiments, the method for preparing a
¢DNA molecule comprises mixing, in the presence of nucleotides (e.g., dNTPs), a primer, a template, a
modified reverse transcriptase and an acceptor nucleic acid molecule (¢.g., acceptor RNA, DNA, ora
combination thereof) under conditions sufficient to generate a cDNA molecule complementary to the
template and/or to the acceptor nucleic acid molecule. In some embodiments, the method comprises
addition of a hot start thermostable polymerase (e.g., to the mixing step). In some embodiments, the
method of the present disclosure is performed in a single tube. In some embodiments, the method of the
present disclosure further comprises a polymerase chain reaction (PCR) amplification reaction. In some
embodiments, the PCR amplification reaction is performed in a single tube (¢.g., the same one tube as the
mixing step). In some embodiments, all the steps of the method of the present disclosure is performed in
a single tube (single vessel).

[00150] In some embodiments, the method for preparing a cDNA molecule comprises: (a) annealing
ong or more primer(s) to a template; and (b) mixing, in the presence of nucleotides (e.g., ANTPs), the

template annealed to one or more primer(s) with a modified reverse transcriptase and an acceptor nucleic
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acid molecule (e.g., acceptor RNA, DNA, or a combination thercof) under conditions sufficient to
generate a cDNA molecule complementary to the template and/or to the acceptor nucleic acid molecule
(Figure 4). In some embodiments, the method for preparing a cDNA molecule is via template jumping. In
some embodiments, step (a) and step (b) are done at the same time. In some embodiments, step (a)
comprises step (b) (e.g., step (a) and step (b) are merged into one step). In some embodiments, at least
one of step (a) and/or step (b) further comprises addition of a hot start thermostable polymerase. In some
embodiments, the method of the present disclosure is performed in a single tube. In some embodiments,
the method of the present disclosure further comprises a polymerase chain reaction (PCR) amplification
reaction. In some embodiments, the PCR amplification reaction is performed in a single tube (¢.g., the
same one tube used in or from steps (a) and (b)). In some embodiments, all the steps of the method of the
present disclosure is performed in a single tube.

[00151] In some embodiments, the method for preparing a cDNA molecule comprises mixing, in the
presence of nucleotides (e.g., dNTPs), one or more primer(s), a template, a modified reverse
transcriptase, and an acceptor nucleic acid molecule (e.g., acceptor RNA, DNA, or a combination
thereof) under conditions sufficient to generate a cDNA molecule complementary to the template and/or
to the acceptor nucleic acid molecule. In some embodiments, the method for preparing a cDNA molecule
is via template jumping. In some embodiments, the method comprises addition of a hot start thermostable
polymerase (e.g., to the mixing step). In some embodiments, the method of the present disclosure is
performed in a single tube. In some embodiments, the method of the present disclosure further comprises
a polymerase chain reaction (PCR) amplification reaction. In some embodiments, the PCR amplification
reaction is performed in a single tube (¢.g., the same one tube as the mixing step). In some embodiments,
all the steps of the method of the present disclosure is performed in a single tube.

[00152] The present disclosure relates to methods for preparing a nucleic acid molecule comprising:
mixing, in the presence of nucleotides (¢.g., dNTPs), a fragment or degraded template (¢.g., a nucleic
acid fragment), a primer, a modified reverse transcriptase, and an acceptor nucleic acid molecule under
conditions sufficient to generate a nucleic acid molecule (Figure SA and 5B). In some embodiments, the
acceptor nucleic acid molecule comprises a modified nucleotide. In some embodiments, the primer
extension stops at the modified nucleotide. In some embodiments, the modified reverse transcriptase
comprises at least one improved enzyme property relative to a wild type, naturally occurring, or
unmodified reverse transcriptase. In some embodiments, the primer is an RNA primer. In some
embodiments, the primer is an engineered primer (e.g., engineered RNA primer). In some embodiments,
the primer has been optimized. In some embodiments, the primer is an optimized and/or engineered
primer (e.g., optimized and/or engineered RNA primer). In some embodiments, the primer is RNA R2
primer. In some embodiments, the method for preparing a nucleic acid molecule is via template jumping.
In some embodiments, the mixing step of the method of the present disclosure further comprises addition
of a hot start thermostable polymerase. In some embodiments, the method of the present disclosure is

performed in a single tube. In some embodiments, the method of the present disclosure further comprises
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a polymerase chain reaction (PCR) amplification reaction. In some embodiments, the PCR amplification
reaction is performed in the same single tube. In some embodiments, all the steps of the method of the
present disclosure is performed in a single tube.

[00153] The present disclosure relates to methods for preparing a nucleic acid molecule comprising:
mixing, in the presence of nucleotides (¢.g., dNTPs), a fragment or degraded template (¢.g., a nucleic
acid fragment), a donor complex, a modified reverse transcriptase, and an acceptor nucleic acid molecule
under conditions sufficient to generate a nucleic acid molecule (Figure 6A and 6B). In some
embodiments, the acceptor nucleic acid molecule comprises a modified nucleotide. In some
embodiments, the primer extension stops at the modified nucleotide. In some embodiments, the modified
reverse transcriptase comprises at least one improved enzyme property relative to a wild type or naturally
occurring or unmodified reverse transcriptase. In some embodiments, the donor complex comprises a
template and a primer. In some embodiments, the donor complex is a donor R2 complex. In some
embodiments, the donor R2 complex comprises an RNA R2 primer. In some embodiments, the method
for preparing a nucleic acid molecule is via template jumping. In some embodiments, the mixing step of
the method of the present disclosure further comprises addition of a hot start thermostable polymerase. In
some embodiments, the method of the present disclosure is performed in a single tube. In some
embodiments, the method of the present disclosure further comprises a polymerase chain reaction (PCR)
amplification reaction. In some embodiments, the PCR amplification reaction is performed in the same
single tube (e.g., the same single tube used to prepare a nucleic acid molecule). In some embodiments, all
the steps of the method of the present disclosure is performed in a single tube.

[00154] The present disclosure relates to methods for preparing a complementary deoxyribonucleic
acid (cDNA) library using a modified reverse transcriptase. In some embodiments, the method for
preparing a cDNA library uses template jumping. In some embodiments, the modified reverse
transcriptase has an improved enzyme property compared to a naturally occurring or wild type or
unmodified enzyme (e.g., wild type reverse transcriptase). In some embodiments, the method for
preparing a cDNA library comprises: (a) annealing a primer or one or more primer(s) to a template; and
(b) mixing, in the presence of nucleotides (e.g., ANTPs), the template annealed to the primer or the
template annealed to one or more primer(s) with a modified reverse transcriptase and an acceptor nucleic
acid molecule (e.g., acceptor RNA, DNA, or a combination thereof) under conditions sufficient to
generate a cDNA molecule complementary to the template and/or to the acceptor nucleic acid molecule.
In some embodiments, the method for preparing a cDNA library comprises mixing, in the presence of
nucleotides (e.g., dNTPs), a primer or one or more primer(s), a template, a modified reverse transcriptase,
and an acceptor nucleic acid molecule (¢.g., acceptor RNA, DNA, or a combination thereof) under
conditions sufficient to generate a cDNA molecule complementary to the template and/or to the acceptor
nucleic acid molecule. In some embodiments, the enzyme (e.g., modified reverse transcriptase) generates
a continuous cDNA molecule by migrating from the template to the acceptor nucleic acid molecule. In

some embodiments, template jumping is independent of sequence identity between the template and the
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acceptor nucleic acid molecule. In some embodiments the method further comprises amplifying the
¢DNA molecule to generate a cDNA library. In some embodiments, step (a) and step (b) are done at the
same time. In some embodiments, step (a) comprises step (b) (e.g., step (a) and step (b) are merged into
ong step). In some embodiments, the mixing step or at least one of step (a) and/or step (b) further
comprises addition of a hot start thermostable polymerase. In some embodiments, the method of the
present disclosure is performed in a single tube. In some embodiments, the method of the present
disclosure further comprises a polymerase chain reaction (PCR) amplification reaction. In some
embodiments, the PCR amplification reaction is performed in a single tube (¢.g., the same one tube used
in or from the mixing step, or in or from steps (a) and (b)). In some embodiments, all the steps of the
method of the present disclosure is performed in a single tube.

[00155] The present disclosure relates to methods for preparing a cDNA and/or DNA library
comprising: mixing, in the presence of nucleotides (¢.g., ANTPs), a fragment or degraded template (¢.g.,
anucleic acid fragment), a primer, a modified reverse transcriptase, and an acceptor nucleic acid
molecule under conditions sufficient to generate a nucleic acid (e.g., cDNA and/or DNA) molecule. In
some embodiments, the acceptor nucleic acid molecule comprises a modified nucleotide. In some
embodiments, the primer extension stops at the modified nucleotide. In some embodiments, the modified
reverse transcriptase comprises at least one improved enzyme property relative to a wild type or
unmodified reverse transcriptase. In some embodiments, the primer is an RNA R2 primer. In some
embodiments, the method further comprises amplifying the nucleic acid (¢.g., cDNA and/or DNA)
molecule to generate a cDNA library. In some embodiments, the method for preparing a cDNA and/or
DNA and/or nucleic acid molecule is via template jumping.

[00156] The present disclosure relates to methods for preparing a cDNA and/or DNA library
comprising: mixing, in the presence of nucleotides (¢.g., ANTPs), a fragment or degraded template (¢.g.,
anucleic acid fragment), a donor complex, a modified reverse transcriptase, and an acceptor nucleic acid
molecule under conditions sufficient to generate a nucleic acid (e.g., cDNA and/or DNA) molecule. In
some embodiments, the acceptor nucleic acid molecule comprises a modified nucleotide. In some
embodiments, the primer extension stops at the modified nucleotide. In some embodiments, the modified
reverse transcriptase comprises at least one improved enzyme property relative to a wild type or
unmodified reverse transcriptase. In some embodiments, the donor complex comprises a template and a
primer. In some embodiments, the donor complex is a donor R2 complex. In some embodiments, the
donor R2 complex comprises an RNA R2 primer. In some embodiments, the method further comprises
amplifying the nucleic acid (e.g., cDNA and/or DNA) molecule to generate a cDNA and/or DNA library.
In some embodiments, the method for preparing a cDNA and/or DNA and/or nucleic acid molecule
molecule is via template jumping.

[00157] In some embodiments, the method of the present disclosure may comprise a donor complex.
In some embodiments, the donor complex comprises a template and a primer. In some embodiments, the

method of the present disclosure may comprise a template. In some embodiments, the template is a
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fragmented and/or degraded template. In some embodiments, the template is not fragmented. In some
embodiments, the template is RNA, DNA, or a combination of DNA and RNA. In some embodiments,
the RNA is mRNA. In some embodiments, the template is mRNA.

[00158] The present disclosure relates to methods for preparing a library for sequencing comprising:
(a) obtaining a sample with cell-free nucleic acid from a subject; and (b) adding a modified reverse
transcriptase enzyme, a template (e.g., a nucleic acid template), nucleotides, an acceptor nucleic acid
molecule, and one or more primer(s) to the nucleic acid. In some embodiments, the method further
comprises conducting an amplification reaction on the cell-free nucleic acid (cf nucleic acid) derived
from the sample to produce a plurality of amplicons. In some embodiments, the amplification reaction
comprises 35 or fewer amplification cycles. In some embodiments, the method comprises producing a
library for sequencing. In some embodiments, the library comprises a plurality of amplicons. In some
embodiments, the modified reverse transcriptase is capable of template jumping and/or comprises at least
one improved enzyme property relative to a wild type or unmodified reverse transcriptase. In some
embodiments, the nucleic acid is DNA, RNA, or a combination of RNA and DNA.

[00159] The present disclosure relates to a method for preparing a complementary deoxyribonucleic
acid (cDNA) molecule using template jumping, comprising mixing, in a single tube, a primer or one or
more primer(s), a messenger RNA (mRNA) template, nucleotides, a modified reverse transcriptase, an
acceptor nucleic acid molecule, and a catalytic metal under conditions sufficient to generate a continuous
cDNA molecule. In some embodiments, the continuous cDNA molecule is complementary to the mRNA
template and/or to the acceptor nucleic acid molecule. In some embodiments, the modified reverse
transcriptase comprises at least one improved enzyme property relative to a wild type or unmodified
reverse transcriptase. In some embodiments, a continuous cDNA molecule is produced. In some
embodiments, the modified reverse transcriptase undergoes migration from the template to the acceptor
nucleic acid molecule.

[00160] The present disclosure relates to a method for preparing a library for sequencing comprising
mixing, in a single tube, a cell-free nucleic acid, a modified reverse transcriptase enzyme, a template,
nucleotides, an acceptor nucleic acid molecule, a catalytic metal, and one or more primer(s), under
conditions sufficient to generate a library. In some embodiments, the modified reverse transcriptase
comprises at least one improved enzyme property relative to a wild type or unmodified reverse
transcriptase.

[00161] In some embodiments, the nucleic acid molecule comprises an unknown nucleic acid
sequence. In some embodiments, the template comprises an unknown nucleic acid sequence. In some
embodiments, the migration from the template to the acceptor nucleic acid molecule is independent of
sequence identity between the template and the acceptor nucleic acid molecule. In some embodiments,
the acceptor nucleic acid molecule comprises a modified nucleotide that may cause primer extension to
stop. In some embodiments, the cell-free nucleic acid is cell-free DNA (¢cfDNA), circulating tumor DNA
(ctDNA), and/or formalin-fixed, paraffin-embedded DNA (FFPE DNA), or combinations thereof.
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[00162] In some embodiments, a hot start thermostable polymerase may be added to a method of the
present disclosure at or prior to any step of the method and/or at the same time that a mixing step takes
place. For example, a hot start thermostable polymerase may be added at the same time that the modified
reverse transcriptase is added to the reaction. The hot start thermostable polymerase may be added at the
same time that the acceptor nucleic acid molecule is added, and/or at the same time that the template,
and/or primer, and/or reverse transcriptase, and/or nucleotides is added to the reaction tube. In some
embodiments, the hot start thermostable polymerase is added prior to the start of the PCR reaction. In
some embodiments, the hot start thermostable polymerase is added prior to or at the same time as the RT
reaction. In some embodiments, the hot start thermostable polymerase is hot start taq polymerase.
Amplification of target nucleic acids can occur on a bead. In some embodiments, amplification does not
occur on a bead. Amplification can be by isothermal amplification, e.g., isothermal linear amplification.
In some embodiments, a hot start PCR can be performed wherein the reaction is heated to 95 °C e.g., for
two minutes prior to addition of a polymerase or the polymerase can be kept inactive until a first heating
step in cycle 1. Hot start PCR can be used to minimize nonspecific amplification.

[00163] In some embodiments, the method of the present disclosure is performed in a single tube. In
some embodiments, all the steps of the method of the present disclosure is performed in a single tube. In
some embodiments, the method (from start to finish) is performed in a single tube. In some
embodiments, the same tube used for the RT reaction is used for the PCR amplification reaction.

[00164] In some embodiments, the PCR amplification is performed at a temperature sufficient to
inactivate the reverse transcriptase enzyme. In some embodiments, the PCR amplification is performed
at a temperature sufficient to activate the hot start thermostable polymerase.

[00165] The present disclosure relates to methods of amplifying a cell-free nucleic acid molecule from
a sample. In some embodiments, the sample is a biological sample. In some embodiments, the cell-free
nucleic acid molecule is subjected to nucleic acid amplification comprising a reverse transcriptase (¢.g.,
modified reverse transcriptase). In some embodiments, the cell-free nucleic acid molecule is subjected to
nucleic acid amplification comprising a reverse transcriptase (¢.g., modified reverse transcriptase) under
conditions that amplify the nucleic acid molecule at a specified processivity. In some embodiments the
processivity is of at least about 80% per base, at least about 81% per base, at least about 82% per base, at
least about 83% per base, at least about 84% per base, at least about 85% per base, at least about 86% per
base, at least about 87% per base, at least about 88% per base, at least about 89% per base, at least about
90% per base, at least about 91% per base, at least about 92% per base, at least about 93% per base, at
least about 94% per base, at least about 95% per base, at least about 96% per base, at least about 97% per
base, at least about 98% per base, at least about 99% per base, or at least about 100% per base. In some
embodiments, the processivity is performed at a temperature of about or at most about or at least about
12 °C, of about or at most about or at least about 13 °C, of about or at most about or at least about 14 °C,
of about or at most about or at least about 15 °C, of about or at most about or at least about 16 °C, of

about or at most about or at least about 17 °C, of about or at most about or at least about 18 °C, of about
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or at most about or at least about 19 °C, of about or at most about or at least about 20 °C, of about or at
most about or at least about 21 °C, of about or at most about or at least about 22 °C, of about or at most
about or at least about 23 °C, of about or at most about or at least about 24 °C, of about or at most about
or at least about 25 °C, of about or at most about or at least about 26 °C, of about or at most about or at
least about 27 °Cof about or at most about or at least about 28 °C, of about or at most about or at least
about 29 °C, of about or at most about or at least about 30 °C, of about or at most about or at least about
31 °C, of about or at most about or at least about 32 °C, of about or at most about or at least about 33 °C,
of about or at most about or at least about 34 °C, of about or at most about or at least about 35 °C, of
about or at most about or at least about 36 °C, of about or at most about or at least about 37 °C, of about
or at most about or at least about 38 °C, of about or at most about or at least about 39 °C, of about or at
most about or at least about 40 °C, of about or at most about or at least about 45 °C, of about or at most
about or at least about 50 °C, of about or at most about or at least about 60 °C, of about or at most about
or at least about 70 °C, of about or at most about or at least about 80 °C, of about or at most about or at
least about 8 °C. In some embodiments the processivity is of at least about 80% per base, at least about
81% per base, at least about 82% per base, at least about 83% per base, at least about 84% per base, at
least about 85% per base, at least about 86% per base, at least about 87% per base, at least about 88% per
base, at least about 89% per base, at least about 90% per base, at least about 91% per base, at least about
929% per base, at least about 93% per base, at least about 94% per base, at least about 95% per base, at
least about 96% per base, at least about 97% per base, at least about 98% per base, at least about 99% per
base, or at least about 100% per base, at a temperature of about or at most about or of at least about 30
°C, or of about or at most about or of at least about 12 °C, of about or at most about or of at least about
45 °C, of about or at most about or of at least about 35 °C. In some embodiments, the reverse
transcriptase is a non-LTR retrotransposon or a modified non-LTR retrotransposon. In some
embodiments, the reverse transcriptase is an R2 reverse transcriptase or a modified R2 reverse
transcriptase. In some embodiments, the reverse transcriptase is an R2 non-LTR retrotransposon or a
modified R2 non-L TR retrotransposon.

[00166] The present disclosure relates to methods for preparing a complementary deoxyribonucleic
acid (cDNA) library and/or a DNA library from a plurality of single cells. In some embodiments, the
method comprises the steps of: releasing nucleic acid from each single cell to provide a plurality of
individual nucleic acid samples. In some embodiments, the nucleic acid in each individual nucleic acid
sample is from a single cell. In some embodiments, the method further comprises annealing the nucleic
acid template to one or more primer(s). In some embodiments, the method further comprises mixing the
nucleic acid template annealed to one or more primer(s) with an acceptor template (or an acceptor nucleic
acid molecule) and a modified reverse transcriptase, in the presence of nucleotides, under conditions
effective for producing a cDNA and/or a DNAmolecule. In some embodiments, the modified reverse
transcriptase is capable of template jumping and/or comprises at least one improved enzyme property

relative to a wild type or unmodified reverse transcriptase. In some embodiments, the method further
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comprises amplifying the cDNA molecule and/or DNA molecule to generate a cDNA and/or DNA
library.

[00167] The present disclosure relates to methods of detecting a nucleic acid molecule. In some
embodiments, the method comprises mixing a sample comprising a nucleic acid molecule with an
acceptor template (or an acceptor nucleic acid molecule), a modified reverse transcriptase, a primer, and
nucleotides, under conditions effective for generating a nucleic acid molecule. In some embodiments, the
modified reverse transcriptase comprises at least one improved enzyme property relative to a wild type or
unmodified reverse transcriptase. In some embodiments, the acceptor template (or an acceptor nucleic
acid molecule) comprises at least one modified nucleotide. In some embodiments, the modified
nucleotide may cause primer extension to stop. In some embodiments, the method further comprises
amplifying the nucleic acid molecule.

[00168] The present disclosure relates to methods of detecting, diagnosing, and/or prognosing a
discase (e.g., cancer) in a subject comprising: (a) obtaining sequence information of a nucleic acid
sample (e.g., a cell-free nucleic acid sample) derived from a subject and (b) using the sequence
information derived from step (a) to detect circulating tumor nucleic acid in the sample. In some
embodiments, obtaining sequence information according to step (a) comprises using one or more
adaptor(s). In some embodiments, the one or more adaptor(s) comprises a molecular barcode. An adaptor
can comprise one or more end modifications. An adaptor can comprise one 5 phosphate. An adaptor can
comprise two 5° phosphates. An adaptor can comprise one 3™ hydroxyl. An adaptor can comprise two 3’
hydroxyls. An adaptor can lack a 3” hydroxyl.

[00169] In some embodiments, the molecular barcode comprises a randomer sequence. In some
embodiments, the method is capable of detecting cell-free nucleic acid that is less than or equal to about
0.75%, 0.50%, 0.25%, 0.1%, 0.9%, 0.8%, 0.7%, 0.6%, 0.5%, 0.4%, 0.3%, 0.2%, 0.1%, 0.05%, 0.01%,
0.009%, 0.008%, 0.007%, 0.006%, 0.005%, 0.004%, 0.003%, 0.002%, 0.001%, 0.0005%, or 0.00001%,
1%, 1.75%, 1.5%, 1.25%, 2%, 3%, 4%, 5%, 6%, 8%, 9%, 10%, 11%, 12%, 13%, 14% 15%, 16%, 17%,
18%, 19%, 20%, 22%, 25%, 27%., 30%, 32%, 35%, 40%, 45%, 50%, 55%., 60%, 65%, 70%, 75%, 80%,
85%, 90%, 95%, or 100% of total cell-free nucleic acid. In some embodiments, the method is capable of
detecting circulating tumor nucleic acid that is less than or equal to about 0.75%, 0.50%, 0.25%, 0.1%,
0.9%, 0.8%, 0.7%, 0.6%, 0.5%, 0.4%, 0.3%, 0.2%, 0.1%, 0.05%, 0.01%, 0.009%, 0.008%, 0.007%,
0.006%, 0.005%, 0.004%, 0.003%, 0.002%, 0.001%, 0.0005%, or 0.00001%, 1%, 1.75%, 1.5%, 1.25%,
2%, 3%, 4%, 5%, 6%, 8%, 9%, 10%, 11%, 12%, 13%, 14% 15%, 16%, 17%, 18%, 19%, 20%, 22%,
25%, 27%, 30%, 32%., 35%, 40%, 45%, 50%, 55%, 60%, 65%., 70%, 75%, 80%, 85%, 90%, 95%, or
100% of total circulating nucleic acid. In some embodiments, the method is capable of detecting a
percentage of circulating tumor nucleic acid (ct nucleic acid) that is less than or equal to 1.75%, 1.5%,
1.25%, 1%, 0.75%, 0.50%, 0.25%, 0.1%, 0.9%, 0.8%, 0.7%, 0.6%, 0.5%, 0.4%, 0.3%, 0.2%, 0.1%,
0.05%, 0.01%, 0.009%, 0.008%, 0.007%, 0.006%, 0.005%, 0.004%, 0.003%, 0.002%, 0.001%, 0.0005%,

or 0.00001% of the total cell-free nucleic acid. In some embodiments, the sequence information
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comprises information related to at least about 1,2, 3,4, 5,6, 7, 8,9, 10, 15, 20, 25, 30, 35, 40, 50, 70,
80, 100, 200, or 300 genomic regions. In some embodiments, the sequence information comprises
information related to partially all, mostly all, or all genome sequencing. In some embodiments,
concentrations as low as 50 ng of cfDNA may provide for full genome sequencing.

[00170] In some embodiments, the method of the present disclosure may be used to determine the
presence of a disease (e.g., cancer) in a subject. In some embodiments, determining the presence of
cancer in a subject comprises obtaining a sample from a subject and detecting a nucleic acid molecule
(e.g., nucleic acid fragment) in the sample according to any of the methods described herein. In some
embodiments, determining the presence of a disease (e.g., cancer) in a subject comprises amplifying
and/or sequencing the nucleic acid molecule. In some embodiments, the presence of a nucleic acid
molecule is indicative of cancer. In some embodiments, the presence of a nucleic acid molecule is
indicative of a prenatal condition. In some embodiments, the nucleic acid molecule and/or template
comprises an unknown sequence. In some embodiments, the sample is a biological sample. In some
embodiments, the biological sample comprises circulating tumor DNA. In some embodiments, the
biological sample comprises a tissue sample.

[00171] In some embodiments, the method of the present disclosure comprises detecting an amplicon
generated by the amplification primers, wherein the presence of the amplicon determines whether the
modified reverse transcriptase is present in the sample.

[00172] In some embodiments, the method of the present disclosure comprises providing a prenatal
diagnosis based on the presence or absence of a nucleic acid molecule (e.g., cDNA molecule).

[00173] The present disclosure relates to a kit of producing a nucleic acid molecule (e.g., cDNA
molecule) comprising: one or more primer(s), nucleotides, at least one modified reverse transcriptase, a
template, and instructions for performing any of the methods disclosed in the present disclosure. In some
embodiments, a kit can be used for detecting nucleic acid comprising a nucleic acid template (e.g., a
DNA template), at least one modified reverse transcriptase, nucleotides, and instructions for performing
any of the methods disclosed in the present disclosure. In some embodiments, the modified reverse
transcriptase present in the kit or to be used with the kit has activity and/or is capable of template
Jumping at a temperature equal to or less than about or more than about 4 °C, 8 °C, 12 °C, 13 °C, 14 °C,
15°C, 16 °C, 17 °C, 18 °C, 19 °C, 20 °C, 21 °C, 22 °C, 23 °C, 24 °C, 25 °C, 26 °C, 27 °C, 28 °C, 29 °C,
30°C,31°C,32°C,33°C,34°C,35°C,36°C,37°C,38°C,39°C,40°C, 41 °C,42°C,45°C, 46 °C,
47 °C, 48 °C, 49 °C, 50 °C, 52 °C, 55 °C, or 60 °C. In some embodiments, the nucleic acid and/or the
template (¢.g., nucleic acid template, DNA, or RNA) is present at a concentration as low as about 50
femtomolar, as low as about 60 femtomolar, as low as about 70 femtomolar, as low as about 75
femtomolar, as low as about 80 femtomolar, as low as about 90 femtomolar, as low as about 100
femtomolar, as low as about 120 femtomolar, as low as about 150 femtomolar, as low as about 200
femtomolar, as low as about 250 femtomolar, as low as about 300 femtomolar, as low as about 350

femtomolar, as low as about 400 femtomolar, as low as about 500 femtomolar, as low as about 550
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femtomolar, as low as about 600 femtomolar, as low as about 700 femtomolar, or as low as about 800
femtomolar. In some embodiments, a kit may comprise one or more primer(s), and/or a template
annealed to a primer. The present disclosure also relates to a kit of producing modified enzymes, modified
reverse transcriptases, or modified polypeptides. In some embodiments, the kit includes a PCR step
and/or components to use for PCR.

[00174] In some embodiments, the present disclosure relates to a kit for detecting nucleic acid
comprising a template, at least one modified reverse transcriptase, nucleotides, and instructions to
perform the method of the present disclosure. In some embodiments, the nucleic acid is present at a
concentration of at least about 50 femtomolar, at least about 20 femtomolar, at least about 100
femtomolar, or greater than about 1000 femtomolar.

[00175] The present disclosure relates to any method disclosed herein wherein the methods may
further comprise detecting at least one amplicon generated by the amplification primers. In some
embodiments, the presence of at least one amplicon indicates the presence of at least one modified
reverse transcriptase in a sample.

[00176] In some embodiments, any of the methods of the present disclosure does not comprise a
purification step. In some embodiments, any of the methods of the present disclosure comprises at least
ong purification step. In some embodiments, any of the methods of the present disclosure comprises at
least two purification steps. In some embodiments, any of the methods of the present disclosure
comprises at least three, at least four, at least five, at least six, at least seven, at least ¢ight, at least nine, at
least ten, at least fifteen, or at least twenty purification steps.

[00177] The present disclosure relates to a method for preparing a library for sequencing.

[00178] In some embodiments, the modified reverse transcriptase is a modified non-retroviral reverse
transcriptase. In some embodiments, the modified reverse transcriptase is a modified non-LTR
retrotransposon. In some embodiments, the modified reverse transcriptase is a modified R2 reverse
transcriptase.

[00179] In some embodiments, the variants or modified enzymes or non-naturally occurring enzymes
or modified polypeptides have/has improved enzyme property compared to the unmodified, wild type or
naturally occurring enzyme or polypeptide. In some embodiments, the improved enzyme property is
selected from at least one of the following: increased stability (e.g., increased thermostability), increased
specific activity, increased protein expression, improved purification, improved processivity, improved
strand displacement, increased template jumping, and improved fidelity. In some embodiments, the term
stability may include, but it is not limited to, thermal stability, storage stability, and pH stability. In some
embodiments, specific activity is a measurement of the enzymatic activity (in units) of the protein or
enzyme relative to the total amount of protein or enzyme used in a reaction. In some embodiments,
specific activity is measured based on the ability of the enzyme to produce cDNA molecule. In some
embodiments, the specific activity is measured in U/mg protein determined based on a primer extension

reaction. In some embodiments, the altered or improved property may be characterized by a Performance
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Index (PI), where the Pl is a ratio of performance of the variant, the modified enzyme, or the non-
naturally occurring enzyme compared to the wild-type or compared to a naturally occurring enzyme or
protein. The term “performance index (PI)” may refer to the ratio of performance of a variant polypeptide
to a parent polypeptide or of a modified enzyme to an unmodified enzyme (¢.g., reverse transcriptase) or
of a non-naturally occurring enzyme to a naturally-occurring enzyme for a specified performance
characteristic. In some embodiments, the specified performance or enzyme property characteristic may
include, but is not limited to, stability (e.g., thermostability), specific activity, protein expression,
purification, processivity, strand displacement, end-to-end template jumping, and/or fidelity. In some
embodiments, the PI is greater than about 0.5, while in other embodiments, the PI is about 1 or is greater
than about 1. In some embodiments, the variant polypeptide, modified enzyme (e.g., modified reverse
transcriptase), or the non-naturally occurring enzyme comprises a modification at one or more amino
acid positions. In some embodiments, the modified enzyme or the non-naturally occurring enzyme has a
performance index (PI) that is equal to or greater than about 0.1, equal to or greater than about 0.2, equal
to or greater than about 0.3, equal to or greater than about 0.4, equal to or greater than about 0.5, equal to
or greater than about 0.6, equal to or greater than about 0.7, equal to or greater than about 0.8, equal to or
greater than about 0.9, equal to or greater than about 1, equal to or greater than about 1.2, equal to or
greater than about 1.5, equal to or greater than about 2, equal to or greater than about 2.5, equal to or
greater than about 3, equal to or greater than about 3.5, equal to or greater than about 4, equal to or
greater than about 4.5, equal to or greater than about 5, equal to or greater than about 5.5, equal to or
greater than about 6, equal to or greater than about 6.5, equal to or greater than about 7, equal to or
greater than about 8, equal to or greater than about 9, equal to or greater than about 10, equal to or greater
than about 50, equal to or greater than about 75, equal to or greater than about 100, equal to or greater
than about 500, equal to or greater than about 1000. In some embodiments, the variant or modified
enzyme has a performance index (PI) from about 0.1 to about 1, from about 0.5 to about 1, from about
0.1 to about 2, from about 1 to about 2, from about 0.5 to about 2, from about 0.5 to about 10, from about
1 to about 10, from about 0.1 to about 10, from about 1 to about 3, from about 0.5 to about 5, from about
0.5 to about 20, from about 0.3 to about 20, from about 5 to about 10, from about 1.5 to about 10, from
about 1.5 to about 50, from about 1 to about 50, from about 1.5 to about 100, from about 1.5 to about 75,
from about 4 to about 10, from 3 to about 10, from about 3 to about 25, from about 3 to about 50, from
about 2 to about 20, from about 2 to about 100, from about 2 to about 1000, from about 1 to about 1000.
In some embodiments, the performance index is determined for protein expression. In some
embodiments, the performance index is determined for at least one characteristic that improves enzyme
property. In some embodiments, the performance index is determined for purification. In some
embodiments, the performance index is determined for stability (e.g., thermostability). In some
embodiments, the performance index is determined for specific activity. In some embodiments, the
performance index is determined for processivity. In some embodiments, the performance index is

determined for strand displacement. In some embodiments, the performance index is determined for
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template jumping. In some embodiments, the performance index is determined for fidelity. In some
embodiments, the characteristic that improves enzyme property is selected from the group consisting of
increased thermal stability, increased specific activity, and increased protein expression. In some
embodiments, the performance index is performed at 30 °C. In some embodiments, the enzyme property
is analyzed at 30 °C. In some embodiments, the enzyme property, stability (e.g., thermostability), specific
activity, protein expression, purification, processivity, strand displacement, template jumping, and/or
fidelity is performed at 30 °C. In some embodiments, the performance index for measuring enzyme
property, is performed at a specific temperature. In some embodiments, the temperature is from about 25
°C to about 42 °C. In some embodiments, the temperature is from about 8 °C to about 50 °C. In some
embodiments, the performance index for measuring enzyme property may be carried out at a temperature
ranging from about from about 8 °C to about 50 °C, from about 12 °C to about 42 °C, 25 °C to about 42
°C, from about 25 °C to about 40 °C, from about 28 °C to about 38 °C, from about 30 °C to about 38 °C,
from about 35 °C to about 37 °C, from about 27 °C to about 38 °C, from about 27 °C to about 37 °C, from
about 26 °C to about 42 °C, from about 25 °C to about 38 °C, from about 27 °C to about 38 °C, from
about 29 °C to about 38 °C, from about 29 °C to about 32 °C. In some embodiments, the performance
index for measuring enzyme property may be carried out at a temperature that is equal to or lower than
about 8 °C, equal to or lower than about 12 °C, equal to or lower than about 20 °C, equal to or lower than
about 4 °C, equal to or lower than about 55 °C, equal to or lower than about 37 °C, equal to or lower than
about 25 °C, equal to or lower than about 28 °C, equal to or lower than about 30 °C, equal to or lower
than about 32 °C, equal to or lower than about 34 °C, equal to or lower than about 35 °C, equal to or
lower than about 36 °C, equal to or lower than about 33 °C, equal to or lower than about 31 °C, equal to
or lower than about 60 °C, equal to or lower than about 38 °C, equal to or lower than about 39 °C, equal
to or lower than about 40 °C, equal to or lower than about 41 °C, equal to or lower than about 42 °C,
equal to or lower than about 50 °C. In some embodiments, the temperature may range from about 25 °C
to about 80 °C.

[00180] In some embodiments, the specific activity of the modified enzyme is from about 5 units/mg
to about 140,000 units/mg, from about 5 units/mg to about 125,000 units/mg, from about 50 units/mg to
about 100,000 units/mg, from about 100 units/mg to about 100,000 units/mg, from about 250 units/mg to
about 100,000 units/mg, from about 500 units/mg to about 100,000 units/mg, from about 1000 units/mg
to about 100,000 units/mg, from about 5000 units/mg to about 100,000 units/mg, from about 10,000
units/mg to about 100,000 units/mg, from about 25,000 units/mg to about 75,000 units/mg. In some
embodiments, the ranges of specific activities include a specific activity of from about 20,000 units/mg to
about 140,000 units/mg, a specific activity from about 20,000 units/mg to about 130,000 units/mg, a
specific activity from about 20,000 units/mg to about 120,000 units/mg, a specific activity from about
20,000 units/mg to about 110,000 units/mg, a specific activity from about 20,000 units/mg to about
100,000 units/mg, a specific activity from about 20,000 units/mg to about 90,000 units/mg, a specific
activity from about 25,000 units/mg to about 140,000 units/mg, a specific activity from about 25,000
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units/mg to about 130,000 units/mg, a specific activity from about 25,000 units/mg to about 120,000
units/mg, a specific activity from about 25,000 units/mg to about 110,000 units/mg, a specific activity
from about 25,000 units/mg to about 100,000 units/mg, and a specific activity from about 25,000
units/mg to about 90,000 units/mg. In some embodiments, the lower end of the specific activity range
may vary from 30,000, 35,000, 40,000, 45,000, 50,000, 55,000, 60,000, 65,000, 70,000, 75,000, and
80,000 units/mg. In some embodiments, the upper end of the range may vary from 150,000, 140,000,
130,000, 120,000, 110,000, 100,000, and 90,000 units/mg.

[00181] In some embodiments, the sample is a biological sample. In some embodiments, the
biological sample comprises a circulating tumor DNA. In some embodiments, the biological sample
comprises a tissue sample. In some embodiments, the nucleic acid is from a sample. In some
embodiments, the sample is a liquid biopsy sample. In some embodiments, a sample may be an RNA
sample. In some embodiments, an RNA sample may be used for various purposes, including but not
limited to PCR, ligation, transcriptome analysis, microarray analysis, northern analysis, and cDNA
library construction. In some embodiments, the present disclosure is directed to methods for amplifying
c¢DNA libraries from low quantities of cells and/or single cells in suitable quantity and quality for
transcriptome analysis through, for example, sequencing or microarray analysis.

[00182] In some embodiments, the nucleic acid and/or a template is of an unknown sequence. In some
embodiments, the nucleic acid and/or a template is RNA, DNA, or a combination of RNA and DNA. In
some embodiments, the RNA is mRNA. In some embodiments, the mRNA comprises internal priming.
In some embodiments, the nucleic acid may be a fragmented nucleic acid and/or a degraded nucleic acid.
In some embodiments, the template may be a fragmented template and/or a degraded template. In some
embodiments, the nucleic acid may be a non-fragmented nucleic acid and/or a non-degraded nucleic acid.
In some embodiments, the template may be a non-fragmented template and/or a non-degraded template.
In some embodiments, the nucleic acid and/or template is indicative of a disease. In some embodiments,
the nucleic acid and/or template is indicative of cancer. In some embodiments, the nucleic acid is equal to
or less than about 0.01 micromolar. In some embodiments, the nucleic acid is between about 0. 1nM to
about 100nM. In some embodiments, the nucleic acid is equal to or less than about 500 femtomolar.
[00183] In some embodiments, the RNA is obtained from a source selected from the group consisting
of single cells, cultured cells, tissues, RNA transcription-based amplified RNA (such as TTR-amplified
RNA or other DNA-dependent RNA polymerase transcribed RNA), RNA-promoter-driven transcribed
RNA, aRNA, aRNA-amplified RNA, single-cell mRNA library, isolated mRNA, RNA contained within
cells, and combinations of RNA sources. In some embodiments, the RNA is prepared from a plurality of
fixed cells, wherein said fixed cells are protected from RNA degradation and also subjected to
permeabilisation for enzyme penctration. In some embodiments, the fixed cells are obtained from
fixative-treated cultural cells, frozen fresh tissues, fixative-treated fresh tissues or paraffin-embedded
tissues on slides.

[00184] In some embodiments, the RNA molecule can be the product of in vitro synthesis or can have
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been isolated from cells or tissues (Ausubel, et. al., Short Protocols in Molecular Biology, 3rd ed., Wiley,
1995). Cells and tissues suitable for use in obtaining RNA useful in the practice of the present disclosure
may include both animal cells and plant cells. In some embodiments, the cells include mammalian cells
and insect cells. RNA may also be isolated from prokaryotic cells such as bacteria.

[00185] In some embodiments, the template is RNA, DNA, or a combination of RNA and DNA. In
some embodiments, the template may be a fragmented template and/or a degraded template. In some
embodiments, the template is not degraded and/or fragmented. In some embodiments, the RNA is
mRNA. In some embodiments, the template is an RNA template. In some embodiments, the template is a
DNA template. In some embodiments, the template is a DNA and/or RNA template. In some
embodiments, the template is a mixture of DNA and RNA. In some embodiments, the RNA comprises
any type of RNA (e.g., one or more of rRNA, tRNA, mRNA, and/or snRNA). In some embodiments the
RNA comprises a mixture of at least one type of RNA. In some embodiments, the DNA can comprise a
mixture of, or at least one of, genomic DNA or nuclear DNA, mitochondrial DNA, Y-line DNA,
autosomal DNA, ribosomal DNA, or a combination thercof. In some embodiments, the template is a
polymer of any length. In some embodiments, the template is from about 20 bases to about 100 bases,
from about 30 bases to about 500 bases, from about 30 bases to about 1000 bases, from about 50 bases to
about 300 bases, about 100 bases to about 600 bases, about 200 bases to about 800 bases, about 200
bases to about 600 bases, about 100 bases to about 2000 bases, about 100 bases and about 2500 bases,
about 200 bases to about 5000 bases, about 200 bases to about 1000 bases, about 200 to about 10000
bases. In some embodiments, the template is at least about 10 bases, at least about 20 bases, at least about
30 bases, at least about 40 bases, at least about 50 bases, at least about 60 bases, at least about 70 bases,
at least about 80 bases, at least about 90 bases, at least about 100 bases, at least about 150 bases, at least
about 200 bases, at least about 250 bases, at least about 300 bases, at least about 350 bases, at least about
400 bases, at least about 450 bases, at least about 500 bases, at least about 550 bases, at least about 600
bases, at least about 650 bases, at least about 700 bases, at least about 750 bases, at least about 800 bases,
at least about 850 bases, at Ieast about 900 bases, at least about 950 bases, at least about 1000 bases, at
least about 1100 bases, at least about 1200 bases, at least about 1300 bases, at least about 1400 bases, at
least about 1500 bases, at least about 1700 bases, at least about 2000 bases, at least about 2200 bases, at
least about 2500 bases, at least about 2700 bases, at least about 3000, at least about 3500 bases, at least
about 4000 bases, at least about 4500 bases, at least about 5000 bases, at least about 10,000 bases, or at
least about 50,000 bases. In some embodiments, the template is about or at least about or at most about
10 bases, about or at least about or at most about 20 bases, about or at least about or at most about 30
bases, about or at least about or at most about 40 bases, about or at least about or at most about 50 bases,
about or at least about or at most about 60 bases, about or at least about or at most about 70 bases, about
or at least about or at most about 80 bases, about or at least about or at most about 90 bases, about or at
least about or at most about 100 bases, about or at least about or at most about 150 bases, about or at least

about or at most about 200 bases, about or at least about or at most about 250 bases, about or at least
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about or at most about 300 bases, about or at least about or at most about 350 bases, about or at least
about or at most about 400 bases, about or at least about or at most about 450 bases, about or at least
about or at most about 500 bases, about or at least about or at most about 550 bases, about or at least
about or at most about 600 bases, about or at least about or at most about 650 bases, about or at least
about or at most about 700 bases, about or at least about or at most about 750 bases, about or at least
about or at most about 800 bases, about or at least about or at most about 850 bases, about or at least
about or at most about 900 bases, about or at least about or at most about 950 bases, about or at least
about or at most about 1000 bases, about or at least about or at most about 1100 bases, about or at least
about or at most about 1200 bases, about or at least about or at most about 1300 bases, about or at least
about or at most about 1400 bases, about or at least about or at most about 1500 bases, about or at least
about or at most about 1700 bases, about or at least about or at most about 2000 bases, about or at least
about or at most about 2200 bases, about or at least about or at most about 2500 bases, about or at least
about or at most about 2700 bases, about or at least about or at most about 3000, about or at least about or
at most about 3500 bases, about or at least about or at most about 4000 bases, about or at least about or at
most about 4500 bases, about or at least about or at most about 5000 bases, about or at least about or at
most about 10,000 bases, or about or at least about or at most about 50,000 bases. In some embodiments,
the template DNA may be a double-stranded DNA template (dsDNA template) or a single-stranded DNA
template (ssDNA template). In some embodiments, the template RNA may be a double-stranded RNA
template (dsRNA template) or a single-stranded RNA template (ssRNA template).

[00186] In some embodiments, the template is from a single cell. In some embodiments, the template
is from a plurality of cells. In some embodiments, the template comprises low copy number DNA, or
RNA, or a combination of DNA and/or RNA. In some embodiments, low copy number refers to samples
that contain equal to or less than about 250 picograms (e.g. 100 picograms) of for example the template
and/or DNA and/or RNA and/or a mixture of DNA and RNA. In some embodiments, the RNA can
comprise at least one of messenger RNA (mRNA), transfer RNA, transfer-messenger RNA, ribosomal
RNA, antisense RNA, small nuclear RNA (snRNA), small nucleolar RNA (snoRNA), micro-RNA
(miRNA), small interfering RNA (siRNA), or any combination thereof. In some embodiments, the
template is from a sample. In some embodiments, the total amount of template is the total amount of
template in a sample. In some embodiments, the total amount of template is the total amount of template
in a reaction mixture. In some embodiments, the total amount of template is the total amount of template
in one pot (e.g., single vessel). In some embodiments, the total amount of the template is from about 1
femtomolar (fM) to about 100 micromolar, from about 40 femtomolar to about 0.01 micromolar, from
about 50 femtomolar to about 500 femtomolar, from about 50 femtomolar to about 0.01 micromolar,
from about 50 femtomolar to about 0.1 micromolar, from about 50 femtomolar to about 500 picomolar,
from about 50 femtomolar to about 500 nanomolar, from about 50 femtomolar to about 500 micromolar,
from about 50 femtomolar to about 1 picomolar, from about 40 femtomolar to about 1 nanomolar, from

about 1 femtomolar to about 1 picolomar, from about 0.0001 micromolar to about 0.01 micromolar, from
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about 0.0001 micromolar to about 0.1 micromolar, or from about 0.1nM to about 100nM. In some
embodiments, the total about of template is equal to or at least about or lower than about 1000
micromolar, equal to or at least about or lower than about 500 micromolar, equal to or at least about or
lower than about 250 micromolar, equal to or at least about or lower than about 100 micromolar, equal to
or at least about or lower than about 50 micromolar, equal to or at least about or lower than about 25
micromolar, equal to or at least about or lower than about 10 micromolar, equal to or at least about or
lower than about 1 micromolar, equal to or at least about or lower than about 0.1 micromolar, equal to or
at least about or lower than about 0.01 micromolar, equal to or at least about or lower than about 0.001
micromolar, equal to or at least about or lower than about 0.0001 micromolar, equal to or at least about or
lower than about 2000 nanomolar, equal to or at least about or lower than about 500 nanomolar, equal to
or at least about or lower than about 250 nanomolar, equal to or at least about or lower than about 200
nanomolar, equal to or at least about or lower than about 50 nanomolar, equal to or at least about or lower
than about 25 nanomolar, equal to or at least about or lower than about 20 nanomolar, equal to or at least
about or lower than about 2 nanomolar, equal to or at least about or lower than about 0.2 nanomolar,
equal to or at least about or lower than about 0.01 nanomolar, equal to or at least about or lower than
about 0.001 nanomolar, equal to or at least about or lower than about 0.0001 nanomolar, equal to or at
least about or lower than about 3000 picomolar, equal to or at least about or lower than about 500
picomolar, equal to or at least about or lower than about 250 picomolar, equal to or at least about or
lower than about 300 picomolar, equal to or at least about or lower than about 50 picomolar, equal to or
at least about or lower than about 25 picomolar, equal to or at least about or lower than about 30
picomolar, equal to or at least about or lower than about 3 picomolar, equal to or at least about or lower
than about 0.3 picomolar, equal to or at least about or lower than about 0.01 picomolar, equal to or at
least about or lower than about 0.001 picomolar, equal to or at least about or lower than about 0.0001
picomolar, equal to or at least about or lower than about 5000 femtomolar, equal to or at least about or
lower than about 500 femtomolar, equal to or at least about or lower than about 250 femtomolar, equal to
or at least about or lower than about 50 femtomolar, equal to or at least about or lower than about 25
femtomolar, equal to or at least about or lower than about 10 femtomolar, equal to or at least about or
lower than about 1 femtomolar, equal to or at least about or lower than about 0.1 femtomolar, equal to or
at least about or lower than about 0.01 femtomolar, equal to or at least about or lower than about 0.001
femtomolar, equal to or at least about or lower than about 0.0001 femtomolar.

[00187] In some embodiments, the template may be present in any nucleic acid sample of interest,
including but not limited to, a nucleic acid sample isolated from a single cell, a plurality of cells (e.g.,
cultured cells), a tissue, an organ, or an organism (¢.g., bacteria, yeast, or the like). In some
embodiments, the nucleic acid sample is isolated from a cell(s), tissue, organ, and/or the like of a
mammal (¢.g., a human, a rodent (¢.g., a mouse), or any other mammal of interest). In some
embodiments, the nucleic acid sample is isolated from a source other than a mammal, such as bacteria,

yeast, insects (¢.g., drosophila), amphibians (¢.g., frogs (¢.g., Xenopus)), viruses, plants, or any other
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non-mammalian nucleic acid sample source.

[00188] In some embodiments, the template is optimized. In some embodiments, the acceptor template
or acceptor nucleic acid molecule comprises at least one modified nucleotide. In some embodiments, the
acceptor template or acceptor nucleic acid molecule is engineered to improve template jumping and/or
conversion efficiency. In some embodiments, the acceptor template or acceptor nucleic acid molecule is
optimized at the 3’-end. In some embodiments, the optimization prevents secondary structure formation
and/or nucleotide composition.

[00189] In some embodiments, the methods disclosed in the present disclosure may further comprise
optimization of the template (¢.g. donor template). In some embodiments, optimization of the template
comprises contacting the template (¢.g. RNA) with an agent capable of removing the 5° cap structure of
fthe template (e.g., mRNA). In some embodiments, the removal of the cap structure is performed under
conditions permitting the removal of the cap structure by the agent. In some embodiments, the methods
disclosed in the present disclosure further include dephosphorylation of for example, the decapped
template. In some embodiments, the method further includes adding a dephosphorylating agent to the
decapped template under conditions permitting dephosphorylation.

[00190] In some embodiments, any method of the present disclosure may further comprise
optimization of the template. In some embodiments, optimization of the template comprises: contacting a
sample comprising a template with an agent that removes a 5° cap structure of the template, under
conditions permitting the removal of the cap structure by the agent. In some embodiments, the
optimization of the template may further comprise adding a dephosphorylating agent under conditions
permitting the dephosphorylation of the decapped template by the agent. In some embodiments, the
template (¢.g. RNA molecule) is dephosphorylated after synthesis or isolation. In some embodiments, the
dephosphorylation is achieved by treatment of the nucleic acid (e.g., RNA) molecule with alkaline
phosphatase. In some embodiments, the isolated donor template, such as RNA or mRNA, is decapped
and dephosphorylated after isolation. Methods of decapping nucleic acids (e.g., RNAs) include both
enzymatic methods (such as by using a pyrophosphatase such as tobacco pyrophosphatase) and chemical
methods (such as periodate oxidation and beta elimination). Methods for dephosphorylation of nucleic
acid (¢.g., RNA) may use alkaline phosphatase. In some embodiments, the isolated mRNA is decapped
(using tobacco acid pyrophosphatase, for example) and dephosphorylated (¢.g., by using alkaline
phosphatase). In some embodiments, the removal of the RNA cap structure is by either enzymatic
treatment of the mRNA with a pyrophosphatase or chemical decapping (e.g., by periodate oxidation and
beta elimination). In some embodiments, the mRNA is modified with a tag.

[00191] In some embodiments, any of the methods of the present disclosure is carried out in one-pot
(e.g., single vessel). In some embodiments, the reactions are carried out in a one-pot (¢.g., single vessel).
In some embodiments, the reaction is a one-pot (¢.g., single vessel) reaction.

[00192] In some embodiments, template jumping is dependent on the concentration of the acceptor

nucleic acid molecule.
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[00193] In some embodiments, the modified enzyme (¢.g., modified reverse transcriptase), modified
reverse transcriptase, non-naturally occurring enzyme, modified polypeptide having reverse transcriptase
activity comprises at least one modification relative to the wild type, unmodified counterpart, or naturally
occurring enzyme. In some embodiments, the modified non-LTR retrotransposon comprises at least one
modification of a wild-type or unmodified non-LTR retrotransposon. In some embodiments, the modified
R2 reverse transcriptase comprises at least one modification of a wild-type or unmodified R2 reverse
transcriptase. In some embodiments, the modified reverse transcriptase comprises at least one
modification of a wild-type or unmodified reverse transcriptase. In some embodiments, the modified
polypeptide having reverse transcriptase activity comprises at least one modification of a wild-type or
unmodified polypeptide having reverse transcriptase activity. In some embodiments, the modification
comprises at least one truncation (¢.g., N-terminal truncation, C-terminal truncation, and/or N- and C-
terminal truncations). In some embodiments, the modification comprise(s) site-specific incorporation,
and/or addition, and/or deletion, and/or substitution of amino acid(s) at positions of interest. In some
embodiments, the modification enhances the biological properties of the modified enzyme or modified
polypeptide relative to the wild-type or unmodified enzyme or polypeptide. In some embodiments, the
modification improves at least one enzyme property of the modified enzyme or polypeptide relative to
the wild-type or unmodified enzyme or polypeptide. In some embodiments, the modification(s) serve as a
point of attachment for, ¢.g., labels and protein half-life extension agents, and for purposes of affixing the
variants to the surface of a solid support. In some embodiments, the present disclosure is related to
methods of producing cells capable of producing the modified enzymes (e.g., modified reverse
transcriptase) or modified polypeptides, and of producing vectors containing DNA or RNA encoding the
modified enzymes (e.g., modified reverse transcriptase) or modified polypeptides. In some
embodiments, the truncation is based on a two-step process. In some embodiments, the first step for
selecting a truncation includes analyzing the domains and motifs structure(s) and function(s) of a class of
enzymes, or proteins, or polypeptides. In some embodiments, the enzymes, or proteins, or polypeptides
are non-L TR retrotransposons, reverse transcriptases, R2 reverse transcriptase, LTR retrotransposons, R2
non-L TR retrotransposons, or any combination thereof. In some embodiments, the enzymes, or proteins,
or polypeptides are from different organisms. In some embodiments, all the domains of the enzymes, or
proteins, or polypeptides are present. In some embodiments, all the domains are present to ensure reverse
transcriptase activity. In some embodiments, all the domains are present to ensure the unique propertics
essential for the present disclosure. In some embodiments, the domains responsible for reverse
transcriptase activity are not modified. In some embodiments, the R2 domain does not comprise
modifications. In some embodiments, the R2 domain may comprise modifications. In some
embodiments, the truncated variants show expression level. In some embodiments, the truncated variants
that show promising expression level are further subject to small adjustment(s) in the sequence (step
two). In some embodiments, the small adjustment(s) in the sequence include deletion, insertion, and/or

substitution of amino acid(s). In some embodiments, the deletion, insertion, and/or substitution of amino
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acid(s) may include one or several amino acid(s). In some embodiments, the deletion, insertion, and/or
substitution of amino acid(s) further optimize expression and/or stability (¢.g., thermostability).

[00194] In some embodiments, the modified enzyme (¢.g., modified reverse transcriptase), modified
reverse transcriptase, or modified polypeptides has an N-terminal truncation, a C-terminal truncation, or
both, relative to the wild type or unmodified enzyme (e.g., wild-type reverse transcriptase) or wild-type
or unmodified polypeptide. In some embodiments, the polymerase comprises an N-terminal truncation, a
C-terminal truncation, or both. In some embodiments, the modified reverse transcriptase comprises N-
terminal truncation, C-terminal truncation, or a combination of N-terminal and C-terminal truncation(s).
In some embodiments, the modified enzyme comprises N-terminal truncation, C-terminal truncation, or a
combination of N-terminal and C-terminal truncation(s). In some embodiments, the modified polypeptide
comprises N-terminal truncation, C-terminal truncation, or a combination of N-terminal and C-terminal
truncation(s). In some embodiments, the truncation comprises the sequence
MAHHHHHHVGTVGTGGGSGGASTAL. In some embodiments, the modified reverse transcriptase,
modified enzyme, modified polypeptide, modified non-LTR retrotransposon, or modified R2 reverse
transcriptase comprises a truncation of less than about 100 amino acid residues. In some embodiments,
the modified reverse transcriptase, modified enzyme, modified polypeptide, modified non-LTR
retrotransposon, or modified R2 reverse transcriptase comprises at least one of: (a) an amino-terminal
truncation of less than about 400 amino acid residues and (b) a carboxyl-terminal truncation of less than
about 400 amino acid residues. In some embodiments, the modified reverse transcriptase, modified
enzyme, modified polypeptide, modified non-LTR retrotransposon, or modified R2 reverse transcriptase
lacks up to: about 1, about 2, about 3, about 4, about 5, about 6, about 7, about 8, about 9, about 10, about
11, about 12, about 13, about 14, about 15, about 16, about 17, about 18, about 19, about 20, about 21,
about 22, about 23, about 24, about 25, about 30, about 50, about 75, about 100, about 120, about 150,
about 175, about 200, about 220, about 250, about 275, about 280, about 290, about 300, about 325,
about 350, about 375, about 380, about 390, about 400, or about 450 amino acids from the N-terminus,
C-terminus, or both. In some embodiments, the modified reverse transcriptase, modified enzyme,
modified polypeptide, modified non-LTR retrotransposon, or modified R2 reverse transcriptase may
alternately or additionally have one or more internal deletions of up to: about 1, about 2, about 3, about 4,
about 5, about 6, about 7, about 8, about 9, about 10, about 11, about 12, about 13, about 14, about 15,
about 16, about 17, about 18, about 19, about 20, about 21, about 22, about 23, about 24, or about 25
amino acids, about 30, about 50, about 75, about 100, about 120, about 150, about 175, about 200, about
220, about 250, about 275, about 280, about 290, about 300, about 325, about 350, about 375, about 380,
about 390, or a total of about 450 amino acids. In some embodiments, the N-terminal truncation, C-
terminal truncation, or both, may comprise deletions from about 1 to about 50 amino acids, from about 1
to about 25, from about 1 to about 70, from about 10 to about 50, from about 20 to about 30, from about
15 to about 100, from about 1 to about 150, from about 15 to about 60, from about 15 to about 40, from
about 1 to about 10, from about 10 to 35, from about 50 to about 100, from about 20 to about 150, from
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about 200 to about 350, from about 25 to about 350, from about 150 to about 400, from about 50 to about
400, from about 50 to about 450, from about 200 to about 400, or from about 50 to about 350, or from
about 50 to about 400 amino acids. In some embodiments, the N-terminal truncation removes at least
about 5, at least about 10, at least about 15, at least about 20, at least about 25, at least about 30, at least
about 35, at least about 40, at least about 50, at least about 60, at least about 65, at least about 70, at least
about 75, at least about 80, at least about 90, at least about 93, at least about 100, at least about 120, at
least about 130, at least about 140, at lecast about 150, at least about 175, at least about 200, at least about
220, at least about 250, at least about 273, at least about 300, at least about 325, at least about 350, at
least about 375, or at least about 400 amino acids. In some embodiments, the C-terminal truncation
removes at least about 5, at least about 10, at least about 15, at least about 20, at least about 25, at least
about 30, at least about 33, at least about 40, at least about 50, at least about 60, at least about 63, at least
about 70, at least about 75, at least about 80, at least about 90, at least about 93, at least about 100, at
least about 120, at least about 130, at lecast about 140, at least about 150, at least about 173, at least about
200, at least about 220, at least about 250, at least about 275, at least about 300, at least about 325, at
least about 350, at least about 375, or at Ieast about 400 amino acids. In some embodiments, the N-
terminal truncation lacks about 3, about 10, about 15, about 20, about 25, about 30, about 35, about 40,
about 50, about 60, about 65, about 70, about 75, about 80, about 90, about 95, about 100, about 120,
about 130, about 140, about 150, about 175, about 200, about 220, about 250, about 275, about 300,
about 325, about 350, about 375, or about 400 amino acids. In some embodiments, the C-terminal
truncation lacks about 3, about 10, about 15, about 20, about 25, about 30, about 35, about 40, about 50,
about 60, about 63, about 70, about 75, about 80, about 90, about 95, about 100, about 120, about 130,
about 140, about 150, about 175, about 200, about 220, about 250, about 275, about 300, about 325,
about 350, about 375, or about 400 amino acids. In some embodiments, the N-terminal truncation lacks
no more than about 5, no more than about 10, no more than about 15, no more than about 20, no more
than about 25, no more than about 30, no more than about 35, no more than about 40, no more than about
50, no more than about 60, no more than about 65, no more than about 70, no more than about 75, no
more than about 80, no more than about 90, no more than about 95, no more than about 100, no more
than about 120, no more than about 130, no more than about 140, no more than about 150, no more than
about 175, no more than about 200, no more than about 220, no more than about 250, no more than about
275, no more than about 300, no more than about 325, no more than about 350, no more than about 373,
or no more than about 400 amino acids. In some embodiments, the C-terminal truncation lacks no more
than about 5, no more than about 10, no more than about 15, no more than about 20, no more than about
25, no more than about 30, no more than about 35, no more than about 40, no more than about 50, no
more than about 60, no more than about 65, no more than about 70, no more than about 75, no more than
about 80, no more than about 90, no more than about 95, no more than about 100, no more than about
120, no more than about 130, no more than about 140, no more than about 150, no more than about 175,

no more than about 200, no more than about 220, no more than about 250, no more than about 275, no
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more than about 300, no more than about 325, no more than about 350, no more than about 373, or no
more than about 400 amino acids. In some embodiments, the truncation comprises an N-terminal
truncation that removes at least about, at most about, or about 5, 10, 15, 20, 25, 30, 40, 50, 75, 100, 125,
150, 175, 200, 225, 250, 275, 300, 325, 350, 375, 400, 425, 450, 475, or 500 amino acids. In some
embodiments, the truncation comprises a C-terminal truncation that removes at least about, at most
about, or about 35, 10, 15, 20, 25, 30, 40, 50, 75, 100, 125, 150, 175, 200, 225, 250, 275, 300, 325, 350,
375, 400, 425, 450, 475, or 500 amino acids. In some embodiments, the N-terminal truncation, the C-
terminal truncation, or both, may be more than about 500 amino acids, more than about 1000 amino
acids, more than about 1500 amino acids, more than about 2000 amino acids, more than about 5000
amino acids, more than about 10000 amino acids, more than about 100000 amino acids, more than about
1000000 amino acids.

[00195] In some embodiments, truncations of regions which do affect functional activity of a protein
or enzyme may be engineered. In some embodiments, truncations of regions which do not affect
functional activity of a protein or enzyme may be engineered. A truncation may comprise a truncation of
less than about 5, less than about 10, less than about 15, less than about 20, less than about 25, less than
about 30, less than about 35, less than about 40, less than about 43, less than about 50, less than about 60,
less than about 70, less than about 80, less than about 90, less than about 100, less than about 123, less
than about 150, less than about 200, less than about 250, Iess than about 300, less than about 350, less
than about 400 or more amino acids. A truncation may comprise a truncation of more than about 5, more
than about 10, more than about 15, more than about 20, more than about 25, more than about 30, more
than about 35, more than about 40, more than about 45, more than about 50, more than about 60, more
than about 70, more than about 80, more than about 90, more than about 100, more than about 125, more
than about 150, more than about 200, more than about 250, more than about 300, more than about 350,
more than about 400 or more amino acids. A truncation may comprise a truncation of about 5%, about
10%, about 15%, about 20%, about 25%, about 30%, about 35%, about 40%, about 45%, about 50%,
about 55%, about 60%, about 65%, about 70%, about 75%, about 80%, about 85%, about 87%, about
90%, about 92%, about 95% or about 100% of the polypeptide or enzyme.

[00196] In some embodiments, the variant or modified enzyme or modified protein may comprise one
or more modification(s) at an amino acid position. In some embodiments, a variant, a mutant, or modified
polypeptides or enzymes of the present disclosure may possess an increased activity, such as an increased
RNA-dependent DNA polymerase activity or a DNA-dependent DNA polymerase activity, compared to
the corresponding unmutated or unmodified or wildtype polymerase or as compared to one or more
polymerases (e.g., RNA-dependent DNA polymerase, or a reverse transcriptase). In some embodiments,
a polymerase or a reverse transcriptase having an increase in activity may be a modified polymerase or a
modified reverse transcriptase that has at least about a 5% increase, at least about a 10% increase, at least
about a 25% increase, at least about a 30% increase, at least about a 50% increase, at least about a 100%

increase, at least about a 150% increase, at least about a 200% increase, at least about a 300% increase, at
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least about a 500% increase, at least about a 1,000% increase, at least about a 2,500% increase or at least
about a 5,000% increase as compared to (1) the corresponding unmutated or wild-type enzyme; or (2) a
particular polymerase (¢.g., RNA-dependent DNA polymerase, reverse transcriptase) or a particular
reverse transcriptase, or a group of polymerases, or a group of reverse transcriptases. In some
embodiments, the modified polymerase or the modified reverse transcriptase of the present disclosure
may have an increase in activity of from about 5% to about 5,000%, from about 5% to about 2,500%,
from about 5% to about 1000%, from about 5% to about 500%, from about 5% to about 250%, from
about 5% to about 100%, from about 5% to about 50%, from about 5% to about 25%., from about 25% to
about 5,000%, from about 25% to about 2,500%, from about 25% to about 1,000%, from about 25% to
about 500%, from about 25% to about 250%, from about 25% to about 100%, from about 100% to about
5,000%, from about 100% to about 2,500%, from about 100% to about 1000%, from about 100% to
about 500%, or from about 100% to about 250%. An increase in RNA-dependent DNA polymerase
activity and/or DNA-dependent DNA polymerase for a modified polymerase or modified reverse
transcriptase of the present disclosure may also be measured according to relative activity compared to
(1) the corresponding unmodified or wild-type enzyme; or (2) a particular polymerase (¢.g., RNA-
dependent DNA polymerase, reverse transcriptase) or a particular reverse transcriptase, or a group of
polymerases, or a group of reverse transcriptases. In some embodiments, the increase in such relative
activity is at least about 1.1, 1.2, 1.5, 2, 5, 10, 25, 50, 75, 100, 150, 200, 300, 500, 1,000, 2,500, 5,000,
10,000, or 25,000 fold when the activity of a modified polymerase or modified reverse transcriptase of
the present disclosure is compared to (1) the corresponding unmutated or wild-type enzyme; or (2) a
particular polymerase (¢.g., RNA-dependent DNA polymerase, reverse transcriptase) or a particular
reverse transcriptase, or a group of polymerases, or a group of reverse transcriptases. Thus a modified
polymerase or modified reverse transcriptase of the present disclosure may have an increased RNA-
dependent DNA polymerase and/or an increased DNA-dependent DNA polymerase activity of from
about 1.1 fold to about 25,000 fold, from about 1.1 fold to about 10,000 fold, from about 1.1 fold to
about 5,000 fold, from about 1.1 fold to about 2,500 fold, from about 1.1 fold to about 1,000 fold, from
about 1.1 fold to about 500 fold, from about 1.1 fold to about 250 fold, from about 1.1 fold to about 50
fold, from about 1.1 fold to about 25 fold, from about 1.1 fold to about 10 fold, from about 1.1 fold to
about 3 fold, from about 5 fold to about 25,000 fold, from about 5 fold to about 5,000 fold, from about 5
fold to about 1,000 fold, from about 5 fold to about 500 fold, from about 5 fold to about 100 fold, from
about 5 fold to about 50 fold, from about 5 fold to about 25 fold, from about 50 fold to about 25,000 fold,
from about 50 fold to about 5,000 fold, from about 50 fold to about 1,000 fold, from about 50 fold to
about 500 fold, from about 50 fold to about 100 fold, from about 100 fold to about 25,000 fold, from
about 1,000 fold to about 25,000 fold, from about 4,000 fold to about 25,000 fold, from about 10,000
fold to about 25,000 fold, from about 15,000 fold to about 25,000 fold, from about 1,000 fold to about
10,000 fold, from about 2,500 fold, to about 10,000 fold, from about 5,000 fold to about 10,000 fold,
from about 7,500 fold to about 10,000 fold, from about 1,000 fold to about 15,000 fold, from about 2,500
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fold, to about 15,000 fold, from about 5,000 fold to about 15,000 fold, from about 7,500 fold to about
15,000 fold, from about 10,000 fold to about 15,000 fold, or from about 12,500 fold to about 15,000 fold.
[00197] In some embodiments, a modified enzyme, modified polypeptide having reverse transcriptase
activity, or a non-naturally occurring enzyme exhibits an altered (e.g., increased or decreased)
processivity for a given nucleotide substrate relative to an unmodified or naturally occurring counterpart.
In some embodiments, the modified enzyme, modified polypeptide having reverse transcriptase activity,
or a non-naturally occurring enzyme exhibits a processivity for a given nucleotide substrate that is at least
about 5%, 10%, 25%, 37.5%, 50%, 75%, 100%, 110%, 125%, 150%, 200%, 250%, 500%, 750%,
1,000%, 5,000% or 10,000% as high as the processivity of a reference enzyme for the same nucleotide
substrate. In some embodiments, the reference enzyme is the unmodified counterpart of the modified
enzyme. In some embodiments, the reference enzyme is a reverse transcriptase. In some embodiments,
the reference enzyme is a non-LTR retrotransposon. In some embodiments, the reference enzyme is a
LTR retrotransposon. In some embodiments, the reference enzyme is an R2 reverse transcriptase. In
some embodiments, the reference enzyme or polypeptide comprises an amino acid sequence of SEQ ID
NO: 1, SEQ ID NO: 2, SEQ ID NO: 3, SEQ ID NO: 4, SEQ ID NO: 5, SEQ ID NO: 6, SEQ ID NO: 7,
SEQ ID NO: 8, SEQID NO: 9, SEQ ID NO: 10, SEQ ID NO: 11, SEQ ID NO: 12, SEQ ID NO: 13,
SEQ ID NO: 14, SEQ ID NO: 15, SEQ ID NO: 16, SEQ ID NO: 17, SEQ ID NO: 18, SEQ ID NO: 19,
SEQ ID NO: 20, SEQ ID NO: 21, SEQ ID NO: 22, SEQ ID NO: 23, SEQ ID NO: 24, SEQ ID NO: 25,
SEQ ID NO: 26, SEQ ID NO: 27, SEQ ID NO: 28, SEQ ID NO: 29, SEQ ID NO: 30, SEQ ID NO: 31,
SEQ ID NO: 32, SEQ ID NO: 33, SEQ ID NO: 34, SEQ ID NO: 35, SEQ ID NO: 36, SEQ ID NO: 37,
SEQ ID NO: 38, SEQ ID NO: 39, SEQ ID NO: 40, SEQ ID NO: 41, SEQ ID NO: 42, SEQ ID NO: 43,
SEQ ID NO: 44, SEQ ID NO: 45, SEQ ID NO: 46, SEQ ID NO: 47, and/or SEQ ID NO: 48. In some
embodiments, an R2 comprises at least one mutation and/or modification. In some embodiments, an R2
comprises an amino acid sequence of SEQ ID NO: 49, SEQ ID NO: 50, SEQ ID NO: 51, SEQ ID NO:
52, SEQ ID NO: 53, SEQ ID NO: 54, SEQ ID NO: 55, SEQ ID NO: 56, SEQ ID NO: 57, SEQ ID NO:
58, SEQ ID NO: 59, SEQ ID NO: 60, SEQ ID NO: 61, SEQ ID NO: 62, SEQ ID NO: 63, SEQ ID NO:
64, SEQ ID NO: 65, SEQ ID NO: 66, or SEQ ID NO: 67. In some embodiments, an R2 and/or a
modified enzyme and/or a modified reverse transcriptase comprises a mutation at one or more amino
acids selected from (but not limited to) C9528S, and/or C9568, and/or C952S, C956S (double mutant),
and/or C969S, and/or H970Y, and/or R979Q), and/or R976Q, and/or R10718S, and/or R328A, and/or
R329A, and/or Q336A, and/or R328A, R329A, Q336A (triple mutant), and/or G426A, and/or D428A,
and/or G426A, D428 A (double mutant), and/or any combination thereof. In some embodiments, the
amino acid position is based on SEQ ID NO: 52. In some embodiments, the amino acid position is based
on a wild-type reverse transcriptase. In some embodiments, the amino acid position is based on a wild-
type R2. In some embodiments, a cysteine is mutated. In some embodiments, a cysteine is mutated to a
serine. In some embodiments, an arginine is mutated. In some embodiments, an arginine is mutated to a

sering, or a glutamine, or an alanine. In some embodiments, an amino acid is mutated to an alanine. In
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some embodiments, a glutamine is mutated to an alanine. In some embodiments, an aspartic acid is
mutated to an alanine. In some embodiments, a glycine is mutated to an alanine. In some embodiments, a
histidine is mutated to a tyrosine.

[00198] In some embodiments, a variant, or a modified enzyme (¢.g., modified reverse transcriptase),
or a modified polypeptide having reverse transcriptase activity of the present disclosure comprises at
least one altered characteristic that improves enzyme property. In some embodiments, a variant or a
modified enzyme (e.g., modified reverse transcriptase) or a modified polypeptide having reverse
transcriptase activity of the present disclosure comprises at least about 35%, at least about 40%, at least
about 45%, at least about 50%, at least about 55%, at least about 60%, at least about 65%, at least about
70%, at least about 75%, at least about 80%, at least about 81%, at least about 82%, at least about 83%,
at least about 84%, at least about 85%, at least about 86%, at lcast about 87%, at least about 88%, at least
about 89%, at least about 90%, at least about 91%, at least about 92%, at least about 93%, at least about
94%, at least about 95%, at least about 96%, at least about 97%, at least about 98%, and at least about
99% sequence identity to an amino acid sequence disclosed in the present disclosure. In some
embodiments, a variant, or a modified enzyme, or a modified polypeptide having reverse transcriptase
activity comprises at least about 35%, at least about 40%, at least about 45%, at least about 50%, at least
about 55%, at least about 60%, at least about 65%, at least about 70%, at least about 75%, at least about
80%, at least about 81%, at least about 82%, at least about 83%, at least about 84%, at least about 85%,
at least about 86%, at least about 87%, at least about 88%, at lcast about 89%, at least about 90%, at least
about 91%, at least about 92%, at least about 93%, at least about 94%, at least about 95%, at least about
96%, at least about 97%, at least about 98%, and/or at least about 99% sequence identity to an amino acid
sequence corresponding to a GenBank number in TABLE 1. In some embodiments, a variant, or a
modified enzyme, or a modified polypeptide having reverse transcriptase activity comprises at least about
35%, at least about 40%, at least about 45%, at least about 50%, at least about 55%, at least about 60%,
at least about 65%, at least about 70%, at least about 75%, at least about 80%, at lcast about 81%, at least
about 82%, at least about 83%, at lcast about 84%, at least about 85%, at least about 86%, at least about
87%, at least about 88%, at least about 89%, at least about 90%, at least about 91%, at least about 92%,
at least about 93%, at least about 94%, at least about 95%, at least about 96%, at least about 97%, at least
about 98%, and/or at least about 99%, sequence identity to an amino acid sequence set forth in SEQ ID
NO: 1, SEQID NO: 2, SEQ ID NO: 3, SEQ ID NO: 4, SEQ ID NO: 5, SEQ ID NO: 6, SEQ ID NO: 7,
SEQ ID NO: 8, SEQ ID NO: 9, SEQ ID NO: 10, SEQ ID NO: 11, SEQ ID NO: 12, SEQ ID NO: 13,
SEQ ID NO: 14, SEQ ID NO: 15, SEQ ID NO: 16, SEQ ID NO: 17, SEQ ID NO: 18, SEQ ID NO: 19,
SEQ ID NO: 20, SEQ ID NO: 21, SEQ ID NO: 22, SEQ ID NO: 23, SEQ ID NO: 24, SEQ ID NO: 25,
SEQ ID NO: 26, SEQ ID NO: 27, SEQ ID NO: 28, SEQ ID NO: 29, SEQ ID NO: 30, SEQ ID NO: 31,
SEQ ID NO: 32, SEQ ID NO: 33, SEQ ID NO: 34, SEQ ID NO: 35, SEQ ID NO: 36, SEQ ID NO: 37,
SEQ ID NO: 38, SEQ ID NO: 39, SEQ ID NO: 40, SEQ ID NO: 41, SEQ ID NO: 42, SEQ ID NO: 43,
SEQ ID NO: 44, SEQ ID NO: 45, SEQ ID NO: 46, SEQ ID NO: 47, and/or SEQ ID NO: 48. In some
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embodiments, a variant, or a modified enzyme, or a modified polypeptide having reverse transcriptase
activity comprises at least about 35%, at least about 40%, at least about 45%, at least about 50%, at least
about 55%, at least about 60%, at least about 65%, at least about 70%, at least about 75%, at least about
80%, at least about 81%, at least about 82%, at least about 83%, at least about 84%, at least about 85%,
at least about 86%, at least about 87%, at least about 88%, at lcast about 89%, at least about 90%, at least
about 91%, at least about 92%, at least about 93%, at least about 94%, at least about 95%, at least about
96%, at least about 97%, at least about 98%, and/or at least about 99% sequence identity to an amino
acid sequence set forth in SEQ ID NO: 49, SEQ ID NO: 50, SEQ ID NO: 51, SEQ ID NO: 52, SEQ ID
NO: 53, SEQ ID NO: 54, SEQ ID NO: 55, SEQ ID NO: 56, SEQ ID NO: 57, SEQ ID NO: 58, SEQ ID
NO: 59, SEQ ID NO: 60, SEQ ID NO: 61, SEQ ID NO: 62, SEQ ID NO: 63, SEQ ID NO: 64, SEQ ID
NO: 65, SEQ ID NO: 66, and/or SEQ ID NO: 67. See TABLE 2. SEQ ID NO: 49 is an example of an
R2 RT C-truncation, SEQ ID NO: 50 is an example of an R2 RT N-truncation, SEQ ID NO: 51 is an
example of an R2 RT N- and C-truncation, SEQ ID NO: 52 is an example of an R2 wild type. SEQ ID
NO: 53-67 are examples of R2 with single, double, or triple mutations (TABLE 2). In some
embodiments, the modified reverse transcriptase is derived from an arthropod. In some embodiments, the

arthropod is Bombyx mori.

TABLE 1
GenBank Description GI number SEQ ID NO:
AAB59214 1 reverse transcnptase-hke protein [Bombyx 903695 1
mori|
T18197 reverse transcriptase-like protein - 7511784 )
silkworm
KMQ90176.1 reverse transcriptase [Lasius niger] 861630869 3
Retrovirus-related Pol polyprotein from
KYB24671.1 type-2 retrotransposable element R2DM- 1004394526 4
like Protein [Tribolium castancum]
KMQ90064.1 reverse transcriptase [Lasius niger] 861630480 5
ACI71597.1 reverse transcriptase [Rhynchosciara 215982090 6
americanal
AFM44926.1 R2 protein [Eyprepocnemis plorans] 391862173 7
AHN53448 1 reverse transcriptase [Nuttalliella 599127491 3
) namaqual]
ACJ46647.1 reverse transcriptase [ Triops cancriformis]| 213399743 9
BACS82590.1 reverse transcriptase [Ciona intestinalis] 34392325 10
AAB94032.1 reverse transcriptase domain protein 2735957 1
' [Drosophila mercatorum|
. . . 3559776

AAC34906.1 reverse transcriptase [Forficula auricularia] 12
BACS82589.1 reverse transcriptase [Ciona intestinalis] 34392323 13
AILO1110.1 reverse transcriptase |Bacillus rossius] 674275091 14
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AF019998.1 R2 protein [Lepidurus couesii| 397174834 15
KMQ88340.1 reverse transcriptase [Lasius niger] 861624704 16
AF019997.1 R2 protein [Lepidurus couesii| 397174832 17
AAC34903.1 reverse transcriptase [Anurida maritima| 3339770 18
AF019995.1 R2 protein [Lepidurus apus lubbocki] 397174828 19
BACS82591.1 reverse transcriptase [Ciona intestinalis] 34392327 20
CAX83712 1 endonucl.ease-reveyse transcriptase 254587310 71

[Schistosoma japonicum]
XP 009165216.1 hypothe’qcal protein .T265._.13057 684375893 2

- [Opisthorchis viverrini]

AAB94040.1 reverse transcriptase [Hippodamia 2736050 23
) convergens]
AAVS5443 1 reverse transcnptase-h.ke protein 56267941 24
[Amblyomma americanum |
AAV85445 1 reverse transcriptase-like protein [Ixodes 56267945 25
) scapularis]
Retrovirus-related Pol polyprotein from 954380717
KRY44798.1 type-2 retrotransposable element R2ZDM 26
[Trichinella britovi]
AAV85444 1 reverse tr.anscnptase-.hke protein 56267943 27
[Rhipicephalus microplus]
Retrovirus-related Pol polyprotein from 054258524
KRX52183.1 type-2 retrotransposable element R2ZDM 28
[Trichinella sp. T9]
Retrovirus-related Pol polyprotein from 054280397
KRX72028.1 type-2 retrotransposable element R2ZDM 29
[Trichinella sp. T6]
AF019999.1 R2 protein [Lepidurus couesii| 397174836 30
. . . 533135
AAA21258.1 reverse transcriptase [Drosophila ambigual 31
Retrovirus-related Pol polyprotein from 954202918
KRX12851.1 type-2 retrotransposable element R2ZDM 32
[Trichinella nelsoni]
KFD359471 1 hypothetical protein MS 14 11684 669318869 33
[Trichuris suis]
KXZ75771.1 hypothetical protein TcasGA2_TC031700 1004173031 34
[Tribolium castaneum]|
XP 002412745 1 reverse transcriptase, putative [Ixodes 241683764 35
- scapularis]
BAE46603.1 reverse transcriptase |Eptatretus burgeri] 77799487 36
AF020000.1 R2 protein [Triops cancriformis] 397174838 37
Retrovirus-related Pol polyprotein from 054240338
KRX36111.1 type-2 retrotransposable element R2ZDM 38
[Trichinella murrelli]
KRZ66264.1 Retrovirus-related Pol polyprotein from 954588567 39
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[Trichinella papuag]
Retrovirus-related Pol polyprotein from 954382014
KRY45664.1 type-2 retrotransposable element R2ZDM 40
[Trichinella britovi]
CAJ00246.1 TPA.: polyprotein |Schistosoma mansoni| 67625717 41
Retrovirus-related Pol polyprotein from
Q03278 type-lretrotransposable element R2 2851550 42
[Nasonia vitripennis (Parasitic wasp)]
Retrovirus-related Pol polyprotein from
Q03279 type-1 retrotransposable element R2 548546 43
[Bradysia coprophila (Dark-winged fungus
gnat) (Sciara coprophila)]
KXZ75830.1 hypothetical protein TcasGA2 TC031908 1004173289 44
[Tribolium castaneum]|
RecName: Full=Retrovirus-related Pol
P16423.1 polyprotein from type-2 retrotransposable 130551 45
clement R2DM |Drosophila melanogaster]
Retrovirus-related Pol polyprotein from
KRX34431.1 type-2 retrotransposable element R2DM 934238165 46
[Trichinella murrelli]
EEB15300.1 [Pediculus humgnus corporl.s] - reverse 212512557 47
transcriptase, putative
XP 002431867 1 reverse transcriptase, putative [Pediculus 48
— ' humanus corporis]
TABLE 2
Description Sequence SEQ ID
NO:
Example ofa C- | MAHHHHHHVGTVGTGGGSGGASTALSLMGRCNPD 49
terminal GCTRGKHVTAAPMDGPRGPSSLAGTFGWGLAIPAG
truncation EPCGRVCSPATVGFFPVAKKSNKENRPEASGLPLESE

RTGDNPTVRGSAGADPVGQDAPGWTCQFCERTFS
TNRGLGVHKRRAHPVETNTDAAPMMVKRRWHGE
EIDLLARTEARLLAERGQCSGGDLFGALPGFGRTLEAI
KGQRRREPYRALVQAHLARFGSQPGPSSGGCSAEP
DFRRASGAEEAGEERCAEDAAAYDPSAVGQMSPDA
ARVLSELLEGAGRRRACRAMRPKTAGRRNDLHDDRT
ASAHKTSRQKRRAEYARVQELYKKCRSRAAAEVIDGA
CGGVGHSLEEMETYWRPILERVSDAPGPTPEALHALG
RAEWHGGNRDYTQLWKPISVEEIKASRFDWRTSPGP
DGIRSGQWRAVPVHLKAEMFNAWMARGEIPEILRQ
CRTVFVPKVERPGGPGEYRPISIASIPLRHFHSILARRLL
ACCPPDARQRGFICADGTLENSAVLDAVLGDSRKKLR
ECHVAVLDFAKAFDTVSHEALVELLRLRGMPEQFCGY
JAHLYDTASTTLAVNNEMSSPVKVGRGVRQGDPLSPIL
FNVVMDLILASLPERVGYRLEMELVSALAYADDLVLLA
GSKVGMOQESISAVDCVGRQMGLRLNCRKSA VLSMIP
DGHRKKHHYLTERTFNIGGKPLRQVSCVERWRYLGVD
FEASGCVTLEHSISSALNNISRAPLKPQQRLEILRAHLIPR
FQHGFVLGNISDDRLRMLDVQIRKAVGQWLRLPADVP
KAYYHAAVQDGGLAIPSVRATIPDLIVRRFGGLDSSPWS
VARAAAKSDKIRKKLRWAWKQLRRFSRVDSTTQRPSVRL
FWREHLHASVDGRELRESTRTPTSTKWIRERCAQGGGVG
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Example of N- | MAHHHHHHVGTVGTGGGSGGASTALKTAGRRNDL 50
terminal HDDRTASAHKTSRQKRRAEYARVQELYKKCRSRAAA
truncation EVIDGACGGVGHSLEEMETYWRPILERVSDAPGPTP
EALHALGRAEWHGGNRDYTQLWKPISVEEIKASRFD
WRTSPGPDGIRSGQWRAVPVHLKAEMFNAWMAR
GEIPEILRQCRTVFVPKVERPGGPGEYRPISIASIPLRH
FHSILARRLLACCPPDARQRGFICADGTLENSAVLDAV
LGDSRKKLRECHVAVLDFAKAFDTVSHEALVELLRLRG
MPEQFCGYIAHLYDTASTTLAVNNEMSSPVKVGRGV
RQGDPLSPILFNVVMDLILASLPERVGYRLEMELVSAL
AYADDLVLLAGSKVGMQESISAVDCVGRQMGLRLNC
RKSAVLSMIPDGHRKKHHYLTERTFNIGGKPLRQVSC
VERWRYLGVDFEASGCVTLEHSISSALNNISRAPLKPQ
QRLEILRAHLIPRFQHGFVLGNISDDRLRMLDVQIRKA
VGQWLRLPADVPKAYYHAAVQDGGLAIPSVRATIPDL
IVRRFGGLDSSPWSVARAAAKSDKIRKKLRWAWKQLR
RFSRVDSTTQRPSVRLFWREHLHASVDGRELRESTRTP
TSTKWIRERCAQITGRDFVQFVHTHINALPSRIRGSRGR
RGGGESSLTCRAGCKVRETTAHILQQCHRTHGGRILRH
NKIVSFVAKAMEENKWTVELEPRLRTSVGLRKPDIIASRD
GVGVIVDVQVVSGQRSLDELHREKRNKYGNHGELVELV
AGRLGLPKAECVRATSCTISWRGVWSLTSYKELRSIIGLRE
PTLQIVPILALRGSHMNWTRFNOQMTSVMGGGVG

Example of N-, | MAHHHHHHVGTVGTGGGSGGASTALKTAGRRNDL 51
C-truncation HDDRTASAHKTSRQKRRAEYARVQELYKKCRSRAAA
EVIDGACGGVGHSLEEMETYWRPILERVSDAPGPTP
EALHALGRAEWHGGNRDYTQLWKPISVEEIKASRFD
WRTSPGPDGIRSGQWRAVPVHLKAEMFNAWMAR
GEIPEILRQCRTVFVPKVERPGGPGEYRPISIASIPLRH
FHSILARRLLACCPPDARQRGFICADGTLENSAVLDAV
LGDSRKKLRECHVAVLDFAKAFDTVSHEALVELLRLRG
MPEQFCGYIAHLYDTASTTLAVNNEMSSPVKVGRGV
RQGDPLSPILFNVVMDLILASLPERVGYRLEMELVSAL
AYADDLVLLAGSKVGMQESISAVDCVGRQMGLRLNC
RKSAVLSMIPDGHRKKHHYLTERTFNIGGKPLRQVSC
VERWRYLGVDFEASGCVTLEHSISSALNNISRAPLKPQ
QRLEILRAHLIPRFQHGFVLGNISDDRLRMLDVQIRKA
VGQWLRLPADVPKAYYHAAVQDGGLAIPSVRATIPDL
IVRRFGGLDSSPWSVARAAAKSDKIRKKLRWAWKQL
RRFSRVDSTTQRPSVRLFWREHLHASVDGRELRESTR
TPTSTKWIRERCAQGGGVG

R2 wild type MAHHHHHHVGTVGTGGGSGGASTALSLMGRCNPD 52
GCTRGKHVTAAPMDGPRGPSSLAGTFGWGLAIPAGE
PCGRVCSPATVGFFPVAKKSNKENRPEASGLPLESERT
GDNPTVRGSAGADPVGQDAPGWTCQFCERTFSTNR
GLGVHKRRAHPVETNTDAAPMMVKRRWHGEEIDLL
ARTEARLLAERGQCSGGDLFGALPGFGRTLEAIKGQRR
REPYRALVQAHLARFGSQPGPSSGGCSAEPDFRRASG
AEEAGEERCAEDAAAYDPSAVGQMSPDAARVLSELLE
GAGRRRACRAMRPKTAGRRNDLHDDRTASAHKTSRQ
KRRAEYARVQELYKKCRSRAAAEVIDGACGGVGHSLEE
METYWRPILERVSDAPGPTPEALHALGRAEWHGGNR
DYTQLWKPISVEEIKASRFDWRTSPGPDGIRSGQWRA
VPVHLKAEMFNAWMARGEIPEILRQCRTVFVPKVERP
GGPGEYRPISIASIPLRHFHSILARRLLACCPPDARQRGF
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ICADGTLENSAVLDAVLGDSRKKLRECHVAVLDFAKAFD
TVSHEALVELLRLRGMPEQFCGYIAHLYDTASTTLAVNN
EMSSPVKVGRGVRQGDPLSPILFNVVMDLILASLPERV
GYRLEMELVSALAYADDLVLLAGSKVGMQESISAVDCV
GROQMGLRLNCRKSAVLSMIPDGHRKKHHYLTERTFNIG
GKPLRQVSCVERWRYLGVDFEASGCVTLEHSISSALNNIS
RAPLKPQQRLEILRAHLIPRFQHGFVLGNISDDRLRMLD
VQIRKAVGQWLRLPADVPKAYYHAAVQDGGLAIPSVRA
TIPDLIVRRFGGLDSSPWSVARAAAKSDKIRKKLRWAWK
QLRRFSRVDSTTQRPSVRLFWREHLHASVDGRELRESTRT
PTSTKWIRERCAQITGRDFVQFVHTHINALPSRIRGSRGR
RGGGESSLTCRAGCKVRETTAHILQQCHRTHGGRILRHNK
IVSFVAKAMEENKWTVELEPRLRTSVGLRKPDIIASRDGVG
VIVDVQVVSGQRSLDELHREKRNKYGNHGELVELVAGRLG
LPKAECVRATSCTISWRGVWSLTSYKELRSIIGLREPTLQIVP
ILALRGSHMNWTRFNQMTSVMGGGVG

C952S MAHHHHHHVGTVGTGGGSGGASTALSLMGRCNPDGCTRG 53
KHVTAAPMDGPRGPSSLAGTFGWGLAIPAGEPCGRVCSPAT
VGFFPVAKKSNKENRPEASGLPLESERTGDNPTVRGSAGAD
PVGQDAPGWTCQFCERTFSTNRGLGVHKRRAHPVETNTD
AAPMMVKRRWHGEEIDLLARTEARLLAERGQCSGGDLFGA
LPGFGRTLEAIKGQRRREPYRALVQAHLARFGSQPGPSSG
GCSAEPDFRRASGAEEAGEERCAEDAAAYDPSAVGQMSPD
AARVLSELLEGAGRRRACRAMRPKTAGRRNDLHDDRTASA
HKTSRQKRRAEYARVQELYKKCRSRAAAEVIDGACGGVGH
SLEEMETYWRPILERVSDAPGPTPEALHALGRAEWHGGNR
DYTQLWKPISVEEIKASRFDWRTSPGPDGIRSGQWRAVPVH
LKAEMFNAWMARGEIPEILRQCRTVFVPKVERPGGPGEY
RPISIASIPLRHFHSILARRLLACCPPDARQRGFICADGTLENS
AVLDAVLGDSRKKLRECHVAVLDFAKAFDTVSHEAL
VELLRLRGMPEQFCGYIAHLYDTASTTLAVNNEMSSPVKVG
RGVRQGDPLSPILFNVVMDLILASLPERVGYRLEMELVS
ALAYADDLVLLAGSKVGMQESISAVDCVGRQMGLRLNCRK
SAVLSMIPDGHRKKHHY LTERTFNIGGKPLRQVSCVERWR
YLGVDFEASGCVTLEHSISSALNNISRAPLKPQQRLEILRAHL
IPRFQHGFVLGNISDDRLRMLDVQIRKAVGQWLRLPA
DVPKAYYHAAVQDGGLAIPSVRATIPDLIVRRFGGLDSSPWS
VARAAAKSDKIRKKLRWAWKQLRRFSRVDSTTQRPSVR
LFWREHLHASVDGRELRESTRTPTSTKWIRERCAQITGRDFV
QFVHTHINALPSRIRGSRGRRGGGESSLTSRAGCKVRE
TTAHILQQCHRTHGGRILRHNKIVSFVAKAMEENKWTVELE
PRLRTSVGLRKPDIIASRDGVGVIVDVQVVSGQRSLDEL
HREKRNKYGNHGELVELVAGRLGLPKAECVRATSCTISWR
GVWSLTSYKELRSIIGLREPTLQIVPILALRGSHMNWTRF
NQMTSVMGGGVG*

C956S MAHHHHHHVGTVGTGGGSGGASTALSLMGRCNPDGCTRG 54
KHVTAAPMDGPRGPSSLAGTFGWGLAIPAGEPCGRVCSPAT
VGFFPVAKKSNKENRPEASGLPLESERTGDNPTVRGSAGAD
PVGQDAPGWTCQFCERTFSTNRGLGVHKRRAHPVETNTD
AAPMMVKRRWHGEEIDLLARTEARLLAERGQCSGGDLFGA
LPGFGRTLEAIKGQRRREPYRALVQAHLARFGSQPGPSSG
GCSAEPDFRRASGAEEAGEERCAEDAAAYDPSAVGQMSPD
AARVLSELLEGAGRRRACRAMRPKTAGRRNDLHDDRTASA
HKTSRQKRRAEYARVQELYKKCRSRAAAEVIDGACGGVGH
SLEEMETYWRPILERVSDAPGPTPEALHALGRAEWHGGNR
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DYTQLWKPISVEEIKASRFDWRTSPGPDGIRSGQWRAVPVH
LKAEMFNAWMARGEIPEILRQCRTVFVPKVERPGGPGEY
RPISIASIPLRHFHSILARRLLACCPPDARQRGFICADGTLENS
AVLDAVLGDSRKKLRECHVAVLDFAKAFDTVSHEAL
VELLRLRGMPEQFCGYIAHLYDTASTTLAVNNEMSSPVKVG
RGVRQGDPLSPILFNVVMDLILASLPERVGYRLEMELVS
ALAYADDLVLLAGSKVGMQESISAVDCVGRQMGLRLNCRK
SAVLSMIPDGHRKKHHY LTERTFNIGGKPLRQVSCVERWR
YLGVDFEASGCVTLEHSISSALNNISRAPLKPQQRLEILRAHL
IPRFQHGFVLGNISDDRLRMLDVQIRKAVGQWLRLPA
DVPKAYYHAAVQDGGLAIPSVRATIPDLIVRRFGGLDSSPWS
VARAAAKSDKIRKKLRWAWKQLRRFSRVDSTTQRPSVR
LFWREHLHASVDGRELRESTRTPTSTKWIRERCAQITGRDFV
QFVHTHINALPSRIRGSRGRRGGGESSLTCRAGSKVRE
TTAHILQQCHRTHGGRILRHNKIVSFVAKAMEENKWTVELE
PRLRTSVGLRKPDIIASRDGVGVIVDVQVVSGQRSLDEL
HREKRNKYGNHGELVELVAGRLGLPKAECVRATSCTISWR
GVWSLTSYKELRSIIGLREPTLQIVPILALRGSHMNWTRF
NQMTSVMGGGVG*

C9525.C9568 | MAHHHHHHVGTVGTGGGSGGASTALSLMGRCNPDGCTRG 55
KHVTAAPMDGPRGPSSLAGTFGWGLAIPAGEPCGRVCSPAT
VGFFPVAKKSNKENRPEASGLPLESERTGDNPTVRGSAGAD
PVGQDAPGWTCQFCERTFSTNRGLGVHKRRAHPVETNTD
AAPMMVKRRWHGEEIDLLARTEARLLAERGQCSGGDLFGA
LPGFGRTLEAIKGQRRREPYRALVQAHLARFGSQPGPSSG
GCSAEPDFRRASGAEEAGEERCAEDAAAYDPSAVGQMSPD
AARVLSELLEGAGRRRACRAMRPKTAGRRNDLHDDRTASA
HKTSRQKRRAEYARVQELYKKCRSRAAAEVIDGACGGVGH
SLEEMETYWRPILERVSDAPGPTPEALHALGRAEWHGGNR
DYTQLWKPISVEEIKASRFDWRTSPGPDGIRSGQWRAVPVH
LKAEMFNAWMARGEIPEILRQCRTVFVPKVERPGGPGEY
RPISIASIPLRHFHSILARRLLACCPPDARQRGFICADGTLENS
AVLDAVLGDSRKKLRECHVAVLDFAKAFDTVSHEAL
VELLRLRGMPEQFCGYIAHLYDTASTTLAVNNEMSSPVKVG
RGVRQGDPLSPILFNVVMDLILASLPERVGYRLEMELVS
ALAYADDLVLLAGSKVGMQESISAVDCVGRQMGLRLNCRK
SAVLSMIPDGHRKKHHY LTERTFNIGGKPLRQVSCVERWR
YLGVDFEASGCVTLEHSISSALNNISRAPLKPQQRLEILRAHL
IPRFQHGFVLGNISDDRLRMLDVQIRKAVGQWLRLPA
DVPKAYYHAAVQDGGLAIPSVRATIPDLIVRRFGGLDSSPWS
VARAAAKSDKIRKKLRWAWKQLRRFSRVDSTTQRPSVR
LFWREHLHASVDGRELRESTRTPTSTKWIRERCAQITGRDFV
QFVHTHINALPSRIRGSRGRRGGGESSLTSRAGSKVRE
TTAHILQQCHRTHGGRILRHNKIVSFVAKAMEENKWTVELE
PRLRTSVGLRKPDIIASRDGVGVIVDVQVVSGQRSLDEL
HREKRNKYGNHGELVELVAGRLGLPKAECVRATSCTISWR
GVWSLTSYKELRSIIGLREPTLQIVPILALRGSHMNWTRF
NQMTSVMGGGVG*

C969S MAHHHHHHVGTVGTGGGSGGASTALSLMGRCNPDGCTRG 56
KHVTAAPMDGPRGPSSLAGTFGWGLAIPAGEPCGRVCSPAT
VGFFPVAKKSNKENRPEASGLPLESERTGDNPTVRGSAGAD
PVGQDAPGWTCQFCERTFSTNRGLGVHKRRAHPVETNTD

AAPMMVKRRWHGEEIDLLARTEARLLAERGQCSGGDLFGA
LPGFGRTLEAIKGQRRREPYRALVQAHLARFGSQPGPSSG

GCSAEPDFRRASGAEEAGEERCAEDAAAYDPSAVGQMSPD
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AARVLSELLEGAGRRRACRAMRPKTAGRRNDLHDDRTASA
HKTSRQKRRAEYARVQELYKKCRSRAAAEVIDGACGGVGH
SLEEMETYWRPILERVSDAPGPTPEALHALGRAEWHGGNR
DYTQLWKPISVEEIKASRFDWRTSPGPDGIRSGQWRAVPVH
LKAEMFNAWMARGEIPEILRQCRTVFVPKVERPGGPGEY
RPISIASIPLRHFHSILARRLLACCPPDARQRGFICADGTLENS
AVLDAVLGDSRKKLRECHVAVLDFAKAFDTVSHEAL
VELLRLRGMPEQFCGYIAHLYDTASTTLAVNNEMSSPVKVG
RGVRQGDPLSPILFNVVMDLILASLPERVGYRLEMELVS
ALAYADDLVLLAGSKVGMQESISAVDCVGRQMGLRLNCRK
SAVLSMIPDGHRKKHHY LTERTFNIGGKPLRQVSCVERWR
YLGVDFEASGCVTLEHSISSALNNISRAPLKPQQRLEILRAHL
IPRFQHGFVLGNISDDRLRMLDVQIRKAVGQWLRLPA
DVPKAYYHAAVQDGGLAIPSVRATIPDLIVRRFGGLDSSPWS
VARAAAKSDKIRKKLRWAWKQLRRFSRVDSTTQRPSVR
LFWREHLHASVDGRELRESTRTPTSTKWIRERCAQITGRDFV
QFVHTHINALPSRIRGSRGRRGGGESSLTCRAGCKVRE
TTAHILQQSHRTHGGRILRHNKIVSFVAKAMEENKWTVELE
PRLRTSVGLRKPDIIASRDGVGVIVDVQVVSGQRSLDEL
HREKRNKYGNHGELVELVAGRLGLPKAECVRATSCTISWR
GVWSLTSYKELRSIIGLREPTLQIVPILALRGSHMNWTRF
NQMTSVMGGGVG*

H970Y MAHHHHHHVGTVGTGGGSGGASTALSLMGRCNPDGCTRG 57
KHVTAAPMDGPRGPSSLAGTFGWGLAIPAGEPCGRVCSPAT
VGFFPVAKKSNKENRPEASGLPLESERTGDNPTVRGSAGAD
PVGQDAPGWTCQFCERTFSTNRGLGVHKRRAHPVETNTD
AAPMMVKRRWHGEEIDLLARTEARLLAERGQCSGGDLFGA
LPGFGRTLEAIKGQRRREPYRALVQAHLARFGSQPGPSSG
GCSAEPDFRRASGAEEAGEERCAEDAAAYDPSAVGQMSPD
AARVLSELLEGAGRRRACRAMRPKTAGRRNDLHDDRTASA
HKTSRQKRRAEYARVQELYKKCRSRAAAEVIDGACGGVGH
SLEEMETYWRPILERVSDAPGPTPEALHALGRAEWHGGNR
DYTQLWKPISVEEIKASRFDWRTSPGPDGIRSGQWRAVPVH
LKAEMFNAWMARGEIPEILRQCRTVFVPKVERPGGPGEY
RPISIASIPLRHFHSILARRLLACCPPDARQRGFICADGTLENS
AVLDAVLGDSRKKLRECHVAVLDFAKAFDTVSHEAL
VELLRLRGMPEQFCGYIAHLYDTASTTLAVNNEMSSPVKVG
RGVRQGDPLSPILFNVVMDLILASLPERVGYRLEMELVS
ALAYADDLVLLAGSKVGMQESISAVDCVGRQMGLRLNCRK
SAVLSMIPDGHRKKHHY LTERTFNIGGKPLRQVSCVERWR
YLGVDFEASGCVTLEHSISSALNNISRAPLKPQQRLEILRAHL
IPRFQHGFVLGNISDDRLRMLDVQIRKAVGQWLRLPA
DVPKAYYHAAVQDGGLAIPSVRATIPDLIVRRFGGLDSSPWS
VARAAAKSDKIRKKLRWAWKQLRRFSRVDSTTQRPSVR
LFWREHLHASVDGRELRESTRTPTSTKWIRERCAQITGRDFV
QFVHTHINALPSRIRGSRGRRGGGESSLTCRAGCKVRE
TTAHILQQCYRTHGGRILRHNKIVSFVAKAMEENKWTVELE
PRLRTSVGLRKPDIIASRDGVGVIVDVQVVSGQRSLDEL
HREKRNKYGNHGELVELVAGRLGLPKAECVRATSCTISWR
GVWSLTSYKELRSIIGLREPTLQIVPILALRGSHMNWTRF
NQMTSVMGGGVG*

R979Q MAHHHHHHVGTVGTGGGSGGASTALSLMGRCNPDGCTRG 38
KHVTAAPMDGPRGPSSLAGTFGWGLAIPAGEPCGRVCSPAT
VGFFPVAKKSNKENRPEASGLPLESERTGDNPTVRGSAGAD
PVGQDAPGWTCQFCERTFSTNRGLGVHKRRAHPVETNTD
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AAPMMVKRRWHGEEIDLLARTEARLLAERGQCSGGDLFGA
LPGFGRTLEAIKGQRRREPYRALVQAHLARFGSQPGPSSG
GCSAEPDFRRASGAEEAGEERCAEDAAAYDPSAVGQMSPD
AARVLSELLEGAGRRRACRAMRPKTAGRRNDLHDDRTASA
HKTSRQKRRAEYARVQELYKKCRSRAAAEVIDGACGGVGH
SLEEMETYWRPILERVSDAPGPTPEALHALGRAEWHGGNR
DYTQLWKPISVEEIKASRFDWRTSPGPDGIRSGQWRAVPVH
LKAEMFNAWMARGEIPEILRQCRTVFVPKVERPGGPGEY
RPISIASIPLRHFHSILARRLLACCPPDARQRGFICADGTLENS
AVLDAVLGDSRKKLRECHVAVLDFAKAFDTVSHEAL
VELLRLRGMPEQFCGYIAHLYDTASTTLAVNNEMSSPVKVG
RGVRQGDPLSPILFNVVMDLILASLPERVGYRLEMELVS
ALAYADDLVLLAGSKVGMQESISAVDCVGRQMGLRLNCRK
SAVLSMIPDGHRKKHHY LTERTFNIGGKPLRQVSCVERWR
YLGVDFEASGCVTLEHSISSALNNISRAPLKPQQRLEILRAHL
IPRFQHGFVLGNISDDRLRMLDVQIRKAVGQWLRLPA
DVPKAYYHAAVQDGGLAIPSVRATIPDLIVRRFGGLDSSPWS
VARAAAKSDKIRKKLRWAWKQLRRFSRVDSTTQRPSVR
LFWREHLHASVDGRELRESTRTPTSTKWIRERCAQITGRDFV
QFVHTHINALPSRIRGSRGRRGGGESSLTCRAGCKVRE
TTAHILQQCHRTHGGRILQHNKIVSFVAKAMEENKWTVELE
PRLRTSVGLRKPDIIASRDGVGVIVDVQVVSGQRSLDEL
HREKRNKYGNHGELVELVAGRLGLPKAECVRATSCTISWR
GVWSLTSYKELRSIIGLREPTLQIVPILALRGSHMNWTRF
NQMTSVMGGGVG*

RO76Q MAHHHHHHVGTVGTGGGSGGASTALSLMGRCNPDGCTRG 59
KHVTAAPMDGPRGPSSLAGTFGWGLAIPAGEPCGRVCSPAT
VGFFPVAKKSNKENRPEASGLPLESERTGDNPTVRGSAGAD
PVGQDAPGWTCQFCERTFSTNRGLGVHKRRAHPVETNTD
AAPMMVKRRWHGEEIDLLARTEARLLAERGQCSGGDLFGA
LPGFGRTLEAIKGQRRREPYRALVQAHLARFGSQPGPSSG
GCSAEPDFRRASGAEEAGEERCAEDAAAYDPSAVGQMSPD
AARVLSELLEGAGRRRACRAMRPKTAGRRNDLHDDRTASA
HKTSRQKRRAEYARVQELYKKCRSRAAAEVIDGACGGVGH
SLEEMETYWRPILERVSDAPGPTPEALHALGRAEWHGGNR
DYTQLWKPISVEEIKASRFDWRTSPGPDGIRSGQWRAVPVH
LKAEMFNAWMARGEIPEILRQCRTVFVPKVERPGGPGEY
RPISIASIPLRHFHSILARRLLACCPPDARQRGFICADGTLENS
AVLDAVLGDSRKKLRECHVAVLDFAKAFDTVSHEAL
VELLRLRGMPEQFCGYIAHLYDTASTTLAVNNEMSSPVKVG
RGVRQGDPLSPILFNVVMDLILASLPERVGYRLEMELVS
ALAYADDLVLLAGSKVGMQESISAVDCVGRQMGLRLNCRK
SAVLSMIPDGHRKKHHY LTERTFNIGGKPLRQVSCVERWR
YLGVDFEASGCVTLEHSISSALNNISRAPLKPQQRLEILRAHL
IPRFQHGFVLGNISDDRLRMLDVQIRKAVGQWLRLPA
DVPKAYYHAAVQDGGLAIPSVRATIPDLIVRRFGGLDSSPWS
VARAAAKSDKIRKKLRWAWKQLRRFSRVDSTTQRPSVR
LFWREHLHASVDGRELRESTRTPTSTKWIRERCAQITGRDFV
QFVHTHINALPSRIRGSRGRRGGGESSLTCRAGCKVRE
TTAHILQQCHRTHGGQILRHNKIVSFVAKAMEENKWTVELE
PRLRTSVGLRKPDIIASRDGVGVIVDVQVVSGQRSLDEL
HREKRNKYGNHGELVELVAGRLGLPKAECVRATSCTISWR
GVWSLTSYKELRSIIGLREPTLQIVPILALRGSHMNWTRF
NQMTSVMGGGVG*

R1071S8 MAHHHHHHVGTVGTGGGSGGASTALSLMGRCNPDGCTRG 60
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KHVTAAPMDGPRGPSSLAGTFGWGLAIPAGEPCGRVCSPAT
VGFFPVAKKSNKENRPEASGLPLESERTGDNPTVRGSAGAD
PVGQDAPGWTCQFCERTFSTNRGLGVHKRRAHPVETNTD
AAPMMVKRRWHGEEIDLLARTEARLLAERGQCSGGDLFGA
LPGFGRTLEAIKGQRRREPYRALVQAHLARFGSQPGPSSG
GCSAEPDFRRASGAEEAGEERCAEDAAAYDPSAVGQMSPD
AARVLSELLEGAGRRRACRAMRPKTAGRRNDLHDDRTASA
HKTSRQKRRAEYARVQELYKKCRSRAAAEVIDGACGGVGH
SLEEMETYWRPILERVSDAPGPTPEALHALGRAEWHGGNR
DYTQLWKPISVEEIKASRFDWRTSPGPDGIRSGQWRAVPVH
LKAEMFNAWMARGEIPEILRQCRTVFVPKVERPGGPGEY
RPISIASIPLRHFHSILARRLLACCPPDARQRGFICADGTLENS
AVLDAVLGDSRKKLRECHVAVLDFAKAFDTVSHEAL
VELLRLRGMPEQFCGYIAHLYDTASTTLAVNNEMSSPVKVG
RGVRQGDPLSPILFNVVMDLILASLPERVGYRLEMELVS
ALAYADDLVLLAGSKVGMQESISAVDCVGRQMGLRLNCRK
SAVLSMIPDGHRKKHHY LTERTFNIGGKPLRQVSCVERWR
YLGVDFEASGCVTLEHSISSALNNISRAPLKPQQRLEILRAHL
IPRFQHGFVLGNISDDRLRMLDVQIRKAVGQWLRLPA
DVPKAYYHAAVQDGGLAIPSVRATIPDLIVRRFGGLDSSPWS
VARAAAKSDKIRKKLRWAWKQLRRFSRVDSTTQRPSVR
LFWREHLHASVDGRELRESTRTPTSTKWIRERCAQITGRDFV
QFVHTHINALPSRIRGSRGRRGGGESSLTCRAGCKVRE
TTAHILQQCHRTHGGRILRHNKIVSFVAKAMEENKWTVELE
PRLRTSVGLRKPDIIASRDGVGVIVDVQVVSGQRSLDEL
HREKRNKYGNHGELVELVAGRLGLPKAECVSATSCTISWR
GVWSLTSYKELRSIIGLREPTLQIVPILALRGSHMNWTRF
NQMTSVMGGGVG*

R328A MAHHHHHHVGTVGTGGGSGGASTALSLMGRCNPDGCTRG 61
KHVTAAPMDGPRGPSSLAGTFGWGLAIPAGEPCGRVCSPAT
VGFFPVAKKSNKENRPEASGLPLESERTGDNPTVRGSAGAD
PVGQDAPGWTCQFCERTFSTNRGLGVHKRRAHPVETNTD
AAPMMVKRRWHGEEIDLLARTEARLLAERGQCSGGDLFGA
LPGFGRTLEAIKGQRRREPYRALVQAHLARFGSQPGPSSG
GCSAEPDFRRASGAEEAGEERCAEDAAAYDPSAVGQMSPD
AARVLSELLEGAGRRRACRAMRPKTAGRRNDLHDDRTASA
HKTSRQKARAEYARVQELYKKCRSRAAAEVIDGACGGVGH
SLEEMETYWRPILERVSDAPGPTPEALHALGRAEWHGGNR
DYTQLWKPISVEEIKASRFDWRTSPGPDGIRSGQWRAVPVH
LKAEMFNAWMARGEIPEILRQCRTVFVPKVERPGGPGEY
RPISIASIPLRHFHSILARRLLACCPPDARQRGFICADGTLENS
AVLDAVLGDSRKKLRECHVAVLDFAKAFDTVSHEAL
VELLRLRGMPEQFCGYIAHLYDTASTTLAVNNEMSSPVKVG
RGVRQGDPLSPILFNVVMDLILASLPERVGYRLEMELVS
ALAYADDLVLLAGSKVGMQESISAVDCVGRQMGLRLNCRK
SAVLSMIPDGHRKKHHY LTERTFNIGGKPLRQVSCVERWR
YLGVDFEASGCVTLEHSISSALNNISRAPLKPQQRLEILRAHL
IPRFQHGFVLGNISDDRLRMLDVQIRKAVGQWLRLPA
DVPKAYYHAAVQDGGLAIPSVRATIPDLIVRRFGGLDSSPWS
VARAAAKSDKIRKKLRWAWKQLRRFSRVDSTTQRPSVR
LFWREHLHASVDGRELRESTRTPTSTKWIRERCAQITGRDFV
QFVHTHINALPSRIRGSRGRRGGGESSLTCRAGCKVRE
TTAHILQQCHRTHGGRILRHNKIVSFVAKAMEENKWTVELE
PRLRTSVGLRKPDIIASRDGVGVIVDVQVVSGQRSLDEL
HREKRNKYGNHGELVELVAGRLGLPKAECVRATSCTISWR
GVWSLTSYKELRSIIGLREPTLQIVPILALRGSHMNWTRF
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NQMTSVMGGGVG*

R320A MAHHHHHHVGTVGTGGGSGGASTALSLMGRCNPDGCTRG 62
KHVTAAPMDGPRGPSSLAGTFGWGLAIPAGEPCGRVCSPAT
VGFFPVAKKSNKENRPEASGLPLESERTGDNPTVRGSAGAD
PVGQDAPGWTCQFCERTFSTNRGLGVHKRRAHPVETNTD
AAPMMVKRRWHGEEIDLLARTEARLLAERGQCSGGDLFGA
LPGFGRTLEAIKGQRRREPYRALVQAHLARFGSQPGPSSG
GCSAEPDFRRASGAEEAGEERCAEDAAAYDPSAVGQMSPD
AARVLSELLEGAGRRRACRAMRPKTAGRRNDLHDDRTASA
HKTSRQKRAAEYARVQELYKKCRSRAAAEVIDGACGGVGH
SLEEMETYWRPILERVSDAPGPTPEALHALGRAEWHGGNR
DYTQLWKPISVEEIKASRFDWRTSPGPDGIRSGQWRAVPVH
LKAEMFNAWMARGEIPEILRQCRTVFVPKVERPGGPGEY
RPISIASIPLRHFHSILARRLLACCPPDARQRGFICADGTLENS
AVLDAVLGDSRKKLRECHVAVLDFAKAFDTVSHEAL
VELLRLRGMPEQFCGYIAHLYDTASTTLAVNNEMSSPVKVG
RGVRQGDPLSPILFNVVMDLILASLPERVGYRLEMELVS
ALAYADDLVLLAGSKVGMQESISAVDCVGRQMGLRLNCRK
SAVLSMIPDGHRKKHHY LTERTFNIGGKPLRQVSCVERWR
YLGVDFEASGCVTLEHSISSALNNISRAPLKPQQRLEILRAHL
IPRFQHGFVLGNISDDRLRMLDVQIRKAVGQWLRLPA
DVPKAYYHAAVQDGGLAIPSVRATIPDLIVRRFGGLDSSPWS
VARAAAKSDKIRKKLRWAWKQLRRFSRVDSTTQRPSVR
LFWREHLHASVDGRELRESTRTPTSTKWIRERCAQITGRDFV
QFVHTHINALPSRIRGSRGRRGGGESSLTCRAGCKVRE
TTAHILQQCHRTHGGRILRHNKIVSFVAKAMEENKWTVELE
PRLRTSVGLRKPDIIASRDGVGVIVDVQVVSGQRSLDEL
HREKRNKYGNHGELVELVAGRLGLPKAECVRATSCTISWR
GVWSLTSYKELRSIIGLREPTLQIVPILALRGSHMNWTRF
NQMTSVMGGGVG*

Q336A MAHHHHHHVGTVGTGGGSGGASTALSLMGRCNPDGCTRG 63
KHVTAAPMDGPRGPSSLAGTFGWGLAIPAGEPCGRVCSPAT
VGFFPVAKKSNKENRPEASGLPLESERTGDNPTVRGSAGAD
PVGQDAPGWTCQFCERTFSTNRGLGVHKRRAHPVETNTD
AAPMMVKRRWHGEEIDLLARTEARLLAERGQCSGGDLFGA
LPGFGRTLEAIKGQRRREPYRALVQAHLARFGSQPGPSSG
GCSAEPDFRRASGAEEAGEERCAEDAAAYDPSAVGQMSPD
AARVLSELLEGAGRRRACRAMRPKTAGRRNDLHDDRTASA
HKTSRQKRRAEYARVAELYKKCRSRAAAEVIDGACGGVGH
SLEEMETYWRPILERVSDAPGPTPEALHALGRAEWHGGNR
DYTQLWKPISVEEIKASRFDWRTSPGPDGIRSGQWRAVPVH
LKAEMFNAWMARGEIPEILRQCRTVFVPKVERPGGPGEY
RPISIASIPLRHFHSILARRLLACCPPDARQRGFICADGTLENS
AVLDAVLGDSRKKLRECHVAVLDFAKAFDTVSHEAL
VELLRLRGMPEQFCGYIAHLYDTASTTLAVNNEMSSPVKVG
RGVRQGDPLSPILFNVVMDLILASLPERVGYRLEMELVS
ALAYADDLVLLAGSKVGMQESISAVDCVGRQMGLRLNCRK
SAVLSMIPDGHRKKHHY LTERTFNIGGKPLRQVSCVERWR
YLGVDFEASGCVTLEHSISSALNNISRAPLKPQQRLEILRAHL
IPRFQHGFVLGNISDDRLRMLDVQIRKAVGQWLRLPA
DVPKAYYHAAVQDGGLAIPSVRATIPDLIVRRFGGLDSSPWS
VARAAAKSDKIRKKLRWAWKQLRRFSRVDSTTQRPSVR
LFWREHLHASVDGRELRESTRTPTSTKWIRERCAQITGRDFV
QFVHTHINALPSRIRGSRGRRGGGESSLTCRAGCKVRE
TTAHILQQCHRTHGGRILRHNKIVSFVAKAMEENKWTVELE
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PRLRTSVGLRKPDIIASRDGVGVIVDVQVVSGQRSLDEL
HREKRNKYGNHGELVELVAGRLGLPKAECVRATSCTISWR
GVWSLTSYKELRSIIGLREPTLQIVPILALRGSHMNWTRF

NQMTSVMGGGVG*
R328A.R329A.Q | MAHHHHHHVGTVGTGGGSGGASTALSLMGRCNPDGCTRG 64
336A KHVTAAPMDGPRGPSSLAGTFGWGLAIPAGEPCGRVCSPAT

VGFFPVAKKSNKENRPEASGLPLESERTGDNPTVRGSAGAD
PVGQDAPGWTCQFCERTFSTNRGLGVHKRRAHPVETNTD
AAPMMVKRRWHGEEIDLLARTEARLLAERGQCSGGDLFGA
LPGFGRTLEAIKGQRRREPYRALVQAHLARFGSQPGPSSG
GCSAEPDFRRASGAEEAGEERCAEDAAAYDPSAVGQMSPD
AARVLSELLEGAGRRRACRAMRPKTAGRRNDLHDDRTASA
HKTSRQKAAAEYARVAELYKKCRSRAAAEVIDGACGGVGH
SLEEMETYWRPILERVSDAPGPTPEALHALGRAEWHGGNR
DYTQLWKPISVEEIKASRFDWRTSPGPDGIRSGQWRAVPVH
LKAEMFNAWMARGEIPEILRQCRTVFVPKVERPGGPGEY
RPISIASIPLRHFHSILARRLLACCPPDARQRGFICADGTLENS
AVLDAVLGDSRKKLRECHVAVLDFAKAFDTVSHEAL
VELLRLRGMPEQFCGYIAHLYDTASTTLAVNNEMSSPVKVG
RGVRQGDPLSPILFNVVMDLILASLPERVGYRLEMELVS
ALAYADDLVLLAGSKVGMQESISAVDCVGRQMGLRLNCRK
SAVLSMIPDGHRKKHHY LTERTFNIGGKPLRQVSCVERWR
YLGVDFEASGCVTLEHSISSALNNISRAPLKPQQRLEILRAHL
IPRFQHGFVLGNISDDRLRMLDVQIRKAVGQWLRLPA
DVPKAYYHAAVQDGGLAIPSVRATIPDLIVRRFGGLDSSPWS
VARAAAKSDKIRKKLRWAWKQLRRFSRVDSTTQRPSVR
LFWREHLHASVDGRELRESTRTPTSTKWIRERCAQITGRDFV
QFVHTHINALPSRIRGSRGRRGGGESSLTCRAGCKVRE
TTAHILQQCHRTHGGRILRHNKIVSFVAKAMEENKWTVELE
PRLRTSVGLRKPDIIASRDGVGVIVDVQVVSGQRSLDEL
HREKRNKYGNHGELVELVAGRLGLPKAECVRATSCTISWR
GVWSLTSYKELRSIIGLREPTLQIVPILALRGSHMNWTRF
NQMTSVMGGGVG*

G426A MAHHHHHHVGTVGTGGGSGGASTALSLMGRCNPDGCTRG 65
KHVTAAPMDGPRGPSSLAGTFGWGLAIPAGEPCGRVCSPAT
VGFFPVAKKSNKENRPEASGLPLESERTGDNPTVRGSAGAD
PVGQDAPGWTCQFCERTFSTNRGLGVHKRRAHPVETNTD
AAPMMVKRRWHGEEIDLLARTEARLLAERGQCSGGDLFGA
LPGFGRTLEAIKGQRRREPYRALVQAHLARFGSQPGPSSG
GCSAEPDFRRASGAEEAGEERCAEDAAAYDPSAVGQMSPD
AARVLSELLEGAGRRRACRAMRPKTAGRRNDLHDDRTASA
HKTSRQKRRAEYARVQELYKKCRSRAAAEVIDGACGGVGH
SLEEMETYWRPILERVSDAPGPTPEALHALGRAEWHGGNR
DYTQLWKPISVEEIKASRFDWRTSPAPDGIRSGQWRAVPVH
LKAEMFNAWMARGEIPEILRQCRTVFVPKVERPGGPGEY
RPISIASIPLRHFHSILARRLLACCPPDARQRGFICADGTLENS
AVLDAVLGDSRKKLRECHVAVLDFAKAFDTVSHEAL
VELLRLRGMPEQFCGYIAHLYDTASTTLAVNNEMSSPVKVG
RGVRQGDPLSPILFNVVMDLILASLPERVGYRLEMELVS
ALAYADDLVLLAGSKVGMQESISAVDCVGRQMGLRLNCRK
SAVLSMIPDGHRKKHHY LTERTFNIGGKPLRQVSCVERWR
YLGVDFEASGCVTLEHSISSALNNISRAPLKPQQRLEILRAHL
IPRFQHGFVLGNISDDRLRMLDVQIRKAVGQWLRLPA
DVPKAYYHAAVQDGGLAIPSVRATIPDLIVRRFGGLDSSPWS
VARAAAKSDKIRKKLRWAWKQLRRFSRVDSTTQRPSVR
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LFWREHLHASVDGRELRESTRTPTSTKWIRERCAQITGRDFV
QFVHTHINALPSRIRGSRGRRGGGESSLTCRAGCKVRE
TTAHILQQCHRTHGGRILRHNKIVSFVAKAMEENKWTVELE
PRLRTSVGLRKPDIIASRDGVGVIVDVQVVSGQRSLDEL
HREKRNKYGNHGELVELVAGRLGLPKAECVRATSCTISWR
GVWSLTSYKELRSIIGLREPTLQIVPILALRGSHMNWTRF
NQMTSVMGGGVG*

D428A MAHHHHHHVGTVGTGGGSGGASTALSLMGRCNPDGCTRG 66
KHVTAAPMDGPRGPSSLAGTFGWGLAIPAGEPCGRVCSPAT
VGFFPVAKKSNKENRPEASGLPLESERTGDNPTVRGSAGAD
PVGQDAPGWTCQFCERTFSTNRGLGVHKRRAHPVETNTD
AAPMMVKRRWHGEEIDLLARTEARLLAERGQCSGGDLFGA
LPGFGRTLEAIKGQRRREPYRALVQAHLARFGSQPGPSSG
GCSAEPDFRRASGAEEAGEERCAEDAAAYDPSAVGQMSPD
AARVLSELLEGAGRRRACRAMRPKTAGRRNDLHDDRTASA
HKTSRQKRRAEYARVQELYKKCRSRAAAEVIDGACGGVGH
SLEEMETYWRPILERVSDAPGPTPEALHALGRAEWHGGNR
DYTQLWKPISVEEIKASRFDWRTSPGPAGIRSGQWRAVPVH
LKAEMFNAWMARGEIPEILRQCRTVFVPKVERPGGPGEY
RPISIASIPLRHFHSILARRLLACCPPDARQRGFICADGTLENS
AVLDAVLGDSRKKLRECHVAVLDFAKAFDTVSHEAL
VELLRLRGMPEQFCGYIAHLYDTASTTLAVNNEMSSPVKVG
RGVRQGDPLSPILFNVVMDLILASLPERVGYRLEMELVS
ALAYADDLVLLAGSKVGMQESISAVDCVGRQMGLRLNCRK
SAVLSMIPDGHRKKHHY LTERTFNIGGKPLRQVSCVERWR
YLGVDFEASGCVTLEHSISSALNNISRAPLKPQQRLEILRAHL
IPRFQHGFVLGNISDDRLRMLDVQIRKAVGQWLRLPA
DVPKAYYHAAVQDGGLAIPSVRATIPDLIVRRFGGLDSSPWS
VARAAAKSDKIRKKLRWAWKQLRRFSRVDSTTQRPSVR
LFWREHLHASVDGRELRESTRTPTSTKWIRERCAQITGRDFV
QFVHTHINALPSRIRGSRGRRGGGESSLTCRAGCKVRE
TTAHILQQCHRTHGGRILRHNKIVSFVAKAMEENKWTVELE
PRLRTSVGLRKPDIIASRDGVGVIVDVQVVSGQRSLDEL
HREKRNKYGNHGELVELVAGRLGLPKAECVRATSCTISWR
GVWSLTSYKELRSIIGLREPTLQIVPILALRGSHMNWTRF
NQMTSVMGGGVG*

G426A,D428A | MAHHHHHHVGTVGTGGGSGGASTALSLMGRCNPDGCTRG 67
KHVTAAPMDGPRGPSSLAGTFGWGLAIPAGEPCGRVCSPAT
VGFFPVAKKSNKENRPEASGLPLESERTGDNPTVRGSAGAD
PVGQDAPGWTCQFCERTFSTNRGLGVHKRRAHPVETNTD
AAPMMVKRRWHGEEIDLLARTEARLLAERGQCSGGDLFGA
LPGFGRTLEAIKGQRRREPYRALVQAHLARFGSQPGPSSG
GCSAEPDFRRASGAEEAGEERCAEDAAAYDPSAVGQMSPD
AARVLSELLEGAGRRRACRAMRPKTAGRRNDLHDDRTASA
HKTSRQKRRAEYARVQELYKKCRSRAAAEVIDGACGGVGH
SLEEMETYWRPILERVSDAPGPTPEALHALGRAEWHGGNR
DYTQLWKPISVEEIKASRFDWRTSPAPAGIRSGQWRAVPVH
LKAEMFNAWMARGEIPEILRQCRTVFVPKVERPGGPGEY
RPISIASIPLRHFHSILARRLLACCPPDARQRGFICADGTLENS
AVLDAVLGDSRKKLRECHVAVLDFAKAFDTVSHEAL
VELLRLRGMPEQFCGYIAHLYDTASTTLAVNNEMSSPVKVG
RGVRQGDPLSPILFNVVMDLILASLPERVGYRLEMELVS
ALAYADDLVLLAGSKVGMQESISAVDCVGRQMGLRLNCRK
SAVLSMIPDGHRKKHHY LTERTFNIGGKPLRQVSCVERWR
YLGVDFEASGCVTLEHSISSALNNISRAPLKPQQRLEILRAHL
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IPRFQHGFVLGNISDDRLRMLDVQIRKAVGQWLRLPA
DVPKAYYHAAVQDGGLAIPSVRATIPDLIVRRFGGLDSSPWS
VARAAAKSDKIRKKLRWAWKQLRRFSRVDSTTQRPSVR
LFWREHLHASVDGRELRESTRTPTSTKWIRERCAQITGRDFV
QFVHTHINALPSRIRGSRGRRGGGESSLTCRAGCKVRE
TTAHILQQCHRTHGGRILRHNKIVSFVAKAMEENKWTVELE
PRLRTSVGLRKPDIIASRDGVGVIVDVQVVSGQRSLDEL
HREKRNKYGNHGELVELVAGRLGLPKAECVRATSCTISWR
GVWSLTSYKELRSIIGLREPTLQIVPILALRGSHMNWTRF
NQMTSVMGGGVG*

[00199] In some embodiments, the polypeptides, proteins, enzymes, modified enzymes (e.g., modified
reverse transcriptase), modified polypeptides, non-naturally occurring enzymes, or variants comprise a
fusion with, but not limited to, a protein, a domain, a fusion partner, a carrier protein, a target sequence,
an antigenic determinant, or any combination thereof. In some embodiments, the reverse transcriptase or
modified reverse transcriptase is fused to a protein, a domain, a fusion partner, a target sequence, an
antigenic determinant, or any combination thereof. In some embodiments, the non-LTR retrotransposon
or modified non-LTR retrotransposon is fused to a protein, a domain, a fusion partner, a target sequence,
an antigenic determinant, or any combination thereof. In some embodiments, the modified LTR
retrotransposon is fused to a protein, a domain, a fusion partner, a target sequence, an antigenic
determinant, or any combination thereof. In some embodiments, the modified R2 non-LTR
retrotransposon is fused to a protein, a domain, a fusion partner, a target sequence, an antigenic
determinant, or any combination thereof. In some embodiments, the modified R2 reverse transcriptase is
fused to a protein, a domain, a fusion partner, a target sequence, an antigenic determinant, or any
combination thereof. In some embodiments, the modified reverse transcriptase is fused to a protein, a
domain, a fusion partner, a target sequence, an antigenic determinant, or any combination thereof. In
some embodiments, the variant is fused to a protein, a domain, a fusion partner, a target sequence, an
antigenic determinant, or any combination thereof. In some embodiments, the polypeptide having reverse
transcriptase activity is fused to a protein, a domain, a fusion partner, a target sequence, an antigenic
determinant, or any combination thereof.

[00200] In some embodiments, the fused polypeptides, proteins, enzymes, modified enzymes (e.g.,
modified reverse transcriptase), modified polypeptides, non-naturally occurring enzymes, or variants
thereof increase stability (¢.g., increase thermostability), increase shelf life, increase active fraction(s),
and/or improve purification compared to the wild-type counterpart, naturally occurring enzyme, or
unfused polypeptides, proteins, enzymes, or variants thercof. In some embodiments, a modified reverse
transcriptase comprises a fusion partner or a carrier protein. In some embodiments, the selection of the
fusion protein, domain, fusion partner, target sequence, antigenic determinant, or any combination
thereof is based on the mechanism causing reduced or increased stability (e.g., increased thermostability),
reduced or increased shelf life, and/or reduced or increased expression level (Costa et al., “Fusion tags
for protein solubility, purification and immunogenicity in Escherichia coli: the novel Fh8 system. Front

Microbiol. 2014 Feb 19; 5:63). In some embodiments, the fusion tags enhance the solubility of their
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partner proteins. In some embodiments, the fusion proteins form micelle-like structures. In some
embodiments, the micelle-like structures are misfolded or unfolded proteins that are sequestered and
protected from the solvent and/or the soluble protein domains face outward. In some embodiments, the
fusion partners attract chaperones. In some embodiments, the fusion tag drives its partner protein into a
chaperone-mediated folding pathway. In some embodiments, the MBP and/or N-utilization substance
(NusA) are two fusion tags that present this mechanism. In some embodiments, the fusion partners have
an intrinsic chaperone-like activity. In some embodiments, the hydrophobic patches of the fusion tag
interact with partially folded passenger proteins, preventing self-aggregation, and promoting proper
folding. In some embodiments, the solubility enhancer partners may play a passive role in the folding of
their target proteins, reducing the chances for protein aggregation. In some embodiments, the fusion
partners net charges. In some embodiments, the highly acidic fusion partners inhibit protein aggregation.
In some embodiments, the fusion is with, but it 1s not limited to, Fh8, MBP, NusA, Trx, SUMO, GST,
SET, GBI, ZZ, HaloTag, SNUT, Skp, T7PK, EspA, Mocr, Ecotin, CaBP, ArsC, IF2-domain I, an
expressivity tag, an expressivity tag that is part of [F2-domain I, RpoA, SlyD, Tsf, RpoS, PotD, Crr ,
msyB, yjgD, rpoD, His6, or any combination thereof. In some embodiments, the fusion enhances protein
solubility and/or purification. In some embodiments, the Fh8 may act as an effective solubility enhancer
partner and/or robust purification. In some embodiments, the Fh8 fusion tag has an amino acid sequence
comprising
MPSVQEVEKLLHVLDRNGDGKVSAEELKAFADDSKCPLDSNKIKAFIKEHDKNKDGKLDLKEL
VSILSS. In some embodiments, the codon optimized sequence comprises
ATGCCGTCTGTTCAGGAAGTTGAAAAACTGCTGCACGTTCTGGACCGTAACGGTGACGGTA
AAGTTTCTGCGGAAGAACTGAAAGCGTTCGCGGACGACTCTAAATGCCCGCTGGACTCTAA
CAAAATCAAAGCGTTCATCAAAGAACACGACAAAAACAAAGACGGTAAACTGGACCTGAA
AGAACTGGTTTCTATCCTGTCTTCTTAG. In some embodiments, an enzyme, or a modified enzyme
(e.g., modified reverse transcriptase), or a protein (¢.g., modified protein), or a polypeptide (e.g.,
modified polypeptide), or a variant, or a product, or a nucleic acid molecule, or a cDNA molecule, or a
template, or an acceptor nucleic acid molecule, or a primer, or an RNA, or a DNA, or a fragment nucleic
acid, or a degraded nucleic acid, of the present disclosure may comprise one or more tag(s). In some
embodiments, the fragmented or degraded RNA or DNA, or a variant thereof may comprise one or more
tag(s). In some embodiments, the R2 reverse transcriptase, or a variant thereof, may comprise one or
more tag(s). In some embodiments, the non-LTR retrotransposon protein or polypeptide having reverse
transcriptase activity, or a variant thereof, may comprise one or more tag(s). In some embodiments, the
c¢DNA molecule may comprise one or more tag(s). In some embodiments, the tag may be captured on a
solid support, facilitating the isolation of the enzyme, or protein, or polypeptide, or a variant, or a product
of the present disclosure. In some embodiments, the tag may be biotin that can be recognized by avidin.
The affinity tag may include multiple biotin residues for increased binding to multiple avidin molecules.

In some embodiments, the tag may include a functional group such as an azido group or an acetylene
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group, which enables capture through copper(I) mediated click chemistry (see H. C. Kolb and K. B.
Sharpless, Drug Discovery Today, 2003, 8(24), 1128-1137). In some embodiments, the tag may include
an antigen that may be captured by an antibody bound on a solid support. In some embodiments, the tag
may include, but is not limited to, His-tag, His6-tag, Calmodulin-tag, CBP, CYD (covalent vet
dissociable NorpD peptide), Strep I, FLAG-tag, HA-tag, Myc-tag, S-tag, SBP-tag, Softag-1, Softag-3,
V5-tag, Xpress-tag, Isopeptag, SpyTag, B, HPC (heavy chain of protein C) peptide tags, GST, MBP,
biotin, biotin carboxyl carrier protein, glutathione-S-transferase-tag, green fluorescent protein-tag,
maltose binding protein-tag, Nus-tag, Strep-tag, thioredoxin-tag, and combinations thereof. In some
embodiments, the tagged molecule may be subjected to sequencing.

[00201] In some embodiments, a molecular barcode may be attached to any region of a molecule. For
example, the molecular barcode may be attached to the 5' or 3' end of a polynucleotide (¢.g., DNA,
RNA). For example, the target-specific region of the molecular barcode comprises a sequence that is
complementary to a sequence in the 5' region of the molecule. The target-specific region of the molecular
barcode may also comprise a sequence that is complementary to a sequence in the 3' region of the
molecule. In some instances, the molecular barcode is attached a region within a gene or gene product.
For example, genomic DNA is fragmented and a sample tag or molecular identifier label is attached to
the fragmented DNA. In other instances, an RNA molecule is alternatively spliced and the molecular
barcode is attached to the alternatively spliced variants. In another example, the polynucleotide is
digested and the molecular barcode is attached to the digested polynucleotide. In another example, the
target-specific region of the molecular barcode comprises a sequence that is complementary to a
sequence within the molecule.

[00202]  In some embodiments the method of the present disclosure comprises introducing a biotin
moiety or another affinity purification moiety to, for example, a nucleic acid molecule, such as DNA,
RNA, or a combination of DNA and RNA. In some embodiments, the method further comprises
immobilizing the affinity purification tagged nucleic acid molecule on a solid support. In some
embodiments the solid support is a sepharose resin or magnetic beads having an affinity purification
material, such as avidin, streptavidin, chitin, glutathione and the like, bound thereto.

[00203]  In some embodiments, the enzyme, or protein, or polypeptide, or a variant, or a product of the
present disclosure may be bound to a solid support. In some embodiments, the fragmented or degraded
nucleic acid (e.g., RNA or DNA), or a variant thereof may be bound to a solid support. In some
embodiments, the R2 reverse transcriptase, or a variant thereof, may be bound to a solid support. In some
embodiments, the non-LTR retrotransposon protein or polypeptide having reverse transcriptase activity,
or a variant thereof, may be bound to a solid support. In some embodiments, the cDNA molecule may be
bound to a solid support. In some embodiments, the solid support may be glass, plastic, porcelain, resin,
sepharose, silica, or other material. In some embodiments, the solid support may be a plate that is
substantially flat substrates, gel, microbeads, magnetic beads, membrane, or other suitable shape and

size. In some embodiments, the microbeads may have diameter between 10 nm to several millimeters. In
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some embodiments, the solid support may be non-porous or porous with various density and size of
pores. In some embodiments the DNA and/or RNA fragment may be captured on a solid support,
unwanted DNA and/or RNA may be washed away. In some embodiments, the DNA and/or RNA
fragment may be released from the solid support, for example, by using restriction enzyme.

[00204]  In some embodiments, the solid support may comprise the target nucleic acid binding region,
wherein the target nucleic acid binding region comprises a sequence selected from the group consisting
of a gene-specific sequence, an oligo-dT sequence, a random multimer, and any combination thercof. In
some embodiments, the solid support further comprises a target nucleic acid or complement thereof. In
some embodiments, the solid support comprises a plurality of target nucleic acids or complements
thereof comprising from about 0.01% to about 100% of transcripts of a transcriptome of an organism or
complements thereof, or from about 0.01% to about 100% of genes of a genome of an organism or
complements thereof. In some embodiments, the cellular labels of the plurality of oligonucleotides
comprise a first random sequence connected to a second random sequence by a first label linking
sequence; and the molecular labels of the plurality of oligonucleotides comprise random sequences. In
some embodiments, the solid support is selected from the group consisting of a polydimethylsiloxane
(PDMS) solid support, a polystyrene solid support, a glass solid support, a polypropylene solid support,
an agarose solid support, a gelatin solid support, a magnetic solid support, a pluronic solid support, and
any combination thereof. In some embodiments, the plurality of oligonucleotides comprise a linker
comprising a linker functional group, and the solid support comprises a solid support functional group;
wherein the solid support functional group and linker functional group connect to each other. In some
embodiments, the linker functional group and the solid support functional group are individually selected
from the group consisting of C6, biotin, streptavidin, primary amine(s), aldehyde(s), ketone(s), and any
combination thereof. In some embodiments, molecular labels of the plurality of oligonucleotides
comprise at least 15 nucleotides.

[00205]  In some embodiments, fusion partners may be removed from their target protein by enzymatic
cleavage, chemical cleavage, and/or by using an in vivo cleavage strategy. In some embodiments,
proteases may be used for tag removal. In some embodiments, the protease may be an endoprotease,
serine protease, factor Xa, enterokinase, alpha-thrombin, a viral protease, tobacco etch virus (TEV), the
human rhinovirus 3C protease, SUMO protease, exoprotease, metallocarboxypeptidase, or
aminopeptidase. In some embodiments, a fusion tag may be removed by two purification steps. In some
embodiments, the initial affinity purification step includes (¢.g., via a histidine tag located at the N-
terminal of the fusion protein), the purified fusion protein mixed in solution with the endoprotease (e.g., a
his-tagged protease) to cleave off the tag. The cleaved target protein may be recovered in the flow-
through sample after a second affinity purification step, in which the cleaved fusion tag and the added
protease are collected in the eluted sample.

[00206] In some embodiments, the modified enzyme, modified reverse trancriptase, non-naturally

occurring enzyme, or modified polypeptide having reverse transcriptase activity of the present disclosure
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shows activity, is capable of template jumping, and/or generate a nucleic acid molecule (e.g., cDNA
molecule) without thermal cycling. In some embodiments, the modified reverse trancriptase, modified
enzyme, non-naturally occurring enzyme, or the modified polypeptide having reverse transcriptase
activity of the present disclosure shows activity, is capable of template jumping, and/or generate a
nucleic acid, cDNA molecule at a temperature ranging from about 25 °C to about 42 °C, from about 12
°C to about 42 °C, from about 8 °C to about 50 °C, from about 4 °C to about 60 °C, from about 27 °C to
about 35 °C, from about 28 °C to about 33 °C, from about 29 °C to about 32 °C, from about 30 °C to
about 37 °C, from about 26 °C to about 38 °C, from about 30 °C to about 37 °C, from about 25 °C to
about 32 °C, from about 29 °C to about 31 °C, from about 27 °C to about 38 °C, from about 29 °C to
about 38 °C. In some embodiments, the non-naturally occurring enzyme, modified reverse trancriptase,
modified enzyme, or modified polypeptide having reverse transcriptase activity of the present disclosure
shows activity, is capable of template jumping, and/or generate a nucleic acid molecule (e.g., cDNA
molecule) at about 30 °C, or at about 35 °C, or at about 25 °C. In some embodiments, the modified
enzyme, modified reverse trancriptase, non-naturally occurring enzyme, or modified polypeptide having
reverse transcriptase activity of the present disclosure shows activity, is capable of template jumping,
and/or generate a nucleic acid molecule (¢.g., cDNA molecule) at a temperature equal to less than about
38 °C, equal to less than about 42 °C, equal to less than about 50 °C, equal to less than about 60 °C,
equal to less than about 35 °C, equal to less than about 30 °C, equal to less than about 28 °C, equal to less
than about 25 °C, equal to less than about 20 °C, equal to less than about 12 °C, equal to less than about 8
°C, or equal to less than about 4 °C. In some embodiments, the modified enzyme, modified reverse
trancriptase, non-naturally occurring enzyme, or modified polypeptide having reverse transcriptase
activity of the present disclosure shows activity, is capable of template jumping, and/or generate a
nucleic acid molecule (¢.g., cDNA molecule) at a temperature equal to less than about 36 °C. In some
embodiments, the modified enzyme, modified reverse trancriptase, non-naturally occurring enzyme, or
modified polypeptide having reverse transcriptase activity of the present disclosure shows activity, is
capable of template jumping, and/or generate a nucleic acid molecule (¢.g., cDNA molecule) at room
temperature. In some embodiments, the modified enzyme, modified reverse trancriptase, non-naturally
occurring enzyme, or modified polypeptide having reverse transcriptase activity of the present disclosure
shows activity, is capable of template jumping, and/or generate a nucleic acid molecule (e.g., cDNA
molecule) at a temperature of at about or of at most about 8 °C, at about or of at most about 12 °C, at
about or of at most about 20 °C, at about or of at most about 25 °C, at about or of at most about 28 °C, at
about or of at most about 30 °C, at about or of at most about 31 °C, at about or of at most about 32 °C, at
about or of at most about 33 °C, at about or of at most about 34 °C, at about or of at most about 35 °C, at
about or of at most about 36 °C at about or of at most about 39 °C, at about or of at most about 40 °C, at
about or of at most about 41 °C, at about or of at most about 42 °C, at about or of at most about 50 °C, at
about or of at most about 55 °C, at about or of at most about 60 °C. In some embodiments, the modified

enzyme, modified reverse trancriptase, non-naturally occurring enzyme, or modified polypeptide having
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reverse transcriptase activity of the present disclosure shows activity, is capable of template jumping,
and/or generate a nucleic acid molecule (¢.g., cDNA molecule) at a temperature equal to or less than
about any temperature between about 42 °C to about 80 °C, or between about 35 °C to about 80 °C, or
between about 30 °C to about 50 °C, or between about 8 °C to about 50 °C, or between about 12 °C to
about 42 °C.

[00207] In some embodiments, a modified enzyme, modified reverse trancriptase, modified
polypeptide having reverse transcriptase activity, or a non-naturally occurring enzyme of the present
disclosure has at least one altered characteristic relative to an unmodified or naturally occurring enzyme.
In some embodiments, the altered characteristic enables the modified enzyme, modified reverse
trancriptase, non-naturally occurring enzyme, or modified polypeptide having reverse transcriptase
activity to generate a nucleic acid molecule and/or a complementary deoxyribonucleic acid (cDNA)
molecule from a template nucleic acid molecule without thermal cycling. In some embodiments, a
modified enzyme, modified reverse trancriptase, modified polypeptide having reverse transcriptase
activity, or a non-naturally occurring enzyme of the present disclosure is capable of generating one or
more copies of the nucleic acid molecule or cDNA molecule at an error rate of at most about 0.5%, of at
most about 1%, of at most about 1.5%, of at most about 2%, of at most about 2.5%, of at most about 3%,
of at most about 3.5%, of at most about 4%, of at most about 4.5%, of at most about 5%, of at most about
6%, of at most about 7%, of at most about 8%, of at most about 9%, of at most about 10%, of at most
about 15%, of at most about 20%, of at most about 25%, of at most about 30%, of at most about 40%, of
at most about 45%, of at most about 50%, of at most about 60%, of at most about 65%, of at most about
70%, of at most about 75%, or of at most about 80%. In some embodiments, the modified enzyme,
modified reverse trancriptase, modified polypeptide having reverse transcriptase activity, or the non-
naturally occurring enzyme of the present disclosure is a variant of any one of the sequences disclosed
herein. In some embodiments, the modified enzyme, modified reverse trancriptase, modified polypeptide
having reverse transcriptase activity, or the non-naturally occurring enzyme of the present disclosure is a
variant of any one of the sequences corresponding to accession numbers provided in TABLE 1. In some
embodiments, the modified enzyme, modified reverse trancriptase, modified polypeptide having reverse
transcriptase activity, or the non-naturally occurring enzyme of the present disclosure is a variant of any
one of the sequences provided in SEQ ID Nos: 1-67. In some embodiments, a modified enzyme,
modified reverse trancriptase, modified polypeptide having reverse transcriptase activity, or a non-
naturally occurring enzyme of the present disclosure has at least one altered characteristic that improves
enzyme property relative to an unmodified or a naturally occurring enzyme. In some embodiments, the at
least one altered characteristic that improves enzyme property comprises at least one of
increased/improved stability (e.g., increased/improved thermostability), increased/improved specific
activity, increased/improved protein expression, increased/improved purification, increased/improved
processivity, increased/improved strand displacement, increased/improved template jumping, and

increased/improved fidelity.
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[00208] In one embodiment, the present disclosure relates to a non-naturally occurring enzyme that
subjects a template nucleic acid molecule to reverse transcription to generate a complementary
deoxyribonucleic acid (cDNA) product and amplification of the cDNA product at a processivity of at
least about 80%, at least about 85%, at least about 87%, at least about 90%, at least about 92%, at least
about 95%, at least about 96%, at least about 97%, at least about 98 %, at least about 99%, or at least
about 99.5% per base as measured at about 12 °C, about 15 °C, about 20 °C, about 25 °C, about 30 °C,
about 32 °C, about 35 °C, about 40 °C.

[00209]  In some embodiments, the non-naturally occurring enzyme has a performance index greater
than about 1.0 for at least one enzyme property. In some embodiments, enzyme property is at least one of
the group consisting of improved stability (¢.g., improved thermostability), specific activity, protein
expression, purification, processivity, strand displacement, template jumping, increased DNA/RNA
affinity, and fidelity.

[00210] In one embodiment, the present disclosure relates to a non-naturally occurring enzyme that
subjects a template nucleic acid molecule to reverse transcription to generate a complementary
deoxyribonucleic acid (cDNA) product, a nucleic acid product, and amplification of the cDNA product in
a time period of about 3 hours or less and/or at a performance index greater than about 1.0 for at least one
enzyme property selected from the group consisting of improved stability (e.g., improved
thermostability), specific activity, protein expression, purification, processivity, strand displacement,
template jumping, increased DNA/RNA affinity, and fidelity. In some embodiments, the temperature is
from about 25 °C to about 40 °C (e.g., about 28 °C, about 30 °C, about 32 °C, about 35 °C, or about 37
°C). In some embodiments, the temperature is from about 8 °C to about 50 °C (e.g., about 8 °C, about 20
°C, about 42 °C, about 45 °C, or about 50 °C).

[00211] In one embodiment, the present disclosure relates to a non-naturally occurring enzyme that
subjects a template nucleic acid molecule to reverse transcription to generate a complementary
deoxyribonucleic acid (¢cDNA) product and amplification of the cDNA product in a time period of 3
hours or less (e.g., 2.5 hours or less, 2 hours or less, 1.5 hours or less, 1 hour or less, or 30 minutes or
less) and/or at a processivity for a given nucleotide substrate that is at least about 5%, at least about 10%,
at least about 20%, at least about 30%, at least about 40%, at least about 50%, at least about 60%, at least
about 70%, at least about 80%, at lecast about 85%, at least about 88%, at least about 90%, at least about
95%, or at least about 98% higher than the processivity of a reference enzyme for the same nucleotide
substrate.

[00212] In one embodiment, the present disclosure relates to a non-naturally occurring enzyme that
subjects a template nucleic acid molecule to reverse transcription to generate a nucleic acid product and
amplification of the nucleic acid product in a time period of 3 hours or less (e.g., 2.5 hours or less, 2
hours or less, 1.5 hours or less, 1 hour or less, or 30 minutes or less) and/or at a processivity for a given
nucleotide substrate that is at least about 5%, at least about 10%, at least about 20%, at least about 30%,
at least about 40%, at least about 50%, at least about 60%, at least about 70%, at least about 80%, at least
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about 85%, at least about 88%, at least about 90%, at least about 95%, or at least about 98% higher than
the processivity of a reference enzyme for the same nucleotide substrate.

[00213] In one embodiment, the present disclosure provides a method of amplifying a nucleic acid
molecule, comprising subjecting the nucleic acid molecule to nucleic acid amplification using a modified
reverse transcriptase. In some embodiments, the reverse transcriptase is capable of amplifying the nucleic
acid molecule at processivity of at least about 80%, at least about 88%, at least about 90%, at least about
95%, or at least about 98% per base at about 4 °C, about 8 °C, about 12 °C, about 30 °C, about 28 °C,
about 29 °C, about 32 °C, about 35 °C, about 37 °C, about 42 °C, about 50 °C, or higher than about 42
°C.

[00214] In some embodiments, the method of the present disclosure further comprises using the
modified reverse transcriptase to subject a template nucleic acid molecule to reverse transcription to yield
the nucleic acid molecule. In some embodiments, the nucleic acid molecule is a cell-free nucleic acid
molecule. In some embodiments, the template nucleic acid molecule is a cell-free nucleic acid molecule.
[00215] In some embodiments, primer extension or elongation reactions are utilized to generate
amplified product. Primer extension/clongation reactions may comprise a cycle of incubating a reaction
mixture at a denaturation temperature for a denaturation duration and incubating a reaction mixture at an
clongation temperature for an elongation duration.

[00216]  Any type of nucleic acid amplification reaction may be used to amplify a target nucleic acid
and generate an amplified product. Moreover, amplification of a nucleic acid may linear, exponential, or
a combination thereof. Amplification may be emulsion based or may be non-emulsion based. Non-
limiting examples of nucleic acid amplification methods include reverse transcription, primer extension,
polymerase chain reaction, ligase chain reaction, helicase-dependent amplification, asymmetric
amplification, rolling circle amplification, and multiple displacement amplification (MDA). In some
embodiments, the amplified product may be DNA. In cases where a target RNA is amplified, DNA can
be obtained by reverse transcription of the RNA and subsequent amplification of the DNA can be used to
generate an amplified DNA product. The amplified DNA product may be indicative of the presence of
the target RNA in the biological sample. In cases where DNA is amplified, any DNA amplification may
be employed. Non-limiting examples of DNA amplification methods include polymerase chain reaction
(PCR), variants of PCR (e.g., real-time PCR, allele-specific PCR, assembly PCR, asymmetric PCR,
digital PCR, emulsion PCR, dial-out PCR, helicase-dependent PCR, nested PCR, hot start PCR, inverse
PCR, methylation-specific PCR, miniprimer PCR, multiplex PCR, nested PCR, overlap-extension PCR,
thermal asymmetric interlaced PCR, touchdown PCR), and ligase chain reaction (LCR). In some cases,
DNA amplification is linear. In some cases, DNA amplification is exponential. In some cases, DNA
amplification is achieved with nested PCR, which can improve sensitivity of detecting amplified DNA
products.

[00217] Denaturation temperatures may vary depending upon, for example, the particular biological

sample analyzed, the particular source of target nucleic acid (e.g., viral particle, bacteria) in the biological
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sample, the reagents used, and/or the desired reaction conditions. In some embodiments, a denaturation
temperature may be from about 80 °C to about 110 °C. In some embodiments, a denaturation temperature
may be from about 90 °C to about 100 °C. In some embodiments, a denaturation temperature may be
from about 90 °C to about 97 °C. In some examples, a denaturation temperature may be from about 92
°C to about 95 °C. In still other examples, a denaturation temperature may be about 80°, 81 °C, 82 °C, 83
°C, 84 °C,85°C, 86 °C, 87°C,88°C,89°C,90°C,91°C,92°C, 93 °C,94°C,95°C, 96 °C, 97 °C, 98
°C, 99 °C, or 100 °C.

[00218] Denaturation durations may vary depending upon, for example, the particular biological
sample analyzed, the particular source of target nucleic acid (e.g., viral particle, bacteria) in the biological
sample, the reagents used, and/or the desired reaction conditions. In some embodiments, a denaturation
duration may be less than or equal to about 300 seconds, 240 seconds, 180 seconds, 120 seconds, 90
seconds, 60 seconds, 55 seconds, 50 seconds, 45 seconds, 40 seconds, 35 seconds, 30 seconds, 25
seconds, 20 seconds, 15 seconds, 10 seconds, 5 seconds, 2 seconds, or 1 second. For example, a
denaturation duration may be no more than about 180 seconds, 120 seconds, 90 seconds, 60 seconds, 55
seconds, 50 seconds, 45 seconds, 40 seconds, 35 seconds, 30 seconds, 25 seconds, 20 seconds, 15
seconds, 10 seconds, 5 seconds, 2 seconds, or 1 second.

[00219]  Elongation or extension temperatures may vary depending upon, for example, the particular
biological sample analyzed, the particular source of target nucleic acid (e.g., viral particle, bacteria) in the
biological sample, the reagents used, and/or the desired reaction conditions. In some embodiments, an
clongation temperature may be from about 30 °C to about 80 °C. In some embodiments, an elongation
temperature may be from about 35 °C to about 72 °C. In some embodiments, an elongation temperature
may be from about 45 °C to about 68 °C. In some embodiments, an elongation temperature may be from
about 35 °C to about 65 °C. In some embodiments, an elongation temperature may be from about 40 °C
to about 67 °C. In some embodiments, an ¢longation temperature may be from about 50 °C to about 68
°C. In some embodiments, an ¢longation temperature may be about 0 °C, 1 °C, 2 °C,3°C,4°C,5°C, 6
°C,7°C,8°C,9°C, 10°C, 11 °C, 12°C, 13°C, 14 °C, 15°C, 16 °C, 17 °C, 18 °C, 19 °C, 34 °C, 33 °C,
32°C,31°C,30°C,20°C,21°C,22°C,23°C,24°C,25°C,26°C,27°C, 28 °C,29°C,35°C, 36°C,
37°C,38°C,39°C,40°C, 41 °C,42°C,43°C, 44 °C,45°C, 46 °C, 47 °C, 48 °C, 49 °C, 50 °C, 51 °C,
52°C,53°C, 54 °C,55°C, 56 °C,57°C,58°C,59°C,60°C, 61°C,62°C,63°C, 64°C,65°C,66°C,
67 °C, 68 °C, 69 °C,70°C, 71 °C,72°C, 73 °C, 74 °C, 75 °C, 76 °C, 77 °C, 78 °C, 79 °C, or 80 °C.
[00220]  Elongation durations may vary depending upon, for example, the particular biological sample
analyzed, the particular source of target nucleic acid (e.g., viral particle, bacteria) in the biological
sample, the reagents used, and/or the desired reaction conditions. In some embodiments, an elongation
duration may be less than or equal to about 360 seconds, less than or equal to about 300 seconds, 240
seconds, 180 seconds, 120 seconds, 90 seconds, 60 seconds, 55 seconds, 50 seconds, 45 seconds, 40
seconds, 35 seconds, 30 seconds, 25 seconds, 20 seconds, 15 seconds, 10 seconds, 5 seconds, 2 seconds,

or 1 second. In some embodiments, an elongation duration may be no more than about 120 seconds, 90
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seconds, 80 seconds, 70 seconds, 65 seconds, 60 seconds, 55 seconds, 50 seconds, 45 seconds, 40
seconds, 35 seconds, 30 seconds, 25 seconds, 20 seconds, 15 seconds, 10 seconds, 5 seconds, 2 seconds,
or | second.

[00221]  In some embodiments, multiple cycles of a primer extension reaction can be conducted. Any
suitable number of cycles may be conducted. In some embodiments, the number of cycles conducted may
be less than about 100, 90, 80, 70, 60, 50, 40, 30, 20, 10, or 5 cycles. The number of cycles conducted
may depend upon, for example, the number of cycles (¢.g., cycle threshold value (Ct)) necessary to
obtain a detectable amplified product (e.g., a detectable amount of amplified DNA product that is
indicative of the presence of a target RNA in a biological sample). In some embodiments, the number of
cycles necessary to obtain a detectable amplified product (e.g., a detectable amount of DNA product that
is indicative of the presence of a target RNA in a biological sample) may be less than about or about 100
cycles, 75 cycles, 70 cycles, 65 cycles, 60 cycles, 55 cycles, 50 cycles, 40 cycles, 35 cycles, 30 cycles, 25
cycles, 20 cycles, 15 cycles, 10 cycles, 8 cycles, 7 cycles, 5 cycles, or 4 cycles. Moreover, in some
embodiments, a detectable amount of an amplifiable product (e.g., a detectable amount of DNA product
that is indicative of the presence of a target RNA in a biological sample) may be obtained at a cycle
threshold value (Ct) of less than 100, 75, 70, 65, 60, 55, 50, 45, 40, 35, 30, 25,20, 15, 10,9, 8,7.6, 5, 4,
3,2, 1.

[00222]  In some embodiments, an amplification step (¢.g., primer amplification, template
amplification, nucleic acid amplification) comprises a PCR step. In some embodiments, each PCR cycle
may comprise a denaturing step, an annealing step, and an extension step. In some embodiments, each
PCR cycle may comprise a denaturing step and an extension step. In some embodiments, the PCR
comprises at least about or about or at most aboutl cycle, at least about or about or at most about 4
cycles, at least about or about or at most about 5 cycles, at least about or about or at most about 10
cycles, at least about or about or at most about 15 cycles, at least about or about or at most about 20
cycles, at least about or about or at most about 25 cycles, at least about or about or at most about 30
cycles, at least about or about or at most about 35 cycles, at least about or about or at most about 40
cycles, at least about or about or at most about 45 cycles, at least about or about or at most about 50
cycles, at least about or about or at most about 55 cycles, at least about or about or at most about 60
cycles, at least about or about or at most about 65 cycles, at least about or about or at most about 70
cycles, at least about or about or at most about 75 cycles, at least about or about or at most about 80
cycles, at least about or about or at most about 90 cycles, at least about or about or at most about 95
cycles, at least about or about or at most about 100 cycles, at least about or about or at most about 110
cycles, at least about or about or at most about 120 cycles, at least about or about or at most about 130
cycles, at least about or about or at most about 140 cycles, at least about or about or at most about 150
cycles, at least about or about or at most about 160. In some embodiments, the PCR comprises from
about 10 cycles to 40 cycles, from about 20 cycles to 40 cycles, from about 20 cycles to 38 cycles, from

about 20 cycles to 35 cycles, from about 10 cycles to 35 cycles, from about 10 cycles to 30 cycles, from
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about 25 cycles to 30 cycles, from about 20 cycles to 30 cycles, from about 4 cycles to 8 cycles, or from
about 28 cycles to 32 cycles. In some embodiments, the reaction is heated to 95 °C for 3 minutes before
the PCR cycle begins. In some embodiments, each PCR cycle comprises 95 °C for 3 seconds and 62 °C
for 20 seconds. In some embodiments, each PCR cycle comprises 95 °C for 3 seconds, 54 °C for 10
seconds, and 64 °C for 20 seconds. In some embodiments, each PCR cycle comprises 95 °C for 3
seconds and 64 °C for 20 seconds. In some embodiments, each PCR cycle comprises 95 °C for 3 seconds
and 62 °C for 60 seconds. In some embodiments, each PCR cycle comprises 95 °C for 3 seconds, 54 °C
for 10 seconds, and 64 °C for 10 seconds. In some embodiments, the PCR comprises 30 cycles. In some
embodiments, the reaction is heated to 68 °C after the completion of the PCR cycles. In some
embodiments, the reaction is heated to 68 °C from about 1 second to about 5 seconds, from about 1
second to about 5 minutes, from about 1 minute to about 5 minutes after the completion of the PCR
cycles. In some embodiments, the PCR methods described herein comprises an extension or elongation
step that is at least about 5 seconds long, at least about 6 seconds long, at least about 7 seconds long, at
least about 8 seconds long, at least about 9 seconds long, at least about 10 seconds long, at least about 11
seconds long, at least about 12 seconds long, at least about 13 seconds long, at least about 14 seconds
long, at least about 15 seconds long, at least about 20 seconds long, at least about 30 seconds long, at
least about 40 seconds long, at least about 50 seconds long, at least about 60 seconds long, at least about
90 seconds long, at least about 120 seconds long, at least about 150 seconds long, at least about 180
seconds long, at least about 210 seconds long, at least about 240 seconds long, at least about 270 seconds
long, at least about 300 seconds long, at least about 330 seconds long, at least about 360 seconds long, at
least about 390 seconds long, or more.

[00223]  The time for which amplification yields a detectable amount of amplified product indicative
of the presence of a target nucleic acid amplified can vary depending upon the biological sample from
which the target nucleic acid was obtained, the particular nucleic acid amplification reactions to be
conducted, and the particular number of cycles of amplification reaction desired. In some embodiments,
amplification of a target nucleic acid may yield a detectable amount of amplified product indicative to the
presence of the target nucleic acid at time period of 120 minutes or less; 90 minutes or less; 60 minutes or
less; 50 minutes or less; 45 minutes or less; 40 minutes or less; 35 minutes or less; 30 minutes or less; 25
minutes or less; 20 minutes or less; 15 minutes or less; 10 minutes or less; or 5 minutes or less.

[00224]  In some embodiments, a biological sample may be preheated prior to conducting a primer
extension reaction. The temperature (e.g., a preheating temperature) at which and duration (e.g., a
preheating duration) for which a biological sample is preheated may vary depending upon, for example,
the particular biological sample being analyzed. In some examples, a biological sample may be preheated
for no more than about 60 minutes, 50 minutes, 40 minutes, 30 minutes, 25 minutes, 20 minutes, 15
minutes, 10 minutes, 9 minutes, 8 minutes, 7 minutes, 6 minutes, 5 minutes, 4 minutes, 3 minutes, 2
minutes, 1 minute, 45 seconds, 30 seconds, 20 seconds, 15 seconds, 10 seconds, or 5 seconds. In some

examples, a biological sample may be preheated at a temperature from about 80 °C to about 110 °C. In
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some examples, a biological sample may be preheated at a temperature from about 90 °C to about 100
°C. In some examples, a biological sample may be preheated at a temperature from about 90 °C to about
97 °C. In some examples, a biological sample may be preheated at a temperature from about 92 °C to
about 95 °C. In some embodiments, a biological sample may be preheated at a temperature of about
80°C, 81 °C, 82 °C, 83 °C, 84 °C, 85 °C, 86 °C, 87 °C, 88 °C, 89 °C, 90 °C, 91 °C, 92 °C, 93 °C, 94 °C,
95°C, 96 °C, 97 °C, 98 °C, 99 °C, or 100 °C.

[00225] In some embodiments, reagents necessary for conducting nucleic acid amplification may also
include a reporter agent that yields a detectable signal whose presence or absence is indicative of the
presence of an amplified product. The intensity of the detectable signal may be proportional to the
amount of amplified product. In some cases, where amplified product is generated of a different type of
nucleic acid than the target nucleic acid initially amplified, the intensity of the detectable signal may be
proportional to the amount of target nucleic acid initially amplified. For example, in the case of
amplifying a target RNA via parallel reverse transcription and amplification of the DNA obtained from
reverse transcription, reagents necessary for both reactions may also comprise a reporter agent, may yield
a detectable signal that is indicative of the presence of the amplified DNA product, and/or the target RNA
amplified. The intensity of the detectable signal may be proportional to the amount of the amplified DNA
product and/or the original target RNA amplified. The use of a reporter agent also enables real-time
amplification methods, including real-time PCR for DNA amplification.

[00226]  Reporter agents may be linked with nucleic acids, including amplified products, by covalent
or non-covalent linkages or interactions. Non-limiting examples of non-covalent linkates or interactions
include ionic interactions, Van der Waals forces, hydrophobic interactions, hydrogen bonding, and
combinations thereof. In some embodiments, reporter agents may bind to initial reactants and changes in
reporter agent levels may be used to detect amplified product. In some embodiments, reporter agents may
only be detectable (or non-detectable) as nucleic acid amplification progresses. In some embodiments, an
optically-active dye (e.g., a fluorescent dye) may be used as may be used as a reporter agent. Non-
limiting examples of dyes include SYBR green, SYBR blue, DAPI, propidium iodine, Hoeste, SYBR
gold, ethidium bromide, acridines, proflavine, acridine orange, acriflavine, fluorcoumanin, ellipticine,
daunomycin, chloroquine, distamycin D, chromomycin, homidium, mithramycin, ruthenium
polypyridyls, anthramycin, phenanthridines and acridines, ethidium bromide, propidium iodide, hexidium
iodide, dihydroethidium, ethidium homodimer-1 and -2, ethidium monoazide, and ACMA, Hoechst
33258, Hoechst 33342, Hoechst 34580, DAPI, acridine orange, 7-AAD, actinomycin D, LDS751,
hydroxystilbamidine, SYTOX Blue, SYTOX Green, SYTOX Orange, POPO-1, POPO-3, YOYO-1,
YOYO-3, TOTO-1, TOTO-3, JOJO-1, LOLO-1, BOBO-1, BOBO-3, PO-PRO-1, PO-PRO-3, BO-PRO-
1, BO-PRO-3, TO-PRO-1, TO-PRO-3, TO-PRO-5, JO-PRO-1, LO-PRO-1, YO-PRO-1, YO-PRO-3,
PicoGreen, OliGreen, RiboGreen, SYBR Gold, SYBR Green I, SYBR Green II, SYBR DX, SYTO-40, -
41,42, -43, -44,-45 (blue), SYTO-13, -16, -24, -21, -23,-12, -11, -20, -22, -15, -14, -25 (green), SYTO-
81, -80, -82, -83, -84, -85 (orange), SYTO-64, -17, -39, -61, -62, -60, -63 (red), fluorescein, fluorescein
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isothiocyanate (FITC), tetramethyl rhodamine isothiocyanate (TRITC), rhodamine, tetramethyl
rhodamine, R-phycoerythrin, Cy-2, Cy-3, Cy-3.5, Cy-5, Cy5.5, Cy-7, Texas Red, Phar-Red,
allophycocyanin (APC), Sybr Green I, Sybr Green I, Sybr Gold, CellTracker Green, 7-AAD, ethidium
homodimer I, ethidium homodimer II, ethidium homodimer III, ethidium bromide, umbelliferone, cosin,
green fluorescent protein, erythrosin, coumarin, methyl coumarin, pyrene, malachite green, stilbene,
lucifer yellow, cascade blue, dichlorotriazinylamine fluorescein, dansyl chloride, fluorescent lanthanide
complexes such as those including europium and terbium, carboxy tetrachloro fluorescein, 5 and/or 6-
carboxy fluorescein (FAM), 5- (or 6-) iodoacetamidofluorescein, 5-{[2 (and 3)-5-(Acetylmercapto)-
succinyl Jamino} fluorescein (SAMSA-fluorescein), lissamine rhodamine B sulfonyl chloride, 5 and/or 6
carboxy rhodamine (ROX), 7-amino-methyl-coumarin, 7-Amino-4-methylcoumarin-3-acetic acid
(AMCA), BODIPY fluorophores, 8-methoxypyrene-1,3.6-trisulfonic acid trisodium salt, 3,6-Disulfonate-
4-amino-naphthalimide, phycobiliproteins, AlexaFluor 350, 405, 430, 488, 532, 546, 555, 568, 594, 610,
633, 635, 647, 660, 680, 700, 750, and 790 dyes, DyLight 350, 405, 488, 550, 594, 633, 650, 680, 755,
and 800 dyes, or other fluorophores.

[00227] In some embodiments, a reporter agent may be a sequence-specific oligonucleotide probe that
is optically active when hybridized with an amplified product. Due to sequence-specific binding of the
probe to the amplified product, use of oligonucleotide probes can increase specificity and sensitivity of
detection. A probe may be linked to any of the optically-active reporter agents (¢.g., dyes) and may also
include a quencher capable of blocking the optical activity of an associated dye. Non-limiting examples
of probes that may be useful used as reporter agents include TagMan probes, TagMan Tamara probes,
TagMan MGB probes, or Lion probes. In some embodiments, a reporter agent may be a radioactive
species. Non-limiting examples of radioactive species include 14C, 1231, 1241, 1251, 1311, 99mTec, 358,
or 3H. In some embodiments, a reporter agent may be an enzyme that is capable of generating a
detectable signal. Detectable signal may be produced by activity of the enzyme with its substrate or a
particular substrate in the case the enzyme has multiple substrates. Non-limiting examples of enzymes
that may be used as reporter agents include alkaline phosphatase, horseradish peroxidase, 12-
galactosidase, alkaline phosphatase, B-galactosidase, acetylcholinesterase, and luciferase.

[00228] In some embodiments, an amplified product (¢.g., amplified DNA product, amplified RNA
product) may be detected. Detection of amplified product, including amplified DNA, may be
accomplished with any suitable detection method. The particular type of detection method used may
depend, for example, on the particular amplified product, the type of reaction vessel used for
amplification, other reagents in a reaction mixture, whether or not a reporter agent was included in a
reaction mixture, and if a reporter agent was used, the particular type of reporter agent use. Non-limiting
examples of detection methods include optical detection, spectroscopic detection, electrostatic detection,
electrochemical detection, and the like. Optical detection methods include, but are not limited to,
fluorimetry and UV-vis light absorbance. Spectroscopic detection methods include, but are not limited to,

mass spectrometry, nuclear magnetic resonance (NMR) spectroscopy, and infrared spectroscopy.
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Electrostatic detection methods include, but are not limited to, gel based techniques, such as, for
example, gel electrophoresis, SDS-PAGE gel. Electrochemical detection methods include, but are not
limited to, electrochemical detection of amplified product after high-performance liquid chromatography
separation of the amplified products.

[00229]  In some embodiments, the time required to complete the elements of a method may vary
depending upon the particular steps of the method. In some embodiments, an amount of time for
completing the elements of a method may be from about 5 minutes to about 120 minutes. In some
embodiments, an amount of time for completing the elements of a method may be from about 5 minutes
to about 60 minutes. In some embodiments, an amount of time for completing the elements of a method
may be from about 5 minutes to about 30 minutes. In some embodiments, an amount of time for
completing the elements of a method may be less than or equal to 120 minutes, less than or equal to 90
minutes, less than or equal to 75 minutes, less than or equal to 60 minutes, less than or equal to 45
minutes, less than or equal to 40 minutes, less than or equal to 35 minutes, less than or equal to 30
minutes, less than or equal to 25 minutes, less than or equal to 20 minutes, less than or equal to 15
minutes, less than or equal to 10 minutes, or less than or equal to 5 minutes.

[00230] In some embodiments, the reaction may have a pH suitable for producing the product, for
primer extension, protein expression, PCR amplication, or template jumping. In some embodiments, the
pH of the reaction may range from about 5 to about 9, from about 6 to about 9, from about 7 to about 9,
from about 8 to about 9. In some embodiments, the pH range is from about pH 2 to about pH 10, from
about pH 4 to about pH 10, from about pH 2 to about pH 8, from about pH 4 to about pH 8, from about
pH 5 to about pH 8, from about pH 5 to about pH 7, from about pH 6 to about pH 11, from about pH 6 to
about pH 12, from about pH 5 to pH 13, from about pH 5 to about pH 14. In some embodiments, the pH
1s about 2.0, about 2.5, about 3.0, about 3.5, about 4.0, about 4.5, about 5.0, about 5.5, about 6.0, about
6.5, about 7.0, about 7.5, about 8.0, about 8.5, about 9.0, about 9.5, about 10.0, about 10.5, about 11,
about 11.5, about 12, about 12.5, about 13, about 13.5, about 14.

[00231] In some embodiments, any method of the present disclosure may comprise a detergent. In
some embodiments, the detergent is non-ionic and/or a zwitterionic detergent. In some embodiments, a
non-ionic detergent is selected from a group consisting of tween, triton, Triton CF-21, Triton CF-32,
Triton DF-12, Triton DF-16, Triton GR-SM, Triton N-101 (Polyoxyethylene branched nonylphenyl
cther), Triton QS-15, Triton QS-44, Triton RW-75 (Polyethylene glycol 260 monoChexadecyl/octadecyl)
cther and 1-Octadecanol), Triton X-100 (Polyethylene glycol tert-octylphenyl ether), Triton X-102,
Triton X-15, Triton X-151, Triton X-200, Triton X-207, Triton X-114, Triton X-165, Triton X-3035,
Triton X-405 (polyoxyethylene(40) isooctylphenyl ether), Triton X-405 reduced (polyoxyethylene(40)
isooctylcyclohexyl ether), Triton X-45 (Polyethylene glycol 4-tert-octylphenyl ether), Triton X-705-

70, TWEEN in any form including: TWEEN 20 (Polyoxyethylene sorbitan monolaurate), TWEEN 21
(Polyoxyethylene sorbitan monolaurate), TWEEN 40 (polyoxyethylene(20) sorbitan

monopalmitate), TWEEN 60 (Polyethylene glycol sorbitan monostearate), TWEEN 61 (Polyethylene
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glycol sorbitan monostearate), TWEEN 65 (Polyoxyethylene sorbitan Tristearate), TWEEN 80
(Polyoxyethylene sorbitan monooleate), TWEEN 81 (Polyoxyethylene sorbitan monooleate), TWEEN 85
(polyoxyethylene(20) sorbitan trioleate), Brij, Brij 30 (Polyoxyethylene 4 lauryl ether) Brij 35
(Polyoxyethylene 23 lauryl ether), Brij 52 (Polyoxyethylene 2 cetyl ether), Brij56 (Polyoxyethylene 10
cetyl ether), Brij 58 (Polyoxyethylene 20 cetyl ether), Brij 72 (Polyoxyethylene 2 stearyl ether), Brij 76
(Polyoxyethylene 10 stearyl ether), Brij 78 (Polyoxyethylene 20 stearyl ether), Brij 92 (Polyoxyethylene
2 oleyl ether), Brij 97 (Polyoxyethylene 10 oleyl ether), Brij 98 (Polyoxyethylene 20 oleyl ether), Brij700
(Polyoxyethylene 100 stearyl ether, octyl thioglucoside, maltosides, and combinations thereof

[00232] In some embodiments, any method disclosed herein for producing any molecule according to
the present disclosure comprises at least one salt. In some embodiments, the salt is at least one member
selected from the group consisting of NaCl, LiCl, AICl;, CuCl,, MgCl,, InCl;, SnCly, CrCl,,CrCls, KCI,
Nal, KI, TMACI (tetramethyl ammonium chloride), TEACI (tetracthyl ammonium chloride), KSCN,
CsSCN, KCH;COO, CH;COONa, CsHgKNQ,4,CsHsNNaQ,, CsCl, and any combination thercof. In some
embodiments, any method disclosed herein for producing any molecule according to the present
disclosure comprises NaCl. In some embodiments, the conditions sufficient for producing a molecule or a
library comprises NaCl. In some embodiments, the reaction may have a salt concentration and/or NaCl
suitable for producing a product, for primer extension, protein expression, PCR amplication, or template
Jumping. In some embodiments, the NaCl concentration is from about 50 mM to about 1000 mM, from
about 100 mM to about 500 mM, from about 200 mM to about 300 mM, from about 200 mM to about
600 mM. In some embodiments, the NaCl concentration is at least about, at most about, or about 50 mM,
at least about, at most about, or about 100 mM, at least about, at most about, or about 150 mM, at least
about, at most about, or about 200 mM, at least about, at most about, or about 250 mM, at least about, at
most about, or about 300 mM, at least about, at most about, or about 350 mM, at least about, at most
about, or about 400 mM., at least about, at most about, or about 450 mM, at least about, at most about, or
about 500 mM, at least about, at most about, or about 550 mM, at lcast about, at most about, or at least
about, at most about, or about 600 mM, at least about, at most about, or about 650 mM, at least about, at
most about, or about 700 mM, at least about, at most about, or about 750 mM, at least about, at most
about, or about 800 mM., at least about, at most about, or about 850 mM, at least about, at most about, or
about 900 mM, at least about, at most about, or about 950 mM, or at least about, at most about, or about
1000 mM. In some embodiments, the NaCl may improve enzyme activity and/or template jumping of an
enzyme or polypeptide of the present disclosure (e.g., of a reverse transcriptase).

[00233] In some embodiments, the reaction may have a nucleotide (¢.g. dNTPs) concentration suitable
for producing a product, for primer extension, protein expression, PCR amplication, or template jumping.
In some embodiments, the total INTP concentration in a reaction may be from about 50 uM to about
1000 uM, from about 100 uM to about 500 uM, from about 200 uM to about 300 uM, from about 200
UM to about 600 uM. In some embodiments, the total INTP concentration is at least about, at most

about, or about 50 uM, at least about, at most about, or about 100 uM, at least about, at most about, or
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about 150 uM, at least about, at most about, or about 200 uM, at least about, at most about, or about 250
uM, at least about, at most about, or about 300 uM, at least about, at most about, or about 350 uM, at
least about, at most about, or about 400 uM, at least about, at most about, or about 450 uM, at least
about, at most about, or about 500 uM, at least about, at most about, or about 550 uM, at least about, at
most about, or at least about, at most about, or about 600 uM, at least about, at most about, or about 650
uM, at least about, at most about, or about 700 uM, at least about, at most about, or about 750 uM, at
least about, at most about, or about 800 uM, at least about, at most about, or about 850 uM, at least
about, at most about, or about 900 puM, at least about, at most about, or about 950 uM, or at least about, at
most about, or about 1000 uM. In some embodiments, the total concentration of each dNTP is at lcast
about, at most about, or about 1 uM; at least about, at most about, or about 2 uM; at least about, at most
about, or about 3 uM; at least about, at most about, or about 4 uM; at least about, at most about, or about
5 uM; at least about, at most about, or about 6 uM; at least about, at most about, or about 7 uM; at least
about, at most about, or about 8 uM; at least about, at most about, or about 9 uM; at least about, at most
about, or about 10 uM; at least about, at most about, or about 15 uM; at least about, at most about, or
about 20 pM; at least about, at most about, or about 25 uM; at least about, at most about, or about 30 uM;
at least about, at most about, or about 35 uM; at least about, at most about, or about 40 uM; at least
about, at most about, or about 45 uM; at least about, at most about, or about 50 uM; at least about, at
most about, or about 55 uM; at least about, at most about, or about 60 uM; at least about, at most about,
or about 65 uM; at least about, at most about, or about 70 uM; at least about, at most about, or about 75
uM; at least about, at most about, or about 80 uM; at least about, at most about, or about 85 uM; at least
about, at most about, or about 90 uM; at least about, at most about, or about 95 uM; at least about, at
most about, or about 100 uM; at least about, at most about, or about 250 uM; at least about, at most
about, or about 500 uM; at least about, at most about, or about 1000 uM; at least about, at most about, or
about 10000 uM. In some embodiments, the total concentration of each dANTP is from about 2 uM to
about 5 uM, from about 2 uM to about 10 uM, from about 2 uM to about 20 uM, from about 2 pM to
about 50 pM, from about 2 uM to about 100 uM, from about 2 uM to about 250 uM, from about 5 uM to
about 10 pM, from about 5 uM to about 50 uM, from about 5 uM to about 250 uM, from about 5 pM to
about 1000 pM.

[00234] In some embodiments, the concentration of each ANTP may be independent and different
from the concentration of one or more dNTP. In some embodiments, the concentration of each dNTP for
example the concentration of each dCTP, dGTP, dTTP, or dATP may be independent and different from
the concentration of at least one other ANTP. In some embodiments, the concentration of one dNTP (e.g.,
dCTP, dGTP, dTTP, or dATP) may be at least about or at most about or about 1 fold, 2 fold, 3 fold, 4
fold, 5 fold, 7 fold, 10 fold, 20 fold, 35 fold, 50 fold, 75 fold, 90 fold, 100 fold, 200 fold, 500 fold, or
1000 fold different from at least one other NTP (e.g., dCTP, dGTP, dTTP, or dATP).

[00235] In some embodiments, the reaction mixture includes a pH adjusting agent. pH adjusting

agents of interest include, but are not limited to, sodium hydroxide, hydrochloric acid, phosphoric acid
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buffer solution, tris buffer, citric acid buffer solution, and the like. For example, the pH of the reaction
mixture can be adjusted to the desired range by adding an appropriate amount of the pH adjusting agent.
[00236] The temperature range suitable for production of a product may vary according to factors such
as the particular polymerase employed, the melting temperatures of any optional primers employed, etc.
In some embodiments, the polymerase may include, but it is not limited to, a reverse transcriptase, a
Moloney Murine Leukemia Virus (MMLYV) reverse transcriptase, an R2 reverse transcriptase, an RNA-
directed DNA polymerase, an DNA-directed DNA polymerase, a non-LTR retrotransposon, an R2 non-
LTR retrotransposon, a polypeptide having reverse transcriptase activity, or any variant thereof, or any
combination thereof.

[00237] In some embodiments, the conditions sufficient to produce a product include bringing the
reaction mixture to a temperature ranging from about 4 °C to about 72 °C, from about 16 °C to about 70
°C, from about 37 °C to about 50°C, from about 40 °C to about 45 °C, from about 30 °C to about 42 °C,
from about 25 °C to about 42 °C, from about 25 °C to about 30 °C, from about 28 °C to about 32 °C,
from about 29 °C to about 31 °C. In some embodiments, the temperature is about 15 °C, about 16 °C,
about 17 °C, about 18 °C, about 19 °C, about 20 °C, about 21 °C, about 22 °C, about 23 °C, about 24 °C,
about 25 °C, about 26 °C, about 27 °C, about 28 °C, about 29 °C, about 30 °C, about 31 °C, about 32 °C,
about 33 °C, about 34 °C, about 35 °C, about 36 °C, about 37 °C, about 38 °C, about 39 °C, about 40 °C,
about 41 °C, about 42 °C, about 43 °C, about 44 °C, about 45 °C, about 46 °C, about 47 °C, about 48 °C,
about 49 °C, about 50 °C, about 51 °C, about 52 °C, about 53 °C, about 54 °C, about 55 °C, about 56 °C,
about 57 °C, about 58 °C, about 59 °C, about 60 °C, about 61 °C, about 62 °C, about 63 °C, about 64 °C,
about 65 °C, about 66 °C, about 67 °C, about 68 °C, about 69 °C, about 70 °C, about 71 °C, about 72 °C,
about 73 °C, about 74 °C, or about 75 °C. In some embodiments, the temperature is about or at most
about 42 °C. In some embodiments, the temperature is about or at most about 50 °C. In some
embodiments, the temperature is about or at most about 35 °C. In some embodiments, the temperature is
about or at most about 25 °C. In some embodiments, the temperature is about or at most about 30 °C. In
some embodiments, the reaction is incubated from about 20 minutes to about 3 hours, from about 30
minutes to about 1.5 hours, from about 30 minutes to about 1 hour, from about 30 minutes to about 2
hours, from about 1 hour to about 2 hours, from about 1 hour to about 1.5 hours, from about 30 minutes
to about 5 hours, from about 1 hour to about 3 hours, from about 1 hour to about 4 hours, from about 1
hour to about 5 hours. In some embodiments, the reaction is incubated for about 1 hour. In some
embodiments, the reaction is incubated for about 20 minutes, about 30 minutes, about 40 minutes, about
50 minutes, about 1 hour, about 1.5 hours, about 2 hours, about 2.5 hours, about 3 hours, about 3.5 hours,
about 4 hours, about 4.5 hours, or about 5 hours. In some embodiments, the reaction is incubated for at
least at least about 20 minutes, at least about 30 minutes, at least about 40 minutes, at least about 50
minutes, at least about 1 hour, at least about 1.5 hours, at least about 2 hours, at least about 2.5 hours, at
least about 3 hours, at least about 3.5 hours, at least about 4 hours, at least about 4.5 hours, or at least

about 5 hours. In some embodiments, the reaction is incubated at about 30 °C for about 1 hour, or at
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about 42 °C for about 1 hour. In some embodiments, the conditions sufficient for generating a molecule
or a nucleic acid molecule comprises a temperature of about 12 °C to about 42 °C for about 1 minute to
about 5 hours. In some embodiments, the conditions sufficient for generating a molecule or a nucleic acid
molecule comprises a temperature of about 8 °C to about 50 °C for about 1 minute to about 24 hours.
[00238] In some embodiments, a primer can be designed to be a certain length. In some embodiments,
a primer can be from about 6 to about 100 nucleotides, from about 6 to about 90 nucleotides, from about
6 to about 80 nucleotides, from about 6 to about 70 nucleotides, from about 6 to about 60 nucleotides,
from about 6 to about 50 nucleotides, from about 6 to about 40 nucleotides, from about 6 to about 30
nucleotides, from about 6 to about 20 nucleotides, or from about 6 to about 10 nucleotides in length. In
some embodiments, a primer can be from about 25 to about 80, from about 25 to about 75, from about 25
to about 70, from about 25 to about 65, from about 25 to about 60, from about 25 to about 55, from about
25 to about 50, from about 25 to about 45, from about 25 to about 40, from about 25 to about 35, or from
about 25 to about 30 bases in length. In some embodiments, a primer can be at least about 5, at least
about 6, at least about 7, at least about 8, at least about 9, at least about 10, at least about 11, at least
about 12, at least about 13, at least about 14, at least about 13, at least about 16, at least about 17, at least
about 18, at least about 19, at least about 20, at least about 23, at least about 30, at least about 33, at least
about 40, at least about 43, at least about 50, at least about 53, at least about 60, at least about 63, at least
about 70, at least about 75, at least about 80, at least about 853, at least about 90, at least about 95 or at
least about 100 bases in length. In some embodiments, a primer can be about 5, about 6, about 7, about 8,
about 9, about 10, about 11, about 12, about 13, about 14, about 15, about 16, about 17, about 18, about
19, about 20, about 25, about 30, about 35, about 40, about 45, about 50, about 55, about 60, about 65,
about 70, about 75, about 80, about 85, about 90, about 95 or about 100 bases in length. In some
embodiments, a primer can be at least about, no more than about, or about 120, 130, 140, 150, 160, 170,
180, 190, 200, 230, 250, 270, 290, 300, 320, 340, 350, 370, 400, 420, 450, 470, 490, or 500.

[00239] In some embodiments, a primer can be designed to anneal to a target at a given melting
temperature (Tm). In some embodiments, a Tm can be from about 20 °C to about 100 °C, about 20 °C to
about 90 °C, about 20 °C to about 80 °C, about 20 °C to about 70 °C, about 20 °C to about 60 °C, about
20 °C to about 50 °C, about 20 °C to about 40 °C, or about 20 °C to about 30 °C. In some embodiments,
a Tm can be at least about, at most about, or about 20 °C, 21 °C, 22 °C, 23 °C, 24 °C, 25 °C, 26 °C, 27
°C,28°C,29°C,30°C,31°C,32°C,33°C,34°C,35°C,36°C,37°C,38°C,39°C,40°C, 41 °C, 42
°C,43°C,44°C,45°C, 46 °C, 47°C, 48 °C,49°C, 50 °C, 51 °C, 52 °C, 53 °C, 54 °C, 55 °C, 56 °C, 57
°C, 58 °C, 59°C, 60 °C,61°C,62°C,63°C,64°C, 65°C, 66°C,67°C,68°C,69°C,70°C,71°C,72
°C,73°C,74°C,75°C, 76 °C, 77 °C, 78 °C, 79 °C, 80 °C, 81 °C, 82 °C, 83 °C, 84 °C, 85 °C, 86 °C, 87
°C, 88 °C, 89°C,90°C,91°C,92°C,83°C, 84°C,85°C,96°C, 97 °C, 98 °C,99 °C, or 100 °C. A
plurality of primers can be designed to have Tms within a range, ¢.g., within a range spanning 15 °C, 10
°C,9°C,8°C,7°C,6°C,5°C,4°C,3°C,2°C,or1°C. A plurality of primers can be designed to have

1dentical Tms.
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[00240] In some embodiments the enzyme, or modified enzyme (¢.g., modified reverse transcriptase),
or protein, or polypeptide, or a variant, or a PCR product, or a cDNA molecule, or a template, or a
nucleic acid molecule, or any component of the present disclosure may be purified. In some
embodiments, the fragmented or degraded nucleic acid (¢.g., RNA or DNA) may be purified. In some
embodiments, the reverse transcriptase or a modified reverse transcriptase may be purified. In some
embodiments, the R2 reverse transcriptase or a modified R2 reverse transcriptase may be purified. In
some embodiments, the non-LTR retrotransposon protein or polypeptide having reverse transcriptase
activity, or a modified non-L TR retrotransposon protein or a modified polypeptide having reverse
transcriptase activity may be further purified. In some embodiments, the cDNA molecule may be
purified. In some embodiments, the template may be purified. In some embodiments, the acceptor nucleic
acid molecule may be purified.

[00241]  Purification may comprise precipitation, ultracentrifugation, chromatographic method based
on size, charge, hydrophobicity, affinity, metal binding, HPLC. In some embodiments, the purification
comprises column chromatography. In some embodiments, the column chromatography may be size
exclusion (SEC), ion exchange (IEX), affinity chromatography, immobilized metal ion affinity
chromatography (IMAC), Ni-IMAC chromatography, and/or hydrophobic interaction (HIC). In some
embodiments, the purification comprises His-tag affinity resin. In some embodiments, the purification
may comprise one step. In some embodiments, the purification may comprise two steps. In some
embodiments, the two step purification comprises nickel and heparin. In some embodiments, the two step
purification comprises nickel and heparin affinity purifications. In some embodiments, the two
purification steps provide higher activity and/or increased template jumping compared to one step
purification. In some embodiments, the purification comprises heparin-affinity purification. In some
embodiments, purification may include affinity purification, Ni-NTA affinity, fast protein liquid
chromatography (FPLC) (e.g., AKTA and Bio-Rad FPLC systems), high-pressure liquid chromatography
(HPLC) (¢.g., Beckman and Waters HPLC). In some embodiments, purification may include, but not
limited to, ion exchange chromatography (e.g., Q, S), size exclusion chromatography, salt gradients,
affinity purification (e.g., Ni, Co, FLAG, maltose, glutathione, protein A/G), gel filtration, reverse-phase,
ceramic HYPERD (Registered trademark) ion exchange chromatography, and hydrophobic interaction
columns (HIC). Also included are analytical methods such as SDS-PAGE (¢.g., coomassie, silver stain),
immunoblot, Bradford, and ELISA, which may be utilized during any step of the production or
purification process, typically to measure the purity of the protein or enzyme composition.

[00242] In some embodiments, the overall activity of the purified enzyme, protein, polypeptide, the
R2 reverse transcriptase, the non-LTR retrotransposon protein or polypeptide having reverse transcriptase
activity, the reverse transcriptase, or variants thereof, or products thercof using a two-step purification is
at least about 2%, at least about 5%, at least about 7%, at Ieast about 10%, at least about 15%, at least
about 20%, at least about 25%, at least about 30%, at least about 35%, at least about 40%, at least about
45%, at least about 50%, at least about 55%, at least about 60%, at least about 65%, at least about 70%,
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at least about 75%, at least about 80%, at least about 85%, at least about 90%, at least about 95%, at least
about 98%, at least about 99% higher than the overall activity using the one-step purification. In some
embodiments, the overall activity of the purified enzyme, protein, polypeptide, the R2 reverse
transcriptase, the non-L'TR retrotransposon protein or polypeptide having reverse transcriptase activity,
the reverse transcriptase, or variants thereof, or products thercof is at least about 0.5%, at least about 1%,
at least about 1.5%, at least about 2%, at least about 5%, at least about 7%, at least about 10%, at least
about 15%, at least about 20%, at least about 25%, at least about 30%, at least about 35%, at least about
40%, at least about 45%, at least about 50%, at least about 55%, at least about 60%, at least about 65%,
at least about 70%, at least about 75%, at least about 80%, at lcast about 85%, at least about 90%, at least
about 95%, at least about 98%, at least about 99% higher than the overall activity of the non-purified
enzyme, protein, polypeptide, R2 reverse transcriptase, non-LTR retrotransposon protein or polypeptide
having reverse transcriptase activity, reverse transcriptase, or variants thereof, or products thercof. In
some embodiments, a purified enzyme, protein, polypeptide, R2 reverse transcriptase, the non-LTR
retrotransposon protein, or polypeptide having reverse transcriptase activity, reverse transcriptase,
modified enzyme, modified reverse transcriptase, modified polypeptide having reverse transcriptase
activity, or variants thereof, or products thereof is at least about 0.5%, at least about 1%, at least about
3%, at least about or about 5%, at least about or about 10%, at least about or about 15%, at lecast about or
about 20%, at least about or about 25%, at least about or about 30%, at least about or about 35%, at lcast
about or about 40%, at least about or about 45%, at least about or about 50%, at lecast about or about
55%, at least about or about 60%, at lecast about or about 61%, at least about or about 62%, at least about
or about 63%, at least about or about 64%, at least about or about 65%, at least about or about 66%, at
least about or about 67%, at least about or about 68%, at lecast about or about 69%, at least about or about
70%, at least about or about 71%, at least about or about 72%, at least about or about 73%, at least about
or about 74%, at least about or about 75%, at least about or about 76%, at least about or about 77%, at
least about or about 78%, at least about or about 79%, at least about or about 80%, at least about or about
81%, at least about or about 82%, at least about or about 83%, at least about or about 84%, at least about
or about 85%, at least about or about 86%, at least about or about 87%, at least about or about 88%, at
least about or about 89%, at least about or about 90%, at lecast about or about 91%, at least about or about
92%, at least about or about 93%, at lecast about or about 94%, at least about or about 95%, at least about
or about 96%, at lecast about or about 97%, at least about or about 98%, or at lecast about or about 99%
pure.

[00243] In some embodiments, the purified enzyme, protein, polypeptide, R2 reverse transcriptase,
non-L TR retrotransposon protein or polypeptide having reverse transcriptase activity, reverse
transcriptase, or variants thereof, or products thereof produces template jumping that is at least about or
about one time, at least about or about two times, at least about or about three times, at least about or
about four times, at least about or about five times, at least about or about six times, at least about or

about seven times, at least about or about eight times, at least about or about nine times, at least about or
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about ten times, at least about or about fifteen times, at least about or about twenty times, at least about or
about twenty five times, at least about or about thirty times, at least about or about forty times, at least
about or about fifty times, at least about or about seventy times, at least about or about eighty times, at
least about or about ninety times, at least about or about 100 times, at least about or about 150 times, at
least about or about 200 times, at least about or about 250 times, at least about or about 300 times, at
least about or about 350 times, at least about or about 400 times, at least about or about 500 times, at least
about or about 700 times, at least about or about 1000 times, at least about or about 10000 times more
and/or higher intensity than the non-purified enzyme, protein, polypeptide, R2 reverse transcriptase, non-
LTR retrotransposon protein or polypeptide having reverse transcriptase activity, reverse transcriptase, or

variants thereof, or products thereof.

Cell-free DNA and circulating tumor DNA

[00244] In some embodiments, obtaining a quantity of circulating tumor (ctDNA) may comprise PCR.
In some embodiments, obtaining a quantity of ctDNA may comprise digital PCR. In some embodiments,
obtaining a quantity of ctDNA may comprise quantitative PCR. In some embodiments, obtaining a
quantity of ctDNA may comprise obtaining sequencing information on the ctDNA. The sequencing
information may comprise information relating to one or more genomic regions based. In some
embodiments, obtaining the quantity of ctDNA may comprise hybridization of the ctDNA to an array.
[00245] Determining the quantity of the cell-free DNA may comprise determining absolute quantitics
of the cell-free DNA. The quantity of the cell-free DNA may be determined by counting sequencing
reads pertaining to the cell-free DNA. The quantity of the cell-free DNA may be determined by
quantitative PCR.

[00246]  Determining quantities of cell-free DNA (cf DNA) may be performed by molecular barcoding
of the cfDNA. Molecular barcoding of the cf DNA may comprise attaching adaptors to one or more ends
of the ¢f DNA. The adaptor may comprise a plurality of oligonucleotides. The adaptor may comprise one
or more deoxyribonucleotides. The adaptor may comprise ribonucleotides. The adaptor may be single-
stranded. The adaptor may be double-stranded. The adaptor may comprise double-stranded and single-
stranded portions. For example, the adaptor may be a Y-shaped adaptor. The adaptor may be a linear
adaptor. The adaptor may be a circular adaptor. The adaptor may comprise a molecular barcode, sample
index, primer sequence, linker sequence or a combination thereof. The molecular barcode may be
adjacent to the sample index. The molecular barcode may be adjacent to the primer sequence. The sample
index may be adjacent to the primer sequence. A linker sequence may connect the molecular barcode to
the sample index. A linker sequence may connect the molecular barcode to the primer sequence. A linker
sequence may connect the sample index to the primer sequence.

[00247]  The adaptor may comprise a molecular barcode. The molecular barcode may comprise a
random sequence. The molecular barcode may comprise a predetermined sequence. Two or more
adaptors may comprise two or more different molecular barcodes. The molecular barcodes may be

optimized to minimize dimerization. The molecular barcodes may be optimized to enable identification
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even with amplification or sequencing errors. For examples, amplification of a first molecular barcode
may introduce a single base error. The first molecular barcode may comprise greater than a single base
difference from the other molecular barcodes. Thus, the first molecular barcode with the single base error
may still be identified as the first molecular barcode. The molecular barcode may comprise at least 2, 3,
4,5,6,7,8,9, 10 or more nucleotides. The molecular barcode may comprise at least 3 nucleotides. The
molecular barcode may comprise at least 4 nucleotides. The molecular barcode may comprise less than
20, 19, 18, 17, 16, or 15 nucleotides. The molecular barcode may comprise less than 10 nucleotides. The
molecular barcode may comprise less than 8 nucleotides. The molecular barcode may comprise less than
6 nucleotides. The molecular barcode may comprise 2 to 15 nucleotides. The molecular barcode may
comprise 2 to 12 nucleotides. The molecular barcode may comprise 3 to 10 nucleotides. The molecular
barcode may comprise 3 to 8 nucleotides. The molecular barcode may comprise 4 to 8 nucleotides. The
molecular barcode may comprise 4 to 6 nucleotides.

[00248] The adaptor may comprise a sample index. The sample index may comprise a random
sequence. The sample index may comprise a predetermined sequence. Two or more sets of adaptors may
comprise two or more different sample indexes. Adaptors within a set of adaptors may comprise identical
sample indexes. The sample indexes may be optimized to minimize dimerization. The sample indexes
may be optimized to enable identification even with amplification or sequencing errors. For examples,
amplification of a first sample index may introduce a single base error. The first sample index may
comprise greater than a single base difference from the other sample indexes. Thus, the first sample index
with the single base error may still be identified as the first molecular barcode. The sample index may
comprise at least 2, 3, 4, 5,6, 7, 8, 9, 10 or more nucleotides. The sample index may comprise at least 3
nucleotides. The sample index may comprise at least 4 nucleotides. The sample index may comprise less
than 20, 19, 18, 17, 16, or 15 nucleotides. The sample index may comprise less than 10 nucleotides. The
sample index may comprise less than 8 nucleotides. The sample index may comprise less than 6
nucleotides. The sample index may comprise 2 to 15 nucleotides. The sample index may comprise 2 to
12 nucleotides. The sample index may comprise 3 to 10 nucleotides. The sample index may comprise 3
to 8 nucleotides. The sample index may comprise 4 to 8 nucleotides. The sample index may comprise 4
to 6 nucleotides.

[00249]  The adaptor may comprise a primer sequence. The primer sequence may be a PCR primer
sequence. The primer sequence may be a sequencing primer.

[00250]  Adaptors may be attached to one end of the cf DNA. Adaptors may be attached to both ends
of the cf DNA. Adaptors may be attached to one or more ends of a single-stranded cf DNA. Adaptors
may be attached to one or more ends of a double-stranded cfDNA.

[00251]  Adaptors may be attached to the cf DNA by ligation. Ligation may be blunt end ligation.
Ligation may be sticky end ligation. Adaptors may be attached to the cf DNA by primer extension.
Adaptors may be attached to the cf DNA by reverse transcription. Adaptors may be attached to the cf
DNA by hybridization. Adaptors may comprise a sequence that is at least partially complementary to the
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c¢f DNA. Alternatively, in some instances, adaptors do not comprise a sequence that is complementary to
the cf DNA.

[00252] The cf-DNA may be derived from a tumor in the subject. The cf-DNA may be derived from
any sample of the subject. The ¢cf-DNA may be derived from any organ of the subject. The cf-DNA may
be derived from any liquid of the subject (¢.g., blood, saliva, urine, and mucus). The method may further
comprise detecting a cancer in the subject based on the detection of the cf-DNA.

[00253] In some embodiments, the presence or absence of a sequence can be linked to a DNA or RNA
profile or to a cancer. For example, the presence or absence of a sequence, can be linked to a
transcription profile, microRNA profile, cancer profile, or genomic mutation profile of a sample, such as
a single cell. In some embodiments, cfDNA can be used for cancer profiling, and/or monitoring a
condition progression, and/or monitoring the occurrence of previous and new mutations. The method may
further comprise diagnosing a cancer in the subject based on the detection of the cf~-DNA. Diagnosing the
cancer may have a sensitivity of at least about 50%, 52%, 55%, 57%, 60%, 62%, 65%, 67%, 70%, 72%,
75%, 77%, 80%, 82%, 85%, 87%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, or 99%.
Diagnosing the cancer may have a specificity of at least about 50%, 52%, 55%, 57%, 60%, 62%, 65%,
67%, 70%, 72%, 75%, 77%, 80%, 82%., 85%, 87%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
or 99%. The method may further comprise prognosing a cancer in the subject based on the detection of
the cf-DNA. Prognosing the cancer may have a sensitivity of at least about 50%, 52%, 55%, 57%, 60%,
62%, 65%, 67%, 70%, 72%, 15%, 77%., 80%, 82%, 85%, 87%, 89%, 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, or 99%. Prognosing the cancer may have a specificity of at least about 50%, 52%, 55%, 57%,
60%, 62%, 65%, 67%, 70%, 72%, 75%., 77%, 80%, 82%, 85%, 87%, 89%, 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, or 99%. The method may further comprise determining a therapeutic regimen for the
subject based on the detection of the cf-DNA. The method may further comprise administering an anti-
cancer therapy to the subject based on the detection of the ¢f-DNA. The method may further comprise
detecting mutations (e.g., mutations at specific regions) based on the sequencing information. Diagnosing
the cancer may be based on the detection of mutations. The detection of at least 3 mutations may be
indicative of the cancer. The detection of one or more mutations in three or more regions may be

indicative of the cancer.

Mutation of Enzymes

[00254] In some embodiments, a modified enzyme, or derivatives and variants may be prepared
during synthesis of the peptide or by post-production modification. In some embodiments, a modified
enzyme, or derivatives and variants may be produced by site-directed mutagenesis (¢.g. Q5® Site-
Directed Mutagenesis Kit Protocol), random mutagenesis, or enzymatic cleavage and/or ligation of
nucleic acids. In some embodiments, the derivatives and variants, or a modified enzyme are produced by
random mutagenesis. In some embodiments, a rational design and/or mutagenesis is based on sequence
alignment analysis. In some embodiments, the rational design/mutagenesis is based on sequence

alignment analysis with defined and known enzymes and proteins. In some embodiments, sequence
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alignment analysis is performed with enzymes and/or elements with homology to R2, including, but not
limited to, non-LTR retrotransposons, telomerase, group Il introns, LTR retrotransposons, reverse
transcriptase, retroviral reverse transcriptase (¢.g., HIV, MMLYV), and viral RNA dependent RNA
polymerase.

[00255] In some embodiments, variants or modified enzymes of the present disclosure can be
produced by, including, but not limited to, for example, site-saturation mutagenesis, scanning
mutagenesis, insertional mutagenesis, deletion mutagenesis, random mutagenesis, site-directed
mutagenesis, and directed-evolution, as well as various other recombinatorial approaches. Methods for
making modified enzymes, polynucleotides and proteins (e.g., variants) include DNA shuffling
methodologies, methods based on non-homologous recombination of genes, such as ITCHY (See,
Ostermeier et al., 7:2139-44 [1999]), SCRACHY (See, Lutz et al. 98:11248-53 [2001]), SHIPREC (See,
Sieber et al., 19:456-60 [2001]), and NRR (See, Bittker et al., 20:1024-9 [2001]; Bittker et al., 101:7011-
6 [2004]), and methods that rely on the use of oligonucleotides to insert random and targeted mutations,
deletions and/or insertions (See, Ness et al., 20:1251-5 [2002]; Coco et al., 20:1246-50 [2002]; Zha et al.,
4:34-9 [2003]; Glaser et al., 149:3903-13 [1992]). In some embodiments, polynucleotides, polypeptides,
proteins, or enzymes of the present disclosure may be altered by being subjected to random mutagenesis
by error-prone PCR, random nucleotide insertion or other methods prior to recombination.
Polynucleotides, polypeptides, proteins, or enzymes of the present disclosure may be produced by DNA
shuffling, gene-shuffling, motif-shuffling, exon-shuffling, and/or codon-shuffling (collectively referred to
as “DNA shuffling”). DNA shuffling involves the assembly of two or more DNA segments by
homologous or site-specific recombination to generate variation in the polynucleotide sequence. DNA
shuffling may be employed to modulate the activities of polynucleotides, polypeptides, proteins, or
enzymes of the present disclosure, such methods can be used to generate polypeptides with altered
activity. See, generally, U.S. Pat. Nos. 5,605,793; 5,811,238; 5,830,721; 5,834,252; 5,837,458, and
6,444,468 and Patten et al., Curr. Opinion Biotechnol. 8:724-33 (1997); Harayama, Trends Biotechnol.
16(2):76-82 (1998); Hansson, ¢t al., J. Mol. Biol. 287:265-76 (1999); and Lorenzo and Blasco,
Biotechniques 24(2):308-13 (1998). Polynucleotides, polypeptides, proteins, or enzymes of the present
disclosure may contain one or more components, motifs, sections, parts, domains, fragments, etc., of a
polynucleotide, polypeptide, protein, or enzyme of the present disclosure. In some embodiments, kits for
use in mutagenic PCR, such as, for example, the Diversify PCR Random Mutagenesis Kit (Clontech) or
the GeneMorph Random Mutagenesis Kit (Stratagene) may be used.

[00256] In some embodiments, variant proteins differ from a parent protein or modified enzymes
differ from a wild-type or unmodified enzyme and one another by a small number of amino acid residues.
The number of differing amino acid residues may be one or more, preferably about 1, 2, 3, 4, 5, 10, 15,
20, 30, 40, 50, 60, 70, 80, 90, 100 or more amino acid residues. In some embodiments, the number of
different amino acids between variants is between about 1 and about 10. In some embodiments, related

proteins and particularly variant proteins comprise at least about 35%, 40%, 45%, 50%, 55%, 60%, 65%,
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70%, 75%, 80%, 85%, 90%, 95%, 97%, 98%, or 99% amino acid sequence identity. Additionally, a
related protein or a variant protein as used herein, refers to a protein that differs from another related
protein or a parent protein in the number of prominent regions. For example, in some embodiments,
variant proteins have about 1, 2, 3,4, 5,6, 7, 8, 9, or 10 corresponding prominent regions that differ from
the parent protein.

[00257] In some embodiments, screening methods can include conventional screening methods such
as liquid phase, or microtiter plate based assays. The format for liquid phase assays is often robotically
manipulated 96, 384, or 1536-well microtiter plates. Other screening methods include growth selection
(Snustad et al., 1988; Lundberg et al., 1993; Yano et al., 1998), colorimetric screening of bacterial
colonies or phage plaques (Kuritz, 1999), in vitro expression cloning (King et al., 1997) and cell surface
or phage display (Benhar, 2001). In some embodiments, screening approaches may be a method selected
from yeast-2-hybrid, n-hybrid, reverse-2-hybrid, reverse n-hybrid, split two hybrid, bacterial display,
phage display, retroviral display, ribosome display, covalent display, in vitro display, or any other display
method. In some embodiments, the library is screened using a phage display method.

[00258]  Analysis of the sequences derived from template jumps: the band corresponding to the
template jump product may be excised from a polyacrylamide gel, eluted with sodium acetate (e.g. 0.3 M
sodium acetate, pH 5.2), SDS (e.g. 0.03%) for several hours at room temperature, phenol/chloroform
extracted and ethanol precipitated. The isolated cDNA may then be used as a template for PCR
amplification using one or more primer(s). The PCR products may then be directly cloned into a vector
(Burke et al.,”R4, a non-LTR Retrotransposon Specific to the Large Subunit rRNA Gene of

Nematodes, "Nucleic Acids Res. 23: 4628-4634 (1995)) and individual clones sequenced.

Kits

[00259]  Any of the compositions described herein may be comprised in a kit. In a non-limiting
example, the kit, in a suitable container, comprises one or more primer(s). The kit can also comprise a
computer readable medium, ¢.g., non-transitory computer readable medium. The kit can also comprise
reaction components for primer extension and amplification (¢.g., ANTPs, polymerase, buffers). The kit
can include reagents for library formation (¢.g., primers (probes), dNTPs, polymerase, and enzymes). The
kit may also comprise approaches for purification, such as a bead suspension. The kit can include
reagents for sequencing, ¢.g., fluorescently labelled dNTPs, sequencing primers, etc.

[00260] In some embodiments, some of the components of the kit may be packaged either in aqueous
media or in lyophilized form. The containers of the kits can include at least one vial, test tube, flask,
bottle, syringe or other containers, into which a component may be placed and suitably aliquotted. Where
there is more than one component in the kit, the kit also can contain a second, third or other additional
container into which the additional components may be separately placed. Various combinations of
components may be comprised in a container. In some embodiments, various combinations of
components may be comprised in a vial. The kits of the present disclosure may also contain the

components in close confinement for commercial sale. Such containers may include injection or blow
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molded plastic containers into which the desired vials are retained.

[00261] When the components of the kit are provided in one or more liquid solutions, the liquid
solution can be an aqueous solution. The components of the kit may be provided as dried powder(s).
When reagents and/or components are provided as a dry powder, the powder can be reconstituted by the
addition of a suitable solvent.

[00262] A kit can include instructions for employing the kit components as well the use of any other
reagent not included in the kit. Instructions may include variations that can be implemented.

[00263] In some embodiments, reagents and materials include primers for amplifying desired
sequences, nucleotides, suitable buffers or buffer reagents, salt, and so forth, and in some cases the
reagents include apparatus or reagents for isolation of a particular desired cell(s). In some embodiments,
there are one or more apparatuses in the kit suitable for extracting one or more samples from an
individual. The apparatus may be a syringe, fine needles, scalpel, and so forth.

[00264] In some embodiments, a kit may be used for the preparation of cDNA from a template (¢.g.
RNA template). Such a kit may include a carrier device compartmentalized to receive one or more
containers, such as vials, tubes, and the like, each of which includes one of the separate elements used to
prepare cDNA from RNA. For example, there may be provided a first container, the contents of which
include a reverse transcriptase (¢.g. non-retroviral reverse transcriptase, non-LTR retrotransposon, R2
reverse transcriptase) or variants thereof, in a liquid solution, powder form, or lyophilized form. Further,
any number of additional containers can be provided, the contents of which independently include
suitable buffers, substrates for nucleotide synthesis such as the deoxynucleotide triphosphates (e. g.,
dATP, dCTP, dGTP, and dTTP) cither individually or collectively in a suitable solution, a template (¢.g.
template RNA), one or more primer(s), and acceptor nucleic acid molecule (¢.g. acceptor RNA), and
optionally a terminal transferase in solution. In some embodiments, a kit may comprise a fragment or
degraded nucleic acid, DNA, RNA, or a combination thereof, one of more primer(s), an acceptor nucleic
acid molecule (e.g., an acceptor nucleic acid molecule comprising a modified nucleotide), a reverse
transcriptase (€.g., non-retroviral reverse transcriptase, non-L'TR retrotransposon, R2 reverse
transcriptase) or variants thereof, suitable buffers, substrates for nucleotide synthesis such as the
deoxynucleotide triphosphates (e. g., dATP, dCTP, dGTP, and dTTP). Any combinations of the above
components can be provided. Any of the above components may be excluded from the kit. In some
embodiments, the one or more primer(s) may be one or more random primer(s). In some embodiments,

any of the components may be individually packed.

Target molecule
[00265] In some instances, the molecules are DNA, RNA, or DNA-RNA hybrids. The molecules may

be single-stranded or double-stranded. In some embodiments, the molecules are RNA molecules, such as
mRNA, rRNA, tRNA, ncRNA, IncRNA, siRNA, microRNA or miRNA. The RNA molecules may be
polyadenylated. Alternatively, the mRNA molecules are not polyadenylated. Alternatively, the molecules

arc DNA molecules. The DNA molecules may be genomic DNA. The DNA molecules may comprise
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exons, introns, untranslated regions, or any combination thereof. In some embodiments, the molecules
are a panel of molecules.

[00266] In some embodiments, the molecule is a fragment or degraded molecule. In some
embodiments, the fragment or degraded molecule is a fragment DNA, degraded DNA, fragment RNA,
degraded RNA, or combinations thercof. In some embodiments, the molecule is a template nucleic acid
(c.g., template DNA, RNA, or combinations thereof). In some embodiments, the molecule is a nucleic
acid. In some embodiments, the total amount of a molecule is from about 1 femtomolar (fM) to about 100
micromolar, from about 40 femtomolar to about 0.01 micromolar, from about 50 femtomolar to about
500 femtomolar, from about 50 femtomolar to about 0.01 micromolar, from about 50 femtomolar to
about 0.1 micromolar, from about 50 femtomolar to about 500 picomolar, from about 50 femtomolar to
about 500 nanomolar, from about 50 femtomolar to about 500 micromolar, from about 50 femtomolar to
about 1 picomolar, from about 40 femtomolar to about 1 nanomolar, from about 1 femtomolar to about 1
picolomar, from about 0.1nM to about 100nM. In some embodiments, the total about of a molecule is
equal to or lower than about 1000 micromolar, equal to or lower than about 500 micromolar, equal to or
lower than about 250 micromolar, equal to or lower than about 100 micromolar, equal to or lower than
about 50 micromolar, equal to or lower than about 25 micromolar, equal to or lower than about 10
micromolar, equal to or lower than about 1 micromolar, equal to or lower than about 0.1 micromolar,
equal to or lower than about 0.01 micromolar, equal to or lower than about 0.001 micromolar, equal to or
lower than about 0.0001 micromolar, equal to or lower than about 2000 nanomolar, equal to or lower
than about 500 nanomolar, equal to or lower than about 250 nanomolar, equal to or lower than about 200
nanomolar, equal to or lower than about 50 nanomolar, equal to or lower than about 25 nanomolar, equal
to or lower than about 20 nanomolar, equal to or lower than about 2 nanomolar, equal to or lower than
about 0.2 nanomolar, equal to or lower than about 0.01 nanomolar, equal to or lower than about 0.001
nanomolar, equal to or lower than about 0.0001 nanomolar, equal to or lower than about 3000 picomolar,
equal to or lower than about 500 picomolar, equal to or lower than about 250 picomolar, equal to or
lower than about 300 picomolar, equal to or lower than about 50 picomolar, equal to or lower than about
25 picomolar, equal to or lower than about 30 picomolar, equal to or lower than about 3 picomolar, equal
to or lower than about 0.3 picomolar, equal to or lower than about 0.01 picomolar, equal to or lower than
about 0.001 picomolar, equal to or lower than about 0.0001 picomolar, equal to or lower than about 5000
femtomolar, equal to or lower than about 500 femtomolar, equal to or lower than about 250 femtomolar,
equal to or lower than about 50 femtomolar, equal to or lower than about 25 femtomolar, equal to or
lower than about 10 femtomolar, equal to or lower than about 1 femtomolar, equal to or lower than about
0.1 femtomolar, equal to or lower than about 0.01 femtomolar, equal to or lower than about 0.001
femtomolar, equal to or lower than about 0.0001 femtomolar.

[00267] The methods and kits disclosed herein may be used to stochastically label individual
occurrences of identical or nearly identical molecules and/or different molecules. In some instances, the

methods and kits disclosed herein may be used to stochastically label identical or nearly identical
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molecules (e.g., molecules comprise identical or nearly identical sequences). For example, the molecules
to be labeled comprise at least about 80%, 85%, 90%, 95%, 96%, 97%, 98%, 99%, or 100% sequence
identity. The nearly identical molecules may differ by less than about 100, 90, 80, 70, 60, 50, 40, 30, 25,
20,25,10,9,8,7,6,5, 4, 3, 2, or 1 nucleotide or base pair. The plurality of nucleic acids in one or more
samples of the plurality of samples may comprise two or more identical sequences. At least about 1%,
2%, 3%, 4%, 5%, 6%, 7%, 8%, 9%, 10%, 15%, 20%, 25%., 30%, 35%, 40%, 45%, 50%, 55%., 60%,
65%, 70%, 75%, 80%, 85%, 90%, 95%, 97%, or 100% of the total nucleic acids in one or more of the
plurality of samples may comprise the same sequence. The plurality of nucleic acids in one or more
samples of the plurality of samples may comprise at least two different sequences. At least about 5%,
10%, 15%, 20%, 25%, 30%, 35%, 40%, 45%, 50%, 55%, 60%, 65%, 70%., 75%, 80%, 81%, 82%, 83%,
84%., 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, 100% of the
total nucleic acids in one or more of the plurality of samples may comprise at least two different
sequences. In some instances, the molecules to be labeled are variants of each other. In some
embodiments, the molecules to be labeled are fragment or degraded nucleic acid (¢.g., DNA or RNA). In
some embodiments, the molecules to be labeled are unknown. In some embodiments, the molecules to be
labeled are in the femtomolar range, nanomolar range, micromolar range, or millimolar range. In some
embodiments, the molecules to be labeled may contain single nucleotide polymorphisms or other types of
mutations. In some embodiments, the molecules to be labeled are splice variants. In some embodiments,
at least one molecule is stochastically labeled. In some embodiments, at least about 2, 3,4, 5,6, 7,8, 9,
or 10 identical or nearly identical molecules are stochastically labeled. In some embodiments, at least
about 20, 30, 40, 50, 60, 70, 80, 90, 100, 200, 300, 400, 500, 600, 700, 800, 900, or 1000 identical or
nearly identical molecules are stochastically labeled. In some embodiments, at least 1500; 2,000; 2500;
3,000; 3500; 4,000; 4500; 5,000; 6,000; 7,000; 8,000; 9,000; or 10000 identical or nearly identical
molecules are stochastically labeled. In some embodiments, at least 15,000; 20,000; 25,000; 30,000,
35,000; 40,000; 45,000; 50,000; 60,000; 70,000; 80,000; 90,000; or 100,000 identical or nearly identical
molecules are stochastically labeled. In some embodiments, the one or more molecules are detected. In
some embodiments, the one or more molecules are sequenced. In some embodiments, one or more
unkown molecules present in the femtomolar range is amplified (¢.g. by PCR), and/or labeled, and/or
detected, and/or sequenced. In some embodiments, the one or more unkown molecules is indicative of a
disease. In some embodiments, the one or more unkown molecules present in the femtomolar range is
indicative of a disease. In some embodiments, the disease 1s cancer or tumor.

[00268] In some embodiments, the methods and kits disclosed herein may be used to stochastically
label different molecules. For example, the molecules to be labeled comprise less than about 75%, 70%,
65%, 60%, 55%, 50%, 45%, 40%, 35%, 30%, 25%, 20%, 15%, 10%, 5%, 4%, 3%, 2%, 1% sequence
identity. The different molecules may differ by at least about 1,2, 3, 4,5, 6,7, 8,9, 10, 15, 20, 25, 30, 40,
50, 60, 70, 80, 90, 100 or more nucleotides or base pairs. In some instances, at least one molecule is

stochastically labeled. In some embodiments, at least 2, 3, 4, 5, 6, 7, 8, 9, or 10 different molecules are
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stochastically labeled. In some embodiments, at least about 20, 30, 40, 50, 60, 70, 80, 90, 100, 200, 300,
400, 500, 600, 700, 800, 900, or 1000 different molecules are stochastically labeled. In some
embodiments, at least about 1500, 2000, 2500, 3000, 3500, 4000, 4500, 5000, 6000, 7000, 8000, 9000, or
10000 different molecules are stochastically labeled. In some embodiments, at least 15000, 20000,
25000, 30000, 35000, 40000, 45000, 50000, 60000, 70000, 80000, 90000, or 100000 different molecules
are stochastically labeled. In some embodiments, the molecules are sequenced.

[00269] In some embodiments, the different molecules to be labeled may be present in the sample at
different concentrations or amounts. For example, the concentration or amount of one molecule may be
greater than the concentration or amount of another molecule in the sample. In some embodiments, the
concentration or amount of at least one molecule in the sample is at least about 1.5, 2, 3,4,5,6,7,8, 9,
10, 11, 12, 13, 14, 15, 20, 25, 30, 35, 40, 45, 50, 60, 70, 80, 90, or 100 or more times greater than the
concentration or amount of at least one other molecule in the sample. In some embodiments, the
concentration or amount of at least one molecule in the sample is at least about 1000 or more times
greater than the concentration or amount of at least one other molecule in the sample. In some
embodiments, the concentration or amount of one molecule is less than the concentration or amount of
another molecule in the sample. In some embodiments, the concentration or amount of at least one
molecule in the sample may be at least about 1.5, 2, 3,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15, 20, 25, 30,
35, 40, 45, 50, 60, 70, 80, 90, or 100 or more times less than the concentration or amount of at least one
other molecule in the sample. In some embodiments, the concentration or amount of at least one
molecule in the sample may be at least about 1000 or more times less than the concentration or amount of
at least one other molecule in the sample.

[00270] In some embodiments, the molecules to be labeled are in one or more samples. The molecules
to be labeled may be in two or more samples. The two or more samples may contain different amounts or
concentrations of the molecules to be labeled. In some embodiments, the concentration or amount of one
molecule in one sample may be greater than the concentration or amount of the same molecule in a
different sample. In some embodiments, a blood sample may contain a higher amount of a particular
molecule than a urine sample. In some embodiments, a single sample is divided into two or more
subsamples. The subsamples may contain different amounts or concentrations of the same molecule. The
concentration or amount of at least one molecule in one sample may be at least about 1.5, 2, 3,4, 5, 6, 7,
8.9,10, 11,12, 13, 14, 15, 20, 25, 30, 35, 40, 45, 50, 60, 70, 80, 90, or 100 or more times greater than
the concentration or amount of the same molecule in another sample. In some embodiments, the
concentration or amount of one molecule in one sample may be less than the concentration or amount of
the same molecule in a different sample. For example, a skin tissue sample may contain a higher amount
of a particular molecule than a lung tissue sample. The concentration or amount of at least one molecule
in one sample may be at least about 1.5,2,3,4,5,6,7, 8,9, 10, 11, 12, 13, 14, 15, 20, 25, 30, 35, 40, 45,
50, 60, 70, 80, 90, or 100 or more times less than the concentration or amount of the same molecule in

another sample.
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[00271] In some embodiments, the methods and kits disclosed herein may be used for the analysis of
one or more molecules from two or more samples. The one or more molecules may comprise one or
more polypeptides. The method may comprise determining the identity of one or more labeled
polypeptides. Determining the identity of one or more labeled polypeptides may comprise mass
spectrometry. The method may further comprise combining the labeled polypeptides of the first sample
with the labeled polypeptides of the second sample. The labeled polypeptides may be combined prior to
determining the number of different labeled polypeptides. The method may further comprise combining
the first sample-tagged polypeptides and the second sample-tagged polypeptides. The first sample-tagged
polypeptides and the second sample-tagged polypeptides may be combined prior to contact with the
plurality of molecular identifier labels. Determining the number of different labeled polypeptides may
comprise detecting at least a portion of the labeled polypeptide. Detecting at least a portion of the labeled
polypeptide may comprise detecting at least a portion of the sample tag, molecular identifier label,
polypeptide, or a combination thereof. In some embodiments, the detectable tag comprises an L-DNA

polynucleotide sequence.

Sequencing

[00272] In some embodimetns, determining the number of different labeled nucleic acids may
comprise determining the sequence of the labeled nucleic acid or any product thereof (e.g., labeled-
amplicons, labeled-cDNA molecules). In some embodiments, an amplified target nucleic acid may be
subjected to sequencing. Determining the sequence of the labeled nucleic acid or any product thereof
may comprise conducting a sequencing reaction to determine the sequence of at least a portion of the
sample tag, molecular identifier label, at least a portion of the labeled nucleic acid, a complement thereof,
a reverse complement thereof, or any combination thereof. In some embodiments, only the sample tag or
a portion of the sample tag is sequenced. In some embodiments, only the molecular identifier label or a
portion of the molecular identifier label is sequenced.

[00273] Determining the sequence of the labeled nucleic acid or any product thercof may be
performed by sequencing methods such as Helioscope (Registered Trademark) single molecule
sequencing, Nanopore DNA sequencing, Lynx Therapeutics’ Massively Parallel Signature Sequencing
(MPSS), 454 pyrosequencing, Single Molecule real time (RNAP) sequencing, [llumina (Solexa)
sequencing, SOLiD sequencing, lon Torrent, lon semiconductor sequencing, Single Molecule SMRT
(Registered Trademark) sequencing, Polony sequencing, DNA nanoball sequencing, and VisiGen
Biotechnologies approach. Alternatively, determining the sequence of the labeled nucleic acid or any
product thereof may use sequencing platforms, including, but not limited to, Genome Analyzer Ilx,
HiSeq, and MiSeq offered by Illumina, Single Molecule Real Time (SMRT (Registered Trademark) )
technology, such as the PacBio RS system offered by Pacific Biosciences (California) and the Solexa
Sequencer, True Single Molecule Sequencing (tSMS (Registered Trademark) ) technology such as the
HeliScope (Registered Trademark) Sequencer offered by Helicos Inc. (Cambridge, Mass.).In some

embodiments, the sequencing reaction can occur on a solid or semi-solid support, in a gel, in an
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emulsion, on a surface, on a bead, in a drop, in a continuous follow, in a dilution, or in one or more
physically separate volumes.

[00274]  Sequencing may comprise sequencing at least about 10, 20, 30, 40, 50, 60, 70, 80, 90, 100 or
more nucleotides or base pairs of the labeled nucleic acid. In some embodiments, sequencing comprises
sequencing at least about 200, 300, 400, 500, 600, 700, 800, 900, 1000 or more nucleotides or base pairs
of the labeled nucleic acid. In other embodiments, sequencing comprises sequencing at least about 1500,
2,000; 3,000, 4,000; 5,000, 6,000; 7,000; 8,000; 9,000; or 10,000 or more nucleotides or base pairs of the
labeled nucleic acid.

[00275]  Sequencing may comprise at least about 200, 300, 400, 500, 600, 700, 800, 900, 1000 or more
sequencing reads per run. In some instances, sequencing comprises sequencing at least about 1500,
2,000; 3,000, 4,000; 5,000, 6,000; 7,000; 8,000; 9,000; or 10,000 or more sequencing reads per run.
Sequencing may comprise less than or equal to about 1,600,000,000 sequencing reads per run.

Sequencing may comprise less than or equal to about 200,000,000 reads per run.

Cells

[00276] The cell as described in the present disclosure may be a cell from an animal (¢.g., human, rat,
pig, horse, cow, dog, mouse). In some instances, the cell is a human cell. The cell may be a fetal human
cell. The fetal human cell may be obtained from a mother pregnant with the fetus. The cell may be a cell
from a pregnant mother. The cell may be a cell from a vertebrate, invertebrate, fungi, archae, or bacteria.
The cell may be from a multicellular tissue (e.g., an organ (e.g., brain, liver, lung, kidney, prostate, ovary,
spleen, lymph node, thyroid, pancreas, heart, skeletal muscle, intestine, larynx, esophagus, and stomach),
a blastocyst). The cell may be a cell from a cell culture. The cell may be a HeLa cell, a K562 cell, a
Ramos cell, a hybridoma, a stem cell, an undifferentiated cell, a differentiated cell, a circulating cell, a
CHO cell, a 3T3 cell, and the like.

[00277]  Circulating diseased cells that can be used in the methods of the present disclosure include all
types of circulating cells that may be affected by a disease or condition or infected by an infectious agent.
A circulating cell refers to a cell present in the bodily fluid. A circulating cell may not necessarily
circulate throughout the entire body or in the circulatory system. For example, a circulating cell may be
present locally, such as in synovial fluid, or cerebrospinal fluid, or lymph fluid. A circulating diseased
cell may also be detached from a tissue or organ that has been affected by a disease or condition or
infected by an infectious agent. In other embodiments, the circulating diseased cells can be a mixture of
different types of circulating diseased cells.

[00278] In some embodiments, the cell is a cancerous cell. Non-limiting examples of cancer cells may
include a prostate cancer cell, a breast cancer cell, a colon cancer cell, a lung cancer cell, a brain cancer
cell, and an ovarian cancer cell. In some embodiments, the cell is from a cancer (e.g., a circulating tumor
cell). Non-limiting examples of cancers may include, adenoma, adenocarcinoma, squamous cell

carcinoma, basal cell carcinoma, small cell carcinoma, large cell undifferentiated carcinoma,
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chondrosarcoma, and fibrosarcoma.

[00279] In some embodiments, the cell is a rare cell. A rare cell can be a circulating tumor cell (CTC),
circulating epithelial cell (CEC), circulating stem cell (CSC), stem cells, undifferentiated stem cells,
cancer stem cells, bone marrow cells, progenitor cells, foam cells, fetal cells, mesenchymal cells,
circulating endothelial cells, circulating endometrial cells, trophoblasts, immune system cells (host or
graft), connective tissue cells, bacteria, fungi, or pathogens (for example, bacterial or protozoa),
microparticles, cellular fragments, proteins and nucleic acids, cellular organelles, other cellular
components (for example, mitochondria and nuclei), and viruses.

[00280] In some embodiments, the cell is from a tumor. In some embodiments, the tumor is benign or
malignant. The tumor cell may comprise a metastatic cell. In some embodiments, the cell is from a solid

tissue that comprises a plurality of different cell types (e.g., different genotypes).

Samples
[00281] In some embodiments, the sample that includes the template nucleic acid, e.g. DNA and/or

RNA, may be combined into the reaction mixture in an amount sufficient for producing a product. In
some embodiments, the sample is combined into the reaction mixture such that the final concentration of
DNA and/or RNA in the reaction mixture is from about 1 fg/uL to about 10 pg/uL, from about 1 ug/ul
to about 5 pg/uL, from about 0.001 ug/uL to about 2.5 pg/puL, from about 0.005 ug/uL to about 1 ng/uL,
from about 0.01 pg/uL to about 0.5 pg/ul, from about 0.1 pg/uL to about 0.25 pg/uL. In some
embodiments, the sample that includes the template is isolated from a single cell. In some embodiments,
the sample that includes the template is isolated from about 2, 3,4, 5, 6,7, 8, 9, 10, 20, 50, 100, 500 or
more cells.

[00282] In some embodiments, the template is DNA, an RNA, or a combination of DNA and RNA. In
some embodiments, the template is a fragment or degraded DNA, a fragment or degraded RNA, ora
combination of fragment or degraded DNA and fragment or degraded RNA. In some embodiments, the
total amount of template is the total amount of template in a sample. In some embodiments, the total
amount of template is the total amount of template in a reaction mixture. In some embodiments, the total
amount of template is the total amount of template in one pot or a single vessel. In some embodiments,
the total amount of template is the total amount of template in one pot or a single vessel reaction. In some
embodiments, the total amount of the template is from about 1 femtomolar (fM) to about 100
micromolar, from about 0.0001 micromolar to about 0.01 micromolar, from about 0.0001 micromolar to
about 0.1 micromolar, from about 40 femtomolar to about 0.01 micromolar, from about 50 femtomolar to
about 500 femtomolar, from about 50 femtomolar to about 0.01 micromolar, from about 50 femtomolar
to about 0.1 micromolar, from about 50 femtomolar to about 500 picomolar, from about 50 femtomolar
to about 500 nanomolar, from about 50 femtomolar to about 500 micromolar, from about 50 femtomolar
to about 1 picomolar, from about 40 femtomolar to about 1 nanomolar, from about 1 femtomolar to about
1 picolomar. In some embodiments, the total amount of template is equal to or at least about or lower

than about 1000 micromolar, equal to or at least about or lower than about 500 micromolar, equal to or at
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least about or lower than about 250 micromolar, equal to or at least about or lower than about 100
micromolar, equal to or at least about or lower than about 50 micromolar, equal to or at least about or
lower than about 25 micromolar, equal to or at least about or lower than about 10 micromolar, equal to or
at least about or lower than about 1 micromolar, equal to or at least about or lower than about 0.1
micromolar, equal to or at least about or lower than about 0.01 micromolar, equal to or at least about or
lower than about 0.001 micromolar, equal to or at least about or lower than about 0.0001 micromolar,
equal to or at least about or lower than about 2000 nanomolar, equal to or at least about or lower than
about 500 nanomolar, equal to or at least about or lower than about 250 nanomolar, equal to or at least
about or lower than about 200 nanomolar, equal to or at least about or lower than about 50 nanomolar,
equal to or at least about or lower than about 25 nanomolar, equal to or at least about or lower than about
20 nanomolar, equal to or at least about or lower than about 2 nanomolar, equal to or at least about or
lower than about 0.2 nanomolar, equal to or at least about or lower than about 0.01 nanomolar, equal to
or at least about or lower than about 0.001 nanomolar, equal to or at least about or lower than about
0.0001 nanomolar, equal to or at least about or lower than about 3000 picomolar, equal to or at least
about or lower than about 500 picomolar, equal to or at least about or lower than about 250 picomolar,
equal to or at least about or lower than about 300 picomolar, equal to or at least about or lower than about
50 picomolar, equal to or at least about or lower than about 25 picomolar, equal to or at least about or
lower than about 30 picomolar, equal to or at least about or lower than about 3 picomolar, equal to or at
least about or lower than about 0.3 picomolar, equal to or at least about or lower than about 0.01
picomolar, equal to or at least about or lower than about 0.001 picomolar, equal to or at least about or
lower than about 0.0001 picomolar, equal to or at least about or lower than about 5000 femtomolar, equal
to or at least about or lower than about 500 femtomolar, equal to or at least about or lower than about 250
femtomolar, equal to or at least about or lower than about 50 femtomolar, equal to or at least about or
lower than about 25 femtomolar, equal to or at least about or lower than about 10 femtomolar, equal to or
at least about or lower than about 1 femtomolar, equal to or at least about or lower than about 0.1
femtomolar, equal to or at least about or lower than about 0.01 femtomolar, equal to or at least about or
lower than about 0.001 femtomolar, equal to or at least about or lower than about 0.0001 femtomolar.
[00283] In some embodiments, the sample may be obtained from a biological sample obtained from a
subject. In some embodiments, a sample comprises circulating tumor DNA sample and/or a tissue
sample. In some embodiments, the biological sample comprises a cell-free biological sample. In some
embodiments, the biological sample comprises a circulating tumor DNA sample. In some embodiments,
the biological sample comprises a biopsy sample. In some embodiments, the biological sample comprises
a tissue sample. In some embodiments, the biological sample comprises liquid biopsy. In some
embodiments, the biological sample comprises cell-free DNA. In some embodiments, the biological
sample can be a solid biological sample, ¢.g., a tumor sample. In some embodiments, a sample from a
subject can comprise at least about 1%, at least about 5%, at least about 10%, at least about 15%, at least

about 20%, at least about 25%, at least about 30%, at least about 35%, at least about 40%, at least about
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45%, at least about 50%, at least about 55%, at least about 60%, at least about 65%, at least about 70%,
at least about 75%, at least about 80%, at least about 85%, at least about 90%, at least about 95%, at least
about 96%, at least about 97%, at least about 98%, at least about 99%, or at least about 100% tumor cells
or nucleic acid from a tumor. The solid biological sample can be processed by fixation in a formalin
solution, followed by embedding in paraffin (¢.g., a FFPE sample). The solid biological sample can be
processed by freezing. Altemnatively, the biological sample can be neither fixed nor frozen. The unfixed,
unfrozen sample can be stored in a solution configured for the preservation of nucleic acid. The solid
biological sample can optionally be subjected to homogenization, sonication, French press, dounce,
freeze/thaw, which can be followed by centrifugation.

[00284] In some embodiments, the sample can be a liquid biological sample. In some embodiments,
the liquid biological sample can be a blood sample (e.g., whole blood, plasma, or serum). A whole blood
sample can be subjected to separation of cellular components (¢.g., plasma, serum) and cellular
components by use of a Ficoll reagent. In some embodiments, the liquid biological sample can be a urine
sample. In some embodiments, the liquid biological sample can be a perilymph sample. In some
embodiments, the liquid biological sample can be a fecal sample. In some embodiments, the liquid
biological sample can be saliva. In some embodiments, the liquid biological sample can be semen. In
some embodiments, the liquid biological sample can be amniotic fluid. In some embodiments, the liquid
biological sample can be cerebrospinal fluid. In some embodiments, the liquid biological sample can be
bile. In some embodiments, the liquid biological sample can be sweat. In some embodiments, the liquid
biological sample can be tears. In some embodiments, the liquid biological sample can be sputum. In
some embodiments, the liquid biological sample can be synovial fluid. In some embodiments, the liquid
biological sample can be vomit. In some embodiments, the liquid biological sample can be a cell-free
sample. In some specific embodiments, the cell-free sample can be a cell-free plasma sample.

[00285] Polynucleotides in a sample (which can be referred to as input nucleic acid or input) can
comprise DNA. The input nucleic acid can be complex DNA, such as double-stranded DNA, genomic
DNA or mixed nucleic acids from more than one organism. Polynucleotides in the sample can comprise
RNA. The RNA can be obtained and purified. RNA can include RNAs in purified or unpurified form,
which include, but are not limited to, mRNAs, tRNAs, snRNAs, rRNAs, retroviruses, small non-coding
RNAs, microRNAs, polysomal RNAs, pre-mRNAs, intronic RNA, viral RNA, cell-free RNA and
fragments thereof. The non-coding RNA, or ncRNA may include snoRNAs, microRNAs, siRNAs,
piRNAs and long nc RNAs. Polynucleotides in the sample can comprise cDNA. The cDNA can be
generated from RNA, e.g., mRNA. The cDNA can be single or double stranded. The input DNA can be
mitochondrial DNA. The input DNA can be cell-free DNA. The cell-free DNA can be obtained from,
¢.g., a serum or plasma sample. The input DNA can be from more than one individual or organism. The
input DNA can be double stranded or single stranded.

[00286] In some embodiments, samples can be collected over a period of time. Samples can be

collected over regular time intervals, or can be collected intermittently over irregular time intervals.
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Nucleic acids from different samples can be compared, €.g., to monitor progression or recurrence of a
condition or disease.

[00287] In some instances, a sample can be collected by core biopsy. In some embodiments, a sample
can be collected as a purified nucleic acid. Examples of such purified samples can include precipitated
nucleic acid affixed to filter paper, phenol-chloroform extractions, nucleic acid purified by kit
purification (e.g. Quigen Miniprep (Registered Trademark) and the like), or gel purified nucleic acid as
exemplary examples.

[00288] The sample of the disclosure may be a sample from an animal (¢.g., human, rat, pig, horse,
cow, dog, mouse). In some instances, the sample is a human sample. The sample may be a fetal human
sample. The sample may be from a multicellular tissue (¢.g., an organ (e.g., brain, liver, lung, kidney,
prostate, ovary, spleen, lymph node, thyroid, pancreas, heart, skeletal muscle, intestine, larynx,
esophagus, and stomach), a blastocyst). The sample may be a cell from a cell culture.

[00289] The sample may comprise a plurality of cells. The sample may comprise a plurality of the
same type of cell. The sample may comprise a plurality of different types of cells. The sample may
comprise a plurality of cells at the same point in the cell cycle and/or differentiation pathway. The sample
may comprise a plurality of cells at different points in the cell cycle and/or differentiation pathway. A
sample may comprise a plurality of samples.

[00290]  The plurality of samples may comprise at least 5, 10, 20, 30, 40, 50, 60, 70, 80, 90 or 100 or
more samples. The plurality of samples may comprise at least about 100, 200, 300, 400, 500, 600, 700,
800, 900 or 1000 or more samples. The plurality of samples may comprise at least about 1000, 2000,
3000, 4000, 5000, 6000, 7000, 8000 samples, 9000, or 10,000 samples, or 100,000 samples, or 1,000,000
or more samples. The plurality of samples may comprise at least about 10,000 samples.

[00291]  The one or more nucleic acids in the first sample may be different from one or more nucleic
acids in the second sample. The one or more nucleic acids in the first sample may be different from one
or more nucleic acids in a plurality of samples. The one or more nucleic acids may comprise a length of
at least about 1 nucleotide, 2 nucleotides, 5 nucleotides, 10 nucleotides, 20 nucleotides, 50 nucleotides,
100 nucleotides, 200 nucleotides, 300 nucleotides, 500 nucleotides, 1000 nucleotides, 2000 nucleotides,
3000 nucleotides, 4000 nucleotides, 5000 nucleotides, 10,000 nucleotides, 100,000 nucleotides,
1,000,000 nucleotides.

[00292]  The first sample may comprise one or more cells and the second sample may comprise one or
more cells. The one or more cells of the first sample may be of the same cell type as the one or more cells
of the second sample. The one or more cells of the first sample may be of a different cell type as one or
more different cells of the plurality of samples. The cell type may be chondrocyte, osteoclast, adipocyte,
myoblast, stem cell, endothelial cell or smooth muscle cell. The cell type may be an immune cell type.
The immune cell type may be a T cell, B cell, thrombocyte, dendritic cell, neutrophil, macrophage or
monocyte.

[00293]  The plurality of samples may comprise one or more malignant cell. The one or more
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malignant cells may be derived from a tumor, sarcoma or leukemia.

[00294]  The plurality of samples may comprise at least one bodily fluid. The bodily fluid may
comprise blood, urine, lymphatic fluid, saliva. The plurality of samples may comprise at least one blood
sample.

[00295]  The plurality of samples may comprise at least one cell from one or more biological tissues.
The one or more biological tissues may be a bone, heart, thymus, artery, blood vessel, lung, muscle,
stomach, intestine, liver, pancreas, spleen, kidney, gall bladder, thyroid gland, adrenal gland, mammary
gland, ovary, prostate gland, testicle, skin, adipose, eye or brain.

[00296] The biological tissue may comprise an infected tissue, diseased tissue, malignant tissue,
calcified tissue or healthy tissue.

[00297]  The plurality of samples may be from one or more sources. The plurality of samples may be
from two or more sources. The plurality of samples may be from one or more subjects. The plurality of
samples may be from two or more subjects. The plurality of samples may be from the same subject. The
ong or more subjects may be from the same species. The one or more subjects may be from different
species. The one or more subjects may be healthy. The one or more subjects may be affected by a
disease, disorder or condition. The plurality of samples may comprise cells of an origin selected from a
mammal, bacteria, virus, fungus or plant. The one or more samples may be from a human, horse, cow,
chicken, pig, rat, mouse, monkey, rabbit, guinea pig, sheep, goat, dog, cat, bird, fish, frog and fruit fly.
[00298] In some embodiments, the plurality of samples may be obtained concurrently. The plurality of
samples may be obtained at the same time. The plurality of samples may be obtained sequentially. The
plurality of samples may be obtained over a course of years, 100 years, 10 years, 5 years, 4 years, 3
years, 2 years or 1 year of obtaining one or more different samples. One or more samples may be
obtained within about on¢ year of obtaining one or more different samples. One or more samples may be
obtained within 12 months, 11 months, 10 months, 9 months, 8 months, 7 months, 6 months, 4 months, 3
months, 2 months or 1 month of obtaining one or more different samples. One or more samples may be
obtained within 30 days, 28 days, 26 days, 24 days, 21 days, 20 days, 18 days, 17 days, 16 days, 15 days,
14 days, 13 days, 12 days, 11 days, 10 days, 9 days, 8 days, 7 days, 6 days, 5 days, 4 days, 3 days, 2 days
or on¢ day of obtaining one or more different samples. One or more samples may be obtained within
about 24 hours, 22 hours, 20 hours, 18 hours, 16 hours, 14 hours, 12 hours, 10 hours, 8 hours, 6 hours, 4
hours, 2 hours or 1 hour of obtaining one or more different samples. One or more samples may be
obtained within about 60 sec, 45 sec, 30 sec, 20 sec, 10 sec, 5 sec, 2 sec or 1 sec of obtaining one or more
different samples. One or more samples may be obtained within less than one second of obtaining one or
more different samples.

[00299]  In some embodiments, the present disclosure provides methods, kits and compositions for
diagnosing, monitoring, and/or prognosing a status or outcome of a disease or condition in a subject.
Generally, the method comprises (a) labeling one or more molecules (e.g., fragmented or degraded

nucleic acid, DNA or RNA) from one or more samples to produce one or more labeled nucleic acids; (b)
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amplifying the one or more labeled nucleic acids (¢) detecting and/or quantifying the one or more labeled
nucleic acids; and (d) diagnosing, monitoring, and/or prognosing a status or outcome of a disease or
condition in a subject based on the detecting and/or quantifying of the one or more labeled nucleic acids.
In some embodiments, the one or more labeled nucleic acid is indicative of a disease, ¢.g. cancer. In
some embodiments, the one or more labeled nucleic acid is present in a femtomolar range. The method
may further comprise determining a therapeutic regimen. The one or more of samples may comprise one
or more samples from a subject suffering from a disease or condition. The one or more samples may
comprise one or more samples from a healthy subject. The one or more samples may comprise one or
more samples from a control.

[00300] Monitoring a disease or condition may further comprise monitoring a therapeutic regimen.
Monitoring a therapeutic regimen may comprise determining the efficacy of a therapeutic regimen. In
some instances, monitoring a therapeutic regimen comprises administrating, terminating, adding, or
altering a therapeutic regimen. Altering a therapeutic regimen may comprise increasing or reducing the
dosage, dosing frequency, or mode of administration of a therapeutic regimen. A therapeutic regimen
may comprise one or more therapeutic drugs. The therapeutic drugs may be an anticancer drug, antiviral
drug, antibacterial drug, antipathogenic drug, or any combination thereof. In some embodiments,
amplification of a target sequence can comprise at least a part of a genome of an organism. In some
embodiments, at least about 0.01%, about 0.02%, about 0.03%, about 0.04%, about 0.05%, about 0.06%,
about 0.07%, about 0.08%, about 0.09%, about 0.1%, about 0.2%, about 0.3%, about 0.4%, about 0.5%,
about 0.6%, about 0.7%. about 0.8%, about 0.9%, about 1%, about 2%, about 3%, about 4%, about 5%,
about 6%, about 7%, about 8%, about 9%, about 10%, about 11%, about 12%, about 13%, about 14%,
about 15%, about 16%, about 17%, about 18%, about 19%, about 20%, about 21%, about 22%, about
23%, about 24%, about 25%. about 26%, about 27%., about 28%, about 29%, about 30%, about 31%,
about 32%, about 33%, about 34%, about 35%, about 36%, about 37%, about 38%, about 39%, about
40%, about 41%, about 42%. about 43%, about 44%, about 45%, about 46%, about 47%, about 48%,
about 49%, about 50%, about 55%, about 60%, about 65%, about 70%, about 75%, about 80%, about
85%, about 90%, about 95%, about 96%, about 97%, about 98%, about 99%, or about 100% of the
genome of an organism can be amplified and/or analyzed.

[00301] In some embodiments, amplification of a target sequence can comprise at least a part of a
transcriptome of an organism. In some embodiments, at least about 0.01%, about 0.02%, about 0.03%,
about 0.04%, about 0.05%, about 0.06%, about 0.07%, about 0.08%, about 0.09%, about 0.1%, about
0.2%, about 0.3%, about 0.4%, about 0.5%, about 0.6%, about 0.7%, about 0.8%, about 0.9%, about 1%,
about 2%, about 3%, about 4%, about 5%, about 6%, about 7%, about 8%, about 9%, about 10%, about
11%, about 12%, about 13%, about 14%, about 15%, about 16%, about 17%, about 18%, about 19%,
about 20%, about 21%, about 22%, about 23%, about 24%, about 25%, about 26%, about 27%, about
28%, about 29%, about 30%, about 31%, about 32%., about 33%, about 34%, about 35%, about 36%,
about 37%, about 38%, about 39%, about 40%, about 41%, about 42%, about 43%, about 44%, about
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45%, about 46%, about 47%, about 48%, about 49%., about 50%, about 55%, about 60%, about 65%,
about 70%, about 75%, about 80%, about 85%, about 90%, about 95%, about 96%, about 97%, about
98%, about 99%, or about 100% of a transcriptome of an organism can be amplified and analyzed.
[00302] In some embodiments, the characteristic that improves enzyme property is selected from the
group consisting of increased stability (e.g., increased thermostability), increased specific activity,
increased protein expression, increased processivity, increased strand displacement, increased end-to-end

template jumping, and increased fidelity.

EXAMPLES
[00303]  The following specific examples are illustrative and non-limiting. The examples described
herein reference and provide non-limiting support to the various embodiments described in the preceding
sections.

Example 1: Expression and purification

[00304] Small and medium scale: Expression vector pET-45b caring modified R2 non-long terminal
repeat (LTR) retrotransposon or a modified R2 reverse transcriptase was transformed into £. coli BL21
(DE3). TABLE 3 below shows two examples of modified R2 enzyme variants of the present disclosure,
P2 and P8 variants. For expression, pre-culture was setup in 2 ml LB with 100 uM Corbenicillin and
grown overnight for about 8 to 12 hours at room temperature. After about 8 to 12h, 200 uL of the pre-
culture was transferred to 25 mL of an auto-induction expression media, Overnight Express TB
(Novagen), and shaker-incubated at room temperature for 36 hours to 48 hours. Cells were harvested by
centrifugation at 8000xg for 10min at 4-8 °C. The biomass-pellet was frozen at -20 °C for a minimum of
1h.

TABLE 3

MetAHHHHHHVGTVGTGGGSGGASTALKTAGRRNDLHDDRTAS
AHKTSRQKRRAEYARVQELYKKCRSRAAAEVIDGACGGVGHSL
EEMctETYWRPILERVSDAPGPTPEALHALGRAEWHGGNRDYTQL
WKPISVEEIKASRFDWRTSPGPDGIRSGQWRAVPVHLKAEMetFN
AWMEetARGEIPEILRQCRTVFVPKVERPGGPGEY RPISIASIPLRHFH
SILARRLLACCPPDARQRGFICADGTLENSAVLDAVLGDSRKKLR
ECHVAVLDFAKAFDTVSHEALVELLRLRGMetPEQFCGYIAHLYD
TASTTLAVNNEMEetSSPVKVGRGVRQGDPLSPILFNVVMetDLILAS

P2 pET435b(+)-R2- LPERVGYRLEMetELVSALAYADDLVLLAGSKVGMetQESISAVDC
variant N-terminal VGROQMetGLRLNCRKSAVLSMetIPDGHRKKHHY LTERTFNIGGKP
R2 truncation LRQVSCVERWRYLGVDFEASGCVTLEHSISSALNNISRAPLKPQQ

enzyme RLEILRAHLIPRFQHGFVLGNISDDRLRMetLDVQIRKAVGQWLRL

PADVPKAYYHAAVQDGGLAIPSVRATIPDLIVRRFGGLDSSPWSV
ARAAAKSDKIRKKLRWAWKQLRRFSRVDSTTQRPSVRLFWREHL
HASVDGRELRESTRTPTSTKWIRERCAQITGRDFVQFVHTHINALP
SRIRGSRGRRGGGESSLTCRAGCKVRETTAHILQQCHRTHGGRIL
RHNKIVSFVAKAMetEENKWTVELEPRLRTSVGLRKPDITASRDGV
GVIVDVQVVSGQRSLDELHREKRNKYGNHGELVELVAGRLGLPK
AECVRATSCTISWRGVWSLTSYKELRSIIGLREPTLQIVPILALRGS
HMetNWTRFNQMetTSVMetGGGVGStop

P3 pET45b(+)-N- | MetAHHHHHHVGTVGTGGGSGGASTALKTAGRRNDLHDDRTAS
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variant | terminal AHKTSRQKRRAEYARVQELYKKCRSRAAAEVIDGACGGVGHSL

R2 truncation R2 EEMctETYWRPILERVSDAPGPTPEALHALGRAEWHGGNRDYTQL

enzyme | KPA WKPISVEEIKASRFDWRTSPGPDGIRSGQWRAVPVHLKAEMetFN
(endonuclease | AWMetARGEIPEILRQCRTVFVPKVERPGGPGEYRPISIASIPLRHFH
mutation) SILARRLLACCPPDARQRGFICADGTLENSAVLDAVLGDSRKKLR

ECHVAVLDFAKAFDTVSHEALVELLRLRGMetPEQFCGYIAHLYD
TASTTLAVNNEMEetSSPVKVGRGVRQGDPLSPILFNVVMetDLILAS
LPERVGYRLEMetELVSALAYADDLVLLAGSKVGMetQESISAVDC
VGRQMetGLRLNCRKSAVLSMetIPDGHRKKHHY LTERTFNIGGKP
LRQVSCVERWRYLGVDFEASGCVTLEHSISSALNNISRAPLKPQQ
RLEILRAHLIPRFQHGFVLGNISDDRLRMetLDVQIRKAVGQWLRL
PADVPKAYYHAAVQDGGLAIPSVRATIPDLIVRRFGGLDSSPWSV
ARAAAKSDKIRKKLRWAWKQLRRFSRVDSTTQRPSVRLFWREHL
HASVDGRELRESTRTPTSTKWIRERCAQITGRDFVQFVHTHINALP
SRIRGSRGRRGGGESSLTCRAGCKVRETTAHILQQCHRTHGGRIL
RHNKIVSFVAKAMetEENKWTVELEPRLRTSVGLRKPAITASRDGV
GVIVDVQVVSGQRSLDELHREKRNKYGNHGELVELVAGRLGLPK
AECVRATSCTISWRGVWSLTSYKELRSIIGLREPTLQIVPILALRGS
HMetNWTRFNQMetTSVMetGGGVGStop

[00305]  Purification: pellet was re-suspended in 0.5 mL lysis buffer (0.5 mL lysis buffer per 1/6 of
the biomass) and incubated for 30 minutes at room temperature. Lysis buffer composition: 1xBugBuster,
100 mM Sodium Phosphate, 0.1% Tween, 2.5 mM TCEP, 3 uL Protease inhibitor mix (Roche), 50 ug
lysozyme , 0.5 pLL DNasel (2,000 units/ml, from NEB). After incubation, the lysate was mixed with equal
volume (0.5 mL) of His-binding buffer (50 mM Sodium Phosphate pH 7.7, 1.5M Sodium Chloride,
2.5mM TCEP, 0.1% Tween, 0.03% Triton X-100, and 10mM Imidazole) and incubated at room
temperature for about 10-15 minutes. After incubation, the lysate was centrifuged at 10000xg for about
15min at a temperature from about 4 °C to about 8 °C. Pellet was then mixed with 250 uL of His-Affinity
Gel (His-Spin Protein Miniprep by Zymo Research) according to manufacturer’s protocol. After the
binding step, the His-Affinity Gel was washed three times with Washing buffer (50 mM Sodium
Phosphate pH 7.7, 750mM Sodium Chloride, 0.1% Tween, 0.03% Triton X-100, 2.5 mM TCEP, and 50
mM Imidazole). The R2 reverse transcriptase (RT) (e.g., modified enzyme) was eluted with 150 pL of
clution buffer (50 mM Sodium Phosphate pH 7.7, 300 mM Sodium Chloride, 2.5 mM TCEP, 0.1%
Tween, and 250 mM Imidazole) and either used directly or frozen in 30% glycerol. This protocol can be
adjusted for expression and purification of mutagenesis and for screening. For example, a similar
protocol can be adjusted to a plate format, such as 2 mL of the Overnight Express TB (Novagen) instead
of 25 mL can be used, and the purification step can comprise 96 well spin plates with nickel-immobilized
resin.

[00306] Result: After purification, samples were analyzed using sodium dodecyl sulfate
polyacrylamide gel electrophoresis (SDS-PAGE), 4-12% polyacrylamide, Bis-Tris (Figure 10). SDS-
PAGE analysis in Figure 10 illustrates samples containing a full length wild type R2 and truncated R2
non-L TR retrotransposon. The results showed that no clear product for the full length wild type R2 was
observed, while there was a significant expression level for the truncated R2 non-LTR retrotransposon.
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The eluted sample showed high vield of the truncated R2 non-LTR retrotransposon that was His-tag
affinity purified with IMAC. Figure 10 lanes are as follow: M indicates a marker, P indicates a pellet
(insoluble), S indicates a supernatant (soluble), and E indicates eluted samples (His-tag affinity purified
R2).

Example 2: Surrogate/diagnostic assays

[00307] Example of reverse transcriptase (RT) activity assay: Assay can be used to compare
enzyme activity, active fraction, stability (¢.g., thermostability), and robustness of the mutants (e.g.,
modified enzymes). RT activity and active fraction(s) were estimated based on primer extension assay by
comparing fraction(s) of extended to non-extended DNA primer using various template/primer and
enzyme concentrations. Extension assay was conducted with and without the addition of a DNA trap.
Example protocol: annealed 0.2 uM template/primer with fluorescently labeled primer was pre-incubated
with various concentrations of R2 RT (relative to template/primer 0.1 to 4-fold) at room temperature for
20 minutes. Pre-incubation conditions included 40 mM Tris pH 7.5, 200 mM NaCl, 5SmM TCEP, and
0.1% Tween. Extension started with the addition of MgCl, (5 mM, final) and dNTPs (25 uM of each,
final) and optionally a DNA trap (unlabeled DNA oligo duplex at 3 uM, final, or heparin). The addition
of trap DNA helps to estimate RT active fraction(s). The reaction was then incubated for 10 minutes and
stopped with EDTA (50 mM, final) or formamide (50%, final). The product of the reaction was analyzed
with 15% PAGE-Urea. An example of a template sequence used is rCrArG rUrCrA rGrUrC rArGrU
rCrArG rUrCrA rGrUrG rCrCrA rArArU rGrCrC rUrCrG rUrCrA rUrC and of a primer is /56-
FAM/TGATGACGAGGCATTTGGC.

[00308] Example of end-to-end template jumping assay: Primer extension assay with two templates
where one template is annealed to a fluorescently labeled primer (donor template) and the other is
primer-free (acceptor nucleic acid). Example protocol: annealed 0.1 uM template/primer with
fluorescently labeled primer (alternatively the product of the reaction can be stained with Syber Gold)
was pre-incubated with various concentrations of R2 RT (relative to template/primer 0.1 to 4-fold) at
room temperature for 20 minutes. Pre-incubation conditions included 40 mM Tris pH 7.5, 200 mM NaCl,
5 mM TCEP, and 0.1% Tween. Extension started with the addition of MgCl, (5 mM, final), dNTPs (50
uM of each, final) and the acceptor nucleic acid at various concentrations (range from about 0.01 uM to
about 5 uM). The reaction was then incubated for 30min-1h and stopped with EDTA (50mM, final) or
formamide (50%, final). The product of the reaction was analyzed with 15% PAGE-Urea. Templates:
the templates were generated by in vitro RNA synthesis with T7 RNA polymerase based on the DNA
template generated in a PCR reaction with two primers, one of which included a T7 promoter sequence
(i.e., a first primer). The second primer was also used as a DNA primer in the donor template/primer
protocol. The product of the reaction was then analyzed with 15% PAGE-Urea. Example of materials
used: template for PCR amplification pUC18 with T7 primer
CTGCAGTAATACGACTCACTATAGGATCCTCTAGAGTCGACCTGC; donor primer
GCCATTCGCCATTCAGGCTGC (used for both PCR amplification and priming at the donor RNA
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template); RNA template (~190 nucleotides); acceptor nucleic acid — G-block PCR template
ACGGCCAGTGAATTGTAATACGACTCACTATAGGGCGAATTGGGTACCGCCTCGAGGTCGA
CGGTATCGATAAGCTTGATATCGAATTCCTGCAGCGGATCCACTAGTTCTAGAGCGGCCGCC
ACCGCGGTGGAGCTCCAGCTTTTGTTCCCTTTAGTGAGGGTTAATTTCGAGCTTGGCGTAAT
CATGGTCATAGCTGTTTCC,; two primers for PCR amplification (a T7 primer
ACGGCCAGTGAATTGTAATACGAC and a second primer GGAAACAGCTATGACCATG).

[00309] Example of processivity assay: processivity assay was analyzed based on primer extension
and product formation using al5% PAGE-Urea, or a 1.2% agarose gel, or a 2% agarose gel. Product
length distribution was analyzed with densitometry. Example protocol: annealed 0.05-0.1 uM
template/primer with fluorescently labeled primer (alternatively product of the reaction can be stained
with Syber Gold) was pre-incubated with various concentration of R2 RT (0.1 to 4-fold relative to
template/primer) for 20 minutes at room temperature. Pre-incubation conditions: 40 mM Tris pH 7.5, 200
mM NaCl, 5 mM TCEP, and 0.1% Tween. Extension started with addition of MgCl, (5 mM, final),
dNTPs (50 uM of each, final), and optionally a DNA trap (unlabeled DNA oligo duplex at 3 uM, final).
The reaction was then incubated for 30min-1h and stopped with EDTA (50 mM, final) or formamide
(50%, final). Templates: the templates were generated by in vitro RNA synthesis with T7 RNA
polymerase based on the DNA template generated in a PCR reaction with two primers, one of which
included a T7 promoter sequence. The second primer was also used as a DNA primer in the donor
template/primer protocol. The product of the reaction was analyzed with a 15% PAGE-Urea, or a 1.2%
agarose gel, or a 2% agarose gel. Materials included: template for PCR amplification pUC18 with T7
primer CTGCAGTAATACGACTCACTATAGGATCCTCTAGAGTCGACCTGC, RT primer
CAGGGTTATTGTCTCATGAGCG (used for both PCR amplification and priming at the donor RNA
template), and RNA template (~600 nucleotides).

[00310] Example of Random priming: Longer RNA template(s) with several primers with adapters
or random primers with adapters; product analysis is performed after PCR amplification to compare
product’s length distribution (one primer is specific to the 5°-end of the template and the second primer is
complementary to the adapter sequence).

Example 3: Activity and template jumping experiment using synthetic RNA

[00311] Modified R2 enzyme showed activity and template jumping properties (Figure 11).
Experiment described in TABLE 4 below, and represented by Figure 11, showed that there was no
activity when the reaction lacked an enzyme (lane 2), that there was extension product but no template
Jumping when the reaction lacked an acceptor nucleic acid (lane 3), and that template jumping was
dependent on the concentration of the acceptor nucleic acid (lanes 4 and 5). Lane 6 shows that although
the enzyme MMLYV is capable of product extension, no apparent product was observed (TABLE 4 and
Figure 11). In brief, the reactions contained 0.25 mM of dNTPs, R2 buffer or MMLYV buffer, 0.4 pM
template/primer, acceptor nucleic acid (0 to 1 uM), modified R2 enzyme (0 to 0.023 ug/ul) or MMLV
(2U/ul), and H,0. The reactions containing the R2 enzyme or the R2 buffer were incubated at 30 °C for 1

115



WO 2018/089860

PCT/US2017/061197

hour (lanes 2-5). The reaction containing the MMLYV enzyme was incubated at 42 °C for 1 hour (lane 6).

Products were analyzed using 15% PAGE-Urea gel.

TABLE 4

Reaction Lane 2 Lane 3 Lane 4 Lane 5 Lane 6
H,0 365 ul 33u 3275w 36.25 34 ul
5X R2 buffer 10wl 10wl 10w 10 ul 0w
5X MMLV buffer 0l 0l 0wl 0wl 10 wl
10 mM dNTPs 125w 125w 1.25 1.25 1.25
10 uM template/primer 2ul 2ul 2w 2ul 2ul
(P173+P174)
100 uM P181 TSO 025 ul 0l 0.25 u 0.5ul 0.25 u
(acceptor nucleic acid)
0.3 pg/pl P8 (R2 enzyme) | O pl 3.75 3.75 3.75 0 ul
40 unit/pl MMLV-RT 0l 0l 0wl 0wl 25ul
(Clontech)
Total 50wl 50wl 50 50 ul 50 ul

Sequences:

P173 (RNA template)

CAGUCAGUCAGUCAGUCAGUGCCAAAUGCCUCGUCAUC

P174 (fluorescently labeled
primer)

/56-FAM/TGATGACGAGGCATTTGGC

P181 (acceptor nucleic acid)

GTTAATAACGAAATGAGCAGCCrGrGrG

Example 4: 1-pot (single vessel) reaction

[00312]

This experiment was designed to demonstrate a method for preparing 1-pot (single vessel)

RNA library (TABLE 5). This experiment successfully captured a 200bp RNA molecule in 1-pot (single
vessel) reaction. A schematic of the workflow is shown in Figure 3 and Figure 12A. The template used in
this experiment was a 200 base pair synthetic RNA (donor template) generated using T7 in vitro
transcription protocol. The controls included: no enzyme control, no acceptor control, no acceptor and no
donor template with primer control, and MMLYV (TABLE 5). Other controls used in this experiment
included using only one primer during PCR amplification (Figure 12B, numbers 5 and 6).

[00313] In brief, the R2 enzyme reaction (RT reaction) included H,O, R2 buffer, 0.25 mM of dNTPs,
0.025 uM 200bpRNA/primer (donor template with primer), acceptor nucleic acid (0.15 uM), and 0.023
pg/ul of R2 enzyme (e.g., modified reverse transcriptase enzyme) (TABLE 5, Figure 12C lane 4). Refer
to TABLE 5 for the specifics of the other reactions. The R2 reaction was then incubated at 30°C for 1
hour and the MMLYV reaction was incubated at 42 °C for 1 hour. The reactions were then supplemented
with PCR reagents including amplification primers and a hot-start polymerase (TABLE 6). In brief, 2.5
wl of the RT reaction (i.e., 2.5 ul of the 50 pl reaction from TABLE 5) was supplemented with

components necessary for PCR amplication. The PCR amplification reaction for R2 enzyme included
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H,0, SYBR FAST master mix, 0.5 uM each of P186 primer and P170 primer, and template (¢.g., 2.5 ul
of the RT reaction). The PCR condition was 95 °C for 3 minutes and 30 cycles of 95 °C for 3 seconds and
62 °C for 20 seconds. The reactions were then increased to 68 °C. No purification step was needed during
this experiment (¢.g., the RT reaction was not purified prior to PCR). In some instances, the initial RT
reaction (or R2 reaction)was diluted 10 fold during the PCR step, e.g., 2.5 pl RT reaction in 25 pl total
volume (see, TABLE 6). In some instances, 10 ul RT reaction and 90 ul PCR reagents can be added to
the same tube (hence a 1-pot or single vessel reaction). The gel in Figure 12B shows that the right size
amplicon was generated using the R2 enzyme reaction (lane 4). The other lanes did not show amplicon
formation (lane 1: ladder; lane 2: no enzyme control; lane 3: MMLYV control; lane 5: no acceptor control;

lane 6: no donor control; and lane 7: ladder).

TABLE 5
Reaction No No donor | No acceptor | No acceptor R2 enzyme | MMLV
Enzyme control control control/ no
control donor template
with primer
H,0 325u 30wl 3375 ul 34375 ul 28.75 wl 36.75 ul
5X R2 buffer 10w 10wl 10wl 10w 10 ul 0wl
5X MMLV buffer 0wl 0wl 0l 0wl 0wl 10 ul
10 mM dNTPs 1.25u 1.25u 1.25u 1.25 ul 1.25 ul 125 u
12 uM 200bpRNA | Ol 0wl 0l 0.625 ul 0 ul 0l
(donor template
without primer)
I uM 125w 0wl 125w 0wl 125w 125w
200bpRNA/primer
(RNA+P187)
(donor template
with primer)
1 uM P173 Sul Sul 0wl 0w Sul 0wl
0.3 pg/pl P2 0wl 3.75u 3.75u 3.75 3.75 0l
(R2 enzyme)
40 unit/pl MMLV- | 0 ul 0wl 0l 0wl 0 ul 125w
RT (Clontech)
Total 50 50wl 50wl 50 50 ul 50 ul
TABLE 6
Reagents volume
H,0 7.5
2X SYBRFAST master mix 125 ul
10 uM primer (P186) 1.25
10 uM primer (P170) 1.25
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10X template (or RT reaction) 25 u
Total 25wl
Thermocycling
95°C 3 minutes
95°C 3 seconds
62°C 20 seconds } 30 cycles
68°C 5
Sequences:
P173 (RNA template) CAGUCAGUCAGUCAGUCAGUGCCAAAUGCCUCGUCAUC
200bp RNA GGAUCCUCUAGAGUCGACCUGCAGGCAUGCAAGCUUGGCAC

UGGCCGUCGUUUUCAACGUCGUGACUGGGAAAACCCUGGCG
UUACCCAACUUAAUCGCCUUGCAGCACAUCCCCCUUUCGCC
AGCUGGCGUAAUAGCGAAGAGGCCCGCACCGAUCGCCCUUC
CCAACAGUUGCGCAGCCUGAAUGGCGAAUGGC

P186 (amplification primer) | CAGTCAGTCAGTCAGTCAGTGCCA

P187 (primer) CACGACGTTGTAAAACGACGGC

P170 (amplification primer) | GCCATTCGCCATTCAGGCTGC

Example S: 1-pot (single vessel) RNA library prep using various template amounts

[00314]  This experiment was designed to demonstrate a method for preparing 1-pot (single vessel)
RNA library using different amounts of template RNA (TABLE 7). A schematic of the workflow is
shown in Figure 3. The template used in this experiment was a 600 base pair synthetic RNA (donor
template). The RNA template amounts used in this experiment varied from 0 pM, 0.00025 pM, 0.0025
uM, and 0.025 uM. In brief, the reactions included H,O, R2 buffer or MMLYV buffer, 0.25 mM dNTPs,
600bp RNA template with primer (0 pM, 0.00025 pM, 0.0025 puM, and 0.025 uM), acceptor nucleic acid
molecule (6 uM of P181 TSO for MMLYV reactions) or 0.1 uM of P173 for R2 reactions, and enzyme
(0.023 pg/ul of modified R2 enzyme or 0.4U/ul of MMLV). The R2 reactions were incubated at 30 °C for
1 hour (TABLE 7, numbers 1-4) and the MMLYV reactions were incubated at 42 °C for 1 hour (TABLE 7,
numbers 5-8). The reactions were then supplemented with PCR reagents including amplification primers
and hot-start polymerase. The PCR conditions are shown in TABLE 8 for the R2 reactions (reactions 1-
4) and in TABLE 9 for the MMLYV reactions (reactions 5-8). The R2 reactions included H,O, SYBR
FAST master mix, 0.5 uM each of P186 primer and P172 primer, and 1X template (2.5 pl of the RT
reaction). The MMLYV reactions included H,O, SYBR FAST master mix, 0.5 pM each of P161 primer
and P172 primer, and 1X template (2.5 pl of the RT reaction). In brief, 2.5 pl of the RT reaction (e.g.,
without cleanup) was incubated with PCR components including SYBRFAST master mix, primers, and
H20 in a total volume of 25 ul (one pot/tube/single vessel reaction). The PCR conditions for the R2
reactions were 95 °C for 3 minutes and 30 cycles of 95 °C for 3 seconds, 54 °C for 10 seconds, and 64 °C
for 20 seconds. The reactions were then increased to 68 °C. The PCR conditions for the MMLYV reactions

were 95 °C for 3 minutes and 30 cycles of 95 °C for 3 seconds and 64 °C for 20 seconds. The reactions
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were then increased to 68 °C. No purification step was needed during the course of this experiment. In

some instances, the initial reaction can be diluted 10-fold during PCR by adding 10 ul RT reaction and 90

ul PCR reagents to the same tube, making it a 1-pot (single vessel) reaction. The results using real-time

PCR showed product conversion at various amounts of 600 base pair RNA and showed that the R2

enzyme presented superior conversion efficiency compared to MMLYV (Figure 13). This experiment

indicated that even at low amounts of template (0.00025 uM), the R2 enzyme was capable of RNA

library prep (Figure 13, number 4). This is representative of single cell applications. This experiment also

showed a 10 fold greater conversion efficiency as compared to currently available methods.

TABLE 7
Reaction | 2 3 4 5 6 7 8
H,0 3495l | 3445w | 349l 34945 | 3525l | 3475 [ 352 [ 35245
5XR2 buffer | 10wl 10wl 10w 10w 0 ul 0wl 0wl 0wl
5X MMLV 0l 0l 0wl 0 ul 10 10wl 10 ul 10 ul
buffer
I0mMdANTPs | 125 | 125 [ 125 | 125 125w | 125 (125 | 125
2.5 uM 0l 05 0.05ul | 0.005ul | 0Oul 05 0.05u |0.005ul
600bpRNA-
P172
100 yM P181 | Ol 0wl 0w 0wl 3ul 3ul 3ul 3ul
TSO
100 yM P173 | 005l | 0.05pul | 0.05ud | 0.05ul 0 ul 0l 0l 0 ul
0.3 pg/ul P8 375|375 (375 | 3.75 0wl 0l 0l 0wl
(R2 enzyme)
40 unit/pl 0l 0l 0wl 0 ul 0.5ul 05 0.5 0.5ul
MMLV-RT
(Clontech)
Total 50wl 50wl 50 50 50 50 ul 50 ul 50 ul
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TABLE 8
Reagents volume
H,0 975 ul
2X SYBRFAST master mix 125 ul
100 uM primer (P186) 0.125 ul
100 uM primer (P172) 0.125 ul
10X template (or RT reaction) 2.5ul
Total 25 ul
Thermocycling
95°C 3 minutes
95°C 3 seconds
54°C 10 seconds 30 cycles
64°C 20 seconds
68°C 2
TABLE 9
Reagents volume
H,0 9.75 ul
2X SYBRFAST master mix 125 ul
100 uM primer (P161) 0.125
100 uM primer (P172) 0.125
10X template (or RT reaction) 25 u
Total 25 ul
Thermocycling
95°C 3 minutes
95°C 3 seconds
64°C 20 seconds 30 cycles
68°C 2
Sequences:
P173 CAGUCAGUCAGUCAGUCAGUGCCAAAUGCCUCGUCAUC

(RNA template)

600bp RNA

GGAUCCUCUAGAGUCGACCUGCAGGCAUGCAAGCUUGGCACUGGCC
GUCGUUUUACAACGUCGUGACUGGGAAAACCCUGGCGUUACCCAAC
UUAAUCGCCUUGCAGCACAUCCCCCUUUCGCCAGCUGGCGUAAUAG
CGAAGAGGCCCGCACCGAUCGCCCUUCCCAACAGUUGCGCAGCCUG

AAUGGCGAAUGGCGCCUGAUGCGGUAUUUUCUCCUUACGCAUCUGU
GCGGUAUUUCACACCGCAUAUGGUGCACUCUCAGUACAAUCUGCUC
UGAUGCCGCAUAGUUAAGCCAGCCCCGACACCCGCCAACACCCGCU
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GACGCGCCCUGACGGGCUUGUCUGCUCCCGGCAUCCGCUUACAGAC
AAGCUGUGACCGUCUCCGGGAGCUGCAUGUGUCAGAGGUUUUCACC
GUCAUCACCGAAACGCGCGAGACGAAAGGGCCUCGUGAUACGCCUA
UUUUUAUAGGUUAAUGUCAUGAUAAUAAUGGUUUCUUAGACGUCA
GGUGGCACUUUUCGGGGAAAUGUGCGCGGAACCCCUAUUUGUUUA
UUUUUCUAAAUACAUUCAAAUAUGUAUCCGCUCAUGAGACAAUAA
CCCUG

P186 CAGTCAGTCAGTCAGTCAGTGCCA
P172 CAGGGTTATTGTCTCATGAGCG

P16l GTTAATAACGAAATGAGCAGCC

P18l GTTAATAACGAAATGAGCAGCCrGrGrG
P170 GCCATTCGCCATTCAGGCTGC

Example 6: 1-pot (single vessel) RNA library prep using various template lengths

[00315]  This experiment was designed to demonstrate a method for preparing 1-pot (single vessel)
RNA library using different lengths of template RNA (200bp, 600bp, and 2000bp ). A schematic of the
workflow is shown in Figure 3. In brief, the reactions included H,O, R2 buffer, 0.25 mM dNTPs, RNA
with primer (e.g., 0.3 uM (200bp), 0.125 uM (600bp), or 0.03 uM (2000bp)), 0.1 uM of P173, and
enzyme (e.g., 0.023pg/pl of modified R2 enzyme; P2 variant) (TABLE 10). The reactions were incubated
at 30 °C for 1 hour. The reactions were then supplemented with PCR reagents including amplification
primers and hot-start polymerase. The PCR amplification reactions included H,O, SYBR FAST master
mix, 0.5 uM each of forward primer and reverse primer, and 2.5 ul of 10X template (RT reaction)
(TABLE 11). The forward and reverse primers for the no template control reaction were P186 and P183,
respectively. The forward and reverse primers for the 200bp RNA template reaction were P186 and
P170, respectively. The forward and reverse primers for the 600bp RNA template reaction were P186
and P172, respectively. The forward and reverse primers for the 2000bp RNA template reaction were
P186 and P183, respectively. The PCR conditions for the reactions were 95 °C for 3 minutes and 30
cycles of 95 °C for 3 seconds and 62 °C for 60 seconds. The reactions were then increased to 68 °C. No
purification step was needed during the course of this experiment. The initial reaction can be diluted 10-
fold during PCR by adding 10 pl of the RT reaction and 90 pl PCR reagents to the same tube, making it a
I-pot (single vessel) reaction. The results using real-time PCR showed product conversion at various
lengths of RNA template (Figure 14). This experiment also illustrates RNA length compatibility. The
experiment shows compatibility with several transcript lengths and enables applications such as Iso-seq,

VDI, and others.

TABLE 10
Reaction 1 2 3 4
H,0 30 275 W 27.5 ul 27.5 ul
5X R2 buffer 10w 10w 10wl 10 ul
10 mM dNTPs 125w 1.25 125w 125w
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2.5 uM 600bpRNA-P172 0 ul 0 ul 25u 0wl
0.6 uM 2000bpRNA-P 184 0 ul 0 ul 0wl 25u
6 uM 200bpRNA-P170 0 ul 25ul 0wl 0wl
1 uM P173 Sul Sul Sul Sul
0.3 pg/ul P2 (R2 enzyme) 3.75ul 3.75ul 3.75ul 3.75ul
Total 50l 50l 50 ul 50 ul
TABLE 11
Reagents volume
H,0 75u
2X SYBRFAST master mix 125 ul
10 uM forward primer 125w
10 uM reverse primer 125w
10X template (RT reaction) 2.5ul
Total 25 ul
Thermocycling
95°C 3 minutes
95°C 3 seconds
62°C 60 seconds } 30 cycles
68°C 5
Sequences:
200bp RNA GGAUCCUCUAGAGUCGACCUGCAGGCAUGCAAGCUUGGCACUGGCC
GUCGUUUUACAACGUCGUGACUGGGAAAACCCUGGCGUUACCCAA
CUUAAUCGCCUUGCAGCACAUCCCCCUUUCGCCAGCUGGCGUAAUA
GCGAAGAGGCCCGCACCGAUCGCCCUUCCCAACAGUUGCGCAGCCU
GAAUGGCGAAUGGC
600bp RNA GGAUCCUCUAGAGUCGACCUGCAGGCAUGCAAGCUUGGCACUGGCC

GUCGUUUUACAACGUCGUGACUGGGAAAACCCUGGCGUUACCCAA
CUUAAUCGCCUUGCAGCACAUCCCCCUUUCGCCAGCUGGCGUAAUA
GCGAAGAGGCCCGCACCGAUCGCCCUUCCCAACAGUUGCGCAGCCU
GAAUGGCGAAUGGCGCCUGAUGCGGUAUUUUCUCCUUACGCAUCU
GUGCGGUAUUUCACACCGCAUAUGGUGCACUCUCAGUACAAUCUG
CUCUGAUGCCGCAUAGUUAAGCCAGCCCCGACACCCGCCAACACCC
GCUGACGCGCCCUGACGGGCUUGUCUGCUCCCGGCAUCCGCUUACA
GACAAGCUGUGACCGUCUCCGGGAGCUGCAUGUGUCAGAGGUUUU
CACCGUCAUCACCGAAACGCGCGAGACGAAAGGGCCUCGUGAUACG
CCUAUUUUUAUAGGUUAAUGUCAUGAUAAUAAUGGUUUCUUAGAC
GUCAGGUGGCACUUUUCGGGGAAAUGUGCGCGGAACCCCUAUUUG
UUUAUUUUUCUAAAUACAUUCAAAUAUGUAUCCGCUCAUGAGACA
AUAACCCUG
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2000bp RNA

GGAUCCUCUAGAGUCGACCUGCAGGCAUGCAAGCUUGGCACUGGCC
GUCGUUUUACAACGUCGUGACUGGGAAAACCCUGGCGUUACCCAA
CUUAAUCGCCUUGCAGCACAUCCCCCUUUCGCCAGCUGGCGUAAUA
GCGAAGAGGCCCGCACCGAUCGCCCUUCCCAACAGUUGCGCAGCCU
GAAUGGCGAAUGGCGCCUGAUGCGGUAUUUUCUCCUUACGCAUCU
GUGCGGUAUUUCACACCGCAUAUGGUGCACUCUCAGUACAAUCUG
CUCUGAUGCCGCAUAGUUAAGCCAGCCCCGACACCCGCCAACACCC
GCUGACGCGCCCUGACGGGCUUGUCUGCUCCCGGCAUCCGCUUACA
GACAAGCUGUGACCGUCUCCGGGAGCUGCAUGUGUCAGAGGUUUU
CACCGUCAUCACCGAAACGCGCGAGACGAAAGGGCCUCGUGAUACG
CCUAUUUUUAUAGGUUAAUGUCAUGAUAAUAAUGGUUUCUUAGAC
GUCAGGUGGCACUUUUCGGGGAAAUGUGCGCGGAACCCCUAUUUG
UUUAUUUUUCUAAAUACAUUCAAAUAUGUAUCCGCUCAUGAGACA
AUAACCCUGAUAAAUGCUUCAAUAAUAUUGAAAAAGGAAGAGUAU
GAGUAUUCAACAUUUCCGUGUCGCCCUUAUUCCCUUUUUUGCGGC
AUUUUGCCUUCCUGUUUUUGCUCACCCAGAAACGCUGGUGAAAGU
AAAAGAUGCUGAAGAUCAGUUGGGUGCACGAGUGGGUUACAUCGA
ACUGGAUCUCAACAGCGGUAAGAUCCUUGAGAGUUUUCGCCCCGA
AGAACGUUUUCCAAUGAUGAGCACUUUUAAAGUUCUGCUAUGUGG
CGCGGUAUUAUCCCGUAUUGACGCCGGGCAAGAGCAACUCGGUCGC
CGCAUACACUAUUCUCAGAAUGACUUGGUUGAGUACUCACCAGUC
ACAGAAAAGCAUCUUACGGAUGGCAUGACAGUAAGAGAAUUAUGC
AGUGCUGCCAUAACCAUGAGUGAUAACACUGCGGCCAACUUACUU
CUGACAACGAUCGGAGGACCGAAGGAGCUAACCGCUUUUUUGCAC
AACAUGGGGGAUCAUGUAACUCGCCUUGAUCGUUGGGAACCGGAG
CUGAAUGAAGCCAUACCAAACGACGAGCGUGACACCACGAUGCCUG
UAGCAAUGGCAACAACGUUGCGCAAACUAUUAACUGGCGAACUAC
UUACUCUAGCUUCCCGGCAACAAUUAAUAGACUGGAUGGAGGCGG
AUAAAGUUGCAGGACCACUUCUGCGCUCGGCCCUUCCGGCUGGCUG
GUUUAUUGCUGAUAAAUCUGGAGCCGGUGAGCGUGGGUCUCGCGG
UAUCAUUGCAGCACUGGGGCCAGAUGGUAAGCCCUCCCGUAUCGU
AGUUAUCUACACGACGGGGAGUCAGGCAACUAUGGAUGAACGAAA
UAGACAGAUCGCUGAGAUAGGUGCCUCACUGAUUAAGCAUUGGUA
ACUGUCAGACCAAGUUUACUCAUAUAUACUUUAGAUUGAUUUAAA
ACUUCAUUUUUAAUUUAAAAGGAUCUAGGUGAAGAUCCUUUUUGA
UAAUCUCAUGACCAAAAUCCCUUAACGUGAGUUUUCGUUCCACUG
AGCGUCAGACCCCGUAGAAAAGAUCAAAGGAUCUUCUUGAGAUCC
UUUUUUUCUGCGCGUAAUCUGCUGCUUGCAAACAAAAAAACCACC
GCUACCAGCGGUGGUUUGUUUGCCGGAUCAAGAGCUACCAACUCU
UUUUCCGAAGGUAACUGGCUUCAGCAGAGCGCAGAUACCAAAUAC
UGUCCUUCUAGUGUAGCCGUAGUUAGGCCACCACUUCAAGAACUC
UGUAGCACCGCCUACAUACCUCGCUCUGCUAAUCCUGUUACCAGUG
GCUGCUGCCAGUGGCGAUAAGUCGUGUCUUACCGGGUUGGACUCA
AGACGAUAGUU

P186 CAGTCAGTCAGTCAGTCAGTGCCA

P172 CAGGGTTATTGTCTCATGAGCG

P173 (RNA CAGUCAGUCAGUCAGUCAGUGCCAAAUGCCUCGUCAUC
template)

P183 TCGTCTTGAGTCCAACCCGGT

P170 GCCATTCGCCATTCAGGCTGC

P184 GAACACAGCATTAGCAGCTCGTCTTGAGTCCAACCCGGT

Example 7: Optimization of NaCl concentration for enzyme activity and template jumping
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[00316]
NaCl concentration. In brief, the reactions included H,O, 10X R2 buffer, 0.1 mM dNTPs, 0.2 uM RNA
template with primer (P173 and P174), NaCl (100 mM, 200 mM, 300 mM, 400 mM, 500 mM, 600 mM,

This experiment was designed to optimize enzyme activity and template jumping based on

or 800 mM), and enzyme (e.g., 0 pg/ul or 0.023 pg/pl of modified R2 enzyme (P2 variant R2 enzyme)).
The 10X R2 buffer included H,O, 500 mM Tris-HCI pH 7.5, 0.5% tween, and 25 mM DTT (42.5 ul H,O,
50 wl of 1000 mM Tris-HCI pH 7.5, 5 pl of 10% Tween, 2.5 pl of 1000 mM DTT). The reactions were
incubated at room temperature for about 2 hours. The reactions were then supplemented with 0.5 uM of
template (P173) and 5 mM MgCl, and incubated at room temperature for about 1 hour followed by 80 °C
for about 5 minutes. The reactions were then run on a gel (Figure 15). Results suggested that 300 mM

NaCl was optimum for enzyme activity and template jumping in this experiment (Figure 15).

TABLE 12
Reaction Lanel | Lane?2 Lane 3 Lane 4 LaneS | Lane6 | Lane 7 Lane 8
No NaCl NaCl NaCl NaCl Na(l NaCl NaCl
enzyme | 100 mM | 200 mM | 300 mM |400 mM |500 600 mM | 800
control mM mM
H,0 161 | 146l 14.2 13.8 134w |13l 12.6 ul 11.8 wl
10X R2 buffer | 2 ul 2w 2w 2w 2w 2ul 2ul 2ul
(no MgCl,; low
NaCl)
5000 mM NaCl | 0.4 ul 0.4l 0.8 ul 12w 1.6 2l 24w 32
1I0mM dNTPs | 0.2 ul 0.2l 0.2l 0.2l 0.2l 02pul |02 0.2l
20 uyM 0.2l 0.2l 0.2l 0.2l 0.2l 0.2l 0.2l 0.2l
template/primer
(P173+P174)
0.3 pg/pl P2 0w 15w 15w 15w 15w 15w 15w 15w
(R2 enzyme)
RT for 2 hours
100 uM P173 0.1l 0.1l 0.1l 0.1l 0.1l 0.1l 0.1l 0.1l
100 mM MgCl, Il Il Il Il 1 ul Il 1yl 1wl
Total 20 ul 20 ul 20 ul 20 ul 20 ul 20 ul 20 ul 20 ul

RT for 1 hour then 80 °C for 5 minutes

Example 8: Two step purification of R2 enzyme (P2 variant) vielded higher activity and template

lumping
[00317] This experiment was designed to optimize the activity and template jumping properties of an
R2 enzyme based on different purification methods. In brief, the reactions included H,0, 10X R2 buffer,
0.1 mM dNTPs, 0.2 uM RNA with primer (P173 and P174), 5 mM MgCl,, NaCl, 0.5 uM of P173, and
enzyme (0.023 pg/ul or 0.045 nug/ul of P2 variant R2 enzyme for one step purification (nickel or heparin)
or 0.0075 pg/pl, 0.023 pg/ul, or 0.048 pg/ul of P2 variant R2 enzyme for two step purification (nickel
and heparin)). The reactions were incubated at room temperature for about 2 hours followed by 80 °C for

about 5 minutes. The reactions were then run on a gel (Figure 16A and 16B). Results suggested that

reactions where the enzyme was subjected to Ni-NTA nickel affinity column followed by further
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purification with heparin sepharose affinity column showed higher activity and better template jumping
capabilities than reactions subjected to only one purification step (nickel alone or heparin alone) (Figure
16A and 16B).

Example 9: DNA template allows for R2 enzyme (P2 variant) activity and template jumpin

[00318]  This experiment demonstrated that a modified reverse transcriptase enzyme showed activity
and template jumping capabilities in the presence of DNA template (Figure 17). In short, the reaction
included H,O, 5X R2 buffer, 0.25 mM dNTPs, 0.4 uM DNA template with primer (P188 and P189), 0
uM or 1.5 uM of DNA template (P188) (Figure 17, lanes 1 and 2, respectively), and 0 pg/ul or 0.023
pg/ul enzyme (P2 variant R2 enzyme) (Figure 17, lanes 1 and 2, respectively). The reactions were
incubated at 30 °C for about 1 hour followed by 80 °C for about 10 minutes. The reactions were then run
on a gel (Figure 17). Sequences: DNA template P188
(AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGAC

GCTCTTCCGATCT); primer P189 (AGATCGGAAGAGCGTCGTGTAG).

Example 10: DNA fragments can be captured and tagssed with R2 enzyme

[00319]  This experiment showed that a 200bp DNA fragment (typical size for cfDNA) was captured
and tagged in a 1-pot (single vessel) reaction using the methods of the present disclosure. Some facts of
this experiment: no prior knowledge of the sequence was required and the data provided by this
experiment met the sensitivity requirement (a typical liquid biopsy sample has between about 10-30 ng of
DNA, a required sensitivity of 0.1% (~10-30pg)).

[00320]  This experiment showed that 1-pot (single vessel) reaction containing DNA fragments (200bp
PCR product prepared by heat denaturation and quick cooling of PCR product) was captured and tagged
using an R2 enzyme (P8 variant R2 enzyme). In brief, this experiment included two approaches: 1)
capture of DNA fragment with RNA priming (schematic shown in Figure 5A and 5B); and 2) capture of
DNA fragment using RNA donor (schematic shown in Figure 6A and 6B). Briefly, the reactions per the
first approach (RNA priming) included H,O, 5X R2 buffer, 0.25 mM dNTPs, 200bp DNA fragment (0 ng
(no DNA template control (NTC)), 160 pg, 32 pg, or 6 pg of DNA template), enzyme (¢.g., 0.023 nug/ul
P8 variant R2 enzyme), and 0.5 uM of P173. The reactions per the second approach (RNA donor)
included H,O, 5X R2 buffer, 0.25 mM dNTPs, 200bp DNA fragment (0 ng (no DNA template control
(NTC)), 160 pg, 32 pg, or 6 pg), enzyme (e.g., 0.023 pg/ul P8 variant R2 enzyme), and 0.2 pM RNA
donor (P173+P174). The reactions were then incubated at 30 °C for about 1 hour. The reactions were then
diluted 1:10 and supplemented with PCR reagents including amplification primers and hot-start
polymerase. The PCR amplification reactions for the first approach (RNA priming) included H,O, 1X taq
master mix with 1X SYBR Green, 0.5 pM of P169, 0.5 uM of P186, and 1X template (10 ul RT reaction
in 100 pl total volume for PCR). The PCR amplification reactions for the second approach (RNA donor)
included H,0, 1X Taq Mastermix with 1X sybr green, 0.5 uM of P169, 0.5 pM of P186, and 1X template
(10 ul RT reaction in 100 ul total volume for PCR). The PCR conditions for the reactions were 95 °C for
3 minutes and 30 cycles of 95 °C for 3 seconds, 54 °C for 10 seconds, and 64 °C for 10 seconds. The
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reactions were then increased to 68 °C for 2°. The length of the PCR products was confirmed on an

acrylamide gel. The results showed that the DNA fragment (~ 200bp) was captured using either the RNA

priming or the donor RNA mechanism without prior knowledge of the DNA sequence. The expected
PCR product was about 240bp, which is about the size of the DNA template in addition to the RNA
donor (Figure 18B). See, Figure 18A, 18B, 18C, and 18D.

Sequences:
200bp DNA fragment | CTGCAGTAATACGACTCACTATAGGATCCTCTAGAGTCGACCTGCAGG
(PCR product) CATGCAAGCTTGGCACTGGCCGTCGTTTTACAACGTCGTGACTGGGAA
produc AACCCTGGCGTTACCCAACTTAATCGCCTTGCAGCACATCCCCCTTTC

GCCAGCTGGCGTAATAGCGAAGAGGCCCGCACCGATCGCCCTTCCCA
ACAGTTGCGCAGCCTGAATGGCGAATGGC

P169 CTGCAGTAATACGACTCACTATAGGATCCTCTAGAGTCGACCTGC

P186 CAGTCAGTCAGTCAGTCAGTGCCA

P173 (RNA template) | CAGUCAGUCAGUCAGUCAGUGCCAAAUGCCUCGUCAUC

P174 TGATGACGAGGCATTTGGC

Example 11: Limit of detection for DNA template using R2 enzyme

[00321]  This experiment analyzed the limit of detection for DNA template using RNA donor strategy
for capturing 58bp DNA oligonucleotide (P188). In short, the reactions included H,O, 5X R2 buffer, 0.25
mM dNTPs, DNA fragment/P188 (0 uM, 0.5 uM, 0.05 uM, 0.005 uM, 0.0005 uM, 0.00005 uM,
0.000005 uM, and 0.0000005 uM), enzyme (e.g., 0.023 pg/ul P§ variant R2 enzyme), and 0.4 pM RNA
with annealed DNA primer (P173/P174). The reactions were then incubated at 30 °C for about 1 hour and

80°C for about 10 minutes. The reactions were then subjected to 5 fold dilution and supplemented with

PCR reagents including amplification primers and hot-start polymerase. The PCR amplification reactions

included H,O, SYBRFASTmaster mix, 0.25 pM of P188, 0.25 uM of P174, and 1X template (2.5 ul of

RT reaction in 25 pl total volume). The PCR conditions for the reactions were 95 °C for 3 minutes and 30

cycles of 95 °C for 3 seconds, 54 °C for 10 seconds, and 64 °C for 10 seconds. The reactions were then

increased to 68 °C for 2°. Figure 19 shows that a nice titration was observed for the different amounts of

template DNA while the no template control (0 uM DNA) remained clean at 20 PCR cycles. Titration

was observed for low concentrations of DNA template (concentration as low as 500 femtomolar DNA).

This experiment also suggests that there may be inhibitory effects at high DNA template concentrations.

Sequences:

P188

AATGATACGGCGACCACCGAGATCTACACTCTTTCCCTACACGACGCT
CTTCCGATCT

P173 (RNA template)

CAGUCAGUCAGUCAGUCAGUGCCAAAUGCCUCGUCAUC

P174

TGATGACGAGGCATTTGGC

Example 12: Sensitivity driver for liquid biopsy application

[00322]  This experiment shows DNA titration and sensitivity of up to 0.3 pg of DNA. Similar protocol

as previously described in the above examples (e.g., example 11) was followed with DNA template
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concentration of 0 ug, 0.3 pg, 30 ng, 3 ng, 0.3 ng, 30 pg, 3 pg, or 0.3 pg (see, Figure 20). Currently, none
of the next generation sequencing sample preparation technology holds this capability for sensitivity.
This experiment shows 100-1000 fold higher sensitivity than any current available method. Data shows
potential for applications with DNA with a few orders of magnitude lower than 0.3pg.

Example 13: Template Concatemerization

[00323]  This experiment was designed to demonstrate a method for converting short DNA fragments
into a concatemer. Concatemers may contain about 2, 3,4, 5,6, 7,8, 9, 10, 20, 30, 40, 50, 60, 70, 80, 90,
100, 500, 1000, or more copies of the starting nucleic acid. A schematic of the workflow is shown in
Figure 24A. In brief, the initial PCR protocol for template preparation included H,O, 2X Q35 master mix,
P316 (0.5 uM), P317 (0.5 uM), and pUC18 (0.05 ng/uL). The PCR condition was 98 °C for 30 seconds
followed by 30 cycles of: 98 °C for 10 seconds, 66 °C for 15 seconds, and 72 °C for 10 seconds. At the
end of the 30 cycles, the reaction was kept at 72 °C for 2 minutes and then reduced to 4 °C. The adaptor
annealing reaction included H,O, Tris pH 8.0 (20 mM), NaCl (100 mM), and two primers (25 uM cach;
(P312+P313) or (P314+P315) or (P320+P321)). The reaction was incubated at 90 °C for 1 minute,
followed by 0.1 °C/second ramp to 25 °C (20 seconds) and then reduced and kept at 4 °C. The first
adaptor ligation reaction included H,O (30 uL), fragmented DNA (20 pL), end repair and T-tailing buffer
(7 uL), and end repair and T-tailing enzyme mix (3 uL). The reaction was incubated at 20 °C for 30
minutes and then increased to 65 °C for 30 minutes. H,O (5 pL) was then added to the reaction (50 uL)
along with 2.5 pL. of 20 uM adaptor (P312+P313), 2.5 uL. of 20 uM adaptor (P314+P315), ligation buffer
(30 uL), and DNA ligase (10 pL). The reaction was then incubated at room temperature for 15 minutes,
followed by a reaction clean-up. SPRI beads were added and the reaction was eluted. The adaptor ligated
library (10 puL) was incubated with H,O (40 uL) and 2X Kappa HiFi master mix (50 uL) and subjected to
PCR (98 °C for 45 seconds; 5 cycles of 98 °C for 15 seconds, 60 °C for 30 seconds, and 72 °C for 30
seconds; 72 °C for 1 minute; and kept at 4 °C). This protocol can be modified in order to increase the
number of cycles (e.g., from 5 cycles to 25 cycles). The second adaptor ligation reaction comprises of a
similar protocol as the one described for the first adaptor ligation reaction; the difference being that 5 uL.
of 20 uM adaptor (P320+P321) was used instead of 2.5 uL of 20 uM adaptor (P312+P313) and 2.5 pL of
20 uM adaptor (P314+P315). The gel in Figure 24B shows that the adapters were successfully ligated to

the fragmented DNA sequence and shows template concatemerization.

Sequences:
P312 [ ACACTCTTTCCCTACACGACGCT Right adaptor
P313 | /5Phos/GCGTCGTGTAGGGAAAGAGTGT Right adaptor
P314 | /5Phos/CACTCTTTCCCTACACGACGCT Left adaptor
P315 [ AGCGTCGTGTAGGGAAAGAGTGT Left adaptor
Amp pUCI18 for 200bp frag with
P316 | ACACTTTATGCTTCCGGCTC Kpnl in middle
Amp pUCI18 for 200bp frag with
P317 | TAAGTTGGGTAACGCCAGG Kpnl in middle
P318 [ ACACTCTTTCC Invasion primers
P319 [ AGCGTCGTG Invasion primers
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TTCCAATGATACGGCGACCACCGAUACUGUCAUAG | Outside adaptor - can use P5
P320 [ CTAGCTCCT primer USER compatible

/5Phos/GGAGCTAGCTATGACAGTATCGGTGGTCGCC | Outside adaptor - can use P5
P321 | GTATCATTACTT primer

Example 14: Improved conversion efficiency (RNA sample to Next-Generation Sequence (NGS)
library) after 3’- phosphate, 2’-phosphate and 2’, 3’-cyclic phosphate removal.
[00324]  Some of the proposed or demonstrated techniques of the present disclosure require free 3°-
hydroxyl at the 3’-end of an RNA sample. For example, 3’-OH is required for RNA poly(A) tailing with
a polymerase (¢.g., poly-A polymerase), and/or for DNA poly-tailing with terminal deoxynucleotidyl
transferase (TdT), and/or for ligation. Endogenous RNA usually contains a 3’-hydroxyl or a 2”3 -cyclic
phosphate or a 3”-phosphate. The 3’-hydroxyl can be a product of transcription, poly(A) tail synthesis, or
enzymatic cleavage (enzymes with catalytic mechanism similar to RNase H). The 2°,3’-cyclic phosphate
can be a product of enzymatic cleavage (enzymes like RNase A) or spontaneous hydrolysis (non-
enzymatic intramolecular transphosphorylation). For example, RNA can be cleaved by intramolecular
transesterification.
[00325]  The 2°,3’-cyclic phosphate is very common due to natural RNA phosphodiester bond
instability and can occur naturally (cell free RNA degradation) or as a result of sample treatment or
storage. RNA samples bearing 2’ .3’-cyclic phosphate or 3" -phosphate cannot be subsequently poly-tailed
or ligated because the presence of a free 3’ -hydroxyl group is required for both. For this reason, RNA
samples with 27 3 -cyclic phosphate or 3”-phosphate can be treated with a phosphatase (e.g., T4
polynucleotide kinase (PNK) enzyme) to generate a 3°-hydroxyl group. Other examples of phosphatases
are disclosed in TABLE 13 below (Ushati Das and Stewart Shuman, Mechanism of RNA 2° 3 -cyclic
phosphate endhealing by T4 polynucleotide kinase—phosphatase, Nucleic Acids Research, 2013, vol. 41,
No.1, 355-365).

TABLE 13. Comparison of RNA repair enzymes that heal 2°,3-cyclic phosphate ends

Family REN SR Endproduct B prodied Fofase  ThPew
k=S Y
Yaow T
N i

N 7

[00326] T4 polynucleotide kinase (PNK) enzyme includes both kinase and phosphatase enzymatic
activities. Thus, to optimize the T4 PNK, the kinase enzymatic activity can be removed by substituting at
least one of the catalytically essential amino acids. This results in the phosphatase being the only
enzymatic activity present. Removing the kinase activity helps with subsequent reactions such as poly—A
tailing using ATP for example, because ATP is also a kinase substrate. Examples of cell free RNA NGS
library preparation protocols including de-phosphorylation are disclosed herein. Also disclosed herein are
comparison reactions (e.g., reactions not treated with T4 PNK). The results showed a significant 3 to 5-
fold increase in the number of RNA particles captured in the NGS library (refer to bio-analyzer trace data
in Figure 26).
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[00327]  Additional potential benefits: the unique properties of the 3’end of RNA particles depending
on the type of process used to generate the RNA particles, allow one to focus and/or manipulate the
sequencing library. For example, if one does not wish to sequence RNA fragments generated due to
process degradation (e.g., incomplete RNA fragments bearing 2°,3’-cyclic phosphate), one can avoid
treating the sample with T4 PNK. In this way, the library will include full mRNAs and miRNAs (3°-
hydroxyl).

Example 15: RNA sample fragmentation is part of the NGS library preparation workflow;
enzymatic and nonenzymatic methods (relevant for short-read technologies like illumina and ion
torrent).

[00328] Major DNA sequencing technologies, such as illumina or ion torrent, are limited in regards to
sequencing read-length (meaning that a limited number of bases can be sequenced in each individual
read). Both technologies have a read range of up to about 100bp-500bp, making it impractical to use a
library that significantly exceeds this range. Cell free RNA usually ranges from about 20 to 2000 bases,
formalin-fixed paraffin-embedded (FFPE) RNA ranges from about 20 to 500 bases and mRNA is usually
around 2000bases. For practical reasons, samples are usually fragmented, so effective library size is no
more than 400bp. Sample loading library fragments longer than 1000bp is very inefficient compared to
shorter fragments. Disclosed herein are two general methods of RNA sample fragmentation; enzymatic
and non-enzymatic. The enzymatic method can use enzymes with RNase activity (e¢.g., RNase A, RNase
P, RNase H, RNase III, RNase T1, RNase T2, RNase U2, RNase V1, RNase I, RNase L, RNase PhyM,
RNase V, dicer, or argonaute). The non-enzymatic method disclosed herein takes advantage of the
natural chemical instability of RNAs. RNA can undergo spontancous non-enzymatic fragmentation as a
result of internal transphosphorylation. Breaking of phosphodiester bonds of RNA can be brought about
by various conditions (e.g., metals, such as Mg, Mn, Pb, or polyamines, or cofactors, such as PVP or
PEG). An increase in the transphosphorylation rate can be achieved, for example, with high pH or with
high(er) temperature. Non-enzymatic hydrolysis preferentially happens in single stranded portions of
RNA particles, preferentially between bases UA or CA. The advantages of using a non-enzymatic
method includes: simplicity and reliability (independent of enzyme activity or shelf life), and the fact that
the reaction can be conducted in conditions compatible with the majority of the subsequent steps.
TABLE 16 below shows a workflow of both a fragmentation protocol and a no-fragmentation protocol.
Figure 26 shows the bioanalyzer trace data for the fragmentation protocol (represented by line 1) and the

no-fragmentation protocol (represented by line 2). The libraries were prepared using cell free RNA

sample.
TABLE 16. Workflow

No Fragmentation With Fragmentation
Work RNA fragmentation by heat
flow: STEP 1 [ treatment
STEP 1 PNK Treatment STEP 2 [ PNK Treatment

Poly Adenylation using Poly-A Poly Adenylation using Poly-A
STEP 2 Polymerase STEP 3 | Polymerase
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STEP 3 Poly T Primer annealing STEP 4 | Poly T Primer annealing

STEP 4 2D-RT & Tagging reaction STEP 5 | 2D-RT & Tagging reaction

STEP_5 primer-adapter excess and non- STEP_6 | primer-adapter excess and non-
specific priming product cleaning specific priming product cleaning
with Magnetic beads with with Magnetic beads with
immobilized oligoA immobilized oligoA

STEP 6 SPRI cleanup STEP 7 [ SPRI cleanup

STEP 7 Sample Index PCR STEP 8 | Sample Index PCR

STEP 8 SPRI cleanup STEP 9 [ SPRI cleanup

[00329]  In short, the no-fragmentation protocol included 6.5 pL. of H,O, 2 pL of 10 X T4 PNK buffer,
0.5 uL of 10 X RNase inhibitor, 1 uL. of 10 U/uL. T4 PNK enzyme, and 10 uL. sample (¢.g., cell free
RNA sample). The reaction was incubated at 37 °C for 20 minutes, 70 °C for 4 minutes, and then placed
onice. 3.25 pL of H,0, 10 pL of 5 X 2D PNK buffer, 1.25 pL of 10 X RNase inhibitor, 7.5 pL of 10 mM
ATP, and 1.25 pL of 5 U/uL Ecoli PolyA Pol were then added to the reaction. The reaction was
incubated at 16 °C for 5 minutes and then placed on ice. 0.5 pL of 100 X ANTPs, 1 uL of 10 uM P334
Primer, 0.25 pL of 100 uM P423 DNA ter acc were then added to the reaction. The reaction was
incubated at 70 °C for 2 minutes, and then placed on ice for 2 minutes. 1.25 pL of 10 X RNase inhibitor,
3.75 uL of P2 (e.g., R2 variant at 1ug/ uL (e.g., an R2 RT N-truncation, such as SEQ ID NO: 50)) were
added to the reaction (for a total of 50 uL reaction). The reaction was incubated at 34 °C for 1 hour,
pulled down, spri 1.6x, then eluted in 50 pL. See Figure 26, line 2. In some instances, a reverse
transcriptase or a modified reverse transcriptase, or an enzyme that has similar function to a reverse
transcriptase can be used instead of P2.

[00330] In short, the fragmentation protocol included 1 pL of 10 X buffer A and 9 pL of sample (e.g.,
cell free RNA sample). The reaction was incubated at 94 °C for 4 minutes and then placed on ice. 14.75
uL of H,O, 3 uL of 10 X buffer B, 0.75 pL of 10 X RNase inhibitor, and 1.5 pL of 10 U/uL T4 PNK
enzyme were added to the reaction. The reaction was incubated at 37 °C for 30 minutes, at 72 °C for 3
minutes and then placed on ice. 5 pL. of 10 X buffer C, 1.25 uL of 10 X RNase inhibitor, 7.5 puL of 10
mM ATP, and 1.25 pL of 5 U/uL. Ecoli PolyA Pol were then added to the reaction. The reaction was
incubated at 16 °C for 5 minutes and then placed on ice. 0.5 pL of 100 X ANTPs, 1 uL of 10 uM P334
Primer, 0.25 pL of 100 uM P423 DNA ter acc were then added to the reaction. The reaction was
incubated at 70 °C for 2 minutes, and then placed on ice for 2 minutes. 1.25 pL of 10 X RNase inhibitor
and 3.75 uL. of P2 (e.g., R2 variant at 1pg/ ul (e.g., an R2 RT N-truncation, such as SEQ ID NO: 50))
(were added to the reaction (for a total of 50 uL reaction). The reaction was incubated at 34 °C for 1 hour,
pulled down, spri 1.6x, then eluted in 50 pL. See Figure 26, line 1. In some instances, a reverse
transcriptase or a modified reverse transcriptase, or an enzyme that has similar function to a reverse
transcriptase can be used instead of P2.

[00331] In short, the 5X 2D PNK buffer included 645 pL of H,O, 10 pL of 1000mM Tris-HCI pH 7.5,
300 L of 5000mM NaCl,, 5 pL of 1000 mM MgCl,, 25 uL of 10% tween, and 15 L of 1000mM DTT.

The buffer A stock included 60 pL of H,O, 10 pL of 1000mM Tris-HCI pH 8.3, and 30 pL of 1000 mM
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MgCl,. The buffer B stock included 45 pL of H,O, 50 pL of 1000mM Tris-HC1 pH 7.5, and 5 pL of
1000mM DTT. The buffer C stock included 36 uL of H,0, 60 uL of 5000mM NaCl,, 2.5 uL of 10%
tween, and 1.5 pL of 1000mM DTT. The 10X PNK buffer included 150 pL of H,O, 700 pL of 1000mM
Tris-HCl pH 7.5, 100 pL of MgCl,, and 50 pL of 1000mM DTT. The 100X balanced dNTPs included
100 pL of H,0, 75 uL of 100mM dATP, 75 uL of 100mM of dTTP, 375 uL of 100mM dGTP, and 375
uL of 100mM dCTP. The 5X R2 buffer + dNTPs included 430 pL of H,0, 150 pL of 1000mM Tris-HCl
pH 7.5, 300 puL of 5000mM NaCl,, 25 uL of 1000mM MgCl,, 25 uL of 10% tween, 25 uL of 1000mM
DTT, 3.75 pL of 100mM dATP, 3.75 uL of 100mM of dTTP, 18.75 uL of 100mM dGTP, and 18.75 uL
of 100mM dCTP. The streptavidin magnetic beads included 160 uL of streptavidin magnetic beads
(NEB) saturated with biotinylated oligo
AAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAAA/3BIOTEG/, beads were resuspended in
10mM Tris pH7.5, 300mM NaCl,. The primer sequences used were: P334
(A/iSp9/CCGTGACTGGAGTTCAGACGTGTGCTCTTCCGATCT NNNNNNNN
ITTTTTTTTTTTTTTTTT), P423
(AA/1ISpY/ACACTCTTTCCCTACACGACGCTCTTCCGATCT/3ddC/), P399
(AATGATACGGCGACCACCGAGATCTACACGTACTGACACACTCTTTCCCTACACGACGO);
P400 (CAAGCAGAAGACGGCATACGAGATATTACTCGGTGACTGGAGTTCAGACGTGT)
Example 16: Robust mechanism of R2 RT jumping.

[00332] R2 RT jumping is a very efficient mechanism. It is much less sensitive to the acceptor-adapter
sequences compared to template switching mechanisms (e.g., methods that use MMLYV). This low
sensitivity allows for optimal utilization of sequencing adapters in the [llumina sequencing for example.
In this experiment, a variety of acceptors were tested. The results showed similar efficiency between
RNA and DNA acceptors. The use of DNA acceptors allow for cheaper and more reliable and/or stable
technology. The results also showed that the conversion efficiency was not sensitive to the 3°-end of the
acceptor sequences. Thus, this mechanism allows for flexibility regarding acceptor sequences and it is
relevant for both RNA and DNA samples. Examples of acceptors used: 1)
AA/ISpY/ACACTCTTTCCCTACACGACGCTCTTCCGATCTAGGG/3ddC/;

2) AA/iISp9/ACACTCTTTCCCTACACGACGCTCTTCCGATCTCAGGG/3ddC/;

3) AA/iISpY/ACACTCTTTCCCTACACGACGCTCTTCCGATCTTCTGGG/3ddC/;

4) AA/iISp9/ACACTCTTTCCCTACACGACGCTCTTCCGATCTG/3ddC/;

5) AA/iISp9/ACACTCTTTCCCTACACGACGCTCTTCCGATCT/3ddC/;

6) AA/iSp9/ACACTCTTTCCCTACACGACGCTCTTCCGATCTrGrGrG/3ddC/;

7) AAAA/iISp9/ACACTCTTTCCCTACACGACGCTCTTCCGATCTrGrGrG;

8) AA/iISpY/ACACTCTTTCCCTACACGACGCTCTTCCGATCTN/3ddC/;

9) AA/iISp9/ACACTCTTTCCCTACACGACGCTCTTCCGATCTNN/3ddC/;

10) AA/iISp9/ACACTCTTTCCCTACACGACGCTCTTCCGATCT*/3ddC/;

11) AA/Sp9/ACACTCTTTCCCTACACGACGCTCTTCCGATCTN/ideoxyl//3ddC/;
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12) AA/ISp9/ACACTCTTTCCCTACACGACGCTCTTCCGATC/iSuper-dT//3ddC/; and

13) A/iSp9/CCGTGACTGGAGTTCAGACGTGTGCTCTTCCGATCT/3ddC/.

Example 17: Poly-A Tail length control, method with non-extendable nucleotide.

[00333] PolyA polymerase is an RNA polymerase used frequently to generate a poly-A tail on the 3°
end of an RNA (e.g., poly-A polymerase form E.coli or yeast). Poly-A polymerase has enzymatic activity
that allows for the generation of an RNA chain (i.¢., extension of the 3’end of an RNA) without an RNA
or DNA template. Although, poly-A polymerase preferably synthesizes a poly-A tail, poly-A polymerase
also has activity with other ribonucleotides (e.g., CTP, GTP and UTP). Controlling the poly-A tail length
is important for sequencing quality and yield. Typically, ATP concentration and reaction time and/or
temperature are used to control the poly-A tail length. Alternative methods can be used, such as using a
blocking (un-extendable) nucleotide (¢.g., 3'-Deoxyadenosine-5'-Triphosphate (an ATP analog)). Once a
blocking nucleotide, 3'-Deoxyadenosine-5'-Triphosphate, is incorporated to an RNA chain analog, it
cannot be further extended due to a lack of a 3" hydroxyl group. Various concentrations of ATP and 3'-
Deoxyadenosine-5'-Triphosphate were used. It was found that the poly-A tail length could be controlled
based on the concentration/ratio of ATP and 3'-Deoxyadenosine-35'-Triphosphate, which was independent
of reaction time and/or enzyme concentration. This method provides for significant protocol advantage
when applied to high throughput or automated processes.

Example 18: Methods of generating cfDNA library

[00334] Described herein are two methods of generating cfDNA libraries. To help explain both
methods, the protocol was divided into two general steps. In the first step, an R2 enzyme (2D Genomics
R2 enzyme and derivatives) and accessory enzymes were used. The product of this step includes double
stranded DNA (dsDNA), such as one original sample strand flanked by attached adapters with known
sequences. This dsDNA particle includes one original sample strand and one which is copied by R2 and
accessory enzymes. The copy strand includes degradable nucleotides, such as dUTP, which can be
degraded upon treatment with Uracil-DNA Glycosylase (UDG) enzyme, for example. An alternative
method to remove the copy strand includes having dUTPs in the primer-adapter sequence or using a
nonsymmetrical adapter. In the second step, the original DNA strand with attached adapters is PCR
amplified using high fidelity methods/enzymes (for example enzymes with proofread activity). At least
one advantage of retaining the original strand for sequencing is that it avoids introducing errors while
copying it using a non-error correcting enzyme such as an R2 enzyme. Hence, the resulting library is not
compromised for fidelity.

[00335] Method 1 (see, Figure 27): First, cell free DNA (¢fDNA) is denatured to produce a single-
stranded DNA (ssDNA) sample. This allows for each strand to be analyzed separately compared to
ligation based methods (both strands in one final product). Analyzing each strand separately creates more
opportunities to capture rare mutations. The protocol can also include a dephosphorylation step (3" and 5°
ends). Next, ssDNA is mixed with a priming-jumping complex including DNA or RNA adapter with

annealed primer and R2 polymerase. The reaction includes dNTPs and catalytic metals. In short, R2 first
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extends the primer on the adapter template and then template-jumps to the ssDNA sample. The
generated product is dsDNA with one nick between the adapter template and the ssDNA sample. The
next step is end repair with a DNA polymerase that has 3°-to-5" exonuclease activity (e.g., T4 pol,
Klenov fragment, Bst DNA polymerase or Phi29 DNA pol). The polymerase may also posses DNA
strand displacement capability. The resulting product is a dsDNA with blunt ends or 3° A-overhang. The
nick may be replaced with a whole new strand where extension and displacement is primed by the 3°
hydroxyl of the original sample strand. On the other hand, the nick can be repaired during the next step
ligation. Next step ligation includes an asymmetric adapter. Adapter is a DNA duplex with one single-
stranded overhang at the 5’end. This overhang includes a sequence complementary to at least one of the
PCR amplification primers, causing only one strand to be amplified. Alternatively, in order to isolate
only the original ssDNA strand, an adapter with both 3” and 5° overhangs can be used (Y — structure) in
combination with dUTP and UDG degradation. PCR amplification is then performed and includes DNA
primers that are specific to both adapters. Only one of the strands from the previous steps is amplified;
the one including the original sample DNA. In some embodiments, isolation of the original ssDNA
strand occurs between the end repair and the asymmetric adapter ligation steps.

[00336] Method 2 (see, Figure 28): First, cell free DNA (cfDNA) is denatured to produce single-
stranded DNA (ssDNA) sample. The protocol can also include a dephosphorylation step (3 and 5™ ends).
Next, a polyA or polyC tail is generated by, for example, the addition of terminal deoxynucleotidyl
transferase (TdT). The length of the TdT generated tail can be controlled based on the combination of
dATP and incubation time or temperature (if polyA tailing was selected). Alternatively, the length of the
polyA tail can be controlled based on non-extendable nucleotides (¢.g., ddATP or 3'-Deoxyadenosine-5'-
Triphosphate). Here, the reaction includes both dATP and a non-extendable analog that were used at
various ratio and concentrations. Next, TdT can be temperature killed and the sample can be annealed
with a primer-adapter complementary to the DNA tail sequence. The reaction is then mixed with dNTPs
(including dUTP), catalytic metal, R2 enzyme, and acceptor-adapter. The R2 enzyme extends the
annealed primer and jumps to the acceptor-adapter to continue extending. The acceptor-adapter includes
a nucleotide block to prevent R2 from finishing the template and jumping to another template. The
product is a double-stranded DNA with 5° overhangs on both sides and a nick between a cfDNA sample
strand and the acceptor-adapter. The product is then subject to end repair and nick ligation with a DNA
polymerase having 3’-to-5" exonucleolytic activity and a DNA ligase (e.g., T4 pol, Klenov fragment, Bst
DNA polymerase or Phi29 DNA pol, T4 DNA Ligase). The product of the end repair and nick ligation is
then subject to UDG degradation. The last step is PCR amplification which includes DNA primers
specific to both adapters. Only one of the strands from the previous steps is amplified; the one including
the original sample DNA.

Example 19: Library preparation, depletion of ribosomal RNA (rRNA) and transfer RNA (tRNA)
to maximize sequencing throughput

[00337]  Approximately 80% of the total RNA in cells is TRNA and 15% is tRNA. Ribosomal RNA
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rarely serves as a diagnostic target. Therefore, because of that, the practice is to remove/deplete rRNA
and tRNA from sequencing libraries. The amount of rRNA and tRNA in sequencing libraries can be
controlled at various stages of library preparation. For example, depletion of rRNA and tRNA can occur
during the early stages, ¢.g., after total RNA isolation (RNA level), or after PCR amplification (dsDNA
level). Two general methods to remove TRNA and tRNA is described herein: 1) pulling rRNA/ARNA or
PCR products using complementary oligonucleotide attached to magnetic beads or solid support; and 2)
oligonucleotide-guided degradation of the rRNA/tRNA or PCR products.
[00338] Method I: In this method, amplified dsDNA is denatured and hybridized to a pool of
strategically designed oligonucleotides. Oligonucleotides are complementary to one or both DNA
strands with rDNA sequence. For Illumina library, only one strand may be depleted as only one polarity
is used in bridge amplification (see, Figure 29). Each oligonucleotide includes biotin modification.
Ribosomal sequences (including DNA fragments) are depleted/removed using straptvidin-immobilized
magnetic beads or solid support. In some cases, depletion is performed after PCR library amplification in
order to mitigate losses of rare and low represented sequences. Depletion can also be performed during
the early stages of library preparation (e.g., RNA level).
[00339] Method 2: In this method, Cas9 nuclease is complexed with strategically designed guiding
RNA oligonucleotides (Carolin Anders and Martin Jinek, 7 vifro Enzymology of Cas9, Methods
Enzymol., 2014; 546: 1-20). Oligonucleotides can have sequences complementary to ribosomal RNA.
Complexes of Cas9 with guiding RNA oligonucleotide specifically binds dsDNA (after PCR
amplification) and rRNA sequences, and catalyzes endonucleolitic cleavage of single or both DNA
strands (see, Figure 30).

EMBODIMENTS
[00340] Embodiment 1. A method for preparing a complementary deoxyribonucleic acid (cDNA)
molecule using template jumping, comprising: annealing a primer to a template; and mixing, in the
presence of nucleotides, the template annealed to the primer with a modified reverse transcriptase and an
acceptor nucleic acid molecule under conditions sufficient to generate a continuous cDNA molecule
complementary to the template and to the acceptor nucleic acid molecule, wherein the modified reverse
transcriptase comprises at least one improved enzyme property relative to a wild type or unmodified
reverse transcriptase, wherein upon producing the continuous cDNA molecule, the modified reverse
transcriptase undergoes migration from the template to the acceptor nucleic acid molecule.
[00341] Embodiment 2. A method for preparing a complementary deoxyribonucleic acid (cDNA)
molecule using template jumping, comprising: (a) annealing one or more primer(s) to a template; and (b)
mixing, in the presence of nucleotides, the template annealed to one or more primer(s) with a modified
reverse transcriptase and an acceptor nucleic acid molecule under conditions sufficient to generate a
c¢DNA molecule complementary to the template and/or to the acceptor nucleic acid molecule, wherein the
modified reverse transcriptase comprises at least one improved enzyme property relative to a wild type or

unmodified reverse transcriptase.
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[00342] Embodiment 3. A method for preparing a nucleic acid molecule using template jumping
comprising: mixing, in the presence of nucleotides, a fragment or degraded template, a primer, a
modified reverse transcriptase, and an acceptor nucleic acid molecule under conditions sufficient to
generate a nucleic acid molecule, wherein the modified reverse transcriptase comprises at least one
improved enzyme property relative to a wild type or unmodified reverse transcriptase.

[00343] Embodiment 4. A method for preparing a nucleic acid molecule using template jumping
comprising: mixing, in the presence of nucleotides, a fragment or degraded template, a donor complex, a
modified reverse transcriptase, and an acceptor nucleic acid molecule under conditions sufficient to
generate a nucleic acid molecule, wherein the modified reverse transcriptase comprises at least one
improved enzyme property relative to a wild type or unmodified reverse transcriptase.

[00344] Embodiment 5. A method for preparing a complementary deoxyribonucleic acid (¢cDNA)
library using template jumping, the method comprising: (a) annealing one or more primer(s) to a
template; (b) mixing, in the presence of nucleotides, the template annealed to one or more primer(s) with
an acceptor nucleic acid molecule and a modified reverse transcriptase, under conditions sufficient to
generate a continuous cDNA molecule complementary to the template and/or to the acceptor nucleic acid
molecule, wherein the modified reverse transcriptase comprises at least one improved enzyme property
relative to a wild type or unmodified reverse transcriptase, wherein upon producing the continuous
c¢DNA molecule, the modified reverse transcriptase undergoes migration from the template to the
acceptor nucleic acid molecule; and (¢) amplifying the cDNA molecule to generate a cDNA library.
[00345] Embodiment 6. A method for preparing a complementary deoxyribonucleic acid (¢cDNA)
library using template jumping, the method comprising: (a) mixing, in the presence of nucleotides, a
fragmented or degraded template with a primer, a modified reverse transcriptase, and an acceptor nucleic
acid molecule under conditions sufficient to generate a cDNA molecule, wherein the modified reverse
transcriptase comprises at least one improved enzyme property relative to a wild type or unmodified
reverse transcriptase; and (b) amplifying the cDNA molecule to generate a cDNA library.

[00346] Embodiment 7. A method for preparing a deoxyribonucleic acid (DNA) library using template
Jumping, the method comprising: (a) mixing a fragmented or degraded template with a primer, a
modified reverse transcriptase, and an acceptor nucleic acid molecule under conditions sufficient to
generate a DNA molecule, wherein the modified reverse transcriptase comprises at least one improved
enzyme property relative to a wild type or unmodified reverse transcriptase; and (b) amplifying the DNA
molecule to generate a DNA library.

[00347] Embodiment 8. A method for preparing a complementary deoxyribonucleic acid (cDNA)
library using template jumping, the method comprising: (a) mixing a fragmented or degraded template
with a donor complex, a modified reverse transcriptase, and an acceptor nucleic acid molecule under
conditions sufficient to generate a cDNA molecule, wherein the modified reverse transcriptase comprises
at least one improved enzyme property relative to a wild type or unmodified reverse transcriptase; and (b)

amplifying the cDNA molecule to generate a cDNA library.
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[00348] Embodiment 9. A method for preparing a deoxyribonucleic acid (DNA) library using template
Jumping, the method comprising: (a) mixing a fragmented or degraded template with a donor complex, a
modified reverse transcriptase, and an acceptor nucleic acid molecule under conditions sufficient to
generate a DNA molecule, wherein the modified reverse transcriptase comprises at least one improved
enzyme property relative to a wild type or unmodified reverse transcriptase; and (b) amplifying the DNA
molecule to generate a DNA library.

[00349] Embodiment 10. A method for preparing a library for sequencing comprising: (a) obtaining a
sample with cell-free nucleic acid from a subject; (b) mixing a modified reverse transcriptase enzyme, a
template, nucleotides, an acceptor nucleic acid molecule, and one or more primer(s) to the cell-free
nucleic acid, wherein the modified reverse transcriptase is capable of template jumping and comprises at
least one improved enzyme property relative to a wild type or unmodified reverse transcriptase; (¢)
conducting an amplification reaction on cell-free nucleic acid (cf nucleic acid) derived from the sample
to produce a plurality of amplicons, wherein the amplification reaction comprises 35 or fewer
amplification cycles; and (d) producing a library for sequencing, the library comprising a plurality of
amplicons.

[00350] Embodiment 11. A method for preparing a complementary deoxyribonucleic acid (¢cDNA)
library from a plurality of single cells, the method comprising the steps of: (a) releasing nucleic acid from
each single cell to provide a plurality of individual nucleic acid samples, wherein the nucleic acid in each
individual nucleic acid sample is from a single cell; (b) annealing the nucleic acid template to one or
more primer(s); (¢) mixing, in the presence of nucleotides, the nucleic acid template annealed to one or
more primer(s) with an acceptor nucleic acid molecule and a modified reverse transcriptase under
conditions effective for producing a cDNA molecule, wherein the modified reverse transcriptase is
capable of template jumping and comprises at least one improved enzyme property relative to a wild type
or unmodified reverse transcriptase; and (d) amplifying the cDNA molecule to generate a cDNA library.
[00351] Embodiment 12. A method for preparing a deoxyribonucleic acid (DNA) library from a
plurality of single cells, the method comprising the steps of: (a) releasing nucleic acid from each single
cell to provide a plurality of individual nucleic acid samples, wherein the nucleic acid in each individual
nucleic acid sample is from a single cell; (b) annealing the nucleic acid template to one or more
primer(s); (c) mixing, in the presence of nucleotides, the nucleic acid template annealed to one or more
primer(s) with an acceptor nucleic acid molecule and a modified reverse transcriptase under conditions
effective for producing a DNA molecule, wherein the modified reverse transcriptase is capable of
template jumping and comprises at least one improved enzyme property relative to a wild type or
unmodified reverse transcriptase; and (d) amplifying the DNA molecule to generate a DNA library.
[00352] Embodiment 13. A method for detecting a nucleic acid molecule, the method comprising the
steps of: (a) mixing a sample comprising a nucleic acid molecule with an acceptor nucleic acid molecule,
a modified reverse transcriptase, a primer, and nucleotides, under conditions effective for generating a

nucleic acid molecule, wherein the modified reverse transcriptase comprises at least one improved
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enzyme property relative to a wild type or unmodified reverse transcriptase; and (b) amplifying the
nucleic acid molecule.

[00353] Embodiment 14. A method for determining the presence of cancer in a subject comprising: (a)
obtaining a biological sample from a subject; (b) detecting a nucleic acid molecule in the biological
sample of embodiment 13; (¢) sequencing the nucleic acid molecule; and (d) determining that the subject
is afflicted with cancer based on the presence of the nucleic acid molecule.

[00354] Embodiment 15. A method for preparing a complementary deoxyribonucleic acid (cDNA)
molecule using template jumping, comprising mixing, in a single tube, a primer or one or more primer(s),
amessenger RNA (mRNA) template, nucleotides, a modified reverse transcriptase, an acceptor nucleic
acid molecule, and a catalytic metal under conditions sufficient to generate a continuous cDNA molecule
complementary to the mRNA template and to the acceptor nucleic acid molecule, wherein the modified
reverse transcriptase comprises at least one improved enzyme property relative to a wild type or
unmodified reverse transcriptase, wherein upon producing the continuous cDNA molecule, the modified
reverse transcriptase undergoes migration from the template to the acceptor nucleic acid molecule.
[00355] Embodiment 16. A method for preparing a library for sequencing comprising mixing, in a
single tube, a cell-free nucleic acid, a modified reverse transcriptase enzyme, a template, nucleotides, an
acceptor nucleic acid molecule, a catalytic metal, and one or more primer(s), under conditions sufficient
to generate a library, wherein the modified reverse transcriptase comprises at least one improved enzyme
property relative to a wild type or unmodified reverse transcriptase.

[00356] Embodiment 17. A method for preparing a library under conditions sufficient to generate a
library for sequencing comprising: (a) obtaining a sample with cell-free nucleic acid from a subject; (b)
mixing a modified reverse transcriptase, a template, nucleotides, and one or more primer(s) to the cell-
free nucleic acid; (¢) conducting an amplification reaction on cell-free nucleic acid (cf nucleic acid)
derived from a sample to produce a plurality of amplicons, wherein the amplification reaction comprises
35 or fewer amplification cycles; and (d) producing a library for sequencing, the library comprising the
plurality of amplicons.

[00357] Embodiment 18. A method for preparing a cDNA molecule comprising mixing, in the
presence of nucleotides, a primer, a template, a modified reverse transcriptase and an acceptor nucleic
acid molecule under conditions sufficient to generate a cDNA molecule complementary to the template
and/or to the acceptor nucleic acid molecule, wherein the modified reverse transcriptase comprises at
least one improved enzyme property relative to a wild type or unmodified reverse transcriptase.

[00358] Embodiment 19. A method for preparing a cDNA molecule comprising mixing, in the
presence of nucleotides, one or more primer(s), a template, a modified reverse transcriptase, and an
acceptor nucleic acid molecule under conditions sufficient to generate a cDNA molecule complementary
to the template and/or to the acceptor nucleic acid molecule, wherein the modified reverse transcriptase
comprises at least one improved enzyme property relative to a wild type or unmodified reverse

transcriptase.
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[00359] Embodiment 20. A method for preparing a cDNA library comprising mixing, in the presence
of nucleotides, a primer or one or more primer(s), a template, a modified reverse transcriptase, and an
acceptor nucleic acid molecule under conditions sufficient to generate a cDNA molecule complementary
to the template and/or to the acceptor nucleic acid molecule, wherein the modified reverse transcriptase
comprises at least one improved enzyme property relative to a wild type or unmodified reverse
transcriptase; and amplifying the cDNA molecule to generate a cDNA library.

[00360] Embodiment 21. The method of any one of embodiments 1-20, wherein the nucleic acid
molecule (¢.g., the acceptor nucleic acid molecule or the cell free nucleic acid molecule) or the template
comprises an unknown nucleic acid sequence.

[00361] Embodiment 22. The method of any one of embodiments 1, 5, and 15, wherein the migration
is independent of sequence identity between the template and the acceptor nucleic acid molecule.
[00362] Embodiment 23. The method of any one of embodiments 1-20, wherein the mixing comprises
addition of a hot start thermostable polymerase.

[00363] Embodiment 24. The method of embodiment 23, wherein the hot start thermostable
polymerase is a hot start taq polymerase.

[00364] Embodiment 25. The method of any one of embodiments 1-20, wherein the method is
performed in a single tube (single vessel).

[00365] Embodiment 26. The method of any one of embodiments 1-20, further comprising performing
a polymerase chain reaction (PCR) amplification reaction.

[00366] Embodiment 27. The method of embodiment 26, wherein the PCR amplification reaction is
performed in the same single tube (same vessel) as the single tube (single vessel) of embodiment 25.
[00367] Embodiment 28. The method of any one of embodiments 1-16, and 18-20, wherein the
acceptor nucleic acid molecule comprises a modified nucleotide that causes primer extension to stop.
[00368] Embodiment 29. The method of any one of embodiments 10, 16, and 17, wherein the cell-free
nucleic acid is cell-free DNA (¢fDNA), circulating tumor DNA (ctDNA), or formalin-fixed, paraffin-
embedded DNA (FFPE DNA).

[00369] Embodiment 30. The method of embodiment 26, wherein the PCR amplification is performed
at a temperature sufficient to inactivate the reverse transcriptase.

[00370] Embodiment 31. The method of embodiment 26, wherein the PCR amplification is performed
at a temperature sufficient to activate the hot start thermostable polymerase.

[00371] Embodiment 32.The method of any one of the embodiments 1-16, and 18-20, wherein the
acceptor nucleic acid molecule is modified at the 3™ end.

[00372] Embodiment 33. The method of embodiment 32, wherein the modification comprises a
dideoxy 3 end and/or a phosphorylated 3” end.

[00373] Embodiment 34. The method for preparing a nucleic acid molecule and/or library or a
complementary cDNA molecule and/or library of any one of embodiments 1-20, wherein the molecule

and/or library is prepared in at most about 2 hours.
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[00374] Embodiment 35. The method of any one of embodiments 10-14 and 17, wherein the sample
comprises a circulating tumor DNA sample or a tissue sample.

[00375] Embodiment 36. The method of any one of embodiments 1-20, wherein the nucleic acid
molecule and/or the acceptor nucleic acid molecule is RNA, DNA, or a combination of RNA and DNA.
[00376] Embodiment 37. The method of any one of embodiments 1-12 and 15-20, wherein the
template is RNA, DNA, or a combination of RNA and DNA.

[00377] Embodiment 38. The method of any one of embodiments 4, 8, and 9, wherein the donor
complex comprises a template and a primer.

[00378] Embodiment 39. The method of embodiment 37, wherein the template is a fragmented or
degraded template.

[00379] Embodiment 40. The method of any one of embodiments 36 and 37, wherein the RNA is
mRNA.

[00380] Embodiment 41. The method of any one of embodiments 1-20, further comprising depleting
ribosomal RNA (rRNA) and/or transfer RNA (tRNA).

[00381] Embodiment 42. The method of embodiment 41, wherein the step for depleting rRNA
comprises hybridization of an oligonucleotide to an rRNA.

[00382] Embodiment 43. The method of any one of embodiments 1-20, wherein the nucleic acid
and/or the template is from a sample.

[00383] Embodiment 44. The method of any one of embodiments 10-14, 17, and 43, wherein the
sample is a liquid biopsy sample.

[00384] Embodiment 45. The method of any one of embodiments 1-20, wherein the nucleic acid
and/or the template is equal to or less than about 0.01 micromolar.

[00385] Embodiment 46. The method of embodiment 45, wherein the nucleic acid and/or the template
is equal to or less than about 500 femtomolar.

[00386] Embodiment 47. The method of any one of embodiments 1-20, wherein the nucleic acid
and/or the template is a fragment or a degraded nucleic acid, a fragmented DNA, a fragmented RNA or
any combination thereof.

[00387] Embodiment 48. The method of embodiment 13, wherein the nucleic acid molecule is
indicative of a disease.

[00388] Embodiment 49. The method of embodiment 48, wherein the disease is cancer.

[00389] Embodiment 50. The method of any one of embodiments 1-20, further comprising providing a
prenatal diagnosis based on the presence or absence of a nucleic acid molecule.

[00390] Embodiment 51. The method of any one of embodiments 1-20, further comprising
optimization of the template, wherein the optimization comprises contacting a sample comprising the
template with an agent that removes the 5° cap structure of the template, under conditions permitting the
removal of the cap structure by the agent, thereby forming a decapped template.

[00391] Embodiment 52. The method of embodiment 51, further comprising contacting the sample
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with a dephosphorylating agent under conditions permitting the dephosphorylation of the decapped
template by the agent.

[00392] Embodiment 53. The method of embodiment 51, wherein the agent is pyrophosphatase.
[00393] Embodiment 54. The method of embodiment 52, wherein the agent is alkaline phosphatase.
[00394] Embodiment 55. The method of any one of embodiments 1-20, wherein the primer is
fluorescently labeled.

[00395] Embodiment 56. The method of any one of embodiments 1-20, wherein the reverse
transcriptase is a non-long terminal repeat (LTR) retrotransposon (¢.g., wherein the modified reverse
transcriptase is a non-long terminal repeat (LTR) retrotransposon).

[00396] Embodiment 57. The method of any one of embodiments 1-20, wherein the reverse
transcriptase is an R2 reverse transcriptase (¢.g., wherein the modified reverse transcriptase is a modified
R2 reverse transcriptase).

[00397] Embodiment 58. The method of embodiment 56, wherein the non-L'TR retrotransposon is an
R2 non-LTR retrotransposon.

[00398] Embodiment 59. The method of any one of embodiments 1-12 and 15, wherein the template
jumping is dependent on the concentration of the acceptor nucleic acid molecule.

[00399] Embodiment 60. The method of any one of embodiments 1-16 and 18-20, wherein the
improved enzyme property comprises at least one of the following: increased stability (e.g., increased
thermostability),; increased specific activity; increased protein expression; improved purification;
improved processivity; improved strand displacement; improved end-to-end template jumping; increased
DNA/RNA affinity; and increased fidelity.

[00400] Embodiment 61. The method of any one of embodiments 1-20, wherein the modified reverse
transcriptase comprises an N-terminal truncation, a C-terminal truncation, or N-terminal and C-terminal
truncations.

[00401] Embodiment 62. The method of any one of embodiments 1-20, wherein the modified reverse
transcriptase comprises a truncation of less than about 500 amino acid residues.

[00402] Embodiment 63. The method of any one of embodiments 1-20,wherein the modified reverse
transcriptase comprises one or more of the following modifications: (a) an amino-terminal truncation of
less than about 400 amino acid residues; and (b) a carboxyl-terminal truncation of less than about 400
amino acid residues.

[00403] Embodiment 64. The method of any one of the embodiments 1-20, wherein the modified
reverse transcriptase further comprises a tag.

[00404] Embodiment 65. The method of any one of embodiments 1, 2, 5, 6, 8, 11, 15, and 18-20,
wherein the cDNA molecule further comprises a tag.

[00405] Embodiment 66. The method of any one of embodiments 1-12 and 15-20, wherein the
template further comprises a tag.

[00406] Embodiment 67. The method of any one of embodiments 64-66, further comprising
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sequencing the modified reverse transcriptase comprising a tag, or the cDNA molecule comprising a tag,
or the template comprising a tag.

[00407] Embodiment 68. The method of embodiment 67, wherein the sequencing comprises whole
transcriptome analysis.

[00408] Embodiment 69. The method of any one of embodiments 64-66, wherein the tag is at least one
member selected from the group consisting of biotin, azido group, acetylene group, His-tag, Calmodulin-
tag, CBP, CYD, Strep II, FLAG-tag, HA-tag, Myc-tag, S-tag, SBP-tag, Softag-1, Softag-3, V5-tag,
Xpress-tag, Isopeptag, SpyTag, B, HPC peptide tags, GST, MBP, biotin, biotin carboxyl carrier protein,
glutathione-S-transferase-tag, green fluorescent protein-tag, maltose binding protein-tag, Nus-tag, Strep-
tag, and thioredoxin-tag.

[00409] Embodiment 70. The method of any one of embodiments 1-20, further comprising purifying a
solution comprising the continuous cDNA molecule, or the nucleic acid molecule, or the DNA molecule.
[00410] Embodiment 71. The method of any one of embodiments 1-20, wherein the method is
performed in the absence of purification.

[00411] Embodiment 72. The method of any one of embodiments 1-20, wherein the modified reverse
transcriptase is derived from an arthropod.

[00412] Embodiment 73. The method of embodiment 72, wherein the arthropod is Bombyx mori.
[00413] Embodiment 74. The method of any one of embodiments 1-20, wherein the modified reverse
transcriptase is purified.

[00414] Embodiment 75. The method of embodiment 74, wherein the modified reverse transcriptase is
at least about 80% pure.

[00415] Embodiment 76. The method of embodiment 70, wherein the purifying a solution comprises
two purification steps.

[00416] Embodiment 77. The method of embodiment 76, wherein the two purification steps comprise
anickel and a heparin affinity purification.

[00417] Embodiment 78. The method of embodiment 74, wherein the modified reverse transcriptase is
purified by immobilized metal affinity chromatorgraphy (IMAC).

[00418] Embodiment 79. The method of any one of embodiments 1-20, wherein the method further
comprises a salt.

[00419] Embodiment 80. The method of embodiment 79, wherein the salt is at least one member
selected from the group consisting of NaCl, LiCl, AICl;, CuCl,, MgCl,, InCl;, SnCly, CrCl,,CrCls, KCI,
Nal, KI, TMACI (tetramethyl ammonium chloride), TEACI (tetracthyl ammonium chloride), KSCN,
CsSCN, KCH;COO, CH;COONa, CsHgKNQ,4,CsHsNNaQ,, CsCl, and any combination thereof.

[00420] Embodiment 81. The method of embodiment 80, wherein the salt comprises NaCl.

[00421] Embodiment 82 . The method of any one of embodiments 1-20, wherein the method further
comprises a detergent.

[00422] Embodiment 83. The method of embodiment 82, wherein the detergent is a non-ionic and/or
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zwitterionic detergent.

[00423] Embodiment 84. The method of embodiment 83, wherein the non-ionic detergent is selected
from a group consisting of tween, triton, Triton CF-21, Triton CF-32, Triton DF-12, Triton DF-16,
Triton GR-SM, Triton N-101 (Polyoxyethylene branched nonylphenyl ether), Triton QS-15, Triton QS-
44, Triton RW-75 (Polyethylene glycol 260 monoChexadecyl/octadecyl) ether and 1-Octadecanol),
Triton X-100 (Polyethylene glycol tert-octylphenyl ether), Triton X-102, Triton X-15, Triton X-151,
Triton X-200, Triton X-207, Triton X-114, Triton X-165, Triton X-305, Triton X-405
(polyoxyethylene(40) isooctylphenyl ether), Triton X-405 reduced (polyoxyethylene(40)
isooctylcyclohexyl ether), Triton X-45 (Polyethylene glycol 4-tert-octylphenyl ether), Triton X-705-

70, TWEEN in any form including: TWEEN 20 (Polyoxyethylene sorbitan monolaurate), TWEEN 21
(Polyoxyethylene sorbitan monolaurate), TWEEN 40 (polyoxyethylene(20) sorbitan

monopalmitate), TWEEN 60 (Polyethylene glycol sorbitan monostearate), TWEEN 61 (Polyethylene
glycol sorbitan monostearate), TWEEN 65 (Polyoxyethylene sorbitan Tristearate), TWEEN 80
(Polyoxyethylene sorbitan monooleate), TWEEN 81 (Polyoxyethylene sorbitan monooleate), TWEEN 85
(polyoxyethylene(20) sorbitan trioleate), Brij, Brij 30 (Polyoxyethylene 4 lauryl ether) Brij 35
(Polyoxyethylene 23 lauryl ether), Brij 52 (Polyoxyethylene 2 cetyl ether), Brij56 (Polyoxyethylene 10
cetyl ether), Brij 58 (Polyoxyethylene 20 cetyl ether), Brij 72 (Polyoxyethylene 2 stearyl ether), Brij 76
(Polyoxyethylene 10 stearyl ether), Brij 78 (Polyoxyethylene 20 stearyl ether), Brij 92 (Polyoxyethylene
2 oleyl ether), Brij 97 (Polyoxyethylene 10 oleyl ether), Brij 98 (Polyoxyethylene 20 oleyl ether), Brij700
(Polyoxyethylene 100 stearyl ether, octyl thioglucoside, maltosides, and combinations thereof.

[00424] Embodiment 85. The method of any one of embodiments 79-84, wherein the salt or the
detergent improves enzyme activity or template jumping.

[00425] Embodiment 86. The method of any one of embodiments 5-13, 17, and 20, wherein the
amplification step comprises PCR.

[00426] Embodiment 87. The method of embodiment 86, wherein the PCR comprises at least one
amplification primer and/or a polymerase.

[00427] Embodiment 88. The method of embodiment 87, wherein the PCR comprises about 4-8
cycles, about 10-40 cycles, or about 1-15 cycles.

[00428] Embodiment 89. The method of embodiment 86, wherein the PCR comprises about 30 cycles.
[00429] Embodiment 90. The method of embodiment 87, wherein the polymerase is a hot start
polymerase.

[00430] Embodiment 91. The method of embodiment 86, further comprising detecting an amplicon
generated by the amplification primers, wherein the presence of the amplicon determines whether the
modified reverse transcriptase is present in the sample.

[00431] Embodiment 92. The method of any one of embodiments 1-20, further comprising a
temperature of about 12 °C to about 42 °C for about 1 minute to about 5 hours.

[00432] Embodiment 93. The method of any one of embodiments 1-20, wherein the method is carried
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out as a one-pot (single vessel) reaction.

[00433] Embodiment 94. The method of any one of embodiments 1-12 and 15-20, wherein the
template is between about 30 base pairs and about 15000 base pairs.

[00434] Embodiment 95. The method of embodiment 94, wherein the template is about 200 base pairs,
or about 600 base pairs.

[00435] Embodiment 96. The method of any one of embodiments 1-12 and 15-20, wherein the
template is between about 0.0001 micromolar and about 0.1 micromolar.

[00436] Embodiment 97. The method of embodiment 96, wherein the template is at least about 0.0001
micromolar.

[00437] Embodiment 98. The method of any one of embodiments 1-12 and 15-20, wherein the
template or fragmented or degraded template is at least about 50 femtomolar.

[00438] Embodiment 99. The method of any one of embodiments 1-13, 15-16, and 18-20, wherein the
acceptor nucleic acid molecule comprises at least one modified nucleotide.

[00439] Embodiment 100. The method of any one of embodiments 1-20, wherein the primer
comprises one or more random primer(s).

[00440] Embodiment 101. The method of any one of embodiments 1-20, wherein the primer
comprises an R2 RNA primer.

[00441] Embodiment 102. The method of any one of embodiments 1-20, wherein the primer further
comprises an adapter sequence.

[00442] Embodiment 103. The method of any one of embodiments 1-20, wherein the modified reverse
transcriptase, comprises a fusion with Fh8, MBP, NusA, Trx, SUMO, GST, SET, GBI, ZZ, HaloTag,
SNUT, Skp, T7PK, EspA, Mocr, Ecotin, CaBP, ArsC, IF2-domain I, an expressivity tag, RpoA, SlyD,
Tsf, RpoS, PotD, Crr , msyB, yjgD, rpoD, or any combination thereof.

[00443] Embodiment 104. A method for preparing a modified reverse transcriptase, which method
comprises at least one of the following steps: (a) subjecting a DNA sequence encoding a reverse
transcriptase enzyme to random or rational mutagenesis; (b) subjecting a DNA sequence encoding a
reverse transcriptase enzyme to truncation of amino acids; (¢) subjecting a DNA sequence encoding a
reverse transcriptase enzyme to alteration comprising an insertion, a deletion or a substitution of an
amino acid residue; (d) subjecting a DNA sequence encoding a reverse transcriptase enzyme to fusion
with a protein or domain; and (¢) subjecting a DNA sequence encoding a reverse transcriptase enzyme to
homologous genes DNA shuffling; wherein the DNA sequence obtained in any one of steps (a) to (¢) is
expressed in a host cell, and wherein the modified reverse transcriptase comprises at least one improved
enzyme property relative to a wild type or unmodified reverse transcriptase.

[00444] Embodiment 105. The method of embodiment 104, further comprising screening for host cells
expressing the modified reverse transcriptase.

[00445] Embodiment 106. The method of embodiment 105, further comprising preparing the modified

reverse transcriptase expressed by the host cells.
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[00446] Embodiment 107. The method of embodiment 104, further comprising at least one of the
following: determining the reverse transcriptase (RT) activity, estimating the reverse transcriptase active
fraction(s), and testing the stability and robustness of the mutants.

[00447] Embodiment 108. The method of embodiment 107, wherein the RT activity, the RT active
fraction(s), or the stability and robustness of the mutants are monitored via a reverse transcriptase activity
assay.

[00448] Embodiment 109. A modified polypeptide having reverse transcriptase activity and at least
one altered characteristic that improves enzyme property, wherein the modifed polypeptide comprises an
amino acid sequence having at least about 85% amino acid sequence identity to any one of the sequences
corresponding to National Center for Biotechnology Information (NCBI) GenBank database Accession
Numbers provided in TABLE 1.

[00449] Embodiment 110. A modified polypeptide having reverse transcriptase activity and at least
ong altered characteristic relative to a wild type or unmodified reverse transcriptase, which altered
characteristic enables the reverse transcriptase to (i) generate a complementary deoxyribonucleic acid
(cDNA) molecule from a template nucleic acid molecule without thermal cycling, and (i1) generate one
or more copies of the cDNA molecule at an error rate of at most about 5%, wherein the modified
polypeptide is a truncated variant of any one of the sequences corresponding to any one of the Accession
Numbers provided in TABLE 1.

[00450] Embodiment 111. A modifed polypeptide having reverse transcriptase activity and at least one
altered characteristic that improves enzyme property, wherein the modified polypeptide comprises an
amino acid sequence having at least about 85% amino acid sequence identity to SEQ ID NO: 1, SEQ ID
NO: 2, SEQ ID NO: 3, SEQ ID NO: 4, SEQ ID NO: 5, SEQ ID NO: 6, SEQ ID NO: 7, SEQ ID NO: 8,
SEQ ID NO: 9, SEQ ID NO: 10, SEQ ID NO: 11, SEQ ID NO: 12, SEQ ID NO: 13, SEQ ID NO: 14,
SEQ ID NO: 15, SEQ ID NO: 16, SEQ ID NO: 17, SEQ ID NO: 18, SEQ ID NO: 19, SEQ ID NO: 20,
SEQ ID NO: 21, SEQ ID NO: 22, SEQ ID NO: 23, SEQ ID NO: 24, SEQ ID NO: 25, SEQ ID NO: 26,
SEQ ID NO: 27, SEQ ID NO: 28, SEQ ID NO: 29, SEQ ID NO: 30, SEQ ID NO: 31, SEQ ID NO: 32,
SEQ ID NO: 33, SEQ ID NO: 34, SEQ ID NO: 35, SEQ ID NO: 36, SEQ ID NO: 37, SEQ ID NO: 38,
SEQ ID NO: 39, SEQ ID NO: 40, SEQ ID NO: 41, SEQ ID NO: 42, SEQ ID NO: 43, SEQ ID NO: 44,
SEQ ID NO: 45, SEQ ID NO: 46, SEQ ID NO: 47, SEQ ID NO: 48, SEQ ID NO: 49, SEQ ID NO: 50,
SEQ ID NO: 51, SEQ ID NO: 52, SEQ ID NO: 53, SEQ ID NO: 54, SEQ ID NO: 55, SEQ ID NO: 56,
SEQ ID NO: 57, SEQ ID NO: 58, SEQ ID NO: 59, SEQ ID NO: 60, SEQ ID NO: 61, SEQ ID NO: 62,
SEQ ID NO: 63, SEQ ID NO: 64, SEQ ID NO: 65, SEQ ID NO: 66, or SEQ ID NO: 67.

[00451] Embodiment 112. The modified polypeptide of any one of embodiments 109-111, wherein the
characteristic that improves enzyme property comprises at least one of the following: increased stability;
increased specific activity; increased protein expression; improved purification; improved processivity;
improved strand displacement; improved template jumping; increased DNA/RNA affinity; and increased

fidelity.
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[00452] Embodiment 113. The modified polypeptide of any one of embodiments 109-111, wherein the
modified polypeptide comprises an N-terminal truncation, a C-terminal truncation, or N-terminal and C-
terminal truncations.

[00453] Embodiment 114. The modified polypeptide of any one of embodiments 109-113, wherein the
modified polypeptide comprises a truncation of less than about 100 amino acid residues.

[00454] Embodiment 115. The modified polypeptide of any one of embodiments 109-114, wherein the
modified polypeptide comprises one or more of the following modifications: (a) an amino-terminal
truncation of less than about 400 amino acid residues; and (b) a carboxyl-terminal truncation of less than
about 400 amino acid residues.

[00455] Embodiment 116. The modified polypeptide of any one of embodiments 109-115, wherein the
modified polypeptide comprises a fusion partner or a carrier protein.

[00456] Embodiment 117. The modified polypeptide of embodiment 116, wherein the modified
polypeptide comprises a fusion with Fh8, MBP, NusA, Trx, SUMO, GST, SET, GB1, ZZ, HaloTag,
SNUT, Skp, T7PK, EspA, Mocr, Ecotin, CaBP, ArsC, IF2-domain I, an expressivity tag, RpoA, SlyD,
Tsf, RpoS, PotD, Crr , msyB, yjgD, rpoD, or any combination thereof.

[00457] Embodiment 118. The modified polypeptide of embodiment 116, wherein the fused variant
comprises at least one of the following: increased shelf life, increased active fraction(s), and improved
purification as compared to the non-fused polypeptide.

[00458] Embodiment 119. A non-naturally occurring enzyme that subjects a template nucleic acid
molecule to reverse transcription to generate a complementary deoxyribonucleic acid (¢cDNA) product
and amplification of the cDNA product at a processivity of at least about 80% per base as measured at 30
°C.

[00459] Embodiment 120. A non-naturally occurring enzyme that subjects a template nucleic acid
molecule to reverse transcription to generate a nucleic acid product and amplification of the nucleic acid
product at a processivity of at least about 80% per base as measured at 30 °C.

[00460] Embodiment 121. The non-naturally occurring enzyme of embodiment 119-120, wherein the
non-naturally occurring enzyme has a performance index greater than 1.0 for at least one enzyme
property.

[00461] Embodiment 122. The non-naturally occurring enzyme of embodiment 121, wherein the
enzyme property is selected from the group consisting of improved stability, specific activity, protein
expression, purification, processivity, strand displacement, template jumping, increased DNA/RNA
affinity, and fidelity.

[00462] Embodiment 123. A non-naturally occurring enzyme that subjects a template nucleic acid
molecule to reverse transcription to generate a complementary deoxyribonucleic acid (¢cDNA) product
and amplification of the cDNA product in a time period of 3 hours or less at a performance index greater
than 1.0 for at least one enzyme property selected from the group consisting of improved stability,

specific activity, protein expression, purification, processivity, strand displacement, template jumping,
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increased DNA/RNA affinity, and fidelity, as measured at a temperature from about 12 °C to about 42
°C.

[00463] Embodiment 124. A non-naturally occurring enzyme that subjects a template nucleic acid
molecule to reverse transcription to generate a nucleic acid product and amplification of the nucleic acid
product in a time period of 3 hours or less at a performance index greater than 1.0 for at least one enzyme
property selected from the group consisting of improved stability, specific activity, protein expression,
purification, processivity, strand displacement, template jumping, increased DNA/RNA affinity, and
fidelity, as measured at a temperature from about 12 °C to about 42 °C.

[00464] Embodiment 125. The non-naturally occurring enzyme of any one of embodiments 123-124,
wherein the template nucleic acid molecule is a cell-free nucleic acid molecule.

[00465] Embodiment 126. A non-naturally occurring enzyme that subjects a template nucleic acid
molecule to reverse transcription to generate a complementary deoxyribonucleic acid (¢cDNA) product
and amplification of the cDNA product in a time period of about 3 hours or less at a processivity for a
given nucleotide substrate that is at least about 5% higher than the processivity of a reference enzyme for
the same nucleotide substrate.

[00466] Embodiment 127. A non-naturally occurring enzyme that subjects a template nucleic acid
molecule to reverse transcription to generate a nucleic acid product and amplification of the nucleic acid
product in a time period of about 3 hours or less at a processivity for a given nucleotide substrate that is
at least about 5% higher than the processivity of a reference enzyme for the same nucleotide substrate.
[00467] Embodiment 128. A method of amplifying a nucleic acid molecule, comprising subjecting the
nucleic acid molecule to nucleic acid amplification using a modified reverse transcriptase, wherein the
reverse transcriptase is capable of amplifying the nucleic acid molecule at processivity of at least about
80% per base at about 30 °C.

[00468] Embodiment 129. The method of embodiment 128, further comprising using the modified
reverse transcriptase to subject a template nucleic acid molecule to reverse transcription to yield the
nucleic acid molecule.

[00469] Embodiment 130. The method of embodiment 128, wherein the nucleic acid molecule is a
cell-free nucleic acid molecule.

[00470] Embodiment 131. A kit comprising: a primer, one or more primer(s), or a random primer,
nucleotides, at least one modified reverse transcriptase, a template, and instructions to perform the
method of any one of embodiments 1-20.

[00471] Embodiment 132. The kit of embodiment 131, wherein the kit comprises a modified reverse
transcriptase that has reverse transcription or nucleic acid amplification activity and is capable of
template jumping at a temperature of about 30 °C.

[00472] Embodiment 133. A kit for detecting nucleic acid comprising a template, at least one modified
reverse transcriptase, nucleotides, and instructions to perform the method of any one of embodiments 3-4

and 13, wherein the nucleic acid is present at a concentration of at least about 50 femtomolar.
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[00473] Embodiment 134. A method of detecting, diagnosing, or prognosing a cancer in a subject in
need thereof, the method comprising: (a) obtaining sequence information of a cell-free nucleic acid
sample derived from the subject of embodiment 10; and (b) using the sequence information derived from
(a) to detect a tumor nucleic acid in the cell-free nucleic acid sample, wherein the tumor nucleic acid is
detected at a concentration that is less than or equal to about 2% of total nucleic acid molecules in the
cell-free nucleic acid sample.

[00474] Embodiment 135. The method of embodiment 134, wherein the tumor nucleic acid is detected
at a concentration that is less than or equal to about 1.75% of total nucleic acid molecules in the cell-free
nucleic acid sample.

[00475] Embodiment 136. The method of embodiment 134, wherein the sequence information
comprises information related to at least 2 genomic regions.

[00476] Embodiment 137. The method of embodiment 134, wherein the obtaining sequence
information of step (a) comprises using one or more adaptor(s).

[00477] Embodiment 138. The method of embodiment 137, wherein the one or more adaptor(s)
comprise a molecular barcode comprising a randomer sequence.

[00478] Embodiment 139. The method of embodiment 134, wherein diagnosing or prognosing the
cancer has a sensitivity of at least about 50%.

[00479] Embodiment 140. The method of embodiment 134, wherein diagnosing or prognosing the
cancer has a specificity of at least about 50%.

[00480] Embodiment 141. The method of any one of embodiments 134, wherein the nucleic acid is
RNA, DNA, or a combination of RNA and DNA.

[00481] Embodiment 142. A method for preparing a nucleic acid molecule for sequencing comprising:
obtaining a sample with cell-free nucleic acid from a subject, wherein the cell-free nucleic acid comprises
deoxyribonucleic acid (DNA) and ribonucleic acid (RNA) molecules; adding a poly tail to the nucleic
acid comprising mixing the cell-free nucleic acid with at least one of a transferase or a polymerase, and at
least one nucleotide substrate; mixing one or more primer(s) under conditions sufficient to permit the
primer to anneal to the poly tail of the nucleic acid; and mixing a modified reverse transcriptase under
conditions sufficient to amplify the nucleic acid, wherein the modified reverse transcriptase comprises at
least one improved enzyme property relative to a wild type or unmodified reverse transcriptase.

[00482] Embodiment 143. The method of embodiment 142, wherein (b) comprises a transferase and a
polymerase.

[00483] Embodiment 144. The method of embodiment 142, wherein the transferase comprises a
terminal deoxynucleotidyl transferase (TdT).

[00484] Embodiment 145. The method of embodiment 142, wherein the polymerase comprises a poly
A polymerase.

[00485] Embodiment 146. The method of embodiment 142, wherein the nucleotide substrate
comprises at least one of dCTP, dGTP, dTTP, and ATP.
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[00486] Embodiment 147. A method for preparing a nucleic acid molecule for sequencing comprising:
mixing cell-free nucleic acid with an oligonucleotide-streptavidin conjugate, wherein the
oligonucleotide-streptavidin conjugate is capable of annealing to the nucleic acid; and mixing the
oligonucleotide-streptavidin conjugate annealed to the nucleic acid with a modified reverse transcriptase
under conditions sufficient to permit transcription of the nucleic acid.

[00487] Embodiment 148. The method of embodiment 147, wherein the oligonucleotide-streptavidin
conjugate comprises an oligonucleotide primer.

[00488] Embodiment 149. The method of embodiment 147, wherein the oligonucleotide-streptavidin
conjugate comprises an oligonucleotide primer and an oligonucleotide acceptor.

[00489] Embodiment 150. The method of embodiment 149, wherein the oligonucleotide acceptor is in
close proximity to the annealed nucleic acid so as to allow for template jumping.

[00490] Embodiment 151. The method of any one of embodiments 147-150, wherein the
oligonucleotide-streptavidin conjugate comprises a magnetic bead.

[00491] Embodiment 152. The method of embodiment 151, further comprising enrichment of the
annealed nucleic acid.

[00492] Embodiment 153. The method of any one of embodiments 142-152, wherein the cell-free
nucleic acid comprises at least one of ssDNA, dsDNA, dsRNA, ssRNA, extracellular RNA, and RNA
from an exosome.

[00493] Embodiment 154. A method for preparing a nucleic acid molecule using template jumping
comprising: (a) annealing a primer to a nucleic acid template; and (b) mixing the template annealed to the
primer with a modified reverse transcriptase, a polymerase with editing capabilities, and an acceptor
nucleic acid molecule under conditions sufficient to generate a nucleic acid molecule.

[00494] Embodiment 155. The method of embodiment 154, wherein steps (a) and (b) are performed
sequentially.

[00495] Embodiment 156. The method of embodiment 154, wherein steps (a) and (b) are performed
simultaneously.

[00496] Embodiment 157. The method of any one of embodiments 142-156, wherein the reverse
transcriptase is a DNA polymerase.

[00497] Embodiment 158. The method of any one of embodiments 142-156, wherein the reverse
transcriptase is a non-long terminal repeat (LTR) retrotransposon.

[00498] Embodiment 159. The method of any one of embodiments 142-156, wherein the reverse
transcriptase is an R2 reverse transcriptase.

[00499] Embodiment 160.The method of embodiment 158, wherein the non-LTR retrotransposon is an
R2 non-LTR retrotransposon.

[00500] Embodiment 161. The method of any one of embodiments 154-160, wherein the acceptor
nucleic acid molecule comprises a protected 3” end.

[00501] Embodiment 162. The method of embodiment 154, wherein the polymerase with editing
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capabilitics comprises at least one of 3” to 5° exonuclease, T4 DNA polymerase, exonuclease I, Phi29,
Pfu, Vent, KOD, exonuclease III, and exonuclease T.

[00502] Embodiment 163. A method for preparing a concatemer of nucleic acid molecules for
sequencing comprising: ligating a nucleic acid molecule with a first adaptor; amplifying the ligated
nucleic acid molecule by performing a nucleic acid amplification reaction in the absence of a primer to
form a concatemer; and ligating the concatemer with a second adaptor.

[00503] Embodiment 164. The method of embodiment 163, wherein the nucleic acid amplification
reaction is polymerase chain reaction (PCR) or isothermal amplification.

[00504] Embodiment 165. The method of any one of embodiments 163-164, wherein the first adaptor
comprises a unique molecular identifier (UMI) sequence.

[00505] Embodiment 166. The method of any one of embodiments 163-164, wherein the first adaptor
serves as a primer.

[00506] Embodiment 167. The method of any one of embodiments 163-164, wherein the first adaptor
comprises single stranded nucleic acid.

[00507] Embodiment 168. The method of embodiment 167, wherein the single stranded nucleic acid
comprises single stranded DNA (ssDNA).

[00508] Embodiment 169. The method of any one of embodiments 163-164, wherein the second
adaptor comprises double stranded nucleic acid.

[00509] Embodiment 170. The method of embodiment 169, wherein the double stranded nucleic acid
comprises double stranded DNA (dsDNA).

[00510] Embodiment 171. The method of any one of embodiments 163-164, wherein the first adaptor
is different from the second adaptor.

[00511] Embodiment 172. The method of any one of embodiments 163-164, wherein the first adaptor
comprises two or more adaptors.

[00512] Embodiment 173. The method of any one of embodiments 163-164, wherein the second
adaptor comprises two or more adaptors.

[00513] Embodiment 174. The method of any one of embodiments 163, wherein both ends of the
nucleic acid molecule comprise an adaptor.

[00514] Embodiment 175. The method of any one of embodiments 142-174, wherein the nucleic acid
molecule comprises at least one of ssDNA, dsDNA, dsRNA, ssRNA, extracellular RNA, and RNA from
exosome.

[00515] Embodiment 176. The method of embodiment 163, wherein the adaptor comprises a
nucleotide modification.

[00516] Embodiment 177. The method of embodiment 176, wherein the nucleotide modification
comprises a methylated nucleotide.

[00517] Embodiment 178. The method of embodiment 176, wherein the nucleotide modification
comprises dUTP.
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[00518] Embodiment 179. A method of depleting ribosomal and/or transfer RNA from a sample for
library sequencing comprising: providing a sample comprising RNA, wherein the RNA comprises
ribosomal RNA (rRNA) and/or transfer RNA (tRNA); performing an amplification reaction (e.g., a
polymerase chain reaction (PCR) or an isothermal amplification) to convert the rRNA and/or tRNA to
double stranded DNA (dsDNA), wherein the amplification reaction is a partial amplification reaction or a
full/complete amplification reaction; introducing a complex comprising a nuclease or a polynucleotide
encoding the nuclease and at least one specifically designed guide oligonucleotide, wherein the at least
one guide oligonucleotide comprises at least one sequence complementary to at least one dsDNA and the
nuclease or polynucleotide encoding the nuclease cleaves at least one strand of the dsDNA.

[00519] Embodiment 180. A method of depleting ribosomal and/or transfer RNA from a sample for
library sequencing comprising: providing a sample comprising RNA, wherein the RNA comprises
ribosomal RNA (rRNA) and/or transfer RNA (tRNA); performing an amplification reaction (e.g., a
polymerase chain reaction (PCR) or an isothermal amplification), wherein the amplification reaction is a
partial amplification reaction or a full/complete amplification reaction to convert the rRNA and/or tRNA
to double stranded DNA (dsDNA); denaturing the dsDNA into single-stranded DNA (ssDNA) strands;
introducing at least one specifically designed oligonucleotide comprising a binding molecule and at least
one sequence complementary to at least one ssSDNA strand to form a hybridized complex of the
oligonucleotide and the at least one ssDNA strand; immobilizing the hybridized complex to at least one
solid support, thereby removing the hybridized complex from the sample.

[00520] Embodiment 181. A method of depleting ribosomal and/or transfer RNA from a sample for
library sequencing comprising: providing a sample comprising RNA, wherein the RNA comprises
ribosomal RNA (rRNA) and/or transfer RNA (tRNA); introducing at least one specifically designed
oligonucleotide comprising a binding molecule and at least one sequence complementary to at least one
rRNA and/or tRNA to form a complex comprising the oligonucleotide and the at least one rRNA and/or
tRNA; immobilizing the complex to at least one solid support, thereby removing the complex from the
sample.

[00521] Embodiment 182. The method of any one of embodiments 181-182, wherein the binding
molecule is biotin.

[00522] Embodiment 183. The method of any one of embodiments 181-182, wherein the at least one
solid support is streptavidin.

[00523] Embodiment 184. A method of producing a cell free deoxyribonucleic acid (¢fDNA) library
comprising: providing a sample comprising cfDNA; denaturing the cfDNA to produce a single stranded
DNA (ssDNA) sample; introducing, in the presence of nucleotides and/or a catalytic metal, a complex
comprising a template, a primer, and a reverse transcriptase to the ssDNA sample, wherein the reverse
transcriptase extends the primer on the template and subsequently template jumps to the ssDNA sample
to produce a double stranded DNA (dsDNA) sample (¢.g., wherein the double stranded DNA comprises a

copy strand and an original strand (copy strand is the strand that resulted from the extension by the
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reverse transcriptase, and the original strand is from the sample)), and wherein the dsDNA comprises at
least one nick between the template and the ssDNA; introducing a polymerase comprising a 3'-to-5'
exonuclease activity to generate a dsDNA with blunt ends and/or a 3’-overhang; introducing an
(asymmetric) adapter comprising a nucleic acid duplex with a single-stranded overhang at the 5 end,
wherein the (asymmetric) adapter is ligated to the 5° end of the dsDNA, and wherein the single-stranded
overhang comprises a sequence complementary to at least one polymerase chain reaction (PCR)
amplification primer; and performing a PCR reaction to amplify only one strand of the dsDNA (further
wherein the one strand of the dsDNA is the original DNA strand).

[00524] Embodiment 185. The method of embodiment 184, wherein the one strand of the dsDNA
(original strand) improves fidelity of PCR amplification.

[00525] Embodiment 186. A method of producing a cell free deoxyribonucleic acid (¢fDNA) library
comprising: providing a sample comprising cfDNA; denaturing the cfDNA to produce a single stranded
DNA (ssDNA) sample; introducing a terminal deoxynucleotidyl transferase (TdT) and a deoxyadenosine
triphosphate (dATP) (and optionally a non-extendable nucleotide) to the ssDNA sample to generate a
poly(A) and/or a poly(C) tail; annealing a complex comprising a primer and a first adapter to the tail of
the ssDNA sample, wherein the complex comprises a sequence complementary to the tail; introducing, in
the presence of nucleotides and/or a catalytic metal, a reverse transcriptase and a complex comprising an
acceptor and a second adapter to produce a double stranded DNA (dsDNA) sample, wherein the
nucleotides comprise degradable nucleotides, wherein the reverse transcriptase extends the primer and
subsequently template jumps to the complex to continue extension; and wherein the complex comprises a
nucleotide block to prevent the reverse transcriptase from reaching the end of the complex and jumping
to another complex, wherein the dsDNA comprises an original strand and a copy strand, wherein the
original strand comprises at least one nick between the complex and the ssDNA and the copy strand
comprises at least one degradable nucleotide; introducing a polymerase comprising a 3'-to-5' exonuclease
activity to generate a dsDNA with blunt ends or a 3’ -overhang, and a DNA ligase to ligate the at least
one nick; introducing at least one uracil-DNA glycosylase to degrade the at least one degradable
nucleotide to deplete/remove/degrade the copy strand (thereby resulting in only the original strand being
present); and, performing a polymerase chain reaction (PCR) comprising at least a first primer and/or at
least a second primer to amplify the original strand, wherein the first primer comprises a sequence
complementary to the first adapter and the second primer comprises a sequence complementary to the
second adapater.

[00526] Embodiment 187. The method of embodiment 186, wherein the original strand improves
fidelity of PCR amplification (i.e., removing the copy strand and leaving only or mostly the original
strand improves fidelity during PCR amplification).

[00527] Embodiment 188. A method for preparing a nucleic acid library for sequencing comprising:
(a) obtaining a plurality of nucleic acid molecules; (b) inducing a non-enzymatic intramolecular

transphosphorylation of at least one molecule in said plurality of nucleic acid molecules by increasing a
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temperature of said plurality of nucleic acid molecules, thereby providing a plurality of nucleic acid
molecules with a free 5’-phosphate moicty; (¢) adding a phosphatase to said plurality of nucleic acid
molecules with said free 5°-phosphate moiety whereby the phosphatase converts one or more of said free
5’-phosphate moicties to a hydroxyl group, thereby providing a plurality of nucleic acid molecules with a
free hydroxyl group; (d) mixing, in the presence of an amount of adenosine triphosphates a product of
step ¢) and a polymerase, whereby said polymerase generates a poly(A) tail from at least one molecule of
said plurality of nucleic acid molecules with a free hydroxyl group; (¢) mixing, in the presence of
nucleotides, (i) one or more primers comprising a sequence complementary to said poly(A) tail; (i) one
or more acceptor nucleic acid molecules; and (iii) a modified reverse transcriptase, whereby said
modified reverse transcriptase generates a plurality of continuous complementary deoxyribonucleic acid
molecule by reverse transcribing a sequence of an annealed template nucleic acid molecule, migrating to
an acceptor nucleic acid molecule, and reverse transcribing a sequence of said acceptor nucleic acid
molecule; (f) adding at least one solid support to a product of (¢), whereby said solid support immobilizes
an excess of said one or more primers comprising a sequence complementary to said poly(A) tail; and (g)
performing a polymerase chain reaction (PCR) reaction.

[00528] Embodiment 189. A method of producing a library for sequencing comprising: providing a
sample comprising ribonucleic acid (¢.g., cfRNA); subjecting the sample to high temperature sufficient to
allow for transphosphorylation of the RNA (optionally, further wherein a catalytic metal (magnesium)
and/or a polyamine is introduced to the sample); introducing a phosphatase to convert a phosphate
moiety of the RNA to a 3’-hydroxyl group; introducing an adenosine triphosphate and a polymerase to
generate a poly(A) tail on the 3’-hydroxyl group of the RNA; introducing, in the presence of nucleotides,
a primer, an acceptor, and a reverse transcriptase, wherein the primer comprises a sequence
complementary to the poly(A) tail thereby annealing to the poly(A) tail, and wherein the reverse
transcriptase extends the primer and subsequently template jumps to the acceptor to continue extension;
introducing at least one solid support to immobilize excess primer and non-specific primer products to
the at least one solid support, thereby removing the excess primer and the non-specific primer products

from the sample; and performing a polymerase chain reaction (PCR) reaction to amplify the RNA.

SEQUENCES:
AAB59214.1 reverse transcriptase-like protein [Bombyx mori]; SEQ ID NO: 1

MMASTALSLMGRCNPDGCTRGKHVTAAPMDGPRGPSSLAGTFGWGLAIPAGEPCGRVCSPATV
GFFPVAKKSNKENRPEASGLPLESERTGDNPTVRGSAGADPVGQDAPGWTCQFCERTFSTNRGL
GVHKRRAHPVETNTDAAPMMVKRRWHGEEIDLLARTEARLLAERGQCSGGDLFGALPGFGRT

LEAIKGQRRREPYRALVQAHLARFGSQPGPSSGGCSAEPDFRRASGAEEAGEERCAEDAAAYDP
SAVGQMSPDAARVLSELLEGAGRRRACRAMRPKTAGRRNDLHDDRTASAHKTSRQKRRAEYA
RVQELYKKCRSRAAAEVIDGACGGVGHSLEEMETY WRPILERVSDAPGPTPEALHALGRAEWH
GGNRDYTQLWKPISVEEIKASRFDWRTSPGPDGIRSGQWRAVPVHLKAEMFNAWMARGEIPEIL
RQCRTVFVPKVERPGGPGEYRPISIASIPLRHFHSILARRLLACCPPDARQRGFICADGTLENSAVL
DAVLGDSRKKLRECHVAVLDFAKAFDTVSHEALVELLRLRGMPEQFCGYIAHLYDTASTTLAV

NNEMSSPVKVGRGVRQGDPLSPILFNVVMDLILASLPERVGYRLEMELVSALAYADDLVLLAGS
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KVGMQESISAVDCVGRQMGLRLNCRKSAVLSMIPDGHRKKHHYLTERTFNIGGKPLRQVSCVE
RWRYLGVDFEASGCVTLEHSISSALNNISRAPLKPQQRLEILRAHLIPRFQHGFVLGNISDDRLRM
LDVQIRKAVGQWLRLPADVPKAYYHAAVQDGGLAIPSVRATIPDLIVRRFGGLDSSPWSVARAA
AKSDKIRKKLRWAWKQLRRFSRVDSTTQRPSVRLFWREHLHASVDGRELRESTRTPTSTKWIRE
RCAQITGRDFVQFVHTHINALPSRIRGSRGRRGGGESSLTCRAGCKVRETTAHILQQCHRTHGGR
ILRHNKIVSFVAKAMEENKWTVELEPRLRTSVGLRKPDIIASRDGVGVIVDVQVVSGQRSLDELH
REKRNKYGNHGELVELVAGRLGLPKAECVRATSCTISWRGVWSLTSYKELRSIIGLREPTLQIVPI
LALRGSHMNWTRFNQMTSVMGGGVG

T18197 reverse transcriptase-like protein - silkworm; SEQ ID NO: 2

MMASTALSLMGRCNPDGCTRGKHVTAAPMDGPRGPSSLAGTFGWGLAIPAGEPCGRVCSPATV
GFFPVAKKSNKENRPEASGLPLESERTGDNPTVRGSAGADPVGQDAPGWTCQFCERTFSTNRGL
GVHKRRAHPVETNTDAAPMMVKRRWHGEEIDLLARTEARLLAERGQCSGGDLFGALPGFGRT
LEAIKGQRRREPYRALVQAHLARFGSQPGPSSGGCSAEPDFRRASGAEEAGEERCAEDAAAYDP
SAVGQMSPDAARVLSELLEGAGRRRACRAMRPKTAGRRNDLHDDRTASAHKTSRQKRRAEYA
RVQELYKKCRSRAAAEVIDGACGGVGHSLEEMETY WRPILERVSDAPGPTPEALHALGRAEWH
GGNRDYTQLWKPISVEEIKASRFDWRTSPGPDGIRSGQWRAVPVHLKAEMFNAWMARGEIPEIL
RQCRTVFVPKVERPGGPGEYRPISIASIPLRHFHSILARRLLACCPPDARQRGFICADGTLENSAVL
DAVLGDSRKKLRECHVAVLDFAKAFDTVSHEALVELLRLRGMPEQFCGYIAHLYDTASTTLAV
NNEMSSPVKVGRGVRQGDPLSPILFNVVMDLILASLPERVGYRLEMELVSALAYADDLVLLAGS
KVGMQESISAVDCVGRQMGLRLNCRKSAVLSMIPDGHRKKHHYLTERTFNIGGKPLRQVSCVE
RWRYLGVDFEASGCVTLEHSISSALNNISRAPLKPQQRLEILRAHLIPRFQHGFVLGNISDDRLRM
LDVQIRKAVGQWLRLPADVPKAYYHAAVQDGGLAIPSVRATIPDLIVRRFGGLDSSPWSVARAA
AKSDKIRKKLRWAWKQLRRFSRVDSTTQRPSVRLFWREHLHASVDGRELRESTRTPTSTKWIRE
RCAQITGRDFVQFVHTHINALPSRIRGSRGRRGGGESSLTCRAGCKVRETTAHILQQCHRTHGGR
ILRHNKIVSFVAKAMEENKWTVELEPRLRTSVGLRKPDIIASRDGVGVIVDVQVVSGQRSLDELH
REKRNKYGNHGELVELVAGRLGLPKAECVRATSCTISWRGVWSLTSYKELRSIIGLREPTLQIVPI
LALRGSHMNWTRFNQMTSVMGGGVG

KMQ90176.1 reverse transcriptase [Lasius niger]; SEQ ID NO: 3

MSGPGGGTPQHAGPSALSSKLDEFRLRVCSEGSALHGQDAAQRRAKRLATSPPHDPIDLELDPPP
LSDAGLRGIKDELSAHDITFASINATSKESVNRKKELEEVIAAYRRAVDDLMMAYIKIKTERDTT
AKIWKMMRSTSRGDSGSDLGIEIAGAVQESTGAAIRGMLGEWHARESERTKALVTEMTASMSG
QFEGCVRRAVETLASFREAPSVPQIAGRSYAGAVRASGAVAGPQLPSGRRELRDQSRLETIEVVP
GENMSKNLPDSEATCRAVLTSIKPSEAGIKVDRVIKGRNKTVRIVADQDEISRLRPMLDNLGMEV
KRVDKLNPRLRIRDIPVGTDKSLFVKDLIKQNLDGASEEDIRLVYWSPAKGRMGPAAVIEVSPDI
RIRLLNQGRVYLGWSSCRVADHLRVLQCFKCLGFGHTANNCQAGSDTCGHCDNVHNSVDNLN
VGRLDGFVCPICLRSFSSKIGLGLHKKKKHPVEYNEEIVVARVRPRWTDEEIRLLAIDEAGAPPQT
RSMNSYLLERRGDDRSLESIKGVRRKQAYKDLVAEYRGQLLDQRIDESLSQPDARPIAAMVDGV
PLSGSVAAKDWLLAKCDSIITPEMNGGIWIRTAIRRLEEGQSPEGALDDWWNNVFSDLEVTGRKR
VARGPRAIPVLSKRKARRIEYRRMQQLWRTNMTKAAHKVLDGDAGSLPHPTLAAQLGFWKPV
LEAESVDLAWPFAVGHPGVAVGDLWSPITEGEVINIRLPRTSSPGLDGLTVHRWFTEVPAILRATI
LNIFMATGWVPPRFRHSRTVLIPKSSDLMDPAYYRPISVSSVILRHFHKILARRVAACELLDVRQR
AFIAADGCAENVAVLSAILFDARTNRRQLHVITLDVRKAFDTVSHNAIRY VLSKHGMPQIMVEY
LSTLYRTAAVRLEVDGEFSDEILPGRGVRQGDPLSPLLFNLIMNEILAEVPDQVGYCMMDRNVN
ALAFADDLVLIGATRDGAQRSLERVMAALYRFGLELAPAKCAAFSLVPCGKTKRIKILTDPQFV
AGDRPIPQLGVLHTVRYLGVRFGETGPVIQGVELLPLLERITRAPLKPQQRLKILRTYLIPRYTHN
LVLGRVSYSMLRKLDKQTRAAVRRWLVLPDDVPVAFFHCPIKQGGLGIQSFETAIPRLTLLRLNR
LKDSQYEMARVVGSSAWADRRMRWCRFARRRDEDWPSELHAKVDGFELREAGNVSVSTRWL
DDAMVHIPSSDWLQYVKVWINALPTRIRTTRGSRRLREDVNCRGGCGVQETAAHVVQQCFRTH
GGRIMRHDAVASALAGELQRGGYNVHRERVFRTREGVRKPDILAAKGTHGHVLDVQIISGARP
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LSDGHDRKRSYYANNADLLARISALLQVPVRNLDVSTVTLSWRGVWARESAAVLTSLGVSKAV
LRGITTRVLKGSYMNFSRFNQTTATCRGRANLRMSGWGPP

KYB24671.1 Retrovirus-related Pol polyprotein from type-2 retrotransposable element R2DM-like
Protein [Tribolium castaneum]; SEQ ID NO: 4

MSNPSSVPCLLASRGTVLLRGSGCARQGVRKSSSAAIQRALNVNVKKFKQARVNGGSNYDSLIL
LCYDFAAGRNADGEPAQNPCPY CARSFTTANGRGLHIRRAHPDEANNAIDIERIHARWSDEETA
MMARLEAGAIQQGGVRFMNQFLVPRMPGRTLEAVKGKRRDATYKALVQRFLQAPQINLPELR
DGDAPRQPDPQRENPPEPPAFDGAIRGAVADLVGGVDWQRLGFQGDRLCDIARRACDGEDVSG
QLLGWLRDVFPVKRVSTRGDQSDLDVDGASVSRRTARRREY ARVQELYRKDPKACLARILGDR
REGANRAPNRDPAFIDFWRGVFSEASAEVEGWAEEVSDHGELARRVWDPISVEEVGRSRVRNG
AAPGPDGIAVSVWNKLPPEAAALLFNVLLLGRCLPAELTRTRTVFIPKTDAPRTPADYRPISIASV
VARHFHRVLSARVQRIPDLFTKYQRGFLSGVDGIADNLSVLDTMLTMSRRCCKHLHLAALDVS
KAFDTVSHFAIVRACEQAGLPQPFVEY VRSIYGSAETVLEEGGRRHFVQVRRGVRQGDPLSPLLF
NLVLDRALKRLSTDVGFRLTDATKVTALAFADDVVLCATTAKGLQTNLDVLEAELRLAGLLLN
PNKCQALSLVASGRDHKVKLVTKPTFRVGQNTIHQVDASSIWKYLGIQFRGSGMCGCGSEGVA
AGLKRITCAPLKPQQRMHLLRVFFLPKFYHAWTFGRLNAGVLRRLDVVVRTY VRTWLRFPHDI
PVGYFHAPTKSGGLGIPQLSRFIPFLRLKRFDRLGRSAVDY VRECAFTDIADRKIRWCRERLSGIV
DQVAGGRDALDAYWTAQLHQSVDGRALRESASVASSTQWLRCSTRAIPASDWLHYTAVHIGA
LPSRVRTSRGRRGGQDVSCRGGCLLDETPAHCIQVCHRTHGGRVLRHDAIAKRISVDLMELGWI
VTREVSFRTTAGVFRPDMVAVKEGVTVILDVQIVSPAPTLDEAHRRKVAKYRDRADLARYLVE
AAVARGRAPPANIRFASATISWRGVWSAESVGSLRELGLSARHFNRY TTMALCGSWRNWVRFN
ASTASRMGRGRGDASPRRHENQHDNDSLADLVRVALTKSDRGVLNDAVNRNLAQRAESLRIR
KRGSKGKRKSKTGRHYGQTTSGSGQRAALFKKHQDLFLKNRRGLAETILSGKEDFGPRPEPPVT
SVEEFYGGIFESPSSPDNK PFERQIPVAAVKTMSELELAILFNIILFRNVQPSAWGVLRTTLVPITIS
SALQRLLHRVLAARLSKLISLSSSQRGFTEIDGTLANALILHEYLQYRRQTGRTYHVVSLDVRKA
FDTVSHCSVSRALGCFGIPSVIREYILATFGAQTTIKCGSVTTRPIRMLRGVRQGDPLSLVLFNFV
MDELLEKVNEKYEGGSLQSGERCAIMAFADDLILIADRDQDVPAMFDDVSTFLERRGMSVNPA
KCRALIAGAMHLSIWG

KMQ90064.1 reverse transcriptase [Lasius niger]; SEQ ID NO: 5

MNVGEDVAVLDVGRPNSHVCPICLRSFTSRIGLGLHKKKRHPVEYNEEICIARVKPRWSEEEIRIL
AMEEARAPPRTKSMNVYLWERGDESRSLESIKGVRRKQSYKDLVISYKDQLLAEKVDESLERQ
CSVPVVPAETPLPGSEAAMKWLVARVDDIPEMNGGIWVRAAVCRLREGCLPDAALDDWWRN
VFSDLETARSGRISRGPRVAPVLSKRRARRVEYRRMQQLWKVNMTKAAHKVLDGDTDSLPHPT
LAEQLDFWRPVLEASSASFVRPVGAGKVVDGLESVWSPITEGEVINIRLPPSSAPGLDGLTVNRW
FAEVPAILRATILNIFMATGRVPPRFSGSRTVLIPKSLDLMDPSCYRPISVSSVVLRHFHKILARRL
AAFNLLDTRQRAFIAADGCAENIAMLSALLFDARANLRQLHVLTLDVRKAFDTVSHDAIRYVLR
RNGIPAGMVEYLSTLCRTSTIRLEVGGAFSDELFPGRGVRQGDPLSPLIFNLVMNEILAVVPEQVG
YNMLGHNINALAFADDLVLVAATREGAQRSLDRVVAALSDFGLELAPAKCAAFSLVPSGKLKK
MKVLSDPQFAAGGCAVPQLGVLQTMRYLGVWFADAGPVDREVELLPLLDRITRAPLKPQQRLK
ILKTFLIPRFIHILVLGRTSY GLLRKLDRQIRAAVRRWLRLPEDIPKAFFHSPIASGGLGILSYETAIP
RLVLARLDRLDKSQYDAARMVGSSAWAVRKRRWCGLAKRVEENWPAEFYGMVDGFELREAG
NVTASTNWLDDPMIRVPSSEWLEY VKVWINALPTRIRTTRGSRRLREDVACRGGCGVQETAAH
VIQQCFRTHGGRIMRHDAVASTLAGELQRGGYKVRREHVFRTPVGVRKPDILASKGERGY VLD
VQISGARPLTEGHKRKRNYYAGNAELLAKARESATTLTSLGVSKAVLRGITTRVLKGSFMNFA
RGPALTRQASVTSAEASSAHICDFPGCGRTFSTKTGRGVHQRRAHPDWFDGQQTTAMVKARWS
EEETLLLARKEVELVRQGERFINQALFEVFPERSLESIKSKRKQPAYRDAVGTIMDSIAREDNAG
VPLNVPVPDSANLKRNIEEHLSALPAPSSSAFMSARLAGICDSLTRKSQVAVVEELSLYLRSVFPI
KPRGARPSGNVVTDAPSKRQERRAEYARAQDLWRKNRCKCLRMLLDDITGVNVPPKETMVPF
WETIMTGNFPTSPGCDVLAPATNDLWLPITALEIRRALPAGTTSAGPDGLTARFLRRVPMEILERI
LNVILWCEKAPTHLMESATTLIPKKSNAHTPSDFRPITVSSVLLRTLHKVLATRMARLVQIDQRQ
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RAFRPTDGCSENVFLLDLILRYHHRHHKPLFMASLDIAKAFDSVSHK TIEETLAIMGIPSPMRAYT
MDVYQRSSTVLCCGSWTSRKIQPTCGVKQGDPMSPIIFNMIMDRMLKQLPGDIGTRIGGSTINAA
AFADDMLLFASTPLGLQKLLDKSTDFLRKCGLQVNTSKYMTISLRNVPREKKTVVDRETVFLCQ
DKVLPALKRTDEWNY LGIPFTPKGRMKLNIAQKLQSSLDKLTKTPLKPQQRLFGLRVMVIPGLF
HQAELGNINISVLRKCDRLVRCRVRQWLSLPSDVPNAYTHANVKDGGLGITALRWTHTGRIKRH
DAIVSFVSRLLEVQGYDVSVEPRIKSDHGLKKPDIVAKLGVTAIVLDAQVVNDQISLDEAHQRKI
DYYQDIEGNVKETFRVQNVIY SSITLSWRGLWSQKSVNSLTDLGIIKKKHIKIISTRAIIGGLTSFHI
FNKATYVQGRAG

ACJ71597.1 reverse transcriptase [Rhynchosciara americanal; SEQ ID NO: 6

MSNYNETNTSGGDNPRMATQTTGSLSSGPINQHTCELCCRTFGTRAGLGQHVRKTHPIESNQSIN
VERKKRRWSPEEIRRMANMEAQATINNIKHLTQYLATYLPQRTLNAIKGRRRDAEYKELVTGII
ANLRSNSSTQQTNQVCNESEMSQRSKILQSIRESVRDLRSRRNKYAKALQELGEAALCGKMLNE
EQLIHCIKSMFNTAKCPKGPRFRKTATHSGTNKQQRQQRYARVQKLYKMNRKVAAKMVLEET
DKIQIKLPDHDPMFKFWESEFKEGEGMPERMPKDLKESPDLKATWDPVTEEEVRKAKVANNTA
AGPDGIQPKSWNRISLKYKTLIYNLLLYYEKVPHKLKVSRTVFIPKKKDGSSDPGEFRPLTICSVV
LRGFNKILVQRLVSLYKYDERQTAYLPIDGVGTNIHVLAAILNDSNTKLSELHVALLDITKAFNR
LHHTSIKSLVGKGFPYGFITFIRRMY TGLQTMMQFEGHCKMTQVNRGVYQGDPLSGPIFLLAIE
KGLQALDKEVGYDIGDVRVNAGAYADDTDLVAGTRLGLQDNINRFSSTIKQVGLEVNPRKSMT
LSLVPSGKEKKMKVETGKPFRANDVPLKELSINDFWRYLGISY TNEGPERLSLTIEQDLERLTKA
PLKPQQRIHMLNAYVIPKYQDKLVLSKTTAKGLKRTDRQIRQY VRRWLKLPHDVPIAYLHAPVK
SGGLNIPCLQYWIPLLRVNRVNKITESQRSVLAAVGKTALLTSTVYKCNQSLATLGGNPTMLAY
RTYWEKELYAKVDGKDLQNARDDKASTRWNGMLHSDISGEDYLNYHKLRTNSVPTKVRTAR
GRPQKETSCRGGCKSTETLQHVVQQCHRTHGGRTLRHDRIVGLLQHELRRDYNVLAKQELKTG
IGLRKPDLVLIKDDTAHIVDVQVARCSKLNESHVRKRSKYDKKEIEVEVKSRYRVSKVMYEACT
ISYKGIWDKQSVMSMRRLGVSEYCLFKIVTSTLRGTWLCWKRFNMITSVRS

AFM44926.1 R2 protein [Eyprepocnemis plorans]; SEQ ID NO: 7

MVGPTTRSKKGTGPPTGASVPTTESASQSSGAGRALLPASCPLCQRSFTTVNGLGQHRRRAHPE
VVNAEIQTDRKKARWSKEELMRLAHAEARLVIEGCRFLNQELLKSFPDRTLDSIKGQRKGKAYR
ESVASFVSQLRSSVASAGPSGASPVAEEPLPGSPSVSQDDEVDAAIWSALADLPSSGSRFKLVDDI
VALGPNTSRDIVRSMLPSALDAVGSKEPAAHPPLPFGARRPPDKKRARRRWEYAAVQRAFRKN
AARCVNGLLDGTLLHQPPSIPGLVEFWKDLFTAPCASSRPRSKEGLSPMLLASSQPVSFRDLWAP
ITSEEAAAALPPRNSAAGPDALTPAQLRRLPHPVFLKILNLFLLARSLPSRLLRARTTLLPKKTSPA
SPADFRPITVCSVLARAFHKVLAGRLMRY CVLDGRQRAFIPQDGMLHNSFLLDLAMAHSRRTA
CSLYVASLDVSKAFDSLDHGALSPVLRAHGLPVEFVEY VRGCYQASTTVICGGGSSSDLVRPSK
GVRQGDPLSPILFNLSIDLLLSRLPGYIGARIFSRRVNAAAFADDILLFAETKGGLQELLSTATSAL
GDLGLEVNPFKCFSLALVASGREKKVKVDNSVIFRAGNKNIPALAMGDTFRYLGLQFSTSGLSQ
FHPRQEVQEQLDIIKRAPLKPQQRLFALRSVILPGTYHGLALGRTRLGALKSLDVCVRAAVRAW
LRLPDDTPIGYFHAPVIY GGLGIPATRWLGPLLRRRRLASMEGLGVIVDEPSQDILKREICRLDNY
LKWDGDVIKTSYQLGRFWALRLHSSVDGAALRRSAQTPGQHSWVSNTRLMLSGRDFLACVRA
RISALPSRARLLRGREGDTRCRAGCNASETNNHVIQHCWRSHEARVERHDAVALYMVRGLRRR
GYDVHRELHLRTSQGLKKPDIVAVSGTTAFVIDAQVIGDHLDADRCHREKVEVYDQQPVHTEIK
RMFPEVQMITTTSATLNWRGVWSPASAKALIGIGFNSNHLSTMATRALLGSIMAARRFDSMTAP
RRRMMPRTGVG

AHNS53448.1 reverse transcriptase, partial [Nuttalliella namaqua]; SEQ ID NO: 8

QTIRGLGQHIRIKHPTVSNAKISVATSKVRWTDEEIHLLAKEEARLIKLGKKYLNQELQSYMPHR
SLEAIKGQRKSEIYKERVKHLVETKLLEVEPTMSEVLEPTESQKKDSFQKEIEKIITNTPPRKFQGE
RLWEIARKAIRGEDIYRDLNDYVVDTFVVATKPHPQAKGKSYTTAPPSSRRKRRRRLYGRMQE
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MMRRKPADCAKIVLDGERVASKINSEEFFDYWEKLTTKEPSNWPLSSDTAQRENLKDPMFPVTL
REIKENLPSPHSAPGPDGCSARLLRAVPPLTLQLVLDLLLFVRRPLASLKGARTIFIAKKDAASHP
KDFRPISISPILLRFLHRILARRLNRMVPIDKVQRGFQPRDGCAECAILLTMAIKESRSKLKSLYLA
SVDISKAFDSVTFEALDSALKRVGLSEGFIGYIRDLYTSGNTLFQFDNQCRTVVPTNGVRQGDPL
SPFLFNIVLDEFFSTMEQEIVFDKNGLNLSALAYADDLVVFASSQRGLQHRLEEAY SFFKKKGLEI
NVEKSFTLSLQAAGKEKKIKVREDMRFNVAGMVLPALDINSVFGYLGVSFSPLGRPSETWEELK
DYLDRISSAPLKPQQRLYILRGFLVPRLIYRLVLGRWTAGTLLKLDRQIRAAIRRWIGLPHDCPLG
YFHAKIGSGGLGIPSMRTMIPELLLRRLTKLEMNETMGTKEIPKCESYWYYVKKMEDLTKYDGH
KLDTKYACQRYWAQKLYKSVDGRDLEASSKVPFANHWILDHTRWLPGYEYCKMVKFKVNAM
PVLTRTSRGLDRPRNCRGGCDQQESLKHVVQHCHRTHGARIKRHDNIVDFIGKRLAAKGYGVL
KEPRVKTSTGILKPDLVVTGDDRVLIIDAQVVGSGQYLTEDHLRKVKKYNIDEVKDYFKEPRKC
VAVTSVTVSFRGVWCANSAKELIELGLTKNDIKVVSAICLQGGVRAHSLFSNVTSVLKHR

ACJ46647.1 reverse transcriptase [ Triops cancriformis]; SEQ ID NO: 9

MSQKRRPEKAVPDEGATAHDVAQPDKSKCSVCGETFKGPASVIMHMVKKHPVEFNELKMAK
KPVPKKVRWSEEEIFQLARTEAELTLQGVRFINVELQKIFPAREIEGIKGQRKLAKYKELVKDQL
DEIGRAPNPPEQEIGEDVPSPFKAWLELLLALPKTPNDFLEHKLDNIIVQALKEDVNSDQVFNDL
NSYLKLILEPSGRAKSVPGEIIHGDPSGSAKTSVTKAPKPATVSSSRKKRRDAEFARIQRLYRKNR
TSCINTILDGNTREHEAPKNMEGFWREIFERESPDDPDDPDIFLEEEASDIWKYISFYEMCNLYPPP
STAPGPDGFSSKDLRRMTPRVLNKILNLLLHLRDLPQILKSHRTVLIPKTDLPTKPGDFRPITISNIL
VRHLNKILANRVSHLIPINERQKAFLPIDGCAENIFTLDFILHHARTKIKSLSMAILDISKAFDSVSH
HSIFRALREARCPIGFIKFIENCYGGCFTKLFCGGVKYPSEVSMNRGVKQGDPLSPVLFNLVIDGLI
RQIPSALGFNVSDQVKVSCIAYADDLILIATTRAGLKTLLDLTNSYLAKRGLSLNPDKCSALSIVA
SGKQKLVYIASSEHFDLAGQKMRNLNVGDSWRYLGIQFSHLGRAEKVTPDLTCLINRLQKAPLK
LQQKLYALRIYLIPRLIHGLTLSKTNLGELKTLDKLIRKYIRAWLHLPDDTPMGYFYTPLKAGGL
GLPSLRLVILNNRLERILRMKASQDIIVRTIAESETLGVEIRKLHDLLSIDGTILDTSVKIHSFWAER
LYSSYDGKCLCNSANFPPGNKWIGEDSLNQRSHIFADCLKLRINALPTRSRTARGRPLKDKPCRA
GCRNSDGVKVIETLNHITQVCERTHGARVKRHDRLVDFAVKGLQRPHRVVLKEPHYKTVNGVR
KPDIVIKIPDHTYICDFQVVSDTSCLELEFRKKALKYAEDKGLCDQLTRDHPGELSFTAITFNTRG
LIAKSSVTALRKLGMPPRSIMTLQKICMEGSLEIWRIFNQTTAMARN

BAC82590.1 reverse transcriptase [Ciona intestinalis]; SEQ ID NO: 10

MGEWPWVSWSLTVLVEKWRPFTILQPYPMPGQLRVDVYLPRKTSYLMDKNIYENTTSPGGGPL
CGEKTHRSDVIIPPPGFAPSTDTASNTLGENVDASATTSSANPLSQEPGWCESCSKLFKSQRGLRV
HQRSKHPELYHSQNQPLPRSKARWSDEEMVIFAREEIANRKIRFINQHLHKVFPHRTLESIKGLRG
KNVRYARIMADLEAEMTSQPEAATSLCTETSENLASSNVLPQTRGWAENLVENIDTAHLANLGP
LSQFEPGKPSSSTKEAINTEYNDWISKWLPSGAAHRERRANPPSTKLNARATRRLQYSRIQNLYK
LNRSACAQEVLSGAWKVQSGELNLKEVQPFWEKMFRKESAKDRRKPKPTGEVLWGLMEPLTI
AEVGSTLKSTTPSAPGPDKLTLDGVKRIPIAELVSHYNLWLYAGYQPEGLREGITTLIPKIKGTRD
PAKLRPITVSSFICRIFHRCLAQRMETSLPLGERQKAFRKVDGICHNIWSLRSLIHNSKDNLKELNI
TFLDVRKAFDSISHKSLGIAAARLGLPPPLITYISNLYPNCSTKLKVNGKISKPIEVRRGVRQGDPL
SPLLFNAVMDWALSELDPRVGVQIGEQRINHLAFADDIILVSSTKIGMVSSINTLSRHLAKSGLEIS
AGKEGKSASMAIVVDGKKKMWTVDPLPRFKVNSQKIPALSITQQYKYLGINIDAQGARNDAARI
LTEGLAELSRAPLKPQQRLYLLRVHLLPKLQHGLVLSSCAKRALTYLDKSVRSAIRRWLTLPKD
TPTAFYHAKACDGGLGITRLEHTIPILKRNRMMKLTLSEDPVIMELVKLTYFTNLLHKY SNVKLL
NSWPVTDKDSLARAEASMLHTSVDGRGLSNCSDVPRQSDWVTNGASLLSGRDFIGAIKVRGNL
LPTKVSAARGRQREITCDCCRRPESLGHILQTCPRTWGPRISRHDSLLKRVRNQACLKNWTPIIEP
SIPTNIGLRRPDLVLAKGNIAFLVDATVVADNANMQLQHEAKVEKYNNSDIKEWIKVHCPGVDE
VRVTSLTANWRGCLYGGSASFLTEDLGLPKAELSLLSAKINEKGYYLWCAHYRGTARLWNRPL
RS
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AAB94032.1 reverse transcriptase domain protein, partial [Drosophila mercatorum]; SEQ ID NO: 11

FERRTGPVGYLPSGIEKLMVQMFNNEPRIAENNSVEYTPTVTRLGDHQVRNADANLQTMFPCRE
CERSFRTKIGLGVHMRHRHKDELDTARRRVDVKARWNEEELSMMARKELELTANGERFINKKL
AEIFTNRSVDAIKKCRQRDNYKAKIEQLQGQAALISEANEPPTTQRRPSLSELEVTPSSSHSVPIAP
PPIHSDDILLQELQGMSPVAVRRSWRVEVLQSIIDRAHISGKEATLQCLSNYLLEIFPNRNDRPSSA
TVPARRPRNRRISRRQQYARCIKSLLDGTDESALPNQSIMEPYWRQVMTQPSPSLCSNTVPRKGN
MQEGVWSPITSRDLQVHKVPLTSSPGPDGITSQTARSIPIGIMLRIVNLILWCGDLPVPFRMARTIF
IPKTVRANRPQDFRPISVPSIVVRQLNAILASRLTAAVSWDPRQRGFLPTDGCADNATIVDLVLRD
HHKRYASCYIATLDVSKAFDSVAHDAVFNTVTAY GAPKSFVDY VRRWYSGGGTYFNGGDWRS
EEFVPARGVKQGDPLSPVLFNLIIDRLLRSLPKDIGVHVGNAKVNACAFADDLMLFASTPKGLQE
LLNTTVKFLSSVGLTLNADKCFTISIKGQPKQKVTVVEQRTFCIGRARVQLKRSEEWKYLGIHFT
ADGRARYNPSEDIGPKLERLMQSPLKPQQKLFALRTVLVPQLYHKLTLGSVALGVLRKCDKLVR
SFARKLLGLPLDVSVAFYHAPHSCGGLGIPSVRWIAPMLRTKRLAGINWPHLEQSEVASAFLSEE
LRRARDRAKAGVNELLSQPKIDTYWADRLYTSVDGNGLREARRY APQHGWVSQPTRLMSGKA
YRTGIQLRINALPTRSRTTRGRHEMNRQCRAGCDAPSHNHVLQRCHRTHGSRVSRHNGVVSYL
KKGLETRGYTVYSEQSLHGQNRVYKPDIVAFRHDSTIVVDAQVVTDGLDLDRAHQSKVEIYNR
QDLLTTLRSVYRARENIEVVSATLNWRGIWSFQSITRLRTLGILTAGDSNVISSRVVSGRVYSFKT
FMFHAGFHRGMA

AAC34906.1 reverse transcriptase, partial [Forficula auricularia]; SEQ ID NO: 12

LGPRSINQPRIRTDSPNIVRPSGSTTTMQRCTTSDLTFSQCRFPHCKFRRPSLTGVRVHEQRSHKA
FFDRLQAEVIRNQTSKKKPRWTEEEKNLLALAQANLIIEEETNIIDDLVSKFTYRTKDALKSQIRK
PEHKTRVSEFTLAIQAHIDNIMLPAPVPIATDPLQVSCNFKDRAKDYIDTLEPITSTKFYLDELEAL
CDNICIWPTRLLITTVESYIRKLFKTTSTLKPAQKLHNPSNRNLPKRQLRRMEY GKTQKLWKKNP
CRAIKTIIDDKDCKSPPEREAMTQYWKTTFSSKKRTCPQYEPRESTKTQLWEPVTIEELHCCHLE
MTTSPGPDGITVRQLYLVPEQLLVRILNLLMACGKMPDSFLESKTTLIPKKPNSTEPGDFRPITVQ
SVLVRQLNKILAARVAQHIPLDERQRGFRPVDGVAHNIFELDMILRCHRSEFRDLRLASLDIAKA
FDSITHNTIEDTMEVRGFPKPMINYIMACY RRSKTRFTFNGWISDTVKPTCGVKQGDPLSPILFNL
VMDRMIRKLPKEVGVNVGSKHYNGLTFADDLLLFATTPEGLQSSIDIVHLFLLECGLLINKQKSF
VLTVKAYPKLKKTAVIVTEKYMLDRHILPAIDREKLFHYLGVPFTAEGRCRDDTIAHLKRKIDVL
TKAPLKPQQRLFALRVVILPSCYHILTLGGSNLSLLKKIDLMVRAAGRKWCCLPKDTPNAYFHA
SSRDGGLGLPSMRWLIPLHRYLRLLRYEGRNPEDTNVYLTTEINRAKIRLSDNGSNIDCQAKLW
QFWADRLYKSVDGSALIESSKVPQQHRWATGGSRFLTGRDFINSIKLRINTLPTLSRTLRGREGN
RMCRGGCYNVETLHHVLQVCHRTNGTRVKRHNAIRQYIARGAAVKFDTVEREPRIKSASGAVN
IPDLVACNSDEVVVIDTQIVWDQANLDEAHQAKAEKY AHLSDILKHKYSRDRVKFTSVTLSFRG
LWSKQSLKELTDLGIVNSKDIQISTRAIIGGIASFRMFNSTTSVNSVNSFLEIALG

BAC82589.1 reverse transcriptase [Ciona intestinalis]; SEQ ID NO: 13

MPGCQSVVGSECSQCGRVFKTARGLSVHRRSKHPEAYHREHIAAPRVKARWSEEEMILMAQXE
VQAPAGTRFINQYLHALFPSRSLDAIKGARGKSAAYKKIILEQRLAALVPVSPPNQISGAESPSQP
SNTSQEVRQDPEERSLRLRDAIDLGHLRTDFDMTAVNPGHPDPVIREEIDREFLRWLEPNRRRRG
YAKATRIALNAPGKVRRRAEYAAMQRQWKTKRGLCAREALEGTWKIPARTVSLSDQEAFWRP
LMESQSKNDLREPAKVGETLWGLLDPITPDEVRQILGSMSSKAPGPDGHRLSDLRSIPIDQICSHF
NLWLLAGYQPKALRMGESCLIPKVKDASRPQQFRPITLGSYVGRCLHKCLASRFERDLPISIRQK
AFRCMDGVAENVMILRSVLDDHKKRLAELNLVFLDVSKAFDSVSHRSILHAVKRLGVPPPLLKY
VEELYADSETFLRGSGELSPSIKVRRGVKQGEPLSPHLFNAVIDWALSSLDQSFGVTVGEARVNH
LAFADDIVLLSSSQPGLQRLIDQLTTHLGESGLRVNSTKSASIRIAVDGKNKRWVVDPRDSVHVG
GVRIPAVAVSGSYRYLGVNISAAGMRVDAADSLASKLANLSRAPLKPQQRLYILCTHLLPSIYHQ
LVLSSTSKKFLKYLDRCVRVAVRRWLRLPKDTPKAYFHAKCNDGGLGVPELQRVIPLQKAGRW
LKMTRSQDPVVQAAVGLEYFQKLLERWSTPELY QWGGGGITTSGHLAVAQARSLY SSVNGRGL
RQSGLVSTQFDWVRSGCSLLSGRNFIGAMQLRGNLLATKLRASRGRPRVDISCDCCRTPESSGHI
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LQVCPRTSWGARIGRHDNVAKLVARESAKRHWKVIREPAIPTPAGIRRPDLVFSKGDTAIVVDV
TIVPDNAELSDAHSSKVSYYDNGAIRGWVALNTGASHITFSSVNNNWSDCMAEESKRMLKLGL
GLPNSIRGTISAVVLEKGFHMYLCFKRGTFRASY

AILO1110.1 reverse transcriptase [Bacillus rossius]; SEQ ID NO: 14

MLASSFKKKPRMVSSSKSGSSCNDAPTGVVVPASKESVESPSLDKKVGY GCEFPGCPRVFTTKT
GRGVHHRKAHEDWYDARQKLDY VKARWTREESALMAREEAKAGTQSAKKMNQVLQLVLPD
RTLESIKSHRRSAQYKELVLQAMGALSDSGKCAGPSQLANAELSTPLSSAVLGXGEPGGGGSGE
HGSGDVPGSSRGEHLSALLDGLQPGPVVDRLRLIVRSVDDWSRARLHQEIGWFLRDLFWKPLTP
NLARVSLPSKDKVSRRRLRRADYGRVQRAWKRNRNTCLRDLLRDKRTESAPPEELXVPYWESV
LRSGSSCTPGQRGRTAERTELWDPVSSKEVEQALPPLGTAPGPDSFTPKDFRAVPSAVWACIFNIF
MLCGRLPDYLLESRTTLIPKRDGACNPEDFRPITVSSVVVRCFHKVIANRMSRHIQLDPRQKAFR
SLDGCSEGVFLLDFILGHARRNHRPVHLASLDVAKAFDSVSHAAILDVLRSFGVPDQMVEYIAS
VYAGSRTRLQGDGWQSHAIHPTCGVKQGDPLSPMIFNMVIDRLFTLFPRDTGVSVGDTVLNGM
GYADDLVLFATTPVGLQQLLDITAEYLSQCGLRVNAAKCFSVSLAIVPHEKKVVVATKHRFKCL
GQPIPALKRSDQWKYLGVPFSPEGRLKIDPLGRLKDELEKLRRAPLKPQQRLYALRTVVVPGLY
HLLVLGGTTISSLNRLDIAVRSTVRKWLSLPHDVPNAYIHADARDGGLSIPSYRWTVPRLRFHRL
KALSVLCDGGGPDEMVACVGDEIKRASARLQDHGMNINTRNTYRVRFARLLHTSNDGAPLKGS
KKVEGQHRWVTDGSLMLSGRDYTACNWVRINSIPLRKRTARGRVRDTRCRAGCDSTETLHHVL
QQCHRTHDMRIKRHNACVKYLLDRQRSRGKTVFWEPHFHTAGGLLKPDSVILHDASTAVVVD
ALVAGERSDLDREHDRKVSKYEPLVDLVKDRYSVDKVIFSSLIISARGVWGGRSFRHLSKLRLL
DISDAKVLSTRVLLGGMGAVRVFNRRTAVSGRVNGW

AF019998.1 R2 protein [Lepidurus couesii|; SEQ ID NO: 15

MSGKSSKPRTVSSGSSSQETPPSGSNACDICGKCFMKPVGLSLHMSKVHPTQYHARLEKNQPKA
KKFRWTDEDLYFLAKKEAELLLLGGIKFMNKELAEFFPEKSVDQIKGQRRSETYKQQVVSIHSEL
LKLQAVADSPPPSRIPAKEVSAWLDFLLALPKTKNKFSEDKLDQLIRTAQEGTPVLNDLDLYLRE
VLVQPTRQGERQAKPLPPPKSSREKRDREYARVQNFYRKNKTACVNAILDGNKKCENKIPDIDE
FWKAIFESQSPPDAEPVSYVVDEEPKNIWSWISFFEMNRNYPDTSTSPGPDGVTARMLRSIPARV
LNKLLNLLLFIEDLPAVFKCHRTVLIPKVDNPALPGEFRPITISSIIVRQLNKIIAARVSEGVPINPRQ
KAFRQIDGCAENVFLLDFILRDAKTKIKSLSLATVDIKKAFDSVSHHSIFRAIRGARCPENLVNYIQ
NSYSGCTTQISVGGSISTTKILMNRGVKQGDPLSPVLFNLVINEIIRKLPASIGYPINSELSINCIAY A
DDLILVANTREGLKLLLNLLNEELPKRGLELNASKCFGLSLTALGKLKKTHLCTSDQLDLHGTLI
KNLTAEESWVYLGVPFSHIGRSKSFSPDLEALLNKLQKSPLKLQQKLFALRVYLIPRLLHGLVLS
RVAIGELKIMDKLILKHLRVWLRLPKDTPLGFFY SPVKLGGLGIKNLRTNVLKCRKQRIERMLVS
PDDVVRLVAESEIFLKETDKLKDLLTINGMCLDXRNVPRTGKNNKFWSERLYTSFDGKTLAYSE
YFTQGGGWIREDKILQPAHVFAECIKLRINALPTKSRVAHGRPTKDRSCRAGCLDVQKVPAIETI
NHIAQVCPRTHGARIKRHDRLVQFLSLNLRKNPKRNVLVEYNFRTVAGIRKPDIIVIEDTRAAILD
VQVVGDSSNLEMEYLEKSRKYSNDATLSMRINALQKLYPTVTSLTFHAVTFNNRGLIAKSTVAA
LRMLGVPPRCIMILCVISLEKTLEVWRMFNQSTASARK

KMQ88340.1 reverse transcriptase [Lasius niger|; SEQ ID NO: 16

MGGSPPASFRRRPGKEGIPAPPGPWGCQPLGLVLVGPKNRNQASDNSGGPSGPSAPANPPSQVD
DADFRCEFPGCNRTFPTNRGRGVHHQRAHKDWFDARLQPAVDKVRWTAEETAMLARKEAELT
VESNPRFINQELLQYFPQRTLEAIKGKRRNQEYRELVEEFVEEFRNPDVITIEDDEEDEEDQRDIFL
DYLESLTRPQGREFQATRLHNIAMEARTSGKDATLQKIALYLREVFPAPPPRRERRRKKTPNPAP
MRKREARRCEYGAAQSLWKRDRRHCITNILNEMGPVNQPPRETMEPYWTRMMTTDGRTSPPS
DKVPIKEDIWTPITGNDIKRSRIPRASAPGPDGISARLYRSIPTTVIIRLFNLLLWCERLPEDLLLSRT
IFLPKKTNASEPGDFRPITIPPVLVRGLHKILAKRLETALDIDPRQRAFRSMDGCADNTLLLDTLLR
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YHRKQYKSLYMASIDVSKAFDAVTHPTIESTLISLGVPPPMIRYLGQVYANSRTRIEGDGWTSKP
VHPKRGVRQGDPLSPILFNAVTHRLLQRLPREVGARLGNIPINAAAYADDLLLFASTSMGLQQMI
DTMTDYLAECGMTINVEKSMTVAIRAAPHLKKTAVDASLSFSCGGRQLPSLKRTNKWRYLGVV
FTPEGRAQCRPAEVVAPLLGALTKAPLKPQQRLYALRTVVIPKLYHQLALGAVTIGTLNKTDRL
VRGALRKWLALPHDTPNAYFHTSVRDGGLGIPAIRWTAPVQRRGRLLGVMKALGQQGLDRFIQ
DELNTCKKRLTDHGVLLGTPEMVAKRWAQQLY GSIDGAGLKDSAKTPHQHQWIADGSKFLTG
KDFINCNRARIGALPTRSRTTRGRPQDRRCRGGCLAQETLNHVLQHCHRTHGQRIKRHDAVVK
YIARNMPRSGYEVHQEPHYKTELGLRKPDLVAVLGQTAIIDAQVVSEQTNLDDAHTRKVAYYN
EPATIRAIKAEHGVRTVKVTSATLSWKGVWSPRSAEELRKLGFIRAGDAKVVATRVLIGNIAAFR
TFNATTSVEHRAGIG

AF019997.1 R2 protein [Lepidurus couesii|; SEQ ID NO: 17

MSEESRPKQTASKRGAAVEKTMMSGTY VCTLCGRSFEKSVGLSLHTNRMHPEAYNKLKEAKKP
VLKKARWSEEEVFLLAQKEAELSFIGGIKFMNIELHKIFPERELEGIKGQRKNPTYKAQVVSLLAE
IRESKANDSSSSSSSSSSCDSASLGISNWLEFLLALPKTSNQFQEGRLDRLISDALRGVDVLENLDA
YLLEVFAKPMAQNPCPKPPPPAKNSRERRDREY SRVQNFYKKNRSACINSILDGNTRSQNVIPGL
TKFWTETFEKNSPPDDEAPDQFVADEPRDMYKWITFYEMSQDYLDSSTAPGVDGFSAKQLRSM
SPRVLNKILNLLLLSENLPNSFKMHKTVLIPKIDDPKSPGDFRPITISPVLARLLNKILAARLSKLVP
ISQRQKAFLPVDGCGENIFLLDYILRSSKKSSKSVAMAVLDVKKAFDSVSHHSILRALNEAKCPIN
FINFVRNSYDGCTTKLTCGGTSFPDSVRMNRGVKQGDPLSPVLFNLIIDSAIRKLPDSIGYVIRDG
LKINCLAYADDLILVASSRAGLKTLLNIVAEHLSLRGLDLNAAKCHGLSIHHASGKAKTTYVSAAD
SLDLDGQPIKNLGVLDTWTYLGIPFSHLGRAEKVSPDLTNLLNKLQKAPLKLQQKLYAVRNFVIP
RALHGLILSKTNLKELNTLDRAIRVFLRTLLYLPKDTPLGFFHSPIKSGGLGITCFRTSVLKCRLQR
IARMRSSCDGVIQAVAESDIFADEY AKLRDLIRINGNVLDTTESIKRYWAQRLHSSVDGKTLAY
MDYFPQGNLWMSEDKVSQRSYVFADCVKLRINAIPTRVRVSRGRPNKEMCCRAKCFDSQRMP
AFESLNHITQVCPRTHGSRIQRHDKIAKFLFKNLNNCPSRSVLYEPHFVTVDGLRKPDIITYDDSH
MVVLDVQVVSDSANLEKEFECKAKKYANDVALRSAMLIKYPFIKSFSFVAATYNNRGLIAKSSV
QVLRQLGLSPRSIMVSILICLEGTLETWRIFNQSTMNAH

AAC34903.1 reverse transcriptase, partial [Anurida maritima]; SEQ ID NO: 18

VGVQGEVTSLRLLCQQDSEVYATTMNRKNNYTRGNRFSSGSPGNFVVVRDPAQDLPFKCAFCE
RTFTTSNGKGLHELRSHPKEYNMRVPVAKKRARWSEEELSQLAEAEHDLKSKKQYASELDLSR
DLEGCMVGRSLESIRGQRKLPRY VEIFNRLSNSRASIPEIGEGDEEANSVGSDEVFHASGHGTGIT
EALEVLVSKRPGEAFREEVLNGIVRAKLEGSEVFVRLEQYLSRMFVGQSSLASTPCSSGEGKLPL
TCSGSNKKEQRSDLFSRFPEKGPSVSVSAPSVSDMGRKRRKALSRNEATQVREEFVEFARNVDPI
PRRKCARVNEGLQGNQRLPKEKPMTARAKMRHLRLLRYRRLQELYKKDRSLAAKQVLQDML
DSKPGRNPEAVKYWAETMGKESTGIDVSVMTGRPRYRDNVWSPIYPGEVSAAVKLMDSSGAT
GPDGFSVRSLKCTPSRVLAKVFNLFLLEEKLPAFLMTSRTVLVPKVKEPKAPTDYRPISVSSTLVR
LFHKILARRLTLASGLDSRQRGFVPVDGCAENLVVLESAIRSAKNYKRSLFVASMDIKNAFGSVA
HEAIFEALSKSGAPDSFVTYVRNCYDGFASVVKLGRDTAQTTVRQGVLQGDPLSPILFNLVIDQII
RSLPETVGVQLDANTKLNSMAFADDLILLSSSEAGMRRMLGVLAGVSSKFGLIFHPGKCKYLAM
IWAGKQKKMKIATDLSFEIGGGFMTPVGVTETWKYLGAYLGQIGIQPARLSLQTFLERIAKSPLK
PQQKLYLIRVHLLPKLIYPLVMAPIRASMLNKLDRMVRVALTGKDGILHLPQSVPSAFFY APIGE
GGLGLMELRTSIPAMVKARFERMMNSTCHHVRAAAKGAANSNRIALANRFLRKTADGIPVTSA
KLVKEYQAAKLHGSFDGKPLSEAGRVKGIHSWTCDGRMVMTGQAFCEALKIRINALPCLSRYN
RGTEKPRECRAGCKTTESLNHVLQVCPRTHDMRVARHDKLVNRLGGYLSQKGFEIHTEPRIITSL
GLRKPDIHAIKGEKGVVLDAQIGGAANLNAAHDAKMCY Y SSSPEIKEWVTGKGAPDVSYGACIV
SPQGIMSEESWKTLRGLGFSKGMLNSLVVTVMEQSTYVWHVFNRSTASY GWKRRRKRKWD

AF019995.1 R2 protein [Lepidurus apus lubbocki]; SEQ ID NO: 19
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MSEESRPKQTASKSGAAVEKTMMSGTY VCTLCGRRFEKSVGLTLHTNRMHPEAYNKLKEAKK
PVLKKARWSEEEVFLLAQKEAELSFIGGIKFMNIELHKIFPERELEGIKGQRKNPTYKAQVVSLFA
EIRESKANDSSSSVSSSSSVDSASMGISNWLEFLLALPKTSNQFQEGRLDRLITDALQGDDVLLNL
DAYLLEVFAKPMAPNPCPKPLPPVKNSREKRDREY SRVQNFYKKNRSACINSILDGNTRSQNVIP
DLMKFWTETFEKVSPADDKAPDQFVVDEPRDMYKWITFYEMSQNYLDPSTAPGVDGFSAKQL
RSMTPRVLNKILNLLLLCENLPNSFKMHKTVLIPKIVDPKSPGDFRPITISPVLARHLNKILAARLS
KLVPISQRQKAFLPVBGCGENIFLLDYILXNSKKKSKSVVMAVLDVKXAFDSVSHHSILRALNEA
KCPVNLXNFVRNSYDGCTTKLTCGGTSSPDSVRMNRGVKQXXPLSPVLFNLIIDSAIRKLPDSIX
YLIRDGLKINCLAYADDLILVASTRAGLKTLLNIVAEHLSLRGLDLNAAKCHGLSIIASGKAKTT
YVXALESLDLDGQPIKNLRVLDTWTYLGIPFSHLGRAXKFSPDLSNLLNKLQKAPLKIQQKLYA
VRNFIIPRALHGLILSRTNLKELNTLDRAIRVFIRTLLHLPKDTPLGFFXAPIKTGGLGITCFRTTVL
KCRLQRIARMRNCSDEVLEAXAESDTFDDXYAKLRDLIRIXGNVXDTTENIKKYWAQRLHSSV
DGKTLAYMDYFXQGNLWMSEDKVSQRSYIFADCVKLRINAIPTRVRVSRGRPNKEMSCRAKCL
DAQRIPAFESLNHITQVCPRTHGSRXQRHDRXAKFLFKNLNNCXSRKILY EPHFMTANGLRKIDII
IYDDSHLVVLDVQVVSESANLEKEFTCKAEKYANDVALRSAILLKIXTY

BAC82591.1 reverse transcriptase, partial [Ciona intestinalis]; SEQ ID NO: 20

KFKQSKVKHNQKENKSKRQIRRAQYARTQINYKRNRQQAINSILSKQWRELDDRGPPLEHVLPF
WQKLLEKSSEHDTRQPEPVSGPIWELVEPIVAEEVRLVRKSMPTSAPGPDGIRHKDFMAVQPQIL
ADNFNLWLLTGY QPKSCRLGRTILIPKEPGTRDPAKHRPITINSLLIRCFHKILSNRIMKLIPLSPQQ
KAFRPGDGIAEHIWNLRHILNQHKLEKKELNLAFLDVRKAFDSVNHSTLLLAAGRLGVPPPLLK
YIENLYEGSSTTIIANGERSPRIRVRRGIKQGDPLSIPLFLGVMDWAMSNLNPNVGSSIGGKSINC
MAFADDLVLISRTQIGLQTNLDTISYNLNQSGMTLNSEKCATLRLAVDGKSKKWWIDHRPFLRV
EGAKCGAMDIEGTYKYLGVRVGAGDTRAECKEKLMSDLKETTEAPLKPQQRIFILRNYILPRSL
HILTFTNTTARLLKQLDSAIRIHVRRWLKLPKDTPLGYLYSDYKDGGLGVPRLLSRVPLLRIRRM
AKYNTSEDPTTVALRSCHTFTSAAVKWAMPPKISNVVISDKRKERDFHRSELATSIDGSGLSCAN
TTPRAHQWVVNGTGLLSGKNYIGAINARGNLLHTASRAARGRPQRTTDCDSCHRVETLSHILQS
CPRTHGPRIRRHDKVTKVIAEAAGKKGWKTIAEPRIPTPEGIRKPDLILY QHGRAIVMDTTIVSDS
ADLSMSHQHKVIYYQNECIRSWVQEATGATEVTWSSFSANWRGCIADESRDLLLHDSTSQKTA
A

CAXS83712.1 endonuclease-reverse transcriptase [Schistosoma japonicum]|; SEQ ID NO: 21

MSAMLNITTECHPVSTGVNADPSFSY SSTCLCCFSSFASNSLLLDHATASHSANIVSPPSESGSFQL
VCMLCSSHYLSSRGFTQHLRHVHPDAYNSLKCLRLNASPLTHRSWSSEEDVCLLSRADELSASC
RLKVDLYNRLHTVFPSRSPEAIKKRLRFLSSSSESSSSAPSPSDISSAASSVSSLPVDLDAPTRSLIPT
RRPARSHSSSILSFFTRTPRDVSSSASPVVLHSSPSTTIVINNASVRLHLDSPVSSHALESSCMSSLA
TNPLHIIDNQHLAASPPLSGVHCPSVPSSAPAAAHVDQSFDNPALGSTPVDSCPPVTSLTLLPAQL
SDVAVNLMTSCPELIKPASPSPPLMDDNLLQLILPSDSPNMSPHIVPPPDVVVAPMCTDSTRELIS
AALRLITQNSPLMHAPTLREFLQAALVNMPDMIEIQLFLNSHAELQFPTKWRPSKPRLPPTYRAN
TSRKHLRRLQYGHIQTLYNRCRRDAANTVLDGRWRSPHTSSPFSIPEFETFWKTIFTTPSTPDNRP
VVPVLPTCPALLDPITPDEITWALKDMRNSAPGVDRLSAQHFLNFDVPSLAGYLNMVLAFKFLP
TNLSISRVTFIPKGASPQQPNDFRPISIAPVITRCLHKILAKRWMPLFPSSKLQFAFLQRDGCFEAIN
LLHSLLRHAHERHSGCSIALLDISRAFDSVSHHSILRAAHRFGAPDGLCQYLQRVYNGSTSLEFNT
VDCAPSRGVKQGDPLSPLLFIMSLDEALESIETVSPVIVDGLPISYIAYADDLVILAPNADLLQKKL
DKLASLLQRSGLIINTSKSMSIDLIAGGHSKLTALKPTVFKIDGNQLQRLNVSDHFDFLGISFDYK
GRSKMDHVETLSAYLLNLTQAPLKPQQRMSILRENLEPRLLYPLTIGVVHKCTLRQMDCLIRSSV
RKWLRLPSDTPTSFFHSSISTGGLGIPHLSSITPLHRRKRAAKLLLSPCPIIRWVSQSPSFSNFLRICN
LPINVHRDLIHSFDEARCSWSKQLHSTCDGRGLSMSSRNTVSHLWLRYPEHIFPRLYINAIKLRGG
LLSTKVRRSRGRQENADLLCRGRCGHHESIQHILQHCSLTHDIRCRRHNDICRLVASRLRRNNIRF
FQEPCIPTPVSFCKPDFIIIRDSIAY VLDVSVCDDANVHLSRQLKINKYGCSTVVSSIYNFLNATGL
RISSVRQTPLITYRGLIDPLSTTSLRRLSFSSRDISDLCVASIQGSMRIYNTYMRGTSPQDP
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XP _009165216.1 hypothetical protein T265 13057, partial [Opisthorchis viverrini]; SEQ ID NO: 22

VLVTFDNVYYESSGASAPVPTSTQERLVGFTCEECGKCCKSKAGFVAHHRVHDNESVGTNTVA
QLACADCSRLFPTKIGLSQHRRHAHPTQHNADKLGRVKYSGTRWSQQESQSLLRLANNLYPSC
GTQTELFTRLEQYFPGLSAISIETRLRVLNWQAQQDESSSGEPERIIGLTTADSSEADGYNVWFKQ
TVDCTVSLLESHAHRALASVDLLAFARGLQSGIMTPEQVLSLLDLHAFRTFPHTWKTVSRRRRQ
LAHRIPVNRKQIRRANFAAIQTLFHQRRKDSASAVLDGSWRDLYKGNCGLPTNAERPWKQVLS
APKRAGSRPSRIVVPSDWSLVEPITGEEVGRTIRLMGNSSPGLDKLTPRTLRRFNANVLAGYFNL
FLLSGGCPPHLCRARITLVPKVPHPTSPDQLRPISVSSILVRCFHKFAFLHRDGCLEATSLLHALLR
HSSATASNLSLAFVDISKAFDSVSHDTIVRSAKAFGAPSPLVRYIAQSYENAVAVFPSSEVHCHR
GVRQGDPLSPLLFIMAMDEVLGLSMPQLGY QFHDTLVDGFAFADDWVVCAESQARLKEKLEA
AAVELGRAGMKINARKTKVMVICGDRKHRATAVSVEPFRFAEELITPLGPTDTVTYLGIPFTSKG
KGVFNHRQHLLKLLEEVTRAPLKPHQRMDITRNYLIPRLTYSLVLGQVHRNTLKRLDNYIRQYIR
GWLRLPKDTPISYIHAGKQHGGLGIPSLSATIPMQRKTRMEKLLSTQCRVLRNVVNDSAFGKIVR
DLSLPIRVHGACVNTKEELVAAWGESLHNSADGRGLRELVTSPLSNRWLVFPERVFPRIFIRGIQL
RCNLLRTRVRSARHGHGGQTILCRGNCGQPESLVHILQSCWITHDARCARHNRVARELAKRLRR
LGYTVFEELRAPTSTSFIKPDLIAVRDRRATVIDVSIVSDGRGVIVWNEKKQKYGADEHSLAIISA
LHAIGCDINFSVHQPMIISYRGICFPQSAKA VIGLGLLRSDVSLFSPIFPRY SFTFKTRIHFLSQVGK
TTLILSLVSEEFSPKVPAQAEEITIPADVTPERVPTQIVDY SSRTQSHEQLCAEIRRADVICLVHALD
DEKSLERISSYWLPLIRHNGANPDCHSPIVLVGNKLDLLNESKLSKALPIMSEFSEVETCIECSAKT
LLNLSETFWFAQKAVLYPTAPLYDAERKELTPACIRALTRVFRICDTDNDGYLSDRELEAFQSRC
FSVPLTTQSLQDVKQLVRQSCPGGVTLNGITQKGFLFLHLIFVQKGRHETTWTVLRQFGYDNQIR
LSNEFLFPRFSVPSGCSTELSTLGIQFLHMLFNKYDLDRDGCLSPSELSEMLAIFPEDQLSHVSELT
DSVTTNSTGWITCQGFLAYWALTAYLEPTRVLEYFAHLGFTYFAAGSFWSTVNSHHQQQQHPK
DPYDGTPSTPLLIGALPLRDRLIGQNPPNSSGRSDAGGSSVPMSRNTRDALLRSLVITSEKRLDTIR
RSTQRTVFYCRVYGARKVGKTCLLQGLLGRHLRGTGGLAIGGLSGRSSGWAAATGIQVYGQQR
TLIMHEIGAAGGEQXXXXGGPRRIQVYGQQRTLIMHEIGAAGGEQMTAGEALSADVACLVYDV
SDSDSFRYVANLFLNYYRGTRVPCLFVESKSDQPRVVQNYQVDPIELTTKYNLNPPEPFSSMNLE
QCLNALASNSTRNVASSLGDPVSRSRSATNLFPNPMPSRRAGSLEPSSSTAGGETHLLKDSSHKL
SPGIGLSLLSLEKESVQLNPPLDARGRRHSKPDLAYRPSMEFSARDTNFLPVYVTLCTLANYPHL
RGLQLAQTDYAWKWTLAATILAGFGFVAFRIAKTHF

AAB94040.1 reverse transcriptase, partial [Hippodamia convergens]; SEQ ID NO: 23

AFADDVILCGTTSWGLQRNLEIFEEELRRSGLSLNPGKSKCVSLVASGREKKVKLVMTPTFRASG
SWLSQVDGTTFWKYLGLQFRGCGMAGCGSDDVAECLERLTRAPLKPQQRMHLLRVFLLPRFY
HVWTFGRLNAGILRRLDIRVRNAIRTSVRLPHDVPVGYFHAPTNAGGLGIPQLSRFIPLLRLKRFE
RLAHSSVESVRECARTEPAVAKVRWCRERLADVVDRVADGTQSLREFWTRELYRSMDGRALR
ESVRETPSTQWLRCCTRVIPARDWLNYISVHINALPSRVRTSRGRRDGVDVTCRGGCLTAETPA
HCIQVCHRTHGGRVLRHDAIAKALSVHLTQRGWSVRREVSYQTVVGVRRPDIVLLAGREIAVV
DVQVVAPNPSLDSAHRKKVAKYRDEAQLATCLVRGASVQPRRRAEEETQVRFASATISWRGV
WSSESARSLRELGLTDRELAQYSTYDLRGSWMNWVRFGASTSTRMAWRP

AAV85443.1 reverse transcriptase-like protein, partial [Amblyomma americanum]; SEQ ID NO: 24

PLFFNLVIDEFLEGLNHELAYRCQGLQVSAMAFADDLILAASTKDGLKEHTRKLENFLSQRGLR
ANAEKSSTLVILPSGRGHKSKICPNITFQIHGKDMTSQNCTSLWRYLGVTFSATGRIQGPIRFELA
ALLQRVSSAPLKPQQRLVVLRYYLMPRLTHRLTLGPISAKTLTAIDRTIRSNIRRWLALPLDVPM
GFFYAQIEQGGLGINCLRTTIPSLRLRRFAKMTHSSNSACTFAATRRTVTDSIHQAERLCVFKGQT
LRNPKESGRFWSSQLHASSDGRSLQGCKNAKGSTYWLREGTSFLKGREFIDLTKFHTGAMPNLT
RLKRGRDVPKKCRAGCESEESMGHIQQRCHRTHHTRIERRNNLVKYLSKRLHDLGWHVKVEPH
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YATSQGTRIPDLVIKRDSQALILDVQVVGTRVGLTQAHEAKTNKYKIPELLMSMDPRPSVSSVTT
SYRGVWATQSVGILTDIGLGIHDFKIMTIRCLQGGLRSFRTHQQMTSVRRDGNFRAV

AAV85445.1 reverse transcriptase-like protein, partial [Ixodes scapularis]; SEQ ID NO: 25

PLLFNLVVDEFLQTLDPGIGYSSDQLQLDGMAFADDLIVFASTPEGLQRRLDSLHSFVGARGLAI
NAEKSFTVSIVPSGREKRTKVVTTGNFSVSGIPLPACGIEARWKYLGVEFSPNGRNVPLTKDVAS
MLERVAKAPLKPQQRLVILRFYLIPRLYHRLVLGRWNRKLLKRLDVQIRDAVRKWMALPHDTP
LGYYHAPVAEGGLGVGSFSTAIPWMQVQRLPRMATSSSPICRQAADTYMVKTALDRAKKACV
VRGNILSDKQSVGKHWSALLHASNDGHALREVGRSPAAQRWVQEGTGLLTGRAFIDVNKLRIN
ALPVRTRTKRGRDTDKNCRGGCRAPETLDHVLQKCHRTHAARIKRHDGLVQIVVDRLRKKGW
TVEVEKRFNGPQTLIPDIVARRVLRENTPLEKRESAVIDATVITCGYPLLKAHESKVRKYDVPQV
TSICKGKNTEHPLVTSATLNFRGVWCKQSAQDLLSLGLTKQDLKIMTVRCLQGGIHCFRVHHG
MTSVK

KRY44798.1 Retrovirus-related Pol polyprotein from type-2 retrotransposable element R2DM
[Trichinella britovi]; SEQ ID NO: 26

MAHWYASLIRLIAAGTFIGERPANSENSQMPCHLISDATCGFSFATFSGLHLHRKRAHPDVFAAA
CGKKTKVRWSNDEISLLATLEAGLDPACKNINQVLAERLMEYDITRGVEMIKGQRRKEQYKAL
VRQLRSKSVTQQCVGFAGSMDSNVPVNDTTSSVASEVTITYPEYGAVMSCDLIKEATGMAMYVD
INELQSNIRKVFSSGRKLPVKSRGARETVQKKMANPRVAKYKRFQRLFRSNRRKLASHIFDKASL
EQFGGSIDEASDHLEKFLSRPRLESDSY SVINGNKSIGVAHPILAEEVELELKASRPTAVGPDGIAL
EDIKKLNSYDLASLFNLWLKAGDLPESVKASRTIFLPKSDGTTDISNCRPITIASALYRLFSKIITRR
LAARLELNVRQKAFRPEMNGVFENSAILYALIKDAKARSKEICITTLDLAKAFDTVPHSRIVRAL
RKNNVDPESVDLISKMLTGTTYAEIKGLQGKPITIRNGVRQGDPLSPLLFSLFIDEIIGRLQACGPA
YDFHGEKICILAFADDLTLVADNAAGMKILLKAACDFLEESGMSLNAEKCRTLCISRSPRSRKTF
VNPAAKFNISDWKTGISSEIPSLCATDTFRFLGHTFDGEGKIHIDMEEIRSMLKSVRSAPLKPEQK
VALIRSHLLPRLQFLFSTAEADSRKAWLIDSIHHRGCVKEILHSVKAGMCTEIFYIPSRDGGLGLTSL
GEFSLFSRQKALAKMAGSSDPLSKRVAEFFMERWNIARDPKVTEAARRVYQKKRYQRFFQTYQ
SGGWNEFSGNTIGNAWLTNGRARGRNYVMAVKFRSNTAATRAENLRGRPGMKECRFCKSATE
TLAHICQKCPANHGLVIQRHNAVVSFLGEVARKEGY QVMIEPKVSTPVGALKPDLLLIKADTAFI
VDVGIAWEGGRPLKLVNKMKCDKYKIAIPAILETFHVGHAETY GVILGSRGCWLKSNDKALASI
GLNITRKMKEHLSWLTFENTIRIYNSFMKN

AAV85444 1 reverse transcriptase-like protein, partial [Rhipicephalus microplus]; SEQ ID NO: 27

PLLFNLVIDEFLAELDPQLAFTSEGMKVSAMAFADDIILTTATHWGLKQQIDRLNSFLGARGLKI

NAAKSTTLVIEPSGWQKRSKIRTDIDFFVNGERLATTNCTSTWRYLGVHFGVKGLEKGLVRRQL
AILLERVSKAPLKPQQRLVVLRFYLLPRLYHRLVLGPILAKTLLTIDRVVRSAVRRWLALPLDAP

LGFFYAAVEEGGLGVPCFRTVVPAMRLRRY QTVAQSSNPACAFAATRPTITQLKRQADNLTIFK
GTKIGNSKQSRKYWARQLHMSFDGRPLQQCKEAPGSTSWLGNGTSLLRGREFIDLAKFHVAAV
PNLTRLRRGRELPKQCRAGCQAEESLGHILQRCHRTHHARIKRHDNILRYLAGRLTELGWQVQQ
ERHFKTSQGTKIPDLVIIKREKSHILDVQVVSTRVELTEAHHHKCDKYKIPDLLFQVSPTPTVSSV

TLSYRGTWAGESVRTLQEVGLTRNDFKMMTIRCLQGGLAAFKMHQMSTAVVRRGVGSQG

KRX52183.1 Retrovirus-related Pol polyprotein from type-2 retrotransposable element R2DM
[Trichinella sp. T9]; SEQ ID NO: 28

MSNRLANTAAAGGVPEKNSGTLDIPGQPSSSGEKRAISYPGPFGCNSCSFTSTTWLSVELHFKSV
HNTREFVFLCSKCEKSWPSINSVASHY PRCKGSVKAAVVPSSLANTCTTCGSSFGTFSGLQLHRK
RAHPDVFAASCSKKTKARWSNDEFILLARLEAGLDPACKNINQVLAERLMGFNITRGVEMIKGQ
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RRKDQYKALVRQLRSNSETQQCVGLAGSMDSNVPVNDTTSSVASEVTITYPEYGAVMSCDLIKE
ATGMATVDINELQSNIRKVFSSGRKLPMKVRGVRETVQKKMANPRVAKFKRFQRLFRSNRRKL
ASHIFDKASLEQFGGSIDEASDHLEKFLSRPRLESDSY SVISGDKSIGVAHPILAEDVELELKATRP
TAVGPDGIGLEDIKKLNTYDLASLFNIWLKAGDLPDSVKASRTIFLPKSDGTTDISNCRPITIASAL
YRLFSKIITRRLAARLELNVRQKAFRPEMNGVFENSAILYALIKDAKVRSKEICITTLDLAKAFDT
VPHSRILRALRKNNVDPESVDLISKMLTGTTYAEIKGLQGKPIHIRNGVRQGDPLSPLLFSLFIDEII
GRLQACGPAYDFHGEKICILAFADDLTLVADSAAGMKILLKAACDFLEESGMSLNAEKCRTLCIS
RSPRSRKTFVNPAAKFNISDWKTGVSSEIPSLCATDTFRFLGHTFDGEGKIHIDTEEIRSMLKSVKS
APLKPEQKVALIRSHLLPRLQFLFSTAEADSRKAWLIDSIIRGCVKEILHSVKAGMCTDIFYIPSRD
GGLGFTSLGEFSLFSRQKALAKMAGSSDPLSKLVAEFFIERWNIARDPKVIEAARRVY QKKRYQ
RFFQTYQSGGWSEFSGNTIGNAWLTNGRARGRNFIMAVKFRSNTAATRAENLRGRPGMKECRF
CKSAIETLAHICQKCPANHGLVIQRHDAVVTFLGEVARKEGYQVMIEPKVSTPVGALKPDLLLIK
ADTAFIVDVGIAWEGGRPLKLVNKMKCDKYKVAIPAILETFHVGHAETY GVILGSRGCWLKSN
DKALASIGLNITRRMKEHLSWLTFENTIRIYNSFMKN

KRX72028.1 Retrovirus-related Pol polyprotein from type-2 retrotransposable element R2DM
[Trichinella sp. T6]; SEQ ID NO: 29

MSNRLADTDAAGGVPEKNSGALDIPGQPSSSGEKRAISYPGPFSCNLCSFTSTTWLSMELHFKSV
HNIREFVFLCSKCEKSKPSINSVASHYPRCKGSVKAAVVPSSLANTCTTCGSSFGTFGGLQLHRK
RAHPDVFAASCSKKTKARWSNDEFTLLATLEAGLDSACKNINQVLVERLMGYNITRSVEMIKG
QRRKEQYKALVRQLRSKSETQQCVGFAGSMDSNVPVNVTTPSVVAEVAITYPEYGAVMSCDLI
KQATGMAIVDINELQNNLRKVFSSGRNLPAKSHGVRESVPKKMANPRVAKFKRFQRLFRSNRR
KLASHIFDKASLEQFGGSIDEASDHLEKFLSHPRLESDLY SAISGDNSIGIAHPILAEEVELELKATR
PTAVGPDGIALEDIKRLNPYDIASLFNLWLKAGDLPDSVKASRTIFLPKSDGTTDISNCRPITIASA
LYRLFSKIITRRLAAKLELNVRQKAFQPEMNGVFENTAILY ALIKDAKVRSKEICITTLDLAKAFD
TVPHSRILRALKKNNVDPESVDLISKMLTGTTYAEIKGLKGKPITIRNGVRQGDPLSPLLFSLFIDE
IIGRLQACGPAYDFHGEKICILAFADDLTLVADSAAGMKILLKAACDFLAESGMSLNTEKCRTLC
ISRSPRSRKTFVNPAAKFIISDWKTGVSSEIPSLCATDTFRFLGHTFDGEGKIHIDLEEIRSMVKSVK
SAPLKPEQKVALIRSHLLPRLQFLFSTAEVDSRRAWLIDSIIRGCVKEILHSVKAGMCTDFFYIPSR
DGGMGLTSLGEFSLFGRQKALAKMAGSSDPLSKRVAEFFIERWNIARDPKVIEAARRVYQKKRY
QRFFRTY QSGGWNEFSGNTIGNAWLTNGRARGRNFIMAVKFRSNTAATRAENLRGRLGMKECR
FCKSATETLAHICQRCPANHGLVIQRHNAVVTFLGEMARKEGY QVMIEPKVSTPVGALKPDLLL
IKADSAFIVDVGIAWEGGRPLKLVSKMKCDKYKIAIPAILETFHVGHAETYGVILGSRGCWLKSN
DKALASIGLNITRKMKEHLSWLTFENTIRINNSQMPRHLISDAYEWINKIPSVPTY YLAKPQPRER
AWQNQRGKKTLLSLTLV

AF019999.1 R2 protein, partial [Lepidurus couesii]; SEQ ID NO: 30

KQGDPLSPVLFNLVINEIIRKLPASIGFPINDKLSINCIAYADDLILVANTREGLKRLLEILNEELPK
RGLELNASKCFGLSLTALGKMKKTYLCSSSHLDLHGTLIKNLTADESWVYLGVPFSHIGRSKSFS
PDLEALLNKLQKSPLKLQQKLFALRVYLIPRVLHGLVLSKVAMGELKIMDKLILKYLRLWLRLP
KDTPLGFFYASVKLGGLGIKNLRTNVLKCRKQRIERMLVSPDDVVRLAAESEIFLKETVKLKDLL
TYDEKCLDTTEKINKFWSERLYTSFDGKPLAY SEYFPQGCGWIREDKIAQPAHIFAECIKLRINAL
PTRSRLARGRPTKDRSCRAGCLDVQKEPAIESLNHIAQVCPRTHGARIKRHDRLVQFLCLNLKKN
PKRNILVEYNFRTAAGIRKPDIHIEDTCAIILDVQVVGDSSNLEHEYLEKSRKY SNDANFINAFQK
LYPLVTINLSFHAVTLNNRGLIAKSTVTALRRLGVPPRCIMILCVISLEKTLEIWRIFNQSTAAARK

AAA21258.1 reverse transcriptase, partial [Drosophila ambigual; SEQ ID NO: 31

PLGSQGDPLSPIINMIIDRLLRVLPNEIGATVGNAITNAERFADDLVLFAETPMGLQKLLDTTVDF
LSSVGLTLNSDKCFTIGIKGQPKQKCTVVIPQSFCIGSRPCPALKRSDEWKYLGIHFTAEGRTRY'S
PAEDLGPKLLRLTRSPLKPQQKLFALRTVLIPQLYHKLTLGSVMIGVLRKCDIVVRSFIRKWLGLP
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MDVSTAFFHAPHTCGGLGVPSVRYLAPMLRMKRLSGIKWPHLVQSEAASSFLEVELNKARGRT
LAGENELTSRTAIETYWADKLYMSVDGSGLREARLFRPQHGWVFQPTRLLTGKDYRNGIKLRIN
ALPSRSRTTRGRHDLARQCRAGCDAPETNNHILQNCYRTHGKRVARHNCVVNNLKRILEEKGH
TVHVEPNLQGESAVSKPDLVAIRQNHAFVIDAQIVIDGLSLDQAHLPKVERYKRPDVITAVRRD
FNVSGAVEVLSATLNWRGIWSNQSVKGLITNNLLTTSDSNVISARVVIGGLYCFRQFMYLAGYS
RNWT

KRX12851.1 Retrovirus-related Pol polyprotein from type-2 retrotransposable element R2DM
[Trichinella nelsoni]; SEQ ID NO: 32

MAAIRVNYPGPFTCQKCTFTETVFARFVTHCTHHALNVNLACSICGKDFTSINAVASHFPHCKK
GTKRNETPIDAPTNTEMHVSTHNTHICTVCSRAFNSFAGLRLHEKRAHPATFAASSQKPTKHQW
TIDHLREAKEVEDQLTDSNSCSAKSFAEALSSKWSEAISVDMAKYLRKKLRRVDINFNAHNRGT
TDGDTSGLLPEVVGKSISLEGVGGKNRAALIGEEIHGVGVLSMRKTSGFRVEIVGQTTPSPNKSS
NALSPQHRDRDPGRDLRHHLEDSLTSCNSELEGLLNFLTNKILNSKPEDRNKYVDDVISIVTEFV
CKPNGHQPPPAPKKRTKEEPKNRRQKIRSKYAKMQSLFKRDPKRIAAHLIKNQPLCNVSCPIDAA
ESALRQRLSQRPSVDAAPFTSKCPPNSKNILDPISPEEVTLHLQRMKIHTSAGPDGIQVSHLRSCDP
VCLAKAFNLFLLARHIPQQLKDCRTTLIPKIDHPRPDAEDYRPITVASSLYRLFSKIVTRRLEDSLS
LHPRQKAFRSGTDGAFDNTSTLMTIIRNAHKRGRELNIVSIDLAKAFDTINHTSIDRALRMQGLD
VDSRALIAQMVTGSSTHKGDGGAFSNRIEINQGVRQGDPISPLLFNSVMDELIERLEKSKVGFKF
MGEEITTLAFADDVTLISRSHRGMAKLLSITLDFLNERGLSLNVNKCKGIRLVRTPKTKSLVQDT
SKAFRVPNIGEEKQYIPMVPSGNVIKFLGIQITLNGKPHFELAPLEGTLERIRKAPLKPAQKLATVR
DYLIPSLEYKLGVPGISMKLLESVDAAIRLTVKRFLHLQITGMNSMFLTMPIKEGGLGLRPLTTQR
IARVAVGTNSMMTSMDNVSRVVANTATLRKPLLSALEHFAVPAATKGAIREGKQNLLREEIAQL
SETY QGSCLPSFKKGSLVNSWLRGTCGMRSRDYITGLKLRFGVIETRSQKWRGRTPQNPDALLC
RHCGHLSGYRETAAHISQKCPTTHATIIQRHNKIVNLVADRAKREGFAVHVEPAIKSGGNVFKPD
LVLVKDGAAHIVDVAVPWEKGTSMHEKHQKKTNEY SPTVEEVRAQFDAETCTVGAIIIGARSS
WCPSNNRSLKACGLHLPKKFKRLLCRVALEGTCKIFQNFFTLT

KFD39471.1 hypothetical protein M514 11684 [Trichuris suis]; SEQ ID NO: 33

MVKSLPGKGLELLFNLWLYLGDVPSRLKECRTVLVPKRYPPQGPGDYRPITIASTLYRVFTKILA

NRLSQCVELNRRQNGFMKGINGCGENTFILSTALESSRRHARELNLASLDLQKAFDTVSHASIRR
ALCRQNVPTKGIQLLMNLLSNSYTRLDHANGMSAPIPMCRGVKQGDPLSPLLFNLVMDELLDEL
EGAGGGFTFSPSTQVNCLAYADDILLLSDSRAGLQSNLLRCSRFLSARSLRLNIQKCSTLRMYKV
PRIRSICATRDPMFYLDPTDESTLLPAFTGAEFLHYLGVDFNPYGRRRDQVAGALVLLARVRRAP
LKPQQKIELIRNHLLPRLLY SLTVGNPLANTGRTIDKKIRQCVKEILHLPASTMCDDFFYVPRSRG
GLGFLNLQEATDLSVLRLMVKMRTNDDDVARTSAEQWFNQRRFAKLAARRGLPTANLGALHK
VKEEIAKKHQERFQRSYQGSGHAEFHDKRSNAWMGGEQMTGRGYINAIKVRASLVPTRVQTLR
GRADPGDHRTLCRRCGDVSRAPESLAHISQTCAFCHGLIIRRHNAIVQKLAQLAQTQGFQCTTEP
IIRINDQTHKPDLVLAKNSSCWTIDVSIPWESRDPLDRRHMQKCQKYRCLAEPVKKLTNSTEFST

GAIVIGARGAWCERNDDTLSRAGLSITDRMKQLLCLITLEKTCQLISWFMRSTDRLALRQPTRHR
SSAQRTEARIPRSVDQAAFGSPARHHVAASPRHAPENRTVPAAH

KXZ75771.1 hypothetical protein TcasGA2 TCO031700 [Tribolium castaneum]; SEQ ID NO: 34

MENFIHANNMCIFNEPNNPPTFETTNGASYIDLTIGSEFLLNKIQTWKTVDINTSDHRAITFEFNDN
HNQIFPEVNASMDQKICNFNIKKAAPLLEQLSTDLINKY SILISQNKIDQCLEKFYFELNKIISSCSR
VKKTFKNRPTFWNEQIEALRRQYLKAKKDLYKNKNPDLKEALYISMSQVKQKFKDRIKLDKEK
SWENFVKEDLAPNPWGVVYRVAAEKFKKTNLLGVFENDGETSLNPSDAAKRLLHSLLPDDNEE
NETLSQKITRQDFNTIEMTYRYNIDEVINTELEINKNLKKKAPGLDKIDGNLTKIMHPSLSNFLLH
IYNSCLRASYFPKCWKMGNLVVIPKDSGGDPSDIKNYRPITLLNDLGKIFEKLIRTRLFKSTDVFH
ADNQYGFCVGKSSTDALLFFKNQLQAYNQKYKYTAAVFFDISGAFDNVWYPSIIKSLRQKGVSP
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HLIRIMKSYVSDRNVIYSYRGIVNRKNCTKGCPQGSVLGPTLWNTILDEFLRKKIAPNTETIAYAD
DIVVITGANTRNEFRSTIQTIVTAVCQFAGNQKLQVSSSKTKIMMFNSPKRVHNRDLAIKINNSTI
QIVTEHKY LGILFDSKFNFQKHINNVCSKARTIMMALRRKIKLRWNISVADSISAIYNHAIIPIVTY
GSEVWADRLNISKIKSKLTSLSGLASRCIAGCYASVSNDAAHVLAGVPPLDLEAARINCCKLLKK
DQNCNLLGFEIEKSDFDTYKHAREY VAILVEDLWQERWDSSTKGRTTYRFRPIVQSGLRY SHSF
AATQILTGHGNFMSHLQRVGKSETDECAECGVRDDPIHRLLVCPLFDVPRRDIYRSVNSPFLSLN
WIHHLKSELLEPFTALPQSLFIARTSRIAPLRSDYIEHRESESGSENCFVLVQTVFQGKSRIEQHLDL
DADQLISEIQKQQDLPESLPKNFVKTAFKVGNKDGKANQWVVELHPVARNHFIKSGSRLFINWK
SLHIRDYLRVTRCFKCQKFGHVSKFCNSEKQCGYCASTDHESVTCKLKNEENKHKCIAAVFGSS
PRTLTIPGEGHVEASRRFVPISAAGLQGEEPLVDRIMIGSEDRGVSGLARKRVAADVPGLCEVKR
CSVSAVNVESEFGPVPRPPAEPSCCEAPGAPVRARAMGLTTLSGTKTSNSGAQGPSTSAPMQNM
AGGFVCDCGRSYALKTSLARHKKECGKNNTECRWCGTRFNTLAGTRQHERKAHFVQYQSDLA
KALPQPESELMEKIAIVEARSSNGIFYKEMMASTGLTHQQVRSRREKPEYKGFLERARRSLAQTN
IRAGSISPASTIAGSLESASPKAGCSSSASPGPTTRSRAPTKGVPLRSSNSARIVVEAQVHTRAPPN
TGETEVALRESRRTVPRLGPNPSRPCGISPLMAIAIDEDSVLGGLRVQAEPSPTAVHSVETFPGTSS
MTPMETDRVHNKSGIDPILEHNGTRQVRREESSTREDPVEQWSPNYPKTPVTMPNITTTADASCT
SYNRTPQTLPGNRRRRSRSLPPVQRKSASDDLESVDSLGPWAVFLQDQVDAGSLSGNDSLADLV
RVALTKSDRGVLNDAVNRYLAQRAESLRIRKRGSKGKRKSKTGRHY GQTTSGSGQRAALFKKH
QDLFLKNRRGLAETILSGKEDFGPRPEPPVTSVEEFY GGIFESPSPPDNEPLEVRATGVEDPPTYIT
MDEIKAARAGWOQISAPGSDQIPVAAVKTMSELELAILFNIILFRNVQPSAWGVLRTTLVPKDGDL
RNPANWRPITISSAMQRLLHRVLAARLSKLVSLSSSQRGFTEIDGTLANALILHEYLQYRRQTGR
TYQVVSLDVRKAFDTVSHCSVSRALGRFGIPSVIREYILATFGAQTTIKCGTVTTRPIRMLRGVRQ
GDPLSPVLFNLVMDELLEKVNEKYEGGSLQSGERCAIMAFADDLILIADRDQDVPAMLDDVSTF
LERRGMSVNPAKCRALIAGAVSGRSVVRTGSSYKIHNTPIPNVDALDAFKYLGLEFGHKGVERP
TIHNLSVWLNNLRRAPLKPDQKCLFIRQY VIPRLLYGMQNPQVTSKVLREADRLIRRHLKTYYH
LNVHTPDSLIHASVRDGGLGIMELRKAIPRIFLGRLVKLLNKNNDSVLSSVLQSDRVRTLMGKLS
TMAGEVPESTFWRNRIASGPLSKGLEQAAEDSASRLWISEKPSGWSGRDHVRAVQLRTGNLPTK
AIPSVPVGQRRCRHGCACDESISHVLQMCPLTHADRIRRHDEVVKKVARHCTSRGWTVEVEPHI
RSRCGRLFKPDLAVHQPGGAIVIADVQISWDSESLTVPYERKRAKYDVPQFHQAAQHAWPGKA
LTFAPVIVGARGIWPRINNDRSAALQIPPVVRRACVNSVVKWGSSIHATFMSETTAKGTGLEKLA
GKEDPVELDSSLAL

XP_002412745.1 reverse transcriptase, putative [Ixodes scapularis|; SEQ ID NO: 35

MACSPHQFHPQKEPAALPSDFRPITVGPVLQRLFHKILAKRVMAAAPLDFRQRAFQPVDGCAENI
LLLSTVLDEARCRLRPLHLASVDLAKAFDRVTTEAILRGALRAGFDDAFLAYLRELYATSYTTL
QYGGEELVVQPTTGVRQGDPLSPVLFNMVLDEFLSSVDPRVAFRSGDFTVDAMAFADDLVVCA
STPQGLQQRLNDLAAFLSPRGLNINVAKSFTLSLQPSAREKKCKIVTTNRFHINGEPLPVSGVASV
WRYLGVSFTPDGTRSNGVEMELEELLERVKKAPLKPQQRLLVLRTYLLPRLFHRLILGPWSVGL
LKKLDTKVRAALRSWLALPHDVPLGYFHAPVGEGGLGVVSLRASIPSMRLRRIEGLRFSDHPGC
AEALRCPLLLEGFPFRNKN

BAEA46603.1 reverse transcriptase, partial [Eptatretus burgeri]; SEQ ID NO: 36

ALAFADDLVLCARTSSGLRRSMDAVQTRLSAAGLVLNVEKSATLAITIDAKAKRYVVDTSEVFY
LGQQNLGVLDAASQLKYLGIQFLPRGAAPSDGSALEKGLRNLRRAPIKPQQRMFMLRDHLIPQL
QHGLVLGAARRGTLRKLDVQMRHHTRLWLRLPKDTPVAYFHARSADGGLGLPQFSVTIPILRER
RMRGLEQSDSPYVRAVIRTKLGDVVRSRNTYNLHY GGERPRSIKQADVITAKLLHQAVDGRGL
LEASRVPEPNDWVLGRSRLQSGRAFIDSVKVRGNLLPTGSRSSRGRRGQGSEGWCDAGCRAKES
LNHISQACIRTHGGTVQRHDAVSRFACGRLRQRGFVVIEEPRIPTPAGIRKPDIIAEKNGKPVILDT
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QIKSDTLKLSDEHVRKRNYYDTPEVLDWVRNKFESENVPLVSTITLSWRGVWAPESATLLRELG
LTKTDLRLISVMVVEKTALMFRWFKRSALTRNAPRQ

AF020000.1 R2 protein, partial [Triops cancriformis]|; SEQ ID NO: 37

PIIFNLVINGAIRRLPDEFGFEVSPKIFLNCLAYADDLILVATTRIGLKRLIIVGEYLQRRGLKLSAE
KSIGLSITACGKEGLTY VSSANKIDFQGVEIKNMCVLDTWQY LGIQFSHIGCTDRITPEVSDLLFK

LQKAPLKVQQKLYALRHYLIPRLLHGLILSRVLITELKSIDNLIRKY VRSLLHLPKDTPLGYLYAS

TKDGGLGIPCLRYLILKCRLARILRMRSSNDAVVREIANSEFLLHETQRLRDSLSIDGSVLDTNELI
RKYWAKRLYTSYDGKSLAY SEFFPYGNSWVREDHMNQRAHVFCDCIKLRINALPTRARTSRGR
TESKDSSCRAGCKFSSGIPMRETVNHITGVCQRTHDARVRRHDSIVDFLVSIWKTKSTNEVYKEP
NYRTPLGLRKPDIVVKTPNEVWIADVQVLADNANLEKEYSIKTNKYASDAGLIQGLKKQFPNIN

LFSFFAVTINNRGLISRSSVNELRKRGVNSRDMLTIILRAMEGSLMIWRIFNQTTSSAR

KRX36111.1 Retrovirus-related Pol polyprotein from type-2 retrotransposable element R2DM
[Trichinella murrelli]; SEQ ID NO: 38

MGKRSTDNVNKLEGPLSNNEAPVNNRMVTRSTIKRATVVDSRSAPPLLVRPPVESPEFKLVCATI
DNRRQKSTASSAPLNNGGICQPLSEAPDDNAAVVSNSCAVSEIKEMPPARINMRLRSRKACGNIP
EPPRLPRTSQTASESHDGSQPCPGSSTAITSFPRASDNHPVSTNTQGTHVCSVCSRVFNSFPGLRL
HEKRAHPATFAASSQKSVKHLWTTDHLREVKEVEEILAANNSRSVKALAEALSRKWSEDISMD
MAKYLRKKLRAVDLNSAQPTNTALTDGVNSPREGPENLTEEGESLNNGSQVIGTEIMGPERFPE
CDSFQTHSANADLSNPCPQHPDGLLSEQGLDRDQGGVLRKHLEDGLASCNSELEGLLNFIVSKV
LNSGIEDRNKHVDAAISVLTEFLCESKSHQPPPPRKKRTREEPKNRRQKIRSKYAQMQTLFKRDP
KRVAAHLIRNQPLCNVSCPIDAAESALRQRLSQRPGVDAAPITSKCPQNSKNILDPIFPEEVTLHL
QKMKIHTSAGPDGIKVSHLRSCDPVCLAKAFNLFLLARHIPQQLKDCRTTLIPKTDDPRPDAEDY
RPITVASCLYRLFSKIVTRRLEDSLSLHPRQKAFRSGTDGAFDNTSTLMTVIREAHNCGKELNIVSI
DLAKAFDTVNHTSITRALRMHGLDDESRTLITEMVTGSSTIIKGDGGALSNRIEINQGVRQGDPIS
PLLFNAVMDELVERLERTGEGFKLKGVEVTTLAFADDVTLISRSHRGMEKLLSITLDFLNERGLQ
LNINKCKGIRLVRTPKTKSLVEDTSKPFRVPSFGEENQHIPMVLPGDLIKFLGIDITLNGKPHFDLA
PLEDTLERIRKAPLKPAQKLATVRDYLIPSLEYRLGVPGISRKLLESVDGAIRLTVKRFLHLPLTG
MNSMFLSMPVKEGGLGLRSLSTQHIARLAVGTNSMSISTDTVSRVVADTTTLRKPLLSALEHFA
VPTATKSAIREGKRNLLRAEIAQLSETYQGSCLPSFKHGSLVNTWLRGTSGMRSRDYITGLKLRF
GVIETRSQKWRGRTPQNPDALLCRHCGHSSGNRETAAHVSQKCLVTHALIVQRHNKIVRLVGD
RAKDEGFAVHVETAVKSGEEVYKPDLILIKADTAHIIDVAVPWEKGTNMHEKHERKTNKYAQL
VDDVKALFGVQNCTVGALVIGARSSWCTSNDGSLKACGLHLPKKTDGEDLTTEADDSDAEPW
QKPEHSPPHAKENTEDRNTEEQSEPYTTPQTLRTSENPEIQRRRRLHRTTTRRDCARRTDHNWTP
ERGTTHPQKQGP

KRZ66264.1 Retrovirus-related Pol polyprotein from type-2 retrotransposable element R2DM
[Trichinella papuae]; SEQ ID NO: 39

MGKPSRPAQETPSTAAGSDGQARSGLRRRNHAEVTYPGPFTCTVCSLTECVY SRFKNHCMTHH
LHLELSCSVCRKVFPTINAVACHYPHCAKTPRNPNISQNIPETTQVGRTVASSINNKGISENKEPP
QNNRVVTRSQVKRAAVGAVTRSRSSLCNGAPAVNAAAGIVRSQVNVVFPDCATLNNNSRQRL
MVAPAPPNNGELCSPLSGKVTDGGNVIVRRSARLASNCEAGLHNNGADASSVANVPVIKEVPPA
RTYRRNRPASANTNITETPRQPPTSMTVPECRRRTREQPQRTTASEATQPAAPTVADNAFPCGEC
GRVFSTFAGMRLHLKRAHPSSFSSLQPPVKVPRWSALESDTLRELEDALRRNGELSNEKLASLM
TDRFERVFTIDMVKGHRRKFRETPRTEGENSRPSTPRESTPAPTAQTSPSTMPVNNITRDNPETAE
DINKKLKQHLLHCTTTHNTEVEAEINDIIRNHIIKGNNKNY VIRIVKYLIGAMRPEEERGPKKGR
KKKKPEPSVPLNSKQRKRMAYRKVQQAYHKDPKRVVAHLFHSQPLENVSCPVESGEKALQARL
GKRPPADRAPFLPKRAPLKNHLLSPISAKEVSEHLKQMNLASASGPDGVKVSHLRDIGPQCLSKI
FNTFLLERHIPQVLKDCRTTLIPKVDNPRPDAEDFRPITIGSCIYRLFSKIVTSRLSQLTPLNPRQKA
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FRSGTDGAFDNITTVASLLKLARKTGKEINLACIDLAKAFDTVNHTSITRALHRHGVDSASIELVE
SMVGEATTVIINSDGTRSNVIKFNRGVRQGDPISPLLFNLVLDELIDNLDQARCGFSITKEIQVSCV
AFADDITLVSGSREGMNNLLTITREFLGERGLGINHSKCKGIRFTKVPKSKSLIIDTNPNCFLIRNQ
QGTPEPIPMAKPGEPLKTLGINLTLEGNPTFNYPELTRILNTIKHAPLKPHQKVQIIRDHLIPLLQY
KLGVPTFYRATLNNIDKSIRLTVKEILHLPTTGLHNSYLYLPLKEGGLGLKRLATQYASRVGLGL
SNMATSDDAVSRAVAGLHLSLMDKAKNCLGLSEISKEAIKKAKEKLVQAEIRTLLQCHLGRSHS
SFINDTISNSWMRYPTFLSARNYIMGIKLRAGIETRAQKWRGRSPPHPTMLLCRHCGARSRTRE
TDIHVSQKCLHNKKLILRRHNCVVSTLGRRATQQGFAVYYEPCIKHGETVLKPDLVIIKGDTATII
DVAVPWEQGTNLREHNSRKISKYQCLEREAAKYFNVKTVKTGSLVVGARGKWSAGNDSTLKS
CGLHCSKRLKKLLCTIALEGTCAVFKH

KRY45664.1 Retrovirus-related Pol polyprotein from type-2 retrotransposable element R2DM
[Trichinella britovi]; SEQ ID NO: 40

MVTRSTIKRATVVDSRSAPPLLDRPPVERPEIKLVCATIDNRRQKSTAASAPLNIVGICQPLFEAPD
DNAAVVSNNCAVSEIKEMPPARINMRLRSRKACGNILEPPRPPRTSQSASESHDGSQPCPGSSAA
STNSPRASISQPASTNAQGTHVCSVCSRAFNSFPGLRLHEKRAHPATFAASSQKSVKHLWTIDHL
REVKEVEEMLAANNSRSVKALAEALSRKWSEDISMDMAKYLRKKLRAVDLNSAQPTNTALTD
GVNSPREGPENTTEEGESLNNGSQVVGTEIMGPERLPECDSLQTHSANADLSNPCPQHPDGLLSE
QGLDRDQWGVLRKHLEDGLASCNSELEGLLNFIINKILNSGSEDRNKLVDAAISVLIEFLGEPKSH
QPPPPRKKRTREEPKNRRQKIRSKYAQMQTLFKRDPKRVAAHLIKNQPLCNVSCPIDAAESALRQ
RLSQRPGVDAAPFTSKCPQNSKNILDPIFPEEVTLHLQNMKLQTSAGPDGIKVSHLRSCDPVCLA
KAFNLFLLARHIPQQLKDCRTSLIPKTDDPRPDAEDYRPITVASCLYRLFSKIVTRRLEDSLSLHPR
QKAFRSGTDGAFDNTSTLMTVIREAHSCGKELNIVSIDLAKAFDTVNHTSITRALRMHGLDDESR
TLITEMVTGSSTIKGDGGALSNRIEINQGVRQGDPISPLLFNAVMDELVERLEQTGEGFKLKGVE
VTTLAFADDVTLISRSHRGMEKLLSTTLDFLNERGLKLNISKCKGIRLVRTPKTKSLVEDTSKPFR
VPSFGEENQHIPMVLPGDLIKFLGIDITLNGKPHFDLAPLEATLERIRKAPLKPAQKLATVRDYLIP
SLEYRLGVPGISRKLLESVDGAIRLTVKRFLHLPLTGMNSMFLSMPVKEGGLGLRSLSTQHIARL
AVGTNSMSISTDTVSRVVADTTTLRKPLLSALEHFAVPTATKSAIREGKRNLLRAEIAQLSETYQ
GSCLPSFKHGSLVNSWLRGTSGMRSRDYITGLKLRFGVIETRSQKWRGRTPQNPDALLCRHCGH
SSGNRETAAHVSQKCLVTHALIVQRHNKIMRLVGDRAKDEGFAVHVETAIKSGEEVYKPDLILI
KDDTAHILDVAVPWEKGTNMHEKHERKTNKYAQLVGDVKALFGVQNCTVGALVIGARSSWCP
SNDGSLKACGLHLPKKPDGEDLKTEDNHPCAESRQRPKHSPPLEEENTEERNTAEQTEPCTTPQT
LRTTENPDIRRRTRLNRTTTRRDCARRTGHNWTPYIKTDLCRNIGLNLSLIKSHWCASQIRLTAA
GTFLRESPANSATSQMPRHLISDAY EWINKIPSVPIYYLAKPQPRERAWQNQRGKKTLLSLTLV

CAJ00246.1 TPA: polyprotein [Schistosoma mansoni]; SEQ ID NO: 41

MPVSTGAETDITSSLPIPASSIVSPNYTLPDSSSTCLICFAIFPTHNILLSHATAIHHISCPPTPVQDGS
QQMSCVLCAAAFSSNRGLTQHIRHRHISEYNELIRQRIAVQPTSRIWSPFDDASLLSIANHEAHRF
PTKNDLCQHISTILTRRTAEAVKRRLLHLQW SRSPTAITTSSNNHTITDIPNTEARYIFPVDLDEHP
PLSDATTPNASTHPLPELLVILTPLPSPTRLQNISESQTSHESNKNSMHTPPTY ACDPDETLGATPS
STIPSCFHSYQDPLAEQRGKLLRASASLLQSSCTRIRSSSLLAFLQNESTLMDEEHVSTFLNSHAEF
VFPRTWTPSRPKHPSHAPANVSRKKRRKIEY AHIQRLFHHRPKDASNTVLDGRWRNPYVANHS
MIPDFDCFWTTVFTKTNSPDSREITPIIPMTPSLIDPILPSDVTWALKEMHGTAGGIDRLTSYDLMR
FGKNGLAGYLNMLLALAYLPTNLSTARVTFVPKSSSPVSPEDFRPISVAPVATRCLHKILAKRW
MPLFPQERLQFAFLNRDGCFEAVNLLHSVIRHVHTRHTGASFALLDISRAFDTVSHDSIIRAAKRY
GAPELLCRYLNNYYRRSTSCVNRTELHPTCGVKQGDPLSPLLFIMVLDEVLEGLDPMTHLTVDG
ESLNYIAYADDLVVFAPNAELLQRKLDRISILLHEAGWSVNPEKSRTLDLISGGHSKITALSQTEF
TIAGMRIPPLSAADTFDYLGIKFNFKGRCPVAHIDLLNNYLTEISCAPLKPQQRMKILKDNLLPRL
LYPLTLGIVHLKTLKSMDRNIHTAIRKWLRLPSDTPLAYFHSPVAAGGLGILHLSSSVPFHRRKRL
ETLLSSPNRLLHKLPTSPTLASYSHLSQLPVRIGHETVTSREEASNSWVRRLHSSCDGKGLLLAPL
STESHAWLRYPQSIFPSVYINAVKLRGGLLSTKVRRSRGGRVINGLNCRGGCAHHETIHHILQHC
ALTHDIRCKRHNELCNLVAKKLRRQKIHFLQEPCIPLEKTY CKPDFIIRDSIAY VLDVTVSDDGN
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THASRLLKISKYGNERTVASIKRFLTSSGYIITSVRQTPVVLTFRGILDRASSQSLRRLCFSSRDLG
DLCLSAIQGSIKIYNTYMRGT

Q03278 Retrovirus-related Pol polyprotein from type-1retrotransposable element R2 [Nasonia vitripennis
(Parasitic wasp)]; SEQ ID NO: 42

NQIKKSNTSTGARIPKAMTNPADNFAGGQWKPPGRRSARTSATGMFVCEHCLRAFTTNTGRGL
HIKRAHEEQANEAITTERSRARWTNEEMEAVQAEIDCEGRTAINQEILRIIPY QRTIDAIKCLRKQ
QKYKTIRERVANRRAENRARETELTRLETADEDPASQEQDNPNMSLKNWLKEVIESDDDRLCA
DLRTAIEMALAGQSPLDVCTVGCYQYTMTNLPLVPVRLGGPIYWCNAQSRSNPGETQRRQTIKE
SNNSWKKNMSKAAHIVLDGDTDACPAGLEGTEASGAIMRAGCPTTRHLRSRMQGEIKNLWRPI
SNDEIKEVEACKRTAAGPDGMTTTAWNSIDECIKSLFNMIMYHGQCPRRYLDSRTVLIPKEPGT
MDPACFRPLSIASVALRHFHRILANRIGEHGLLDTRQRAFIVADGVAENTSLLSAMIKEARMKIK
GLYIAILDVKKAFDSVEHRSILDALRRKKLPLEMRNYIMWVYRNSKTRLEVVKTKGRWIRPARG
VRQGDPLSPLLFNCVMDAVLRRLPENTGFLMGAEKIGALVFADDLVLLAETREGLQASLSRIEA
GLQEQGLEMMPRKCHTLALVPSGKEKKIKVETHKPFTVGNQEITQLGHADQWKYLGVVYNSY
GPIQVKINIAGDLQRVTAAPLKPQQRMAILGMFLIPRFIHKLVLGRTSNADVRKGDKIIRKTVRG
WLRLPHDTPIGYFHAPIKEGGLGIPAFESRIPELLKSRIEALGASNMQTARSLLGGDWVAERKKW
INTQKIKNSEWAQKLHLTTDGKDLRDTRKAEASY SWIRDIHVAIPASVWIKYHHTRINALPTLMR
MSRGRRTNGNALCRAGCGLPETLYHVVQQCPRTHGGRVLRHDKIAEQVAIFMQEKGWLVLRE
AHIRTSVGLRKPDIIARKGQDCKIIDCQIVTTGNDIRIQHERKIQYYASNWELRRSAATMIGHQGQ
VSVEAITISWKGVWEPRSYCLLRDCGIPKVKIKGLTTRVLLGAYLNFNTFSKATYRTERRRTAN

Q03279 Retrovirus-related Pol polyprotein from type-1 retrotransposable element R2 [Bradysia
coprophila (Dark-winged fungus gnat) (Sciara coprophila)]; SEQ ID NO: 43

VSVPPTSYRDRIMNALEESMIDVDAIRGSSARELVEIGKVALLNQPMDEGRIMSWLSDRFPDTQK
PKGPIYSKTTIYHGTNKQKRKQRYALVQSLYKKDISAAARVVLDENDKIATKIPPVRHMFDY WK
DVFATGGGSAATNINRAPPAPHMETLWDPVSLIEIKSARASNEKGAGPDGVTPRSWNALDDRYK
RLLYNIFVFYGRVPSPIKGSRTVFTPKIEGGPDPGVFRPLSICSVILREFNKILARRFVSCYTYDERQ
TAYLPIDGVCINVSMLTAITAEAKRLRKELHIAILDLVKAFNSVYHSALIDAITEAGCPPGVVDYIA
DMYNNVITEMQFEGKCELASILAGVYQGDPLSGPLFTLAYEKALRALNNEGRFDIADVRVNASA
YSDDGLLLAMTVIGLQHNLDKFGETLAKIGLRINSRKSKTVSLVPSGREKKMKIVSNRRLLLKAS
ELKPLTISDLWKYLGVVYTTSGPEVAKVSMDDDLSKLTKGPLKPQQRIHLLKTFVIPKHLNRLVL
SRTTATGLCKMDLLIRKYVRRWLRLPGDVPVAFLYAPVKAGGKGIPCLKQWIPLMRFLRLNKA
KRTGGDRIAAVLNCQLYASISHSCKTGPVSVGLWRSTNTGGLSAYWRRILIGMVDGKDLKSAQ
NHSSATSFNSIRMNDISGEDYIHYNQLRTNSIPTRKRTARGRPNKPTACRAGCDKLKRLQHDIQG
CIRSQGGLVQRHDRVVDLLFDECETKGYAAEKVVHLRTSEELWKPDLVLKKNGRVVVVDAQV
VQCGRLESDHRVKVSKYRDDPELADVIREKYAVQEVTFEACTLSYKGIWSKNSVEGLQKLGISN
YCLFKIVTSVLRGSWLNWVRFNNVTTVVHW

KXZ75830.1 hypothetical protein TcasGA2 TC031908 [Tribolium castaneum]; SEQ ID NO: 44

MVPLLLVLDLEPTVLTTPLDLRERTMLMDMDSEDEAGEHGPPADNAHLTSGEPIEIILMLPFQSR
SCICLNAGKGNFRATADGDLESWCGSDVHHLRKTSWRKPQTGMKSRSFRRIGDCAAGSSRRGV
RLTGKAGREGRFAASPHLSPRYLAGSVSGNVPSVPPNPGLGAGAPAFAAVPNADGGPAQNPCPY
CARSFTTANGRGLHIRRAHPDEANNAIDIERIHARWSHEETAMMARLEAGAIQRGGVRFMNQFL
VPRMPGRTLEAVKSKRRDATDKALVQRFLQGDRLCNIARRACDGGDVSGQLLGWLRDVFPVK
RVSTRGDQSNLDVDGALVSRHTARTREYARVQELYRKDPKACLARIFGDRREGANRAPNRDPA
FIDFWRGVFSEASAEVEGCAEEVSDHGGGKVSGPEWCSAGARRNSGFRVEQLPPEAAALLFNVL
LLGRCLPAELTRTRTVFIPKTDAPRTPADYRPISIASVVARHFHRVLSAHVQRIPDLFTKY QRGFL
SGVDGIADNLSVFDTMLTMSRRCCKHLHLAALDVSKAFDTVSHFAIVRACRETHSLLSSLTWSW
TGLLKRLSTDVGFRLTDATKVTALAFADDVVLCATTARGLQTNLDVLEAELRLAGLLLNPNKC
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QALSLVASGRDHKVKLVTKPTFTVGQNTILKGSGMCGCGSEGVAAGLKRNTCAPLKPQQRMHL
LRVFFLPKFYHAWTFGRLNAGVLRRLNVVVRTSVRTWLRLPHDIPVGKFHAPTKSGGLGIPQLS
RLIPFLRLKRFDRLGRSAVDY VRECAFTDIADQKIRWCRERLSGIVDQVAGGRDALDAYWTAQL
HQSVDGRALRESASVASSTQWLRCSTRAIPASDWLHYTAVHIGALPSRVRTSRGRRGGQDVSCR
GGCLLDETPAHCIQVCHRTHGGRMLRHDAIAKRISADLMELGWIVTREVSFRTTAGVFRPDMV
AVKEGVTVILDVQIVSPAPTLDEAHRRKVAKYRDRADLARYLAEAAVARGRAPPANIRFASATI
SWRNVWSAESVGSLRELRLSARHFNRY TTMSFCGSWRNWVRFNASTASGMGRGRGDASPRRH
ENQHDNDSLADLVRVALTKSDRGVLNDAVNRYLAQRAESLRIRKRGSKGKRKSKTGRRYGQT
TSGSGQRAALFKKHQDLFLKNRRGLAETILSGKEDFGPRPEPPVTSVEESY GGIFESPSSPDNKPF
EVRATGVEDPPTYITMDEIKAARAGWQISAPGSDQIPVAAVKTMSELELAILFNIILFRNVQPSAW
PSQGAVRPCRWWEGLSTCNESAGNAGGSHGRDSWQGHPCQ

P16423.1 Retrovirus-related Pol polyprotein from type-2 retrotransposable element R2DM [Drosophila
melanogaster|; SEQ ID NO: 45

FERKNFSDGLVPQRKFIHIGTTSTNNEPRIPLHNLMTTRPSVDIFPEDQYEPNAAATLSRVPCTVC
GRSFNSKRGLGVHMRSRHPDELDEERRRVDIKARWSDEEKWMMARKEVELTANGCKHINKQL
AVYFANRSVEAIKKLRQRGDYKEKIEQIRGQSALAPEVANLTIRRRPSRSEQDHQVTTSETTPITP
FEQSNREILRTLRGYSPVECHSKWRAQELQTIIDRAHLEGKETTLQCLSLYLLGIFPAQGVRHTLT
RPPRRPRNRRESRRQQYAVVQRNWDKHKGRCIKSLLNGTDESVMPSQEIMVPYWREVMTQPSP
SSCSGEVIQMDHSLERVWSAITEQDLRASRVSLSSSPGPDGITPKSAREVPSGIMLRIMNLILWCG
NLPHSIRLARTVFIPKTVTAKRPQDFRPISVPSVLVRQLNAILATRLNSSINWDPRQRGFLPTDGCA
DNATIVDLVLRHSHKHFRSCYIANLDVSKAFDSLSHASIYDTLRAYGAPKGFVDYVQNTYEGGG
TSLNGDGWSSEEFVPARGVKQGDPLSPILFNLVMDRLLRTLPSEIGAKVGNAITNAAAFADDLVL
FAETRMGLQVLLDKTLDFLSIVGLKLNADKCFTVGIKGQPKQKCTVLEAQSFY VGSSEIPSLKRT
DEWKYLGINFTATGRVRCNPAEDIGPKLQRLTKAPLKPQQRLFALRTVLIPQLYHKLALGSVAIG
VLRKTDKLIRYYVRRWLNLPLDVPIAFVHAPPKSGGLGIPSLRWVAPMLRLRRLSNIKWPHLTQ
NEVASSFLEAEKQRARDRLLAEQNELLSRPAIEKYWANKLYLSVDGSGLREGGHY GPQHGWVS
QPTRLLTGKEYMDGIRLRINALPTKSRTTRGRHELERQCRAGCDAPETTNHIMQKCYRSHGRRV
ARHNCVVNRIKRGLEERGCVVIVEPSLQCESGLNKPDLVALRQNHIDVIDTQIVITDGHSMDDAH
QRKINRYDRPDIRTELRRRFEAAGDIEFHSATLNWRGIWSGQSVKRLIAKGLLSKYDSHIISVQV
MRGSLGCFKQFMYLSGFSRDWT

KRX34481.1 Retrovirus-related Pol polyprotein from type-2 retrotransposable element R2DM
[Trichinella murrelli]; SEQ ID NO: 46

MSNRLANTAAAGGVPEKNSGTLDIPGQPSSSGEKRAISYPGPFGCNSCSFTSTTWLSMELHFKSV
HNTCEFVFLCSKCEKSWPSINSVASHYPRCKGSVKAAVVPSSLTNTCTTCGSSFGTFSGLQLHRK
RAHPDVFAASCSKKTKARWSNDEFTLLARLEAGLDPACKNINQVLAERLMGYNITRGVEMIKG
QRRKDQYKALVRQLRSNSETQQCVGLAGSMDLNVPVNDTTSSVASEVTITYPEYGAVMSCDLI
KEATGMAMVDVNELQSNIRKLFSSGRKLPMKLRGAREAVQKKMANPRVAKFKRFQRLFRSNR
RKLANHIFDKASLEQFGGSIDEASDHLERFLSRPRLESDSY SVISGDKSIGVAHPILAEEVELELKA
SRPTAVGPDGIGLEDIKKLNSYDLASLFNLWLKAGDLPESVKASRTIFLPKSDGTTDISNCRPITIA
SALYRLFSKIITRRLAARLELNVRQKAFRPEMNGVFENSAILYALIKDAKVRSKEICITTLDLAKA
FDTVPHSRILRALRKNNVDPESVDLISKMLTGTTY AEIKGLQGKPITIRNGVRQGDPLSPLLFSLFI
DEIIGRLQACGPAYDFHGEKICILAFADDLTLVADNAAGMKILLKAACDFLEESGMSLNAEKCRT
LCISRSPRSRKTFVNPAAKFNISDWKTGVSSEIPSLCATDTFRFLGHTFDGEGKIHIDTEEIRSMLK
SVKSAPLKPEQKVALIRSHLLPRLQFLFSTAEVDSRKAWLIDSIIRGCVKEILHSVKAGMCTDIFY1
PSRDGGMGLTSLGEFSLFSRQKALAKMAGSSDPLSKRVAEFFIERWNIARDPKVIEAARRVY QK
KRYQRFFQTYQSGGWNEFSGNTIGNAWLTNGRARGRNFIMAVKFRSNTAATRAENLRGRLGM
KECRFCKSAIETLAHICQKCPANHGLVIQRHNAVVTFLGEVARKEGYQVMIEPKVSTPVGALKP
DLLLIKADTAFIVDVGIAWEGGRPLKLVNKMKCDKYKIAIPAILETFHVGHAETY GVILGSRGCW
LKSNDKALASIGLNITRKMKEHLSWLTFENTIRITYNSFMKN
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EEB15300.1 reverse transcriptase, putative [Pediculus humanus corporis]; SEQ ID NO: 47

MRTRQSKNQNKSCSTVDLRQLDENVNFTASDPGHSNDVSHRSPVQETTRSHRIRWTQEDLQEL
MWCYFYSQKFGSGSESDTFKIWRGRNPNSRKDMTSKKLAAQRRYIIKKIENDKLEEIKKNVDSS
CSNVIRDNAPIHTKLNESNNNNRYETDTDEQLLTDAEMKSIEERLIEEIKKVKMCPLINREPLRKIY
KNKKATEVLHLIDNTLINVLEKVVDINLTTINENYAAGVVATDILGPRKEARHKGIETKKSTSPI
WIQRIEGKIKRIRSHISLVSEMKKNNNLKKRTIKKLDHLKRIYKLKTMEDIELTMETLKQKVLLY'S
QRIRRYKKREQFWRQNKLFESDPKKFYRTIREQNIQNGSSTLNVEKMADFW SNIWEKSHPLNKN
STWMNKEKEAHAWIASSTMSDIIMADLEICLKNTANWKSPGLDRVQNFWIKNFTSTHKYLLVSI
NKLIMGRQEMPEWITTGKTYLLPKKSGAMEPKDFRPITCLPTMYKIITAHAEKITY GHLRKNNIFPP
EQYGCRKGSYGCKEVLLINKLIMASAKQKRKNLSMAWIDY QKAFDSVPHEWIIEALKIYKVDPK
ITAFCEKSMKNWCTQLEVQKY SSRKIFIKRGIFQGDSLSPLLFCMSLIPLSRQLNIKDQGYQLVPG
GRKITHMLYMDDLKLYAKNEEELNKMLRTVQTFSSDINMKFGLEKCARINIVRGKLKQKQNIED
SEEELIKELDPGSSYKYLGIEENFGIANKEIKPRLKKEYFKRLRLILQSELNGRNKITAVGTLAVPV
IEYSFGLVDWTKEEITHLDRRTRKILTMNGALHPKADVDRLY VSRKDGGRGLRQIEAAHQNAII
GMGKYIESHREDPILAQVIHAEEKTTKKGVLKRAKQIVQENKENEIMEEGQLATYNSKAQSQKK
LIGKWEQKKLHGQYLKRINAEDINKKSTHNWLRRGKLKIETEAFITAAQDQALRTHNYEKVILK
VRQDDKCRICQSQSETIDHLISGCPILAKHEY LERHNKICQYLHWSICREY GMDGLPKEWYNHIP
SPVTTVGPCTVLYDQQIHTDRTVPANKPDILRHNGEKWCKLIEVSVPAEKNTTAKEADKRLKY
RNLEIEITRMWGTKTETIPVIVGALGAMPHSIKGNLKKIMKNLKEETIQEIALCGTAHILRKIL

XP_002431867.1 reverse transcriptase, putative [Pediculus humanus corporis]; SEQ ID NO: 48

MRTRQSKNQNKSCSTVDLRQLDENVNFTASDPGHSNDVSHRSPVQETTRSHRIRWTQEDLQEL
MWCYFY SQKFGSGSESDTFKIWRGRNPNSRKDMTSKKLAAQRRYIIKTQKIENDKLEEIKKNVD
SSCSNVIRDNAQITELNESNHKSKTDTDEQLLTDAEMKSIEERLIEEIKKVKMCPLINREPLRKIY
KNKKATEVLHLIDNTLINVLEKVVDINLTTINEITYAAGVVATDIILGPRKEARHKGMETKKSTSPI
WIQRIEGKIERIRLHISLVSEMKKNNNLKKRTIKKLDHLKRIYKLKTMEDIELTMETLKQKVLLYS
QRIRRYKKREQFWRQNKLFESDPKKFYRTIREQNIQNGFSTLNVEKMADFW SNIWEKSHPLNKN
STWMNKEKEAHAWIASSTMSDVRMADLETCLKNTANWKSPGLDRVQNFWIKNFTSTHKYLM
VSINKLIMGRQEMPEWITTGKTY LLPKKSGATEPKDFRPITCLPTMY KIITAIHAEKTY GHLRKNNI
FPPEQYGCRKGSYGCKEVLLINKLIMASAKQKRKNLSMAWIDY QKAFDSVPHEWIIEALKIYKV
DPNITAFCEKSMKNWCTQLEVQKY SSRKIFIKRGIFQGDSLSPLLFCMSLIPLSRQLNIKDQGYEL
VPGGRKITHMLYMDDLKIYAKNEEELNKMLRTVQTFSSDINMKFGLEKCARINIVRGKLKQKQ
NIEDSEEELIKELDPGSSYKYLGIEENFGIANKEIKPRLKKEYFKRLRLILQSELNGRNKITAVGTL
AVPVIEYSFGLVDWTKEEITHLDRRTRKILTMNGALHPKADVDRLY VSRKDGGRGLRQIEAAYQ
NAIIGMGKYIESHREDPILAQVIHAEEKTTKKGVLKRAKQIVQENKENEIMEEGQLATYNSKAQS
QKKLIGKWEQKKLHGQYLKRINAEDINKKSTHNWLRRGKLKIETEAFITAAQDQALRTHNYEK
VILKVRQDDKCRICQSQSETIDHLISGCPILAKHEY LERHNKICQYLHWSICREY GMDGLPKEWY
NHIPSPVTTVGPCTVLYDQQIHTDRTVPANKPDIILRHNAEKWCKLIEVSVPAEKNTTAKEADKR
LKYRNLEIEITRMWGTKTETIPVIVGALGAMPNSIKGNLKKIMKNLKEETIQDIALCGTAHILRKI
L
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CLAIMS

1. A method for preparing a complementary deoxyribonucleic acid (cDNA) molecule
comprising:
(a) annealing a primer to a template nucleic acid molecule, thereby generating an annealed
template nucleic acid molecule; and
(b) mixing, in the presence of nucleotides,

I. said annealed template nucleic acid molecule;

ii. one or more acceptor nucleic acid molecules; and

iii. a modified reverse transcriptase, wherein said modified reverse transcriptase:

is an R2 reverse transcriptase comprising SEQ ID NO: 50; and

generates a plurality of continuous complementary deoxyribonucleic acid
molecules by: i) reverse transcribing at least a portion of said annealed template nucleic
acid molecule; ii) upon reaching a 5° end of the annealed template nucleic acid, migrating
to an acceptor nucleic acid molecule; and iii) reverse transcribing at least a portion of said
acceptor nucleic acid molecule at a temperature of from 12° C to 42° C with an error rate
of at most 5%.

2. The method of claim 1, wherein said migrating is independent of sequence identity

between the template and the acceptor nucleic acid molecule.

3. The method of claim 1, wherein (a) and (b) are performed in a single vessel.

4. The method of claim 1, further comprising performing said method on a heterogeneous
plurality of template nucleic acid molecules comprising a plurality of distinct ribonucleic
acid (RNA) molecules.

5. The method of claim 4, wherein said plurality of distinct ribonucleic acid molecules
comprise messenger RNAs (MRNAS), ribosomal RNAs (rRNAs), transfer RNAs (tRNAS),
micro RNAs (miRNAs), and long non-coding RNAs (IncRNAS).

6. The method of claim 1, wherein said plurality of continuous complementary
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deoxyribonucleic acid molecules is prepared in at most 2 hours.

7. The method of claim 1, wherein said template nucleic acid molecule is selected from the
group consisting of an artificially fragmented DNA template, a naturally fragmented DNA
template, an artificially fragmented ribonucleic acid (RNA) template, a naturally

fragmented ribonucleic acid (RNA) template, or a combination thereof.

8. The method of claim 1, wherein said modified reverse transcriptase comprises at least
one improved enzyme property relative to a wild type unmodified reverse transcriptase,
wherein said at least one improved enzyme property is selected from the group consisting
of: higher thermostability, higher specific activity, higher processivity, higher strand
displacement, higher end-to-end template jumping, higher affinity, and higher fidelity
relative to said wild type unmodified reverse transcriptase.

9. The method of claim 1, further comprising adding a tag to said template nucleic acid
molecule, thereby generating a plurality of tagged continuous complementary
deoxyribonucleic acid molecules after performing steps (a) and (b).

10. The method of claim 9, further comprising sequencing said tagged plurality of

continuous complementary deoxyribonucleic acid molecules.

11. The method of claim 1, wherein said modified reverse transcriptase further comprises a

tag.

12. The method of claim 11, wherein said tag is selected from the group consisting of
biotin, azido group, acetylene group, His-tag, calmodulin-tag, CBP, CYD, Strep Il, FLAG-
tag, HA-tag, Myc-tag, S-tag, SBP-tag, Softag-1, Softag-3, VV5-tag, Xpress-tag, isopeptag,
SpyTag B, HPC peptide tags, GST, MBP, biotin carboxyl carrier protein, glutathione-S-
transferase-tag, green fluorescent protein-tag, maltose binding protein-tag, Nus-tag, Strep-
tag, and thioredoxin-tag.

172



13. The method of claim 1, further comprising performing a polymerase chain reaction

(PCR) amplification reaction, thereby forming one or more amplicons.

14. The method of claim 13, wherein (a) and (b) and said PCR amplification reaction are

performed in the same vessel.

15. The method of claim 13, wherein said PCR amplification is performed at a temperature

sufficient to inactivate the reverse transcriptase.

16. The method of claim 1, wherein said one or more acceptor nucleic acid molecules
comprises a modified nucleotide that stops the reverse transcription by said modified

reverse transcriptase.

17. The method of claim 1, further comprising annealing one or more primers to one or

more template nucleic acid molecules in a biological sample obtained from a subject.

18. The method of claim 17, wherein said sample is a tissue sample.

19. The method of claim 17, wherein said sample comprises one or more cell free nucleic
acids and the method further comprises performing the reaction of (a) and (b) in the same

vessel.

20. The method of claim 17, further comprising depleting at least one ribosomal RNA
(rRNA) from said sample comprising one or more template nucleic acid molecules prior to

annealing one or more primers.

21. The method of claim 20, wherein the step for depleting said at least one ribosomal
RNA (rRNA) comprises hybridization of an oligonucleotide to said rRNA.

22. The method of claim 20, wherein the step for depleting said at least one ribosomal
RNA (rRNA) comprises an oligonucleotide probe-guided endonucleolytic cleavage of said
rRNA.
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23. The method of claim 17, wherein said one or more template nucleic acid molecules
comprise at least one transfer RNA (tRNA) and said method further comprises depleting
said at least one tRNA from said one or more template nucleic acid molecules prior to

annealing one or more primers.

24. The method of claim 1, wherein said method is performed in the absence of

purification of said one or more annealed template nucleic acid molecules.

25. The method of claim 1, further comprising purifying said mixture comprising said

plurality of continuous complementary deoxyribonucleic acid molecule.

26. The method of claim 25, wherein said purifying comprises two purification steps.

27. The method of claim 26, wherein said two purification steps comprise a nickel and a

heparin affinity purification steps.

28. The method of claim 1, wherein said method is performed on from 0.1 nM to 100 nM

of said one or more template nucleic acid molecules.

29. The method of claim 1, further comprising annealing one or more random primer(s) to

said template nucleic acid molecule.

30. The method of claim 1, wherein said primer hybridizes to one or more adapter

sequence.

31. The method of claim 1, wherein said template nucleic acid molecule is derived from a

single cell.
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