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METHODS FOR THE DETECTION OF GENOMIC COPY CHANGES IN DNA
SAMPLES

REFERENCE TO RELATED APPLICATIONS
[0001] This application claims priority to U.S. Provisional Patent Application
No. 62/379,593, filed August 25, 2016, and U.S. Provisional Patent Application No.
62/481,538, filed April 4, 2017, each of which are incorporated herein by reference in their

entireties.

STATEMENT REGARDING SEQUENCE LISTING
[0002] The sequence listing associated with this application is provided in text
format in lieu of a paper copy, and is hereby incorporated by reference into the specification.
The name of the text file containing the sequence listing is CLFK 005 02WO_ST25. The
text file is 2,238 KB, was created on August 24, 2017, and is being submitted electronically
via EFS-Web.

TECHNICAL FIELD
[0003] The invention relates generally to compositions and methods for the
quantitative genetic analysis of biological samples, e.g., direct tissue biopsies or peripheral
blood. In particular, the present invention relates to methods for detection of target-specific

copy number change, as well as genetic characterization and analysis, of biological samples.

BACKGROUND

[0004] It is becoming increasing clear that most, if not all, of the most
common human cancers are diseases of the human genome. It is thought that somatic
mutations accumulate during an individual’s lifetime, some of which increase the probability
that the cell in which they are harbored can develop into a tumor. With just the wrong
combination of accumulated mutational events, a precancerous growth loses constraints that
keep uncontrolled proliferation in check and the resulting cell mass becomes a cancer. The
constellations of mutations that are necessary and sufficient to cause cancer are often
collectively referred to as “driver mutations.” One of the themes that have emerged from
recent and intensive molecular analysis is that cancer, once thought of as a single, tissue-

specific disease, is in fact a group of related diseases, each with a unique molecular
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pathology. The human genome project laid the groundwork for genome-wide analysis of
cancers.

[0005] Changes in gene copy number are a fundamental driver of biological
diversity. In the context of evolution, duplication of genes and divergence of function is a
well-recognized driver of species diversity. In the context of human disease, gene loss and
gene amplification within somatic cells are hallmarks of diseased tissues such as cancer.
Certain therapeutic agents act specifically on cells with these genomic gain and/or loss
mutations, however, the identification of these copy number variations is difficult because
often such mutations are only present within the DNA of diseased or cancerous cells and are
not found in other cells of the body. While the diseased tissue or cells is the major source of
the mutated DNA, acquiring DNA through a biopsy is invasive, risky and often not possible.
The observation that dying tumor or cancer cells release small pieces of their DNA into the
bloodstream, termed cell free DNA or circulating DNA has allowed for the development of
genetic tests that can be performed with less invasive techniques, such as a blood sample.
However, only small amounts of DNA can be obtained from isolating cell free DNA from a
sample, and only a portion of the total DNA will carry the mutation associated with the
disease. For example, in the context of cancer genomics, diagnostically significant tumor
mutations are often only found at minor allele frequencies that are significantly less than
50%. This is in contrast to conventional SNP genotyping where allele frequencies are
generally ~100%, 50% or 0%.

[0006] Thus there is a need for genomic techniques capable of detecting

genetic copy number changes in specific target loci.

BRIEF SUMMARY

[0007] Methods of detecting rare mutations in ¢cfDNA have been previously
described in International PCT Publication No. WO 2016/028316. However, these techniques
still lack the requisite sensitivity to detect the rarest copy number losses at very minor allele
frequencies. Provided herein are compositions and methods for detection of target-specific
copy number change that are applicable to several sample types, including direct tissue
biopsies, peripheral blood, and in particular cfDNA, The compositions and methods
described herein are sensitive enough to detect changes in copy number that are present only

a tiny fraction of the total DNA.
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[0008] The present invention includes, infer alia, compositions and methods
that are useful for the detection of a mutational change, SNP, translocation, inversion,
deletion, change in copy number, or other genetic variation within a sample of cellular
genomic DNA (e.g., from a tissue biopsy sample) or cfDNA (e.g., from a blood sample). In
particular, the compositions and methods of the present invention provide an extremely high
level of resolution that is particularly useful in detecting copy number variations in a small
fraction of the total cfDNA from a biological sample (e.g., blood).

[0009] Particular embodiments are drawn to a method for performing a
genetic analysis on a DNA target region from a test sample comprising: (a) generating a
genomic DNA library comprising a plurality of DNA library fragments, wherein each of the
DNA library fragments comprises a genomic DNA fragment from the test sample and an
adaptor; (b) contacting the genomic DNA library with a plurality of capture probes that
specifically bind to a DNA target region, thereby forming complexes between the capture
probes and DNA library fragments comprising the DNA target region; and (c¢) performing a
quantitative genetic analysis of the genomic DNA fragments comprising the DNA target
region; wherein the adaptor is a DNA polynucleotide that comprises: an amplification region,
a sample tag region, and an anchor region; wherein the amplification region comprises a
polynucleotide sequence capable of serving as a primer recognition site for PCR
amplification; wherein the sample tag comprises a polynucleotide sequence that encodes an
identity of the unique library DNA fragment and encodes an identity of the test sample;
wherein the anchor region comprises a polynucleotide sequence that encodes the identity of
the test sample and wherein the anchor region is capable of attaching to the genomic DNA
fragment; and wherein the genetic analysis is performed to detect a genetic change indicative
of a disease state.

[0010] In some embodiments, the genetic change indicative of a disease state
is selected from a single nucleotide variant (SNV), an insertion less than 40 nucleotides in
length, a deletion of a DNA region less than 40 nucleotides in length, and/or a change in copy
number. In particular embodiments, the genetic change indicative of a disease state is a
change in copy number. In some embodiments, the test sample is a tissue biopsy. In various
embodiments, the tissue biopsy is taken from a tumor or a tissue suspected of being a tumor.
In certain embodiments, the genomic DNA is cell free DNA (cfDNA) or cellular DNA. In
particular embodiments, the genomic DNA is cfDNA is isolated from the test sample; and

wherein the test sample is a biological sample selected from the group consisting of: amniotic
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fluid, blood, plasma, serum, semen, lymphatic fluid, cerebral spinal fluid, ocular fluid, urine,
saliva, stool, mucous, and sweat.

[0011] In certain embodiments, the genomic DNA fragments are obtained the
steps comprising; (i) isolating cellular DNA from the test sample; and (ii) fragmenting the
cellular DNA to obtain the genomic DNA fragments. In particular embodiments, step (ii) is
performed by contacting the cellular DNA with at least one digestion enzyme. In some
embodiments, step (ii) is performed by applying mechanical stress to the cellular DNA. In
certain embodiments, the mechanical stress is applied by sonicating the cellular DNA.

[0012] In particular embodiments, the sample tag further comprises a unique
molecule identifier (UMI) that facilitates the identification of the unique genomic DNA
fragment.

[0013] In some embodiments, the amplification region is between 10 and 50
nucleotides in length. In particular embodiments, the amplification region is between 20 and
30 nucleotides in length. In certain embodiments, the amplification region is 25 nucleotides
in length.

[0014] In some embodiments, the sample tag is between 5 and 50 nucleotides
in length. In particular embodiments, the sample tag is between 5 and 15 nucleotides in
length. In certain embodiments, the sample tag is 8 nucleotides in length. In some
embodiments, the UMI multiplier is adjacent to or contained within the sample tag region.

[0015] In certain embodiments, the UMI multiplier is between 1 and 5
nucleotides in length. In particular embodiments, the UMI multiplier is 3 nucleotides in
length, and comprises one of 64 possible nucleotide sequences.

[0016] In some embodiments, the anchor region is between 1 and 50
nucleotides in length. In particular embodiments, the anchor region is between 5 and 25
nucleotides in length. In certain embodiments, the anchor region is 10 nucleotides in length.

[0017] Particular embodiments of the present invention are drawn to methods
where the step of (a) generating a genomic DNA library comprising a plurality of DNA
library fragments, comprises attaching the genomic DNA fragments to a plurality of adaptors.
In certain embodiments, the genomic DNA fragments are end repaired prior to attaching the
genomic DNA fragments with a plurality of adaptors. In particular embodiments, the
amplification regions of each adaptor of the plurality of adaptors comprises an identical

nucleotide sequence.
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[0018] In certain embodiments, the sample tag region of each adaptor of the
plurality of adaptors comprise one of between 2 and 1,000 nucleotide sequences. In particular
embodiments, the sample tag region of each adaptor of the plurality of adaptors comprise one
of between 50 and 500 nucleotide sequences. In various embodiments, the sample tag region
of each adaptor of the plurality of adaptors comprises one of between 100 and 400 nucleotide
sequences. In some embodiments, the sample tag region of each adaptor of the plurality of
adaptors comprises one of between 200 and 300 nucleotide sequences. In certain
embodiments, the sample tag region of each adaptor of the plurality of adaptors is 8
nucleotides in length. In some embodiments, each sequence of the nucleotide sequences are
discrete from any other sequence of the 240 nucleotide sequences by Hamming distance of at
least two.

[0019] In particular embodiments, each of the plurality of adaptors comprises
a UMI multiplier that is adjacent to or contained within the sample tag region. In some
embodiments, each of the plurality of adaptors comprises a UMI multiplier that is adjacent to
the sample tag region. In certain embodiments, the UMI multiplier of each adaptor of the
plurality of adaptors is between 1 and 5 nucleotides in length. In some embodiments, the
UMI multiplier of each adaptor of the plurality of adaptors is three nucleotides in length.

[0020] In particular embodiments, the anchor tag region of each adaptor of the
plurality of adaptors comprises one of four nucleotide sequences, and each sample region of a
given sequence is paired to only one of the four anchor regions of a given sequence.

[0021] In some embodiments, the amplification regions of each adaptor of the
plurality of adaptors comprises an identical nucleotide sequence; the sample tag region of
each adaptor of the plurality of adaptors is 8 nucleotides in length; the nucleotide sequence of
each sample tag is discrete from any other nucleotide sequence of the sample tags of the
plurality of adaptors by Hamming distance of at least two; each of the plurality of adaptors
comprises a UMI multiplier that is adjacent to or contained within the sample tag region; the
UMI multiplier of each adaptor of the plurality of adaptors is three nucleotides in length; and
the UMI multiplier of each of the possible nucleotide sequences is paired to each sample tag
region of the plurality of adaptors; the anchor tag region of each adaptor of the plurality of
adaptors comprises one of four nucleotide sequences; and each sample region of a given
sequence is paired to only one of the four anchor regions of a given sequence.

[0022] Particular embodiments of the present invention are drawn to a method

where the step of attaching the genomic DNA fragments with a plurality of adaptors
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comprises: (i) attaching an oligonucleotide comprising least a portion of an anchor region to
each genomic DNA fragment, wherein the oligonucleotide comprising least a portion of an
anchor region is a DNA duplex comprising a 5> phosphorylated attachment strand duplexed
with a partner strand, wherein the partner strand is blocked from attachment by chemical
modification at its 3” end, and wherein the attachment strand is attached to the genomic DNA
fragment; (ii) contacting the genomic DNA fragments attached to the oligonucleotides
comprising at least a portion of the anchor region with DNA oligonucleotides encoding full
length adaptor sequences for each adaptor nucleotide sequence of the plurality of adaptors;
and (iii) contacting the genomic DNA fragments and the DNA oligonucleotides encoding the
full length adaptor sequence with T4 polynucleotide kinase, Taq DNA ligase and full-length
Bst polymerase under conditions suitable for DNA ligation; thereby attaching the plurality of
adaptors to the genomic DNA fragments. In some embodiments, the genomic DNA
fragments are cfDNA. In certain embodiments, the DNA target region is analyzed for a
change in copy number.

[0023] In particular embodiments, step (¢) performing a quantitative genetic
analysis of the genomic DNA fragments comprising the DNA target region comprises
purification of the complexes formed between the capture probes and DNA library fragments
comprising the DNA target region. In certain embodiments, step (c) comprises purification of
the complexes formed between the capture probes and DNA library fragments comprising the
DNA target region, preforming primer extension and/or amplification of the DNA library
fragments comprising the region of interest from the genomic DNA library. In some
embodiments, step (c) comprises purification of the complexes formed between the capture
probes and DNA library fragments comprising the DNA target region, preforming primer
extension and amplification of the DNA library fragments comprising the region of interest
from the genomic DNA library. In certain embodiments, step (¢) comprises DNA sequencing
of the DNA library fragments comprising the DNA target region to generate a plurality of
sequencing reads.

[0024] In some embodiments, the present invention is drawn to a method
wherein the genomic analysis comprises determining a change of copy number in a DNA
region of interest, and wherein step (c), performing a quantitative genetic analysis of the
genomic DNA fragments comprising the DNA target region, comprises determining a copy
number of the region of interest present in the genomic DNA library derived from the test

sample, and comparing it to a copy number of the region of interest present in the genomic
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DNA library derived from a reference sample, wherein the reference sample comprises a
known copy number of the DNA target region.

[0025] In some embodiments, determining the copy number in the region of
interest comprises DNA sequencing of the DNA library fragments comprising the DNA
target region to generate a plurality of sequencing reads, wherein each sequencing read
comprises a unique molecular identification element (UMIE). In some embodiments, the
UMIE comprises sequencing information from the adaptor and at least a portion of the
genomic DNA sequence. In some embodiments, sequencing reads comprising identical
UMIEs are identified as a unique genomic sequence (UGS).

[0026] In some embodiments, methods of determining the copy number
further comprise determining a raw genomic depth (RGD) for each of the capture probes
contacted with the genomic DNA library. In some embodiments, determining the RGD
comprises determining the average number of UGSs associated with each capture probe
sequence within a group of sample replicates. In some embodiments, capture probes
associated with a highly variable number of UGSs are identified as noisy probes and are
removed from further calculations. In some embodiments, determining the RGD further
comprises calculating an RGD for a sample, comprising calculating a numerical average of
all RGDs for all capture probes in the sample. In some embodiments, the RGD values for
noisy probes are not included in calculating an RGD for a sample.

[0027] In some embodiments, the RGDs for the capture probes are normalized
across all samples in an experimental group by converting the RGD for each capture probe
into a probe-specific, normalized read count comprising (i) multiplying each capture probe
RGD in a sample by a normalization constant, wherein the normalization constant comprises
any real number; and (ii) dividing the product of (i) by the RGD calculated for the
corresponding sample; or (iii) dividing the product of (i) by an average RGD calculated from
a subset of probes. In some embodiments, the subset of probes is a set of control probes.

[0028] In some embodiments, the probe-specific, normalized read counts are
converted in to a copy number value comprising (i) multiplying the probe-specific,
normalized read counts of probes directed to autosomal and/or X-linked regions by 2 in
samples derived from females; (ii) multiplying the probe-specific, normalized read counts of
probes directed to Y-linked and/or X-linked regions by 1 in samples derived from males; (iii)

averaging the products of (i) and/or (ii) across all samples in an experiment; and (iv) dividing
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the product of (i) and/or (ii) by the average of (iii). In some embodiments, the approximate
copy number values for all probes that target a specific gene are averaged.

[0029] In some embodiments, the present invention is drawn to a method for
highly sensitive detection of copy number gain and copy number loss comprising (i)
determining an RGD for a capture probe; (ii) normalizing the RGD for the capture probe
across all samples in an experimental group by converting the RGD for the capture probe into
a probe-specific, normalized read count; (iii) calculating an approximate copy number value
for each probe-specific, normalized read count; and (iv) averaging the approximate copy
number values for all probes that target a specific gene.

[0030] In some embodiments, the present invention is drawn to a method for
measuring chromosome stability comprising (i) designing and validating a set of one or more
chromosomal stability probes, wherein the chromosomal stability probes are uniformly
distributed across human chromosomes; (ii) performing targeted sequencing on patient
samples using the one or more chromosomal stability probes; (iii) determining an
approximate copy number value for each chromosomal probe; (iv) determining a genomic
phenotype of a patient sample, wherein fluctuations in the copy number values for one or
more chromosomal probes in the patient sample indicate genomic instability.

[0031] In some embodiments, the present invention is drawn to a method of
treating a cancer in a subject in need thereof, wherein the subject has been identified as
having a destabilized genome according to the method claim 62, wherein the method of
treating the cancer comprises administering a pharmaceutically effective amount of a PARP
inhibitor.

[0032] In some embodiments, the present invention is drawn to a method
wherein the genomic analysis comprises determining a change of copy number in a DNA
region of interest, and wherein step (c), performing a quantitative genetic analysis of the
genomic DNA fragments comprising the DNA target region, comprises determining a copy
number of the region of interest present in the genomic DNA library derived from the test
sample, and comparing it to a copy number of the region of interest present in the genomic
DNA library derived from a reference sample, wherein the reference sample comprises a
known copy number of the DNA target region. In some embodiments, the region of interest is
a gene or a portion of the gene. In particular embodiments, the gene is associated with a
disease. In certain embodiments, the disease is a cancer. In various embodiments, the gene is

BRCA2, ATM, BRCALI, BRIP1, CHEK2, FANCA, HDAC2, and/or PALB2.
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[0033] Particular embodiments are drawn to a genomic DNA library
comprising a plurality of DNA library fragments, wherein each of the DNA library fragments
comprises an adaptor and a genomic DNA fragment; wherein the adaptor is a DNA
polynucleotide that comprises: an amplification region, a sample tag region, and an anchor
region; wherein the amplification region comprises a polynucleotide sequence capable of
serving as a primer recognition site for PCR amplification; wherein the sample tag comprises
a polynucleotide sequence that encodes an identity of the unique library DNA fragment and
encodes an identity of the test sample; and wherein the anchor region comprises a
polynucleotide sequence that encodes the identity of the test sample, and wherein the anchor
region is capable of attaching to the genomic DNA fragment. In some embodiments, the
sample tag further comprises a unique molecule identifier (UMI), wherein the UMI facilitates
the identification of the unique genomic DNA fragment. In particular embodiments, the
amplification region is between 10 and 50 nucleotides in length. In particular embodiments,
the amplification region is 25 nucleotides in length. In particular embodiments, the sample
tag is between 5 and 50 nucleotides in length. In certain embodiments, the sample tag is 8
nucleotides in length. In some embodiments, the UMI multiplier is adjacent to or contained
within the sample tag region. In particular embodiments, the UMI multiplier is between 1 and
5 nucleotides in length. In certain embodiments, the anchor region is between 1 and 50
nucleotides in length. In some embodiments, the anchor region is 10 nucleotides in length. In
particular embodiments, the amplification regions of each adaptor of the plurality of adaptors
comprises an identical nucleotide sequence. In some embodiments, each nucleotide sequence
of the sample tags are discrete from any other sequence of the nucleotide sequences of the
sample by Hamming distance of at least two. In certain embodiments, each of the plurality of
adaptors comprises a UMI multiplier that is adjacent to or contained within the sample tag
region. In particular embodiments, each of the plurality of adaptors comprises a UMI
multiplier that is adjacent to the sample tag region. In some embodiments, the anchor tag
region of each adaptor of the plurality of adaptors comprises one of four nucleotide
sequences, and wherein each sample region of a given sequence is paired to only one of the
four anchor regions of a given sequence. In some embodiments, the genomic DNA fragment
is cfDNA.

[0034] In certain embodiments, the amplification regions of each adaptor of
the plurality of adaptors comprises an identical nucleotide sequence; the sample tag region of

each adaptor of the plurality of adaptors is 8 nucleotides in length, the sample tag region of
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each adaptor of the plurality of adaptors comprises a nucleotide sequence that is discrete from
any other nucleotide sequence of the sample tags of the plurality of adaptors by Hamming
distance of at least two, the each of the plurality of adaptors comprises a UMI multiplier that
is adjacent to or contained within the sample tag region, the UMI multiplier of each adaptor
of the plurality of adaptors is three nucleotides in length, and the UMI multiplier of each of
the possible nucleotide sequences is paired to each of the sample tag regions of the plurality
of adaptors, the anchor tag region of each adaptor of the plurality of adaptors comprises one
of four nucleotide sequences, and each sample region of a given sequence is paired to only
one of the four anchor regions of a given sequence. In some embodiments, the genomic DNA
fragment is cfDNA.

[0035] Certain embodiments are drawn to a plurality of genomic DNA
libraries, comprising more than one genomic library described herein. In some embodiments,
the nucleic acid sequences of the sample tag regions of a genomic DNA library belonging to
the plurality of genomic DNA libraries are different from the nucleic acid sequences of the
sample tag regions of other genomic DNA libraries belonging to the plurality of genomic
DNA libraries. In particular embodiments, the nucleic acid sequences of the amplification
regions of a genomic DNA library belonging to the plurality of genomic DNA libraries are
identical to the nucleic acid sequences of the amplification regions of other genomic DNA
libraries belonging to the plurality of genomic DNA libraries.

[0036] Certain embodiments are drawn to a method for genetic analysis of a
DNA target region of cell free DNA (cfDNA) comprising: (a) generating a DNA library as
described herein; (b) contacting the cfDNA library with a plurality of capture probes that
specifically bind to a DNA target region, thereby forming complexes between the capture
probes and DNA library fragments comprising the DNA target region; and (c¢) performing a
quantitative genetic analysis of the cfDNA fragments comprising the DNA target region;
thereby performing genetic analysis of the DNA target region.

[0037] Certain embodiments are directed to a method of predicting,
diagnosing, or monitoring a genetic disease in a subject comprising: (a) obtaining a test
sample from the subject; (b) isolating genomic DNA from the test sample; (¢) generating a
DNA library comprising a plurality of DNA library fragments, wherein each of the DNA
library fragments comprises a genomic DNA fragment from the test sample and an adaptor;
(d) contacting the cfDNA library with a plurality of capture probes that specifically bind to a
DNA target region, thereby forming complexes between the capture probes and DNA library

10
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fragments comprising the DNA target region; and (e) performing a quantitative genetic
analysis of one or more target genetic loci associated with the genetic disease in the cfDNA
clone library, wherein the identification or detection of one or more genetic lesions in the one
or more target genetic loci is prognostic for, diagnostic of, or monitors the progression of the
genetic disease. In particular embodiments, the quantitative genetic analysis comprises DNA
sequencing to generate a plurality of sequencing reads.

[0038] Particular embodiments are drawn to a set of adaptors that encode an
identify of a unique genomic DNA fragment and an identity of a test sample, for use in
generating a genomic DNA library, wherein each adaptor in said set of adapters is a DNA
polynucleotide that comprises: an amplification region, a sample tag region, and an anchor
region; wherein the amplification region comprises a polynucleotide sequence capable of
serving as a primer recognition site for PCR amplification; wherein the sample tag comprises
a polynucleotide sequence that encodes the identity of the unique library DNA fragment and
encodes the identity of the test sample; and wherein the anchor region comprises a
polynucleotide sequence that encodes the identity of the test sample, and wherein the anchor
region is capable of attaching to the genomic DNA fragment. In some embodiments, the
sample tag further comprises a unique molecule identifier (UMI), wherein the UMI facilitates
the identification of the unique genomic DNA fragment. In various embodiments, the
amplification region is between 10 and 50 nucleotides in length. In certain embodiments, the
amplification region is 25 nucleotides in length. In particular embodiments, the sample tag is
between 5 and 50 nucleotides in length. In some embodiments, the sample tag is 8
nucleotides in length. In particular embodiments, the UMI multiplier is adjacent to or
contained within the sample tag region. In some embodiments, the UMI multiplier is between
1 and 5 nucleotides in length. In particular embodiments, the anchor region is between 1 and
50 nucleotides in length. In some embodiments, the anchor region is 10 nucleotides in length.
In certain embodiments, the amplification regions of each adaptor of the plurality of adaptors
comprises an identical nucleotide sequence.

[0039] In some embodiments, each nucleotide sequence of the sample tags is
discrete from any other nucleotide sequence of the sample tags of the set of adaptors by
Hamming distance of at least two. In various embodiments, each of the plurality of adaptors
comprises a UMI multiplier that is adjacent to or contained within the sample tag region. In
particular embodiments, each of the plurality of adaptors comprises a UMI multiplier that is

adjacent to the sample tag region.

11



WO 2018/039463 PCT/US2017/048434

[0040] In some embodiments, the anchor tag region of each adaptor of the
plurality of adaptors comprises one of four nucleotide sequences, and wherein each sample
region of a given sequence is paired to only one of the four anchor regions of a given
sequence. The set of adaptors claim 75, wherein the amplification regions of each adaptor of
the plurality of adaptors comprises an identical nucleotide sequence; wherein the sample tag
region of each adaptor is 8 nucleotides in length, wherein each nucleotide sequence of the
sample tags is discrete from any other nucleotide sequence of the sample tags of the set of
adaptors by Hamming distance of at least two, wherein each of the plurality of adaptors
comprises a UMI multiplier that is adjacent to or contained within the sample tag region,
wherein the UMI multiplier of each adaptor of the plurality of adaptors is three nucleotides in
length, wherein the UMI multiplier comprises one of 64 possible nucleotide sequences, and
wherein the UMI multiplier of each of the 64 possible nucleotide sequences is paired to each
of the sample tag region of the plurality of adaptors, wherein the anchor tag region of each
adaptor of the plurality of adaptors comprises one of four nucleotide sequences, and wherein
each sample region of a given sequence is paired to only one of the four anchor regions of a

given sequence.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS

[0041] FIG. 1 shows the framework of the copy number loss (CNL) assay.
Each gene (rows) exhibits a characteristic unique read value that is represented here by a
shade. Each sample (columns) is interrogated across the same panel of genes.

[0042] FIG. 2 shows a diagram illustrating the drivers of the CNL assay
signal.

[0043] FIG. 3 shows a diagram illustrating steps of an illustrative CNL assay
performed on cell free DNA (cfDNA).

[0044] FIG. 4A — 4E shows diagrams of an illustrative first generation adaptor
(FIG. 4A and 4B) and an adaptor of the present invention (FIGs. 4C-4E). FIG. 4A shows the
first generation adaptor design. FIG. 4B shows that in the first generation adaptors, there
were a collection of 249 possible sequence tags, each 5 nucleotides (nt) in length that
attached to a single anchor sequence. FIG. 4C shows a diagram of a second generation
adaptor. FIG. 4D shows an illustrative set of adaptors that are applied to a single sample that

consists of four sets of 8mer tag sequences with each set having 60 members. Each set of 60
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tags is specific to one of four anchor sequences. FIG. 4E shows an illustrative DNA sequence
of a 47 nt adaptor.

[0045] FIG. 5A — FIG. 5B shows a diagram illustrating that shifting the
position of the UMI multiplier within the sample tag can increase the number of unique
sample tags.

[0046] FIG. 6A and B shows a diagram illustrating the process of constructing
genomic libraries for a CNL assay. FIG. 6A shows the step where the 10 nt anchor sequence
is attached to the 3” ends of genomic fragments. FIG. 6B shows the step where the full length
genomic adaptors are annealed to the initial anchor sequence.

[0047] FIG. 7 shows DNA inputs into CNL libraries. Agarose gel images are
shown with the sizes of markers (bp) indicated at left.

[0048] FIG. 8A — FIG. 8C shows conventional box-and-whiskers plots of
measured gene copies across eight samples as determined by CNL analysis.

[0049] FIG. 9A - FIG. 9B shows Logio P-value plots that quantify significant
deviation-from-normal in CNL measurements for fragmented genomic samples. The SNP
percentages at the top show the minor allele frequencies of rare, heterozygous SNPs that are
present in the AATM and ABRCA2 samples.

[0050] FIG. 10A — FIG. 10B shows Logio P-value plots that quantify
significant deviation-from-normal in CNL measurements for cfDNA samples spiked with
fragmented genomic DNA. The SNP percentages at the top show the minor allele frequencies
of rare, heterozygous SNPs that are present in the AATM and ABRCA2 samples.

[0051] FIG. 11A — 11D illustrate the targeted hybrid capture platform. FIG.
11A shows conversion of cfDNA to a genomic library by the addition of adaptor sequences
that provide universal, single-primer PCR amplification sequences, sample multiplexing tags,
and unique molecular identifiers to every genomic clone. FIG. 11B shows denatured
amplified genomic hybridized with target specific capture probes and primer extension. FIG.
11C shows a schematic of asymmetric paired-end sequencing. FIG. 11D shows mapping
statistics for 377,711,020 Illumina NextSeq reads from a typical targeted capture sequence
run. 98.5% of reads map to their intended targets. Following de-duplication, 20.40% of reads
(77,053,048) are derived from unique genomic clones.

[0052] FIG. 12A - FIG. 12H shows sequences of adaptor oligonucleotides

from Pools 1 — 3.
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[0053] FIG. 13A - FIG. 13H shows sequences of adaptor oligonucleotides
from Pools 4 — 6.

[0054] FIG. 14A — FIG. 141 shows sequences of adaptor oligonucleotides
from Pools 7 - 9.

[0055] FIG. 15A - FIG. 15H shows sequences of adaptor oligonucleotides
from Pools 10 — 12.

[0056] FIG. 16A — FIG. 16H shows sequences of adaptor oligonucleotides
from Pools 13 — 15.

[0057] FIG. 17A — FIG. 18H shows sequences of adaptor oligonucleotides
from Pools 16 — 18.

[0058] FIG. 18A — FIG. 18H shows sequences of adaptor oligonucleotides
from Pools 19 — 21.

[0059] FIG. 19A — FIG. 19H shows sequences of adaptor oligonucleotides
from Pools 22 — 24,

[0060] FIG. 20A — FIG. 20H shows sequences of adaptor oligonucleotides
from Pools 25 — 27.

[0061] FIG. 21A — FIG. 21H shows sequences of adaptor oligonucleotides
from Pools 28 — 30.

[0062] FIG. 22A — FIG. 22H shows sequences of adaptor oligonucleotides
from Pools 31 — 32.

[0063] FIG. 23A — 23C shows targeted sequencing of the TP53 gene. FIG.

23A illustrates BedFile display of capture probes. FIG. 23B illustrates coverage depth at each
base position on a scale of 0 to 8000 unique reads. FIG. 23C illustrates a UCSC gene model
display of known TP53 splice variants. The thicker rectangular regions represent the amino
acid coding regions for the TP53-encoded protein.

[0064] FIG. 24A - 24C illustrate raw and normalized unique read density for
a single probe, TP53r10 1, across 16 samples. FIG. 24A illustrates the number of raw unique
reads capture by probe TP53r10_1 for 16 independent sample after removal of redundant
reads by “de-duplication.” FIG. 24B shows global average of unique reads across 2596
capture probes for all 16 samples. FIG. 24C shows normalized unique read depth across 16

samples (Calculated as: [sample 7 unique reads from probe TP53r10 1 x constant + global

average unique reads/probe from sample #n)).
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[0065] FIG. 25 shows general consistency of the normalized unique read
counts for all 16 samples within any given TP53 probe despite significant average depth
variation between probes. The normalized unique read counts for all 16 samples are shown as
“pillars”™ of tightly spaced bar graphs; the results for all 45 probes that target TP53 are shown.
Two probes that exhibit “noisy” counting behavior are highlighted with arrows. Counts from
such probes often appear as outliers in subsequent copy number analysis.

[0066] FIG. 26 illustrates sample-to-sample consistency of normalized probe-
by-probe unique read counts across a broad panel of 2596 probes. The scatter plots from three
representative samples are shown. Each dot represents a different probe. The x-axis is the
normalized average unique read depth per probe across 16 samples. The y-axis is the
normalized unique read depth per probe for three different individual samples. The consistent
probe-by-probe unique read counts support quantitative analysis of chromosomal copy
variation.

[0067] FIG. 27A — 27C illustrate copy number analysis of ¢fDNA from a
healthy female and male donor and from an advanced stage prostate cancer patient. FIG. 27A
shows analysis of a ¢fDNA from a healthy female donor. The x-axis is a series of control
probes that target regions from all 22 autosomal chromosomes, a series of probes that target
the X-linked AR gene, and a series of probes that target the coding regions of the TP53 gene.
The Y-axis shows the calculated ploidy for each probe. This approximation is calculated for
each probe by normalizing the observed unique read counts to a series of control samples
whose ploidy is known (Junique read count for probe Y of sample Z] x 2 + [average unique
read count for probe Y for multiple control samples]). FIG. 27B illustrates that the X-linked
AR gene exhibits a haploid copy number in healthy males. FIG. 27C illustrates copy number
analysis of cfDNA from an advanced prostate cancer patient and shows evidence of very
significant aneuploidy across the control probes, amplification of the AR gene, and loss of the
TP33 gene.

[0068] FIG. 28 shows whole genome aneuploidy analysis of a prostate patient
cfDNA library relative to a control sample. The approximate ploidy for each of 239 control
probes is shown sorted by chromosome. Patient chromosome 2 probes show consistent copy
loss and the majority of chromosome 5 probes show copy gain. Significant deviation of
approximate ploidy are seen for many, but not all, of the patient control probes.

[0069] FIG. 29 shows analytical validation of copy number loss detection.
Genomic DNA from immortalized line NA02718 (monoallelic AATM) and from NA09596
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(monoallelic ABRCA2) were spiked into the “gold standard™ genomic DNA from NA12878
at 16%, resulting in the equivalent of an 8% biallelic deletion minor allele frequency.
Following targeted sequencing and CNV analysis, the probe-by-probe ploidies were averaged
for the two target genes. Two unperturbed control genes, BRIP1 and HDAC2, are shown for

comparison.

DETAILED DESCRIPTION
A. OVERVIEW

[0070] The present invention includes, infer alia, compositions and methods
that are useful for the detection of a mutational change, SNP, translocation, inversion,
deletion, change in copy number or other genetic variation within a sample of cellular
genomic DNA (e.g. from a tissue biopsy sample) or cfDNA (e.g. from a blood sample). The
compositions and methods of the current invention are particularly useful in detecting
incredibly hard to detect copy number variations in ¢fDNA from a biological sample (e.g.
blood) with exquisite resolution. In particular, some embodiments of the present invention are
drawn to a method for the detecting copy number of a DNA target region from a test sample
by generating a genomic DNA library made up of genomic DNA fragments attached to an
adaptor, capturing DNA target regions with a plurality of capture probes, isolating the DNA
library fragments comprising the DNA target region, and performing a quantitative genetic
analysis of the DNA target region to thereby determining the copy number of the DNA target
region. The adaptors described herein allow for the identification of the individual DNA
fragment that is being sequenced, as well as the identity of the sample or source of the
genomic DNA.

[0071] The present invention contemplates, in part, compositions and methods
for detection of target-specific copy number changes that are applicable to several sample
types, including but not limited to direct tissue biopsies and peripheral blood. In the context
of cancer genomics, and in particular cell free DNA (cfDNA) assays for the analysis of solid
tumors, the amount of tumor DNA is often a very small fraction of the overall DNA. Further,
copy number loss is difficult to detect in genomic DNA assays, and in particular, genomic
DNA assays where copy number change may only be present in a portion of the total
genomic DNA from a sample, e.g., cfDNA assays. For example, most of the cell-free DNA
extracted from a cancer patient will be derived from normal sources and have a diploid copy

number (except for X-linked genes in male subjects). In a cancer patient, the fraction of DNA
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derived from tumors often has a low minor allele frequency, such as for example, a patient in
which 2% of the circulating DNA extracted from plasma is derived from the tumor. The loss
of one copy of a tumor suppressor gene (for example, BRCA1 in breast cancer) means that
the minor allele frequency for the absence of detectable genomic fragments is 1%. In this
scenario, a copy number loss assay engineered must be able to discriminate between 100
copies (normal) and 99 copies (heterozygous gene loss). Thus, particular embodiments
contemplate that the methods and compositions of the present invention allow for the
detection of copy number change with sufficient resolution to detect changes in copy number
at minor allele frequencies even in the context of cfDNA.

[0072] To achieve this level of discrimination, the present invention provides
novel sample adaptor designs. The adaptors of the present invention are designed to include
features that are critical for successful copy number loss assay performance including (i) even
performance across adaptors; (ii) a high number of unique molecule identifiers (UMIs); (iii)
high efficiency attachment; and (iv) accommodation of sample multiplexing. For example,
the adaptors of the present invention provide the following:

[0073] Even performance across adaptors: Bioinformatics analysis often

looks at intra-sample probe performance and inter-sample probe performance. Thus, it is
contemplated that any performance fluctuation between adaptor pools across samples will
negatively impact the ability to detect the subtle variations required by CNL analysis. In the
present invention, this evenness of performance is achieved by having multiple anchor tags
that are all represented in each sample tag pool, with the fixed sample tag regions (which
serve to identify both the sample and the genomic fragments) being randomly selected for
each pool, and a UMI multiplier that increases the unique sample tag sequences for
identifying the genomic fragments.

[0074] High number of Unique Molecule Identifiers (UMIs): While adaptors

must be functionally equivalent from a molecular biology perspective, they must possess a
very large number of unique sequence tags (= 10,000) that augment the identification of
unique genomic fragments. In this context, by “augment,” it is meant that each genomic clone
fragment has a particular pair of fragmentation sites corresponding to the position in the
genomic sequence where the double-strand DNA was cleaved. This cleavage site is used to
differentiate unique genomic clones since each clone is likely to possess a different cleavage
site. However, in libraries that possess thousands of independent clones, uniquely derived

fragments will often possess the exact same cleavage sites. Genomic clones (i.e. fragments)
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sharing the same cleavage site can be classified as either unique or as redundant with respect
to other clone sequences derived from the same sample. By attaching adaptors that introduce
a high diversity of sequence tags, different genomic clones sharing the same cleavage site are
more likely to be identified as unique. In this system, the UMI is created by a combination of
the sample tag region with the UMI multiplier. The combination of the UMI and the cleavage
site create a unique molecular identifier element (UMIE), which facilitates the classification
of sequence reads as redundant reads or unique reads. Particular embodiments contemplate
that the UMI multiplier could comprise longer or shorter sequences to increase or lower the
overall UMI complexity.

[0075] High efficiency attachment: Adaptors must attach to genomic

fragments with high efficiency. In most oncology applications, the quantities of available
cellular DNA or cfDNA are limited and therefore conversion of these genomic fragments to
genomic library clones must be highly efficient. In order to achieve this, in some aspects of
the present invention, the adaptor systems described herein convert about 25% to about 50%
or greater of the genomic input fragments are converted into genomic library clones.

[0076] Accommodation of sample multiplexing: In general, there must be

pools of different sets of adaptors where each unique adaptor of the set is attached to a
different sample. At the same time, each member of the set of adaptors must possess
essentially identical behavior (from a sequence counting perspective) to all other members in
a set. In order to achieve this, in some embodiments, the sample tag regions have a Hamming
distance of 2 between any other possible sample tag combinations reducing the chance for a
read to be spuriously assigned to the wrong sample. In some embodiments, each set of
adaptors is split into pools that are paired with specific anchor regions, allowing for further
reduction in the possibility of an error in sample de-multiplexing. For example, in an 8mer
tag with Hamming distance of 2, the total number of possible sequences is 16,384,

[0077] In a particular embodiment, pre-specified pools of adaptor
oligonucleotides are provided. Such pre-specified pools are used to represent a single sample.
That is, each adapter sequence in each pool of X adapter oligonucleotides (16,384 in the
example given above) is distinct from each adapter sequence in every other pool used to
identify other samples. One of skill in the art will recognize the number of distinct pre-
specified pools that are possible for the adapter oligonucleotides will depend on the length of
the sample tag and/or the UMI multiplier.
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[0078] Thus, in certain embodiments the adaptors comprise a sequence, i.e.,
the sample tag and adjacent and/or encompassed UMI multiplier that represents or identifies
both the sample and uniquely identifies the genetic fragment. This is in stark contrast to the
current systems that are used in the art that use a randomly generated tag to identify the
sequence and a separate barcode or sequencer indexing to allow for multiplexing.

[0079] An illustrative embodiment for detecting target-specific copy number
changes within DNA obtained from a sample is shown in FIG. 3. While FIG. 3 generates a
DNA library from cfDNA, this illustrative procedure could be used with DNA from other
sources, e.g., fragmented cellular DNA. As shown in FIG. 3, ¢fDNA is collected (top panel).
Next, a genomic library is generated from cfDNA by conjugating genomic library adaptors
(gray circles) of the present invention to the genomic DNA. Genomic DNA fragments are
captured with capture probes (black circles) that recognize the genomic region of interested.
The genomic DNA of interest is sequenced, and data analysis is performed for copy loss
analysis and/or characterization of the genomic DNA of interest.

[0080] The practice of particular embodiments of the invention will employ,
unless indicated specifically to the contrary, conventional methods of chemistry,
biochemistry, organic chemistry, molecular biology, microbiology, recombinant DNA
techniques, genetics, immunology, and cell biology that are within the skill of the art, many
of which are described below for the purpose of illustration. Such techniques are explained
fully in the literature. See, e.g., Sambrook, et al., Molecular Cloning: A Laboratory Manual
(3rd Edition, 2001); Sambrook, et al., Molecular Cloning: A Laboratory Manual (2nd
Edition, 1989); Maniatis ef al., Molecular Cloning: A Laboratory Manual (1982); Ausubel et
al., Current Protocols in Molecular Biology (John Wiley and Sons, updated July 2008); Short
Protocols in Molecular Biology: A Compendium of Methods from Current Protocols in
Molecular Biology, Greene Pub. Associates and Wiley-Interscience; Glover, DNA Cloning: A
Practical Approach, vol. 1 & 11 (IRL Press, Oxford, 1985); Anand, Techniques for the
Analysis of Complex Genomes, (Academic Press, New York, 1992); Transcription and
Translation (B. Hames & S. Higgins, Eds., 1984); Perbal, A Practical Guide to Molecular
Cloning (1984), and Harlow and Lane, Antibodies, (Cold Spring Harbor Laboratory Press,
Cold Spring Harbor, N.Y., 1998).
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B. DEFINITIONS

[0081] Unless defined otherwise, all technical and scientific terms used herein
have the same meaning as commonly understood by those of ordinary skill in the art to which
the invention belongs. Although any methods and materials similar or equivalent to those
described herein can be used in the practice or testing of the present invention, preferred
embodiments of compositions, methods and materials are described herein. For the purposes
of the present invention, the following terms are defined below.

[0082] The articles “a,” “an,” and “the” are used herein to refer to one or to
more than one (i.e. to at least one) of the grammatical object of the article. By way of
example, “an element” means one element or more than one element.

[0083] The use of the alternative (e.g., “or”) should be understood to mean
either one, both, or any combination thereof of the alternatives.

[0084] The term “and/or” should be understood to mean either one, or both of
the alternatives.

[0085] As used herein, the term “about” or “approximately” refers to a
quantity, level, value, number, frequency, percentage, dimension, size, amount, weight or
length that varies by as much as 15%, 10%, 9%, 8%, 7%, 6%, 5%, 4%, 3%, 2% or 1% to a
reference quantity, level, value, number, frequency, percentage, dimension, size, amount,
weight or length. In one embodiment, the term “about™ or “approximately” refers a range of
quantity, level, value, number, frequency, percentage, dimension, size, amount, weight or
length £ 15%, £ 10%, + 9%, + 8%, + 7%, £ 6%, £ 5%, £ 4%, + 3%, + 2%, or = 1% about a
reference quantity, level, value, number, frequency, percentage, dimension, size, amount,
weight or length.

[0086] Throughout this specification, unless the context requires otherwise,
the words “comprise”, “comprises,” and “comprising” will be understood to imply the
inclusion of a stated step or element or group of steps or elements but not the exclusion of
any other step or element or group of steps or elements. In particular embodiments, the terms

2% ¢

“include,” “has,” “contains,” and “comprise” are used synonymously.

[0087] By “consisting of” is meant including, and limited to, whatever follows
the phrase “consisting of.” Thus, the phrase “consisting of”” indicates that the listed elements
are required or mandatory, and that no other elements may be present.

[0088] By “consisting essentially of” is meant including any elements listed

after the phrase, and limited to other elements that do not interfere with or contribute to the
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activity or action specified in the disclosure for the listed elements. Thus, the phrase
“consisting essentially of” indicates that the listed elements are required or mandatory, but
that no other elements are optional and may or may not be present depending upon whether
or not they affect the activity or action of the listed elements.

2

[0089] Reference throughout this specification to “one embodiment,” “an

% <¢ % <¢ % <¢

embodiment,” “a particular embodiment,” “a related embodiment,” “a certain embodiment,”
“an additional embodiment,” or “a further embodiment™ or combinations thereof means that a
particular feature, structure or characteristic described in connection with the embodiment is
included in at least one embodiment of the present invention. Thus, the appearances of the
foregoing phrases in various places throughout this specification are not necessarily all
referring to the same embodiment. Furthermore, the particular features, structures, or
characteristics may be combined in any suitable manner in one or more embodiments.

[0090] As used herein, the term “isolated” means material that is substantially
or essentially free from components that normally accompany it in its native state. In
particular embodiments, the term “obtained” or “derived” is used synonymously with
isolated.

[0091] As used herein, the term “DNA” refers to deoxyribonucleic acid. In
various embodiments, the term DNA refers to genomic DNA, recombinant DNA, synthetic
DNA, or cDNA. In one embodiment, DNA refers to genomic DNA or ¢cDNA. In particular
embodiments, the DNA comprises a “target region.” DNA libraries contemplated herein
include genomic DNA libraries and cDNA libraries constructed from RNA, e.g, an RNA
expression library. In various embodiments, the DNA libraries comprise one or more
additional DNA sequences and/or tags.

[0092] The terms “target genetic locus” and “DNA target region” are used
interchangeably herein and refer to a region of interest within a DNA sequence. In various
embodiments, targeted genetic analyses are performed on the target genetic locus. In
particular embodiments, the DNA target region is a region of a gene that is associated with a
particular genetic state, genetic condition, genetic diseases; fetal testing; genetic mosaicism,
paternity testing; predicting response to drug treatment; diagnosing or monitoring a medical
condition; microbiome profiling; pathogen screening; or organ transplant monitoring. In
further embodiments, the DNA target region is a DNA sequence that is associated with a

particular human chromosome, such as a particular autosomal or X-linked chromosome, or

region thereof (e.g., a unique chromosome region).

21



WO 2018/039463 PCT/US2017/048434

[0093] As used herein, the terms “circulating DNA,” “circulating cell-free
DNA,” and “cell-free DNA” are often used interchangeably and refer to DNA that is
extracellular DNA, DNA that has been extruded from cells, or DNA that has been released
from necrotic or apoptotic cells. This term is often used in contrast to “cellular genomic
DNA” or “cellular DNA,” which are used interchangeably herein and refer to genomic DNA
that is contained within the cell (i.e. the nuclease) and is only accessible to molecular
biological techniques such as those described herein, by lysing or otherwise disrupting the
integrity of the cell.

[0094] A “subject,” “individual,” or “patient” as used herein, includes any
animal that exhibits a symptom of a condition that can be detected or identified with
compositions contemplated herein. Suitable subjects include laboratory animals (such as
mouse, rat, rabbit, or guinea pig), farm animals (such as horses, cows, sheep, pigs), and
domestic animals or pets (such as a cat or dog). In particular embodiments, the subject is a
mammal. In certain embodiments, the subject is a non-human primate and, in preferred
embodiments, the subject is a human.

[0095] As used herein, the term “paired” when used with respect to two
different polynucleotide sequences or regions of DNA comprising different polynucleotide
sequences, means that the two different polynucleotide sequences or regions of DNA
comprising different polynucleotide sequences are present on the same polynucleotide. For
example, if a particular sample tag region of DNA is said to be paired to particular
amplification region of DNA, it is meant that the sample tag region and the amplification tag

are present on the same DNA polynucleotide molecule.

C. METHODS OF COPY NUMBER ANALYSIS

[0096] In various embodiments, a method for copy number analysis of a DNA
target region DNA is provided. In certain embodiments, copy number analysis is performed
by generating a genomic DNA library of DNA library fragments that each contain genomic
DNA fragment and an adaptor, isolating the DNA library fragments containing the DNA
target regions, and performing a quantitative genetic analysis of the DNA target region. By
“quantitative genetic analysis™ it is meant an analysis performed by any molecular biological
technique that is able to quantify changes in a DNA (e.g., a gene, genetic locus, target region

of interest, etc.) including but not limited to DNA mutations, SNPs, translocations, deletions,
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and copy number variations (CNVs). In certain embodiments, the quantitative genetic
analysis is performed by sequencing, for example, next generation sequencing.

[0097] Next-generation DNA sequencing (NGS) is ideally suited for two
diagnostic applications. The first is the determination of DNA sequence on a vast scale. In the
present context, this capability enables the search for rare, actionable variants that guide
effective treatment decisions. The second is counting gene copy number. The output of
millions of independent sequences can enable precise measurement of gene copy number on
a genome-wide scale. The emergence of non-invasive prenatal testing for fetal trisomy from
maternal blood samples is a testament to this capability. RNAseq, that is, the technology of
gene expression profiling using NGS is another example, albeit the input is RNA (cDNA)
rather than genomic DNA. Comparisons of current capture methods are described
Samorodnitsky et al. J Mol Diagn. 2015 Jan;17(1):64-75.

[0098] The present invention extends NGS counting capability into the realm
of targeted hybrid capture methods. The methods described here are effective for the
detection of copy number variation at least in part because they possess the following four
qualities:

(a) The present methods differentiate _between unique clones and redundant

clones. NGS sequencing of amplified genomic DNA library fragments results in a plurality of
individual NGS reads, each comprising adaptor-encoded sequence information linked to a
specific human genomic sequence. These elements define the identity of every clone.
Because captured genomic regions are amplified by PCR, it is not uncommon for the same
clone to be encountered several times in a subsequent NGS analysis. Groups of reads that are
derived from a single cloning and capture process are termed “redundant reads.” Two or
more redundant reads are identified as redundant reads based on the sequencing information
provided by the unique molecular identification elements (UMIE). The UMIE refers to the
combination of the sequence information from the adaptor tags and the start of the genomic
DNA sequence. Two or more reads comprising identical UMIEs are identified as redundant
reads. Redundant reads are grouped together and a single, representative consensus sequence
is assembled from families of redundant reads. This consensus sequence is designated as a
“unique read” or a “unique genomic sequence” (UGS). Each unique read represents a
separate clone from the original DNA specimen. The process of identifying and grouping
redundant clone families and of generating a single unique read representative of this family

is defined as “deduplication.” The adaptors used to create genomic libraries possess a very
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deep repertoire of unique sample tag information (15,360 codes per adaptor). When applied
in conjunction with the exact mapping coordinates of each captured genomic clone (which
can span >100 different positions relative to a capture probe), each unique clone that is
generated in a genomic library and subsequently retrieved by a target-specific capture probe
has an extremely high likelihood of being differentiable from all other unique clones that
encompass the same capture environment. The ability to differentiate between unique clones
and redundant clones is central to the methods described herein.

(b) The adaptors used to create genomic libraries permit sample multiplexing

without creating adaptor-to-adaptor variability in copy humber counts. A central foundation

of copy number determination is the simultaneous analysis of a set of samples that have all
been processed within a single sequencing run. This allows positive and negative controls to
be included along with clinical samples. A major issue with previous adaptor design
iterations induced subtle shifts in gene copy counts among identical control samples, in effect
setting a signal-to-noise uncertainty threshold that was too high to be clinically useful in
blood-based, solid tumor genotyping assays. The present invention overcomes this issue and
substantially lowers the signal-to-noise threshold such that single copy gene loss is detectable
at < 2% minor allele frequency. This improved signal recognition enables the methods of the
present invention to have significant clinical utility in circulating tumor DNA assays.

(0) The proprietary targeted hybrid capture method used herein must produce

highlv uniform “on-target” read coverage across all targets. Methods that rely on counting of

unique genomic fragments to estimate copy number, such as the ones described herein, must
achieve near-saturation in terms of encountering all possible unique fragments. Near-
saturation is only achieved by oversampling, that is to say, gathering more sequencing reads
than the number of unique reads that will ultimately be encountered. To be practical, scalable,
and economical, the unique reads in a targeted hybrid capture library must exhibit sufficient
uniformity such that < 10-fold oversampling of on-target reads, and preferably < 4-fold
oversampling of on-target reads will capture > 90% of unique on-target reads at all target
loci.

(d) The targeted hybrid capture method (See U.S. Patent Publication No. 2014-

0274731) must have high on-target capture rates. To be practical, scalable and economical, in

other words to be a distinguishing feature of the present disclosure relative to other art in the

field, the method must achieve >90%, preferably >95% on-target reads. With on-target
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mapping rates exceeding 95%, the requirement for 4 to 10-fold oversampling of on-target
reads and the requirement for overall oversampling are one in the same.

[0099] In some embodiments, the number of copies of the DNA target region
present in the sample is determined by the quantitative genetic analysis. In some
embodiments, the copy number of the DNA target region is determined by comparing the
amount of copies of DNA target regions present in the sample and comparing it to amounts of
DNA target regions present in one or more samples with known copy number.

[00100] Particular embodiments contemplate that the compositions and
methods described herein are particularly useful for detecting changes in copy number in a
sample of genomic DNA, where only a portion of the total genomic DNA in the sample has a
change in copy number. For example, a significant tumor mutation may be present in a
sample, e.g. a sample of cell free DNA, that is present in a minor allele frequency that is
significantly less than 50% ( e.g., in the range of 0.1% to >20%), in contrast to conventional
SNP genotyping where allele frequencies are generally ~100%, 50% or 0%. One of skill of
the art will recognize that the compositions and methods of the current invention are also
useful in detecting other types of mutation including single nucleotide variants (SNVs), short
(e.g. less than 40 base pairs (bp)) insertions, and deletions (indels), and genomic
rearrangements including oncogenic gene fusions.

[00101] In certain embodiments, the compositions and/or methods of the
present invention described herein are useful for, capable of, suited for, and/or able to detect,
identify, observe, and/or reveal a change in copy number of one or more DNA target regions
present in less than about 20%, less than about 19%, less than about 18%, less than about
17%, less than about 16%, less than about 15%, less than about 14%, less than about 13%,
less than about 12%, less than about 11%, less than about 10%, less than about 9%, less than
about 8%, less than about 7%, less than about 6%, less than about 5%, less than about 4%,
less than about 3%, less than about 2%, less than about 1%, less than about 0.5%, less than
about 0.2%, or less than about 0.1% of the total genomic DNA from the sample. In some
embodiments, the methods of the present invention are useful for, capable of, suited for,
and/or able to detect, identify, observe, and/or reveal a change in copy number of one or more
DNA target regions present in between about 0.01% to about 100%, about 0.01% to about
50%, and or about 0.1% to about 20% of the total genomic DNA from the sample.

[00102] Particular embodiments are represented by the conceptual framework

that is illustrated in FIG. 1. In FIG. 1, each gene is represented by a row and each patient
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sample is represented as a column. Within any given genomic DNA sample, the number of
fragments counted for each individual gene will have some variability, and that for any given
DNA region of interest, e.g. a gene, perturbations in copy number are detected as significant
fragment count deviations relative to the normalized counts to the DNA target region in other
samples. Such an assay requires the gene-by-gene fragment counting profile within a sample
to be reproducible, and also requires the sample-by-sample counting profiles to be highly
comparable. Both assay requirements demand excellent signal-to-noise counting
discrimination.

[00103] Some embodiments contemplate that the assay elements that contribute
to increasing the signal to noise ratio are the genomic input, the number of probes, and the
sequencing depth, as illustrated in FIG. 2.

[00104] In particular embodiments, a method for genetic analysis of cfDNA
comprises: generating and amplifying a ¢cfDNA library, determining the number of genome
equivalents in the ¢fDNA library; and performing a quantitative genetic analysis of one or
more genomic target loci.

[00105] Particular embodiments contemplate that the any of the methods and
compositions described herein are effective for use to efficiently analyze, detect, diagnose,
and/or monitor genetic states, genetic conditions, genetic diseases, genetic mosaicism, fetal
diagnostics, paternity testing, microbiome profiling, pathogen screening, and organ transplant
monitoring using genomic DNA, e.g., cellular or cfDNA, where all or where only a portion of
the total genomic DNA in the sample has a feature of interest, e.g. a genetic lesion, mutation,
single nucleotide variant (SNV). In some embodiments, a feature of interest is a genetic
feature associated with a disease or condition. For example, a significant tumor mutation may
be present in a sample, e.g. a sample of cfDNA, that is present in a minor allele frequency
that is significantly less than 50% (e.g in the range of 0.1% to >20%), in contrast to
conventional SNP genotyping where allele frequencies are generally ~100%, 50% or 0%.

[00106] In certain embodiments, the compositions and/or methods of the
present invention described herein are useful for, capable of, suited for, and/or able to detect,
identify, observe, and/or reveal a genetic lesion of one or more DNA target regions present in
less than about 20%, less than about 19%, less than about 18%, less than about 17%, less than
about 16%, less than about 15%, less than about 14%, less than about 13%, less than about
12%, less than about 11%, less than about 10%, less than about 9%, less than about 8%, less

than about 7%, less than about 6%, less than about 5%, less than about 4%, less than about
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3%, less than about 2%, less than about 1%, less than about 0.5%, less than about 0.2%, or
less than about 0.1% of the total genomic DNA from the sample. In some embodiments, the
methods of the present invention are useful for, capable of, suited for, and/or able to detect,
identify, observe, and/or reveal a genetic lesion of one or more DNA target regions present in
between about 0.01% to about 100%, about 0.01% to about 50%, and or about 0.1% to about
20% of the total genomic DNA from the sample.

1. GENERATING A DNA LIBRARY

[00107] In particular embodiments, methods of genetic analysis contemplated
herein comprise generating a DNA library comprising treating cfDNA or fragmented cellular
genomic DNA with one or more end-repair enzymes to generate end-repaired DNA and
attaching one or more adaptors to each end of the end-repaired DNA to generate the DNA
library. Genomic DNA

[00108] In particular embodiments, the methods and compositions
contemplated herein are designed to efficiently analyze, detect, diagnose, and/or monitor
change in copy number using genomic DNA as an analyte. In certain embodiments, copy
number analysis is performed by generating a genomic DNA library from genomic DNA
obtained from a test sample, e.g., a biological sample such as a tissue biopsy. In certain
embodiments, the genomic DNA is circulating or cell free DNA. In some embodiments, the
genomic DNA is cellular genomic DNA.

[00109] In certain embodiments, genomic DNA is obtained from a tissue
sample or biopsy taken from a tissue, including but not limited to, bone marrow, esophagus,
stomach, duodenum, rectum, colon, ileum, pancreases, lung, liver, prostate, brain, nerves,
meningeal tissue, renal tissue, endometrial tissue, cervical tissue, breast, lymph node, muscle,
and skin. In certain embodiments, the tissue sample is a biopsy of a tumor or a suspected
tumor. In particular embodiments, the tumor is cancerous or suspected of being cancerous. In
particular embodiments, the tissue sample comprises cancer cells or cells suspected of being
cancerous.

[00110] Methods for purifying genomic DNA from cells or from a biologic
tissue comprised of cells are well known in the art, and the skilled artisan will recognize
optimal procedures or commercial kits depending on the tissue and the conditions in which

the tissue is obtained. Some embodiments contemplate that purifying cellular DNA from a
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tissue will require cell disruption or cell lysis to expose the cellular DNA within, for example
by chemical and physical methods such as blending, grinding or sonicating the tissue sample;
removing membrane lipids by adding a detergent or surfactants which also serves in cell
lysis, optionally removing proteins, for example by adding a protease; removing RNA, for
example by adding an RNase; and DNA purification, for example from detergents, proteins,
salts and reagents used during cell lysis step. DNA purification may be performed by
precipitation, for example with ethanol or isopropanol; by phenol—chloroform extraction.

[00111] In particular embodiments, cellular DNA obtained from tissues and/or
cells are fragmented prior to and or during obtaining, generating, making, forming, and/or
producing a genomic DNA library as described herein. One of skill in the art will understand
that there are several suitable techniques for DNA fragmentation, and is able to recognize and
identify suitable techniques for fragmenting cellular DNA for the purposes of generating a
genomic DNA library for DNA sequencing, including but not limited to next-generation
sequencing. Certain embodiments contemplate that cellular DNA can be fragmented into
fragments of appropriate and/or sufficient length for generating a library by methods
including but not limited to physical fragmentation, enzymatic fragmentation, and chemical
shearing.

[00112] Physical fragmentation can include, but is not limited to, acoustic
shearing, sonication, and hydrodynamic shear. In some embodiments, cellular DNA is
fragmented by physical fragmentation. In particular embodiments, cellular DNA is
fragmented by acoustic shearing or sonication. Particular embodiments contemplate that
acoustic shearing and sonication are common physical methods used to shear cellular DNA.
The Covaris® instrument (Woburn, MA) is an acoustic device for breaking DNA into 100-
5kb bp. Covaris also manufactures tubes (gTubes) which will process samples in the 6-20 kb
for Mate-Pair libraries. The Bioruptor® (Denville, NJ) is a sonication device utilized for
shearing chromatin, DNA and disrupting tissues. Small volumes of DNA can be sheared to
150-1kb in length. Hydroshear from Digilab (Marlborough, MA) utilizes hydrodynamic
forces to shear DNA. Nebulizers (Life Tech, Grand Island, NY) can also be used to atomize
liquid using compressed air, shearing DNA into 100-3kb fragments in seconds. Nebulization
is low cost, but the process can cause a loss of about 30% of the cellular DNA from the
original sample. In certain embodiments, cellular DNA is fragmented by sonication.

[00113] Enzymatic fragmentation can include, but is not limited to, treatment

with a restriction endonuclease, e.g. DNase I, or treatment with a nonspecific nuclease. In
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some embodiments, cellular DNA is fragmented by enzymatic fragmentation. In particular
embodiments, the cellular DNA is fragmented by treatment with a restriction endonuclease.
In some embodiments, the cellular DNA is fragmented by treatment with a nonspecific
nuclease. In certain embodiments, the cellular DNA is fragmented by treatment with a
transposase. Certain embodiments contemplate that enzymatic methods to shear cellular
DNA into small pieces include DNAse I, a combination of maltose binding protein (MBP)-
T7 Endo I and a non-specific nuclease Vibrio vulnificus (Vvn) New England Biolabs’s
(Ipswich, MA) Fragmentase and Nextera tagmentation technology (Illumina, San Diego,
CA). The combination of non-specific nuclease and T7 Endo synergistically work to produce
non-specific nicks and counter nicks, generating fragments that disassociate 8 nucleotides or
less from the nick site. Tagmentation uses a transposase to simultaneously fragment and
insert adapters onto double stranded DNA.

[00114] Chemical fragmentation can include treatment with heat and divalent
metal cation. In some embodiments, genomic DNA is fragmented by chemical fragmentation.
Particular embodiments contemplate that chemical shear is more commonly used for the
breakup of long RNA fragments as opposed to genomic DNA. Chemical fragmentation is
typically performed through the heat digestion of DNA with a divalent metal cation
(magnesium or zinc). The length of DNA fragments can be adjusted by increasing or
decreasing the time of incubation.

[00115] In particular embodiments, the methods and compositions
contemplated herein are designed to efficiently analyze, detect, diagnose, and/or monitor
change in copy number using cell-free DNA (cfDNA) as an analyte. The size distribution of
cfDNA ranges from about 150 bp to about 180 bp fragments. Fragmentation of cfDNA may
be the result of endonucleolytic and/or exonucleolytic activity and presents a formidable
challenge to the accurate, reliable, and robust analysis of ¢fDNA. Another challenge for
analyzing cfDNA is its short half-life in the blood stream, on the order of about 15 minutes.
Without wishing to be bound to any particular theory, the present invention contemplates, in
part, that analysis of cfDNA is like a “liquid biopsy” and is a real-time snapshot of current
biological processes.

[00116] Moreover, because cfDNA is not found within cells and may be
obtained from a number of suitable sources including, but not limited to, biological fluids and
stool samples, it is not subject to the existing limitations that plague next generation

sequencing analysis, such as direct access to the tissues being analyzed.
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[00117] Ilustrative examples of biological fluids that are suitable sources from
which to isolate cfDNA in particular embodiments include, but are not limited to amniotic
fluid, blood, plasma, serum, semen, lymphatic fluid, cerebral spinal fluid, ocular fluid, urine,
saliva, mucous, and sweat. In particular embodiments, the biological fluid is blood or blood
plasma.

[00118] In certain embodiments, commercially available kits and other
methods known to the skilled artisan can used to isolate cfDNA directly from the biological
fluids of a subject or from a previously obtained and optionally stabilized biological sample,
e.g., by freezing and/or addition of enzyme chelating agents including, but not limited to

EDTA, EGTA, or other chelating agents specific for divalent cations.

(a) Generating End-Repaired cfDNA

[00119] In particular embodiments, generating a genomic DNA library
comprises the end-repair of isolated cfDNA or fragmented cellular DNA. The fragmented
cfDNA or cellular DNA is processed by end-repair enzymes to generate end-repaired cfDNA
with blunt ends, 5’-overhangs, or 3’-overhangs. In some embodiments, the end-repair
enzymes can yield for example. In some embodiments, the end-repaired cfDNA or cellular
DNA contains blunt ends. In some embodiments, the end-repaired cellular DNA or ¢fDNA is
processed to contain blunt ends. In some embodiments, the blunt ends of the end-repaired
cfDNA or cellular DNA are further modified to contain a single base pair overhang. In some
embodiments, end-repaired cfDNA or cellular DNA containing blunt ends can be further
processed to contain adenine (A)/thymine (T) overhang. In some embodiments, end-repaired
cfDNA or cellular DNA containing blunt ends can be further processed to contain adenine
(A)/thymine (T) overhang as the single base pair overhang. In some embodiments, the end-
repaired cfDNA or cellular DNA has non-templated 3’ overhangs. In some embodiments, the
end-repaired cfDNA or cellular DNA is processed to contain 3’ overhangs. In some
embodiments, the end-repaired cfDNA or cellular DNA is processed with terminal
transferase (TdT) to contain 3’ overhangs. In some embodiments, a G-tail can be added by
TdT. In some embodiments, the end-repaired cfDNA or cellular DNA is processed to contain
overhang ends using partial digestion with any known restriction enzymes (e.g., with the

enzyme Sau3A, and the like.
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(b) Attaching Adaptor Molecules to End-Repaired cfDNA

[00120] In particular embodiments, generating a cfDNA library comprises
attaching one or more adaptors to each end of the end-repaired cfDNA. The present invention
contemplates, in part, an adaptor module designed to accommodate large numbers of genome
equivalents in ¢fDNA libraries. Adaptor modules are configured to measure the number of
genome equivalents present in cfDNA libraries, and, by extension, the sensitivity of
sequencing assays used to identify sequence mutations.

[00121] As used herein, the terms “adaptor” and “adaptor module™ are used for
interchangeably, and refer to a polynucleotide comprising that comprises at least three
elements: an amplification region, a sample tag region, and an anchor region. In particular
embodiments, the adaptor comprises an amplification region, a sample tag region, and an
anchor region. In some embodiments, the adaptor also comprises a unique molecule identifier
(UMI). In particular embodiments, the adaptor comprises one or amplification regions, one or
more sample tag regions, one or more UMIs, and/or one or more anchor regions. In some
embodiments, the adaptor comprises, in order from 5’ to 3°, an amplification region, a sample
tag region, a UMI, and an anchor region. In particular embodiments, the adaptor comprises,
in order from 5° to 3°, an amplification region, a sample tag region, a UMI, and an anchor
region. In certain embodiments, the UMI is contained within the sample tag region, and the
adaptor comprises, in order from 5° to 3°, an amplification region, an integrated sample
tag/UMI region, and an anchor region.

[00122] As used herein, the term “amplification region” refers to an element of
the adaptor molecule that comprises a polynucleotide sequence capable of serving as a primer
recognition site for PCR amplification. In particular embodiments, an adaptor comprises an
amplification region that comprises one or more primer recognition sequences for single-
primer amplification of a genomic DNA library. In some embodiments, the amplification
region comprises one, two, three, four, five, six, seven, eight, nine, ten, or more primer
recognition sequences for single-primer amplification of a genomic DNA library.

[00123] In some embodiments, the amplification region is about is between 5
and 50 nucleotides, between 10 and 45 nucleotides, between 15 and 40 nucleotides, or
between 20 and 30 nucleotides in length. In some embodiments, the amplification region is
10 nucleotides, 11 nucleotides, 12 nucleotides, 13 nucleotides, 14 nucleotides, 15 nucleotides,
16 nucleotides, 17 nucleotides, about 18 nucleotides, 19 nucleotides, 20 nucleotides, 21

nucleotides, 22 nucleotides, 23 nucleotides, 24 nucleotides, 25 nucleotides, 26 nucleotides, 27
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nucleotides, 28 nucleotides, 29 nucleotides, 30 nucleotides, 31 nucleotides, 32 nucleotides, 33
nucleotides, 34 nucleotides, 35 nucleotides, 36 nucleotides, 37 nucleotides, 38 nucleotides, 39
nucleotides, or 40 nucleotides or more. In particular embodiments, the amplification region is
25 nucleotides in length.

[00124] As used herein, the term “sample tag” or sample tag region” are used
interchangeably and refer to an element of the adaptor that comprises a polynucleotide
sequence that uniquely identifies the particular DNA fragment as well as the sample from
which it was derived.

[00125] In certain embodiments, the sample tag region is about is between 3
and 50 nucleotides, between 3 and 25 nucleotides, or between 5 and 15 nucleotides in length.
In some embodiments, the sample tag region is 3 nucleotides, 4 nucleotides, 5 nucleotides, 6
nucleotides, 7 nucleotides, 8 nucleotides, 9 nucleotides, 10 nucleotides, about 11 nucleotides,
12 nucleotides, 13 nucleotides, 14 nucleotides, 15 nucleotides, 16 nucleotides, 17 nucleotides,
18 nucleotides, 19 nucleotides, or 20 nucleotides or more in length.

[00126] In certain embodiments, the adaptor comprises a UMI multiplier,
wherein the UMI multiplier is at least 1, at least 2, at least 3, at least 4, at least 5, at least 6, at
least 7, at least 8, at least 9, or at least 10 nucleotides in length.

[00127] In certain embodiments, each nucleotide position of the UMI multiplier
can comprise any of adenine, guanine, cytosine, or thymine. Thus, in some embodiments, a
UMI multiplier comprising n number of nucleotides can comprise any of n* possible
nucleotide sequences. In some embodiments, the UMI multiplier is one nucleotide in length
and comprises one of four possible sequences. In some embodiments, the UMI multiplier is
two nucleotides in length and comprises one of sixteen possible sequences. In some
embodiments, the UMI multiplier is three nucleotides in length and comprises one of 64
possible sequences. In some embodiments, the UMI multiplier is four nucleotides in length
and comprises one of 256 possible sequences. In some embodiments, the UMI multiplier is
five nucleotides in length and comprises one of 1,024 possible sequences. In some
embodiments, the UMI multiplier is six nucleotides in length and comprises one of 4,096
possible sequences. In some embodiments, the UMI multiplier is seven nucleotides in length
and comprises one of 16,384 possible sequences. In some embodiments, the UMI multiplier
is eight nucleotides in length and comprises one of 65,5336 possible sequences. In some

embodiments, the UMI multiplier is nine nucleotides in length and comprises one of 262,144
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possible sequences. In some embodiments, the UMI multiplier is ten or more nucleotides in
length and comprises one of 1,048,576 or more possible sequences.

[00128] In particular embodiments, the adaptor comprises a UMI multiplier,
wherein the UMI multiplier is adjacent to or contained within the sample tag region (FIG.
5A). Nllustrative examples of UMI multipliers adjacent or contained within the sample tag are
shown in FIG. 5B. In FIG. 5B, an 8-mer sample tag region is shown with an adjacent UMI
multiplier (top and bottom rows) or a UMI multiplier incorporated within the sample tag
(middle 7 rows). In some embodiments, that adaptor comprises a sample tag that is eight
nucleotides in length and a UMI multiplier that is three nucleotides in length and comprises
one of 64 possible sequences, and wherein the UMI multiplier is adjacent to or contained
within the sample tag region. In some embodiments, identical processes attach full length
adaptor to the other end of the genomic fragments.

[00129] In particular embodiments, an adaptor module comprises one or more
anchor sequences. As used herein, an “anchor region” and “anchor sequence” are used
interchangeably and refer to a nucleotide sequence that hybridizes to a partner
oligonucleotide. In some embodiments, the anchor region comprises the following three
properties: (1) each anchor sequence is part of a family of two or more anchor sequences that
collectively represent each of the four possible DNA bases at each site within extension; this
feature, balanced base representation, is useful to calibrate proper base calling in sequencing
reads in particular embodiments; (2) each anchor sequence is composed of only two of four
possible bases, and these are specifically chosen to be either and equal number of A + C or an
equal number of G + T; an anchor sequence formed from only two bases reduces the
possibility that the anchor sequence will participate in secondary structure formation that
would preclude proper adaptor function; and (3) because each anchor sequence is composed
of equal numbers of A + C or G + T, each anchor sequence shares roughly the same melting
temperature and duplex stability as every other anchor sequence in a set of four.

[00130] In some embodiments, the anchor sequences is between 1 and 50
nucleotides in length. In some embodiments, the anchor sequences is between 4 and 40
nucleotides in length. In certain embodiments, the anchor region is between 5 and 25
nucleotides in length. In particular embodiments, the anchor region is at least 4 nucleotides,
at least six nucleotides, at least 8 nucleotides, at least 10 nucleotides, at least 12 nucleotides,
at least 14 nucleotides, or at least 16 nucleotides in length. In particular embodiments, the

anchor region is 10 nucleotides in length.
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[00131] In particular embodiments, an attachment step comprises
attaching/ligating an adaptor module to the end-repaired cfDNA or cellular DNA to generate
a “tagged” genomic DNA library. In some embodiments, a single adaptor module is
employed. In some embodiments, two, three, four or five adaptor modules are employed. In
some embodiments, an adaptor module of identical sequence is attached to each end of the
fragmented end-repaired DNA.

[00132] In some embodiments, a plurality of adaptor species is attached to an
end-repaired cellular or cell free genomic DNA fragments. Each of the plurality of adaptors
may comprise one or more amplification regions for the amplification of the cfDNA or
cellular DNA library, one or more sample tag regions for the identification of the cfDNA or
cellular genomic DNA fragment and identification of the individual sample; and one or more
sequences for DNA sequencing.

[00133] In some embodiments, a plurality of adaptor species is attached to an
end-repaired cellular or cell free genomic DNA fragments of a sample, and the plurality of
adaptors all comprise amplification regions of an identical nucleotide sequence.

[00134] In certain embodiments, the genomic DNA from a sample is attached
with a plurality of adaptors that comprise sample tag sequences that all are different from
other sequences of sample tag regions in adaptors that are attached to genomic DNA
fragments from other samples.

[00135] In particular embodiments, a plurality of adaptor species is attached to
an end-repaired cellular or cell free genomic DNA fragments from a sample, and the plurality
of adaptors all comprise one or more sample tag regions comprising one of between 2 and
10,000 nucleotide sequences, one of between 5 and 5,000 nucleotide sequences, one of
between 25 and 1,000 nucleotide sequences, one of between 50 and 500 nucleotide
sequences.one of between 100 and 400 nucleotide sequences, or one of between 200 and 300
nucleotide sequences. In some embodiments, the sample tag region of each adaptor is 8
nucleotides in length, and each sample tag region of the plurality of adaptors comprises one
of 240 nucleotide sequences.

[00136] In certain embodiments, a plurality of adaptor species is attached to an
end-repaired cellular or cell free genomic DNA fragments from a sample, and the sample tag
regions of the plurality of adaptors comprises nucleotide sequences that are different from
each other by a Hamming distance of 1, 2, 3, 4 or greater than 4. In particular embodiments,

the Hamming distance is 2.
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[00137] In particular embodiments, the sample tag regions of the plurality of
adaptors that are attached to genomic DNA fragments of a sample are 8 nucleotides in length,
and comprise one of 240 nucleotide sequences that are different from each other by a
Hamming distance of 2.

[00138] In certain embodiments, the sample tag region serves to identify
individual genomic DNA fragments and to identify the individual sample, i.e., the genomic
library source. For example, when the sample tags of a plurality of adaptors attached to a
sample have one of 240 possible sequences, each sample is identified as having one of 240
possible tags, and each sample receives a set of 240 tags that are discrete from any other
sample by Hamming distance of two (meaning two base changes are required to change one
tag into another). These same tags are used to enumerate clone diversity and thus they also
serve as sequence tags, i.e., to identify genomic DNA fragments. To further augment the
diversity of possible sequence tags, UMI multipliers may be added. For example, a UMI
multiplier can be added to the adaptor region comprising 3 nucleotides consisting of the 64
possible combinations of 3 bases. In addition, the plurality of adaptors can comprise more
than one anchor sequence. For example, a plurality of adaptors may contain 4 different
anchor sequences are used simultaneously. These anchor sequences may also be used during
sample de-multiplexing to lower errors.

[00139] FIG. 4 shows an illustrative comparison between a first generation
adaptor (FIG. 4A and 4B) and an adaptor of the present invention (FIG. 4C — FIG. 4E). FIG.
4A and FIG. 4B show an example of first generation adaptor that is 40 nt in length and
consisted of a discrete PCR amplification sequence, sequence tag, and sample tag. Here, the
sample is identified by a fixed sequence (sequence tag) that is present on all adaptors that are
used to generate a DNA library from the sample. Individual genomic fragments are identified
by a separate and distinct sequences (sequence tag). FIG. 4C — FIG. 4E show an illustrative
example of an adaptor from the present invention. The illustrative adaptor shown is 47
nucleotides in length, and the sequence tag is combined with the sample tag. There is an
additional 3 nt sequence, the UMI multiplier, consisting of the 64 possible combinations of 3
bases. The 10 nt anchor sequence is one of four different distinct sequences.

[00140] Thus, in the illustrative example (See FIG. 4C — FIG. 4E), a set of
adaptors that are used in connection with a single sample comprise 240 sample tag sequences
that can be split into four sets of sample tag sequences with each set comprising 60 tags (one

for each nucleotide, A, C, T and G). Thus, each set of 60 tags is specific to one of four anchor
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sequences. In total, a pool of 240 possible sample tag configurations are possible per sample.
Specifically, in this scenario, the 240 sample tag sequences are divided into four sets of 60
sequences, with each set directed to a specific anchor region. Therefore, the sample 1D
involves not only the sequence information from the eight nucleotide sample tag, but also the
associated anchor sequence information. In addition, the position of sequences within the
read is fixed, and therefore the sample tags and anchor sequences must have a fixed position
within a sequencing read in order to pass inclusion filters for downstream consideration.
Further, the inclusion of the UMI multiplier increases the sequence tag diversity from 240 to
240 x 64 = 15,360 possible sequence tags.

[00141] Attachment of one or more adaptors contemplated herein may be
carried out by methods known to those of ordinary skill in the art. In particular embodiments,
one or more adaptors contemplated herein are attached to end-repaired cfDNA that comprises
blunt ends. In certain embodiments, one or more adaptors contemplated herein are attached to
end-repaired cfDNA that comprises complementary ends appropriate for the attachment
method employed. In certain embodiments, one or more adaptors contemplated herein are
attached to end-repaired cfDNA that comprises a 3’ overhang.

[00142] In some embodiments, attaching the genomic DNA fragments to a
plurality of adaptors includes the steps of attaching the end repaired cfDNA or cellular DNA
fragments to an oligonucleotide containing at least a portion of an anchor region. In some
embodiments, the oligonucleotide contains the whole anchor region. In particular
embodiments, the oligonucleotide is a DNA duplex comprising a 5° phosphorylated
attachment strand duplexed with a partner strand, wherein the partner strand is blocked from
attachment by chemical modification at its 3° end, and wherein the attachment strand is
attached to the genomic DNA fragment. In certain embodiments, the DNA fragments
attached with at least a portion of the anchor region are then annealed with DNA
oligonucleotides encoding the full length adaptor sequences. In particular embodiments, one
or more polynucleotide kinases, one or more DNA ligases, and/or one or more DNA
polymerases are added to the genomic DNA fragments and the DNA oligonucleotides
encoding the full length adaptor sequence. In some embodiments, the polynucleotide kinase
is T4 polynucleotide kinase. In some embodiments, the DNA ligase is Taqg DNA ligase. In
certain embodiments, the DNA polymerase is Taq polymerase. In particular embodiments,

the DNA polymerase is full length Bst polymerase.
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[00143] FIG. 6 shows an illustrative method for attaching a plurality of
adaptors to the 3° end of repaired DNA fragments. In the first step, the anchor sequence is
attached to the 3” ends of genomic fragments. In this step, the anchor portion is a DNA
duplex in which the ten nucleotide 5 phosphorylated “attachment strand” is duplexed with an
eight nucleotide “partner strand” that is blocked from attachment by chemical modification at
its 3’ end. The anchor duplex is blunt-ended on the phosphorylated/blocked end and can
therefore attach to blunt-ended genomic fragments. In the next step, pools of oligonucleotides
encoding the full adaptor sequences are annealed to the initial anchor sequence. The
combined action of T4 polynucleotide kinase, Taq DNA ligase, and full-length Bst
polymerase attach this oligonucleotide via ligation as illustrated for the top strand and extend
the initial anchor sequence by DNA polymerization on the bottom strand to complete the full-
length adaptor sequence. Identical processes may be used to attach full length adaptors to the

5" end of the genomic fragments.

2. DNA LIBRARY AMPLIFICATION

[00144] In particular embodiments, methods of genetic analysis contemplated
herein comprise amplification of a genomic DNA library, e.g. a cellular DNA library or a
cfDNA library, to generate a DNA clone library or a library of DNA clones, e.g., a cfDNA
clone library or a library of cfDNA clones, or a cellular DNA clone library or a library of
cellular DNA clones. Each molecule of the DNA library comprises an adaptor attached to
each end of an end-repaired DNA fragments, and each adaptor comprises one or more
amplification regions. In some embodiments, different adaptors are attached to different ends
of the end-repaired cfDNA. In particular embodiments, different adaptors are attached to
different ends of the end-repaired cellular DNA.

[00145] In some embodiments, the same adaptor is attached to both ends of the
DNA fragment. Attachment of the same adaptor to both ends of end-repaired DNA allows for
PCR amplification with a single primer sequence. In particular embodiments, a portion of the
adaptor attached-cfDNA library will be amplified using standard PCR techniques with a
single primer sequence driving amplification. In one embodiment, the single primer sequence
is about 25 nucleotides, optionally with a projected Tm of > 55° C under standard ionic

strength conditions.
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[00146] In particular embodiments, picograms of the initial genomic DNA
library, e.g. a cellular DNA library or cfDNA library, are amplified into micrograms of DNA
clones, implying a 10,000-fold amplification. The amount of amplified product can be
measured using methods known in the art, e.g., quantification on a Qubit 2.0 or Nanodrop

instrument.

3. DETERMINING THE NUMBER OF GENOME EQUIVALENTS

[00147] In various embodiments, a method for genetic analysis of genomic
DNA comprises determining the number of genome equivalents in the DNA clone library. As
used herein, the term “genome equivalent” refers to the number of genome copies in each
library. An important challenge met by the compositions and methods contemplated herein is
achieving sufficient assay sensitivity to detect and analysis rare genetic mutations or
differences in genetic sequence. To determine assay sensitivity value on a sample-by-sample
basis, the numbers of different and distinct sequences that are present in each sample are
measured by measuring the number of genome equivalents that are present in a sequencing
library. To establish sensitivity, the number of genome equivalents must be measured for
each sample library.

[00148] The number of genome equivalents can be determined by qPCR assay
or by using bioinformatics-based counting after sequencing is performed. In the process flow
of clinical samples, qPCR measurement of genome equivalents is used as a QC step for DNA
libraries, e.g., cfDNA libraries or genomic DNA libraries. It establishes an expectation for
assay sensitivity prior to sequence analysis and allows a sample to be excluded from analysis
if its corresponding DNA clone library lacks the required depth of genome equivalents.
Ultimately, the bioinformatics-based counting of genome equivalents is also used to identify
the genome equivalents — and hence the assay sensitivity and false negative estimates — for
each given DNA clone library.

[00149] The empirical qPCR assay and statistical counting assays should be
well correlated. In cases where sequencing fails to reveal the sequence depth in a DNA clone
library, reprocessing of the DNA clone library and/or additional sequencing may be required.

[00150] In one embodiment, the genome equivalents in a cellular DNA or
cfDNA clone library are determined using a quantitative PCR (qPCR) assay. In a particular

embodiment, a standard library of known concentration is used to construct a standard curve
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and the measurements from the qPCR assay are fit to the resulting standard curve and a value
for genome equivalents is derived from the fit. The present inventors have discovered that a
gPCR “repeat-based” assay comprising one primer that specifically hybridizes to a common
sequence in the genome, e.g., a repeat sequence, and another primer that binds to the primer
binding site in the adaptor, measured an 8-fold increase in genome equivalents compared to
methods using just the adaptor specific primer (present on both ends of the cfDNA clone).
The number of genome equivalents measured by the repeat-based assays provides a more
consistent library-to-library performance and a better alignment between qPCR estimates of
genome equivalents and bioinformatically counted tag equivalents in sequencing runs.

[00151] Ilustrative examples of repeats suitable for use in the repeat-based
genome equivalent assays contemplated herein include, but not limited to: short interspersed
nuclear elements (SINEs), e.g., Alu repeats; long interspersed nuclear elements (LINEs), e.g.,
LINE1, LINE2, LINE3; microsatellite repeat elements, e.g., short tandem repeats (STRs),
simple sequence repeats (SSRs); and mammalian-wide interspersed repeats (MIRs).

[00152] In one embodiment, the repeat is an Alu repeat.

4. QUANTITATIVE GENETIC ANALYSIS

[00153] In various embodiments, a method for genetic analysis of genomic
DNA, e.g. genomic cellular or ¢cfDNA, comprises quantitative genetic analysis of one or
more target genetic loci of the DNA library clones. Quantitative genetic analysis comprises
one or more of, or all of, the following steps: capturing DNA clones comprising a target
genetic locus; amplification of the captured targeted genetic locus; sequencing of the
amplified captured targeted genetic locus; and bioinformatic analysis of the resulting
sequence reads. As used herein, the terms “DNA library clone” refer to a DNA library
fragment wherein the combination of the adaptor and the genomic DNA fragment result in a
unique DNA sequence (e.g., a DNA sequence that can be distinguished from that of another
DNA library clone).

(a) Capture of Target Genetic Locus
[00154] The present invention contemplates, in part, a capture probe module

designed to retain the efficiency and reliability of larger probes but that minimizes
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uninformative sequence generation in a genomic DNA library that comprises smaller DNA
fragments, e.g., a cfDNA clone library. A “capture probe” or “capture probe module™ as used
herein, are used interchangeably and refer to a polynucleotide that comprises a capture probe
sequence and a tail sequence. In particular embodiments, the capture probe module sequence
or a portion thereof serves as a primer binding site for one or more sequencing primers.

[00155] In particular embodiments, a capture probe module comprises a
capture probe. As used herein a “capture probe” refers to a region capable of hybridizing to a
specific DNA target region. In some embodiments, the capture probes are used with genomic
DNA library constructed from cellular DNA. In particular embodiments, the capture probes
are used with genomic DNA library constructed from cfDNA. Because the average size of
cfDNA is about 150 to about 170 bp and is highly fragmented, certain embodiments are
directed compositions and methods contemplated herein comprise the use of high density and
relatively short capture probes to interrogate DNA target regions of interest. In some
embodiments, the capture probes are capable of hybridizing to DNA target regions that are
distributed across all chromosomal segments at a uniform density. A set of such capture
probes is referred to herein as “chromosomal stability probes.” Chromosomal stability probes
are used to interrogate copy number variations on a genome-wide scale in order to provide a
genome-wise measurement of chromosomal copy number (e.g., chromosomal ploidy).

[00156] One particular concern with using high density capture probes is that
generally capture probes are designed using specific “sequence rules.” For example, regions
of redundant sequence or that exhibit extreme base composition biases are generally excluded
in designing capture probes. However, the present inventors have discovered that the lack of
flexibility in capture probe design rules does not substantially impact probe performance. In
contrast, capture probes chosen strictly by positional constraint provided on-target sequence
information; exhibit very little off-target and unmappable read capture; and yield uniform,
useful, on-target reads with only few exceptions. Moreover, the high redundancy at close
probe spacing more than compensates for occasional poor-performing capture probes.

[00157] In particular embodiments, a target region is targeted by a plurality of
capture probes, wherein any two or more capture probes are designed to bind to the target
region within 10 nucleotides of each other, within 15 nucleotides of each other, within 20
nucleotides of each other, within 25 nucleotides of each other, within 30 nucleotides of each

other, within 35 nucleotides of each other, within 40 nucleotides of each other, within 45
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nucleotides of each other, or within 50 nucleotides or more of each other, as well as all
intervening nucleotide lengths.

[00158] In one embodiment, the capture probe is about 25 nucleotides, about
26 nucleotides, about 27 nucleotides, about 28 nucleotides, about 29 nucleotides, about 30
nucleotides, about 31 nucleotides, about 32 nucleotides, about 33 nucleotides, about 34
nucleotides, about 35 nucleotides, about 36 nucleotides, about 37 nucleotides, about 38
nucleotides, about 39 nucleotides, about 40 nucleotides, about 41 nucleotides, about 42
nucleotides, about 43 nucleotides, about 44 nucleotides, or about 45 nucleotides.

[00159] In one embodiment, the capture probe is about 100 nucleotides, about
200 nucleotides, about 300 nucleotides, about 400 nucleotides, or about 100 nucleotides. In
another embodiment, the capture probe is from about 100 nucleotides to about 500
nucleotides, about 200 nucleotides to about 500 nucleotides, about 300 nucleotides to about
500 nucleotides, or about 400 nucleotides to about 500 nucleotides, or any intervening range
thereof.

[00160] In a particular embodiment, the capture probe is 60 nucleotides. In
another embodiment, the capture probe is substantially smaller than 60 nucleotides but
hybridizes comparably, as well as, or better than a 60 nucleotide capture probe targeting the
same DNA target region. In a certain embodiment, the capture probe is 40 nucleotides.

[00161] In certain embodiments, a capture probe module comprises a tail
sequence. As used herein, the term “tail sequence” refers to a polynucleotide at the 5" end of
the capture probe module, which in particular embodiments can serve as a primer binding
site. In particular embodiments, a sequencing primer binds to the primer binding site in the
tail region.

[00162] In particular embodiments, the tail sequence is about 5 to about 100
nucleotides, about 10 to about 100 nucleotides, about 5 to about 75 nucleotides, about 5 to
about 50 nucleotides, about 5 to about 25 nucleotides, or about 5 to about 20 nucleotides. In
certain embodiments, the third region is from about 10 to about 50 nucleotides, about 15 to
about 40 nucleotides, about 20 to about 30 nucleotides or about 20 nucleotides, or any
intervening number of nucleotides.

[00163] In particular embodiments, the tail sequence is about 30 nucleotides,
about 31 nucleotides, about 32 nucleotides, about 33 nucleotides, about 34 nucleotides, about
35 nucleotides, about 36 nucleotides, about 37 nucleotides, about 38 nucleotides, about 39

nucleotides, or about 40 nucleotides.
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[00164] In various embodiments, the capture probe module comprises a
specific member of a binding pair to enable isolation and/or purification of one or more
captured fragments of a tagged and or amplified genomic DNA library (e.g., a cellular or
cfDNA library) that hybridizes to the capture probe. In particular embodiments, the capture
probe module is conjugate to biotin or another suitable hapten, e.g., dinitrophenol,
digoxigenin.

[00165] In various embodiments, the capture probe module is hybridized to a
tagged and optionally amplified DNA library to form a complex. In some embodiments, the
multifunctional capture probe module substantially hybridizes to a specific genomic target
region in the DNA library.

[00166] Hybridization or hybridizing conditions can include any reaction
conditions where two nucleotide sequences form a stable complex; for example, the tagged
DNA library and capture probe module forming a stable tagged DNA library —capture probe
module complex. Such reaction conditions are well known in the art and those of skill in the
art will appreciated that such conditions can be modified as appropriate, e.g., decreased
annealing temperatures with shorter length capture probes, and within the scope of the
present invention. Substantial hybridization can occur when the second region of the capture
probe complex exhibits 100%, 99%, 98%, 97%, 96%, 95%, 94%, 93%, 92% 91%, 90%,
89%, 88%, 85%, 80%, 75%, or 70% sequence identity, homology or complementarity to a
region of the tagged DNA library.

[00167] In particular embodiments, the capture probe is about 40 nucleotides
and has an optimal annealing temperature of about 44° C to about 47° C.

[00168] In certain embodiments, the methods contemplated herein comprise
isolating a tagged cfDNA library—capture probe module complex. In particular
embodiments, methods for isolating DNA complexes are well known to those skilled in the
art and any methods deemed appropriate by one of skill in the art can be employed with the
methods of the present invention (Ausubel et al., Current Protocols in Molecular Biology,
2007-2012). In particular embodiments, the complexes are isolated using biotin—streptavidin
isolation techniques.

[00169] In particular embodiments, removal of the single stranded 3’-ends from
the isolated tagged DNA library fragments-capture probe module complex is contemplated.

In certain embodiments, the methods comprise 3’-5" exonuclease enzymatic processing of the
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isolated tagged DNA library-multifunctional capture probe module complex to remove the
single stranded 3’ ends.

[00170] In certain other embodiments, the methods comprise performing 5'-3’
DNA polymerase extension of multifunctional capture probe utilizing the isolated tagged
DNA library fragments as template.

[00171] In certain other embodiments, the methods comprise creating a hybrid
capture probe-isolated tagged DNA target molecule, e.g., a tagged ¢fDNA target molecule or
a tagged cellular DNA target molecule, through the concerted action of a 5° FLAP
endonuclease, DNA polymerization and nick closure by a DNA ligase.

[00172] A variety of enzymes can be employed for the 3'-5" exonuclease
enzymatic processing of the isolated tagged DNA library-multifunctional capture probe
module complex. Illustrative examples of suitable enzymes, which exhibit 3'-5" exonuclease
enzymatic activity, that can be employed in particular embodiments include, but are not
limited to: T4 or Exonucleases I, III, V (See also, Shevelev 1V, Hibscher U., Nat Rev Mol
Cell Biol. 3(5):364-76 (2002)). In particular embodiments, the enzyme comprising 3'-5’
exonuclease activity is T4 polymerase. In particular embodiments, an enzyme which exhibits
3'-5" exonuclease enzymatic activity and is capable of primer template extension can be
employed, including for example T4 or Exonucleases I, III, V. /d.

[00173] In some embodiments, the methods contemplated herein comprise
performing sequencing and/or PCR on the 3'-5' exonuclease enzymatically processed
complex discussed supra and elsewhere herein. In particular embodiments, a tail portion of a
capture probe molecule is copied in order to generate a hybrid nucleic acid molecule. In one
embodiment, the hybrid nucleic acid molecule generated comprises the target region capable
of hybridizing to the capture probe module and the complement of the capture probe module
tail sequence.

[00174] In a particular embodiment, genetic analysis comprises a) hybridizing
one or more capture probe modules to one or more target genetic loci in a plurality of
genomic DNA library clones to form one or more capture probe module-DNA library clone
complexes; b) isolating the one or more capture probe module-DNA library clone complexes
from a); ¢) enzymatically processing the one or more isolated capture probe module-DNA
library clone complexes from step b); d) performing PCR on the enzymatically processed
complex from c¢) wherein the tail portion of the capture probe molecule is copied in order to

generate amplified hybrid nucleic acid molecules, wherein the amplified hybrid nucleic acid
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molecules comprise a target sequence in the target genomic locus capable of hybridizing to
the capture probe and the complement of the capture probe module tail sequence; and e)
performing quantitative genetic analysis on the amplified hybrid nucleic acid molecules from
d).

[00175] In a particular embodiment, methods for determining copy number of a
specific target genetic locus are contemplated comprising: a) hybridizing one or more capture
probe modules to one or more target genetic loci in a plurality of DNA library clones to form
one or more capture probe module-DNA library clone complexes; b) isolating the one or
more capture probe module-DNA library clone complexes from a); ¢) enzymatically
processing the one or more isolated capture probe module-DNA library clone complexes
from step b); d) performing PCR on the enzymatically processed complex from c¢) wherein
the tail portion of the capture probe molecule is copied in order to generate amplified hybrid
nucleic acid molecules, wherein the amplified hybrid nucleic acid molecules comprise a
target sequence in the target genetic locus capable of hybridizing to the capture probe and the
complement of the capture probe module tail sequence; e) performing PCR amplification of
the amplified hybrid nucleic acid molecules in d); and f) quantitating the PCR reaction in e),
wherein the quantitation allows for a determination of copy number of the specific target
region.

[00176] In one embodiment, the enzymatic processing of step ¢) comprises
performing 3’-5’ exonuclease enzymatic processing on the one or more capture probe
module-DNA library clone complexes from b) using an enzyme with 3’-5" exonuclease
activity to remove the single stranded 3’ ends; creating one or more hybrid capture probe
module-cfDNA library clone molecules through the concerted action of a 5° FLAP
endonuclease, DNA polymerization and nick closure by a DNA ligase; or performing 5'-3’
DNA polymerase extension of the capture probe using the isolated DNA clone in the
complex as a template.

[00177] In one embodiment, the enzymatic processing of step ¢) comprises
performing 5'-3" DNA polymerase extension of the capture probe using the isolated DNA
clone in the complex as a template.

[00178] In particular embodiments, PCR can be performed using any standard
PCR reaction conditions well known to those of skill in the art. In certain embodiments, the
PCR reaction in e) employs two PCR primers. In one embodiment, the PCR reaction in e)

employs a first PCR primer that hybridizes to a repeat within the target genetic locus. In a
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particular embodiment, the PCR reaction in e) employs a second PCR primer that hybridizes
to the hybrid nucleic acid molecules at the target genetic locus/tail junction. In certain
embodiments, the PCR reaction in e) employs a first PCR primer that hybridizes to the target
genetic locus and a second PCR primer hybridizes to the amplified hybrid nucleic acid
molecules at the target genetic locus/tail junction. In particular embodiments, the second
primer hybridizes to the target genetic locus/tail junction such that at least one or more
nucleotides of the primer hybridize to the target genetic locus and at least one or more
nucleotides of the primer hybridize to the tail sequence.

[00179] In certain embodiments, the amplified hybrid nucleic acid molecules
obtained from step e) are sequenced and the sequences aligned horizontally, i.e., aligned to
one another but not aligned to a reference sequence. In particular embodiments, steps a)
through e) are repeated one or more times with one or more capture probe modules. The
capture probe modules can be the same or different and designed to target either cfDNA
strand of a target genetic locus. In some embodiments, when the capture probes are different,
they hybridize at overlapping or adjacent target sequences within a target genetic locus in the
tagged cfDNA clone library. In one embodiment, a high density capture probe strategy is
used wherein a plurality of capture probes hybridize to a target genetic locus, and wherein
each of the plurality of capture probes hybridizes to the target genetic locus within about 5,
10, 15, 20, 25, 30, 35, 40, 45, 50, 100, 200 bp or more of any other capture probe that
hybridizes to the target genetic locus in a tagged DNA clone library, including all intervening
distances.

[00180] In some embodiments, the method can be performed using two capture
probe modules per target genetic locus, wherein one hybridizes to the “Watson™ strand (non-
coding or template strand) upstream of the target region and one hybridizes to the “Crick™
strand (coding or non-template strand) downstream of the target region.

[00181] In particular embodiments, the methods contemplated herein can
further be performed multiple times with any number of capture probe modules, for example
2,3,4,5,6,7,8,9, or 10 or more capture probe modules per target genetic locus any number
of which hybridize to the Watson or Crick strand in any combination. In some embodiments,
the sequences obtained can be aligned to one another in order to identify any of a number of
differences.

[00182] In certain embodiments, a plurality of target genetic loci are

interrogated, e.g., 100, 200, 300, 400, 500, 600, 700, 800, 900, 1000, 1500, 2000, 2500, 3000,
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3500, 4000, 4500, 5000, 10000, 50000, 100000, 500000 or more in a single reaction, using

one or more capture probe modules.

(b) Sequencing

[00183] In particular embodiments, the quantitative genetic analysis comprises
sequencing a plurality of hybrid nucleic acid molecules, as discussed elsewhere herein, supra,
to generate sufficient sequencing depths to obtain a plurality of unique sequencing reads. The
terms “unique reads” or “unique genomic sequences” (UGS) are used interchangeably herein
and are identified by grouping individual redundant reads together into a “family.”
Redundant reads are sequence reads that share an identical UMIE (e.g., share the same read
code and the same DNA sequence start position within genomic sequence) and are derived
from a single attachment event and are therefore amplification-derived “siblings™ of one
another. A single consensus representative of a family of redundant reads is carried forward
as a unique read or UGS. Each unique read or UGS is considered a unique attachment event.
The sum of unique reads corresponding to a particular capture probe is referred to as the “raw
genomic depth” (RGD) for that particular capture probe. Each capture probe vields a set of
unique reads that are computationally distilled from total reads by grouping into families. The
unique reads for a given sample (e.g., raw genomic depth for a sample) are then computed as
the average of all the unique reads observed on a probe-by-probe basis. Unique reads are
important because each unique read must be derived from a unique genomic DNA clone.
Each unique read represents the input and analysis of a haploid equivalent of genomic DNA.
The sum of unique reads is the sum of haploid genomes analyzed. The number of genomes
analyzed, in turn, defines the sensitivity of the sequencing assay. By way of a non-limiting
example, if the average unique read count is 100 genome equivalents, then that particular
assay has a sensitivity of being able to detect one mutant read in 100, or 1%. Any observation
less than this is not defensible.

[00184] Cases where there is an obvious copy number change (e.g., instances
of noisy probes) are excluded from the data set used to compute the sample average. Herein,
a “noisy probe” refers to a probe that captures a highly variable number of unique reads
among a large set identical samples (e.g., a highly variable number of unique reads among 12
— 16 sample replicates). In some embodiments, the number of unique reads associated with a

noisy probe is increased compared to the average number of unique reads for the sample by
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50% or more. In some embodiments, the number of unique reads associated with a noisy
probe is decreased compared to the average number of unique reads for the sample by 50% or
more. In some embodiments, about 2% to about 4% of probes used in a particular analysis are
identified as noisy probes and are excluded from calculations to determine the average
number of unique reads for a given sample.

[00185] In some embodiments, sequencing reads are identified as either “on-
target reads” or “off-target reads.” On-target reads possess a genomic DNA sequence that
maps within the vicinity of a capture probe used to create the genomic library. In some
embodiments, where each genomic sequence is physically linked to a specific capture probe
and where the sequence of the genomic segment and capture probe are both determined as a
unified piece of information, an on-target read is defined as any genomic sequence whose
starting coordinate maps within 400 bp, and more generally within 200 bp of the 3” end of the
corresponding capture probe. Off-target reads are defined as having genomic sequence that
aligns to the reference genome at a location > 500 base pairs (and more often mapping to
entirely different chromosomes) relative to the capture probe.

[00186] In particular embodiments, the quantitative genetic analysis comprises
multiplex sequencing of hybrid nucleic acid molecules derived from a plurality of samples.

[00187] In various embodiments, the quantitative genetic analysis comprises
obtaining one or more or a plurality of tagged DNA library clones, each clone comprising a
first DNA sequence and a second DN A sequence, wherein the first DNA sequence comprises
a sequence in a targeted genetic locus and the second DNA sequence comprises a capture
probe sequence; performing a paired end sequencing reaction on the one or more clones and
obtaining one or more sequencing reads or performing a sequencing reaction on the one or
more clones in which a single long sequencing read of greater than about 100, 200, 300, 400,
500 or more nucleotides is obtained, wherein the read is sufficient to identify both the first
DNA sequence and the second DNA sequence; and ordering or clustering the sequencing

reads of the one or more clones according to the probe sequences of the sequencing reads.

(¢) Bioinformatics Analysis

[00188] In various embodiments, the quantitative genetic analysis further
comprises bioinformatic analysis of the sequencing reads. Bioinformatic analysis excludes
any purely mental analysis performed in the absence of a composition or method for

sequencing. In certain embodiments, bioinformatics analysis includes, but is not limited to:
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sequence alignments; genome equivalents analysis; single nucleotide variant (SNV) analysis;
gene copy number variation (CNV) analysis; measurement of chromosomal copy number;
and detection of genetic lesions. In particular embodiments, bioinformatics analysis is useful
to quantify the number of genome equivalents analyzed in the cfDNA clone library; to detect
the genetic state of a target genetic locus; to detect genetic lesions in a target genetic locus;
and to measure copy number fluctuations within a target genetic locus.

[00189] Sequence alignments may be performed between the sequence reads
and one or more human reference DNA sequences. In particular embodiments, sequencing
alignments can be used to detect genetic lesions in a target genetic locus including, but not
limited to detection of a nucleotide transition or transversion, a nucleotide insertion or
deletion, a genomic rearrangement, a change in copy number, or a gene fusion. Detection of
genetic lesions that are causal or prognostic indicators may be useful in the diagnosis,
prognosis, treatment, and/or monitoring of a particular genetic condition or disease.

[00190] Also contemplated herein, are methods for sequence alignment
analysis that can be performed without the need for alignment to a reference sequence,
referred to herein as horizontal sequence analysis. Such analysis can be performed on any
sequences generated by the methods contemplated herein or any other methods. In particular
embodiments, the sequence analysis comprises performing sequence alignments on the reads
obtained by the methods contemplated herein.

[00191] In one embodiment, the genome equivalents in a cfDNA clone library
are determined using bioinformatics-based counting after sequencing is performed. Each
sequencing read is associated with a particular capture probe, and the collection of reads
assigned to each capture probe is parsed into groups. Within a group, sets of individual reads
share the same read code and the same DNA sequence start position within genomic
sequence. These individual reads are grouped into a “family” and a single consensus
representative of this family is carried forward as a “unique read.” All of the individual reads
that constituted a family are derived from a single attachment event and thus, they are
amplification-derived “siblings™ of one another. Each unique read is considered a unique
attachment event and the sum of unique reads is considered equivalent to the number of
genome equivalents analyzed.

[00192] As the number of unique clones approaches the total number of
possible sequence combinations, probability dictates that the same code and start site

combinations will be created by independent events and that these independent events will be
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inappropriately grouped within single families. The net result will be an underestimate of
genome equivalents analyzed, and rare mutant reads may be discarded as sequencing errors
because they overlap with wild-type reads bearing the same identifiers.

[00193] In particular embodiments, to provide an accurate analysis for cfDNA
clone libraries, the number of genome equivalents analyzed is about 1/10, about 1/12, about
1/14, about 1/16, about 1/18, about 1/20, about 1/25 or less the number of possible unique
clones. It should be understood that the procedure outlined above is merely illustrative and
not limiting.

[00194] In some embodiments, the number of genome equivalents to be
analyzed may need to be increased. To expand the depth of genome equivalents, at least two
solutions are contemplated. The first solution is to use more than one adaptor set per sample.
By combining adaptors, it is possible to multiplicatively expand the total number of possible
clones and therefore, expand the comfortable limits of genomic input. The second solution is
to expand the read code by 1, 2, 3, 4, or 5, or more bases. The number of possible read codes
that differ by at least 2 bases from every other read code scales as 4D where n is the number
of bases within a read code. Thus, in a non-limiting example, if a read code is 5 nucleotides
and 46G-D = 256; therefore, the inclusion of additional bases expands the available repertoire
by a factor of four for each additional base.

[00195] In one embodiment, quantitative genetic analysis comprises
bioinformatic analysis of sequencing reads to identify rare single nucleotide variants (SNV).

[00196] Next-generation sequencing has an inherent error rate of roughly 0.02-
0.02%, meaning that anywhere from 1/200 to 1/500 base calls are incorrect. To detect
variants and other mutations that occur at frequencies lower than this, for example at
frequencies of 1 per 1000 sequences, it is necessary to invoke molecular annotation
strategies. By way of a non-limiting example, analysis of 5000 unique molecules using
targeted sequence capture technology would generate — at sufficient sequencing depths of
>50,000 reads — a collection of 5000 unique reads, with each unique read belonging to a
“family” of reads that all possess the same read code. A SNV that occurs within a family is a
candidate for being a rare variant. When this same variant is observed in more than one
family, it becomes a very strong candidate for being a rare variant that exists within the
starting sample. In contrast, variants that occur sporadically within families are likely to be

sequencing errors and variants that occur within one and only one family are either rare or the
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result of a base alteration that occurred ex vivo (e.g., oxidation of a DNA base or PCR-
introduced errors).

[00197] In one embodiment, the methods of detecting SNVs comprise
introducing 10-fold more genomic input (genomes or genome equivalents) as the desired
target sensitivity of the assay. In one non-limiting example, if the desired sensitivity is 2% (2
in 100), then the experimental target is an input of 2000 genomes.

[00198] In particular embodiments, bioinformatics analysis of sequencing data
is used to detect or identify SNV associated with a genetic state, condition or disease, genetic
mosaicism, fetal testing, paternity testing, predicting response to drug treatment, diagnosing
or monitoring a medical condition, microbiome profiling, pathogen screening, and
monitoring organ transplants.

[00199] In various embodiments, a method for copy number determination
analysis is provided comprising obtaining one or more or a plurality of clones, each clone
comprising a first DNA sequence and a second DNA sequence, wherein the first DNA
sequence comprises a sequence in a targeted genetic locus and the second DNA sequence
comprises a capture probe sequence. In related embodiments, a paired end sequencing
reaction on the one or more clones is performed and one or more sequencing reads are
obtained. In another embodiment, a sequencing reaction on the one or more clones is
performed in which a single long sequencing read of greater than about 100 nucleotides is
obtained, wherein the read is sufficient to identify both the first DNA sequence and the
second DNA sequence. The sequencing reads of the one or more clones can be ordered or
clustered according to the probe sequence of the sequencing reads.

[00200] Copy number analyses include, but are not limited to, analyses that
examine the number of copies of a particular gene or mutation that occurs in a given genomic
DNA sample and can further include quantitative determination of the number of copies of a
given gene or sequence differences in a given sample. In particular embodiments, copy
number analysis is used to detect or identify gene amplification associated with genetic states,
conditions, or diseases, fetal testing, genetic mosaicism, paternity testing, predicting response
to drug treatment, diagnosing or monitoring a medical condition, microbiome profiling,
pathogen screening, and monitoring organ transplants.

[00201] In some embodiments, copy number analysis is used to measure
chromosomal instability. In such embodiments, sets of capture probes that comprise

chromosomal stability probes are used to determine copy number variations at a uniform
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density across all sets of chromosomes. Copy number analyses are performed for each
chromosomal stability probe and the chromosomal stability probes are then ordered
according to their chromosomal target. This allows for visualization of copy number losses or
gains across the genome and can serve as a measure of chromosomal stability.

[00202] In particular embodiments, bioinformatics analysis of sequencing data
is used to detect or identify one or more sequences or genetic lesions in a target locus
including, but not limited to detection of a nucleotide transition or transversion, a nucleotide
insertion or deletion, a genomic rearrangement, a change in copy number, or a gene fusion.
Detection of genetic lesions that are causal or prognostic indicators may be useful in the
diagnosis, prognosis, treatment, and/or monitoring of a particular genetic condition or
disease. In one embodiment, genetic lesions are associated with genetic states, conditions, or
diseases, fetal testing, genetic mosaicism, paternity testing, predicting response to drug
treatment, diagnosing or monitoring a medical condition, microbiome profiling, pathogen

screening, and monitoring organ transplants.

D. CLINICAL APPLICATIONS OF QUANTITATIVE CNL ASSAYS

[00203] In various embodiments, the present invention contemplates a method
of detecting, identifying, predicting, diagnosing, or monitoring a condition or disease in a
subject by detecting a mutational change, SNP, translocation, inversion, deletion, change in

copy number or other genetic variation in a region of interest.

E. CLINICAL APPLICATIONS OF QUANTITATIVE GENETIC ANALYSIS

[00204] In various embodiments, the present invention contemplates a method
of detecting, identifying, predicting, diagnosing, or monitoring a condition or disease in a
subject.

[00205] In particular embodiments, a method of detecting, identifying,
predicting, diagnosing, or monitoring a genetic state, condition or disease in a subject
comprises performing a quantitative genetic analysis of one or more target genetic loci in a
DNA clone library to detect or identify a change in the sequence at the one or more target

genetic loci. In some embodiments, the change is a change in copy number.
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[00206] In one embodiment, a method of detecting, identifying, predicting,
diagnosing, or monitoring a genetic state, condition or disease comprises isolating or
obtaining cellular DNA or cfDNA from a biological sample of a subject; treating the cellular
DNA or cfDNA with one or more end-repair enzymes to generate end-repaired DNA;
attaching one or more adaptors to each end of the end-repaired DNA to generate a genomic
DNA library; amplifying the DNA library to generate a DNA clone library; determining the
number of genome equivalents in the DNA clone library; and performing a quantitative
genetic analysis of one or more target genetic loci in a DNA clone library to detect or identify
a change in the sequence, e.g., an SNP, a translocation, an inversion, a deletion, or a change
in copy number at of the one or more target genetic loci.

[00207] In particular embodiments, a method of detecting, identifying,
predicting, diagnosing, or monitoring a genetic state, or genetic condition or disease selected
from the group consisting of: genetic diseases; genetic mosaicism; fetal testing; paternity
testing; paternity testing; predicting response to drug treatment; diagnosing or monitoring a
medical condition, microbiome profiling; pathogen screening; and organ transplant
monitoring comprising isolating or obtaining genomic DNA from a biological sample of a
subject; treating the DNA with one or more end-repair enzymes to generate end-repaired
DNA; attaching one or more adaptors to each end of the end-repaired DNA to generate a
genomic DNA library; amplifying the genomic DNA library to generate a DNA clone library;
determining the number of genome equivalents in the DNA clone library; and performing a
quantitative genetic analysis of one or more target genetic loci in a DNA clone library to
detect or identify a nucleotide transition or transversion, a nucleotide insertion or deletion, a
genomic rearrangement, a change in copy number, or a gene fusion in the sequence at the one
or more target genetic loci.

[00208] Ilustrative examples of genetic diseases that can be detected,
identified, predicted, diagnosed, or monitored with the compositions and methods
contemplated herein include, but are not limited to cancer, Alzheimer’s disease (APOE1),
Charcot-Marie-Tooth disease, Leber hereditary optic neuropathy (LHON), Angelman
syndrome (UBE3A, ubiquitin-protein ligase E3A), Prader-Willi syndrome (region in
chromosome 15), B-Thalassaemia (HBB, B-Globin), Gaucher disease (type 1) (GBA,
Glucocerebrosidase), Cystic fibrosis (CFTR Epithelial chloride channel), Sickle cell disease
(HBB, B-Globin), Tay—Sachs disease (HEXA, Hexosaminidase A), Phenylketonuria (PAH,
Phenylalanine hydrolyase), Familial hypercholesterolaemia (LDLR, Low density lipoprotein
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receptor), Adult polycystic kidney disease (PKD1, Polycystin), Huntington disease (HDD,
Huntingtin), Neurofibromatosis type I (NF1, NF1 tumour suppressor gene), Myotonic
dystrophy (DM, Myotonin), Tuberous sclerosis (TSC1, Tuberin), Achondroplasia (FGFR3,
Fibroblast growth factor receptor), Fragile X syndrome (FMR1, RNA-binding protein),
Duchenne muscular dystrophy (DMD, Dystrophin), Haemophilia A (F8C, Blood coagulation
factor VIII), Lesch—-Nyhan syndrome (HPRT1, Hypoxanthine guanine ribosyltransferase 1),
and Adrenoleukodystrophy (ABCD1).

[00209] Ilustrative examples of cancers that can be detected, identified,
predicted, diagnosed, or monitored with the compositions and methods contemplated herein
include, but are not limited to: B cell cancer, e.g., multiple myeloma, melanomas, breast
cancer, lung cancer (such as non-small cell lung carcinoma or NSCLC), bronchus cancer,
colorectal cancer, prostate cancer, pancreatic cancer, stomach cancer, ovarian cancer, urinary
bladder cancer, brain or central nervous system cancer, peripheral nervous system cancer,
esophageal cancer, cervical cancer, uterine or endometrial cancer, cancer of the oral cavity or
pharynx, liver cancer, kidney cancer, testicular cancer, biliary tract cancer, small bowel or
appendix cancer, salivary gland cancer, thyroid gland cancer, adrenal gland cancer,
osteosarcoma, chondrosarcoma, cancer of hematological tissues, adenocarcinomas,
inflammatory myofibroblastic tumors, gastrointestinal stromal tumor (GIST), colon cancer,
multiple myeloma (MM), myelodysplastic syndrome (MDS), myeloproliferative disorder
(MPD), acute lymphocytic leukemia (ALL), acute myelocytic leukemia (AML), chronic
myelocytic leukemia (CML), chronic lymphocytic leukemia (CLL), polycythemia Vera,
Hodgkin lymphoma, non-Hodgkin lymphoma (NHL), soft-tissue sarcoma, fibrosarcoma,
myxosarcoma, liposarcoma, osteogenic sarcoma, chordoma, angiosarcoma,
endotheliosarcoma, lymphangiosarcoma, lymphangioendotheliosarcoma, synovioma,
mesothelioma, Ewing's tumor, leiomyosarcoma, rhabdomyosarcoma, squamous cell
carcinoma, basal cell carcinoma, adenocarcinoma, sweat gland carcinoma, sebaceous gland
carcinoma, papillary carcinoma, papillary adenocarcinomas, medullary carcinoma,
bronchogenic carcinoma, renal cell carcinoma, hepatoma, bile duct carcinoma,
choriocarcinoma, seminoma, embryonal carcinoma, Wilms' tumor, bladder carcinoma,
epithelial carcinoma, glioma, astrocytoma, medulloblastoma, craniopharyngioma,
ependymoma, pinealoma, hemangioblastoma, acoustic neuroma, oligodendroglioma,
meningioma, neuroblastoma, retinoblastoma, follicular lymphoma, diffuse large B-cell

lymphoma, mantle cell lymphoma, hepatocellular carcinoma, thyroid cancer, gastric cancer,
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head and neck cancer, small cell cancers, essential thrombocythemia, agnogenic myeloid
metaplasia, hypereosinophilic syndrome, systemic mastocytosis, familiar hypereosinophilia,
chronic eosinophilic leukemia, neuroendocrine cancers, carcinoid tumors, and the like.

[00210] In one embodiment, the genetic lesion is a lesion annotated in the
Cosmic database (the lesions and sequence data are available online and can be downloaded
from the Cancer Gene Census section of the Cosmic website) or a lesion annotated in the
Cancer Genome Atlas (the lesions and sequence data are available online and can be
downloaded from The Cancer Genome Atlas website).

[00211] Ilustrative examples of genes that harbor one or more genetic lesions
associated with cancer that can be detected, identified, predicted, diagnosed, or monitored
with the compositions and methods contemplated herein include, but are not limited to
ABCBI1, ABCC2, ABCC4, ABCG2, ABLI, ABL2, AKT1, AKT2, AKT3, ALDH4A1, ALK,
APC, AR, ARAF, ARFRP1, ARID1A, ATM, ATR, AURKA, AURKB, BCL2, BCL2Al,
BCL2L1, BCL2L2, BCL6, BRAF, BRCA1, BRCA2, Clorfl44, CARD11, CBL, CCNDI,
CCND2, CCND3, CCNEIl, CDHI1, CDH2, CDH20, CDH5, CDK4, CDK6, CDKS,
CDKN2A, CDKN2B, CDKN2C, CEBPA, CHEKI1, CHEK2, CRKL, CRLF2, CTNNBI,
CYP1BI1, CYP2C19, CYP2C8, CYP2D6, CYP3A4, CYP3A5, DNMT3A, DOTIL, DPYD,
EGFR, EPHA3, EPHAS, EPHA6, EPHA7, EPHB1, EPHB4, EPHB6, EPHX1, ERBB2,
ERBB3, ERBB4, ERCC2, ERG, ESR1, ESR2, ETV1, ETV4, ETVS5, ETV6, EWSR1, EZH2,
FANCA, FBXW7, FCGR3A, FGFR1, FGFR2, FGFR3, FGFR4, FLT1, FLT3, FLT4,
FOXP4, GATAI, GNAI11, GNAQ, GNAS, GPR124, GSTP1, GUCY1A2, HOXA3, HRAS,
HSP90AAL, IDH1, IDH2, IGFIR, IGF2R, IKBKE, IKZF1, INHBA, IRS2, ITPA, JAKI,
JAK2, JAK3, JUN, KDR, KIT, KRAS, LRPIB, LRP2, LTK, MANIB1, MAP2K],
MAP2K2, MAP2K4, MCL1, MDM2, MDM4, MEN1, MET, MITF, MLH1, MLL, MPL,
MRE11A, MSH2, MSH6, MTHFR, MTOR, MUTYH, MYC, MYCL1, MYCN, NF1, NF2,
NKX2-1, NOTCHI, NPMI, NQOI, NRAS, NRP2, NTRKI, NTRK3, PAK3, PAXS,
PDGFRA, PDGFRB, PIK3CA, PIK3R1, PKHDI1, PLCGIl, PRKDC, PTCHI, PTEN,
PTPN11, PTPRD, RAF1, RARA, RBI, RET, RICTOR, RPTOR, RUNXI, SLCI9AI,
SLC22A2, SLCO1B3, SMAD2, SMAD3, SMAD4, SMARCA4, SMARCBI1, SMO, SOD2,
SOX10, SOX2, SRC, STKI11, SULT1A1, TBX22, TET2, TGFBR2, TMPRSS2, TNFRSF 14,
TOP1, TP53, TPMT, TSC1, TSC2, TYMS, UGT1A1l, UMPS, USP9X, VHL, and WTI.
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[00212] In particular embodiments, the genetic lesion comprises a nucleotide
transition or transversion, a nucleotide insertion or deletion, a genomic rearrangement, a
change in copy number, or a gene fusion.

[00213] In one embodiment, the genetic lesion is a gene fusion that fuses the 3’
coding region of the ALK gene to another gene.

[00214] In one embodiment, the genetic lesion is a gene fusion that fuses the 3’
coding region of the ALK gene to the EML4 gene.

[00215] Ilustrative examples of conditions suitable for fetal testing that can be
detected, identified, predicted, diagnosed, or monitored with the compositions and methods
contemplated herein include but are not limited to: Down Syndrome (Trisomy 21), Edwards
Syndrome (Trisomy 18), Patau Syndrome (Trisomy 13), Klinefelter's Syndrome (XXY),
Triple X syndrome, XYY syndrome, Trisomy 8, Trisomy 16, Turner Syndrome (XO),
Robertsonian translocation, DiGeorge Syndrome and Wolf-Hirschhorn Syndrome.

[00216] Ilustrative examples of alleles suitable for paternity testing that can be
detected, identified, predicted, diagnosed, or monitored with the compositions and methods
contemplated herein include but are not limited to 16 or more of: D20S1082, D6S474,
D12ATA63, D22S1045, D10S1248, D1S1677, D11S4463, D4S2364, D9S1122, D2S1776,
D10S1425, D3S3053, D5S2500, D1S1627, D3S4529, D2S441, D17S974, D6S1017,
D4S2408, D9S2157, Amelogenin, D1781301, D1IGATAI113, DI18S853, D20S482, and
D14S1434.

[00217] Ilustrative examples of genes suitable for predicting the response to
drug treatment that can be detected, identified, predicted, diagnosed, or monitored with the
compositions and methods contemplated herein include, but are not limited to, one or more of
the following genes: ABCBI1 (ATP-binding cassette, sub-family B (MDR/TAP), member 1),
ACE (angiotensin I converting enzyme), ADH1A (alcohol dehydrogenase 1A (class I), alpha
polypeptide), ADHIB (alcohol dehydrogenase IB (class I), beta polypeptide), ADHIC
(alcohol dehydrogenase 1C (class I), gamma polypeptide), ADRBI1 (adrenergic, beta-1-,
receptor), ADRB2 (adrenergic, beta-2-, receptor, surface), AHR (aryl hydrocarbon receptor),
ALDHIA1 (aldehyde dehydrogenase 1 family, member Al), ALOXS (arachidonate 5-
lipoxygenase), BRCAL1 (breast cancer 1, early onset), COMT (catechol-O-methyltransferase),
CYP2A6 (cytochrome P450, family 2, subfamily A, polypeptide 6), CYP2B6 (cytochrome
P450, family 2, subfamily B, polypeptide 6), CYP2C9 (cytochrome P450, family 2,
subfamily C, polypeptide 9), CYP2C19 (cytochrome P450, family 2, subfamily C,
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polypeptide 19), CYP2D6 (cytochrome P450, family 2, subfamily D, polypeptide 6), CYP2J2
(cytochrome P450, family 2, subfamily J, polypeptide 2), CYP3A4 (cytochrome P450, family
3, subfamily A, polypeptide 4), CYP3AS (cytochrome P450, family 3, subfamily A,
polypeptide 5), DPYD (dihydropyrimidine dehydrogenase), DRD2 (dopamine receptor D2),
F5 (coagulation factor V), GSTP1 (glutathione S-transferase pi), HMGCR (3-hydroxy-3-
methylglutaryl-Coenzyme A reductase), KCNH2 (potassium voltage-gated channel,
subfamily H (eag-related), member 2), KCNJ11 (potassium inwardly-rectifying channel,
subfamily J, member 11), MTHFR (5,10-methylenetetrahydrofolate reductase (NADPH)),
NQO1 (NAD(P)H dehydrogenase, quinone 1), P2RY1 (purinergic receptor P2Y, G-protein
coupled, 1), P2RY12 (purinergic receptor P2Y, G-protein coupled, 12), PTGIS
(prostaglandin 12 (prostacyclin) synthase), SCN5SA (sodium channel, voltage-gated, type V,
alpha (long QT syndrome 3)), SLC19A1 (solute carrier family 19 (folate transporter),
member 1), SLCO1B1 (solute carrier organic anion transporter family, member 1B1),
SULT1A1 (sulfotransferase family, cytosolic, 1A, phenol-preferring, member 1), TPMT
(thiopurine S-methyltransferase), TYMS (thymidylate synthetase)), UGT1Al (UDP
glucuronosyltransferase 1 family, polypeptide A1), VDR (vitamin D (1,25- dihydroxyvitamin
D3) receptor), VKORCI (vitamin K epoxide reductase complex, subunit 1).

[00218] Mlustrative examples of medical conditions that can be detected,
identified, predicted, diagnosed, or monitored with the compositions and methods
contemplated herein include, but are not limited to: stroke, transient ischemic attack,
traumatic brain injury, heart disease, heart attack, angina, atherosclerosis, and high blood
pressure.

[00219] Ilustrative examples of pathogens that can be screened for with the
compositions and methods contemplated herein include, but are not limited to: bacteria fungi,
and viruses.

[00220] Ilustrative examples of bacterial species that can be screened for with
the compositions and methods contemplated herein include, but are not limited to: a
My cobacterium spp., a Pneumococcus spp., an Escherichia spp., a Campylobacter spp., a
Corynebacterium spp., a Clostridium spp., a Streptococcus spp., a Staphylococcus spp., a
Pseudomonas spp., a Shigella spp., a Treponema spp., or a Salmonella spp.

[00221] Mlustrative examples of fungal species that can be screened for with
the compositions and methods contemplated herein include, but are not limited to: an

Aspergillis spp., a Blastomyces spp., a Candida spp., a Coccicioides spp., a Cryptococcus

56



WO 2018/039463 PCT/US2017/048434

spp., dermatophytes, a Tinea spp., a Trichophyton spp., a Microsporum spp., a Fusarium spp.,
a Histoplasma spp., a Mucoromycotina spp., a Pneumocystis spp., a Sporothrix spp., an
Exserophilum spp., or a Cladosporium spp.

[00222] Ilustrative examples of viruses that can be screened for with the
compositions and methods contemplated herein include, but are not limited to: Influenza A
such as HIN1, HIN2, H3N2 and H5N1 (bird flu), Influenza B, Influenza C virus, Hepatitis A
virus, Hepatitis B virus, Hepatitis C virus, Hepatitis D virus, Hepatitis E virus, Rotavirus, any
virus of the Norwalk virus group, enteric adenoviruses, parvovirus, Dengue fever virus,
Monkey pox, Mononegavirales, Lyssavirus such as rabies virus, Lagos bat virus, Mokola
virus, Duvenhage virus, European bat virus 1 & 2 and Australian bat virus, Ephemerovirus,
Vesiculovirus, Vesicular Stomatitis Virus (VSV), Herpesviruses such as Herpes simplex
virus types 1 and 2, varicella zoster, cytomegalovirus, Epstein-Bar virus (EBV), human
herpesviruses (HHV), human herpesvirus type 6 and 8, Moloney murine leukemia virus (M-
MulLV), Moloney murine sarcoma virus (MoMSV), Harvey murine sarcoma virus
(HaMuSV), murine mammary tumor virus (MuMTYV), gibbon ape leukemia virus (GaLV),
feline leukemia virus (FLV), spumavirus, Friend murine leukemia virus, Murine Stem Cell
Virus (MSCV) and Rous Sarcoma Virus (RSV), HIV (human immunodeficiency virus;
including HIV type 1, and HIV type 2), visna-maedi virus (VMV) virus, the caprine arthritis-
encephalitis virus (CAEV), equine infectious anemia virus (EIAV), feline immunodeficiency
virus (FIV), bovine immune deficiency virus (BIV), and simian immunodeficiency virus
(S1V), papilloma virus, murine gammaherpesvirus, Arenaviruses such as Argentine
hemorrhagic fever virus, Bolivian hemorrhagic fever virus, Sabia-associated hemorrhagic
fever virus, Venezuelan hemorrhagic fever virus, Lassa fever virus, Machupo virus,
Lymphocytic choriomeningitis virus (LCMV), Bunyaviridiae such as Crimean-Congo
hemorrhagic fever virus, Hantavirus, hemorrhagic fever with renal syndrome causing virus,
Rift Valley fever virus, Filoviridae (filovirus) including Ebola hemorrhagic fever and
Marburg hemorrhagic fever, Flaviviridae including Kaysanur Forest disease virus, Omsk
hemorrhagic fever virus, Tick-borne encephalitis causing virus and Paramyxoviridae such as
Hendra virus and Nipah virus, variola major and variola minor (smallpox), alphaviruses such
as Venezuelan equine encephalitis virus, eastern equine encephalitis virus, western equine
encephalitis virus, SARS-associated coronavirus (SARS-CoV), West Nile virus, and any

encephaliltis causing virus.
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[00223] Ilustrative examples of genes suitable for monitoring an organ
transplant in a transplant recipient that can be detected, identified, predicted, diagnosed, or
monitored with the compositions and methods contemplated herein include, but are not
limited to, one or more of the following genes: HLA-A, HLA-B, HLA-C, HLA-DR, HLA-
DP, and HLA-DQ.

[00224] In particular embodiments, a bioinformatic analysis is used to quantify
the number of genome equivalents analyzed in the cfDNA clone library; detect genetic
variants in a target genetic locus; detect mutations within a target genetic locus; detect genetic
fusions within a target genetic locus; or measure copy number fluctuations within a target

genetic locus.

F. COMPANION DIAGNOSTICS

[00225] In various embodiments, a companion diagnostic for a genetic disease
is provided, comprising: isolating or obtaining genomic DNA from a biological sample of a
subject; treating the DNA with one or more end-repair enzymes to generate end-repaired
DNA; attaching one or more adaptors to each end of the end-repaired DNA to generate a
DNA library; amplifying the DNA library to generate a DNA clone library; determining the
number of genome equivalents in the DNA clone library; and performing a quantitative
genetic analysis of one or more biomarkers associated with the genetic disease in the DNA
clone library, wherein detection of, or failure to detect, at least one of the one or more
biomarkers indicates whether the subject should be treated for the genetic disease. In some
embodiments, the DNA is ¢fDNA. In particular embodiments, the DNA is cellular DNA.

[00226] As used herein, the term “companion diagnostic” refers to a diagnostic
test that is linked to a particular anti-cancer therapy. In a particular embodiment, the
diagnostic methods comprise detection of genetic lesion in a biomarker associated with in a
biological sample, thereby allowing for prompt identification of patients should or should not
be treated with the anti-cancer therapy.

[00227] Anti-cancer therapy includes, but is not limited to surgery, radiation,
chemotherapeutics, anti-cancer drugs, and immunomodulators.

[00228] Ilustrative examples of anti-cancer drugs include, but are not limited
to: alkylating agents such as thiotepa and cyclophosphamide (CYTOXAN™); alkyl

sulfonates such as busulfan, improsulfan and piposulfan; aziridines such as benzodopa,
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carboquone, meturedopa, and uredopa; ethylenimines and methylamelamines including
altretamine, triethylenemelamine, trietylenephosphoramide, triethylenethiophosphaoramide
and trimethylolomelamine resume; nitrogen mustards such as chlorambucil, chlomaphazine,
cholophosphamide, estramustine, ifosfamide, mechlorethamine, mechlorethamine oxide
hydrochloride, melphalan, novembichin, phenesterine, prednimustine, trofosfamide, uracil
mustard; nitrosureas such as carmustine, chlorozotocin, fotemustine, lomustine, nimustine,
ranimustine; antibiotics such as aclacinomysins, actinomycin, authramycin, azaserine,
bleomycins, cactinomycin, calicheamicin, carabicin, carminomycin, carzinophilin,
chromomycins, dactinomycin, daunorubicin, detorubicin, 6-diazo-5-oxo-L-norleucine,
doxorubicin and its pegylated formulations, epirubicin, esorubicin, idarubicin,
marcellomycin, mitomycins, mycophenolic acid, nogalamycin, olivomycins, peplomycin,
potfiromycin, puromycin, quelamycin, rodorubicin, streptonigrin, streptozocin, tubercidin,
ubenimex, zinostatin, zorubicin; anti-metabolites such as methotrexate and 5-fluorouracil (5-
FU); folic acid analogues such as denopterin, methotrexate, pteropterin, trimetrexate; purine
analogs such as fludarabine, 6-mercaptopurine, thiamiprine, thioguanine; pyrimidine analogs
such as ancitabine, azacitidine, 6-azauridine, carmofur, cytarabine, dideoxyuridine,
doxifluridine, enocitabine, floxuridine, 5-FU; androgens such as calusterone, dromostanolone
propionate, epitiostanol, mepitiostane, testolactone; anti-adrenals such as aminoglutethimide,
mitotane, trilostane; folic acid replenisher such as frolinic acid; aceglatone; aldophosphamide
glycoside; aminolevulinic acid; amsacrine; bestrabucil; bisantrene; edatraxate; defofamine;
demecolcine; diaziquone; elformithine; elliptinium acetate; etoglucid; gallium nitrate;
hydroxyurea; lentinan; lonidamine; mitoguazone; mitoxantrone, mopidamol; nitracrine;
pentostatin, phenamet; pirarubicin, podophyllinic acid; 2-ethylhydrazide; procarbazine;
PSK®; razoxane; sizofiran, spirogermanium; tenuazonic acid; triaziquone; 2, 2'27-
trichlorotriethylamine; urethan; vindesine; dacarbazine; mannomustine; mitobronitol;
mitolactol; pipobroman; gacytosine; arabinoside (“Ara-C”); cyclophosphamide; thiotepa;
taxoids, e.g., paclitaxel (TAXOL®, Bristol-Myers Squibb Oncology, Princeton, N.J.) and
doxetaxel (TAXOTERE®. Rhne-Poulenc Rorer, Antony, France); chlorambucil;
gemcitabine; 6-thioguanine; mercaptopurine; methotrexate; platinum analogs such as
cisplatin and carboplatin; vinblastine; platinum; etoposide (VP-16); ifosfamide; mitomycin C;
mitoxantrone; vincristing; vinorelbine; navelbine; novantrone; teniposide; aminopterin;
xeloda; ibandronate; CPT-11; topoisomerase inhibitor RFS 2000; difluoromethylomithine

(DMFO); retinoic acid derivatives such as Targretin™ (bexarotene), Panretin™ (alitretinoin);
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ONTAK™ (denileukin diftitox) ; esperamicins; capecitabine; and pharmaceutically
acceptable salts, acids or derivatives of any of the above. Also included in this definition are
anti-hormonal agents that act to regulate or inhibit hormone action on cancers such as anti-
estrogens including for example tamoxifen, raloxifene, aromatase inhibiting 4(5)-imidazoles,
4-hydroxytamoxifen, trioxifene, keoxifene, LY117018, onapristone, and toremifene
(Fareston); and anti-androgens such as flutamide, nilutamide, bicalutamide, leuprolide, and
goserelin; and pharmaceutically acceptable salts, acids or derivatives of any of the above.

[00229] Ilustrative examples of immunomodulators include, but are not limited
to: cyclosporine, tacrolimus, tresperimus, pimecrolimus, sirolimus, verolimus, laflunimus,
laquinimod and imiquimod, as well as analogs, derivatives, salts, ions and complexes thereof.

[00230] In some embodiments, an anti-cancer drug may include a poly-ADP
ribose polymerase (PARP) inhibitor. Illustrative examples of PARP inhibitors include, but
are not limited to, olaparib (AZD-2281), rucaparib (AG014699 or PF-01367338, niraparib
(MK-4827), talazoparib (BMN-673) veliparib (ABT-888), CEP 9722, E7016, BGB-290, 3-
aminobenzamide.

[00231] All publications, patent applications, and issued patents cited in this
specification are herein incorporated by reference as if each individual publication, patent
application, or issued patent were specifically and individually indicated to be incorporated
by reference. In particular, the entire contents of International PCT Publication No. WO
2016/028316 are specifically incorporated by reference.

[00232] Although the foregoing invention has been described in some detail by
way of illustration and example for purposes of clarity of understanding, it will be readily
apparent to one of ordinary skill in the art in light of the teachings of this invention that
certain changes and modifications may be made thereto without departing from the spirit or
scope of the appended claims. The following examples are provided by way of illustration
only and not by way of limitation. Those of skill in the art will readily recognize a variety of

noncritical parameters that could be changed or modified to yield essentially similar results.

EXAMPLES
Example 1: Copy Number Analysis of Samples Containing Blends Of Fragmented

Genomic DNA

[00233] Meticulous blends of fragmented genomic DNA were generated that
contained DNA derived from AATM or ABRCA2 immortalized human samples spiked into a
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fragmented wild-type human gDNA sample. The advantage of this sample type is that the
composition can be carefully controlled and sample availability is essentially unlimited.

[00234] Wild-type, human female genomic DNA was purified from whole
blood samples donated by a healthy volunteer. Genomic DNA isolated from an immortalized
cell harboring a heterozygous deletion covering the entire ATM gene (NA09596, AATM) and
a separate sample bearing a heterozygous deletion of BRCA2 (NA02718, ABRCA2) were
obtained from the Coriell repository. Importantly, these samples appeared to have an
otherwise normal ploidy across the remainder of the genomes. The AATM sample was
derived from a male donor and was therefore also hemizygous in copy number for the X-
linked AR gene. Cell free DNA (cfDNA) was obtained from healthy donor plasma samples
of female or male origin. For library construction, genomic DNA was sonicated on a setting
of 200 bp with a Covaris instrument, then further size selected using a “two-sided” DNA
bead purification. Library input DNA samples are shown in FIG. 7.

[00235] Appropriate combinations of fragmented and cfDNA samples were
blended to defined percentages, end-repaired, and converted to genomic libraries.
Approximately 500 ng of each library was combined in sets of eight samples and hybridized
to the copy number loss (CNL) prostate probe pool that contained 2304 DNA probes.
Following sample processing, each set of eight samples was sequenced on an Illumina
NextSeq NGS instrument to a depth of ~480 million pass-filter reads; this corresponds to 60
million reads/sample. Roughly 95% of reads possessed legitimate sample ID tags and aligned
to the human reference genome and of these, ~98% mapped to the intended target loci. The
overall sequencing depth, measured as the number of reads per input genome per probe
(calculated as on-target reads (60 million) divided by average genome depth (2500) and
divided by probe count (2400)) was approximately 10 reads per genome per probe. A graphic
representation of the copy number loss analysis is shown in FIG. 1. Copy number
perturbations are highlighted by arrows. (Sample 1, 5% male DNA into female DNA; sample
2, 5% AATM DNA (male) into female DNA; sample 3, 5% ABRCA2 DNA (female) into
female DNA; sample 4, pure female DNA).

[00236] The CNL caller identifies redundant reads and condenses these into a
single consensus reads that are then quantified at each probe location. This information was

further condensed into gene-by-gene copy number averages. Finally, a statistical significance
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was assigned to deviations detected in each CNL measurement; this is shown graphically as
the logioP-value of statistical significance.

[00237] FIG. 8 shows box-and-whisker plots of copy number determinations
for the AR (FIG. 8B) and ATM (FIG. 8C) genes in fragmented and blended genomic
libraries. Because the AATM sample is male, the AR gene (X-linked, hemizygous) and the
ATM gene both exhibited CNL behavior. As anticipated, the magnitude of measured copy
variation was modest. The statistical analysis shown in FIG. 9B demonstrates that the
observed copy fluctuation was statistically significant. Moreover, very little significant
fluctuation was observed in the remaining genes that were predicted to exhibit uniform copy
characteristics. These values correlated well with frequencies predicted for the various
genomic blends. FIG. 10 shows that statistically significant copy fluctuation was also readily
observed in samples that were primarily ¢cfDNA with minor spike-ins of either cfDNA from
the opposite sex or minor additions of fragmented gDNA. These values correlated well with
frequencies predicted for the various genomic blends. The results seen with both fragmented
¢DNA and with ¢fDNA were comparable, thereby demonstrating the integrity of the assay
and suggesting that the integrity will translate to clinical samples.

[00238] These data demonstrate the ability of the assay system to detect subtle
changes in gene copy number down to minor allele frequencies of 2%. While the focus of
demonstrated examples presented is on copy number loss, the technology is equally well
suited to the detection of copy number gains, including increases in gene copy that occur
through chromosomal arm duplications and focal amplifications. This assay further retains
the ability to detect other types of genomic variants, including SNVs, indels and gene fusions
(chromosomal rearrangements). Importantly, these data demonstrate that the method can be
applied to genomic DNA derived from plasma, but also to genomic DNA derived from other

sources such as tissue and other bodily sources.

Example 2: Copy number analysis of ¢cfDNA from healthy donors and a cancer patient

[00239] The following example illustrate the manner in which the molecular
features added during genomic library construction and post-hybridization processing are
used to generate copy number analysis. DNA was extracted from the plasma of sixteen
healthy donors and one castration-resistant prostate cancer patient using the Qiagen
Circulating Nucleic Acids Extraction kit (Qiagen, Hilden, Germany). The yield of double-
strand DNA was quantified using a Qubit fluorometer (Thermo Fisher, Waltham, MA) and
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the corresponding hsDNA quantitation kit. Size analysis was performed using gel
electrophoresis on 2% agarose gels with PCR markers as size standards (New England
Biolabs, Ipswich, MA). Approximately 40 — 100 ng of cfDNA, depending on the yield of
cfDNA from the sample, was used for library construction.

[00240] The basic features of library construction are illustrated in FIG. 11A —
11C. The cfDNA was first dephosphorylated and then repaired to blunt ends in a two-step
process. Short, 10 nt anchor sequences consisting of a phosphorylated ligation strand and an
inert partner strand were then ligated to the cfDNA. The eight oligonucleotides used to create

the set of four anchor sequences are shown in Table 1.

Table 1: Ligation anchor oligonucleotides

Oligo ID Nucleic Acid Sequence SEQ ID NO:
Partner strand oLigation strand oligoo_16-1 GTATGCC[3-dA-Q* 1
Partner strand oLigation strand oligoo 16-2 [ AGCGTTA[3-dC-QJ* 2
Partner strand oLigation strand oligoo 16-3 | TCGACAT[3-dG-Q]* 3
Partner strand oLigation strand oligoo 16-4 [ CATCAGG[3-dT-QJ* 4
Ligation strand oligo 16-1 /5Phos/TGG CAT ACG T** 5
Ligation strand oligo 16-2 /5Phos/GTA ACG CTA G** 6
Ligation strand oligo 16-3 /5Phos/CAT GTC GAT C** 7
Ligation strand oligo 16-4 /5Phos/ACC TGA TGC A** 8

*[3-d(A, C, G, or T)-Q] denotes a modified base in which the hydroxyl group resides on the 2° position of the ribose ring
** /5SPhos/ denotes the chemical addition of a 5° phosphate group to the 5’ base position

[00241] The adaptor structures were completed by the addition of full-length
adaptor sequences that annealed to the anchor sequence. Thirty-two sets of adaptor
sequences, each composed of 240 members, are shown in FIG. 12 — FIG. 22. These adaptors
were attached to the ¢fDNA and extended through the concerted actions of polynucleotide
kinase, DNA polymerase and DNA ligase to generate genomic libraries. As a pre-sequencing
quality control step, the resulting genomic libraries were quantified by qPCR for depth of
coverage. The genomic libraries were then amplified and hybridized to probe sets targeting
specific genes (FIG. 11B). Following hybridization, primer extension of the probe was used
to copy the captured genomic sequences and the information encoded in the attached adaptor
(FIG. 11C). An example of post sequencing analysis using standard next-generation analysis

software is shown in FIG. 11D. This analysis was performed on a sequencing run that

63



WO 2018/039463 PCT/US2017/048434

contained 32 samples (28 cancer patient samples and 4 wild-type controls) and it displays the
overall distribution of sequencing reads.

[00242] A central feature of the targeted hybrid capture platform described
herein is that it provides multiple types of genomic information. One essential function of
capture probes is to provide mutation detection across target regions at a high depth of
coverage. This function is governed by the sequence context, density, and placement of the
capture probes and is illustrated in FIG. 23 with the TP53 gene (TP53 probe sequences are
shown in Table 2 below). Of equal significance, the targeted hybrid capture platform assay
generated a readout of equal depth of coverage in regions where no significant mutations
were detected. These data are critical to physicians and patients as they add statistical

significance in cases where no deleterious mutations were detected.

Table 2: TP53 Probes

Name Sequence SEQID NO:

TP53 1 | GGCACAGACCCTCTCACTCATGTGATGTCATCTCTCCTCC 7689
TP53 2 | ATGGGGGTGGGAGGCTGTCAGTGGGGAACAAGAAGTGGAG 7690
TP53 3 | GTCAGTCTGAGTCAGGCCCTTCTGTCTTGAACATGAGTTT 7691
TP53 4 | CCTGAAGTCCAAAAAGGGTCAGTCTACCTCCCGCCATAAA 7692
TP53 5 | TCATGCTGGATCCCCACTTTTCCTCTTGCAGCAGCCAGAC 7693
TP53 6 | GTTGGGGTGGGGGTGGTGGGCCTGCCCTTCCAATGGATCC 7694
TP53 7 | CAGTTTCCATAGGTCTGAAAATGTTTCCTGACTCAGAGGG 7695
TP53 8 | CTGCCATGGAGGAGCCGCAGTCAGATCCTAGCGTCGAGCC 7696
TP53 9 | GCAGAGACCTGTGGGAAGCGAAAATTCCATGGGACTGACT 7697
TP53 10 | CTGGGGGGCTGGGGGGCTGAGGACCTGGTCCTCTGACTGC 7698
TP53 11 | GCAGGGGGATACGGCCAGGCATTGAAGTCTCATGGAAGCC 7699
TP53 12 | GTGGCCCCTGCACCAGCAGCTCCTACACCGGCGGCCCCTG 7700
TP53 13 | GGGGGGAGCAGCCTCTGGCATTCTGGGAGCTTCATCTGGA 7701
TP53 14 | CCGTGCAAGTCACAGACTTGGCTGTCCCAGAATGCAAGAA 7702
TP53 15 | CCCCGGACGATATTGAACAATGGTTCACTGAAGACCCAGG 7703
TP53 16 | CCAGAAAACCTACCAGGGCAGCTACGGTTTCCGTCTGGGC 7704
TP53 17 | TAGGTTTTCTGGGAAGGGACAGAAGATGACAGGGGCCAGG 7705
TP53 18 | TGCTTTATCTGTTCACTTGTGCCCTGACTTTCAACTCTGT 7706
TP53 19 | CCTGGGCAACCAGCCCTGTCGTCTCTCCAGCCCCAGCTGC 7707
TP53 20 | TTTGCCAACTGGCCAAGACCTGCCCTGTGCAGCTGTGGGT 7708
TP53 21 | CCATCGCTATCTGAGCAGCGCTCATGGTGGGGGCAGCGCC 7709
TP53 22 | GCCATCTACAAGCAGTCACAGCACATGACGGAGGTTGTGA 7710
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TP53 23 | CATGGCGCGGACGCGGGTGCCGGGCGGGGGTGTGGAATCA 7711
TP53 24 | CCAGGGTCCCCAGGCCTCTGATTCCTCACTGATTGCTCTT 7712
TP53 25 | GAGGGCCACTGACAACCACCCTTAACCCCTCCTCCCAGAG 7713
TP53 26 | CCTCAGGCGGCTCATAGGGCACCACCACACTATGTCGAAA 7714
TP53 27 | AGGAAATTTGCGTGTGGAGTATTTGGATGACAGAAACACT 7715
TP53 28 | CTTGCCACAGGTCTCCCCAAGGCGCACTGGCCTCATCTTG 7716
TP53 29 | GAGGCAAGCAGAGGCTGGGGCACAGCAGGCCAGTGTGCAG 7717
TP53 30 | CCTGGAGTCTTCCAGTGTGATGATGGTGAGGATGGGCCTC 7718
TP53 31 | ACTACATGTGTAACAGTTCCTGCATGGGCGGCATGAACCG 7719
TP53 32 | GGACAGGTAGGACCTGATTITCCTTACTGCCTCTTGCTTCT 7720
TP53 33 | CTGCACCCTTGGTCTCCTCCACCGCTTCTTGTCCTGCTTG 7721
TP53 34 | TCTCTTTTCCTATCCTGAGTAGTGGTAATCTACTGGGACG 7722
TP53 35 | CCTCGCTTAGTGCTCCCTGGGGGCAGCTCGTGGTGAGGCT 7723
TP53 36 | GACCGGCGCACAGAGGAAGAGAATCTCCGCAAGAAAGGGG 7724
TP53 37 | TCTCCCAGGACAGGCACAAACACGCACCTCAAAGCTGTTC 7725
TP53 38 | TGCCTCAGATTCACTTTTATCACCTTTCCTTGCCTCTTTC 7726
TP53 39 | GGCATTTTGAGTGTTAGACTGGAAACTTTCCACTTGATAA 7727
TP53 40 | CCTGAAGGGTGAAATATTCTCCATCCAGTGGTTTCTTCTT 7728
TP53 41 | CCTAGCACTGCCCAACAACACCAGCTCCTCTCCCCAGCCA 7729
TP53 42 | CATCTTTTAACTCAGGTACTGTGTATATACTTACTTCTCC 7730
TP53 43 | ATGGCTTTCCAACCTAGGAAGGCAGGGGAGTAGGGCCAGG 7731
TP53 44 | CCTGGAGTGAGCCCTGCTCCCCCCTGGCTCCTTCCCAGCC 7732
TP53 45 | TCCGAGAGCTGAATGAGGCCTTGGAACTCAAGGATGCCCA 7733
[00243] The linkage of the capture probe with captured genomic sequence

(FIG. 11C) also facilitated measurement of genomic depth at each probe location. The
number of unique reads associated with every capture probe used in the experiment was
measured (FIG. 24). The data shown in FIG. 24 was derived from a sequencing run in which
16 healthy donor cfDNA samples were analyzed. The depth of unique reads encountered in
each sample at one probe location in the TP53 gene were calculated (Raw unique read counts
shown in FIG. 24A). Each sample comprised a unique library depth, as reflected in the broad
sample-to-sample distribution of unique reads. The global average of unique read depth
across all 2596 capture probes in the experiment was also calculated (FIG. 24B).
Significantly, normalization of the observed read depth at the single probe site displayed in
FIG. 24C by the global unique read depth measured for all probes revealed a uniform density

of normalized unique reads. These data indicate that the capture performance of a particular
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probe chosen for analysis was uniform from sample-to-sample and proportional to the
genomic depth of each individual library.

[00244] This same normalization function was applied to the 45 TP53-specific
probes shown in FIG. 23 (normalization data shown in FIG. 25). Whereas FIG. 23 shows the
aggregate contribution of all probes to the sequencing depth of TP53 coding regions, FIG. 25
shows the normalized depth retrieved by each individual probe. The normalized depth
retrieved by each individual probe was generally consistent from sample-to-sample for any
given probe but somewhat variable when one probe was compared to another. Several factors
governed the differences in the post-normalization capture depths observed between probes,
the most significant being the placement of probes relative to one another and the proximity
of probes to genomic repeat regions. Not all probes exhibited uniform capture behavior; two
probes whose capture performance were not consistent are highlighted by arrows in FIG. 25.
However, these data indicate that such probes are rare and easily identified. As such, and they
can be excluded from downstream copy number analysis.

[00245] The uniform capture performance exhibited by the 45 TP53 targeting
probes in FIG. 25 is a general feature of the targeted hybrid capture platform described
herein. In FIG. 26, the average capture depth for each probe in a panel of 2596 capture probes
was calculated for all 16 normal cfDNA libraries that were profiled in this experiment. The
average was then compared individually with three representative samples using scatter plot
analysis. Each dot represents a different probe and its position on the graph is a comparison
of the average on the x-axis and the individual sample on the y-axis. The tight diagonal
distribution of the majority of probes reflected the highly-correlated unique read capture
performance of most probes (R? correlation > 0.95 for all three graphs). Importantly, the
consistency of probe-by-probe sequencing depth supports the use of the targeted hybrid
capture platform in copy number measurement.

[00246] With respect to copy number, the most straightforward treatment of
probe data is to further normalize the adjusted genomic depth values that occur in autosomal
chromosomes to a diploid-averaged value of “2”. The same is true for probe values that occur
in females for X-linked loci. For X-linked and Y-linked regions in normal males, averaged
copy values are appropriately set to “1”. This numerical transformation was applied to a set
of chromosomal control probes (239 probes that target select loci on all 22 autosomal
chromosomes, Table 3), a set of 199 probes that target the X-linked AR gene, and the 45
TP53-specific probes considered in detail above (FIG. 27A and 27B). Each dot represents the
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value for an individual probe. With the exception of infrequent “noisy” probes, the vast
majority of individual probe counts in regions anticipated to be diploid possessed values that
were approximately “2”. Probes for the AR gene in a healthy male fluctuated with an average

value close to the anticipated “1.”

Table 3: Chromosomal Control Probes

Name Sequence SEQID NO:

Chr 11 GTGTCTCGGCAACCACTCTTCACCAATATCACAGTGGACA 7734
Chr 12 ATCCAAGGGGAGGAGATCAGTGCCCCTATTTGTATCGCAC 7735
Chr 13 ACTTACTGAAGCAAGAACCTCATCAAGCTGCCTCCCACCA 7736
Chr 1 4 AGTTTGTGATCCTCCTGTGGGCAACCTCAGCAGTCTGGTT 7737
Chr 15 GGAGAGCGGAGCTGCTCAGAGCTTGGCCAGGTTCTAAGTG 7738
Chr 16 GACTGTGGCAATGAGGCAGCTAAGTGGTTCACCAACTTCT 7739
Chr 17 GGTGTATTTTGACAACGGTGGACCCAGACACTGGAGTCAT 7740
Chr 1 8 GTTGGTCTATTCTTGCGGTTGTAAAAGTGGCCCAGAGTGA 7741
Chr 19 GTGAGCCTTCTCTCACCATTCTGTCCAAAATAGCAGCCCT 7742
Chr 1 10 | CAGCCTAGATATGATTCCTCACTACCCTGTTCCATGGTTC 7743
Chr 1 11 | AAAGAATGTGTTGGCTCATGATCAGACTTGAGCACTTGGG 7744
Chr 1 12 | CCTAGGCTGTTGCTGCTGGACCTGTTTGTGCTTCATCACA 7745
Chr 2 1 CAGTTGACCCTTCAGCCACAGGGGTTTGAACTTTGAAGGA 7746
Chr 2 2 AGGACCTGAGTATGCACGTTTTGGTATACTGGGTAGGGGT 7747
Chr 2 3 TATCAGCTGGGATGGTCCGGTCAGCAGCATTACCCTGTTT 7748
Chr 2 4 TGCCTGCTCAGCCCAGATTTCAGTCATGCTGGCCATAAAC 7749
Chr 2 5 CTGGGGGGTGAGGTTTGAGGTTTGAGTGTGGGATGTGAGG 7750
Chr 2 6 CCAGCTTTTTCAGAAGCTGGGAAAGTAATAACCCGTGTTG 7751
Chr 2 7 CCCAGCGCCCGTGGCTTTGGCTCCTCAGTCCCATTTAAAT 7752
Chr 2 8 TATACCACCAAGTCTACCTACTGCCTGCACATGCTATGGC 7753
Chr 2 9 GGTCAATCCGGCACTACTGGTTGTCCAAAGGGAGGTTACT 7754
Chr 2 10 | AATCAAACATCAGGACCGCCCACAGCACAGGTCAATGAAC 7755
Chr 2 11 | GTGTCTCCTGGAGGTGCATGGGTGGTTTTGAACTTCATTG 7756
Chr 2 12 | GACCCATGTAAGGGGTTGGGTTATGTTCTCCTTTTGCCCA 7757
Chr 2 13 | TCACTGACATGCGAAGCTGGGAACGAGAAAATGCACATCC 7758
Chr 2 14 | TCCTACAGTGCTTAGGGATGAATCTGGCAAAGAAGGATGC 7759
Chr 2 15 | GAAAGCAGTCCTTACCACAAGAAGACCCCGATGTGGTGGT 7760
Chr 2 16 | ATTGCTCACTGGCTGGCTTGCATTTGGTATGCGATTGGGA 7761
Chr 2 17 | GTCCCTGGGACCATCTGTGCATTGTTCTTGTAACTGGAAA 7762
Chr 2 18 | GACCGAATGGCGAACGCAGTGAATAGATCAGGAGGGAAAA 7763
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Chr 3 1 GAAGGAATGGAGTGGAACAGATAGGGGTGAGGGAATAACG 7764
Chr 3 2 CCACTGCCATCCTCAGAGGGAGATTCACAAGTCTCACAAT 7765
Chr 3 3 ATCCAGGCTTCATGTTCAAATGCAATGGCCCTTGCCCCAT 7766
Chr 3 4 AAATTTCCCCTGGCTCCCTACTGCTTTGCAGGCCAAGTAA 7767
Chr 3 5 ACCTTAAAGACGGGCCCACATCTCTTTGGATGGGATTAGG 7768
Chr 3 6 GGGCTTCGGTTTTGGCGAAGGTGCTCACAATCTTGATATC 7769
Chr 3 7 TGAGCTGTCCTTCATGCCTGCATTTCCCATGTCTGTCTTC 7770
Chr 3 8 ATCTTTATCCAGGGCTACCAGTGGTGGGTCCAAAATGACT 7771
Chr 3 9 TACAGGTGAAGGATGTCAACGAGTTTGCTCCCACCTTCAA 7772
Chr 3 10 | GCTGTTGTGACGGAGGGCAAGATCTATGACAGCATTCTGC 7773
Chr 3 11 | AATGAAGGGGATTCAAGCCTTGCCACCGACTTACAGGAAG 7774
Chr 3 12 | TGTGAGCGTACTTTCTCCCCCAGGTTGAAGAGGAATGAGT 7775
Chr 4 1 ATTCCAAGTCCAGGTCCCAAATCTATCAGTACCGGCTGGC 7776
Chr 4 2 GACACAGAGTGCATGAAGACCGTTCAAATATGTCAGGGAC 7777
Chr 4 3 CATGAGTCCTTCTATGACTCCCTCTCAGACATGCAGGAAG 7778
Chr 4 4 TTTTTAGGAGACAGGTACCCACTGTCTGGTGACGAGGACT 7779
Chr 4 5 CCTTCTGTTGAGTCGCTAGGAGATGCCTCAGTTCAACAAT 7780
Chr 4 6 GACAGAAACTTCATACCCAAGAGCTGCTTTCTCAGCTGGA 7781
Chr 4 7 CAGGCAACTTTGGCAAGACCAAGTCAGCCTTCTCATCTCT 7782
Chr 4 8 CCCTTGCTACCATCACTGTTGTCATCTGTGCTTGCATTCC 7783
Chr 51 AGGTCTCACTCCAACTGCCCCTGTATTAGAGCTAGGCTGC 7784
Chr 5 2 GAAACCATGCGGGATTCATCTTTGTCAGAGTGGAGCGGCA 7785
Chr 5 3 TATGAAATTAGGCGGTGGTTGGACGTGACTGTGTGTTGAC 7786
Chr 5 4 TGAAACTTGCATGACATACTGCGGCTGCCCATTCACTAGG 7787
Chr 5 5 TGCTTCTTGTTTATAACTCCCCTGGCCACCATCTCGGGCT 7788
Chr 5 6 ATTCCCTCTCATTTGTGGTTGGTGGCTGGATATCTGTTCC 7789
Chr 5 7 AGCATCAGCATTTCCCTGTGGACTTACCTCTCTCAGTAGT 7790
Chr 5 8 AAAATTTAAAGGTCGGCGGTAAGGCTGAAAGCCAACAGGC 7791
Chr 59 GAGTGTGTCGGTCAGAAGGAACACCTGAGAAACCGCTTTA 7792
Chr 5 10 | CATAGCAAATACCTGTCGCTGAGCCAGGAGTAAAGTCTGG 7793
Chr 5 11 | AAGAGGCTCTGAGCTCTTGATAGAGGTTACATGGGGAGCA 7794
Chr 5 12 | GGAGACAACTTAGGAGGTTATCTAGACCATTCCCGCCTTC 7795
Chr 5 13 | GTGTTTCCTCCCAGCATGCACTTTGTGGCTGCCTTTCTTT 7796
Chr 5 14 | TGGCTTGTGTAGCGTGTTTCATTTTGGAACCTTGGAGCCG 7797
Chr 5 15 | GACACCTCTGGTGCAGTTTTGAGGCTGGCCGGGAAGGGAT 7798
Chr 5 16 | GTTTCAGATCTTGCAATGGGAGGGATCGACTCGGCCCTTT 7799
Chr 5 17 | TGCCTAAATCAGAAATGGGCTACTTCCCTTGGCCACATCC 7800
Chr 5 18 | CAATCTACCACCTCAAGGTTCACGCGTGGATTCTACACCT 7801
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Chr 6 1 GAGTTTTTCTTTCAGGTAGTCTGAGATGGCCCGCACCAAG 7802
Chr 6 2 TACTATAAAGAAGGCACCTCTAGGCTTGGCAAGCACACGT 7803
Chr 6 3 GGCAGATTCGATGGGACTTTAGACACTTGCTTTGCTCCCT 7804
Chr 6 4 CAAATGTCCCCATGCAAACATGTCCCGCACTGTGTGGTAA 7805
Chr 6 5 ACATGTGTAATCTTCTTCTCCTAGGGCGGCAGAACTCATG 7806
Chr 6 6 CCCGAGGAAAGCTCCTCTTTGCTGACTGTAATGTACTGCA 7807
Chr 6 7 GAGGACAGCATTCGCATATCAGGTCGAAATTTCTCCGCGA 7808
Chr 6 8 GTCCAGCTTTCATCCTTGATCCTGCTACTCTAGGCTCTCC 7809
Chr 6 9 ACTGATGGTGTTCACTTGCACCATCAGGTCTGATGGAGGA 7810
Chr 6 10 | AATTGGTTCACAAAGCGTCGGGTGATCCAGTAACAGTCGA 7811
Chr 6 11 | CAGAACTCTGCTCTAACGCCAAGCCTTCAATATGTCTTCG 7812
Chr 7 1 CAATTCTTACCATCCACAAAATGGATCCAGACAACTGTTC 7813
Chr 7 2 ACTACACCTCAGATATATTTCTTCATGAAGACCTCACAGT 7814
Chr 7 3 TGCTATAGACGCACAAACGACCGCGAGCCACAAATCAAGC 7815
Chr 7 4 CCATGACTTATGTGCAGCTTGCGCATCCAGGGGTAGATCT 7816
Chr 7 5 AGGAGTTGGTGGCTAAACCGCTGACTTTTCTATTGCAGAC 7817
Chr 7 6 GAAATATAACAGGACCAGAAGTGGCTCGCAGGAGACTCAT 7818
Chr 7 7 TAGCCAGACAGAAGGCGGACACTGATGATACCTCAAGACT 7819
Chr 7 8 GTTTGCCACCAGCGAAGAGAGCCATCCTGGTAGAATTGGA 7820
Chr 7 9 GGAGATATGCACTTGCCCTTTGGTAATCCTGCTCCTTCTG 7821
Chr 7 10 | AAAACTAACCAGTAAGTACAGGGAGGGACCGAGAGGCATC 7822
Chr 7 11 | AAGAACACCAGTCCATAAAGACGCATGTCCGGTGATGCCT 7823
Chr 7 12 | AATCTGTTTAGACTGAGCAACTGTGCCAGCAGAGGGACCT 7824
Chr 8 1 AAGATGGCGAAGGTCTCAGAGCTTTACGATGTCACTTGGG 7825
Chr 8 2 CCATGCCTGCCAGCTGATAAGATTTGGTTACCTTTCCATG 7826
Chr 8 3 GCTGCAAGAAAGCGTAAGATTGCCATTCGAAAAGCCCAGG 7827
Chr 8 4 ATGCAGGAGTACAATGTGGGCATGTCCACCCTCTACGACA 7828
Chr 8 5 AGAACGGCTTTGCTGTCTTCCGGCAAACCTATGGTTCTGA 7829
Chr 8 6 TGGCTTTGGCGCTTTAAGGCCAGACACGGCATTAAAAAGC 7830
Chr 8 7 GCAGGCAGAGAAAGATGGCTTTAGAAACCTCTTCCCCACC 7831
Chr 8 8 TCAGCTGTGGCCATTGGTGGATCTCATCCTTAGTACTAGT 7832
Chr 8 9 CCATGGTTCTGTGAGACTGGTAGAAAGCACAGACCCCTTA 7833
Chr 9 1 AATGTGCTTATCACTCGTGATGGGGTCCTGAAGCTGGCAG 7834
Chr 9 2 AGGGTCTCATTTTAAGACAGCTTGATTTGAGGGTGAGGGG 7835
Chr 9 3 CAGTTGCAAACCATACTTCCTTCAGCCCAGTCCTGTCTAT 7836
Chr 9 4 GTCTAAGGGCATCTTACCTCCAAGAACTGCTTGAGGCGTA 7837
Chr 9 5 TACCTAGGGAATGACCACTAAGCACCATCTCCGTCACTCT 7838
Chr 9 6 GGAAGAGAGGAGGGTCATCCAGTCAGTTTTGCAGGAATCT 7839
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Chr 9 7 TGCTGCAGTGTCGGAAGAAACCTACCTGCGTTTCTTAGAA 7840
Chr 9 8 CATCATACCTATGGCATAGCCATCAGGGCACTGCAGTTTG 7841
Chr 9 9 TATATCTCACGTGACCGAGGATGGGTCGTGGGCATTCACA 7842
Chr 9 10 | GAAATGGCCATCTATAGGTGGGAACCACTCCAGTGTCACA 7843
Chr 10 1 | GGAAACCTTTCAGTCTCTACTAGAAGCGCGGAGAGAACTC 7844
Chr 10 2 | TCTGGCCGGCATTCATTTAAGGCCTAAGGATGAAGGCGGT 7845
Chr 10 3 | AGATACCCTATCGTTCCTTATCTCAGCGAAACAACTCCCC 7846
Chr 10 4 | CGCAACTCCTCCAGATCGCAGTGGTGCTTCTTCACTTTCA 7847
Chr 10 5 | TGATTCCATGGTTGCCCGTATACTCCATAAGGCGGTACTT 7848
Chr 10 6 | ATACCATATCCGGCTTGGTTAGGAGGAGGTATTACAGGGG 7849
Chr 10 7 | GTACCTGTTAACCCAGACGCAATTCCTCCACAGTACACAG 7850
Chr 11 1 | ATGTGACACTTGCATCCAGGGAGGTCACCATCTGTGTATG 7851
Chr 11 2 | CTAGGTCCTGAAGAGGTGGCAAGGAACCAGGACAGAACAT 7852
Chr 11 3 | TCTGTCATTGGTGACGCCATCTAGACTCTTGGCTTTGGGA 7853
Chr 11 4 | AAGGTATAGAGCTGGGCGGCTTTCCTCGTTATAGGTGGAG 7854
Chr 11 5 | CTCCTACGTAGCCGGGTAGAAACTTATGGCAGAAGTCAGG 7855
Chr 11 6 | TGGATTCCCAGGGTTAATTGTGACCCATTGCAGGAAGGTG 7856
Chr 11 7 | AATGCTGTCCTACTATGGTCTGTACCTGTCCCAGAGGTGG 7857
Chr 11 8 | GTGCACCTGGAGAGCATACAGGGCACTGACTTGTAGATCA 7858
Chr 11 9 | TTCCATCTCGCATAACCTGCCCCTAAACTCTTCTCGGTTC 7859
Chr 11 10 | ATGAAGGCCTGCTTTGAGTTATCAGATAGGAAGGGGCCAG 7860
Chr 11 11 | AGGTCATGTCCCGCTTTTGGCTGAACCTAGTTTTGCCCAA 7861
Chr 12 1 | CTGCATTCTCCATGAGTAGAGTACGAGCCTCATGTTGGTA 7862
Chr 12 2 | AAGGCTGTCTTCACCAACTGGGTAGGTGTGGATCAAGACC 7863
Chr 12 3 | CTGACTTTGGTGTTGGGGAGTCGGTGGTCCTTCTTCCATT 7864
Chr 12 4 | ACTGCAGAGGACCAGACTGGGAAAACAACGATATGGCAGG 7865
Chr 12 5 | CCTGGCTTAGAAGTCTGGCCGGTCCTTCTTCAGCTTCTTA 7866
Chr 12 6 | AATCTCAGAAAGAGTTCCTGGGACCATGGCAAATGGTGGC 7867
Chr 12 7 | ACATTATATCCGGTCCAGGAATATCTGGCTCAGGCTGGGT 7868
Chr 12 8 | AAGCACAGGAAATGTGCCTCACACGACTTCACATGCCCTT 7869
Chr 12 9 | GGGGGCTTTGCGGGAAGAGGGGACTAAACAACCCTTCTGT 7870
Chr 12 10 | AAAAGAAATGCGATCAGCGCAACCCATCCGGTGTGGCGCT 7871
Chr 12 11 | GGCAGTGGTACCATGACATACTTAGCAGAGATGGACTACA 7872
Chr 13 1 | ATTTCCCATGCGAGAGGTAGCTTGCCCAGGCTGTTGGATA 7873
Chr 13 2 | TTCCATGCCGAGTCCTGATGGAAACTAGCACTGAAAGACC 7874
Chr 13 3 | TCACGGGAGCTTCCTTCACTGAGTTCTGCGAATCTGAAGC 7875
Chr 13 4 | TTTCCAGAGATGAAGCACTACCCAGTCTTACCCAAGTTCG 7876
Chr 13 5 | CCACCGAGAACAGTGATGAAGGACTTAAAGTGAGAGATGG 7877
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Chr 13 6 | GTTCACTCGTCGGTTTTTCACCAACCACAGACTAGCCTCA 7878
Chr 13 7 | ACGCAGCTGTGTTGAGTGCACAGGAAGCTCTTAGGGTTAA 7879
Chr 13 8 | TCTCAGTGAACAGAGGGCTCACTGAGAGGACTTTGAATAC 7880
Chr 13 9 | ATGGCACAGGCCACATACTGGAATGAATGACGGGCTTCAT 7881
Chr 13 10 | TGCTGCTTGATGGTGGCATCACTGTCCCCTCATTCCATGA 7882
Chr 14 1 | GGACACATGTGGACAGTGTGAAACCTCAGAACACTAACCC 7883
Chr 14 2 | AAGTTCTTATCCTTAGGGACCCAGCGGAGACCTTGGTTCT 7884
Chr 14 3 | CGACGATGCCTGGGAATAGGATCCATGGGATTGATGAGAA 7885
Chr 14 4 | GGGAGCCATGAAGATTTCTCCCAGCTCCTGAGGAACTTTG 7886
Chr 14 5 | TCTGGTCCTCAAGTCCTCAGCTGTAGAAGTTCTCATTGCG 7887
Chr 14 6 | TGCCAACCCTGGAAACTGGCTTGTGTGTCCACAACAGAAA 7888
Chr 151 | TAGGTGACAGCACTGTCCTTTCCCTGCCATTTGCAGGGAA 7889
Chr 15 2 | TTCTTCTAGATGGCAGACATTGTTGAGGCCTCCCGTACCT 7890
Chr 15 3 | AGAGAGCTGCGAGACAAGACTTGGAGTGCGACAAGATTTC 7891
Chr 15 4 | TTCAATCAGGTACTCCGAGTTCCCTTGGAGGCCAAAAGGA 7892
Chr 15 5 | AGGAATATGGGGTCCATCTGAGACTCGCAAGTGATGATAC 7893
Chr 15 6 | GATCTCCAGGACCAGCTCTCAGAAATGCACGATGAACTGG 7894
Chr 15 7 | ACAGTGTGATGGAGCAGCAGTCCAAGTTCATCCTCCAAGA 7895
Chr 15 8 | AAGATGACAGGATCCAGGAAACAAGACGCATGGGCCAGAA 7896
Chr 15 9 | AAAGAGTGGGTCTGTTAATAATCAGGCCGAGACCACCAGC 7897
Chr 15 10 | CACCCTTGTTCGTGGCCCTTGCTTGGTAAACTGGTATCCA 7898
Chr 15 11 | CCCAAGTATGGGTGAGGATGCTAGAAATGCCCACATAATG 7899
Chr 15 12 | AAGACTGTCATTGGTAGGTCATGATCCTTGGCAGCATGAC 7900
Chr 16 1 | GTGGGGACGGTCATTATCAGCTTTCTGGACACACAGACAG 7901
Chr 16 2 | TGAGAGGCCAAAGAATATCAGTTGACTCTGGATCAGGGGC 7902
Chr 16 3 | GAGGCTTTTTAGGGCAGCGAGAAAACGGGAACTTCATTCC 7903
Chr 16 4 | AGGACTTCTCTGGACCTGTGCCTCAACTACTCACCTGGAT 7904
Chr 16 5 | TGGCCACAAATGTTGCCTCCAGCTGCTCAATGTTCTCCAA 7905
Chr 16 6 | CTGGCATTGGTGAGTAATAGGAGCCAGACGGGTCTGTGTT 7906
Chr 16 7 | ATACTTACCTGCACGAGAATGAGTTTGGAGCGCAAGGGGG 7907
Chr 16 8 | TTCCCCCAGAGACTCTGTCCACTATGGACATTAAAATGTG 7908
Chr 16 9 | GTGCTACCCTCCTCCCTTCAGGTTATGTGGTCCAGGCTTT 7909
Chr 16 10 | TAAGTGGAACAACATTCCCTTCATTATAGCCCTTCGTGGG 7910
Chr 16 11 | GCAACGTCAACAACTACTACGTGCACAAGCGCCTCTACTG 7911
Chr 17 1 | GCGGATGTCGTTATGGGACAGGTACAAGTAGATAAGTTGC 7912
Chr 17 2 | GTGGTCACCATCTCTTCAAACCATTTGGACTGGGCCTGGT 7913
Chr 17 3 | AAGCCAAGGAGTTCTGAGAGAGCTTAGCTAAGTTCTTCGC 7914
Chr 17 4 | TTTTTTAGTACCCCAGTGTGTAAGACCAACTGAGGGTGGC 7915
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Chr 17 5 | GTTGTCATTGGGGCTATAGACATAAGCACCTTCCGGAATC 7916
Chr 17 6 | CTGAGTGTGCGAGGGGAAGATATTGGTGAAGACCTGTTCT 7917
Chr 17 7 | GTCAGACCCTGTCCTCGTCTCCTTTACCTTGTCTCGATTT 7918
Chr 17 8 | TAAACTATGCTCGCCACCACTCAGCACTCACCTCTTGGGC 7919
Chr 17 9 | GGCAACTTCCTGAGACAGATCGGTAAAAACAACCCCTTCT 7920
Chr 17 10 | TCAACTGTATTTCATCAGAGAGATGTGGCTTTCCCAGACA 7921
Chr 17 11 | GTTTCCCTCATGTTCCCCCAGGTTCTGTCAGGTGAAGCTG 7922
Chr 18 1 | TTAACCCATCTCTACCCGTCCTGTGTCAAGAACGGAGGCT 7923
Chr 18 2 | CTGCCCAAAATAGAAACCGAGGTTCTCCGTGACCTACATC 7924
Chr 18 3 | TTCCTTTGCAGTAACAGCGGGAACATGAAGCCGCCACTCT 7925
Chr 18 4 | TGGTTTGCCAGTTCAGACACCCAGCCAAATTGCCCTCTCA 7926
Chr 18 5 | TAGTGCAGCTGGCTTTGAGCCTGTTCCCGAATGTTCAGAT 7927
Chr 18 6 | AGGGTAATAGCACCAAGCTCTAGTCTACCCACCTCTCTGA 7928
Chr 18 7 | CCGCATCTCTGGAGTAGGAATTGATCAGCCACCATATGGG 7929
Chr 18 8 | CTATGAGCATACTGGGGAGGGAAACCTCTAAGCGGAACTT 7930
Chr 18 9 | AAAAACCTGCAGGAAGGAGACCTGAATGCAACTGTGGGTC 7931
Chr 18 10 | CAGGTGCTCCAAACCTTCCAGTCTATGTTGTAGATTGCAG 7932
Chr 18 11 | GCCATACTAACCTACTTCTCCTTGAAGCTCTTGGCCCATC 7933
Chr 19 1 | ACTGTGAGATAGCCCTCATCATCTTCAACAGCGCCAACCG 7934
Chr 19 2 | AGATACACGGTCACAGACGCCATGTGTTGTGGCTTCTGCA 7935
Chr 19 3 | CACATCCTCTCACCTTTTCCGAAGGTTGCAGCTCCTTCTC 7936
Chr 19 4 | TCTGTCTCACCGGTCCCTTCATTCCTAGGCAACTGTAGAT 7937
Chr 19 5 | ATATCATGGTCTGTATCCCCCAGGTACCTTGACACAGGCC 7938
Chr 19 6 | CTCTCCGCCTTTCTTTAGACCTGAGCATGCAGAATTCCGA 7939
Chr 19 7 | AAGGCATTTAAATGGGACAGCGTCCCATGCGTGACTTCTC 7940
Chr 19 8 | TCTTTCTAACAGACGAACAGCCTACACCTACAACCCCGAG 7941
Chr 19 9 | GTCCCAGCCCAAAAGCATCTTGGGTAAGGATTTGGGATCA 7942
Chr 19 10 | GTTGTTCTGGGCCAGTGTTAGTTGCTCACATGTCCTGTCT 7943
Chr 19 11 | AACATGCCTCTTAGTCCTGGGCCATACCTTAGCCTTGTGC 7944
Chr 20 1 | TAACCTCCAAAAGAGGTACCCATTGGCGCTCAACCGAATT 7945
Chr 20 2 | CTATATCTCCGACTATGCCTTCTTGGGCACTGCACTGCTG 7946
Chr 20 3 | TCTAGATGGAAGCTGTATCCAAGGATGCTCCGGAATGTTG 7947
Chr 20 4 | ATCTTCTCTGCCTGCCGCACTAGCTTCTTGGTGACTTCTC 7948
Chr 20 5 | ATCGAGTTGTCGAGCCCCATGATTCGACACCAAGATCCCA 7949
Chr 20 6 | AGGTGCTTGTTTTACTCTCTCCAGGTGATGATGCCAGGGA 7950
Chr 20 7 | GTGCACTGTCAGATCTTGGAAACGGCCAAAGGATTTTTCC 7951
Chr 20 8 | CATTTTGCAGGAGGCTGCTAATTAAGGCTGAGGGCCATCA 7952
Chr 20 9 | TCAATGGTAGACTGGAGTACCTTGCCAGGGCAGAGAAAAA 7953
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Chr 20 10 | CTCCTCCAGGAGCTGGCAGCATCAAGACCCCACTTCGCTT 7954
Chr 21 1 | AAATAATAGCAGGCGTTGAGATGTCCCTTCCCCAGCACTC 7955
Chr 21 2 | AAGTCTGACAGCATCTGCTTGAACTGAGGCACAGTGATGG 7956
Chr 21 3 | ATTCGTGATGGCGCTCATTTCCATAAAGGACGACAGGTCA 7957
Chr 21 4 | GAAGAGTGAATTCCCGCTTCTGCGCCAACATTCTGTTTCC 7958
Chr 21 5 | ACAGGTGAAGTCTTTGCGTGCCTCCCTGTTGGACTCAAAT 7959
Chr 21 6 | TAATGATATTCTGGCACAAGGAGCAGAGCCCCTCTTCTTC 7960
Chr 21 7 | AGACCCAGCCTACCTGCATGATCTCTTGTACAGCTTTGCA 7961
Chr 21 8 | TCATGGAACATGGGCCTTGCAAAGGGGTCAAGATCACAAC 7962
Chr 21 9 | GTCAAAAAGGTCCAATCAGCTAGAGACTAGGCCAGACCCA 7963
Chr 22 1 | TGTGACCACCCTAAAGGGAGGGCAGAAGCCGAGTCACCCT 7964
Chr 22 2 | ACGCCTCCACCTGCTGCTAGGACTCCCCTCCCAAACAAAG 7965
Chr 22 3 | CACAGTCTAGACCCTGATGGGCGATCTCAGTAGTGCTGTT 7966
Chr 22 4 | CCTATCAACGTGCAAGTGGGATTTGTCTCCACTGGCTTTC 7967
Chr 22 5 | GAAAATCATTCCCCATTCTGCAGGATCCGTTCCCCTGGCA 7968
Chr 22 6 | AGTGGGACATACCAACTTGATGAGGCAGTTGTGCGAGTTC 7969
Chr 22 7 | GTAAACAGCTGTCTTCTTACCCTACAGATCATTGGGCAGG 7970
Chr 22 8 | CAGAAGGATACTAGAATGGAATGTCCTGCGTGACGAAAGC 7971
Chr 22 9 | AGTTCACATCTGATTCTCCTATGGCTGCTAGGCTCCAGGA 7972
[00247] Significantly, when the same analysis was applied to ¢cfDNA collected

from the blood plasma fraction of a castration-resistant prostate cancer patient using healthy
samples as normalization controls, three prominent features emerged (FIG. 27C). First, all of
the control probes exhibited noisy counting behavior. Second, the counts across all AR
probes were significantly elevated from a normal value of “1” to an amplified value of
approximately “5”. Amplification of the AR gene is consistently observed in advanced
prostate cancer patients. Third, the TP53 probe counts, while more tightly clustered,
possessed an average value far closer to “1” than the expected value of “2.” This likely
reflected inactivation of one or both alleles of TP53 by copy number loss in the fraction of
circulating DNA derived from tumor tissue.

[00248] These data indicated that the methods of the present invention
comprise three important karyotyping aspects. Namely, the methods described herein detect
generalized chromosomal aneuploidy, copy increases of specific, targeted genes, and copy

losses in the same specific, targeted genes. These result further indicate that the methods and
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platforms described herein can guide the use of precision therapies, as all three of these
genomic abnormalities occur frequently in cancer.

[00249] Generalized chromosomal aneuploidy for castration-resistant prostate
cancer patient samples (blue dots) relative to a healthy control (brown dots) was measured
(FIG. 28). In this analysis, the approximate ploidy for all 239 control probes used in the
experiment were ordered according to their chromosomal targets. For some chromosomes
(e.g., chromosome 1 and chromosome 22) a similar ploidy value of “2” was observed
between patient and control samples. In other cases, deviation between the two samples was
observed. The degree of information regarding overall genomic ploidy provided by these
experiments was constrained by the number and density of control probes used. However,
these data indicate that a denser probe panel covering all chromosomal segments at uniform
density can be used — in conjunction with the additional unique features of the present
invention. Such analyses will provide a higher resolution, genome-wide measurement of
chromosomal copy number.

[00250] These data further highlight the capabilities of the present invention as
a guide for precision therapy. For example, tumors that possess genomic deficiencies in
homologous recombination repair often exhibit highly destabilized chromosomal ploidies,
and patients with such tumors are good candidates for inhibitors of the PARP enzyme
complex (See Popova ef al., Genome Biol. 2009;10(11):R128). Unlike most sequencing
assays that seek to genotype a tumor, the assays described herein use sequencing to detect
destabilized chromosomal ploidy as a tumor phenotype, even if the causal mutations driving
this phenotype remain hidden from targeted analysis.

[00251] The ability to detect gene loss in DNA shed from solid tumors is
especially significant. Mutation and deletion of tumor suppressor genes is a frequent event in
cancer genomes; moreover, individuals with germline loss of tumor suppressor genes are
uniquely vulnerable to developing cancer later in life. The diagnostic value of a liquid biopsy
copy number loss (CNL) assay is directly proportional to its sensitivity. To determine the
lower limit of detection for the invention described here, the immortalized lines described in
Example 1 were systematically diluted into the “genome-in-a-bottle” reference cell line,
NA12878. One line had a single copy deletion (monoallelic loss) of ATM, the other a single
copy deletion of BRCA2. The experiment included four control samples of pure NA12878
and eight spike-in samples containing 16% of each monoallelic deletion line (FIG. 29). For

reporting purposes, this corresponds to an 8% minor allele frequency of biallelic loss.
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Averaged values for all probes targeting specific genes and two additional, undeleted control
genes are shown in FIG. 29. Copy loss of ATM and BRCA2 was confined to spike-in
samples only. Additional computational treatment of the data revealed confident copy loss
calling of biallelic deletions down to 2% minor allele frequencies. This sensitivity indicated
that the present invention required no specialized considerations in order to routinely include
copy loss calls in standard blood-based genotyping assays.

[00252] These data demonstrate the use of probe-specific genomic capture data
for the analysis of copy number, including both copy number gain and copy number loss of
target genomic loci. Additionally, the invention described herein has been shown to possess
the sensitive ability to detect single nucleotide variants, insertions and deletions ranging from
single nucleotides to many thousands of base pairs, and gene fusions resulting from
chromosomal rearrangement by aberrant mutational processes (See PCT Publication No. WO
2016/028316; and U.S. Patent Publication No. 2014-0274731). All of these mutational
processes can contribute to the transformation of normal tissue to neoplastic cancers, and as
precision therapies continue to emerge, accurate diagnosis of these diseased genomic

signatures will become an increasingly indispensable feature of precision medicine.
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CLAMS
1. A method for performing a genetic analysis on a DNA target region from a
test sample comprising;

(a) generating a genomic DNA library comprising a plurality of DNA library
fragments, wherein each of the DNA library fragments comprises a genomic DNA fragment
from the test sample and an adaptor;

(b) contacting the genomic DNA library with a plurality of capture probes that
specifically bind to a DNA target region, thereby forming complexes between the capture
probes and DNA library fragments comprising the DNA target region; and

(c) performing a quantitative genetic analysis of the genomic DNA fragments
comprising the DNA target region;

wherein the adaptor is a DNA polynucleotide that comprises: an amplification region,
a sample tag region, and an anchor region;

wherein the amplification region comprises a polynucleotide sequence capable of
serving as a primer recognition site for PCR amplification;

wherein the sample tag comprises a polynucleotide sequence that encodes an identity
of the unique library DNA fragment and encodes an identity of the test sample;

wherein the anchor region comprises a polynucleotide sequence that encodes the
identity of the test sample and wherein the anchor region is capable of attaching to the
genomic DNA fragment; and

wherein the genetic analysis is performed to detect a genetic change indicative of a

disease state.

2. The method of claim 1, wherein the genetic change indicative of a disease
state is selected from a single nucleotide variant (SNV), an insertion less than 40 nucleotides
in length, a deletion of a DNA region less than 40 nucleotides in length, and/or a change in

copy number.

3. The method of claim 1, wherein the genetic change indicative of a disease

state is a change in copy number.

4, The method of any of claims 1-3, wherein the test sample is a tissue biopsy.
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5. The method of claim 4, wherein the tissue biopsy is taken from a tumor or a

tissue suspected of being a tumor.

6. The method of any of claims 1-3, wherein the genomic DNA is cell free DNA
(cfDNA) or cellular DNA.

7. The method of claim 6, wherein the genomic DNA is cfDNA is isolated from
the test sample; and wherein the test sample is a biological sample selected from the group
consisting of: amniotic fluid, blood, plasma, serum, semen, lymphatic fluid, cerebral spinal

fluid, ocular fluid, urine, saliva, stool, mucous, and sweat.

8. The method of any claims 1-5, wherein the genomic DNA fragments are
obtained by the steps comprising;
(1) isolating cellular DNA from the test sample;
(i1) fragmenting the cellular DNA to obtain the genomic DNA fragments.

9. The method of claim 8, wherein step (i1) is performed by contacting the

cellular DNA with at least one digestion enzyme.

10. The method of claim 8, wherein step (i1) is performed by applying mechanical
stress to the cellular DNA.

11.  The method of claim 10, where the mechanical stress is applied by sonicating
the cellular DNA.

12. The method of any of the preceding claims, wherein the sample tag further
comprises a unique molecule identifier (UMI) that facilitates the identification of the unique

genomic DNA fragment.

13.  The method of any one of the preceding claims, wherein the amplification

region is between 10 and 50 nucleotides in length.
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14. The method of any of any one of the preceding claims, wherein the

amplification region is between 20 and 30 nucleotides in length.

15. The method of any of any one of the preceding claims, wherein the

amplification region is 25 nucleotides in length.

16. The method of any one of the preceding claims, wherein the sample tag is

between 5 and 50 nucleotides in length.

17. The method of claim 16, wherein the sample tag is between 5 and 15

nucleotides in length.

18. The method of claim 16, wherein the sample tag is 8 nucleotides in length.

19.  The method of any one of claims 12-18, wherein the UMI multiplier is

adjacent to or contained within the sample tag region.

20. The method of claim 19, wherein the UMI multiplier is between 1 and 5

nucleotides in length.

21. The method of claim 19, wherein the UMI multiplier is 3 nucleotides in

length, and comprises one of 64 possible nucleotide sequences.

22. The method of any one of the previous claims, wherein the anchor region is

between 1 and 50 nucleotides in length.

23. The method of claim 22, wherein the anchor region is between 5 and 25

nucleotides in length.

24.  The method of claim 22 or 23, wherein the anchor region is 10 nucleotides in

length.
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25. The method of any one of the previous claims, wherein step (a) comprises

attaching the genomic DNA fragments to a plurality of adaptors.

26. The method of claim 25, wherein the genomic DNA fragments are end

repaired prior to attaching the genomic DNA fragments with a plurality of adaptors.

27. The method of claim 25, wherein the amplification regions of each adaptor of

the plurality of adaptors comprises an identical nucleotide sequence.

28. The method of claim 26 or 27, wherein the sample tag region of each adaptor

of the plurality of adaptors comprise one of between 2 and 1,000 nucleotide sequences.

29. The method of claim 28, wherein the sample tag region of each adaptor of the

plurality of adaptors comprise one of between 50 and 500 nucleotide sequences.

30. The method of claim 28, wherein the sample tag region of each adaptor of the

plurality of adaptors comprises one of between 100 and 400 nucleotide sequences.

31 The method of claim 28, wherein the sample tag region of each adaptor of the

plurality of adaptors comprises one of between 200 and 300 nucleotide sequences.

32, The method of claim 28, wherein the sample tag region of each adaptor of the

plurality of adaptors is 8 nucleotides in length.

33.  The method of any of claims 28-32, wherein each sequence of the nucleotide
sequences are discrete from any other sequence of the 240 nucleotide sequences by Hamming

distance of at least two.
34, The method of any one of claims 26-33, wherein each of the plurality of

adaptors comprises a UMI multiplier that is adjacent to or contained within the sample tag

region.
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35. The method of any one of claims 26-34, wherein each of the plurality of

adaptors comprises a UMI multiplier that is adjacent to the sample tag region.

36. The method of claims 34 or 35, wherein the UMI multiplier of each adaptor of
the plurality of adaptors is between 1 and 5 nucleotides in length.

37. The method of claim 36, wherein the UMI multiplier of each adaptor of the

plurality of adaptors is three nucleotides in length.

38. The method of claim 26-37, wherein the anchor tag region of each adaptor of
the plurality of adaptors comprises one of four nucleotide sequences, and wherein each
sample region of a given sequence is paired to only one of the four anchor regions of a given

sequence.

39. The method claim 25 or 26, wherein the amplification regions of each adaptor
of the plurality of adaptors comprises an identical nucleotide sequence;

wherein the sample tag region of each adaptor of the plurality of adaptors is 8
nucleotides in length, wherein the nucleotide sequence of each sample tag is discrete from
any other nucleotide sequence of the sample tags of the plurality of adaptors by Hamming
distance of at least two,

wherein each of the plurality of adaptors comprises a UMI multiplier that is adjacent
to or contained within the sample tag region, wherein the UMI multiplier of each adaptor of
the plurality of adaptors is three nucleotides in length, and wherein the UMI multiplier of
each of the possible nucleotide sequences is paired to each sample tag region of the plurality
of adaptors,

wherein the anchor tag region of each adaptor of the plurality of adaptors comprises
one of four nucleotide sequences, and wherein each sample region of a given sequence is

paired to only one of the four anchor regions of a given sequence.

40. The method of any one of claims 25-39, wherein the step of attaching the
genomic DNA fragments with a plurality of adaptors comprises:
(1) attaching an oligonucleotide comprising least a portion of an anchor region

to each genomic DNA fragment, wherein the oligonucleotide comprising least a portion of an
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anchor region is a DNA duplex comprising a 5° phosphorylated attachment strand duplexed
with a partner strand, wherein the partner strand is blocked from attachment by chemical
modification at its 3° end, and wherein the attachment strand is attached to the genomic DNA
fragment;

(i1) contacting the genomic DNA fragments attached to the oligonucleotides
comprising at least a portion of the anchor region with DNA oligonucleotides encoding full
length adaptor sequences for each adaptor nucleotide sequence of the plurality of adaptors;
and

(ii1) contacting the genomic DNA fragments and the DNA oligonucleotides
encoding the full length adaptor sequence with T4 polynucleotide kinase, Taq DNA ligase
and full-length Bst polymerase under conditions suitable for DNA ligation;

thereby attaching the plurality of adaptors to the genomic DNA fragments.

41. The method of any of claims 25-40, wherein the genomic DNA fragments are
cfDNA.

42, The method of any of claims 25-41, wherein the DNA target region is

analyzed for a change in copy number.

43. The method of any one of the preceding claims, wherein step (c) comprises
purification of the complexes formed between the capture probes and DNA library fragments

comprising the DNA target region.

44, The method of any one of the preceding claims, wherein step (¢) comprises
purification of the complexes formed between the capture probes and DNA library fragments
comprising the DNA target region, preforming primer extension and/or amplification of the

DNA library fragments comprising the region of interest from the genomic DNA library.

45. The method of any one of the preceding claims, wherein step (c) comprises
purification of the complexes formed between the capture probes and DNA library fragments
comprising the DNA target region, preforming primer extension and amplification of the

DNA library fragments comprising the region of interest from the genomic DNA library.
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46. The method of any one of the preceding claims, wherein step (¢) comprises
DNA sequencing of the DNA library fragments comprising the DNA target region to

generate a plurality of sequencing reads.

47. The method of any one of the preceding claims, wherein the genomic analysis
comprises determining a change of a copy number in a DNA region of interest, and wherein
step (¢) comprises:

(1). determining a copy number of the region of interest present in the genomic
DNA library derived from the test sample, and

(i1). comparing the copy number determined in step (i) to a copy number of the
region of interest present in the genomic DNA library derived from a reference sample,

wherein the reference sample comprises a known copy number of the DNA target region.

48.  The method of claim 47, wherein determining the copy number in the region
of interest comprises DNA sequencing of the DNA library fragments comprising the DNA
target region to generate a plurality of sequencing reads, wherein each sequencing read

comprises a unique molecular identification element (UMIE).

49.  The method of claim 48, wherein the UMIE comprises sequencing

information from the adaptor and at least a portion of the genomic DNA sequence.

50. The method of claim 49, wherein sequencing reads comprising identical

UMIEs are identified as a unique genomic sequence (UGS).

51. The method of any of claims 47- 50, further comprising determining a raw

genomic depth (RGD) for each of the capture probes contacted with the genomic DNA
library.

52. The method of claim 51, wherein determining the RGD comprises

determining the average number of UGSs associated with each capture probe sequence within

a group of sample replicates.
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53.  The method of claim 52, wherein capture probes associated with a highly
variable number of UGSs are identified as noisy probes and are removed from further

calculations.

54, The method of claim 52, further comprising calculating an RGD for a sample,

comprising calculating a numerical average of all RGDs for all capture probes in the sample.

55. The method of claim 52, wherein the RGD values for noisy probes are not

included in calculating an RGD for a sample.

56. The method of any of claims 51-55, wherein the RGDs for the capture probes
are normalized across all samples in an experimental group by converting the RGD for each
capture probe into a probe-specific, normalized read count comprising:

(1). multiplying each capture probe RGD in a sample by a normalization
constant, wherein the normalization constant comprises any real number; and

(i1). dividing the product of (i) by the RGD calculated for the corresponding

sample; or
(iii). dividing the product of (i) by an average RGD calculated from a subset of
probes.
57. The method of claim 56, wherein the subset of probes is a set of control
probes.
58. The method of claim 57, wherein the probe-specific, normalized read counts

are converted in to a copy number value comprising;

(1). multiplying the probe-specific, normalized read counts of probes directed
to autosomal and/or X-linked regions by 2 in samples derived from females;

(11). multiplying the probe-specific, normalized read counts of probes directed
to Y-linked and/or X-linked regions by 1 in samples derived from males;

(ii1). averaging the products of (i) and/or (ii) across all samples in an
experiment; and

(iv). dividing the product of (i) and/or (ii) by the average of (iii).
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59. The method of claim 58, wherein the approximate copy number values for all

probes that target a specific gene are averaged.

60. A method for or highly sensitive detection of copy number gain and copy
number loss comprising:

(1). determining an RGD for a capture probe;

(i1). normalizing the RGD for the capture probe across all samples in an
experimental group by converting the RGD for the capture probe into a probe-specific,
normalized read count;

(iii) calculating an approximate copy number value for each probe-specific,
normalized read count; and

(iv). averaging the approximate copy number values for all probes that target a

specific gene.

61. A method for measuring chromosome stability comprising:

(1). designing and validating a set of one or more chromosomal stability
probes, wherein the chromosomal stability probes are uniformly distributed across human
chromosomes;

(i1). performing targeted sequencing on patient samples using the one or more
chromosomal stability probes;

(iii). determining an approximate copy number value for each chromosomal
probe;

(iv). determining a genomic phenotype of a patient sample, wherein
fluctuations in the copy number values for one or more chromosomal probes in the patient

sample indicate genomic instability.

62. A method of treating a cancer in a subject in need thereof, wherein the subject
has been identified as having a destabilized genome according to the method claim 61,
wherein the method of treating the cancer comprises administering a pharmaceutically

effective amount of a PARP inhibitor.

63.  The method of any one of the preceding claims, wherein the region of interest

is a gene or a portion of the gene.
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64. The method of claim 63, wherein the gene is associated with a disease.

65. The method of claim 64, wherein the disease is a cancer.

66. The method of claim 63, wherein the gene is BRCA2, ATM, BRCAI, BRIP1,
CHEK2, FANCA, HDAC2, and/or PALB2.

67. A genomic DNA library comprising a plurality of DNA library fragments,
wherein each of the DNA library fragments comprises an adaptor and a genomic DNA
fragment,

wherein the adaptor is a DNA polynucleotide that comprises: an amplification region,
a sample tag region, and an anchor region;

wherein the amplification region comprises a polynucleotide sequence capable of
serving as a primer recognition site for PCR amplification;

wherein the sample tag comprises a polynucleotide sequence that encodes an identity
of the unique library DNA fragment and encodes an identity of the test sample; and

wherein the anchor region comprises a polynucleotide sequence that encodes the
identity of the test sample, and wherein the anchor region is capable of attaching to the

genomic DNA fragment.

68.  The genomic DNA library of claim 67, wherein the sample tag further
comprises a unique molecule identifier (UMI), wherein the UMI facilitates the identification

of the unique genomic DNA fragment.

69. The genomic DNA library of claim 67 or 68, wherein the amplification region

is between 10 and 50 nucleotides in length.

70. The genomic DNA library of claim 69, wherein the amplification region is 25

nucleotides in length.

71.  The genomic DNA library of any one of the preceding claims, wherein the

sample tag is between 5 and 50 nucleotides in length.
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72.  The genomic DNA library of claim 71, wherein the sample tag is 8 nucleotides
in length.

73. The genomic DNA library of any one of claims 67-72, wherein the UMI

multiplier is adjacent to or contained within the sample tag region.

74.  The genomic DNA library of claim 73, wherein the UMI multiplier is between

1 and 5 nucleotides in length.

75. The genomic DNA library of any one of the previous claims, wherein the

anchor region is between 1 and 50 nucleotides in length.

76. The genomic DNA library of claim 75, wherein the anchor region is 10

nucleotides in length.

77. The genomic DNA library of any one of claims 67-76, wherein the
amplification regions of each adaptor of the plurality of adaptors comprises an identical

nucleotide sequence.

78. The genomic DNA library of any one of claims 67-77, wherein each
nucleotide sequence of the sample tags are discrete from any other sequence of the nucleotide

sequences of the sample by Hamming distance of at least two.

79.  The genomic DNA library of any one of claims 67-78, wherein each of the
plurality of adaptors comprises a UMI multiplier that is adjacent to or contained within the

sample tag region.

80.  The genomic DNA library of any one of claims 67-78, wherein each of the

plurality of adaptors comprises a UMI multiplier that is adjacent to the sample tag region.

81.  The genomic DNA library of any one of claims 67-78, wherein the anchor tag

region of each adaptor of the plurality of adaptors comprises one of four nucleotide
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sequences, and wherein each sample region of a given sequence is paired to only one of the

four anchor regions of a given sequence.

82. The genomic DNA library of claim 67, wherein the amplification regions of
each adaptor of the plurality of adaptors comprises an identical nucleotide sequence;

wherein the sample tag region of each adaptor of the plurality of adaptors is 8
nucleotides in length, wherein the sample tag region of each adaptor of the plurality of
adaptors comprises a nucleotide sequence that is discrete from any other nucleotide sequence
of the sample tags of the plurality of adaptors by Hamming distance of at least two;

wherein each of the plurality of adaptors comprises a UMI multiplier that is adjacent
to or contained within the sample tag region, wherein the UMI multiplier of each adaptor of
the plurality of adaptors is three nucleotides in length, and wherein the UMI multiplier of
each of the possible nucleotide sequences is paired to each of the sample tag regions of the
plurality of adaptors;

wherein the anchor tag region of each adaptor of the plurality of adaptors comprises
one of four nucleotide sequences; and

wherein each sample region of a given sequence is paired to only one of the four

anchor regions of a given sequence.

83. The genomic DNA library of any of claims 67-82, wherein the genomic DNA
fragment is cfDNA.

84. A plurality of genomic DNA libraries, comprising more than one genomic

library according to any one of claims 67-83.

85.  The plurality of genomic DNA libraries of claim 84 wherein the nucleic acid
sequences of the sample tag regions of a genomic DNA library belonging to the plurality of
genomic DNA libraries are different from the nucleic acid sequences of the sample tag

regions of other genomic DNA libraries belonging to the plurality of genomic DNA libraries.

86. The plurality of genomic DNA libraries of claim 84 or 85, wherein the nucleic
acid sequences of the amplification regions of a genomic DNA library belonging to the

plurality of genomic DNA libraries are identical to the nucleic acid sequences of the
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amplification regions of other genomic DNA libraries belonging to the plurality of genomic

DNA libraries.

87. A method for genetic analysis of a DNA target region of cell free DNA
(cfDNA) comprising:

(a) generating the DNA library of any of claims 67-86;

(b) contacting the cfDNA library with a plurality of capture probes that
specifically bind to a DNA target region, thereby forming complexes between the capture
probes and DNA library fragments comprising the DNA target region; and

(c) performing a quantitative genetic analysis of the cfDNA fragments
comprising the DNA target region;

thereby performing genetic analysis of the DNA target region.

88. A method of predicting, diagnosing, or monitoring a genetic disease in a
subject comprising:

(a) obtaining a test sample from the subject;

(b) isolating genomic DNA from the test sample;

(c) generating a DNA library comprising a plurality of DNA library fragments,
wherein each of the DNA library fragments comprises a genomic DNA fragment from the
test sample and an adaptor;

(d) contacting the cfDNA library with a plurality of capture probes that
specifically bind to a DNA target region, thereby forming complexes between the capture
probes and DNA library fragments comprising the DNA target region; and

(e) performing a quantitative genetic analysis of one or more target genetic
loci associated with the genetic disease in the cfDNA clone library, wherein the identification
or detection of one or more genetic lesions in the one or more target genetic loci is prognostic

for, diagnostic of, or monitors the progression of the genetic disease.

89. The method of claim 87 or 88, wherein the quantitative genetic analysis

comprises DNA sequencing to generate a plurality of sequencing reads.

90. A set of adaptors that encode an identity of a unique genomic DNA fragment

and an identity of a test sample, for use in generating a genomic DNA library, wherein each
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adaptor in said set of adapters is a DNA polynucleotide that comprises: an amplification
region, a sample tag region, and an anchor region;

wherein the amplification region comprises a polynucleotide sequence capable of
serving as a primer recognition site for PCR amplification;

wherein the sample tag comprises a polynucleotide sequence that encodes the identity
of the unique library DNA fragment and encodes the identity of the test sample; and

wherein the anchor region comprises a polynucleotide sequence that encodes the
identity of the test sample, and wherein the anchor region is capable of attaching to the

genomic DNA fragment.
91. The set of adaptors of claim 90, wherein the sample tag further comprises a
unique molecule identifier (UMI), wherein the UMI facilitates the identification of the unique

genomic DNA fragment.

92, The set of adaptors of claim 90 or 91, wherein the amplification region is

between 10 and 50 nucleotides in length.

93. The set of adaptors of any one of claims 90-92, wherein the amplification

region is 25 nucleotides in length.

94, The set of adaptors of any one of the preceding claims, wherein the sample tag

is between 5 and 50 nucleotides in length.

95.  The set of adaptors of claim 94, wherein the sample tag is 8 nucleotides in

length.

96. The set of adaptors of any one of claims 90-95, wherein the UMI multiplier is

adjacent to or contained within the sample tag region.

97.  The set of adaptors of claim 96, wherein the UMI multiplier is between 1 and

5 nucleotides in length.
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98.  The set of adaptors of claims 90-97, wherein the anchor region is between 1

and 50 nucleotides in length.

99.  The set of adaptors of claim 98, wherein the anchor region is 10 nucleotides in

length.

100.  The set of adaptors of any of claims 90-99, wherein the amplification regions

of each adaptor of the plurality of adaptors comprises an identical nucleotide sequence.

101.  The set of adaptors of claim 100, wherein each nucleotide sequence of the
sample tags is discrete from any other nucleotide sequence of the sample tags of the set of

adaptors by Hamming distance of at least two.

102.  The set of adaptors of any one of claims 90-101, wherein each of the plurality
of adaptors comprises a UMI multiplier that is adjacent to or contained within the sample tag

region.

103.  The set of adaptors of any one of claims 90-101, wherein each of the plurality

of adaptors comprises a UMI multiplier that is adjacent to the sample tag region.

104.  The set of adaptors of claim 103, wherein the anchor tag region of each
adaptor of the plurality of adaptors comprises one of four nucleotide sequences, and wherein
each sample region of a given sequence is paired to only one of the four anchor regions of a

given sequence.

105.  The set of adaptors of any one of claims 90-104, wherein the amplification
regions of each adaptor of the plurality of adaptors comprises an identical nucleotide
sequence;

wherein the sample tag region of each adaptor is 8 nucleotides in length, wherein each
nucleotide sequence of the sample tags is discrete from any other nucleotide sequence of the
sample tags of the set of adaptors by Hamming distance of at least two;

wherein each of the plurality of adaptors comprises a UMI multiplier that is adjacent

to or contained within the sample tag region, wherein the UMI multiplier of each adaptor of
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the plurality of adaptors is three nucleotides in length, wherein the UMI multiplier comprises
one of 64 possible nucleotide sequences, and wherein the UMI multiplier of each of the 64
possible nucleotide sequences is paired to each of the sample tag region of the plurality of
adaptors;

wherein the anchor tag region of each adaptor of the plurality of adaptors comprises
one of four nucleotide sequences; and

wherein each sample region of a given sequence is paired to only one of the four

anchor regions of a given sequence.

91



WO 2018/039463

PCT/US2017/048434
1/104

= sample-to-sample >

CNL assay:
N L] [ [ap] <t
reguired w @ “qn, o
reproducibility = g— % g

4 gene-to-gene -~

)

R RN
SITIRSI TS
VR 3
N

o

;:-.\\;m;:\vs\m\x\j
DR



WO 2018/039463 PCT/US2017/048434
2/104

cfDNA TR

¢

Genomic library

Hybrid capture

DNA sequencing

Data analysis




WO 2018/039463 PCT/US2017/048434
3/104

Genomiccione —>

249 tags — 1 anchor sequence



WO 2018/039463 PCT/US2017/048434

25 8 3 10

’ Genomic cone >

Arnplification 5,
3 E (o)
& ) In
S #
R
a@& Y oy
¥ RN
% 9
4:}*47 &
7

8 3 10

60 tags x 64 tags — anchor 1
80 tags x 64 tags — anchor 2
60 tags x 64 tags — anchor 3
60 tags x 64 tags — anchor 4

240 tags x 64 tags — anchor sequence

FIG. 4k

25 8 3 18
ACCAGAGAATTCCAATACANTTAACAACHXXXIIACGTATGCCA]
Amplification Sarnple tag & UM UM Multiplier  Anchor

=1
!
®
i
[
G
T




WO 2018/039463 PCT/US2017/048434
5/104

FIG. 5A

25 g
LA

Amplification

FIG. 5B

Shifting the UMI multiplier to increase the number of unique tags

UMI Adjacent |

4 LR incorporated

UM incorporated
'g‘* Ul Incorporated

LS i Incorporated

Uil Adjacent ’?’ *’?



WO 2018/039463 PCT/US2017/048434
6/104

FIG. 6

anchor  genomic DNA

TS T
10 nt 2
@
full length adaptor - 47 bp "

I Y

FIG. 7

Two-sided cFDNA
gDNA

756

500G

300

150




WO 2018/039463 PCT/US2017/048434
7/104

FEGQ 8A Sample |Input

Sample 1{Female gDNA + 8% BRCAZ delete
Sample 2 [Female gDNA + 4% BRCA2 delate
Sample 3 {Female gDNA + 2% BRCA2 delete
Sample 4 [Pure Female gDNA

Sample 5 [Female gDNA + 8% ATM delete
Sample 6 Female gDNA + 4% ATM delete
Sample 7 [{Female gDNA + 2% ATM delete
Sample 8 {Pure Female gDNA

AR

FIG. 8B

@ AR probes
® control probes

copy number estimate

Sample: 12 3 4 5 6 7 8

FIG. 8C

v ATM probes
» control probes

copy number estimate



WO 2018/039463 PCT/US2017/048434
8/104

FEG @A Sample |input
: Sample 1{Female gDNA + 8% BRCAZ delete

Sample 2 [Female gDNA + 4% BRCAZ delete
Sample 3{Female gDNA + 2% BRCAZ delete
Sample 4{Pure Female gDNA

Sample 5{Female gDNA + 8% ATM delete
Sample 6{Female gDNA + 4% ATM delete
Sample 7 {Female gDNA + 2% ATM delete
Sample 8 |Pure Female gDNA

FIG. 9B

Measured ABRCAZ SNP frequency: 53 24 08
Measured AATM SNP freguency: 52 22 13

Z . N .:

%

negative log,, P-value

Sample: 1 2 3 4 5 6 7 &



WO 2018/039463 PCT/US2017/048434
9/104

FEG 1@& Sample |input

Sample 11F cfDNA +10% M_cfDNA
Sample 2 |F cfDNA +5% M _cfDNA
Sample 3 {Pure F_cfDNA

Sample 4 {Pure F_cfDNA

Sample 5 1F cfDNA + 10% ATM
Sample 6{F cfDNA +5% ATM
Sample 7 [F_cfDNA + 10% BRCAZ
Sample 8 [F cfDNA +5% BRCA2

FIG. 10B

Measured AATM SNP frequency: .
Measured ABRCAZ2 SNP freguency: 7.2 286

(0]
[92]
N3
(0]

R

Sampie: 1 2 3 4 5 & 7 8



10/104

= %
=

RN

RN
VNI Tttt TIT I i TITMtTI0Tt
A

a8
.
v
%
b

£ud
-
vt
i
©
Ll



WO 2018/039463 PCT/US2017/048434

11/104
FIG. 12A

TGC A
CACCC TC:
TGCAGCGACCAGAGAATTCGAATA 10 TGCAG GACCAGAGAA 490
CATTGECTCACNNNACGTATGCCA BTAT GTCTAGNNNAC
TGCAGGACCAGAGAATTCGAATA i1 TGCAGGACCAGAGAAT SGACCAGAGAAT 491
CATAATACACNNNACGTATGCCA CACTG CCAGTNNNAC
TGCAGGACCAGAGRATTCGAR 12 CAG’JACC}‘«.GAGZUX GGACCAGAGAATTCGRATA 492
CATCAGCATGNNNACGTATGCCA CAAT SATCNNNACGT, AGCTCTGAANNNACCTATGCCA
TGCAGGACCAGA GAH TTCGAATA 13 TGCAGGACCAGAGAL 253 TCCAGGACCAGAGAATTCGARTA 433
CAACTGTAGCNNNACGTATGCCA CACTGTTCCANNNAC CAAGACTTGCNNNAC
TGCAGGACCAGAGRATTCGAATA 14 TGCAGGACCAGAGAATTCGAATA 254 TGCAGGACCAGAGAATTCGAATA 494
CARTTATGCANNNACGTATGCCA CATCACATTTNNNACGTATGCCA CAGATGGTCTNNNACGTAT 3(,3}1.
TGCAGGACCAGAGARTTCGAATA L5 TGCAGGACCAGAGARTTCGAATA TGCAGGACCAGAGARTTCGAATA 495
CATGACCTTCNNNACGTATGCCA CAGCGETECCTNNNACGTATGICA, CATTGTGAATNNNACGTA "G-‘( B
TGCAGGACCAGAGARATTCGAATA 16 TGCAGGACCAGAGAATTCGAATA 256 TGCAGGACCAGAGAATTCGAATA 496
CABRAAATCCTNNNAC CACGGAGTABNNNACGTATECCA CACAGCGCCTNNNACGTATECCA
TGCAGGACCAGAGAATTCGAATA 17 TGCAGCGACCAGAGAATTCGRATA 257 TGCAGGACCAGAGAATTCGRATA 497
CAGGTTCCGGHNT 'ACGTAT"CCA CAG [CCGGNNNACGTATGCCA CATGCCAAGTNNNACGTATGCCA
TGCAGGACCAGAGAA 18 TGCAGGACCAGAGARATTCGARATA 258 TGCAGGACCAGAGAATTCGARATA 498
CABCGTGCATNNNAC GCCA CATATTGTAGNNNACGTATECCA CACGTCGTTTNNNACCGTATECCA
TGCAGGACCAGAGARATTCGAATA 1s TGCAGGACCAGAGAATTCGAATA 258 TGCAGGACCAGAGAATTCGAATA 499
CACGCCCCATNNNACGTATGCCA CATAGTATTGNNNACGTAT vCCA CACCAACGGCONNN ACC‘”ATGCCA
TGCAGGACCAGA viwAA AATA 20 TGCAGGACCAGAGARTTC VTA 260 TCCAGGACCAGAGAATT CGAATA 500
CAGTARAGCCTNNNACGTATGCCA CAAGCGCTTANNNACGTATGCCA CACAGTTATANNNACGTATG 3
TGCAGGACCAGAGRATTCGAATA 21 TGCAGGACCAGAGAATTCGAATA 261 TGCAGGACCAGAGAATTCGAATA 501
CARGTAATAGNNNACGTATGCCA CATGCAGGTTNNNACGTATGCCA CACGAAGGCGNNNACGCTATGCCA
TGCAGGACCAGAGART TCGRAATA 22 TGCAGGACCAGAGAATT VTA 4 TCCAGGACCAGAGAATTCGARTA 502
CAARGTCCCANNNACGTATGCCA CACCTCICGGTNNNACGTATGCCA, CAATGGCTACNNNACGTATGICA
TGCAGGACCAGAGAATTCEA, 2&”"?—& 23 TGCAGGACCAGAGAATTCGAATA 263 TGCAGGACCAGAGAATTCGAATA
CAAGTGCATCNNNACGTATGCCA CAAGACGGATNNNACGTAT GCC}‘«. CATCGCATCGANNNACCTATGCCA
TGCAGGACCAGAGAATTCGAATA 24 TGCAGCGACCAGAGAATTCGRATA 264 TGCAGGACCAGAGAATTCGRATA 504
CAGACATATTHNNNA CG'T‘ATCCC.A CATCTGTCTGNNNACGTATGCCA, CBATATCCTTNNNACGTATGCCA
T(”CAuGACC]\GA/?AZ\_H CGAATA 25 TTCGAATA 265 TGCAGGACCAGAGAATTCGARATA 505
CAGTCCACABNN CA 7—\ ATECCA CATGARAGCAGNNNACCGTATECCA
TGCAGGACCAGA C, u“a. TCGAATA 26 ’I'GCAGGP\ CCZ‘«.GACIUu TCGRATA 266 TGCAGGAC J}‘«.GAC}U“{P TCGRATA 506
CATCTCAGAGNNNACGTATGCCA CACGTARAGGNNNACGTATGCCA CAGACCACCGNNNACCTATGCCA
TGCAGE AVC}\ SAGARTTCGAATA 27 TGCAGGACCAGAGAATTCGARTA z67 TGCAGGACCAGAGAAT T G}\ ATA 507
CAARAPACCTANNNACGTATGCCA CAAGARAGAANNNACGTATGCCA CAAGATTAGANNNACGTATGCCA
TGCAGGACCAGAGRATTCGAATA 28 TGCAGGACCAGAGAATT C GAATA 268 TGCAGGACCAGAGAATTCGAATA 508
CACTACCAAGNNNACGTATGCCA CAAGTAGTTTNNNAC TGCCA CAAGATCTATNNNAC -”’A”w 3(,3}1.
TGCAGGACCAGAGARTTCGAATA 29 TGCAGGACCAGAGARTTCGAATA 269 TGCAGGACCAGAGARTTCGAATA 509
CACCTGACTTNNNACGTATGCCA CAGGTACCTANNNACGTATGCCA CAACGTACACNNNAC '3"'7—\ "G-‘( I
TGCAGGACCAGAGARATTCGAATA 30 ”"(‘kALu,AC CAGAGAATTCGAATA 270 TGCAGGACCAGAGAATTCGAATA 510
CACTCCTATGNNNACGTATGCCA AGAAGCACANNNACGTATGCCA CACGGTTACANNNACCTATGCCA
TGCAGGACCAGAGARTTCGAATA 31 271 TGCAGGACCAGAGARTTCGAATA 511
CAATCATCGATHNNNACGTATGCCA CACTARTABCHNNN CRABRACCTATNNNACGTATGCCA
TGCAGGACCAGAGAATTCGAATA 32 TGCAGGACCAGA 2772 TGCAGGACCAGAGAATTCGARATA 51z
CATGACGGTTNNNACGTATECCA CABCGEAC, AJ\T"\'AV,L ATECCA CACTGATTTTNNNACCGTATECCA
TGCAGGACCAGAGARATTCGAATA TGCAGGACCAGAGAATTCGAATA 273 TGCAGGACCAGAGAATTCGAATA
CAGTCGGCGTNNNACGTATGCCA CAATCCAGTGNNNACGTE \.TCCCA CATGAATATCNNNACCTATGCCA
TGCAGGACCAGAGARTTCGAATA 34 TGCAGGACCAGAGAATTCGARTA 274 TGCAGGACCAGAGAATTCGARTA 514
CAGTTACCCTNRNNACGTATGCCA CAGGACAACANNNACGTATGCCA CAACTGCGCGNNNACGTATGCCA
TGCAGGACCAGAGARATTCGAATA 35 TGCAGGACCAGAGAATTCGAATA 275 TGCAGGACCAGAGAATTCGAATA
CACTTAACGGNNNACGTATGCCA CAGARAGTTANNNACGTATGCCA CAGARCGACANNNAC -”ATCLJA
TGCAGGACCAGAGART TCGRAATA 36 TGCAGGACCAGAGAATT VTA 276 TCCAGGACCAGAGAATTCGARTA 516
CACGITCCTGNNNACGTATGCCA CACAGGNNNACGTATGCCA CATATATTGGNNNACGTATGCCA
TGCAGGACCAGAGARATTCGAATA 37 GACCAGAGAAT TCGAATA 277 TGCAGGACCAGAGAATTCGAATA 517
CATCTCCETTINNNACGTATGCCA SALNTCNNNACGTATGCCA CATAGATGCCNNNACCTATGCCA
CGACCAGAGARTT \TA 38 \CCAGAGAATTCGAATA 78 TGCAGGACCAGAGARTTCGAATA 518

( 7—\”4(1', CGAGCNNNACGTATGCCA CCACNNNACGTATGCCA ( BGCAAGTRAGNNNACGTATGCCA
TGCAGGACCAGAGAATTCGAATA 39 ACCAGAGAATTCGARATA 278 GCAGGACCAGAGAATTCGARATA 519
CACGCTTCGONNNA ATGCCA GAGANNNACGTATGCCA ,JAT—& CGACCTNNN, STATECCA
TGCAGGACCAGAGAATTCGAATA 40 ACCAGAGAATTCGRATA 280 TGCAGGACCAGAGAATTCGRATA 520
CARTCCACGACNNNACG TATGCLA GTCANNNACGTATGCCA CAGTACAGTCNNNACCTATGCCA

TGC . \ATA 41 CGAATA ZB1 TGCAGGACCAGAGAATTCGARTA 521
CAT GCCA TATGCCA ATGCCA
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C
CAAGAACCAGN 5 BTAA
TGCAGGACCAGAGAATTCGAATA 283 TGCAGGACCAGAGAATTCGRATA 523
BGATTTTCGANNNACGTATGCCA CBGTTACTARANNNACGTATGCCA
CGAATA 44 TGCAGGACCAGAGAATTCGARATA 284 TGCAGGACCAGAGAATTCGARATA 524
AACACGTCNNNACGTATGCCA CACCCTTGTANNNACGTATGCCA
CCAGAGARATTCGAR 45 AGGRCCAGAGAATTCGAATA 285 TGCAGGACCAGAGAATTCGAATA SZ5
CAGCCCCACTNNNACGTATGCCA CCTCTACNNNACGTATGCCA CAACATTTCTNNNACCGTATGCCA
TGCAGGACCAGA GAS TTCGAATA 46 TGCAGGACCAGAGAL 286 TGCAGGACCAGAGARTTCGAATA 526
CACTAGCCGGNNNACGT I" CCA CAGGCGTTTANNNAC CACCGACTTTNNNAC
TGCAGGACCAGAGRATTCGAATA 47 TGCAGGACCAGAGAATTCGAATA 287 TGCAGGACCAGAGAATTCGAATA 527
CACCCTCCTCNNNACGTATGCCA CACCCGRAAGCNNNACGTATGCCA CATATGAACTNNNACGTAT 3(,3}1.
TGCAGGACCAGAGARTTCGAATA 48 TGCAGGACCAGAGARTTCGAATA 288 TGCAGGACCAGAGARTTCGAATA 528
CATGTAGTGCNNNACGTATGCCA CATACCTACCNNNACGTATGCCA CATTCTTTTCNNNACGTA "G-‘( B
TGCAGGACCAGAGARATTCGAATA 49 E TCGAATA 289 TGCAGGACCAGAGAATTCGAATA 529
CAGAATCGTGGNNNAC TECCA TGCCA CABTAGGTTTNNNACCGTATECCA
TGCAGGACCAGAGAATTCGAATA S1¢ GAATA 280 TGCAGGACCAGAGAATTCGRATA 530
CAAATGATCTHNT 'ACGTAT"CC.A TGCCA CBCGACGTTANNNACGTATGCCA
TGCAGGACCAGAGAATTCGAATA 51 GAATA 291 TGCAGGACCAGAGAATTCGARATA 531
CACACTAACGNNNAC TECCA TGCCA CABGCATAGGNNNACCGTATECCA
TGCAGGACCAGAGARATTCGAATA GAATA 282 TGCAGGACCAGAGAATTCGAATA
CACGTCGCGACNNNACGTATGCCA TGCCA CACTGCATCTNNNACCTATGCCA
TGCAGGACCAGA viwAf TTCGAATA 53 TGCE C 7—\’” L ARTA 292 TCCAGGACCAGAGAATT (:AATA 533
CAGCARCTTGNNNACGTATGCCA CAGAT A&_.}ml\_»xlul‘m}\_C(zL ATGCCA CACGACGCCANNNACGTATG 3
TGCAGGACCAGAGRATTCGAATA 54 TGCAGGACCAGAGAATTCGAATA 294 TGCAGGACCAGAGAATTCGAATA 534
CACGGTGGAGNNNACGTATGCCA CACCAACACANNNACGTATGCCA CAAACGCCCGNNNACGTATGCCA
TGCAGGACCAGAGART TCGRAATA 55 TGCAGGACCAGAGAATT VTA 295 TCCAGGACCAGAGAATTCGARTA 535
CAGTARCCGTNNNACGTATGCCA CAACCCATTCNNNACGTATGCCA CACTCTCCATNNNACGTATGICA
TGCAGGACCAGAGARATTCGAATA 56 ”‘"(‘C‘AC}CAC CAGAGAATTCGAATA 2986 TGCAGGACCAGAGAATTCGAATA 536
CATAGTTTTCNNNACGTATGCCA CATC LVGCGNNNACGTAT GCCA CACCCTGACCNNNACCTATGCCA
TGCAGGACCAGAGAATTCGAATA &7 T L_vC]\GuI\ CCAGAGAATTCGRATA 2897 TGCAGGACCAGAGAATTCGRATA 537
CACT Tn,GTTT"N”ACG’T‘ATCCC.A. CACTTAAGGCHNNNACGTATGCCA, CARGTTGTAATNNNACGTATGCCA
TGCAGGACCAGAGAATTCGAATA 58 GAGAATTCGAATA 298 TGCAGGACCAGAGAATTCGARATA 538
CATTCEGAGGTNNNACGTATECCA CACGAATCC AJ\T"\'AV,L TATGCCA CABABAGARCTNNNACCGTATECCA
TGCAGGACCAGAGARATTCGAATA 5@ TGCAGGACCAGAGAATTCGAATA 293 T GCAGG}\CCAGAC}U& MTCGAATR 539
CACCTCCACGNNNACGTATGCCA CACAACTAATNNNACGTATGCCA CATCCTAGCTNNNACCTATGCCA
TGCAG 60 TGCAGGACCAGAGAATTCGARTA 300 TGCAGGACCAGAGAATTCGARTA 540
CAGAGACTAGNNNACGTAT ”CZ\ CATCACACCTNNNACGTATGCCA CAACCAAAGGNNNACGTATGCCA
TGCAGGACCAGAGRATTCGAATA Gl TGCAGGACCAGAGAATTCGAATA 301 TGCAGGACCAGAGAATTCGAATA 541
CATGAACTATNNNACGTATGCCA CAGACCGTCGNNNACGTATGCCA CAACGAGTTCNNNACG A”w 3(,3}1.
TGCAGGACCAGAGARTTCGAATA 62 TGCAGGACCAGAGARTTCGAATA 302 TGCAG JAV,C BGAGARTTCGARTA 542
CAGTTGATTANNNACGTATGCCA CACTTTAAGANNNACGTATGCCA CACTATGCTGNNNAC '3"'7—\ "G-‘( I
TGCAGGACCAGAGARATTCGAATA 63 T (‘kALu,AC CAGAGAATTCGAATA 303 TGCAGGACCAGAGAATTCGAATA 543
CATCCACTCANNNACGTATGCCA SATTANNNACGTATGCCA CACCACCGTCNNNACCTATGCCA
TGCAGGACCAGAGARTTCGAATA 64 TT LTA 304 TGCAGGACCAGAGARTTCGAATA 544
CAGTGACTGTHNNNACGTATGCCA NNACG TA"”G(,C,A. CRGAATCCGCTNNNACGTATGCCA
TGCAGGACCAGAGAATTCGAATA 65 TCGAATA 305 GCAGGACCAGAGAATTCGARATA 545
CATTRCGGUANNNACGTATECCA CABCGT CTAC)\T'\'ACL ATECCA n,]AT—xhr“ GTTATNNNACCTATGCCA
TGCAGGACCAGAGARATTCGAATA (&9 TGCAGGACCAGAGAATTCGAATA 306 TGCAGGACCAGAGAATTCGAATA 546
CACACCTCCCGNNNACGTATGCCA CAATGARATGNNNACGT, \.TCCCA CAACGCGTCGNNNACCTATGCCA
TGCAGGACCAGAGARTTCGAATA o7 TGCAGGACCAGAGAATTCGARTA 307 TGCAGGACCAGAGAATTCGARTA 547
CAAAGRACAANNNACGTATGCCA CATCCTCCTANNNACGTATGCCA CACTCGTGTTNNNACGTATGCCA
TGCAGGACCAGAGARATTCGAATA &S] TGCAGGACCAGAGAATTCGAATA 308 TGCAGGACCAGAGAATTCGAATA 548
CAGARCCTGTNNNACGTATGCCA CAGTAACAGGNNNACGTATGCCA CATTGTAGATNNNAC -”‘“A”w’CLJA
TGCAGGACCAGAGART TCGRAATA 632 TGCAGGACCAGAGAATT VTA 309 TCCAGGACCAGAGAATTCGARTA 549
CAL TAACANNNCTAGCETTAC CAACTCGCTANNNCTAGCGETTAC CAGCCGCAGTNNNCTAGCGTTAC
TGCAGGACCAGAGARATTCGAATA 70 mCLALL‘AC CAGAGAATTCGAATA 310 ACCAGAGAATTCGAATA
CAGCCTCGTCONNNCTAGCGTTAC AACGCTTAGNNNCTAGCGTTAC TGACCANNNCTAGCGTTAC
TGCAGEACCAGAGARTT \TA 71 TGCAGGACCAGAGARTTCGAATA 311 TGCAGGACCAGAGARTTCGAATA
CACCIGCACTNNNCTAGCETTAC CATCARGCTGNNNCTAGCGTTAC CAATACCTCCNNNCT A CGETTAC
TGCAGGACCAGAGAATTCGAATA T2 TGCAGGACCAGAGAAT "”C GAATA 312 TGCAGGACCAGAGAATTCGARATA
CACCACGATANNNCTAGCGTTAC CATAGCTAATNNNCTAGCGTTAC CACTTTTTGANNNCTAGCGTTAC
TGCAGCGACCAGAGAATTCGAATA 73 TGCAGCGACCAGAGAATTCGRATA 312 T AGAGAATTCGAATA
CACGGTACATNNNCTAGCGTTAC CACGGCATTANNNCTAGCGTTAC C GNNNCTAGCGTTAC
TGCAGGACCAGAGARTTCGAATA 74 T GGAL TCGARTA 314 T CAGAGRATTCGARTA 554
CACCATATCCNNNCTAGCGTTAC CAABATGATCGANNNCTAGCGTTAC C GNNNCTAGCGTTAC
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TA TG CCAGAGAA z
AC CA STNNNCTAGCGTTAC
TGCAGGA CCAUf G. TCGAATA 16 TG CCAGAGAATTCGAATA 556

CAARTAGCTTN AC CBLAC, BCNNNCTA
TGCAGGACCAGAGAAT ATA 7 TGCAGG T AGAGARTTCGAATA
CACCAGGTATNNNCTAG TAC CADCGE C AGNNNCTAGCGTTAC
! AGGACCAGAGRATTCE] 78 CAG "«.GAC}U“{’ TCGRATA 318 T CAGAGAATTCGAATR 558
CACARCCTGANNNCTAGCG CAGTT CNNNCTAGCGTTAC C TNNNCTAGCGTTAC
TGCAGGACCAGAGART 72 SADTTCGAATA 318 TGCAGGACCAGAGARTTCGAATA 559
CATGATGCTCNNNCTAGCET NNNCTAGCGTTAC ACCGAAACTNNNCTAGCGTTAC
TGCAGGACCAGAGRATTCGAATA 30 TGCAGGACCAGAGAATTCGAATA 320 TGCAGGACCAGAGAATTCGAATA 560
CAGGAGCCGANNNCTAGCGTTAC CAATGGETGCTNNNCTAGCGTTAC CAGCTAGGAANNNCTAGCGTTAC
TGCAGGEACCAGAGAAT AATA al TGCAGGACCAGAGARTTCGAATA 321 TGCAGGACCAGAGARTTCGAATA 561
CAATECGCCCNNNCTAGCETTAC CAACCCIAGGNNNCTAGCGETTAC CAGCTTCCGONNNCTAGCETTAC
TGCAGGACCAGAGA "’TC‘JA&‘ A 82 SGACCAGAGAAT TCGAATA 322 TGCAGGACCAGAGAATTCGAATA 562
CATGCTGTAGNNNCTAGCGTTAC CAGCAGACGGNNNCTAGCGTTAC CABCAGCATCNNNCTAGCGTTAC
TGCAGGAC CAG*&.uI\ ATTCGAATA TGCAGCGACCAGAGAATTCGRATA 323 TGCAGGACCAGAGAATTCGRATA 563
CAGCATTCGACNNN CGTTA CACTGGCAGCHNNNCTAGCETTAC CBRACGAGAGTNNNCTAGCGTTAC
GCAGGACCAGAG AT 84 TGCAGGACCAGAGARATTCGARATA 324 TGCAGGACCAGAGAATTCGARATA 564
”’\—"‘”T STACTNNNCTAGCGTTAC CABGAGAGTCNNNCTAGCGTTAC CABTCATATGNNNCTAGCGTTAC
TGCAGGACCAGAGARATTCGAATA 35 TGCAGGACCAGAGAATTCGAATA 3Z5 TGCAGGACCAGAGAATTCGAATA 565
CACATATGGCNNNCTAGCGTTAC CACGTTTTATNNNCTAGCGTTAC CATGAGATTTNNNCTAGCGTTAC
TGCAGGACCAGAGARTTCGAATA 86 TGCAGGACCAGAGART TCGAATA 326 TCCAGGACCAGAGAATTCGARTA 366
CAGCATGAAGNNNCTAGCGTTAC CAAGAGGTCANNNCTAGCGTTAC CAGCCGECC GI\II‘H\:'_.L\‘GCGTTAC
TGCAGGACCAGAGRATTCGAATA 87 TGCAGGACCAGAGAATTCGAATA TGCAGGACCAGAGAATTCGAATA 567
CACAGGARACNNNCTAGCGTTAC CATTCTCTCCNNNCTAGCGTTAC CAAGGCGCAGNNN (,’PA(JCGT TAC
TGCAGGACCAGAGART TCGRAATA 88 TGCAGGACCAGAGAATTCGARTA 328 TCCAGGACCAGAGAATTCGARTA 568
CACCTAACGACNNNCTAGCETTAC CACGTGTCTTNNNCTAGCGTTAC CAGTACACACNNNCTAGCGTTAC
TGCAGGACCAGAGARATTCGAATA g9 TGCAGGACCAGAGAATTCGAATA 329 TGCAGGACCAGAGAATTCGAATA 569
CAACCTAGGTNNNCTAGCGTTAC CACTCAGCAANNNCTAGCGTTAC CAAGATTTCANNNCTAGCGTTAC
TGCAGGACCAGAGAATTCGAATA S0 TGCAGGACCAGAGAATTCGAATA 330 TGCAGCGACCAGAGAATT CGAJWI\ 570
CACCATTCGTCNNNCG ”‘"AC"‘-‘}TTAC CATCTTATGTN 1\'"”‘"AL~\,C}TT7AC CATGCATCTCNNNCTAGCGTTAC
TGCAGGACCAGAGAATTCGAATA 91 TGCAGGACCAGAGARATTCGARATA 331 TGCAGGACCAGAGAATTCGARATA 571
CATCGETTTONNNCTAGCGTTAC CATCGECACGNNNCTAGCGTTAC CACTCAGARCTNNNCTAGCGTTAC
TGCAGGACCAGAGARATTCGAATA 52 TGCAGGACCAGAGAATTCGAATA 332 TGCAGGACCAGAGAATTCGAATA 572
CACACCTCGTTNNNCTAGCGTTAC CACGTTTCTGNNNCTAGCGTTAC CAACTCTGTCNNNCTAGCGTTAC
T »‘CAGC} CCAGAGARTTCGAATA 93 TGCAGGACCAGAGAATTCGARTA TGCAGGACCAGAGAATTCGARTA 373
CAAGAGAGAGNNNCTAGCGETTAC CAATGTGAGGNNNCTAGCGTTAC CATTATCCGCNNNCTAGCGTTAC
TGCAGGACCAGAGRATTCGAATA 34 TGCAGGACCAGAGAATTCGAATA 334 TGCAGGACCAGAG! E\A TTCGARATA 574
CARTGGCCCGNNNCTAGCGTTAC CAAGAARCATNNNCTA ’”"I‘ TAC CAGCCCTTGCNNNCTAGCGTTAC
TGCAGGACCAGAGARTTCGAATA a5 TGCAGGACCAGAGARTTCGAATA 335 TG CAG GARCCAGAL, AT‘ 'CGAARTA 575
CATAGCGTGTNNNCTAGCETTAC CAGAGAGAAGNNNCTAGC ’”T TAC CAAACTTCTTNNNCTAGCGTTAC
TGCAGGACCAGAGARATTCGAATA 96 TGCAGGACCAGAGAATTCGAATA 336 TGCAGGACCAGAGAATTCGAATA 576

CAGARGACACNNNCTAGCGTTAC CACTTCAGGANNNCTAGCGTTAC CATTGTAGCCNNNCTAGCGTTAC

TGCA A CCAGAGAAT a7 TGCAGGACCAGAGARTTCGAATA 337 TGCAGGACCAGAGARTTCGAATA 577
CATCATTTGTHNNNCTAG CATCCCTC (‘L INNCTAGCGETTAC CATGACCCAANNN ,TA sCGTTAC
TGCAGGACC GAGAZ\_TTCGAATA 98 TGCAGGACCAGAGARATTCGARATA 338 TGCAGGACCAGAGAATTCGARATA 578
CATCGAACACNNNCTAGCGTTAC CACCTTCCTTNNNCTAGCGTTAC CACCTCTGTANNNCTAGCGTTAC
TGCAGGA CCnu}\ GAATTCGANTA 58 TGCAGGACCAGAGAATTCGAATA 339 TGCAGGACCAGAGAATTCGAATA 579
CAAGCTTACGNNNCTAGCGTTAC CATAGTTATGNNNCTAGCGTTAC CAAGCCACTANNNCTAGCGTTAC
TGCAGGACCAGAGARTTCGAATA 100 TGCAGGACCAGAGARTTCGARTA 340 TGCAGGACCAGAGAATTCGARTA 530
CACTCGCGTTTNNNCTAGCGTTAC CAGCATACGAGNNNCTAGCGTTAC CATGTATCGATNNNCTAGCGTTAC
TGCAGGACCAGAGAATT ‘CAP\" A 101 TGCAGGACCAGAGRATTCGAATA 341 TGCAGGACCAGAGAATTCGAATA 581
CARATCGTTANNNCTAG TAC CATAGCTCCTNNNCTAGCGTTAC CACAGGTCGCNNNCTAGCGTTAC
TGCAGGACCAGAGARTT A Loz TGCAGGACCAGAGARTTCGARTA 342 TCCAGGACCAGAGAATTCGARTA 582
CATAACACTTNNNCTAGCETTAC CAACCACCTANNNCTAGCGTTAC CATTTTTTTTNNNCTAGCGTTAC
TGCAGGACCAGAGARATTCGAATA 103 TGCAGGACCAGAGARATTCGAATA 343 TGCAGGACCAGAGAATTCGAATA 583
CAATCCTGTCONNNCTAGCGTTAC CACATCGTCTINNNCTAGCGTTAC CATTTGECGCANNNCTAGCGTTAC
VCCAGRGAATT \TA 104 TGCAGGACCAGAGARTTCGAATA 344 TGCAGGACCAGAGARTTCGAATA 584
T TNNNCTAGCETTAC CAAGAGATTANNNCTAGCGTTAC CAAGCCTGTANNNCT P\ CGETTAC
TGCA SGACC, 7-\’”1. AZ\ TTCGAATA 103 TGCAGGACCAGAGAATTCGARTA 345 TGCAGGACCAGAGAATTCGARATA 585
CATTGCGCGGNNNCTAGCGTTAC CABTCARAGANNNCTAGCGTTAC CAGCGECACTNNNCTAGCGTTAC
TGCAGCGACCAGAGAATTCGAATA i0e TGCAGGACCAGAGAATTCGRATA 34e TGCAGGACCAGAGAATTCGRATA 586
CAGTCAGCGAANNNCTAGCGTTAC CAGGAGTACANNNCTAGCGTTAC CATGTTGAGCGCNNNCTAGCGTTAC
TGCAGGACCAGAGARTTCGAATA 07 T TCGARTA 347 TGCAGGACCAGAGAATTCGARTA 587
CAGTTAAAAGNNNCTAGCGTTAC C. CGTTAC CAAAARGTTGNNNCTAGCGTTAC
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ABGCTA AT
TGCA 142 TGCAGGACCAGAGAA 382 TGCAGGACCAGAGAATTCGRATA 622
JBLCC CATTARATATHNNGA CBCTAGTCTGNNNGATCGACATG
TGCA 14: 383 TGCAGGACCAGAGAATTCGARATA
CAGT CAGTTCTAAANNNGATCGACATC
c 144 384 TGCAGGACCAGAGAATTCGAATA ©zZ4
CAGCGTTTTCNNNGATCGACATC
L4s TGCAGGACCAL 385 TGCAGGACCAGAGARTTCGAATA 625
CZ\ TCTC ”A(z(”l\ 'n\.LAT _,’ }\\, TG CAGCGGACAGNNNGATCGACAT CAGTCTGCCCNNNGATCGACATG
TGCAGGACCAGAGRATTCGAATA 146 TGCAGGACCAGAGRATTCGAATA 386 TGCAGGACCAGAGAATTCGAATA [SA9)
CACALGCGCCNNNG 2&; CGACATG CACGCTCGTCNNNGATCGACATG CAACAGAAATNNNGATCGACATC
TGCAGGEACCAGAGAAT AATA 147 TGCAGGACCAGAGARTTCGAATA 387 TGCAGGACCAGAGARTTCGAATA 627
CAGGCAGTAANNNGATCGACATG CATCTGATGGNNNGATCGACATG CATTGCTATTNNNGAT C GACATG
TGCAGGACCAGAGARATTCGAATA 148 TGCAGGACCAGAGARATTCGAATA 388 TGCAGGACCAG? ,A}N'"‘CC}AA TA 628
CATTGECTGANNNGATCGACATG CAGGCTAGABNNNGAT CGACATG CACCCTGTGCNNNGATCGACATCG
TGCAGGACCAGAGAAT 148 TGCAGGACCAGAGAATTCGRATA 389 TGCAGGACCAGAGAATTCGRATA 629
CBACAGCCGAANNNGA CBATGAGCCANNNGATCGACATG CBGCAGTCCGNNNGATCGACATG
TGCAGGACCAGAGAAT 150 TGCAGGACCAGAGAATTCGARTA 390 TGCAGGACCAGAG '—\I\T’“CG*&TX A 630
CABAGTTTCANNNGA CACACCCGTCNNNGAT CGACATG CAGTAACCCANNNGA! ”‘"C BCATG
TGCAGGACCAGAGAAT T i51 TGCAGGACCAGAGARATT 391 TGCAGGACCAGAGAATTCGAATA 631
CACGCTCTATNNNGATCGACATG CATCATCGGANNNGATC CAACATTCT. 7\NI'NCJ\TCGJ‘ ATG
TGCAGGACCAGAGARTTCG] ;TA 152 TGCAGGACCAGAGARTTC 352 TGCAGGACCAGAGARTTCE! f[‘A
CATAGGACTGNNNGATCGACATG CAGGCAAGCGNNNGATCGACATG CAARACCGTCNNNGATCGACAT
TGCAGGACCAGAGRATTCGAATA 1:3 TGCAGGACCAGAGRATTCGAATA 383 TGCAGGACCAGAGAATTCGAATA €33
CATCAGCACANNNGATCGACATG CACAGTCGATNNNGATCGACATG CAATTCTGCCONNNGAT (,G./ VCATG
TGCAGGACCAGAGART TCGRAATA 14 TGCAGGACCAGAGARTTCGARTA 394 TCCAGGACCAGAGAATTCGARTA 634
CACGAACTACNNNGATCGACATG CATGCTACTCNNNGATCGACATG CATCTAGCCANNNGATCGACATG
TGCAGGACCAGAGARATTCGAATA TGCAGGACCAGAG! CGARATA 395 TGCAGGACCAGAGAATTCGAATA
CATACTARACNNNGATCGACATG CATCCATACCNNNGA' ‘G‘At,A e CAGGTCTACANNNGATCGACATC
TGCAGCGACCAGAGAATTCGAATA ise TGCAGGACCAGAGAATTCGRATA 3%e TGCAGGACCAGAGAATTCGRATA 636
C T—xu STACAAGNNNGATCGACATG CBACCGCGACHNNNGATCGACATG CARGGTGAGCGNNNGATCGACATG
TGCAGGACCAGAGAATTCGAATA 157 TGCAGGACCAGAGANA] LT’”G*&NPA 397 TGCAGGACCAGAGAATT C” 1. A 637
CABCAGGCTTNNNGATCGACATG CAGGCARRGTNNNGAT CGACATG CATGTCTTTANNNGATCGACATC
TGCAGGACCAGAGARATTCGAATA i58 TGCAGGACCAGAGRATTCGAATA 398 TGCAGGACCAGAGAATTCGAATA
CAGARACCCTNNNGATCGACAT CAGGATCCCOGNNNGATCGACATG CATGGCTTCANNNGATCCGACATC
TGCAGGACCAGAGARTTCG }v“{w”}‘«. 158 TGCAGGACCAGAGARTTCGARTA 35¢ TGCAGGACCAGAGAATTCGARTA 538
CATCCGCATTNNNGATCGACATG CACCTCTCTTNNNGATCGACATG CAATTACGCGNNNGATCGACATG
TGCAGGACCAGAGRAT """?AP\' A 160 TGCAGGACCAGAGRATTCGAATA 400 TGCAGGACCAGAGAATTCGAATA €40
CACARTCTGGNNNGATCGACATG C}"«.TCGI‘LGCCNNNG,‘ "CGACATG CATGGCTCTTNNNGATCGACATC
TGCAGGACCAGAGARTTCGAATA L6l TG AGARTTCGART 401 TGCAGGACCAGAGARTTCGAATA G473
CAACCTTACCNNNGATCGACATG CZ—\. -C > NGATCGACAT (:r CACACTCACTNNNGATCGACATG
TGCAGGACCAGAGARATTCGAATA 162 TGCAGGACCAGAG! TCGAATA 402 TGCAGGACCAGAGAATTCGAATA 64z
CAGCGETCTONNNCGATCGACATG CAGGATGCTTINNNGATCGACATG CACTGCAGCCNNNGATCGACATC
TGCAGGACCAGAGARTTCGAATA 163 TGCAGGACCAGAGARTTCGAATA 403 TGCAGGACCAGAGARTTCGAATA 43
CAAATCACGCHNNNGATCGACATG CBATTGAGAANNN -.yALL SACATG CARCCCAATCTNNNGAT L‘GA ATG
TGCAGGACCAGAGAATTCGAATA 164 TGCAGGACCAGAGAATTCGARTA 404 TGCAGGACCAGAGRATTC G \ATA o444
CABATA C"’\(‘]\ INCGATCGACATG CAGTGTTGTGNNNGAT CGACATG CABCGTRARCCNNNGATCGACATC
T ACCAGAGRATTCGARTA 165 TGCAGGACCAGAGRATTCGAATA 405 TGCAGGACCAGAGAATTCGAATA ©4a
C. CTANNNGATCGACATG CAAAGCAATANNNGATCGACATG CAACCGTCCCNNNGATCCGACATG
TGCAGGACCAGAGARTTCGAATA 166 TGCAGGACCAGAGARTTCGARTA 4006 TGCAGGACCAGAGAATTCGARTA 546
C. CTGNRNGATCGACATG CATTAGCGCANNNGATCGACATG CATTCGCCAANNNGATCCGACATC
! CCAGAGARATTCGAATA L1e7 TGCAGGACCAGAGRATTCGAATA 407 TGCAGGACCAGAGAATTCGAATA 647
CAGACCCGGTNNNGATCGACATG CAAACGGATGNNNGATCGACATG CACGCACAATNNNGATCGACATC
TGCAGGACCAGAGARTTCG] ;TA 168 TGCAGGACCAGAGARTTCGARTA 408 TCCAGGACCAGAGAATTCGARTA 648
CACGETAAAGNNNGATCGACATG CAGCATGCAANNNGATCGACATG CACAATCTCCNNNGATCGACATG
BCCAGAGRATTCGARTA 168 TGCAGGACCAGAG! TCGAATA 409 TGCAGGACCAGAGAATTCGAATA 649
ATGCANNNCGATCGACATG CATATNNNGATCGACATG CATCAGAGTCNNNGATCGACATC
GACCAGAGART \TA 170 CGACCAGAGARTTCGART 410 TGCAGGACCAGAGARTTCGAATA
CATTCTGCAGNNNGATCGACATG [GCGCCTNNNGAT ‘(‘ACE\)( CAAR Z’CI?I\ CNNNG, ;LC(ETA(,. TG
GCAGGACCAGAGARTTCGAATA 171 TGCAGGACCAGAGAATTCGAZ 1.’\” A 411 TGCAGGACC GAATA
C]—\CCT CABACNNNCGATCGAC, 5 CAGATTCGCANNNGATCGACA CACTA-‘ A CATG
TGCAGCGACCAGAGAATTCGAATA TGCAGGACCAGAGAATTCGAATA 412 TGCAGCGACCAGAGAATT "GAJWI\ 652
CATAAGTTACNNNGATCGACATG CAATCTATCTNNNGATCGACATG CAGATTAACTNNNGATCGACAT
TGCAG! X AATA 173 TGCAGGACCAGAGARTTCGARTA 413 TGCAGGACCAGAGAATTCGARTA
CACAACCCTTNNNGATCGACATG CAGTCACCCCNNNGATCGACATG CAGGCTACGCNNNGATCGACATC
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TGCAGGACCAGAGRATTCGAATA 172 TGCAGGACCAGAGRATTCGAATA 412 TGCAGGACCAGAGAATTCGAATA €59
CATACAAGCCNNNGATCGACATG CATCTTTGGCNNNGATCGACATG CAGCACATCANNNGATCGACATC
TGCAGGEACCAGAGAAT AATA 180 TGCAGGACCAGAGARTTCGAATA 420 TGCAGGACCAGAGARTTCGAATA 560
CAARGCCCAANNNGATCGACATG CATCTCATCGNNNGATCGACATG CATCCTATGCNNNGATCGACATG
TGCAGGACCAGAGARATTCGAATA 181 GG Lx( CAGAGRATTCGAATA 421 TGCAGGACCAG? ,A)N'"‘CC}AA TA 661

CAATACTTTCNNNGATCGACATG CCNNNGATCGACATG CACGCATCCCNNNGATCGACATC

TGCAGCGACCAGAGAATTCGAATA 182 TCGAATA 4z2 TGCAGGACCAGAGAATTCGRATA 662
CACTEGATCANNNGA ACATG TCGACATG CBACCGETCGNNNGATCGACATG
TGCAGGACCAGAGAAT 183 TTCGAATA 423 G 7\’”7"”'—\I\T"”CG*&7A. A 663
CABACGCCTANNNGATCE BT CGACATG CL TNNNGAT C BCATG
TGCAGGACCAGAGAATT T 184 VTA 4Z4 TGCAGGACCAGA C}\A MTCGAATR ©od
CAGTCGACGAANNNGA] “LGANATG TG CAAACTCGCANNNGATCCGACATG
TGCAGGACCAGAGARTTCG, E\ATA 185 TGCAGEA VTA 425 INE A(‘GAC(’Z—\GAGAA TTCGAA L‘A PIS]
CATAATTCTCNNNGATCGACATG CATCACA CGACATG CCTTCCONNNGATCGACAT
TGCAGGACCAGAGAATT C@AP\ TA ig8e TGCAGGACCAGAGRATTCGAATA 426 TGCAGGACCAGAGAATTCGAATA €66
CATARCCCTCNNNGATCGACATG CAGCATACACNNNGATCGACATG CATCTTCGTGNNNGAT (,G./ VCATG
TGCAGGACCAGAGART TCGRAATA 187 TGCAGGACCAGAGARTTCGARTA 427 TCCAGGACCAGAGAATTCGARTA 667
CAGCECTTGGNNNGATCGACATG CATCCAACAGNNNGATCGACATG CATATTTARANNNGATCGACATG
TGCAGGACCAGAGARATTCGAATA 188 TGCAGGACCAGAG! CGARATA 428 TGCAGGACCAGAGAATTCGAATA 668
CACGGACACCNNNGATCGACATG CATCTECCTANNNGA! ‘iTAt,A TG CATTAATGCANNNGATCGACATC
TGCAGGACCAGAGAATTCGAATA i8s TGCAGGAC CAGAuAA TCGAATA 429 TGCAGGACCAGAGAATTCGRATA 669
CATGEAACTGHNNNT G ]—\TL]AGGL CACACACCGGHNNNTCGCAT CAGCET CARCTTTECTOCNNNTCGCATCAGCET
TGCAGGACCAGAGAATTCGAATA 180 TGCAGGACCAGAGAATTCGARTA 430 TGCAGGACCAGAGAATTCGARTZ 670
CABAGTCTATNNNTGCATCAGGT CAGACCTCCONNNTGCATCAGGT CATACGARCGGNNNTGCAT \,“GG
TGCAGGACCAGAGARATTCGAAT 181 TGCAGGACCAGAGARATTCGAAT }\ 431 TGCAGGACCAGAGAATTCGAATA 671
CARTGAATAGNNNT GCATCAGGT CATGGCAATCNNNTGCATCAGGET CAAGTCACTGNNNTGCATCAGCET
TGCAGGACCAGAGARTTCGAATA 182 TGCAGGACCAGAGARTTCGARTA 432 TGCAGGACCAGAGAATTCGARTA 672
CATTCTCCTCNNNTGCATCAGGT CATCTCCGGCNNNTGCAT CAGGT CAGTTTATCTNNNTGCATCAG
TGCAGGACCAGAGRATTCGAATA 193 TGCAGGACCAGAGRATTCGAATA 433 TGCAGGACCAGAGAATTCGAATA 673
CACCAGCCCTNNNTGCATCAGGET CACCAGCGTGNNNTGCATCAGGET CATTTCGAAANNNTGCATCAGGET
TGCAGGACCAGAGARTTCGAATA 1e4 TGCAGGACCAGAGARTTCGAATA 434 TGCAGGACCAGAGARTTCGAATA T4
CAARACABABCNNNTGCATCAGCT CAAAATATAANNNTCGCAT CAGCT CACAGATCACNNNTCCATCAGCT
TGCAGGACCAGAGARATTCGAATA 195 TGCAGGACCAGAGARATTCGAATA 435 TGCAGGACCAGAGAATTCGAATA 675
CACGCTCACONNNTGCATCAG CAGCAATTTANNNTGCATCAGGT CATTGERAACGNNNTGCATCAGET
TGCA AGAATTCGAATA 1ee TGCAGGACCAGAGARTTCGAATA 436 TGCAGGACCAGAGARTT \:A]-&.TA 676
CATG MNNNTGCATCAGET CBACTCACGTGHNNNTCGCAT CAGCET CAGTGCEGCTNNNT _” GCT
T JCI\.GGAC(” AGAGARTTCGAATA 187 TGCAGGACCAGAGAATTCGARTA 437 TGCAGGACCAGAGAATTCGARTZ o7
AGTT! AGNNNTGCATCACGT CABGAGGCATNNNTGCATCAGGT CATGARAGGCANNNTGC, .TC“CG
C AG(} C(,AG \GRATTCGARTA 1ss TGCAGGACCAGAGRATTCGAATA 4383 TGCAGG } CCAGAGAATTCGRATA 678
TCACCCTANNNTCGCATCAGET CATAGGCTTGNNNTCGCATCAGCET CAAARRAAGTACNNNTCGCATCAGCET
AGGACCAGAGARNTTCGAATA 1288 TGCAGGACCAGAGARTTCGARTA 43¢ TGCAGGACCAGAGAATTCGARTA 578
ACTCTGANNNTGCATCAGGT CACACACAGTNNNTGCATCAGGT CAGATGGAA CNM\ TGCATCAGGT
CAGGACCAGAGAATTCGAATA 200 TGCAGGH \C(,AGACPUu TCGRATA 440 TGCAGGACCAGAGAATTCGAATA 6B
CACGTATGACNNNTGCATCAGGT CATGATAGAANNNTGCATCAGGET CAGCC I‘(,CA(:N!\\"ICCZ\ TCAGGT
TGCAGGACCAGAGARTTCGAATA 201 TGCAGGACCAGAGARTTCGARTA 441 TCCAGGACCAGAGAATTCGARTA 631

CATGCACCGGRNNNTCGCATCAGG
TGCAGGACCAGAGARATTCGAATA
CAACTGATGONNNTGCATCAG

ACGANNNTGCAT!
GACCAGAGAATTCG
CACTGICTCEONNNTGCATCAL

CAAAATAARTNNNTGCATCA
ACCAGAGAATTCGAATA 682

‘}5’7 TCCCCCONNNTGCATCAGET

442

TGCAGEACCAGAGARTT TGCAGGACCAGAGARTTCGAATA 443 TGCAGGACCAGAGARTTCGAATA G683
CATACGTTCONNNTGCATCAGGT CAGTTTCCCANNNTCGCATCAGG CATTCTTCTTNNNTGCATCA
TGCAGGACCAGAGAATTCGAATA 204 TGCAGGACCAGAGAATTCGARTA 444 TGCAGGACCAGAGAATTCGARATA 684
CACGGCCGUGNNNT GCATCAGGT CATTCARATAGNNNTGCATCAGGT CATTGTGGCANNNTGCATCAGET
TGCAGCGACCAGAGAATTCGAATA 205 445 TGCAGGACCAGAGAATTCGRATA

CAA L*\,T”’”G’”M\ NTGCATCA CATCCCATCTNNNTCGCATCAGGET
TGCAGGACCAGAGARTTCGAATA Z06 446 TGCAGGACCAGAGAATTCGARTA 586

G
CATTGTACTTNNNTGCATCAGGT TGTTGACNNNTGCATCAGGT
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CAT C‘rTT]A ATGNNNTGCATC? CAl B GT CATCGCCTATNN TCAGGT
TGCAGGACCAGAGARATTCG 208 TGCAG A 448 AGGAC eI

CBABRCATTGTHNNNTCGCATCE BTTA CTG g
AGAGARATTCGA 20¢ TGCAG 44¢ GGACCAGAGARTTCGAATA 688

AANNNTGCATCAL CAGCC 'GGTGEGTTNNNTGCATCAGET
AGAGRATTCGAL 210 AG 450 TGCAGGACCAGAGAATTCGAATA 690

T CACTATCTTANNNTGC 5T

CACAGCGCACNNNTGCATC CAAATGEGACGN CAGG
TGCAGGACCAGAGART 211 TGCAGEACC 451 TGCAGGACCAGAGARTTCGAATA M
CACGAGTATCNNNTGCATCAGGT CAAGACCTGTNNNTGCATC) CARATARCCTANNNTG r
TGCAGGACCAGAGRATTCGAATA 212 TGCAGGACCAGAGRATTCGAATA 452 TGCAGCGACCAGAGAATTC ?AAA n €982
! CACTTACATTNNNTGCATCAGGET CAAGAGTGTGNNNTGC }\ub I

CATCA

CARTGGETGGANNNTGCATCAG

TGCAGGEACCAGAGAAT AATA 2123 TGCAGGACCAGAGARTTCGAATA 453 TGCAGGACCAGAGARTTCG 693
CATCACACTCNNNTGCATCAGGT CATAAGAABCNNNTCGCAT CAGCT CAAATGGCGANNNT ATCA'I_ =
TGCAGGACCAGAGAAT 214 TGCAGGACCAGAG! TCGAATA 454 TGCAGGACCAGAGAATTCGAATA 694
CAGARACGACNNNTGC CAGATTCTTTNNNTGCATCAGGT CAGTCTCTTGNNNTGCATCAGET
TGCAGGACC 215 TGCAGGACCAGAGAAT ‘LCGAZ&.TA 455 TGCAGGACCAGAGAATTCGRATA [SEN]
CAGAGTTTT g CATCTAGCTGNNNTCGC CATGCCCCCANNNTCGCATCAGET
TGCAGGACCAGAGAAT 216 TGCAGGACCAGAGAA 456 TGCAGGACCAGAGAATTCGARATA 696
CAGGCCTTTTNNNTGCA) CAGTGTCTTCNNNTG CACGAGCTCGNNNTGCATCAGET
TGCAGGACCAGAGARATTL g 217 TGCAGGACCAGAGAAT 5 457 TGCAGGACCAGAGAATTCGAATA 697
CACARACTCTCONNNTGCATCAG CATARACTTGNNNTGCAT CA LF&“CTGT-\I\CCNNNTL(‘“ TCAGCGT
TGCAGGACCAGAGART TCGRAATA 218 TGCAGGACCAGAGARTTCGARTA 458 TCCAGGACCAGAGAATTCGARTA 6398
CATGTACTGGNNNTGCATCAGGT CAGACATCCANNNTGCATCAGG CACTCGTATCNNNTGCATCAGCT
TGCAGGACCAGAGRATTCGAATA 212 TGCAGGACCAGAGRATTCGAATA 4592 TGCAGCGACCAGAGAATTCGAAT A ()]
CATTTGGCTCNNNT “C}\‘\,}\CL ! CATARGTCCGNNNTGCATCAGGET CACACTTC CZ\NI\\"ICCZ\I“I\’ GT
TGCAGGACCAGAGART TCGRAATA 220 TGCAGGACCAGAGARTTCGARTA 460 TCCAGGACCAGAGAATTCGARTA 700
CAGAAGTATANNNT GCATCAGGT CAAGGCGCGANNNTCGCAT CAGCT CAGATCCTGANNNTCCATCAGET
TGCAGGACCAGAGARATTCGAATA 221 TGCAGGACCAGAGARATTCGAATA 461 TGCAGGACCAGAGAATTCGAATA 701
CAGAATCACCONNNTGCATCAGGT CAGAGCTCTANNNTGCATCAGGT CAAGAAGTATNNNTGCATCAGET
TGCAGCGACCAGAGAATTCGAATA 222 TGCAGGACCAGAGAATTCGRATA 462 T L:(” AGGACCAGAGAATTCGRATA 702
CACTTACCGTHNNNTGCATCAGET CATCATAATGHNNNTCGCATCAGCET CBARCCCACANNNTGCATCAGCET
TGCAGGACCAGAGAATTCGAATA 223 TGCAGGACCAGAGAATTCGARTA 463 TGCAGGACCAGAGAATTCGARATA 703
CATCTTTACANNNTGCATCAGGT CAGGATGGTANNNTGCATCAGGT CATGCCGARATNNNTGCATCAGET
TGCAGGACCAGAGARATTCGAATA 224 TGCAGGACCAGAGRATTCGAATA 464 TGCAGGACCAGAGAATTCGAATA 704
CACGAAGTGANNNT GCATCAGCT CATAGCCTTCONNNTGCATCAGCET CAATCAGAGGNNNTCGCATCAGGET
TGCAGGACCAGAGARTTCGAATA 225 TGCAGGACCAGAGARTTCGARTA 465 TGCAGGACCAGAGAATTCGARTA 705
CACTTGETGGANNNT GCATCAGGT CAATCCCCGCNNNTGCAT CAGGT CAGTCATATANNNTGCATCAG
TGCAGGACCAGAGRATTCGAATA 226 TGCAGGACCAGAGRATTCGAATA 466 TGCAGGACCAGAGAATTCGAATA 706
CAGTTCTCTGNNNTGCATCAGGET CAGATTGCTGNNNTGCATCAGGET CAACCCACCCNNNTGCATCAGGET
TGCAGGACCAGAGARTTCGAATA 227 TGCAGGACCAGAGARTTCGAATA 467 TGCAGGACCAGAGARTTCGAATA 707
CACCTTCAACKNNNTGCATCAGCT CAGTGATGAGNNNTCCAT CAGCT CARCCCACAGGNNNTG ,A’T(“P GCT
TGCAGGACCAGAGARATTCGAATA 228 ”"(‘kALu,AC CAGAGRATTCGAATA 468 TGCAGGACCAGAGAATTCGAATA 708
CARAATCGCTTNNNTGCATCAG CGGAACGENNNTGCATCAGET CATGCTGAACNNNTGCATCAGET
TGCAGGEACCAGAGAAT \TA 229 TGCAGGACCAGAGARTTCGAATA 469 TGCAGGACCAGAGARTT \:A]-&.TA 7098

CARGCAGCATTNNNT _”

CBATCGCGATHNNNTGCATCAG

INNTCGCATCAGCET

Lol

TGCAGGACCAGAGAATTCGAATA 230 47C GCAGGACCAGAGAATTCGARATA
CAGGCTCGTGNNNTGCATCAGGT CAGQ)‘ GATCGGNNNTGCATCAGGT
TGCAGGACCAGAGARATTCGAATA 231 471 TGCAGGACCAGAGAATTCGAATA 711
CAGACCCTAANNNTGCATCAG TGTT Nl\' JTL ATCAGGET CATTCGATCGGNNNTCGCATCAGCET
TGCAGGACCAGAGARTTCGAATA 232 TGCAGGACCAGAGARTTCGARTA 472 TGCAGGACCAGAGAATTCGARTA Tiz
CACAARATTTGNNNT GCATCAGGT CACACACACANNNTGCATCAGGT CATGGAGGCGNNNTCGCATCAGET

CAGGRCCAGAGRATTCGARTA 233 TGCAGGACCAGAGRATTCGAATA 473 TGCAGGACCAGAGAATTCGAATA 713

FTTTCCNNNTGCATCAGGET CATARATAANNNNTGCATCAGGET CAGTATT Z\CZ\NI\\"ICCZ\ TCAGGT

TGCAGGACCAGAGART TCGRAATA 234 TGCAGGACCAGAGARTTCC

Al

VTA 474 TGCAGGACCAGAGARTTCGAATA 714
CACGACAATCNNNTGCATCA '

TG ACCAGAGARATTCGA

CATTTAACGANNNTGCATCAGG
TGCAGGACCAGAGARATTCGAATA

CAAAL
”T‘(‘C‘A

CATCNNNTGCATC
GACCAGAGAATTCG

TA

CAGTGETCTANNNTGCATCAG ACATATGATNNNTGCATCAGE ,}lG IGGCCACNNNTGCATCAGGT
TGCAGEACCAGAGARTT TGCAGGACCAGAGARTTCGAATA 476 TGCAGGACCAGAGARTTCGAATA 7ie

CAGCGETCATANNNTCGCAT CA ( BTACGCCCGNNNTCCATCA

i
CATTCTAATCNNNTCCATCAL > >
TCGAATA 477 GCAGGACCAGAGAATTCGARATA

TGCAGGACCAGAGAATTCGAATA 237 TGCAGGACCAGAGANA]

AATTGATTGNNNTGCATCACGT CATARGCCTGNNNTGCATCAGGT CACL}AD\GA BNNNTGCATCAGET
TGCAGCGACCAGAGAATTCGAATA 238 TGCAGGACCAGAGAATTCGRATA 478 T AGAGAATTCGAATA 718
CATGCATAGCNNNTGCATCA ' CATAGCAGAGNNNTGCATCAGCET C NNNTGCATCAGCT
TGCAGGACCAGAGARTTCGAATA 23¢ TGCAGGA 47¢ TGCAGS GAGALTTCGAATA 719
CAGACAGATGNNNTGCATCAGGT CACT TUGAACN I\IN TGCATCAGGT CAAGCCTTCTNNNTGCATCAGCET
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CATGCTCT,

e
RE

GGACCAGAGAATTCGAATA

CATATCACCCNNNTGCATCAGGET

TGCAGGAC 481 TGCAGGACCAGAGAATTCGRATA 721
CBTGCGAT. Ke CARCCTTATGONNNTCGCATCAGCET

TGCAGGAC ACCAGAGAATT 482 TGCAGGACCAGAGAATTCGARATA 722

CAACACTG CACAATTTAGNNNTGCA CATTARTCACNNNTGCATCAGCET

CAGTCACTCTNNNTGCATCAGGT

-3

TGCAGGACCAGAGARATT

CACTAARCGCNNNTGCAT

TGCAGGACCAGAGAATTCGAATA
et

CACTACCTTGNNNTGC

TGCAGGACCAGAGART TCGRAATA

CATTGETATTCNNNTGCATCAGGT

TG

CA

CAGEACCAGAGARTTC
TAGTAGAANNNTGCATCAG

SAGARTTCGAATA
CAAGGATCTCNNNTGCATCAGCT

TGCAGGACCAGAGRATTCGAATA

CARACCTAGCNNNTGCATCAGGT

TG

~n
ol

CAGGACCAGAGARATTCGAATA

GCAAAGTGNNNTGCATCAGET

TGCAGGACCAGAGAATTCGAATA

CAAAGATCAANNNTGCATCAGGET

TGCAGGACCAGAGARTTCGAATA

CAGCIGGATCNNNT GCATCAGGT

TG

CA

CAGGACCAGAGARTTCGARATA

CAAGTTAT

TGCAGGACCAGAGARTTCGAATA

TGCAG
CARGGATCCT

TG

for.
Al

CAGGACCAGAGA
CAACTGACNNNTGC

CABCTAGATTNG

TGCAGGACCAGE

CATACTGCGAC

TG

CA

CAGGACCAGAGAATT
TTCGTCGTNNNTCGC

TGCAGGACCAGAGAAT
CATTTTCCGGNNNTCGCATCAGET
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TGCAGGAC GBRATTCGANTA 720 TGC‘ SACC BAT TA 362 TGECAGGAC
CATATGCGCANNNACGTATGCCA CAGCGATTACNNNACGTATGCCA CACARTGACCNNNAC
TGCAGGACCAGAGARTTC A 730 TGCAGGACCAGAGAR VTA @70 TCCAGGACCAGAGAATTCGARTA 1210
CAGTTCACCTNNNACGTATGCCA Ca [CCTCNNNACGTATGCCA CAGCTACCTANNNACGTATGICA
TGCAGGACCAGAGRATTCS TGC SARCCAGAGE 971 TGCAGGACCAGAGAATTCGAATA
TAT L:(,CA CAGTTATAACNNNAC

CCAGAGAATTCGAATA
Gt etelers
LU LA

CATCCTACACNNNAC CAGCCAGCACNNNA ATGCCA
TGCAGCGACCAGAGAATTCGE TGCAGGACCAGAGAAT 972 TGCAGGACCAGAGAATTCGRATA iz1iz2
CACTACTCTGNNNACGTAT CATATCTTCANNNACGT CARCGATCCGGNNNACGTAT
TGCAGGACCAGAGAA TGCAGGACCAGAGAA 973 TGCAGG 1.(. CAGAGAATTCGARTA
CACCTTCCCONNNA CABCGTTCGANNNAL CATTGEACACNNNA ATGCCA
TGCAGGACCAGAGARATTCG 734 TGCAGGACCAGAGAATTCGRATA 974 TGCAGGACCAGAGAATTCGRATA iz14
CAGAAGATCGNNNACG CAACTCGTGANNNACGTATGCCA AACAATCCCNNNACGTATGCCA
TGCAGGACCAGA CAP\ 735 A 875 TGCAGGACCAGAGAATTCGARTA
CACTCCGCTGNNN T NAC ] A CACCTTTATANNN 3
TGCAGGACCAGAGRATTCGAATA TGCAGGACCAGAGRATT A 376 TGCAGGACCAGAGAATTCGAATA 1216
CATATGTCCCNNNACGTATGCCA CATCTETACCNNNACGTAT! i CAGTGGCTGCNNNACCTATGCCA

VTA @77 TCCAGEACCAGAGAR
CCA CAATCTCCGTNNNAC

CGARATA 1217
"y

TGCAGGACCAGAGAR
CATATTTGCTNNNACG

AATA 737 TGCAGGACCAGAGAL

VI GCCA CACCCTAACTN I"?\E}\ C

TGCAGGACCAGAGARATTCGAATA 738 SACCAGAGRATTCGAATA 978 TGCAGGACCAGAGAATTCGAATA 1
CAGTCCAGGCONNNACGTATGCCA "A’T TGHAGAGNNNACGTATL CAATGECCATNNNACCTATGCCA

TGCAGGACCAGAGARTTCGAATA 739 i SN ""C(‘AG-‘ ]ACC LrA'_f]AT—&.‘ TCGARTA izi9
CAARGATCGCNNNACGTATGCCA CAG NACGCTATGCCA
TGCAGGACCAGAGAATTCGAATA 740 TGCA 930 TGCAGGACCAGAGARTTCGAATA 1220
CAGTCCCGAGNN ‘\'JA' GCCA CAGT ; -SCC,’—\ CAGTCCCGEANNNACCTATECCA
TGCAGGACCAGAGARATTCGAATA T4l TGCA 581 TGCAGGACCAGAGAATTCGAATA iz21
TTCGNNNACGTATGCCA CACT CAGGCTTCAANNNACCTATGCCA
CCAGAL T SARTA T4z TGCA 982 TGCAGGACCAGAGAATTCGARTA 1222
\TGCCA CAAG CACCTTTTTTNNNACGTATGCCA
ACCAGAGRATTCGARTA 743 TGCAGGACCAGAGRATTCGAATA 583 TGCAGGACCAGAGAATTCGAATA 1223
GTGTAGNNNACGTATGCCA CACARCGAGANNNACGTAT C CAACGCCCGANNNAC -”‘“M’CLCA
TGCAGGACCAGAGART TCGRAATA 744 TGCAGGACC 7—\”‘ ? ;A ATTC VT @84 TCCAGGACCAGAGAATTCGARTA 1224
CACACGACTTNNNACGTATGCCA CATAGGITC GCC CACCCCTAGCNNNACGTATGCCA
TGCAGGAC Cnuf‘ L,T TTCGRAATA T45 TGCAGGACCAGAGARATTCGAATA 985 TGCAGGACCAGAGAATTCGAATA 1225
CACACCIGCCT STATGCCA CAGGCICATGNNNACGTATGCCA CACGGAGGCANNNACCTATGCCA
TGCAGGACCAGAGARTTCGAATA 746 TGCAGGACCAGAGAR ARTA 886 TGCAGGACCAGAGARTTCGAATA
CAARGCTACCNNNACGTATGCCA CAGGCAGTCCNNNACGTATGICA CACTATGAATNNNACGTATGCCA
T _-ACAU GACCAGAGAATTCGAATA 747 TGCAGGACCAGAGAATTCGARTA 987 TGCAGGACCAGAGAATTCGARATA 1227
CAGARCCGABNNNACGTATECCA CATCGATTGGNNNACGTATECCA CAGACCGCCTNNNACCGTATECCA
TGCAGCGACCAGAGAATTCGAATA 748 TGCAGGACCAGAGAATTCGRATA 288 TGCAGGACCAGAGAATTCGRATA 1228
AAGTACTGCNNNACGTATGCCA CATAGACAGGNNNACGTATGCCA CATACTAGTANNNACCTATGCCA
TGCAG! ACCZ\.(” A&" ARTTCGAATA 4@ TGCAGGACCAGAGARTTCGARTA 9838 TGCAGGACCAGAGAATTCGARTA 12239
CAARRCAATT \TGCCA CAZ G ATGCCA CAACCAGTCGTNNNACGTATGCCA
TGCAGGACCAGAGARATTCGAATA 750 TGC. AATA 390 TGCAGGACCAGAGAATTCGAATA 1230
CAGTATTAACNNNACGTATGCCA CAATGTTCGG X TGCCA CAGATGCC J\NNNXCC"”“’”C\,CA
TGCAGGACCAGA ':-rA ATTCGAATA 751 TGC! ARTA @3] TCCAGGACCAGAGAATT C" VTA 1231
CATGATTATGNNNACGTATGCCA CAAGCCCANT TATGCCA CACCATATTTNNNACGTATGCCA
TGCAGGAC Cn\::\xu TTCGRAATA TGCAGGAC Cn\:nx SRATTCGAATA 992 TGCAGGACCAG? :A}N""T‘ CGAATA 1
CAGCARACCTNNNACGTATGCCA CAGTGAGTTCNNNACGTATGCCA CAAARCCACCNNNACCTATGCCA
TGCAGGACCAGAGARTTCGAATA 753 TGCAGGACCAGAGARTTCGAATA 893 TGCAGGACCAGAGARTTCGAATA 1233
CAGAATCTTANNNACGTATGCCA CAGTGCTAACNNNACGTATGICA CAGCACGARANNNACGCTATGICA
TGCAGGACCAGAGAATTCGAATA 54 TGCAGGACCAGAGAATTCGARTA 994 T -CAGGAC CAG 7\C '—\I\ TTCGARTA 1234
CAGAGEACGCNNNACGTATECCA CAGCCACCGANNNACGTATECCA (G ATGCCA
TGCAGGACCAGAGAATTCGAATA 755 TGCAGGACCAGAGAATTCGRATA 995 TGCAGGACCAGAGAATTCGRATA 1235
CBAGCCAABGNNNACGTAT ”C.T—x CBAGTCCCGATHNNNACGTATGCCA CBATACCATANNNACGTATGCCA
TGCAGGACCAGAGARTTCGAATA 756 TGCAGGACCAGAGARTTCGARTA 956 TGCAGGACCAGAGAATTCGARTA 1236
CAGGACGCTCNNNACGTATGCCA CAGTTRAAATCNNNACGTATGCCA CACCAGTTCTNNNACGTATGCCA
TGCA 3(52\6(,}‘«.(5}\ GIBA T T C SARTA 757 T GCAG G CCAGAC‘ZLH TTCGARATA 597 TGCAGGACCAGAGAATTCGAATA 1237
CAGC! [GCCA TGNNNAC »”FA”FC(,CA CATTGCTGCGANNNACCTATGCCA
A 758 @38 TCCAGGACCAGAGAATTCGARTA 1238

T
Cl\’”"”‘lT’ (”l\m\ CGAATGCC]-\. CAGCCCATTTNNNACGTATGC

TGCAGGACCAGAC P\ \TTCGADTA 7592 T CCAGAGRATTCGAATA 382 TGCAGGACCAGAGAATTCGAATA 123¢
CATCGCAGATNNNACGTATGCCA CAAL ZAG' CATNNNACG e CAAACAGCTCNNNACCTATGCCA
TGCAGEACCAGAGARTT 760 TGCAGGACCAGAGARTTCGAATA 1000 TGCAGGACCAGAGARTTCGAATA 1240

CAATCGCATGNNNACGTAT GC( A CAGGCGTCCANNNACGTATGCCA CACTGTTCTGNNNACGTATGICA
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TGCAGGACCAGAGRATTCGAATA cl TGCAGGACCAGAGRATTCGAATA 1001 TGCAGGACCAGAGAATTCGAATA 1241
CARGATGGCANNNACGTATGCCA CAAACARCCCNNNACGTATGCCA CATGGARTAANNNACCTATGCCA
TGCAGGACCAGAGART TCGRAATA Tez TGCAGGACCAGAGAR VTA L0C2 TCCAGGACCAGAGAATTCGARTA 1242
CATCATCCCTNNNACGTATGCCA CAGGTCTTAGNNNACGTATGICA CATTCCITTCNNNACGTATGCCA
TGCAGGACCAGAGAATTCLAAT T—x TGCAGGACCAGAG! 1003 TGCAGGACCAGAGAATTCGAATA
CACGTETTCTNNNACGTATECE, CAGCCIGGATNNNAC CACACGCAATNNNA ATGCCA
TGCAGGACCAGAGAAT T"‘GAAT]-\. 764 TGCAGGACCAGAGAAT 1004 TGCAGGA 4CAGAuAF TTCGRATA iz44
CAGGTTATT d CBATCCCCGAANNNACGT CAGCTTATCONNNACGTAT
TGCAGGACCAGE Tes TGCAGGACCAGAGAA 1005 GCAGGACCAGAGAATTCGARATA 1245
CARGAGTTABN ACTCANNNACL CAGL}CD\TA NNNA ATGCCA
TGCAGGACCAGAG Toe TGCAGGACCAGAGAATTCGRATA 10C¢o TGCAGGACCAGAGAATTCGRATA iz4¢
CATGAAATTCNN CATCCACCGCNNNACGTATGCCA CAAGCGCCCTNNNACCTATGCCA
TGCAGGACCA ACAF\ Ted A C A 1007 TGCAGGACCAGAGAATTCGARTA 1247
CACTTACCTGNNN A CACAARTTCANNN 3
TGCAGGACCAGAGRATTCGAATA 768 TGCAGGACCAGAGH TA 1008 TGCAGGACCAGAGAATTCGAATA 1248
CARACTCGTGNNNACGTATGCCA CACATGEGTCANNNAC ~”‘“A”w’\ i CATARTGCATNNNACCTATGCCA
T 4(‘AGGA" SCAGAGAR AATA 768 TGCAGGACCAGAGAL VTA L0C2 TCCAGGACCAGAGAATTCGARTA 12492
CAGGACACGGNNNACGTATGCCA CACCATTTCGNN n\:}\C CCA CAACTCGTCTNNNAC B
TGCAGGACCAGAGARATTCGAATA 70 TGCAGGACCAGAGARATTCGAATA 1010 TGCAGGACCAGAGAATTCGAATA 1
CATCTCCCGONNNACGTATGCCA CATGTCGCGGNNNACGTAT! CAAATTTGCTGNNNACCTATGCCA
TGCAGGACCAGAGARTTCGAATA 771 TGCAGGEACC TTCGAARTA 1011 TGCAGGACCAGAGARTTCGAATA izsl
CACTTCCAGTHNNNACGTATGCCA CAAACAATAGHNT YAC“G TATGCCA, CATGAGAGGTNNNACGTATGCCA
TGCAGGACCAGAGAATTCGAATA Tz TGCAGGACCAGAGAATTCGARTA 1012 TGCAGGACCAGAGAATTCGARATA 1252
CAATAGTTACNNNAC GCCA CATTCGACGANNNACGTATECCA CAGCCATACANNNACCGTATECCA
TGCAGGACCAGAGARATTCGAATA 773 TGCAGGACCAGAGAATTCGAATA 1013 TGCAGGACCAGAGAATTCGRAATA 1z253
CACGACTTGANNNACGTATGCCA CACCTTGAGANNNACGTAT vCCA CATTCCTLCANI'”XCC‘”“ TGCCA
TGCAGGACCAGAGARTTCGAATA T4 TGCAGGACCAGAGARTTCGARTA 1014 TGCAGGACCAGAGAATTCGARTA 1254
CATGCTTTATNRNNACGTATGCCA CAACGCTCTTNNNACGTATGCCA CAGTGCGCAGNNNACGTATGCCA
GGACCAGAGAATTCGAATA 775 TGCAGGACCAGAGRATTCGAATA 1015 TGCAGGACCAGAGAATTCGAATA 1Z&55
CAGCCACTTTNNNACGTATGCCA CACACGRAAGANNNACGTATGCCA CATTTAGACANNNAC -”‘“M’CLCA
TGCAGGACCAGAGART TCGRAATA 776 TGCAGGACC VTA Lole TCCAGGACCAGAGAATTCGARTA 1256
CATATCGCACNNNACGTATGCCA CAGGCCACACNNNACGTATGCCA CACACCCCGCTNNNACGTATGCCA
TGCAGGACCAGAGARATTCGAATA T TGCAGGACCAGAGARATTCGAATA 1017 TGCAGGACCAGAGAATTCGAATA 1
CAATTCCATTINNNACGTATGCCA CATCTETGAGNNNACGTATGCCA CAATTCTACGANNNACCTATGCCA
TGCAGGACCAGAGARTTCGAATA 778 TGCAGGACCAGAGAR ARTA 1018 TGCAGGACCAGAGARTTCGAATA 1258
CAARATGCTGCNNNACGTATGCCA CZ—\AAAGC( AGH [\I\“'f\( GTATGCCA CACGGACCGAGNNNACGTATGICA
TGCAGGACCAGAGAATTCGAATA e TTCGAATA 1018 TGCAGGACCAGAGAATTCGARATA 1259
CABRCGCGATTNNNACGTATECCA A ATECCA CACGACCGCANNNACCGTATECCA
TGCAGGACCAGAGAATTCGAATA 780 TGCAGGACCAGAGAATTCGRATA 102¢ TGCAGGACCAGAGAATTCGRATA 1260
CATAGCTAGCNNNACGTATGCCA CACTTGTAGGNNNACGTATGCCA CACATATACTNNNACCTATGCCA
TGCAGGACCAGAGARTTCGAATA 7381 TGCAGGACCAGAGARTTCGARTA 10Z1 TGCAGGACCAGAGAATTCGARTA 126l
CAG C \TGCCA C. ATGC, ATGCCA CATGTGATATNNNACGTATGCCA
TGCAGGACCAGAGARATTCGAATA 782 T GRATA 1022 TGCAGGACCAGAGAATTCGAATA izez
CAC GTATGCCA C. TGCCA CAATCCTAAANN IXCC"”ATG\,CA
1 TCGAATA 7832 TG ARTA L0223 TCCAGGACCAGAGAATT C" VTA 1263
CAGCCA v}A.CCAN"I' \CGJA 'GCCA CZ\_»"«.”\’G‘II"" Z\GNI‘ n\:}\C(zAAJui_. A CATGATGAGGNNNACGTATGCCA
TGCAGGACCAGAGARATTCGAATA 784 TGCAGGACCAGAGARATTCGAATA 1024 TGCAGGACCAG? :AAT’T‘ CGAATA 1264
CAGGCTT CC.CI\ NN A CGTATGCCA CACTGTCCGONNNACGTATGCCA CAGCTCGACGNNNACCTATGCCA
TGCAGGACCAGAGARTTCGAATA 785 TGCAGGACCAGAGARTTCGAATA 1025 TGCAGGACCAGAGARTTCGAATA 1265
CAGTTGACACNNNACGTATGCCA CATTTTACCANNNACGTATGCCA CATTAGCTAANNNACGCTATGICA
TGCAGGACCAGAGAATTCGAATA 786 TGCAGGACCAGAGAATTCGARTA 10ze TGCAGGACCAGAGAATTCGARATA 1266
CAGCATCTTCNNNACGTATECCA CATGCCCTGONNNACGTATECCA CATGCTTTTANNNACCGTATECCA
TGCAGGACCAGAGAATTCGAATA 787 TGCAGGACCAGAGAATTCGRATA 1027 TGCAGGACCAGAGAATTCGRATA ize7
CABACAATTGTHNNNACGTAT ”CA CACCTTTCGACHNNNACGTATGCCA, CBATCACAGCNNNACGTATGCCA
TGCAGGACCAGAGAATT \ATA 788 TGCAGGACCAGAGARTTCGARTA 10Z8 TGCAGGACCAGAGAATTCGARTA 1268
CAGATCCCCCNNNACG GCCA CAATTATTTTNNNACGTATGCCA CAARATCTCGGNNNACGTATGCCA
TGCAGGACCAGAGARATTCGAATA 783 TGCAGGACCAGAGARATTCGAAT 102¢ TGCAGGACCAGAGAATTCGAATA izeo
CAGCCCAGTGNNNCTAGCGTTAC CAGTGTGGAZ \J‘d\NUP}‘«.(zCGT‘lP\‘C CAACACTGCTNNNCTAGCGTTAC
GACCAGAGANTTCGAATA 720 TGCAGGACCAGAGARTTCGARTA L0320 TCCAGGACCAGAGAATTCGARTA 1270
CZ\QC3C“CC’I‘NN\EJ’1}\ GCGTTAC CAACTCGTAGNNNCTAGCGTTAC CATTTGTTTGNNNCTAGCGTTAC
TGCAGGACCAGAGRATTCGAATA 791 GGACCAGAGRATTCGAATA 1031 TGCAGGACCAGAGAATTCGAATA 1271
CATACGTGCANNNCTAGCGTTAC CGTCONNNCTAGCGTTAC CACGACACCCNNNCTAGCGTTAC
TGCAGGACCAGAGARTTCGAATA Te2 TGCAGGACCAGAGAATTCGAATA 1032 TGCAGGACCAGAGARTTCGAATA iziz
CACACCCACCNNNCTAGCETTAC CAGCCTAATGNNNCTAGCGTTAC CACGCGACGAGNNNCTAGCGETTAC
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TGCAGGACCAGAGRATTCGAATA > TGCAGGACCAGAGRATTC! TA 10¢ TGCAGGACCAGAGAATTCGAATA
CATATATGACNNNGATCGACATG CACTGGETAGTNNNGAT CAGACTAATTNNNGATCGACATC
TGCAGGACCAGAGARTTCGAATA 858 TGCAGGACCAGAGAR 1098 TCCAGGACCAGAGAATTCGARTA
CAGTCCGACGNNNGATCGACATG CACGGATCTANNNGATCGACATG CACAATAAGANNNGATCGACATG
TGCAGGACCAGAGARATTCGAATA 858 TGCAGGACCAGAG! TCGAATA 1089 ACCAGAGAATTCGAATA
CAACTECATGNNNGATCGACATG CAAARARGAGNNNG? CATG c iy Z‘ TACCCCNNNGATCGACATC
TGCAGCGACCAGAGAATTCGAATA 260 TGCAGGACCAGAGAATTCGAATA 1ic¢e TGCAGGACCAGAGAATTCGRATA 1340
CATACCTABANNNGATCGACATG CAGGAGACATHNNNGATCGACA TG CA TATTANNNGATCGACATG
TGCAGGACCAGAGAATTCGAATA g6l TGCAGGACCAGAGAATTCGARTA 1icl TGCAGGACCAGAGAATTCGARATA
CABRCCAGATCNNNGATCGAC 5 CATCCEGAGCNNNGAT CGACATG CABGATGTABNNN AT
\ATTCGAATA 362 TGCAGGACCAG TCGAATA 1102 TGCAGGACCAGAGAATTCGRATA 1342
ATCGACATG C. TTATTCH 'CGACATG CATTATTCCTNNNGATCCGACATC
GARTTCGAATA T A "TCGARTA 1103 T CC:«.&CA"“ C}\.G AGARATTCGARTA
IGATCGAC, ’ G CGA 5 CH GATCGACATG
TGCAGGACCAG! &AA’? TCGAATA 864 CCAGAGRATTC! 1104 TGCAGGACCAGAGAATTCGAATA 1344
CACCACCAANNNNGATCGACATG CATTA f\,b: ANNNGATCGAL CACTGACAACNNNG, (,G./ VCATG
TGCAGGACCAGAGARTTCGAATA 865 TGCAGRACCAGAGAATY L1C5 TCCAGGACCAGAGAATTCGARTA
CATTTTCCAANNNGAT CGACATG CAGTGCCAATNNNGAT CGA CAACGCCGGETNNNGATCGACAT G
TGCAGGACCAGAGA TT"“JALWA 866 CCAGAGARATTCGEA 1iCe TGCAGGACCAGAGAATTCGAATA 1346
CAGTTAGTTANNNGATCGACATG CAGCTARBABANNNGATCGA CAGGTGACCCNNNGATCGACATC
TGCAGGACCAGAGARTTCGAATA 867 TGCAGGEACC G i 107 TGCAGEACCAGAGAAT ARTA
CATCAGCTCTHNNNGATCGACATG CBATCCAATANNNGATC CARCCTTAGCTNNNGATCGACATG
TGCAGGACCAGAGAAT "”C"AATA £68 TGCAGGACCAGAGAA 1108 TGCAGGACCAGAGAATT G*& ATA 1348
C“—’L}C‘JC-L&L{‘]\ ‘\'CE{T‘ CATTCARGGCNNNGATCGAC CACTCGCTATNNNGATCGACATC
TGCAGGACCAGAGRATTC 363 TGCAGGACCAGA GAA TCG? 110¢ TGCAGGACCAGAGAATTCGAATA iz4¢@
CA”\“CT’”(‘Z AGNNNGATCG, CATTATTAAANNN CGA CAAGCCTACTNNNGATCCGACATG
TGCAGGACCAGAGARTTCGAATA 870 TGCAGGACCAGAGAN TCGILAT;«. 1110 TGCAGGACCAGAGAATTCGARTA 1350
CATCTAACCCNNNGATCGACATG CAAACTCTAANNNGAT CGACATG CAGAGAGTTGNNNGATCGACATC
TGCAGGACCAGAGARATTCGAATA 371 TGCAGGACCAGAGRATTCGAATA 1311 TGCAGGACCAGAGAATTCGAATA 13:
CACGTAGGAANNNGATCGACATG CAGACTCCAANNNGATCGACATG CATARGAGCGCNNNGATCGACATC
TGCAGGACCAGAGART TCGRAATA 872 TGCAGGACCAGAGARTTCGARTA 1112 TCCAGGACCAGAGAATTCGARTA 1352
CACAAGACTCNNNGATCGACATG CACAGCCTCCNNNGATCGACATG CAGTTAATACNNNGATCGACATG
TGCAGGACCAGAGARATTCGAATA 873 TGCAGGACCAGAG! TCGAATA 1113 TGCAGGACCAGAGAATTCGAATA 1
CATTCCCTGTNNNCGATCGACATG CAGAGTCACTNNNGATCGACATG CAGGTCCGCANNNGATCGACATC
TGCAGGACCAGAGARTTCGAATA 874 TGCAGGACCAGAGARTTCGAATA 1114 TGCAGGACCAGAGARTT GA "JA 1354
CAGTEARCGANNNGATCGACATG CAAGARCTGGNNNGATCGACATG CATAAGTATTNNNGATCGACATG
TGCAGGACCAGAGAATTCGAATA 875 TFCAU GACCAGAGAATTCGARTA 1115 TGCAGGACCAGAGRATTC GZ 'A.’”A 1355
CAGCTAARCCNNNGATCGACATG CAGCGTATTGNNNGAT CGACATG CAGTACGCATNNNGATCGACATC
TGCAGCGACCAGAGAATTCGAATA 876 TGCAGGACCAGAGAATTCGRATA iile TGCAGGACCAGAGAATTCGRATA 1350
CACAATTTTCNNNGATCGACATG CACTTARATGNNNGATCGACATG CAAACGRACGNNNGATCCGACATG
TGCAGGACCAGAGARTTCGAATA 877 TGCAGGACCAGAGARTTCGARTA 1117 TGCAGGACCAGAGAATTCGARTA 1357
CATGAGCGAACNNNGATCGACATG C. AGCCTCNNNGATCGACATG CAGTAGGTTCNNNGATCGACATC
TGCAGGACCAGAGARATTCGAATA 378 ACCAGAGAATTCGARATA 1118 TGCAGGACCAGAGAATTCGAATA i
CAGTAATCTANNNGATCGACATG CA]-\ CCAGAGANNNGATCGACATG CACTTTTTTCNNNGATCGACATG
TGCAGGACCAGAGARTTCGAATA 879 TGCAGGACCAGAGARTTCGARTA Lil2 TCCAGGACCAGAGAATTCGARTA 59
CATATCTCCGNNNGATCGACATG CATCAGCCAANNN CAT _,GA(,}\ TG CAATGACCCANNNGATCGACATG
TGCAGGACCAGAGARATTCGAATA 880 ”‘"GL‘AC}CAC CAGAG] CGARATA 1120 TGCAGGACCAGAGAATTCGAATA 1360
CAGCTACGGCNNNGATCGACATG ACCGAATACNNNGR! 2!"A~,A e CAATCAGTTANNNGATCGACATC
TGCAGGACCAGAGARTTCGAATA 881 ""GCA”“BACC‘AC‘A‘BAA; TCGARTA 1121 TGCAGGACCAGAGARTTCGAATA i3e6l
CAATATCTGANNNGATCGACATG T}U—\C NNNGATCGACATG CATAGTAAAGNNNGATCGACATG
TGCAGGACCAGAGAATTCGAATA §82 GAGAATTCGAATA 1122 TGCAGGACCAGAGAATTCGARATA 1362
CATACTTAGANNNGAT CGACATG INGATCGACATG CACCCGATCGGNNNGATCGACATC
TGCAGGACCAGAGAATTCGAATA 283 GAATTCGAATA TGCAGGACCAGAGAATTCGRATA 1363
CATCATTTTGHNNNGATCGACA ”"(‘ TT NNGATCGACATG CRCAC C TNNNGATCGACATG
TGCAGGACCAGAGARTTCGAATA €84 TGCAGGACCAGAGARTTCGARTA 11iZ4 TGCAGGAJ CAGAGAATTCGARTA 1364
CAGCGTGCAGNNNGAT CGACATG CAATGCATATNNNGATCGACATG CACAGGTACTNNNGATCGACATC
TGCAGGACCAGAGARATTCGAATA 385 [GCAGGACCAGAGAATTCGRAATA 1125 TGCAGGACCAGAGAATTCGAATA i
CATARGACGGNNNGATCGACATG ATCTCTCCTNNNGAT (,QACAT G CACATARCCGNNN CP [CGACATC
T GACCAGAGARTT ‘i’iT\AT‘}‘«. 886 TGCAGRACCAL ZA ;A ATTCGAATA Lize TCCAGGACCAGAGAATTCGARTA 1366
CAAGGCCTTANNNGAT CGACATG CATAGTGCTCNNNGATCGACATG CAGTACTGGTNNNGATCGACATG
TGCAGGACCAGAGRATTCGAATA 387 TGCAGGACCAGAGRATTCGAATA 13127 TGCAGGACCAGAGAATTCGAATA 1367
CACATCTCACNNNGATCGACATG CAGARACCTCNNNGATCGACATG CAGCAAGTCTNNNGATCGACATC
TGCAGGACCAGAGARTTCGAATA 288 TGCAGGACCAGAGARTTCGAATA 1128 TGCAGGACCAGAGARTTCGAATA 1368
CATGCGATCANNNGATCGACATG CATGACTATANNNGATCGACATG CACGTGCITCCONNNGAT C GACATG
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TGCAGGACCAGAGRATTCEARTA 3 ¢ TGCAGGACCAGAGRATTCGAATA | 1129 TGCAGGACCAGAGRAT T CGAATA
CACGGAGGACNNNGATCGACATG CACATGACTGNNNGAT CACACTACCTNNNGATCGACATG
TGCAGGACCAGAGART TCGRATA | 6820 TGCAGEACCAGAGAR 1130 TGCAGGACCAGAGARTTCGAATA | 1370
CARCTARTTGNNNGATCGE cw G CACCAAAGT "GACATG CAGTGETATATNNNGATCGACATS
TGCAGGACCAGAGRATTCGAATA | 891 TGCAGGRCCAGAGRATTCGRATA 1131 ACCAGAGAATTCGRATA
CATGCOTAGANNNGATCGACATG ACGECATTTCNNNG] o :“c-: CARTGACGCTNNNGATCERCATE
TGCAGGACCAGAGARTTCGAATA | 892 ToraG ul\CCAGAu}\_A’”TCGI TR | 1132 TGCAGGACCAGAGAATTCGAATE | 1372
CACTATCCGTNNNGATCGACATG CAACCCOGTGNNNGATCGACATG CBAGGCACTTNNNGATCGACATS
TGCAGGACCAGAGARTTCGRATA | 693 TGCAGGACCAGAGARTTCGRATA | 113 TGCAGGACCAGAGARTTCGRATA
: GACATG LCGTTNNNGATCGACATG CAGGCAGGCANNN
34 TGCAGGACCAGAGAATTCGAATA | 1134 TGCAGGACCAGAGAATTCGAATA | 1374
CATTATGCARNNNGATCGACATG CACTATGTTTNNNGATCGACATG
§35 T ATA | 1135 TGCAGGACCA ww}xu TCGARTA
c TG CATAAATAT GATCGACATG
TGCAGGACCAGRGRATTCEARTA | 836 ‘cM CAGAGRAT 1136 TGCAGGACCAGAGRATTCEAATA | 1376
CATTGACCTCNNNGATCGACATG v CECTNNNGE CAGACACCATNNNGATCGACATE
TGCAGGACCAGAGART TCGAATA | 6827 TGCAGHACCAGAGAATTCGARTA
CACTTGCTCANMIGAT CGRCATG SCATCGRINGAT ,GAL TG CATAGATACTNNNGATCGACATG
TGCAGGACCAGAG! TTMALWA. €98 TGCAGGACCAGAGE CGRATA | 1138 TGUAGGACCAGAGAATTCGAATA | 1378
CARTGOTGCANNNGATCGACATG CATTCAGAGCNRNGAT CEAOATG CATACCCTETNNNGATCGACATG
TGCAGEACCAGAGARTT 899 TGCAGE GARTTCGARTA | 1139 TGCAGGACCAGAGABRTTCGAATA
CARACGGACANNNGAT CAARCGCAGANNNGATCGACATG CRGTCGCCGANNNGATCGACATS
TGCAGGACCAGAGARTTCGAATA | 900 TGCAGGACCAGAGAATTCGAATA | 1140 TCCAGGACCAGAGRATTCGRATA 1360
TCATNNNGATCGAL, CATATGGCGTNNNGATCGACATG CACCTCTTAGNNNGATCGACATGE
CCAGAGRATTCGARTA | 9C1 TGCAGGACCAGAGRATTCGARTA | 1141 TGCAGGACCAGAGRATTCGAARTE | 1581
B TCGACATG CAAGCCTATGNNNGATCGACATG CATAAGATTCNNNGATCGACATG
Cl GBATA | 902 TGCAGGACCAGAL 1142 TGCAGGACCAGAGARTTCGAATA | 1382
GGND GACATG CACACTCTACKNNGATCOACATE CACGCGTACGNNNGATCGACATG
cm ‘CGAZ\JI'}\ 303 TGCAGGACCAGAGRATTCGARTA | 1143 TGCAGGACCAGAGRATTCGAATA
CAGGTTTGA GACATG CARARCTGARNNNGATCGACATG CACTGACCARNNNGATCGACATG
TGCAGGACCAGAGARTTCGRATA | 904 TGCAGGACCAGAGART TCGRATA | L1144 TGCAGGACCAGAGARTTCGRATA | 1384
CARACTTGOCNNNGATCGACATG CACTTCOGCGNNNEAT C‘GA(, TG CARRGACCOANNNGATCGACATG
TGCAGGACCAGAGAATTCGRATA | 905 TGCAGGACCAGAG CGRATA | 1145 TGUAGGACCAGAGAATTCGAATA | 1385
CARCCTARTANNNGATCGACATG CABCGTCRGONRNGAT CEROATG CABATGATTCNNNGATCGACATG
TGCAGGACCAGAGABRTTCGAATA | 906 TGCAGGACCAGAGABRTTCGAATA | 1146 TGCAGGACCAGAGABRTTCGAATA | 1386
CAGCACRGAANNNGATCGACATG CZ—\C-]‘AC :( Antm\'v: \TCGACATG CACCCCOCAANNNGATCGACATG
TGCAGGACCAGAGARTTCGRATA | 907 TTCGRATA | 1147 TGCAGGACCAGAGARTTCGRATA | 1387
CATGTGTCAGNNNGATCGACATG NNGATCOACATG CAGCCTGBATNNNGATCGACATGE
TGCAGGACCAGAGAATTCGAATA | 908 TCGAARTA TGCAGGACCAGAGAATTCGAATA | 1388
CAAGTAACARNNNGATCGACATG SCTNNNGATCGACATG CATCGGTAGTNNNGATCGACATG
TGCAGGACCAGAGARTTCGRATA | 900 G CTTCGRATA | 1149 TGCAGGACCAGAGARTTCGAATA | 1363
CATCTGAGCANNNT GCATCAGET G NTGCATCAGET CATGGCTCGGNNNTGCATCAGET
TGCAGGACCAGAGRATTCGARTA | 510 TGCAGGAC ,’\.G}‘«.G,ZuXT’I‘CGJAJ\_’LZ\. 1156 TGCAGGACCAGAGRATTCGAARTS | 1390
AAGTGGAACNNNT GCATCAGGT CA‘”“TTA.\“‘}\ L CACAATCCTCNNNTGCATCAGGT
TGCAGGACCAGRGARTTCGAATA | 911 TGC 1151 TGCAGGACCAGAGART TCGRATA
CAGAACTCGTNNNT GCATCAGET c CATAGAGACGNNNTGCATCAGGT
TGCAGGACCAGAGAATTCGRATA | 912 TRy cmA SAATTCGRATA | 1152 TGUAGGACCAGAGAATTCGAATA | 1392
CAGCAGGCGANNNT GCATCA [ CTTNNNTGCATCAGET CAGCGEATGONNNTGCATCAGST
TGCAGGACCAGAGARTTCGRATA | 913 T CACCAGAGARTTCGARTA | 1153 TGCAGGACCAGAGABTTCGAATA | 1393
CAGGOTCTCCNNNT GCATCAGET ca T \N"'[( SATCAGGT (‘Z\C“‘(TA-I,(,A_Nh.\' TGCATCAS c‘ T
TJCAGGACCZ\GMM\TTﬂG;xATA 914 TGCAGGACCA RTTCGRATA 1154 GCAGGACCAGAGAATTCGART? 1394
CABATACATCNNNTGCATCAGET CAT BT, CAGET CARTGGTARANNNTGCATCAGS
TGCAGGACCAGAGAATTCGARTA | 915 TGCAGGACCAGAGAATTCGAATA | 1155 TGCAGGACCAGAGAATTCGAATA | 1395
CARGETCAAGNNNTGCATCAGGET BACARGGCANNNTGCATCAGGT CATATCAACANNNTGCATCAGGT
TGCAGGACCAGAGARTT! 916 T GAGARTTCGRATA | 1156 TGCAGGACCAGAGARTTCGARATA | 1396
CATGAGCCGCNNNT CC“”“VAG:T CAGGTGCTGCNNNTGCATCAGET CARAAGTCAANNNTGCATCAGET
TGCAGGACCAGAGRATTCGARTA | 5917 TGCAGGACCAGAGRATTCGARTA | 1157 TECAGGACCAGAGRATTCGARTA | 1397
CATTAGTTTCNNNT GCATCAGET CARGGTCGTTNNNTGCATCAGET CACABAGECANNNTGCATCAGET
ACCAGREARTTCGAATA | 918 TGCAGGACCAGAGART TCGRATA 1158 TGCAGGACCAGAGART TCGRATA
CAGTCETAGTNNNT GCOATCAGET CACAACGGAANNNT cc,wmucm ACGATGACTNNNTGCATCAGGT
TGCAGGACCAGAGRATTCEARTA | 919 TGCAGGACCAGAGRATTCEARTA | 1159 TGCAGGACCAGAGRATTCEAATA | 1399
CABAAGGAT TNNNT GCATCAG CAGATCCAACNNNTGCATCAGST CACGATTGTGONNNTGCATCAGST
CACCAGAGARTTCGAATA | 920 TGCAGGACCAGAGABRTTCGAATA | 1160 TGCAGGACCAGAGABTTCGAATA | 1400
CATTTTTAGCRNNT CCATCAGET CAGGAAGACTRNNTGCATCAGGT CATTATCTTGNNNTGCATCAGET
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TGCAGGARC GBRATTCGANTA 327 TGCAGGACC LAT TA 1 . TGECAGGAC
CARTAACTCANNNTGCATCAGGT CAGGTARATANNNTGCATCAGGET CAGTATTGATNNNTGCATCAG
TGCAGGACCAGAGARTTC @22 TGCAGGRACCAGAGARTTN 162 TCCAGGACCAGAGAATTCGARTA 1402
CATTTTAACCNNNTCC CAGGTAGAACNNNTCCATC CAAGGAGCTTNNNTG CAG

T CCAGAGAATTCG JP\ 1401

,_a
o

i
LA L

n

TGCAGGACCAGAGAATTCE, AATA 923 TGCAGGACCAGAGAATTCGA 136 ACCAGAGAATTCGAATA 1403
CAGTGCCGACNNNTGCATC CAATATGAGANNNTGCATCA '\,}U—\(‘i [GCCCCNNNTGCATCAGET
TGCAGGACCAGAGAAT' iC y 024 TGCAG l\(‘CAGAuI\_A’”TCGM&TA 1164 TGCAGGA CAGAufu«u TCGRATA i404
CAGAATAGATHNNNTGCATCA CATGGARAATANNNTCGCAT CAGCET CARARATCTCANNNTGCATC, =T
TGCAGGACCAGAGAATTCGAATA 925 TGCAGGACCAGAGAA G 1165 TGCAGGACCAGAGAATTCGARATA 1405
CAGCTGAGCCONNNTGCATCAGGT CATARCCAATNNNTGCA) C NNNTGCATCAGGT
TGCN”uI\(‘Lz A GA ﬁ“u TCGAAT 926 TGCAGGACCAGAGAATTCGRATA 1166 T GAGAATTCGAATA 1400
ACAGGCA? GCAT CAGTCTGATGNNNTGCATCAGCET C NNNTGCATCAGCT
TGCAGGACCAGAGARTTCGAATA 827 TGCAGGACCAGAGARTTCGARTA T 1407

CAGACCGCACNNNTGCATCAGG CA VT GAGNNNTGCATCAL

TGUAGGACCAGAGRAT TCEARTA TGCAGGACCAGAGRATTCE 1168 | TGCAGGACCAGAGRATTCGAATA | 1408
CACTTATTCANNNT GOAT y CRATGATTT GNNNTGCA CARACACCGTNNNTGCATCAGET
TGCAGEACCAGRGARTTC a2s TGCAGEHACCAGAGAR 1169 | TCCAGGACCAGRGARTTCGAATA | 1409
CAGTGTGCTANNNTGCATCAGET CACTCATCE ~NNNI‘CLMFMU CACTGAGATCHNNTGCATOAGGT
TGCAGGACCAGAGAATTCGAATA | 930 SACCAGAG] CGAATA | 1 TGCAGGACCAGAGAATTCGAATA | 1410
CARTTTAGTGNNNT GCATCA CACTCOATACNKNTGUATCAGET CABATECCTCNNNTGCATCAGST
TGCAGEACCAGAGAATT Y 931 w“ ATA | 1171 TGCAGEACCAGAGAATTCG] 1411
CATCHGAGAANNNTCCATCAG CRAATTGCCAGNNNTGCATCAGET
TGCAGGACCAGAGAATTCGRATA | 932 GCAGGACCAGAGARATTCE 11 T CCAGAGARTTCGAATA | 1412
CACGCCGAACNN \'m.gumca\c*ﬂ CARATCATCANNNTEC c TTCCNNNTGCATCAGET
TGCAGGACCAGAGRAT TCOAR' 533 TGCAGGACCAGAGRAT 1173 | T CAGRGRATTCGARTR | 1413
CAGCTTCGCCNNNTGCATCACET CACGTCTCATNNNTGCATC C ]
TGCAGGACCAGAGARTTCGRATA | 934 TGCAGGACCAGAGARTT 1i74 | T 1414
CARCAATCATNNNTCCATCAGET CAACTCGTTCNNNTCCATCAGET cz\_ccc
TGOAGGACCAGAGRATTCGART 935 TGCAGGACCAGA G,ruw ICGAATA | 1175 | TGCAGGACCAGAGRATTCGAATA | 1415
CATGATCGCANNNTGCATCAGET CARGTTCTGONNNTGCATCAGET CACTCOTTTONNNTGCATCAGET
TGCAGHACCAGAGARTTCGAATA | 936 TGCAGEACCAGAGARTTCGARTA | 1176 | TGCAGEACCAGAZARTTCGAATA | 1416

CACACAGTACKNNNTGCATCAGCT CAACTAGTATNNNTGCATCAGET CAGGTATCOTNNNTCCATCAGET
TGCAGGACCAGAGARATTCGAATA 937 TGCAGGACCAGAG! TCGAATA Y77 TGCAGGACCAGAGAATTCGAATA
CAGTCAAGTCNNN "1 GCATCAGGT CAATTECOCANNNTGCATCAGGT CAGTACCCTTNNNTGCATCAGET

TGCAGGEACCAGAGAAT AATA 838 TGCAGGACCAGAGARTTCGAATA 1178 TGCAGGACCAGAGARTTCGAATA 1418
CAGCTCCCACNNNT GCATCAGGT CACGAGCGCTNNNTCCAT CAGET CACAACTTTTNNNTCCATCAGCET
TGCAGGACCAGAGAATTCGAATA 93¢ TGCAGGACCAGAGAATTCGARTA 1178 TGCAGGACCAGAGAATTCGARATA 1419

TCAGGT CAGAACTTCGCNNNTGCATCAGET

CATTRACTTGTNNNTGCATCAGGT CABCGACCATNNNTGC
-

TGCAGGACCAGAGA 940 TGCAGGACCAGAGAATTCGAATA 1180 TGCAGGACCAGAGAATTCGRATA 1420C
CATAATGTGTNNNTG CATAAGTCGAANNNTCGCATCAGCET CATATTATGGNNNTCGCATCAGCT
TGCAGGACCAGAGARTTC 941 TGCAGGACCAGAGARTTCGARTA 1181 TGCAGGACCAGAGAATTCGARTA 14Z1
CATACCATTTNNNT C“w CATCTCGCCGNNNTGCATCAGGT CAGCCCGCCGGNNNTCGCATCAGET
TGCAGGACCAGAGARATTCGAAT 542 TGCAGGACCAGAGRATTCGAATA TGCAGGACCAGAGAATTCGAATA 1422
CAGTCCGTAANNNT GCATCAGCT CAAATACTGTNNNTGCATCAGE CAGCAARAGCNNNTCGCATCAGCET
TGCAGGACCAGAGARTTCGAATA @43 TGCAGGACCAGAGARTTCGARTA 1183 TCCAGGACCAGAGAATTCGARTA 1423
CAAGCGGTAANNNT GCATCAGGT CATATGTTCTNNN I‘GC}"«.T CAGGT CAGATACGCTNNNTGCATCAGET

GACCAGAGAATTCHRAATA 944 TGCAGGACCAGAGARATTCGAATA 1184 TGCAGGACCAGAGAATTCGAATA 14724
CAGGARAACTGNNNT GCATCA CACCAGCGGTNNNTGCATCAGGT CACAGTATCGNNNTGCATCAGET
TGCAGGACCAGAGARTTCGAATA 845 TGCAGGACCAGAGARTTCGAATA 1185 TGCAGGACCAGAGARTTCGAATA
CAGGICACGTNNNTGCATCAGGT CACGGETTC NNNTGCAT CAGCT CACTCACTGTNNNTCGCATCAG (~ T
TGCAGGACCAGAGAATTCGAATA 946 GCAGGACCAGAGARTTCGAATA 1ig8e TGCAGGACCAGAGAATTCGARTZ i4ze
CATCATTGABNNNT GCATCAGGT CACGCTGCAGNNNTGCATCAGGT CACCGTCAGGNNNTGCATCAGS
TGCAGCGACCAGAGAATTCGAATA 947 TGCAGGACCAGAGAATTCGRATA 1187 TGCAGGACCAGAGAATTCGRATA 1427
CAGCETCABRTHNNNTGCATCAL CTARATNNNTCGCATCAGET CAGCTTCTETNNNTCGCATCAGET
TGCAGGACCAGAGARTTCGAATA 948 TGCAGGACCAGAGARTTCGARTA 1188 TGCAGGACCAGAGAATTCGARTA 14Z3
CACGGRAGCGNNNTGCATCAGGT CAGTAATTACNNNTGCATCAGGT CATTATATTTNNNTGCATCAGCET
TGC AGC ACCAGAGRATTCGARTA 543 TGCAGGACCAGAGRATTCGAATA 118¢ TGCAGGACCAGAGAATTCGAATA i42¢

[CCRACNNNT GCATCAGGET CATTCCGGETTNNNTGCATCAGGET CAGGTTT Z\C(le\\"ICCZ\ TCAGGT

"A ,C 7—\”4/3 GARTTCGAATA @50 TGCAGGACCAGAGARTTCGARTA 1180 TCCAGGACCAGAGAATTCGARTA 1430
CZ\ GGCCCCTTNNNTGCATCAGETY CAGAGCGTGGNNNTGCAT CAGGT CAGGACGATANNNTGCATCAGET
TGCAGGACCAGAGRATTCGAATA 351 TGCAGGACCAGAGRATTCGAATA 1121 TGCAGGACCAGAGAATTCGAATA 1431
CAATGECTCANNNTGCATCAG CAATTTACTCONNNTGCATCAGGT CAAGTCAGCANNNTGCATCAGET
TGCAGGACCAGAGARTTCGAATA 852 TGCAGGACCAGAGARTTCGAATA 1182 TGCAGGACCAGAGARTTCGAATA 1432
CATTEACCGTNNNTGCATCAGGT CACAACACTGNNNTCGCAT CAGCT CACTACGARCNNNTG ,A’T(“P GGT
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TGCAGGAC GBRATTCGANTA TGCAGGACC LAT TA 112 TGECAGGAC
CATGGACGTTNNNTGCATCAGGT CACCGLGGCGNNNTGCATCAGET CAAGCCATGTNNNTGCATCAG
TGCAGGACCAGAGARTTCG! Goh4 TGCAGGRACCAGAGARTTN VTA 1194 TCCAGGACCAGAGAATTCGARTA 1434
CATGACACTCNNNTCC CACTARGCTGNNNTCGCATC CATTCCACTGNNNTGCATCAG

T CCAGAGAATTCG A‘P\

TGCAGGACCAGAGRATTCGRATA TGCAGGRCCAGAGRATTCEA 1195 ACCAGAGAATTCGA 1
CACTACCTGTNNNT GCATC CARTTCABRGTMNNTGCATCA CAACCOTETTNNNTGCATCAGHT
TGCAGCACCAGAGRAT TG 556 TGERGERT CCRGAGARTICGARTA | 115% TGCAGGACCAGAGAATICGAATA | 1436
CAAGGTCCCENNNT GCATC CAATTGGCGTNNNTGCATCAGGT CACCCTTTCTNNNTGCATCE
TGCAGGACCAGAGAATT 957 TGCAGGACCAGAGAR 1197 TGCAGGACCAGAGRATTCGAATA
CATTCATCTANN CAT TGANNNTC CABTGTTGATNNNTGCATCA
TGCAGGACCAGAGAATTCGAAT 958 AGAGAATTC 1198 CCAGAGAATTCGAATA | 1438
CAGATARAGTNNNT GCATCA GNNNTGCATC SGCENNNTGCATCAGET
TGCAGGACCAGAGARTTCGAATA | 950 TCGAATA | 1199 SCAG AGARTTCGARTA | 14393
CACACGGARANNNT GCATCAGG NNNTGCAT CAL
TGCAGGACCAGAGRATTCEARTA | 960 TGCAGGACCAGAGRATTCE, 1200 TGCAGGACCAGAGARATTCGAATA | 1440
CATGTGAGGANNNT GOAT THNNTGOR CARCCOTGCONNNTGCATCAGET
TGCAGGACCAGAGARTTC GE 1 1 AR 1201 TGCAGGACCAGAGARTTCGAATA | 1441
CACGTGRTCANNT GCATCAGET can mm‘,ﬂmm cc,wmucm CAGTACCTAGNNNTECATCAGET
TGCAGGRCCAGAGRATTCGAATA | 962 TGCAGGRCCAGAG] CGEATA | 1202 TGCAGGACCAGAGAATTCGAATE | 1442
CATGCETTGANNNT GCATCA CATGOACTCTNNNTGCATCAGET CACGATABRTTNNNTGCATCAGET
TGCAGEACCAGAGARTT Y 963 1 GACCAGASARNTTCGRATA | 1203 TGCAGEACCAGAGART 1443
CATCGCTCCENNNT GCATCAG NTGCA CAGCCAACCENNNTGCATC
TGCAGGACCAGAGAATTCGAATA | 964 1204 TGCAGGACCAGAGRATTC 1444
CACCAGTCABNNNT GCATCAGET CATAACATCANNNTGC
T “CAGAGRATTCGRAATA | 965 1205 TGCAGGACCAGAGRAT 1445
TCONNNT GCATCAGE CAGCAA
CCAGAGARTTCGBATA | 966 GANTTCGAATA | 1206 TGCAGGACCAGAGAATTCGAATA | 1446
TATATTNNNT GCATCAGGT NTGCATCAGGT CAACGTGATCNNNTGCATCAGET
c,“wz\ GRAATTCGART 567 TGCAGGACCAGAGAATTCGAATA | 1207 TECAGGACCAGAGRATTCGAATA | 1447
CATARGATGANNNTGOATCAGET CARCTATGGONNNTGCATCAGET CACGTTCCTANNNTGCATCAGET
TGCAGGACCAGAGARTTCGAATA | 968 TGCAGGACCAGAGARTTCGAATA | 1208 TGCAGGACCAGAGARTTCGAATA | 1448

CATTARBATTRNNNT GCATCAGCT CAACGGICTGNNNTCGCAT CAGCT CAATGCCAGTNNNTGCA ”(“P GCT
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GACCAGAGAATTCGAATA c C ARTA 9
ACCAGNNNACGTATGCCA CAGARACGCCCNNNACGTATGCCA
SGACCAGAGAATTCGAATA 1630 TGCAGGACCAGAGANTTCGAATA | 1930
TATTGACGNNNACCTATGCCA CAACCAATGCUNNNACGTATGCCA
CGARTA 1451 GACCAGAGARTTCGAATA 1691 TGCAGGACCAGAGARTTCGAATA
TATGCCA TGTGTCGNNNACGTATGCCA CAGACCGATTNNNACGTATGCCA
TGCAGGACCAGAGAATTCGAATA 1452 TGCAGGACCAGAGAATTCGAATA 1682 TGCAGGACCAGAGAATTCGAATA 1932
CAGGACTCCGNNNACGTATGCCA ATTGATCGGNNNACGTATGCCR CAATGTTATGNNNACGTATGCCA

TGCAGGACCAGAGARTTCGAATA 1453 TGCAGGACCAGAGAATTCGAATA 1693 TGCAGGACCAGAGRATTCEARATA | 1933
CATTGGTTAANNNACGTATGCCA CATTCTCGGTNNNACGTATGCCA CAGGARGAAGNNNACGTATG
TGCAGGEACCAGAGAAT \TA 1454 TGCAGGACCAGAGRAATTCGAATA 1694 TGCAGGACCAGAGRATTCEAATA | 1934
CATACTARCANNNACGTATGCCA CACCAGTTAGNNNACGTATGCCA CAGTTATACANNNACGTATGCCA
TGCAGGACCAGAGARATTCGAATA 1455 TGCCAGGACCAGAGAATTCGRAATA 1685 TGCAGGACCAGAGANTTCGAATA | 1935
CAGTCCAARTGNNNACGTATECCA CAAGAACAATNNNACGTATGCCA CACCTCCTAANNNACGTATGCCA
TGCAGGACCAGAGRATTCGAATA 1456 TGCAGGACCAGAGAATTCGAATA 1696 TGCAGGACCAGAGAATTCGAATA | 1936
CAAGGCACGGNNNACGTATGCCA CATCCGAACGTNNNACCGTATGCCA CATARACATCNNNACGTATGCCA
TGCAGGACCAGAGAATTCGAATA 1457 TGCAGGACCAGAGAATTCGAATA 1687 TGCAGGACCAGAGAATTCGAATA 1937
CAATCATCTANNNACGTATGCCA CATCGGCTCCNNNACGTATGCCA CACGGIGGTTINNNACGTATGCCA
TGCAGGACCAGAGARTTCGAATA 1458 TGCAGGACCAGAGAATTCGAATA 1698 TGCAGGACCAGAGRATTCEAATA | 1938
CAABRRAGCTTHNNNACGTATGCCA CACAGTCCCONNNACGTATGCCA CATTAACAACNNNACGTATECCA
TGCAGGACCAGAGARTTCGAATA TGCAGGACCAGAGRAATTCGAATA 1699 TGC ACCAGAGAATTCGHAATA | 1939
CARGGCACCCNNNACGTATGCCA CAGTCARCTGNNNACGTATGCCA CATGGCCATANNNACGTATGCCA
TGCAGGACCAGAGARATTCGAATA 1460 TGCCAGGACCAGAGAATTCGRAATA 1700 TGCAGGACCAGAGANTTCGAATA | 1940
CATTGAAAGANNNACGTATGCCA CAGGCGGCTTNNNACGTATGCCA CAGAGTGATGNNNACGTATGCCA
TGCAGGACCAGAGRATTCGAATA 1461 TGCAGGACCAGAGAATTCGAATA 1701 TGCAGGACCAGAGAATTCGAATA | 1941
CACTCGACTTNRNNACGTATGCCA CAATGCGCTANNNACCGTATGCCA CACTAATGCGNNNACGTATGCCA
TGCAGGACCAGAGAATTCGAATA 1462 TGCAGGACCAGAGAATTCGAATA L702 TGCAGGACCAGAGAATTCGAATA | 1942
CAGCGAATTCNNNACGTATGCCA GANNNACGTATGCCA CAAGGTTAAANNNACGTATGCCA
TGCAGGACCAGAGARTTCGAATA 14¢3 TGCAGGACCAGAGAATTCGARTA 1703 TGCAGGRCCAGAGRATTCGARTA | 1943
CCCCCCCEHNNNACGTATGCCA CATGCTGGCENNNACGTATGCCA CABCAGTACCNNN. ATGCCA
CAGGACCAGAGAATTCGAAT 1464 TGCAGGACCAGAGRAATTCGAATA 1704 TGCAGGACCAGAGRATTCEAATA | 1944
CAGATAAGCGNNNACGTATGCC CACTAACGTGNNNACGTATGCCA CAATGTGATTNNNACGTATGCCA
TGCAGGACCAGAGARATTCGAATA TGCCAGGACCAGAGAATTCGRAATA 1705 TGCAGGACCAGAGANTTCGAATA | 1945
CAGARCGATGNNNACGTATGCCA CAGARTACABNNNACGTATGCCA CAGCTGCCGANNNACGTATGCCA
TGCAGGACCAGAGRATTCGAATA 1466 TGCAGGACCAGAGAATTCGAATA 1706 TGCAGGACCAGAGAATTCGAATA | 1946
CAAATATTATNNNACGTATGCCA CAATGACAAANNNACCTATGCCA CACTTTTTAGNNNACGTATGCCA
TGCAGGACCAGAGARATTCGAATA 1467 TGCAGGACCAGAGAATTCGAATA 1 TGCAGGEACCAGRAGAATTCGAATA | 1947
CATAAGCTATNNNACGTATGCCA CAACGGCTCGNNNACGTATGCCA CATCCCARAGNNNACGTATGCCA
TGCAGGACCAGAGARTTCGAATA 14¢8 TGCAGGACCAGAGAATTCGARTA 1708 WCCAGAGRATTCGARTA | 1948
CBACTCGGCGHNNNACGTATGCCA CAACAGATAANNNACGTATGCCA TACNNN. ATGCCA
TGCAGGACCAGAGAR A L4es TGCAGGACCAGAGAATTCGAATA 1709 TGCAGGACCAGAGRATTCEAATA | 1949
CACGACTGCGNNNACGTATGCCA CATGTAGCCANNNACGTATGCCA CAAT A
TGCAGGACCAGAGAATTCGAATA 1470 TGCAGGACCAGAGAATTCGAATA 1710 TGCAGGACCAGAGAATTCGAATA | 1950
CATCCGACTTINNNACGTATGCCA CACTTC JACCGTATGCCA CAGTTGAAAANNNACGTATGCCA
AGAGRATTCGARTA 1471 TGCCAGGACCAGAGAATTCGRAATA 1711 TGCAGGACCAGAGANTTCGAATA | 1951
CATTACCTTANNNACGTATGCCA CBATTTC NACGTATGCCA
1472 TGCAGGACCAGAGAR] 1712 TGCAGGACCAGAGARTTCGAATA
CATCARTTCTNNNACGT. CAACGTTCAGNNNACGTATGCCA
TGCAGGACCAGAGARTTCGAATA 1473 TGCAGGACCAGAGAATTCGARTA 1713 TGCAGGRCCAGAGRATTCGARTA | 1953
CAATCTCATTNNNACGTATGCCA CAAGGTTCGTNNNACGTATGCCA CAAATACGAANNNACGTATGCCA
TGCAGGACCAGAGARTTCGAATA 1474 TGCAGGACCAGAGAATTCGAATA 1714 TGCAGGACCAGAGRATTCEARTA | 1954
CAAGGCCGATANNNACGTATGCCA CAATTTTAAANNNACGTATGCCA CACCARCTGANNNACGTATGCCA
TGCAGCGACCAGAGAATTCGAATA 1475 TGCAGGACCAGAGAATTCGAATA 1715 TGCAGGACCAGAGAATTCGAATA | 1955
CACCTAGATGNNNACGTATGCCA CATTGCAGACNNNACGTATGCCA CAATCCGTCTNNNACGTATGCCA
TGCAGGACCAGAGARATTCGAATA 1476 TGCCAGGACCAGAGAATTCGRAATA i7le TGCAGGACCAGAGARTTCGAATA | 19506
CACCTACCATNNNA ATGCCA CACCCCACTGNNNACGTATGCCA CACGTCCECT
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T SARTA TGCAG GAATTCGAATA TGCAGGACCAGAGRA
TCCANNNACGTATGCCA CACTTCCTGANNNACGTATGCCA CATATACACANNNACGTATGCCA

CCAGAGARATTCGAATA 147%8 TGCCAGGACCAGAGAATTCGRAATA 1718 TGCAGGACCAGAGANTTCGAATA | 1958
A CAAGAACTCCNNNACGTATGCCA CACTCTATATHNNNACGTATGCCA
1479 TGCAGGACCAGAGAATTCGAATA 1719 TGCAGGACCAGAGARTTCGAATA
CACTGTAAGCNNNACGTATGCCA CACTCACAGANNNACGTATGCCA
TGCAGGACCAGAGAATTCGAATA 1480 TGCAGGACCAGAGAATTCGAATA 1720 TGCAGGACCAGAGAATTCGAAT 1960
CACGICATAANNNACGTATGCCA CAAGTCGATCNNNACGTATGCCA CAGCCGCTGTNNNACGTATGCCA
TGCAGGACCAGAGARTTCGAATA 1481 TGCAGGACCAGAGAATTCGAATA 1721 TGCAGGACCAGAGRATTCEAATA | 1961
CATTRAAGTTGNNNACGTATGCCA CACTAATAGANNNACGTATGCCA CATACGTCAGNNNACGTATGCCA
TGCAGGACCAGAGARTTCGAATA 1482 TGCAGGACCAGAGRAATTCGAATA 1722 TGCAGGACCAGAGRATTCEAATA | 1962
CAGCCAGCTGNNNACGTATGCCA CACGGAGCTCNNNACGTATGCCA CATCTGCTCANNNACGTATGCCA
TGCAGGACCAGAGARATTCGAATA 1483 TGCCAGGACCAGAGAATTCGRAATA 1723 TGCAGGACCAGAGANTTCGAATA | 1963
CAARARCGCCTNNNACGTATGCCA CATTGTCTTANNNACGTATGCCA CAACGTATATNNNACGTATGCCA
TGCAGGACCAGAGRATTCGAATA 1484 TGCAGGACCAGAGAATTCGAATA 1724 TGCAGGACCAGAGARTTCGAAT 19¢4
CAGTATTTCTNRNNACGTATGCCA CATTTTCGTANNNACGTATGCCA CACGAGCCACNNNACGTATGCCA
TGCAGGACCAGAGAATTCGAATA 1485 TGCAGGACCAGAGAATTCGAATA A TGCAGCGACCAGAGAATTCGAATA
CAGGTCTCCCNNNACGTATGCCA CAARCGGAACNNNACGTATGCCA CATCGITCTANNNACGTATGCCA
TGCAGGACCAGAGARTTCGAATA 148% TGCAGGAICAG ATTCGAATA 1726 SACCAGAGRATTCGANTA

CACARAGTCTGHNNNACGTATGCCA CAACCACGGCNNNACGTATGCCA CACGGARGATNNNAC

TGCAGGACCAGAGARTTCGAATA 1487 TGCAGGACCAG \ATTCGAATA TGCAGGACCAGAGRA

TATGCCA
TCGAATA | 1967

CAGAGCACAMNNNACGTATGCCA CAGAGTATTTNNNACGTATGCCA CATTAGCGGTNNNACGTATGCCA
TGCAGGACCAGAGARATTCGAATA 14838 TGCCAGGACCAGAGAATTCGRAATA 1728 TGCAGGACCAGAGANTTCGAATA | 1968
CATCARACCONNNACGTATGCCA CACCCGCCTANNNACGTATGCCA CATGAGCTCANNNACGTATGCCA
TGCAGGACCAGAGRATTCGAATA 1489 TGCAGGACCAGAGAATTCGAATA 1729 TGCAGGACCAGAGAATTCGAATA | 1969
CATTCCGCTANNNACGTATGCCA CAAGTATGCCNNNACCGTATGCCA CATACACGTGNNNACGTATGCCA
TGCAGGACCAGAGAATTCGAATA 1490 TGCAGGACCAGAGAATTCGAATA 1730 TGCAGGACCAGAGAATTCGAATA | 1970
CAATTGCACGNNNACGTATGCCA CATAGCAGCTNNNACGTATGCCA CATAGTGTATNNNACGTATGCCA
TGCAGGACCAGAGARTTCGAATA 1491 GGACCAGAGRATTCGAATA 1731 TGCAGGACCAGAGRATTCGARTA | 1971
CAATACCTAANNNACGTATGCCA CACGCGTGACNNNACGTATGCCA CACATTAGGCNNNACGTATECCA
TGCAGGACCAGAGARTTCGAATA 1492 AGGACCAGAGARATTCGAATA 1732 GGACCAGAGRATTCEAATA | 1972
CAGGACCGGANNNACGTATGCCA CAMANTACGANNNACGTATGCCA LCCACANNNACGTATGCCA
TGCAGGACCAGAGAATTCGAATA 1483 TGCAGGACCAGAGAATTCGAATA TGCAGGACCAGAGAATTCGAATA
CATGTCCCGONNNACGTATGCCA CACTAGATATNNNACGTATGCCA CAGTECETCENNNACGTATGCCA
TGCAGGACCAGAGRATTCGAATA 1424 TGCAGGACCAGAGAATTCGAATA 1734 TGC CCAGAGARTTCGAATA | 1974
CAGCCC CAATGTTGGCNNNACCGTATG CATATGTTTCNNNACGTATGCCA
TGCAGGACCAGAGARATTCGAATA TGCAGGACCAGAGAATTCGAATA TGCAGGACCAGAGARTTCGAATA
CACAAGCCCGNNNACGTATGCCA CACTACGCAANNNACGTATGCCA CAGTGGTCGCNNNACGTATGCCA
TGCAGGACCAGAGARTTCGAATA 1496 TGCAGGACCAGAGAATTCGARTA 1736 TGCAGGRCCAGAGRATTCGARTA | 1976
CAGCCATTGANNNACGTATGCCA CATTTCTGTANNNACGTATGCCA CACTGGACCGNNNACGTATECCA
TGCAGGACCAGAGARTTCGAATA 1497 AGGACCAGAGAAT TCGAATA 1737 ACCAGAGRATTCEARTA | 1977
CATGRACACCNNNACGTATGCCA TCCCTCNNNACGTATGCCA TCTCNNNACGTATGCCA
TGCAGCGACCAGAGAATTCGAATA 1488 TGCAGGACCAGAGAATTCGAATA 1738 TGCAGGACCAGAGAATTCGAATA | 1978
CAGARTCCGTNNNACGTATGCCA CAGACTTGACNNNACGTATGCCA CAAGTCTAATNNNACGTATGCCA
ACCAGAGAATTCGAATA 14389 TGCCAGGACCAGAGAATTCGRAATA 1739 TGCAGGACCAGAGANTTCGAATA | 1979
AATC TATGCCA CAGTCATCGANNNACGTATGCCA CACTCATGCTHNNNACGTATGCCA
ACCAGAG! TCEARTA 1500 TGCAGGACCAGAGAATTCGAATA 1740 TGCAGEACCAGAGARTT \TA | 1980
CCACTCNNNACGTATGCCA CAATCTAGTANNNACGTATGCCA CAAGTTCTCCNNNACGTATGCCA
TGCAGGACCAGAGARTTCGAATA 150% TGCAGGACCAGAGAATTCGARTA 1741 TGCAGGACCAGAGRATTCGARTA | 1981
CACCITTAGTNNNACGTATGCCA CACGAAGATGNNNACGTATGCCA CAGTGAAGGTNNNACGTATGCCA
TGCAGGACCAGAGARTTCGAATA 1502 TGCAGGACCAGAGAATTCGAATA 1742 TGCAGGACCAGAGRATTCEAATA | 1982
CATTTCCTGGNNNACGTATGCCA CAATTTGCAANNNACGTATGCCA CAGTTTTAAGNNNACGTATGCCA
TGCAGCGACCAGAGAATTCGAATA 1503 TGCAGGACCAGAGAATTCGAATA 1743 TGCAGGACCAGAGAATTCGAATA | 1983
CATTCAACGGNNNACGTATGCCA CAGACCGGCTNNNACGTATGCCA CAARAGCAATNNNACGTATGCCA
TGCAGGACCAGAGARATTCGAATA 1504 TGCCAGGACCAGAGAATTCGRAATA 1744 TGCAGGACCAGAGANTTCGAATA | 1984
CATTGAGGAGNNNACGTATECCA CACTTGTCACNNNACGTATGCCA CATGRAAGCGANNNACGTATGCCA
TGCAGGACCAGAGARATTCGAATA 1505 TGCAGGACCAGAGAATTCGAATA 1745 TGCAGGACCAGAGARTTCGAATA
CATT CACTCGTAAGNNNACCGTATGCCA CAGTAGTGCTNNNACGTATGCCA
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CAGGAC

CATCGCGGTGNNNACGTATGCCA

CAACTATGTANNNACGTATGCCA

CAGCCTTACTNNNACGTATGCCA
G

CACGTTTATTNNNCTAGCETTAC

CAATCTAACANNNCTAGCGTTAC

CATGCAAATTNNNCTAGCGTTAC

TGCAGGACCAGAGARATTCGAATA 1507 TGCCAGGACCAGAGAATTCGRAATA 1747 TGCAGGACCAGAGANTTCGAATA | 1987
CABATTCCGGNNNACGTATECCA CAGCATGTGTNNNACGTATGCCA GAAGTTCCNNNACGTATGCCA
TGCAGGACCAGAGARATTCGAATA 1508 TGCAGGACCAGAGAATTCGAATA 1748 1988
CACGTCATGANNNACGTATGCCA CACTACTGTCNNNACGTATGCCA ACS

TGCAGGACCAGAGAATTCGAATA 1509 TGCAGGACCAGAGAATTCGAATA 1749 TGCAGGACCAGAGAATTCGAATA | 1989

CAGGCAATAGNNNCTAGCETTAC

CATGGCGATTNNNCTAGCGTTAC

ARGATATCTNNNCTAGCGTTAC

TGCAGGACCAGAGART TCGRAATA 1510 TGCAGGACCAGAGAATTCGAATA 1750 TGCAGGACCAGAGRATTCEAATA | 1990
CACTGCACGGNNNCTAGCGTTAC CAACGATTCCGNNNCTAGCGTTAC CAACTTGTGGNNNCTAGCGTTAC
ACCAGAGARTTCGAATA TGCAGGACCAGAGRAATTCGAATA 1751 TCGAATA | 1991
CARCCTTGTCNNNCTAGCGTTAC CAMANCCTTANNNCTAGCGTTAC =C \GCGTTAC
TGCAGGACCAGAGARATTCGAATA 181z TGCCAGGACCAGAGAATTCGRAATA 1752 TGCAGGACCAGAGANTTCGAATA | 1952
CATCCACCCONNNCTAGCGTTAC CACGTARAAMNNNCTAGCGTTAC CATCZCTTCTNNNCTAGCETTAC
TGCAGGACCAGAGRATTCGAATA 1513 TGCAGGACCAGAGAATTCGAATA 1753 TGCAG GAGARTTCGAATA | 1993
\MBAGGCCGEENNNCTAGCGTTAC CATCTGAGACNNNCTAGCGTTAC CACGGTACT NCTAGCGTTAC
GCAGGACCAGAGARTTCGAATA 1514 TGCAGGACCAGAGAATTCGAATA 1754 TGCAGGACCAGAGAATTCGAATA | 1994

CATGTTCTATNNNCTAGCGTTAC

CATCTTTCGENNNCTAGCGTTAC

CAACCTCCTANNNCTAGCGTTAC

TGCAGGACCAGAGARTTCGAATA 1515 TGCAGGACCAGAGAATTCGAATA 1755 TGCAGGACCAGAGRATTCEAATA | 1995
CACGCTAGCGNNNCTAGCETTAC CACATCTTGCNNNCTAG TCAAGTGNNNCTAGCGTTAC
TGCAGGACCAGAGARTTCGAATA TGCAGGACCAGAGRAATTCGAATA TGCAGGACCAGAGRATTCEAATA | 1996

TGCAGGACCAGAGARATTCGAATA

CATTAATATANNNCTAGCGTTAC

TGCCAGGACCAGAGAATTCGRAATA

CAGCGARCAARNNNCTAGCGTTAC

o

TGCAGGACCAGAGARTTCGAATA

CAAGCAATTTNNNCTAGCETTAC

TGCAGGACCAGAGRATTCGAATA

TGCAGGACCAGAGAATTCGAATA

GEACCAGAGARTTCGAAT

A s
CAG TA

CAGCCCCCGAANNNCTAGCGTTAC

T, =

CATTCCCGGONNNCTA

CAGATCGGTTNN AGCGTTAC

CAATATGCGTTNNNCTAGCGTTAC CAGAGTAGACNNNCTAGCGTTAC
1519 TGCAGGACCAGAGAATTCGAATA 1759 TGCAGGACCAGAGAATTCGAATA | 1999
ACTCATGGANNNCTAGCGTTAC CACCAAATCGNNNCTAGCGTTAC
1520 TGCAGGACCAGAGAATTCGARTA 1760 TGCAGGACCAGAGRATTCGARTA | 2000

TGCAGGACCAGAGART TCGAAT]

3

CAGGACCAGAGAAT TCGAATA

-
N
i

TGCAGGACCAGAGRATTCGAATA

2001

CAAGCTATCGNNNCTAGCGTTAC

CAATAGAAACNNNCTAGCGTTAC

AAGACCTTGNNNCTAGCGTTAC

AGACTTGCANNNCTAGCGTTAC CATGGCCTAANNNCTAGCGTTAC CAACCCCTGCNNNCTAGCGTTAC
TGCAGCGACCAGAGAATTCGAATA 1522 TGCAGGACCAGAGAATTCGAATA 1762 TGCAGGACCAGAGAATTCGAATA 2002
CAGTCTATCCNNNCTAGCGTTAC CARGCGCAARNNNCTAGCGTTAC CAACCCACTTNNNCTAGCETTAC
TGCAGGACCAGAGRATTCGAATA 1523 TGCAGGACCAGAGAATTCGAATA 1763 TGCAGGACCAGAGAATTCGAATA | 2003

TGCAGGACCAGAGAATTCGAATA
CGGCTGGNNNCTAGCGETTAL

(@]

-2

I
(]

SCAGGACCAGAGARTTCGAATA

CACCTTGATCNNNCTAGCGTTAC

N
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TGCAGGACCAGAGAATTCGARTA

TGCAGGACCAGAGARATTCGAATA

200%

CABRAGGECGATNNNCTAGCGTTAC

CACTTTGACCNNNCTAGCGTTAC

BGCETTAC CACGTGCTCGENNNCTAG CABAGTATTCNNNCTAGCGTTAC
SCAGGACCAGAGART TGCAGGACCAGAGAATTCGAATA 1766 TGCAGGACCAGAGRATTCEAATA | 2006
CATCATGCTCONNNCT, CAAATGCCACNNNCTAGCGTTAC CACATCCAAGNNNCTAGCGTTAC
TGCAGCGACCAGAGAATTCGAATA 1527 TGCAGGACCAGAGAATTCGAATA 1767 TGCAGGACCAGAGAATTCGAATA | 2007
CATTGCTTATNNNCTAGCGTTAC . ACGTGNNNCTAGCGTTAC CACACAARGTCNNNCTAGCGTTAC
TGCAGGACCAGAGARATTCGAATA 1528 TGCCAGGACCAGAGAATTCGRAATA 1768 TGCAGGACCAGAGANTTCGAATA | 2008
CABRAGCCAGANNNCTAGCGTTAC C BCGACANNNCTAGCGTTAC CATARAATGGNNNCTAGCETTAC
TGCAGGACC TCEARTA 1529 TGCAGGACCAGAGAATTC 1769 :C CCAGRGARTTCGAATA | 2009
CAGCAGCTCGNNNCTAGCGTTAC CATGTTACGGNNNCTAG CAATCTACAANNNCTAGCGTTAC
TGCAGGACCAGAGARTTCGAATA TGCAGGACCAGAGAATTCGARTA L1770 TGCAGGACCAGAGRATTCGARTA | 2010
CACCGAGTCGNNNCTAGCETTAC CATTACCGCTNNNCTAGCGTTAC CAGCGAGAATNNNCTAGCGTTAC
TGCAGGACCAGAGARTTCGAATA TGCAGGACCAGAGAATTCGAATA 1771 TGCAGGACCAGAGRATTCEAATA | 2011
CARACAGACGNNNCTAGCGTTAC CACCCTTTAGNNNCTAGCGTTAC CAGTAGCCATNNNCTAGCGTTAC
TGCAGCGACCAGAGAATTCGAATA 1532 TGCAGGACCAGAGAATTCGAATA 1772 TGCAGGACCAGAGAATTCGAATA | 2012
CACCCAARCANNNCTAGCGTTAC CAGTCTTGAGNNNCTAGCGTTAC CAARGGCAGTNNNCTAGCGTTAC
TGCAGGACCAGAGARATTCGAATA 1533 TGCCAGGACCAGAGAATTCGRAATA 1773 TTCGAATA | 2013

TGCAGGACCAGAGARATTCGAATA
CACCTTAAAANNNCTAGCGTTAC
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CACTTCTCAGNNNCTAGCGTTAC
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ATTCGAAT i
CACGCGTTTTNNNGATCGACATG CACGAGGCGANNNGATCGACATG
TGCAGGACCAGAGARATTCGAATA 1534 TGCCAGGACCAGAGAATTCGRAATA 1834 2074
CACCCAGAGCNNNGATCGACATG CAACCGAAAGNNNGATCGACATG

TGCAGGACCAGAGARATTCGAATA TGCAGGACCAGAGAATTCGAATA 1835 2075
CACGCAGCTGNNNGATCGACATG GAGCNNNGATCGACATG
TGCAGGACCAGAGAATTCGAATA 15906 TGCAGGACCAGAGAATTCGAATA 1836 TGCAGGACCAGAGAATTCGAATA | 2076
CACTTTGCCTNNNGATCGACATG CAGTATGCGTNNNGATCGACATG CAAGTTATTGNNNGATCGACATG
TGCAGGACCAGAGART TCGRAATA 1597 TGCAGGACCAGAGAATTCGAATA 1837 TGCAGGACCAGAGRATTCEARTA | 2077
CAGTTGATCGNNNGATCGACATG CAATGTAACTNNNGATCGACATG CACTTCTTTTNNNGATCGACATG
TGCAGGACCAGAGARTTCGAATA 1598 TGCAGGACCAGAGRAATTCGAATA 1838 CAL BAATTCGARTA | 2078
CAGTGAAGTGNNNGATCGACATG CAAGACGTAGNNNGATCGACATG GACARTG
TGCAGGACCAGAGARATTCGAATA 15389 TGCCAGGACCAGAGAATTCGRAATA 1839 TCGAATA | 2078
CACACGTTGANNNGATCGACATG CATTGGCECONNNGAT CGACATG CAGAACCCCGNNNGATCGACATG

TGCAGGACCAGAGRATTCGAATA 1600 TGCAGGACCAGAGAATTCGAATA 1840 TGCAGGACCAGAGAATTCGAATA | 2080
ACAATCCAGNNNGATCGACATG CAGGACTCATNNNGATCGACATG CAATTGTCGATNNNGATCGACATG

TGCAGGACCAGAGAATTCGAATA 1e0t TGCAGGACCAGAGAATTCGAATA 1841 TGCAGGACCAGAGAATTCGAATA | 2081

CAGCECACAGNNNGATCGACATG CAGTCCGGTCGNNNGATCGACATG CAAGTTCTTTINNNGATCGACATG

A
TGCAGGAC

CAGAGARTTCGAATA Leoz TGCAGGACCAGAGAATTCGAATA 15842 TGCAGGACCAGAGRATTCGAATA
CACTCTGATCHNNNGATCGACATG CAGCAAGCCCNNNGATCGACATG CAGCACGGTCNNNGATCGACATG

ARTTCGAATA 1603 TGCAGGACC GAATTCGAATA 1843 TGCAGGACCAGAGRATTCEAATA | 2083

N
)
0
N

TGCAGEACCAGAL

CATATGCCAGNNNGATCGACATG CAAGCATGCGANNNGATCGACATG CAGTATCCCTNNNGATCGACATG
TGCAGGACCAGAGARATTCGAATA 1604 TGCCAGGACCAGAGAATTCGRAATA i844 TGCAGGACCAGAGANTTCGAATA | 2084
CAGTTGCTCANNNGATCGACATG CARGCAGCCCNNNGATCGACATG CAGCAAGTGANNNGATCGACATG
TGCAGGACCAGAGRATTCGAATA 1605 TGCAGGACCAGAGAATTCGAATA 1845 TGCAGGACCAGAGAATTCGAATA | 2085
CACCTCTCGGNNNGATCGACATG CAATCTCTATNNNGATCGACATG ATAGNNNGATCGACATG
TGCAGGACC 1e0¢o TGCAGGACCAGAGAATTCGAATA 1846 CAGAGAATTCGAATA | 2086
CATGGETACACNNNC AT CATAATGCCGNNNGATCGACATG TGNNNGATCGACATG
TGCAGGACCAGAL TTC T 107 TGCAGGACCAGAGAATTCGARTA 1847 GC CCAGAGRATTCGARTA | 2087
CACCTCGECT CACAGGCGGANNNGATCGACATG CACTGCCAGGNNNGATCGACATG
TGCAGGACCAGAGARTTCGAATA 1e08 CAGGACCAGAGAAT TCGAATA 15848 TGCAGGACCAGAGRATTCEARTA | 2088
CAGCGACGGANNNGATCGACATG CAGCGARTGANNNGATCGACATG CAGGTTTATANNNGATCGACATG
TGCAGCGACCAGAGAATTCGAATA 1609 TGCAGGACCAGAGAATTCGAATA 1848 TGCAGGACCAGAGAATTCGAATA | 2089
CACCCTGATTNNNGATCGACATG CARGCGTACTNNNGAT CGACATG CAARACTTCGCGNNNGATCGACATG
TGCAGGACCAGAGRATTCGAATA 1610 TGCAGGACCAGAGAATTCGAATA 1850 TGCAGGACCAGAGAATTCGAATA | 2090
CAATTCTCTANNNGATCGACATG CACCCAGGCANNNGATCGACATG CACCAACGCGNNNGATCGACATG
TGCAGGACCAGAGART TCGA lell TGCAGGACCAGAGAATTCGAATA 1851 TGCAGEACCAGRGAATTCGAATA | 2091
CACTGETCAAGNNNGATCGAC CAGGCCTGTGNNNGATCGACATG CATGGAAGACNNNGATCGACATG
TGCAGGACCAGAGARTTCGAATA lel2 TGCAGGACCAGAGAATTCGARTA 1852 TGCAGGACCAGAGRATTCGARTA | 2092
CAATTACCGGHNNNGATCGACATG CACCTAGGCEGNNNGATCGACATG NNNGATCGACATG
TGCAGGACCAGAGARTTCGAATA 1el3 TGCAGGACCAGAGAATTCGAATA 1853 AGAGRATTCEAATA | 2093
CATAATATCGNNNGATCGACATG CACCGTTTTCGNNNGATCGACATG ; TT NNGATCGACAT
TGCAGCGACCAGAGAATTCGAATA 1ol4 TGCAGGACCAGAGAATTCGAATA 1854 GAGAATTCGAATA | 2094
CARTAGACTTNNNGATCGACATG CAGACGCACCNNNGATCGACATG
TGCAGGACCAGAGARATTCGAATA 1els TGCCAGGACCAGAGAATTCGRAATA 1855 2095
CACCTGATAGNNNGATCGACAT CAACTTATGANNNGATCGACATG
TGCAGGAL TCEARTA 1ele TGCAGGACCAGAGAATTCGAATA 1856 TGC VCCAGAGARTTCGAATA | 2096
CAGCLGCACS GATCGACATG CAAGATCANANNNGATCGACATG CATTGGAGCTNNNGATCGACATG

T

TGCAGGAC VITCGAATA 1el7 TGCAGGACCAGAGAATTCGARTA 1857 TGCAGGACCAGAGRATTCGARTA | 2097

CACGAATATTNNNGATCGACATG CATACTTCCGNNNGATCGACATG CAACAGACAGNNNGATCGACATG
TGCAGGACCAGAGARTTCGAATA 1els TGCAGGACCAGAGAATTCGAATA 1858 TGCAGGACCAGAGRATTCEARTA | 2098
CAGTCAATCGNNNGATCGACATG CACGTTAGACNNNGATCGACATG CAATCGTCAGNNNGATCGACATG
TGCAGCGACCAGAGAATTCGAATA 1el9 TGCAGGACCAGAGAATTCGAATA 1859 TGCAGGACCAGAGAATTCGAATA | 2099
CATCAGCCCCNNNGATCGACATG CAGGAGTTAGNNNGATCGACATG CATTATGTCTNNNGATCGACATG
TGCAGGACCAGAGARATTCGAATA 1620 TGCCAGGACCAGAGAATTCGRAATA 1860 TGCAGGACCAGAGANTTCGAATA | 2100
A T NNGATCGACATG CAGACCTCTTNNNGATC
GGACCAGAGARATTCGAATA 1e2i TGCAGGACCAGAGAATT 1861 2101

NNNGATCGACATG CAGCCCGCAANNNGATCGACATG
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TA € TGCA { GAATTCGAATA

CARCGATTATNNNGATCGACATG CAGARCCCATNNNGATCGACATG A TNNNGATCGACATG
TGCAGGACCAGAGARATTCGAATA 1623 TGCCAGGACCAGAGAATTCGRAATA 1863 TGCAGGACCAGAGARTTCGAATA
CACAATCCGANNNGATCGACA CACCACTGCCNNNGATCGACATEG CATCGETCET >

TTCGARTA 1624 TGCAGGACCAGAGAATTCGAATA 1864 TGCAGGEACCAGRAGAATTCGAATA | 2104

TGC { A
CAGGCAATGANNNGATCGACATG CACTARTTTCNNNGATCGACATG CAATTGTGGCNNNGATCGACATG
TGCAGGACCAGAGAATTCGAATA lezs TGCAGGACCAGAGAATTCGAATA 1865 TGCAGGACCAGAGAATTCGAATA | 2105
CACTETCAGANNNGATCGACATG CACGGTCCAGNNNGATCGACATG CAACTGCACTNNNGATCGACATG
TGCAGGACCAGAGARTTCGAATA TGCAGGACCAGAGAATTCGAATA 1866 TGCAGGACCAGAGRATTCEAATA | 2106
CACAGACCTANNNGATCGACATG CATTTCGCACNNNGATCGACATG CACGTTGTTCNNNGATCGACATG
TGCAGGACCAGAGARTTCGAATA Le27 TGCAGGACCAGAGRAATTCGAATA 1867 TGCAGGACCAGAGRATTCEAATA | 2107
CAGATCATCGNNNGATCGACATG CAGGATAAGCNNNGATCGACATG CACAAGACCTNNNGATCGACATG
TGCAGGACCAGAGARATTCGAATA 1e2s TGCCAGGACCAGAGAATTCGRAATA 1868 TGCAGGACCAGAGANTTCGAATA | 2108
CAGARCGAGTNNNGATCGACATG CACTCGCAGGNNNGAT CGACATG CATACCCCCGNNNGATCGACATG
TGCAGGACCAGAGRATTCGAATA 1629 TGCAGGACCAGAGAATTCGAATA 1869 TGCA
CATCGGTGATNNNTGCATCAGGT CAACTGAAAANNNTGCATCAGGT CACCTACCGUNNNTGCATCAGET
TGCAGGACCAGAGAATTCGAATA 1e30 TGCAGGACCAGAGAATTCGAATA 1870 TGCAGGACCAGAGAATTCGAATA
CAATTGCAATRNNTGCATCAGGT CAAGTCTTTTNNNTGCATCAGGT ARGACAGTGNNNTGCATCAGET
TGCAGGACCAGAGARTTCGAATA TGCAGGAICAG ATTCGAATA 1871 TGCAGGACCAGAGRATTCGAATA
CATTARCGATHNNNTGCATCAGET CAGGTGTTACNNNTGCATCAGGT CAGTCCTATCNNNTGCATCAGGT
TGCAGGACCAGAGARTTCGAATA TGCAGGACCAGAGRAATTCGAATA 1872 TGCAGGACCAGAGRATTCEAATA | 2112
CATGTACGTGNNNTGCAT CATATCCGCTNNNTGCATCAGET CACGCGCTCTRNNNTGCATCAGGT
TGCAGGACCAGAGARATTCGAATA 1633 TGCCAGGACCAGAGAATTCGRAATA 1873 TGCAGGACCAGAGANTTCGAATA | 2113
CAGCGTCTGONNNT GCATCA CAGCGTGAGGNNNTGCATCAGET CATTGATTCTRNNTGCATCAG
TGCAGGACCAGAGRATTCGAATA 1634 TGCAGGACCAGAGAATTCGAATA 1874 TGCAGGACCAGAGAATTCGAATA | 2114
CACCATATAANNNTGCATCAGGT CAGCCGTTCCNNNTGCATCAGGT CAATAATGTCUNNNTGCATCAGET
TGCAGGACCAGAGAATTCGAATA 1e35 TGCAGGACCAGAGAATTCGAATA 1875 TGCAGGACCAGAGAATTCGAATA | 2115
CAARATTGAGNNNT GCATCAGGT CCANNNTGCATCAGGT CAGAGTTAAANNNT GCATCAGGT
TGCAGGACCAGAGARTTCGAATA CCAGAGAATTCGARTA 1876 TGCAGGACCAGAGRATTCGARTA | 2116
CAGTATCACGHNNNTGCATCAGET CCTCNNNTGCATCAGGT CACGACACATNNNTGCATCAGGT
TGCAGGACCAGAGARTTCGAATA Le3q AGGACCAGAGARATTCGAATA 1877 GGACCAGAGRATTCEARTA | 2117
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CACCTTA CAGG CATATGGAGGNNNTGCATCAGET ATTGGCCGENNNTGCATCAGET
SCAGGACCAGAGAATTCGAATA 1638 TGCAGGACCAGAGAATTCGAATA TGCAGGACCAGAGAATTCGAATA
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AGGANNNTGCA
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TGCAGGACCAGAGRATTCGAATA 1639 TGCAGGACCAGAGAATTCGAATA 1879 TGCAGGACCAGAGAATTCGAATA | 2119
CATGCATCCTNNNTGCATCAGGT CACTACGACANNNTGCATCAGGT CACCAAAACCUNNNTGCATCAGET
TGCAGGACCAGAGARATTCGAATA 1640 TGCAGGACCAGAGAATTCGAATA 1880 TGCAGGACCAGAGARTTCGAATA
CACAGCCTGGNNNTGCATCAGGT CATGACTACGNNNTGCATCAGGT CAATACCAGCNNNTGCATCAGGT
TGCAGGACCAGAGARTTCGAATA ledl TGCAGGACCAGAGAATTCGARTA 1881 GGRCCAGAGRATTCGARTA | 2121

CACACACTAGHNNNTGCATCAG CAGGAC
TGCAGGACCAGAGARTTCGAATA le4z TGCAGGACCAGAGAATTCGAATA 1882

GTTTNNNTGCATCAGGT CABGTAGAATNNNTGCATCAGGT
GRATTCGAATA | 2122

CACGTATCCTNNNTGCATCAGET CAAAGCCTCANNNTGCATCAGGT C GCATCAGGT
TGCAGGAC CGARTA 1643 TGCAGGACCAGAGAATTCGAATA 1883 TGCAGGACCAGAGAATTCGAATA
CACTTTAAAGNNNTGCATCAGGET CA TCAGGT
1o44 TGCCAGGACCAGAGAATTCGRAATA 1884 TGCAGGACCAGAGARTTCG,
A CATTTGATTCNNNTGCATCAGET CACCTRAAGGTHNNNTGCAT
TGCAGGACCAGAGARATTCGAATA 1645 TGCAGGACCAGAGAATTCGAATA 1885 TGCAGGACCAGAGARTTC 2125
CATCCAGAACNNNTGCATCAGGT CACTGTATTTNNNTGCATCAGGT CAACAAAGGCNNNTGCATCAG
TGCAGGACCAGAGARTTCGAATA 146 TGCAGGACCAGAGAATTCGARTA 1886 TGCAGGACCAGAGRATTCGARTA | 2126
CACGAGTACTRNNTGCATCAGGT CATTAATTGGNNNTGCATCAGGT CAGAGGCAGONNNTGCATCAG
TGCAGGACCAGAGARTTCGAATA Le4d AGGACCAGAGAAT TCGAATA 1887 TGCAGGACCAGAGRATTCEARTA | 2127
GAGTTCNNNTGCATCAGGT CACTACTCGTNNNTGCATCAGGT
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BGAGART A € TGCAG GAATTCGAATA

CAGTGCCATANNNTGCATC CACATTCAABDNNNTGCATCAGGET CACACCCTGCNNNTGCATCAGGT
TGCAGGACCAGAGARATTCGAATA 1652 TGCCAGGACCAGAGAATTCGRAATA 1882 TGCAGGACCAGAGANTTCGAATA | 2132
VTTCNNNTGCATCAGGT CABARGCCTCNNNTGCATCAGET CATCGCCAT

BCCAGAGRATTCGARTA 1653 TGCAGGACCAGAGAATTCGAATA 1883 TGCAGGEACCAGAGAAT 2133
CAAGTATGTTNNNTGCATCAGG CATGATCAATNNNTGCATCAGGT CAACTTCGCTNNNTG CA
TGCAGGACCAGAGAATTCGAATA les4 TGCAGGACCAGAGAATTCGAATA 1884 TGCAGGACCAGAGAATTCGAATA | 2134
CAGGTTCTTCRNNTGCATCAGGT CAATATGATCNNNTGCATCAGGT CATTGCTTTANNNT GCATCA
TGCAGGACCAGAGARTTCGAATA Lek5 TGCAGGACCAGAGAATTCGAATA 1895 TGCAGGACCAGAGRATTCEAATA | 2135
CATAGTGGCTNNNTGCATCAGET CAGGACCGAGNNNTGCATCAGGT CAGCACGAGGNNNTGCATCAGGT
TGCAGGACCAGAGARTTCGAATA 1656 TGCAGGACCAGAGRAATTCGAATA 1896 TGCAGGACCAGAGRATTCEAATA | 2136
CACCAACTTCNNNTGCATCAGGT CACCCCTAATNNNTGCATCAGGET CACGAATGTCNNNTGCATCAGGT
TGCAGGACCAGAGARATTCGAATA 1657 TGCCAGGACCAGAGAATTCGRAATA 1887 TGCAGGACCAGAGARTTCGAATA
CAAGTTCAATNNNTGCATCAGGT CACTCAAAGCNNNTGCATCAGET CATGECTAGTRNNTGCATCAGGT
TGCAGGACCAGAGRATTCGAATA 1658 TGCAGGACCAGAGAATTCGAATA 1898 TGCAGGACCAGAGARTTCGAATA
CATTGTTCGCNNNTGCATCAGGT CACTTCGTACNNNTGCATCAGGT CAGTGTTATANNNTGCATCAGET
TGCAGGACCAGAGAATTCGAATA 1e59 TGCAGGACCAGAGAATTCGAATA 1889 TGCAGGACCAGAGAATTCGAATA | 2139
CAGTCATGCANNNTGCATCAGGT CAATTGGCCANNNTGCATCAGGT CATTCCTTCONNNT GCATCAGGT
TGCAGGACCAGAGARTTCGAATA Leed TGCAGGAICAG ATTCGAATA 1900 TGCAGGACCAGAGRATTCEARTA | 2140

CACTGETAATANNNT GCATCAGET CACGAAGGTANNNTGCATCAGGT CATCAACTABNNNTGCATCAGGT
TGCAGGACCAGAGARTTCGAATA leel TGCAGGACCAGAGRAATTCGAATA 1901 GACCAGAGAATTCGAATA | 2141
CATTCGGCCONNNTGCATCAG CAGGCCTTGENNNTGCATCAGET TACAAGNNNTGCATCAGGT

TGCAGGACCAGAGARATTCGAATA leo6z TGCCAGGACCAGAGAATTCGRAATA 1902 TGCAGGACCAGAGARTTCGAATA
CATCTCTCTONNNT GCATCA CARCAATATCNNNTGCATCAGET CATCITGCCGRNNTGCATCAG
TGCAGGACCAGAGRATTCGAATA TGCAGGACCAGAGAATTCGAATA 1903 TGCAGGACCAGAGAATTCGAATA | 2143
CACTTCGCGCNNNTGCATCAGGT CATCACAACGNNNTGCATCAGGT CATCGGCTAANNNT GCATCAGET
TGCAGGACCAGAGAATTCGAATA lecd TGCAGGACCAGAGAATTCGAATA 1904 TGCAGGACCAGAGAATTCGAATA | 2144
CAACAGATTTNNNTGCATCAGGT CAACTGTACGNNNTGCATCAGGT CAAGGAGCATNNNTGCATCAGGT
TGCAGGACCAGAGARTTCGAATA l1e¢e5 GACCAGAGAAT TCGAATA 1908 TGCAGGRCCAGAGRATTCGARTA | 2145
CACAGACAAGHNNNTGCATCAGET CARTTNNNTGCATCAGGT CAGGAATACGNNNTGCATCAGGT
TGCAGGACCAGAGARTTCGAATA lLees TGCAGGACCAGAGAATTCGAATA 1906 TGCAGGACCAGAGRATTCEAATA | 2146

.‘

CACAGCTACANNNTGCATCAGGT CAAGGCTCTANNNTGCATCAGET CATGAGACGANNNT GCATCAGGT
TGCAGCGACCAGAGAATTCGAATA Loe7 TGCAGGACCAGAGAATTCGAATA TGCAGGACCAGAGAATTCGAATA
GGNNNTGCATCAGET CACCTTACCANNNTGCATCAGET CACCACCAGGRNNNTGCATCAG
TGCAGGACCAGAGRATTCGAATA 1668 TGCAGGACCAGAGAATTCGAATA ACCAGRAGARTTCGAATA

CACCTATAAANNNT GCATCAGGT CAGATTCCTCNNNTGCATCAGGT CAAGCTCATGNNNTGCATCAGET
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TGCAGGACCAGAGARATTCGAATA 1669 TGCAGGACCAGAGAATTCGAATA TGCAGGACCAGAGARTTCGAATA
CACCTAARCCTNNNTGCATCAGGT CATGCCTGTTNNNTGCATCAGGT CATATACCGGNNNTGCATCAGGT
TGCAGGACCAGAGARTTCGAATA 1e7¢ TGCAGGACCAGAGAATTCGARTA 1910 TGCAGGACCAGAGRATTCGARTA | 2150

CATTTAGCGGHNNNTGCATCAG CATCACCRAGNNNTGCATCAGGT CAGA
TGCAGGACCAGAGARTTCGAATA Le7l TGCAGGACCAGAGAATTCGAATA 1911

CATARACCATNNNTGCATCAGET
o

GCCATNNNTGCATCAGGET
ACCAGAGRATTCEAATA | 2151

CGGONNNTGCATCAGGT CATTGAGCTGNNNTGCATCAGGT

o

TGCAGGA AGAGRAT Le7z CCAGAGAATTCGAATA 1912 TGCAGGACCAGAGAATTCGAATA | 2152
CAGCTAACTGNNNTGCA § CABMAMCGCAGNNNTGCATCAGET TAAATGGANNNTGCATCAGGT

CAGGACCAGAGAATTCGAATA 1673 TGCCAGGACCAGAGAATTCGRAATA 1913 RGARTTCGAATA

GTACAGAGNNNTGCATCAGGT CATTCTNNNTGCATCAGET NTCGCATCAG

CAGGACCAGAGRATTCGAATA 1674 ACCAGAGAARTTCGAATA 1914

CGGRCCANNNTGCATCAGGT CACGCCTATTNNNTGCATCAGGT CACTCGGAGCNNNTGCATCAG

TGCAGGACCAGAGARTTCGAATA 1675 TGCAGGACCAGAGAATTCGARTA 1915 TGCAGGACCAGAGRATTCGARTA | 2155
CACCTCTAGTRNNTGCATCAGGT CATCATCATTNNNTGCATCAGGT CAGTTTCCTGNNNTGCATCAG
TGCAGGACCAGAGARTTCGAATA Le7s TGCAGGACCAGAGAATTCGAATA 1916 TGCAGGACCAGAGRATTCEAATA | 2156
CAGCCCCTGTNNNTGCATCAGET CAAATTCAGTNNNTGCATCAGGT CACAACATGCNNNTGCATCAGGT
TGCAGCGACCAGAGAATTCGAATA Lo TGCAGGACCAGAGAATTCGAATA 1917 TGCAGGACCAGAGAATTCGARATA | 2157
CACGGACTGCONNNT GCATCAGET CANTTCTCGCNNNTGCATCAGET CATGGETGCGCNNNTGCATCAGGT

A%
CAGGRCCAGAGRATTCGARTA
T TCAGGT CAATAGAGTANNNTGCATCAGET CATACGGAGANNNT
TGCAGGACCAGAGARATTCGAATA 1679 TGCAGGACCAGAGAATTCGAATA T GACCAGAGART T
CAACCAAGTCNNNTGCATCAGGT CAGAGCGGACNNNTGCATCAGGT CAGGCGTGGANNNTGCA

TGCCAGGACCAGAGAATTCGRAATA 1918 TGCAGGACCAGAGARTTCGAATA
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TGCAGGACCAGAGAATTCGAATACAG TGCAGGACCAGAGAATTCGAATACAA TGCCAGGACCAGAGAATTCGAATACAT
CTTCTCANNNACGTATGCCA 2169 TACGTATNNNACGTATGCCA 2409 TCAGAARNNNACGTATGCCA 2649
T GACCAGAGAAT TCGAATACAN TGCAGGACCAGAGAAT TCCGAATACAN TGCAGGACCAGAGAATTCGARTACAR
T AC GNNNACGTATGCCA 2170 ACTAGCCNNNACGTATGCCA 2410 ATATCCANNNACGTATGCCA 2650
T GGACCAGAGAATTCGAATACAT TGCAGGACCAGAGAATTCGAATACAC TGCAGGACCAGAGAATTCGAATACAR
ACTCTCGNNNACGTATCGCCA 2171 GGATTACNNNACGTATCGCCA TCCACCTNNNACGTATGCCA 2651
TGCAGGACCAGAGAATTCGAATACAC TGCAGGACCAGAGAATTCGAATACAG 5G
GGTCGCANNNACGTATGCCA 2172 GACGCCTNNNACGTATGCCA 2412
TGCAGGACCAGAGAATTCGAATACAA TGCAGGACCAGAGAATTCGAATACAC
CGETTACNNNACGTATCGCCA 2173 GTTAAATNNNACGTATCGCCA 2413
TGCAGGACCAGAGARATTCGAATACAT TGCAGGACCAGAGARTTCGAATACAG
ACCACACNNNACGTATGCCA 2174 GCTAGTTNNNACGTATGCCA 2414 A
TGCAGGACCAGAGRATTCGARTACAC TGCAGGACCAGAGRATTCGARTACAT TCGCAGGACCAGAGRATTCGARTACAT
GTCTCTANNNACGTATGCCA 2175 CAGRAGGNNNACGTATCGCCA 24135 ATGGCCANNNACGTATGCCA
T '3( AGGACCAGAGAATTCGAATACAG TGCAGGACCAGAGAATTCGAATACAA TGCCAGGACCAGAGAATTCGAATACAA
CTNNNACGTATGCCA 2176 CCAACTGNNNACGTATGCCA 2416 TCATGCCNNNACGTATGCCA 2656
GGACCAGAGAAT TCGAATACAG SCAGGACCAGAGAATTCGARTACAT TCCAGGACCAGAGRATTCGARTACAA
ACCNNNACGTATGCCA CGACAACNNNACGTATGCCA 2417 GGTAGGTNNNACGTATGCCA

AATTCGAATRCAG TGCAGGACCAGAGRATTCGAATACAT
SCCA 2178 CCCT M‘l NNNACGTRTGCCA 2858
GAATACAR TGCAGGACCAGAGAARTT CGAATACAG

TI\TTTGA\I\IN]\. GTATGCCA

)
o
[
o

T TGCAGGACCAGAGAATTCGAATACAA
21 80 G A 2420 CTCGAATANNNACGTATGCCA 2660
AGGACCAGAGARTTCGAATACAA,
GCACNNNACGTATGCCA 2661

GGAC C,A.GA L}AAT TCGARTACA
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GANNNACHE 2183 TTGAR P);N‘]n(‘ . 2423 CCCAC I\ii]‘\INAC GTRATGC
TGCAGGACCAGAGRATTCGARTACAA TGCAGGACCAG CGRATACAT TGCAGGACCAGAGRATTC
TGCCATCNNNACGTATCGCCA 2184 ALCTATGNNNACGTATCGCCA 2424 ACATATANNNACGTATGCCA 2664
TGCAGGACCAGAGAATTCGAATACAA TGCAGGACCAGAGAATTCGAATACAT TGCCAGGACCAGAGAATTCGAATACAG
ACGATCGNNNACGTATGCCA 2185 CAGATGCNNNACGTATGCCA 2425 CACTACANNNACGTATGCCA 2655

TGCAGGACCAGAGAAT TCGAATACAG TGCAGGACCAGAGAAT TCGAATACAC TCCAGGACCAGAGAATTCGARATACAA

TGCATCANNNACGTATGCCA 2186 TCAACAGNNNACGTATGCCA 2426 CTTTGCCNNNA ’”"IA’N CCA
TGCCAGGACCAGAGAATTCGAATACAG TGCCAGGACCAGAGAATTCGAATACAN TGC }.GG}\O AG ATTCGARATACAC
TCCTCTTRNNACGTATCGCCA 2187 TAAAGTGNNNACGTATGCCA 2427 TCAGGC SCCA 2667
TTCGARTACAC TGCAGGACCAGAGAAT TCCGAATACAN TGCAGG CGARATACAN
CA 2188 GAGCAGT GCCA 2428 ACTAG 2668
GAATACAT TGCAGGACCAGA TCGAATACAT TGCAG
CA 2189 "CTTNNNA GCCA 2429 CTTCT 2669
GAATACAC TGCAGGACCAGA TCGARTACAG TGCAG
CCA 2180 CAGAGATNNNAC GCCA 2430 GCAGGATNNN. 2670
TGCAGGACCAGAGRATTCGARTACAC TGCAGGACCAGAG CGARTACAT TGCAG
CCACACCNNNACGTATCGCCA 2191 CTCACCANNNACGTATCGCCA 2431 CTABRCC 2671
TGCAGGACCAGAGARATTCGAATACAA TGCAGGACCAGAGARTTCGAATACAC TGCCAGGACCAGAGAATTCGAATACAA
CCTARAANNNACGTATGCCA 2192 CCCTTGGNNNACGTATGCCA CCCTTACNNNACGTATGCCA 2672
TGCAGGACCAGAGAAT TCGAATACAG TGCAGGACCAGAGAAT TCGAATACAC TCCAGGACCAGAGAATTCGARATACAG
TAGAGTGNNNACGTATGCCA 2193 AGTGGCCNNNACGTATGCCA 2433 TCTTCTENNNAL "IA’W CCA

TGCAGGACCAGA TTCGAATACAL TGCAGGACCAGAGAATTCGAATACAC TGCCAGGACCAGA TCGAATACAC
CACATAGNNNACGTATGCCA 2194 TCATCGANNNACGTATGCCA 2434 GCAGCCTNNNACGTATGCCA

IC‘ GGACCAGAGAAT TCGAATACAT GACCRAGAGAAT TCGAATACAT TGCAGGACCAGAGAATTCGARTACAC
GTGCTNNNACGTATGCCA 2195 GINNNACGTATGCCA 2435 CTGATGANNNACGTATGCCA

TGCAGGACCAGAGAATT TGCAGGACCAGAGAATTCGAATACAT

ACGTACATNNNACGTATG 2196 C¢ CCATACGNNNACGTATGCCA 2¢776

TGCAGGACCAGAGAAT TCGAATACAC TGCAGGACCAGAGAAT TCGAATACAC TGCAGGACCAGAGAATTCGARTACAR

CCGACACNNNACGTATGCCA 2197 CATGCGGNNNACGTATGCCA 2437 ACGAATGTNNNACGTATGCCA 2677
GA GCAGGAC GA GAATACAC TGCA CCAGAGAATTCGAATACAT

CA 2433 N NNACGTAT
GAATACAC
E GCCA 2439
\CAC GCAGGA G GARTACAG TGCAGGACCAGAGARTT

GACCTGENNNACGTATGCCA 2200 AC'] SGETT K\FN‘\U—\C’"[A’.TGCCA 2440 CTAATGTNNNACGTATGCCA
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TGCAGGACCAGAGAATTCGAATACAT TGCAGGACCAGAGAATTCGAATACAG TGCCAGGACCAGAGAATTCGAATACAA
GAGGATGNNNACGTATGCCA 2201 CABATTTNNNACGTATGCCA 2441 TCTACCCNNNACGTATGCCA 2¢81
TGCAGGACCAGAGAATTCGAATACAC TGCAGGACCAGAGAAT TCGAATACAT TCCAGGACCAGAGRAATTCGARTACAT
TCCTGCONNNACGTATGCCA 2202 TAGTGTANNNACGTATGCCA GCCACAANNNACGTATGCCA

TGCCAGGACCAGAGAATTCGAATACAT TGCCAGGACCAGAGAATTCGAATACAG TGCAGGACCAGAGAATTCGAATACAG
TGCTCGTNNNACGTATGCCA ATCABATNNNACGTATGCCA 2443 BCTGTTCNNNACGTATGCCA 2683

TGCAGGACCAGAGAAT TCGAATACAN TGCAGGACCAGAGAAT TCGAATACAT TGCAGGACCAGAGAATTCGARTACAR
CACTGACNNNACGTATGCCA 2204 TGCCGAANNNACGTATGCCA 2444 IACAGCCTNNNACGTATGCCA
TGCCAGGACCAGAGAATTCGAATACAT TGCAGGACCAGAGAATTCGAATACAG
CCTCCTTRNNACGTATCGCCA 2445 CACCGACGNNNACGTA 2685
TGCAGGACCAGAGAATTCGAATACAC TGCAGGACCAGAGAA sAAT LA
CCCATTANNNACGTATGCCA 2446 TTCCGGANNNACGTA 2686
TGCAGGACCAGAGAATTCGAATACAG TGCAGGACCAGAGAAT CAG
TTTGTTTNNNACGTATCGCCA 24477 GTCTCAANNNACGTA 2687
TGCAGGACCAGAGARTTCGAATACAL TGCAGGACCAGAGARTTCGAATACAT TGCCAGGACCAGAGA AL
AACTGGETNNNACGTATGCCA 2208 ATCCCGETNNNACGTATGCCA 2448 LCCAT GANNNACHE P\'l GCCA 2¢8%
TGCAGGACCAGAGRATTCGAATACAT TGCAGGACCAGAGRATTCGARTACAT TCGCAGGACCAGAGARATTCGARTACAC

GEATACCNNNACGTATGCCA 220¢ TCCGTGANNNACGTATCGCCA 2445 ARACGGANNNACGTATGCCA 2
TGCAGGACCAGAGAATTCGAATACAA TGCAGGACCAGAGAATTCGAATACAC TGCCAGGACCAGAGAATTCGAATACAA
TGCACCANNNACE SCCA : GTAAGGANNNACE SCCA 2450 CAGCGTANNNACGTATGCCA 2¢90

CAGGACCAGAGAATTCGAATACAR T TTCGAATACAC TCCAGGACCAGAGAATTCGARATACAC

AGGACCAGAGRAA

CCTTGENNNACGTATGCCA z2211 TTTCTTTNNNACGTATGCCA 2451 CCCTGACNNNACS IA’N CCA
TGCCAGGACCAGAGAA GAATACAA TGCCAGGACCAGAGAA TGCAGGACCAGAGAATTCGAATACAC
ATAGTTCNNNACGTATGCCA 2212 ACTTTTTNNNACGTATC CAAGTTGNNNACGTATGCCA 2¢92
TGCAGGACCAGAGAAT TCGAATACAT TGCAGGACCAGAGAATTC TGCAGGACCAGAGAATTCGARTACAT

AGC 2213 GTTAAGGNNNACGTATGCCA 2453 TCTAATNNNACGTATGCCA 2693
G TGCAGGA TGCAGGACCAGAGAATTCGAATACAR
C 2214 TCACGGT TTTGTGANNNACGTATGCCA 2694
TGCAGG
2215 ATTTAG
TGCAGGA
2216 ACCGCGCAN

TGCAGGACCAGAGART TGCAGGACCAGAGART TGCCAGGACCAGAGAATTCGAATACAA

ACGCTCONNNACGTAT GCCA 2217 TCAATCGNNNACGTATC 57 LCAGCGANNNACGTATGCCA 2¢97
TGCAGGACCAGAGRATTCGAATACAT TGCAGGACCAG ATTCGAATACAT TCGCAGGACCAGAGRATTCGARTACAR
CCCCETCNNNACGTATGCCA 22138 TGTGTAANNNACGTATGCCA 2458 IAATGCGENNNACGTATGCCA 26938
TGC 7—\”4GAC CAGAGAATTCGAATACAG TGCAGGACCAGAGAATTCGAATACAC TGCCAGGACCAGAGAATTCGAATACAT
CATTGCANNNACGTATGCCA 2219 CGCGTGANNNACGTATGCCA 2459 (BCCARGCNNNACGTATGCCA 2699
TGCAGGACCAGAGAAT TCGAATACAC TGCAGGACCAGAGAAT TCCGAATACAN TGCAGGACCAGAGAATTCGARTACAC
CCCTTAANNNACGTATGCCA 2220 ACCAAGGNNNACGTATGCCA 2460 GACCCTCNNNACGTATGCCA 2700
TGCCAGGACCAGAGAATTCGAATACAG TGCCAGGACCAGAGAATTCGAATACAT TGCAGGACCAGAGAATTCGAATACAA
ACCGCCANNNACGTATGCCA 2221 CGTTTGCNNNACGTATGCCA 2461 CACCCTTNNNACGTATGCCA 2701
TGCAGGACCAGAGAAT TCGAATACAG TGCAGGACCAGAGAAT TCGAATACAC TGCAGGACCAGAGAATTCGARTACAC
ATCTGACNNNACGTATGCCA 2222 TATTCGCNNNACGTATGCCA 2462 TCTCGCCNNNACGTATGCCA 2702
TGCAGGACCAGAGAATTCGAATACAG TGCAGGACCAGAGAATTCGAATACAN TGCAGGACCAGAGAATTCGAATACAR
CATGTTGNNNACGTATGCCA 2223 ACAGATANNNACGTATCGCCA 2403 GCCGCCANNNACGTATGCCA 2703
TGCAGGACCAGAGAATTCGAATACAT TGCAGGACCAGAGAATTCGAATACAC TGCAGGACCAGAGRATT CGARTACAT
ACCACGTNNNACGTATGCCA 2224 TATTATCNNNACGTATGCCA 2464 CTACAATNNNACGTATGCCA 2704
TGCAGGACCAGAGRATTCGARTACAG TGCAGGACCAGAGAAT TCGAATACAT TCGCAGGACCAGAGRATTCGARTACAG
GTCCAATNNNACGTATGCCA 2225 CCCAATCHNNNACGTATGCCA 2463 LV TCTACGNNNACGTATGCCA 2705
TGCAGGACCAGAGARATTCGAATACAA TGCAGGACCAGAGAATT ’ GCAGGACCAGAGAATTCGAATACAL
CCCTCTANNNACGTATGCCA 2226 TABAGTTNNNACE ,}l GTCTTNNNACGTAT (:C"A 2706

TG

CAGGACZCAGAL

TTCCARTACAT T

~CAGGACCAGAL TTCGAATACAN TCCAGGACCAGAGAATTCGARATACAG

TACGACGNNNACGTATGCCA 2227 GCTAATTNNNACGTATGCCA 2467 CTGCAATNNNACGTATGCCA 2707
TGC 7—\”4(5 ACCAGAGAATTCGAATACAL T GCAGGACCAGAGARTTCGAATACAT TGCCAGGACCAGAGAATTCGAATACAG
CGGNNNACGTATGCCA 2228 ATCNNNACGTATGCCA 2468 (BAGAGTCNNNACGTATGCCA 2708

SGACCAGAGAAT TCGAATACAG CAGGACCAGAGAAT TCGAATACAT TCCAGGACCAGAGAATTCGARATACAA

ATCNNNCTAGCGTTAC 2229 AGTACGCNNNCTAGCGTTAC 2 469 CAACTCGNNNCTAGCGTTAC

TTCGAATACAT GAGAATTCGAATRCAC TGCAGGACCAGAGAATTCGAATACAT
TAC 2230 NNNCTAGCGTTAC 2470 GCGCAATNNNCTAGCCTTAC 2710

CAGAGRATTCGARTACAC TGCAGGACCAGAGRATTCGARTACAT
NNCTAGCGTTAC 2477 1L AAGAACANNNCTAGCCGTTAC 2711
: e
i

AGAGAATTCGAATACAC TGCAGGACCAGAGAATTCGAATACA
- - c

y
Q
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TGCAGGACCAGA TC TACA
2233 ACT C-“ CGNNNCTAGCCTTAC 247

AAT C"‘ GGNNNCTAGC

o

SNNNCTAGCCETT
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TGCAGGACCAGAGAATTCGAATACAC [(~ CAGGACCAGAGAATTCGAATACAC TGCAGGACCAGAGAATTCGAATACAC
AGCATACNNNCTAGCGTTAC 2234 CAGAGGNNNCTAGCGTTAC 2474 TCCACCGNNNCTAGCC

TGCCAGGACCAGAGAATTCGAATACAG TGCCAGGACCAGAGAATTCGAATACAG TGCAGGACCAGAGAATT
TTCTCCANNNCTAG L 2235 CGC TAGCGTTAC 2475 GACCCAGNNNCTAGCC 2715

TGCAGGACCAGAGAAT TCGAATACAN I GCAGGA T 'PCG}‘«_A TACAC
GTTCCTCNNNCTAGCGTTAC 2236 \Cl\f””" STTAC 2476
TGCCAGGACCAGAGAATTCGAATACAA «.G}\/'V” TCGAATACAT T 'IC} G GACCAGAGAATT

CGTTAC

CNNNCTAGC
AC C]\ G]\G 7—\1\ 7
TCN

AATCGAANNNCTAGCGET

19
TGCAGGACCAGA GGACCAGAGA
TTACATGN. 240 =TTAC 2480 LCCAGAGNNNC “AGC 2720
TGCAGGACCAGAGRATTCGARTACAA TTCGARTACAT TGCAGGACCAGAGRATT
CCATCCTNNNCTAGCGTTAC NNNCTAGCGTTAC : CTCGANNNCTAGCL 2721
T GCAGGACCAGAGARATTCGAATACAL TGCAGGACCAGAGAATTCGAATACAT TGCCAGGACCAGAGAATTCGAATACAA
CTACNNNCTAGCGTTAC : ACRTTAGNNNCTAGCCTTAC 2482 CCCAGATNNNCTAGCCTTAC 2722

TGCAGGACCAGAGAATTCGAATACAC TGCAGGACCAGAGAAT TCGAATACAT TCCAGGACCAGAGAATTCGARATACAT
ATTGGTGNNNCTAGCGTTAC 2243 GGCCCGANNNCTAGCGTTAC 2483 SCGCTTTNNNCTAGCGETT

TGCCAGGACCAGAGAATTCGAATACAG TGCCAGGACCAGAGAATTCGAATACAG TGCAGGACCAGAGAATT
AGACCTTNNNCTAGCGTTAC 2244 TTGAGTCNNNCTAGCGTTAC 2484 GAGGACCNNNCTAGC T"'.
TGCAGGACCAGAGAAT TCGAATACAT TGCAGGACCAGAGAAT TCGAATACA TGCAGGACCAGAGRATT
CAGGCCGNNNCTAGCCGTTAC 2245 TTAGCACNNNCTAGCCTTAC 2485 CCTCCATNNNCTAGCGTT
TGCAGGACCAGAGAATTCGAATACA GGAC TCGAATACAR TGCAGGACCAGAGAATT
AACACACNNNCTAGCGTTAC Zf_’ 46 CCTN. TAC 2486 CGACCTCCNNNCTAGCG
TG A G AATTCGAATACAC TGCAGGE AGARTTCGARA

GC TTAC 2437 CATTCCGNNNCTAGCCGTTAC

AR TTCGAATACAR TGC TTCGAZ

GC GTTAC 2483 CT “CGTTAC 2728

D\A TTCGAATACAA] TG \TTCGAATACAA
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CCTTAC 2729
TGCAGGACCAGAGAATT TGCAGGACCAGAGRATTCGARTACAT GACCAGAGRATTCGARTACAG
TCCATATNNNCTA ;C GTTAC 2250 CAGCCTTNNNCTAGCGTTAC 2490 AA C TTATNNNCTAGCGTTAC 2730
TGCAGGACCAGAGAATTCGAATACAG TGCAGGACCAGAGAATTCGAATACAT TGCCAGGACCAGAGE TCGARATACAA
CCATGATNNNCTAGCGTTAC 2251 TGCCTCANNNCTAGCGTTAC 2491 CCAGCGCNNNCTAGCGTTAC 2731
TGCAGGACCAGAGAAT TCGAATACAG TGCAGGACCAGAGAAT TCGAATACAG TGCAGGACCAGAGRATTCGARTACAT
GCGACGANNNCTAGCGTTAC 2252 GACCCACNNNCTAGCGTTAC 2492 ACCTCTENNNCTAGCGTTAC

TGCCAGGACCAGAGAATTCGAATACAC TGCCAGGACCAGAGAATTCGAATACAT TGCAGGACCAGAGAATTCGAATACAC
CCAGTAANNNCTAGCGTTAC 2253 TCTCCAGNNNCTAGCGTTAC 2493 QA‘J'\IN(””\’ACC STTAC 27

O]

Bl
3]

w
o

TGCAGGACCAGAGAAT TCGAATACAC TGCAGGACCAGAGAAT TCGAATACA GACCAGAGARTTCGAATACAN
CGNNNCTAGCGTTAC 2254 TCCTCGCNNNCTAGCCTTAC 2494 SAAANNNCTAGCGTTAC 2734
SACCAGAGAATTCGAATACAC TGCAGGACCAGAGAATTCGAATACAN GACCAGAGAATTCGAATACAG

CTGRNNNCTAGCGTTAC 2255 ATAGTCTNNNCTAGCGTTAC 2495 SCCNNNCTAGCGTTAC 2735
ACCAGAGAATTCGAATACAA, TGCAGGACCAGAGAATTCGAATACAG SGACCAGAGAATTCGAATACAR
CNNNCTAGCCGTTAC 2256 CTGGATTNNNCTAG ,C TTAC 2496 ACNNNCTAGCCTTAC 2736

TGCAGGACCAGAGRATTCGARTACAA TGCAGGACCAGAGRATTCGARTACAT AGGACCAGAGRATTCGARTACAR

TCTTTCANNNCTAGCGTTAC 2257 TCCTCACNNNCTAGCGTTAC 2497 CTCONNNCTAGCETTZ 2737

TGCAGGACCAGAGARTTCGAATACAL TGCAGGACCAGAGARTTCGAATACAA TGCCAGGACCAGAGAATTCGAATACAT

CCATCTANNNCTAGCGTTAC 2258 TTATGACNNNCTAGCGTTAC 2498 ATGAGTTNNNCTAGCCTTAC 273%

TGCAGGACCAGAGAATTCGAATACAC TGCAGGACCAGAGAAT TCGAATACAT TCCAGGACCAGAGARTTCGAARTACAA

TAAGGETCNNNCTAGCGTTAC 2259 TTTAGAGNNNCTAGCGTTAC ’:. 49¢ GGCGTCINNNCTAGCGTTAC 273¢

TGCAGGACCAGAGAATTCGAATACAC TGCAGGACCAGAGAATTCGAATACAG TGCCAGGACCAGAGAATTCGAATACAA

ACCGACGNNNCTAGCGTTAC 2260 ATATACTNNNCTAGCGTTAC 2500 GAATTAGNNNCTAGCGTTAC 27440

TGCAGGACCAGAGAAT TCGAATACAG TGCAGGACCAGAGAAT TCGAATACAC TCCAGGACCAGAGAATTCGARATACAG

TTTAGATNNNCTAGCGTTAC z2¢l CTACCCGNNNCTAGCGTTAC 2501 IATTTAGTNNNCTAGCGTTAC
TGCAS CCAGAGAATTCGAATACAN TGCAGGACCAGAGAATTCGAATACAT

TGCAGGACCAGAG, G
; AGCGTTAC 22502 ATTTCTGNNNCTAGCG

CCCCTCCRNNCTAG AC ITTC 2742
TGCAGGACCAGAGAR TG GAATTCGAATACAA TGCAGGACCAGAGRATTCGARTACAG
TAATCAGNNNCTAG TG CTGTACANNNCTAGC 3
TGCAGGACCAGAGA TGC TGCAGGACCAGAGAATT
ATTCGAGNNNCTAGCGTTAC 2264 CC CTTACGANNNCTAGC 4
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TGC
ACK G“ GTNNNCTAGC GCCTCTGNNNCTAGCGTTAC 2505 ( SANNNCTAGCETT

CAGGACCAGAGAATTCGAATACAC TGCAGGACCAGAGAAT TCGAATACAC TCCAGGACCAGAGRAATTCGARTACAT
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CCAATTCNNNCTAGCGTTAC 22€5 TATAACANNNCTAGCGTTAC 2506 GCGATCTGENNNCTAGCC
TGCCAGGACCAGAGAATTCGAATACAT TGCCAGGACCAGAGAATTCGAATACAG TGCAGGACCAGAGAATTCGAATACAT

I

TGGCTGGETNNNCTAG ACTGACTNNNCTAGCGTTAC 2507 CCACGARNNNCTAGCC

TGCAGGACCAGAGAAT TCGAATACAT TGCAGGACCAGAGAAT TCGAATACAC TGCAGG
GCTTAGGNNNCTAGCGTTAC z2¢8 TGGCCAGNNNCTAGCGTTAC 2508 CAA "ACT'\I‘JN(J
GAATACAA TGCCAGGACCAGAGAATTCGAATACAN TGCAGGACCAGAGAATTCGAATACAG
\.C 2269 AGCCAAGNNNCTAGCGTTAC 2509 GCA GNNNCTAGC 2749
SAATACAC TGCAGGACCAGAGAATTCGAATACAC T CCAGAGRATTCGARTACAT
227’\ T T T CGNNNCTAGCCGTTAC 2750
T GAATACAG

SACCAGAGAATTC

)
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TGCAGGACTCA

TTACTCGNNNCT

3

als |

f\” AC‘ TACN
TGCAGGACCAGAGRATTCGARTACAC

N
N
~J
N

(3]

ACT \,A]‘\INC “AGC

TGCAGGACCAGAGRATT

TTCGAATACAR

)

LWGTGTACNNNCTAGCGTTAC 73 NNNCTAGCGTTAC 13 T STTANNNCTAGCE 2753
TGCAGGACCAGAGAATTCGAATACAG TGCAGGACCAGAGAATTCGAATACAT AGGACCAGAGAATTCGAATACAL
CCTCTTTNNNCTAGCGTTAC 2274 TCTACGGNNNCTAGCGTTAC STANNNCTAGCGTTAC 2754

TGCAGGACCAGAGAAT TCGAATACAT TGCAGGACCAGAGAAT TCGAATACAC TCCAGGACCAGAGAATTCGARTACAG

GACTCAGNNNCTAGCGTTAC 2273 ACCATTCNNNCTAGCGTTAC 2515 TCGGTTANNNCTAGCGETT
TGCCAGGACCAGAGAATTCGAATACAA TGCCAGGACCAGAGAATTCGAATACAC TGCAGGACCAGAGAATTCGAATACAC
CTTAGTANNNCTAGCGTTAC 2276 CCTCTTTNNNCTAGCGTTAC 2516 GAACCCGNNNCTAGCGTT] 2756
TGCAGGACCAGAGAAT TCGAATACAN TGCAGGACCAGAGAAT TCGAATACA TGCAGGACCAGAGRATT T
ARCATGANNNCTAGCGTTAC 22717 GCATTAANNNCTAGCCGTTAC 2 517 TCGACT C\I\INCT]\ SCGT TAC 2757
TGCAGGACCAGAGAATTCGAATACAG TGCAGGACCAGAGAATTCGAATACAC TCGCAGGACCAGAGAATTCGAATACAT
TTAGGCTNNNCTAGCGTTAC g GTAGCGCNNNCTAGCGTTAC 2018 TCAGCCTNNNCTAGCCTTA 2758
TGCAGGACCAGAGAATTCGAATACAT TGCAGGACCAGAGAATTCGAATACAG TGCAGGACCAGAGRATTCGARTACAC
CCGCAGGNNNCTAGCCTTAC 2279 TCTCCTANNNCTAGCCTTAC 2519 ACTTGAGNNNCTAGCCTTAC 2759
TGCAGGACCAGAGZ AT 1CG7‘J TACAA GAATACAT TCGCAGGACCAGAGAATTCGAATACAT

A B AC 22810 : C NNNCTAGCGTTAC 27610

AATRCAG TGCAGGACCAG \TTCGAATACAC
AC 2281 AATGATTNNNC CETTAC 2761
TGCAGGACCRAGAGEATTCGAATACAA TGCAGGACCAGAGEAT TCGAATACAR TGCAGGACCAGAGRATT CGARTACAR
GRCGACANNNCTAGCOTTAC 2282 GCEAGGONNNCTAGCETTAC 2522 COARGCTNNNCTAGCETTAC 2762
TGCAGGACCAGAGAAT TCGEATACAA TGCAGGACCAGAGAATTCGAATACAT TGCAGGACCAGAGAAT T CGAATACAA
AGCTTCTANNNCTAGCGTTAC 2233 TGAATACNNNCTAGCGTTAC 2523 CTGCAACNNNCTAGCGTTAC 2763
TGCAGGACCRGAGRAT TCGANTACAN TGCAGGACCAGAGAAT TCGARTACAN TGCAGGACCAGAGAATT CGARTACAT
SAACTHNNNCTAGCCTTAC 2284 CCGCCAGNNNCTAGCGTTAC ARCGGTONNNCTAGCGTTAC 2764
TGCAGGACCAGAGAATTCGAATACAG TGCAGGACCAGAGAAT TCGAATACAG TGCAGGACCAGAGAATTCGAATACAA
GCAATTCNNNCTAG 2235 GCGACAGNNNCTAGCGTTAC 2525 GTTTGTANNNCTAGCGTTAC 2765
TGCAGGACCAGAGAAT TCGALTACAG ACCAGRGARTTCGAATACAN TGCAGGACCAGAGAATT CGARTACAC
TCACACANNNCTAGCGTTAC 2286 AGCGTTAC ACGTTTCNNNCTAGCGTTAC 2766
TGCAGGACCAGAGAATTCGAATACAC SCAGGACCAGAGAATTC GAATACAR TGCAGGACCAGAGAATT CGAATACAT
GGABRATGNNNCTAGCCTTAC 2287 CGTTAC 2527 TAAAACCNNNCTAGCGTTA 767
TGCAGGACCAGAGAATTCGAATACAC ACCAGAGAATTCGAATACAG TG Gt G]\GM\ IT
TGTCTACNNNCTAGCGTTAC 2288 CGTTAC TCGT Tac 2768
TGCAGGACCRAGAGEATTCGARTACAG GAATTCGAATACAG TGCAGGACCAGAGAATT CGARTACAT
AGCCAGENNNGATCGACATG 2289 ToCaCe ,.\..N(mi CGACATG 2 CCETAGTNNNGATCGACATG 276¢
TGCAGGACCAGAGAATTCGAATACAL TGCAGGACCAGAGAATTCGAATACAT SGACCAGAGAATTCGAATACAG
ACTCCTANNNGATCEACATG : GACTGACNNNGATCGACATG 2530 CTTTGOTNNNGATCGACATG 2770
TGCAGEACCAGAGAATTCGARTACAC TGCAGEACCAGAGAATTCGARTACAT TGCCAGGACCAGAGAATT CGAATACAG
TTTCCCTNNNGATCGACATS 2291 GATTTAGNNNGATCGACATG osat T RAATAGNNNGATCGACATG 2771
TGCAGGACCAGAGAATTCGAATACAC TGCAGGACCAGAGAAT TCCRATACAR TGCAGGACCAGAGAAT T CEAATACAC
TGAGCTANNNGATCGACATG 2292 CATACTANNNGATCGACATG 2532 GCTGTCONNNGATCGACATG 2772

CAGGACCAGAGAAT TCGAATACAG TCCAGGACCAGAGAAT TCGAATACAR, TCCAGGACCAGAGAATTCGARATACAC
TCTGACANNNGATCGACATG 2293 GCATCCANNNGATCGACATG 2533 TTAGAGCNNNGATCGACATG

TGCCAGGACCAGAGAATTCGAATACAN TGCAGGACCAGAGAATTCGAATACAG

2 294 CGCCAARANNNGATCGACATG 2534 CACATAGNNNGATCCGACATG
TGCAGGTX CAl G]\GAJX. TTCGAATACAC TGCAGGACCAGAGRATT CGARTACAT

2295 TTGCT CTACAGGNNNGATCCACATG 2775
TGCAG AG TTC TGCAGGACCAGAGAATTCGAATACAC

2296 TAACTAGNNNGATCGACATG 2536 (ABACTCENNNGATCGACATG 2776
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y . T'"(’ 52 TC BCA ACCAG {
w’fGC‘A TANNNGATCGACAT & 25 GTAC “”4]%) NNGATCGACA 2537 CTATTCONNNGATCGACAT G 2777

TGCAGGACCAGAGAAT TCGAATACAT TGCAGGACCAGAGAAT TCGAATACAT TCCAGGACCAGAGAATTCGAATACAG
GGCGTGONNNGATCGACATG 2298 AGTATCANNNGATCGACATE 2 538 TCCAGTANNNGATCGACATG 78

TGCCAGGACCAGAGAATTCGAATACAC TGCCAGGACCAGAGAATTCGAATACAC TGCAGGACCAGAGAATTCGAATACAG
CAGTGCGNNNGATCGACATG 2299 CTGACAANNNGATCGACATG 2539 GCGAGACNNNGATCGACATG 2779

TGCAGGACCAGAGAATT _,GA} TACAT TGCAGGACCAGAGAAT TCGAATACA TGCAGGACCAGAGAATTCGARTACAT
GCCCCTGNNNGATCGACA GTGGCCANNNGATCGACATG 254 0 TT WCNNNGATCCGRCATG

TGCCAGGACCAGAGAATTCGAATACAT TGCCAGGACCAGAGAATTCGAATACAG T 'ZC}\GG}\CVA SAGAATTCGAATACAC
TC 2301 CGTATACNNNGATCGACATG 2541 (ACCTGTANNNGATCCGACAT 81
TGCAGGACCAGAGAATTCGAATACAG T T
2 TGC BTCCGACATG C 32
GAATACARN T
CTCCAT 5 2303 A TG 2043 A 83
TGCAGGACCAGAGA ’.T TCGAATACAG TGCAGGACCAGAG! ARTARCAT T
ACTCCTTNNNGA CATG GTACTTTNNNGATC 3}5 CATG le ‘G}‘x(“]‘\INC A "’13 L 2784
TGCAGGACCAGAGRATTCGAATACAT TGCAGGACC? ATTCGAATACAC TCGCAGGACCAGAGARATTCGARTACAC
GTAACTANNNGATCGACATG 2305 VT TATGANNNGATCGRCATG 2545 TCCCGCANNNGATCCGACATG 2785
TGCAGGACCAGAGAATTCGAATACAA TGCAGGACCAGAGAATTCGAATACAC TGCCAGGACCAGAGAATTCGAATACAG
GTCTCNNNGATCGACATG 2306 ACRCCCGNNNGATCGACATG > BAAACTANNNGATCCACAT G 2786
TGCAGGACCAGAGAATT "}nP TACAC TGCAGGACCAGAGAAT TCGAATACAT TCCAGGACCAGAGAATTCGARATACAA

TTTCTAANNNGATCGACAT AGCACCANNNGATCGACATE 254 7 CCCTARGNNNGATCGACATG
TGCCAGGACCAGAGAATTCGAATACAC TGCCAGGACCAGAGAATTCGAATACAT TGCAGGACCAGAGAATTCGAATACAG
GAGACCCNNNGATCGACATG 2308 GCGAGTGANNNGATCGACATG 2548 GTCATACNNNGATCGACATG 2788
TGCAGGACCAGAGAAT TCGAATACAT C 7 J’”.CP\( SAG. AJ\’I' TCGAATACAG TGCAGGACCAGAGAATTCGARTACAT
TTTAGT TCGACATG 2308 CGACATG 2549 CGCTTGTGNNNGATCCACATG 2788
TGCAG GAATTCGAATACAA GGACCAGAGAATTCGAATACAA

T C CGACATG 2310 CCGNNNGATCGACATG 2790
T AATTCGAATACAC TCGAATACAA

CC CGACATG 2311 JGATCG AT G 2791
T GAATTCGAATACAG GARA CCAGAGAATTCGAATACAC

2 CGACATG 2312 A \INN(‘A”" GARCATG

T ARTTCGAATACAL TGCAGGACTCA (‘AG CCAGGACCAGAGAATTCGAATACAG

» ATCEACATG 2313 TACTCTANNNGATC CAGGAAANNNGA Z’C"A( ATG 2793

TGCAGGACCAGAGAATTC CDJ-&TACAA TGCAGGACCAGAGRATTCGARTACAC TCGCAGGACCAGAGARATTCGARTACAC
TAAGCGENNNGATCGACATE 2314 CGCCTACNNNGATCGACATG 2554 VTTTTACNNNGATCCGACATG 2794

TGCAGGACCAGAGAATTCGAATACAT TGCAGGACCAGAGAATTCGAATACAC TGCCAGGACCAGAGAATT ‘G‘A.' TACAG
TTGCTCATNNNGATCGACATG 2315 CTTAGAGNNNGATCGACATG 2555 (BACTTCOGNNNGATCGACAT G 2795
TGCAGGACCAGAGAAT TCGAATACAN TGCAGGACCAGAGAAT TCGAATACA TGCAGGACCAGAGAATTCGARTACAC
GCGTTTGNNNGATCGACATG 2316 TCTATGTNNNGATCGACATG GTCACCCNNNGATCGACATG
TGCCAGGACCAGAGAATTCGAATACAG ‘IGCZ\“"}\\,CA SAGAATTCGAATRCAT TGCAGGACCAGAGAATTCGAATACAA
CTATTTTNNNGATCGACATG 2317 'TTACACNNNGATCGACATG 2557 CCTTAATNNNGATCGACATG 2797
TGCAGGACCAGA G/’SJ\"‘"W\E:Q TACAT TGCAGGACCAGAGAAT TCGnJl TACAT TGCAGGACCAGAGAATTCGARTACAG
GACACCANNNGATCGACATG 2318 TCTTTTGNNNGATCGACATG 2558 GTGTTNNNGATCGACATG 2798
TGCAGGACCAGAGAATTCGAATACAC TGCAGG GAATACAC TGCAGGACCAGAGAATTCGAATACAG
GCTCAAANNNGATCGACATG 2319 AAAG 7\ e 2559 AGTNNNGATCGACATG 2799
TGCAGGACCAGAGAATTCGAATACAG TGCAG GAATACAA CCAGAGAATT C”I\AT ACAG
CCGCATTANNNGATCGACATG 2320 CCTCCHE TG 2560 TCTATTTNNNGATCGACAT 2800
TGCAGGACCAGAGRATTCGAATACAT TGCAGGACCAGAGRATTCGARTACAG TCGCAGGACCAGAGRATTCGARTACAT
CTARATGNNNGATCGRACATG 2321 TTARCATNNNGATCGACATG 2561 IACTAGCINNNGATCCGACATG 2801
TGCAGGACCAGAGARATTCGAATACAA TGCAGGACCAGAGARTTCGAATACAC BGCGACCAGAGAATTCGAATACAG
GCACTACNNNGATCGACAT G 2322 GATGCGCNNNGATCGACATG TACAAAANNNGATCGACAT G 2802

TGCAGGACCAGAGAAT TCGAATACAG TGCAGGACCAGAGAAT TCGAATACAC TCCAGGACCAGAGAATTCGARATACA

VT TCAGCNNNGATCGRCATG 2323 CTCGARANNNGATCGRACATG 2563 ZTACGNNNGATCC AC. ATG 2803

TGCAGGACCAGAGAATTCGAATACAC TGCAGGACCAGAGAATTCGAATACAA TGCCAGGACCAGAGAATTCGAATACAT
TGCTCCGNNNGATCGACATG 2324 TGCTCGACNNNGATCGACATG £ (BCACTTANNNGATCGACAT G 2804
TGCAGGACCAGAGAAT TCGAATACAG TGCAGGACCAGAGAAT TCGAATACAT TCCAGGACCAGAGARTTCGAATACALC
CACGATTNNNGATCGACATG 2325 ADNCAGCCNNNGATCGACATE 2 565 GAGCARANNNGATCGACATG
TGCCAGGACCAGAGAATTCGAATACAA TGCAGGACCAGAGAATTCGAATACAA
TGTCATANNNGATCGACATG 2326 2 566 GCGTCGCNNNGATCGACATG 2806
TGCAGGACCAGAGAATTCGAATACAA \ TGCAGGACCAGAGRATTCGARTACAG
CAGGACANNNGATCGACATG 2327 CTGGTCGNNNGATCCACATG 2807
TGCAGGACCAGAGAATTCGAATACAC TGCAGGACCAGAGAATTCGAATACAR
CGTAAGTNNNGATCGACATG 2328 CGTCCACANNNGATCGACATG 2808
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T'"(’ ACCAG
AATCNNNGATCGACAT G AR 1\"", CANNNGATCGACA GNNNGATCGACATG
CAGGACCAGAGAATTCGAATACAC T( CAGGACCRAGAGAAT TCGAATACA, TCCAGGACCAGAGAATTCGARATACAC

TG GTACTGNNNGATCGACATG 2 570 CGGATGCNNNGATCGACATG

T
ADAGCCTANNNGATCGAC,

TGCCAGGACCAGAGAATTCGAATACAC TGCCAGGACCAGAGAATTCGAATACAN TGCAGGACCAGAGAATTCGAATACAT
TAMCTAANNNGATCGACATG TTAAGTCNNNGATCGACATG 2571 CTA 'CNNNGATCGACATG 2811

TGCAGGACCAGAGAAT TCGAATACAC TGCAGGACCAGAGAAT TCGAATACA TGCAGGACCAGAGAATTCGARTACAR
GCGTAATNNNGATCGACATG GTGAAAGNNNGATCGACATG 2572 GACCCTANNNGATCGACATG 2

N

TGCCAGGACCAGAGAATTCGAATACAG TGCAGGACCAG, AG}\AT’ICCAJ\‘l ACAG

0
0
‘N

SACCAGAGAAT

G

T \G TCGAATRCAG

AGCTCTTNNNGATCGACATG 2333 GTTAATTNNNGATCGACAT GCTGGTCNNNGATCCGACATG 2813
TGCAGG! TXCCZ\ GAGAATTCGAATACAR TGCAGGACCAGAGAATTCGAATACAT TGCAGGACCAGAGRATTCGARTACAG

GCCGCTGNND TCGACATG GACACGTNNNGATCGACATG BCGATG G \CATG 2814
E &.CC AGAGZ&AT TCGAATACAG TGCAGGACCAGAGAATTCGAATACAC TGCAGGACCAGAGAATTCGAATACAG

TG CCAGTGEN ; BCATG CCCATARANNNGATCGACATG 2815
TGCAGGACCAGAGARATTCGAATACAA TGCAGGACCAGAGARTTCGAATACAT GACCAGAGARATTCGAATACAA

[SEs]

TCAGGAGNNNGATCGACAT G "CATNNNGATCGACAT G 281

CCAAGGETNNNGATCGAL IA’WT

(o))

TGCAGGACCAGAGRATTCGARTACAC TGCAGGACCAGAGRATTCGARTACAT TCGCAGGACCAGAGRATTCGARTACAT
CCCAGAGNNNGATCGRACATG 2337 GAGCTATTNNNGATCGACATG 2577 CCACTTINNNGATCCGACATG 2817
TGCAGGACCAGAGAATTCGAATACAG TGCAGGACCAGAGAATTCGAATACAT TGCCAGGACCAGAGAATTCGAATACAL
z TGGONNNGATCGACAT G GTACGGETNNNGATCGACATG GCTACTTNNNGATCGACAT G 2818

TGCAGGACCAGAGAATT "}nP TACAG TGCAGGACCAGAGAAT TCGAATACAC TCCAGGACCAGAGAATTCGARATACAC

CCAAGCCNNNGATCGACAT GCGTCAGNNNGATCGACATE 2579 GAAAACGNNNGATCG ZxC‘Z\ I'G
TGCCAGGACCAGAGAATTCGAATACAC TGCCAGGACCAGAGAATTCGAATACAC TGCAGGACCAGAGAATTCGAATACAT
TGCTGGCNNNGATCGACATG 23440 GGATGTTNNNGATCGACATG 2580 TATGGCGNNNGATCGACAT G 28240
TGCAGGACCAGAGAAT TCGAATACAC TGCAGGACCAGAGAAT TCGAATACAG TGCAGGACCAGAGAATTCGARTACAG
GTATGTGNNNGATCGACATG 2341 ACAAGGTNNNGATCGACATG 2581 CTATT 7‘J&\L\INLATCCA CATG 2821
TGCAGGACCAGAGARATTCGAATACAT TGCAGGACCAGAGAATTCGAATACAN TGCAGGACCAGAGAATTCGAATACAG
GCCTTTCNNNGATCGACATG 2342 TTAAABANNNGATCGACATG 2582 GCCCGCOGNNNGATCCGACATG 2822
TGCAGGACCAGAGAATTCGAATACAT TGCAGGACCAGAGAATTCGAATACAN TGCAGGA T AATACAG
ARAATTTANNNGATCGACAT G 2343 CCG T ATG 2583 B AT G 2823
TGCAGGACCAGAGARATTCGAATACAT TTC TGCAGGACCAGAGAATTCGAATACAR
CGCACATNNNGATCGACATG 2344 BCATG 2584 CGAGCCONNNGATCGACATG 2824
TGCAGGACCAGAGARATTCGAATACAT TGCAGGACCAGAGARTTCGAATACAC TG ACCAGAGAATTCGAATACAT
AARCACTNNNGATCGACAT G 2345 ACGCCGANNNGATCGACATG 2585 TCATCGCNNNGATCGACAT G 2825
TGCAGGACCAGAGAATTC C‘DJ-VUA CAT TGCAGGACCAGAGRATTCGARTACAC TCGCAGGACCAGAGARATTCGARTACAC
TAGGCCANNNGATCGACATC 2345 GATCAGTNNNGATCGACATG 2585 ATAAAAGNNNGATCCGACATG 2825
TGCAGGACCAGAGAATTCGAATACAA TGCAGGACCAGAGAATTCGAATACAC TGCCAGGACCAGAGAATT ‘G‘A.' TACAC
GCCCTCCONNNGATCGACATG 2347 ACTTTGCNNNGATCGACATG 2587 TCGCGCTNNNGATCGACAT G 2827
TGCAGGACCAGAGAAT TCGAATACAC TGCAGGACCAGAGAAT TCGAATACA TGCAGGACCAGAGAATTCGARTACAG
GCARALCNNNGATCGACATG 2348 CCTGATCNNNGATCGACATG 2588 IANCATGTONNNGATCGACATG 28
TGCCAGGACCAGAGAATTCGAATACAG TGCCAGGACCAGAGAATTCGAATACAG TGCAGGACCAGAGAATTCGAATACAC
GCCGGETTNNNTGCATCAGET 2349 AACTCCANNNT GCATCAGGT 2589 TCACCGCNNNTGCATCAGGT 2829
GACCAGAGAAT TCGAATACAT TGCAGGACCAGAGAAT TCGAATACAG TGCAGGACCAGAGAATTCGARTACAC
CTACNNNTGCATCAGGT 2350 GTCAATCNNNTGCATCAGGT ACGTCTTNNNTGCATCAGGET 2830
TGCAGGACCAGAGAATTCGAATACAC TGCAGGACCAGAGARATTCGAATACAT TGCAGGACCAGAGAATTCGAATACAR
CACTTGTRNNNTGCATCAGET 2351 ATCCAGCNNNTGCATCAGET CTGCGTANNNTGCATCAGGT 2831
TGCAGGACCAGAGAATTCGAATACAG TGCAGGACCAGAGAATTCGAATACAG TGCAGGACCAGAGRATT CGARTACAT
ATAGAGCNNNTGCATCAGGT 2352 CACCTCCNNNTGCATCAGGT AAATTATNNNTGCATCAGGT 2832
TGCAGGACCAGAGRATTCGARTACAA TGCAGGACCAGAGRATTCGARTACAT TCGCAGGACCAGAGRATTCGARTACAT
GTCCAGTNNNTGCATCAGET 2353 CAAGTGCNNNTGCATCAGGT 2593 AGCTCTAANNNTGCATCAGGT 2833
TGCAGGACCAGAGARATTCGAATACAG TGCAGGACCAGAGARTTCGAATACAT TGCCAGGACCAGAGAATTCGAATACAL
TCATCAGNNNTGCATCAGGET 2354 CCGTTNNNTGCATCRAGGT 2594 BAACTATNNNTGCATCAGGT 2834

T

CAGGACCAGAGAATTCGAATACAT TGCAGGACCAGAGAAT TCGAATACAG TCCAGGACCAGAGRAATTCGARTACAT

TTCCGEAGNNNTGCATCAGET 2355 TGCAGTANNNTGCATCAGGT 2595 CACTGTINNNTGCAT 'IA 5T 2835
TGCAGGACCAGAGAATTCGAATACAC TGCAGGACCAGAGAATTCGAATACAG TGCCAGGACCAGAGAATTCGAATACAA
TCAGGATNNNTGCATCAGET 2356 CCTCACCNNNTGCATCAGGT 2596 (BCAARTGNNNTGCATCAGGT 2836

TGCAGGACCAGAGAATTCGAATACAC [(~ CAGGACCRAGAGAAT TCGAATACA,

SCAGGACCAGAGAATTCGAATACAT

T
CTATCCANNNTGCATCAGET 2357 CACACCANNNTGCATCAGGT 2597 TTTCTTCNNNTGCATCAGGT
TGCCAGGACCAGAGAATTCGAATACAC ‘IGCZ\(” GACCAGAGARTTCGAATACAN TGCAGGACCAGAGAATTCGAATACAC
AATGCTGNNNTGCATCAGET 2358 U”K;TA NNTGCATCAGGT 2598 TTCAGTCNNNTGCATCAGGT 2838
TGCAGGACCAGAGAATTCGAATACAC TGCAGGACCAGAGAATTCGAATACAN TGCAGGACCAGAGRATTCGARTACAA
GCTGARAANNNTGCATCAGGT 2358 TAGTCTANNNTGCATCAGGT 2599 GCTCTGTNNNTGCATCAGGT 2838
TGCAGGACCAGAGAATTCGAATACAG TGCAGGACCAGAGAATTCGAATACAG TGCAGGACCAGAGAATTCGAATACAG
TTCCAACNNNTGCATCAGET 23e0 AATGTCCNNNT GCATCAGGT 2600 CBABCAGNNNTGCATCAGET 2840
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TGCAGGACCAGAGAATTCGAATACAG TGCAGGACCAGAGAATTCGAATACAC TGCCAGGACCAGAGAATTCGAATACAL
ACRGCTANNNTGCATCAGGT 2361 TAGATCGNNNTGCATCAGGT 2601 CCAGAGGNNNTGCATCAGGT 2841
TGCAGGACCAGAGAAT TCGAATACAG TGCAGGACCAGAGAAT TCGAATACAG TCCAGGACCAGAGAATTCGARATACAA

CCTAACANNNTGCATCAGET 23¢2 GCAACCCNNNTGCATCAGGT 2602 TATTGCANNNTGCAT CA 5T
TGCCAGGACCAGAGAATTCGAATACAC TGCCAGGACCAGAGAATTCGAATACAG TGCAGGACCAGAGAATTCGAATACAT
TCAGACTNNNTGCATCAGET 2363 GAGAGAANNNT GCATCAGGT 2¢03 CTCTGGTNNNTGCATCAGGT 2843
TGCAGGACCAGAGAAT TCGAATACAN TGCAGGACCAGAGAAT TCGAATACAG TGCAGGACCAGAGAATTCGARTACAR
CCTTGCANNNTGCATCAGET 23¢4 TTCTCCTNNNTGCATCAGGT 2604 TTGGAGGNNNTGCATCAGGT
TGCCAGGACCAGAGAATTCGAATACAG TGCCAGGACCAGAGAATTCGAATACAT TGCAGGACCAGAGAATTCGAATACAC
GAAGCTANNNTGCATCAGET 2365 GGCATACNNNTGCATCAGGT 2605 (ATCATTTNNNTGCATCAGGT 2845
G G TGCAGGACCAGAGAATTCGAATACAG TGCAGGACCAGAGRATTCGARTACAG
T 2366 ACGCAATNNNTGCATCAGGT 2606 ABCGTGATNNNTGCATCAGGT 2846
TGCAGGACCAGAGARATTCGAATACAT TGCAGGACCAGAGAAT
C 23e7 CTCACGTNNNTGCATCAGGT 2607 CCCGTCANNNTGCATCAGET 2847
TGCAGGACCAGAGARATTCGAATACAA TGCAGGACCAGAGARTTCGAATACAC TGCCAGGACCAGAGAATTCGAATACAG

GCTACCTNNNTGCATCAGET 2368 TGCGGCANNNTGCATCAGGT 2608 LCAGGTANNNTGCATCAGGT 2848
TGCAGGACCAGAGRATTCGAATACAT TGCAGGACCAGAGRATTCGARTACAC TCGCAGGACCAGAGRATTCGARTACAG
GTTATCTNNNTC CAGGT 2369 TTAATGANNNTGCATCAGGT 250 CCTTAGANNNTGCATCAGGT 284¢
TGCAGGACCAGAGAATTCGAATACAG TGCAGGACCAGAGAATTCGAATACAA TGCCAGGACCAGAGAATTCGAATACAL
ACTTACGNNNTGCATCAGGT 2370 ACTCACGNNNTGCATCAGGT 2CL0 CTTCTAGNNNTGCATCAGGT 2850
TGCAGGACCAGAGAAT TCGAATACAR TCCAGGACCAGAGAAT TCGAATACAR, TCCAGGACCAGAGAATTCGARATACAA
CTTCCACNNNTGCATCAGET 2371 AGTGANNNTGCATCAGGT 2611 GGCTTGTNNNTGCA v;"«.(JGT
TGCCAGGACCAGAGAATTCGAATACAC TGCCAGGACCAGAGAATTCGAATACAT TGCAGGACCAGAGAATTCGAATACAT
CTTCTGANNNTGCATCAGET 2372 AATACTGNNNT GCATCAGGT 2CLZ GCAGTTCNNNTE ’”’V”CZ\C" T 2852
TGCAGGACCAGAGAAT TCGAATACAC TGCAGGACCAGAGAAT TCCGAATACAN TGCAGGACCAGA GAZ\ ’I'T GAATACAC
GACACTANNNTGCATCAGGT 237 ARGTCCCNNNTGCATCAGGET 2613 CACCGAGNNNTG 2853

CAGGACCAGAGAATTCGAATACAC CAGGACCAGAGAATTCGAATACAG CAGAGA
TGTGAGTNNNTGCATCAGET 2374 CTCGAAANNNT GCATCAGET 2614 \INNTGCA 2854
TGCAGGACCAGAGAATTCGAATACAA T ACCAGAGAZ
GAGACACNNNTGCATCAGGET NNTGCA 2855
TGCAGGACCAGAGARATTCGAATACAT CCAGAGE

GCATCAGGET 2376 A ] 5 A CNNNTGCA 2856

CBGGACCAGAGRAATTCGAATACAG TGCAGGACCAGAGARTTCGAATACAC TGCCAGGACCAGAGAATTCGAATACAT
TAATTTGNNNTGCATCAGET 2377 GCGGACTNNNTGCATCAGGT 2CL7 ACTGCCANNNTGCATCAGGT 2857
TGCAGGACCAGAGRATTCGARTACAG TGCAGGACCAG TTCGARTACAT TCGCAGGACCAGAGRATTCGARTACAG
ATACTATNNNTGCATCAGET 2378 ACTTGTTNNNTGCATCAGGT CAATGCTNNNTGCATCAGGT 2858
TGCAGGACCAGAGAATTCGAATACAA TGCAGGACCAGAGAATTCGAATACAA TGCCAGGACCAGAGAATTCGAATACAG
GTGGATGNNNTGCATCAGET 2379 ACTGACCNNNTGCATCAGGT 2CL9 TTGAARTTNNNTGCATCAGGT 2859
TGCAGGACCAGAGAAT TCGAATACAT TGCAGGACCAGAGAAT TCGAATACAT TGCAGGACCAGAGAATTCGARTACAC
TATAGACNNNTGCATCAGET 2380 GCTGGETANNNTGCATCAGGT ¢ CACTTCANNNTGCATCAGGT
TGCCAGGACCAGAGAATTCGAATACAG TGCCAGGACCAGAGAATTCGAATACAN TGCAGGACCAGAGAATTCGAATACAT
AGTTTCGNNNTGCATCAGET TATTTTTNNNTGCATCAGGT 2¢21 CCATTCGNNNTGCATCAGGT 2861
TGCAGGACCAGAGAAT TCGAATACAC 7 '”CP\C]-\“ RATTCGARTACAT TGCAGGACCAGAGAATTCGARTACAC
ACGACGATGNNNTGCATCAGGT 2382 ATANNNTGCATCAGGT 2022 ACTCTCANNNTGCATCAGGET 2862
TGCAGGACCAGAGAATTCGAATACAG GACCAGAGAATTCGAATACAC TGCAGGE &CLAGAU}&ATT GAATACAG
ACTCAACNNNTGCATCAGET 2383 GCNNNTGCATCAGGT 2623 (ACCTGATNNNTGCATCAGGT 2863
TGCAGGACCAGAGAATTCGAATACAT GACCAGAGAATTCGAATACAT TGCAGGACCAGAGRATTCGARTACAA
TCGOCTGETNNNTGCATCAGET 2384 GTNNNTGCATCAGGT 2624 GAGCTCTNNNTGCATCAGGT 2864
TGCAGGACCAGAGRATTCGARTACAC z TCGCAGGACCAGAGARATTCGARTACAC
GTCCGEAGNNNTGCATCAGET 2385 G'I F Z’GAN“]‘\I”G 4 TGGATTENNNTGCATCAGET 2865
TGCAGGACCAGAGARATTCGAATACAG TGCAGGACCAGAGARTTCGAATACAC TGCCAGGACCAGAGAATTCGAATACAT
CATGCATNNNTGCATCAGET T TGNNNTGCATCAGGT 2626 GCTATCONNNTGCATC Z—\C‘G T 2866

TGCAGGACCAGAGAAT TCGAATACAR AGGACCAGAL

AGGT 2387 CCCCCOGNNNT

ATTCGAATACAC TCCAGGACCAGAGAATTCGARTACAG

ABCTGCENNN Z. CAGGT 4 IACGTTGTNNN 2867
TGCAGGACCAGAGAATTCGAATACAG TGCAGGACCAGAGAATTCGAATACAC TGCCAGGACCAGAGE ATRCAA
AANGCACNNNTGCATCAGET AAGCTACNNNTGCATCAGGT 2¢2%8 TTCATCTNNNTGC 73'”67-\ GGT 28685

CAGGACCAGAGAATTCGARTACAG T
TGOTGNNNTGCATCAGET 2389

CAGGACCAGAGAATTCGAATACAC TCCAGGACCAGAGAATTCGARATACAC
GCTTCAANNNTGCATCAGGT 2629 GATTCAGNNNTGCAT CA(;GT

TGCCAGGACCAGAGAATTCGAATACAG TGCCAGGACCAGAGAATTCGAATACAC GACCAGAGAATT
CNNNTGCATCAGET 2380 AACGTTGNNNT GCATCAGET 2630 ATNNNTGCATCA
G ACCAGAGARTTC
G TNNNTGCATCAGGT
G ACCAGAGAATTCGA

ANNNTGCATCAGGET
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TGCAGGACCAGAGAATTCGAATACAC TGCAGGACCAGAGAATTCGAATACAC TGCCAGGACCAGAGAATTCGAATACAT
GCCCCCGNNNTGCATCAGET 2393 AARCAGGNNNTGCATCAGGT 2633 BAGCTGONNNTGCATCAGGT 287
TGCAGGACCAGAGAAT TCGAATACAT TGCAGGACCAGAGAAT TCGAATACAG TCCAGGACCAGAGAATTCGARATACAA

o

TTAATCCNNNTGCATCAGET 2394 CATGCTANNNTGCATCAGGT 2634 CGGACTTNNNTGCATCAGGT
TGCCAGGACCAGAGAATTCGAATACAC TGCCAGGACCAGAGAATTCGAATACAG TGCAGGACCAGAGAATTCGAATACAT
CGTCGGANNNTGCATCAGET 2395 ATTCACGNNNTGCATCAGGT 2¢35 GAATTACNNNTGCATCAGGT 2875
TGCAGGACCAGAGAAT TCGAATACAT TGCAGGACCAGAGAAT TCGAATACAG TGCAGGACCAGAGAATTCGARTACAR
GAGAAATNNNTGCATCAGET TAGATCCNNNTGCATCAGGT 2636 IANCAGAGCNNNTGCATCAGGT
TGCCAGGACCAGAGAATTCGAATACAC TGCCAGGACCAGAGAATTCGAATACAC TGCAGGACCAGAGAATT
GTTATAANNNTGCATCAGET 2397 GCCAACGNNNTGCATCAGGT 2637 (ATGTTCCNNNTGCAT
TGCAGGACCAGAGAATTCGAATACAT TGCAGGACCAGAGAATTCGAATACAG TGCAGGACCAGAGAA
CTAARACNNNTGCATCAGGT 2398 ACCATAGNNNTGCATCAGGT 2638 CCTCTACNNNTGCAT
TGCAGGACCAGAGAATTCGAATACAA TGCAGGACCAGAGAAT
CACTCGANNNTGCATCAGET 2399 5 ) X 2 T GACNNNTGCATCAGET 2879
TGCAGGACCAGAGARATTCGAATACAG TGCAGGACCAGAGARTTCGAATACAT T GACCAGAGAATTCGAATACAT
CATCGTANNNTGCATCAGET 2400 CTTCGACNNNTGCATCAGGT 2640 AT GTN‘\IN TGCATCAGGT 2880
TGCAGGACCAGAGRATTCGARTACAG TGCAGGACCAGAGRATTCGARTACAG TCGCAGGACCAGAGRATTCGARTACAG

TAAGACGNNNTGCATCAGET 2401 ATCAGCTNNNTGCATCAGGT
TGCAGGACCAGAGAATTCGAATACAA FGACCAGAGAATTCGAATACAT GACCAGAGAATTCGAATRACAT
AAGCCCTNNNTGCATCAGGT CCTTNNNTGCATCAGGT 2CA2 CTNNNTGCATCAGGT 2882
AGGACCRAGAGAATTCGAATACAC TCCAGGACCAGAGAAT TCGAATACAR, TCCAGGACCAGAGAATTCGARATACAC
GGTANNNTGCATCAGGT 2403 CCACGNNNTGCATCAGGT IACAATGONNNTGCA v;"«.(JGT

=AGTTNNNTGCAT

SVt > 1
CAGGT 2881

3

TGCCAGGACCAGAGAATTCGAATACAC TGCCAGGACCAGAGAATTCGAATACAG TGCAGGACCAGAGAATTCGAATACAG
GABATAANNNTGCATCAGET 2404 AGATCTCNNNTGCATCAGGT 2¢44 (B TATTACNNNTC ’”’V”CZ\C" T 2884
TGCAGGACCAGAGAAT TCGAATACAG TGCAGGACCAGAGAAT TCGAATACAT TGCAGGACCAGA GAZ\ TTCGARTACAC
ATCAAAANNNTGCATCAGGT 2405 CTTTAACNNNTGCATCAGGT 2645 CTTTTNNNTGCATCAGGT 2885
TGCAGGACCAGAGAATTCGAATACAA TGCAGGACCAGAGAATTCGAATA ' CCAGAGAATTCGAATACAG
GTCGCCGCNNNTGCATCAGET 2406 CCCTAACNNNTGCATCAGET 2646 \INNTGCATC}\.GGT 2886
TGCAGGACCAGAGAATTCGAATACAC TGCAGGACCAGAGAATTCGAATACAN ACCAGAG, G
Elel TCA 2407 CTCGACANNNTGCATCAGGT 2647 NNTG 7
\AT G GACCAG T C AGAGAATT
2408 c48 INTGCATCAGGET 2888
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ATAC

A 3129 TCTGATCNNNACGTAT

CACGGACNNNACGT, 2§89 GCCA
CAGGACCAGAGAATTCGARTACAR CAGGACCAGAGAATTCGAATACAT TGC; GGACCAGAGALTT

CGAATACAN
C

ATCCTCCNNNACGTATGCCA CCTGCGENNNACGTATGCCA 3130 {2 GCANNNACGTATGCCA
TGCCAGGACCAGAGAATTCGAATACAG TGCAGGAC T GACCAGAGAATTCGAATACAT
TGCCCGTRNNACGTATCGCCA 2891 GA] 3 131 C SATNNNACGTATGCCA 3371
TGCAGGACCAGAGAAT TCGAATACAN GA T SGACCAGAGARTTCGAATACAT
GAGTAGCNNNACGTATGCCA 2892 GG 3132 C AANNNACGTATGCCA 3372
TGCAGGACCAGAGAATTCGAATACAT GA T GACCAGAGAAT TCGAATACAG
CCTGCGCNNNACGT, 2893 TC 2 GG C
GAC TGCAGGACCAGAGAR

2894 TG 3134 CACGGTTNNNACE
TGCAGGACCAGAGRATTCGAATACAT TGCAGGACCAG . TGCAGGACCAGAGAATT
GETATGINNNACGTATGCCA 2895 GCARCCTNNNACGTATGCCA 3135 CTCACGENNNACGTATGCCA 3375
TGCAGGACCAGAGARATTCGAATACAA TGCAGGALCH ,JAG,—ML\AT”CLA TACAG TGCCAGGACCAGAGAATTCGAATACAL

TCACTCONNNACGTATGCCA 28936 CCCTGCTNNNACGTATC 3136 BATCGCANNNACGTATGCCA
TGCAGGACCAGAGAAT TCGAATACAR TGCAGGACCAGAGAAT TCGAATACAC TCCAGGACCAGAGRAATTCGARTACAT
ACARGGCNNNACGTATCGCCA 2897 TCTCGCENNNACGTATCGCCA 3137 ALTATATNNNACGTAT C-.C(ZiA 2377

w
(V8]
2
o)

TGCAGGACCAGAGRATTCGAATACAL TGCAGGACCAGAGARATTCGAATACAL TOCAGGACCAGAGRATTCEAATACAL
CGTCTTANNNACGTATGCCA 2898 TACTTGCNNNACGTATGCCA 3138 InTTACCCNNNACGTATGCCA 3378
TGCAGGACCAGAGART TCCGAATACAN TGCAGGACCAGAGART TCGAATACAN TGCAGGACCAGAGARTTCGAATACAG
AAAATTANNNACGTATCCCA 2899 TAATGACGNNNACGTATGCCA 3139 ACTACTCGNNNACGTATGCCA 337¢
SAGAATTCGAATACAA TGCAGGACCAGAGRATTCGAATACAL TGCAGGACCAGAGAATTCGAATACAG
GTATGCCA 2900 CGTAGTANNNACGTATGCCA 3140 TGCACGCNNNACGTATGCCA 3380
GAATTCGAATACAG GGACCAGAGAATTCGAATACAN TGCAGGACCAGAGAATTCGAATACAG
GTATGCCA 2901 C TATGCCA 3141 GCTATTGNNNACGTATGCCA 3381
GAATTCGAATACAC \ATTCGAATACAC G
GTATECCA 2902 TATGCCA 3142 T C
GACCAGAGAATTCGAATACAG ; AATTCGAATACAT G
CGTATGCCA 2903 NNACGTATGCCA 3143 A
TGCAGGACCAGAGRATTCGARTACAA TGCAGGACCAGAGRAT TCGARTACAT TGCAGGACCAGAGARTTCGAATACAR
CATTTGANNNACGTATGCCA 29204 GTCAAGCNNNACGTATGCCA 2144 TTCTTCANNNACGTATGCCA
TGCAGGACCAGAGRATTCEAATACAL TGCAGGACCAGAGARATTCGAATACAA TOCAGGACCAGAGRATTCEAATACAT
GTGGCAGNNNACGTAT 2905 GTGETCACNNNACGTATGCCA 3145 CTGGTCTNNNACGTATGCCA 3385
TGCCAGGACCAGAGAAT TCGARTACAG CAGGACCAGAGAATTCGAATACAC TGCAGGACCAGAGARTTCGAATACASG
AGCCCAGNNNACGTATGCCA 2906 CAAGANNNACGTATGCCA CCAGCCTNNNACSE IA’\”( CCA 3386
TGCAGGACCAGAGRATTCGAATACAA AGGACCAGAGAATTCGAATACAG TGCAGGACCAGAGARATTCGAATACAA
CTCGAGTNNNACGTATGCCA 2907 TCAAAGCNNNACGTATGCCA 3147 GCCGETGCNNNACGTATGCCA 3387
TCCAG GACCAGAGAATTCGAATACAC TGCAGGACCAGAGART TCGAATACAT T icAC:G CCAGAGARTTCGAATACAG
CBARAGENNNACGTATGCCA 2908 TGCGCCONNNACGTATGCCA IATAACCONNNACGTATGCCA 3388
TGECAGGALL i SAATARCAG TGCAG G}\_CC AGAGRAT T CG 73}\ THRCAC
2909 TATTGCG GGAAC
TGCAGGACCAG TGCAG
2910 CADATAG TCCAG
TGCAGE TGCA
2911 TACGCG’J\ CTGAG
TGCAGGACCAGAGAATTCGAATACAT TGCAGGACCAGAGAATTCGAATACAT TGCAGGACCAGAGRATTCGARATACAT
CADTGGONNNACGTATGCCA 2912 GTATACANNNACGT 5\ SCCA 3152 CCGCCAGNNNACETATGCCA 3392
TGCAGGACCAGAGRATTCGARTACAA TGCAGGRCCAG ATTCGAARTACAA, TGCA :LrFuC AGAGARTTCGAARTACAC

ACTACTANNNACGTATCGCCA 2913 GACCTACNNNACGTATGCCA 3153 CGCCAAGNNNACGTATGCCA 3393
TGCAGGACCAGAGAATTCGAATACAT TGCAGGACCAGAGAATTCGAATACAT TGCCAGGACCAGAGAATTCGAATACAG

TGCGATGNNNACGTATGCCA 2914 TCCCATGNNNACGTATGCCA 3154 GCTGTTANNNACGTATGCCA 3394
TGCAGGACCAGAGAAT TCGAATACAG TGCAGGACCAGAGAAT TCGAATACAT TCCAGGACCAGAGRAATTCGARTACAT
AGATACGNNNACGTATGCCA 2913 AGCCCTTNNNACGTATGCCA :1155 GAAMATGNNNACE IATGLCA 3395
TGCCAGGACCAGAGAATTCGAATACAT TGCCAGGACCAGAGAATTCGAATACAG TGCAGGACCAGAGAATTCGAATACAC
CCTTTTTRNNACGTATGCCA 2916 GTTCACANNNACGTATGCCA 3156 TTCTATANNNACGTATGCCA 339%
GRCCAGAGRATTCGARTACAG TGCAGGACCAGAGAAT TCGAATACAG TGCAGGACCAGAGAATTCGARTACAT
STNNNACGTATGCCA 2917 ACGTTTGNNNACGTATGCCA 3157 CCCCGCANNNACGTATGC
GAATTCGAATACAT TCGCAGGACCAGAGAATTCGA
TATGCCA 3158 GCTCTACCNNNACGTATGC
GACCAGAGAATTCGAATACAA TGCAGGACCAGAGRATTC
CGTATGCCA 3159 CTAGT TANNNACGTATGCC
\ATTCGAATACAG TGCAGGACCAGAGAATTC
TATGCCA 31610 GCTTTAANNNACGTATGC
TGCAGGA TGCAGGACCAGAGAR CBGGAC unGAuA)AT;CG’ATA CBG
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TG GACCAGAGAR TG GACCAGAGAR TG GACCAGAGARA YN

CAGTACANNNACGTATGCCA 2922 TTTCACTNNNACGTATGCCA 3162 CTCGAGCNNNACGTATGCCA

TGCAGGACCAGAGAAT TCGAATACAR TGCAGGACCAGAGAAT TCGAATACAG TCCAGGACCAGAGAATTCGARATACAC
CACAATANNNACGTATGCCA CARCGTNNNACGTATGCCA 3163 IARCAGTCNNNACGTAT C-.C(ZiA 2403

AL

TGCAGGACCAGAGAATTCGAATACAG TGCAGGACCAGAGAATTCGAATACAG TGCCAGGACCAGAGAATTCGAATACAT
TATATACNNNACGTATGCCA 2924 CGTGCTGNNNACGTATGCCA 3164 GTTGCGANNNACGTATGCCA 3404

TGCAGGACCAGAGAAT TCGAATACAT TCCAGGACCAGAGAAT TCGAATACAR, TCCAGGACCAGAGAATTCGARATACAC
ATTAACGNNNACGTATGCCA ANCCCACNNNACGTATGCCA 3165 STAT L‘”’INNNA.-.«:IATG(,CA 3405
TGCCAGGACCAGAGAATTCGAATACAG TGCCAGGACCAGAGAATTCGAATACAC TGCAG "}\CCA SAGAATTCGAATRCAG
GTTAGAGNNNACGTATCGCCA 2926 CCCTGTGNNNACGTATCGCCA 3166 TAC 3406
TGCAGGACCAGAGAATTCGAATACAN
G C GTAGCCTNNNACGTATGCCA 3167 3407
TGCAGGACCAGAGAATTCGAATACAG TGCAGGACCAGAGAATTCGAATACAN
ACTAGGANNNACGTATCGCCA 2928 TCCATGENNNACGTATCGCCA 31638 3403
TGCAGGACCAGAGAATTCGAATACAA TGCAGGACCAGAGAATTCGAATACAC
CTTATCTNNNACGTATGCCA 2929 GCATCTTNNNACGTATGCCA 3169 C 3409
TGCAGGACCAGAGRATTCGARTACAG TGCAGGACCAGAGRATTCGARTACA, TCGCAGGACCAGAGARATTCGARTACAC
AC GBRATCCCNNNACGTATGCCA 3170 AGCATGTNNNACGTATGCCA 3410

CTCCENNNACGTATCCCA
TGCAGGACCAGAGAATT

TGCCAGGACCAGAGAATTCGAATACAA

TCGARATNNNACE 931 C’l T TGET 3171 GCTTAATNNNACGTATGCCA 1
TGCAGGACCAGAL TGCAGGACCAGAL VTACAG TCCAGGACCAGAGAATTCGARATACAC
GTTCAGGNNN? ADAACCAGNNNACG] _,A 7 TCACCCENNNAL IA’N CA :, 412

TGCAGGACCAGA CGAATRCAT TGCAGGACCAGA

CGAATRACAG TGCCAGGACCAGA
{I\X.

GCAATCGNNNACGT, CA 2933 CTCNNNAC > 3173 CGGACGCNNNACGTATG
AGGACCAGAGAATTCGAATACAT ARTACAN TGCAGGACCAGAGAATTCGARTACAR
TATGGATNNNACGTAT GCCA 2934 IACTGCGTNNNACGTATGCCA 3414

TGCAGGACCAGAGAATTCGAATACAG
CCTCCTEh \I\INACGTI\”"CCA 3415
TGCAGGACCAGAGAATTCGARTACAT

ST TAACNNNACGTATGCCA 3410

=N
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SAC CAGAGAAT TCGAAT
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CCGCA '\”Ci L\IN]—\(‘ G

TGCAGGACCAGAGRATTCGARTACAA TGCAGGACCAG CGRAATACAC TGCAGGACCAGAGAATT X
CATCCCTNNNACGTATGCCA 293¢ GGTAGTTNNNACGTATGCCA 317¢ GGAGTAGNNNACGTATGCCA 3419
TGCAGGACCAGAGAATTCGAATACAT TGCAGGACCAGAGAATTCGAATACAC TGCCAGGACCAGAGAATTCGAATACAL
GABAGTANNNACGTATGCCA 2940 CCTATCTNNNACGTATGCCA 3180 TCTTATTNNNACGTATGCCA 3420
TGCAGGACCAGAGAAT TCGAATACAG TCCAGGACCAGAGAAT TCGAATACAR, TCCAGGACCAGAGAATTCGARATACAA
ACATTATNNNACGTATGCCA 2941 ACGCACTNNNACGTATGCCA 3181 IACAGCACNNNA ’”"IA’N CCA 3421
TGCAGGACCAGAGAATTCGAATACAG TGCAGGACCAGAGAATTCGAATACAC TGCCAGGACCAGAGAATTCGAATACAL
GATACGANNNACGTATGCCA 2942 CCATTGANNNACGTATGCCA 3182 GTCGAATNNNACGTATGCCA 3422
TGCAGGACCAGAGAAT TCGAATACAG TGCAGS -ACCP\C}\“AJ\_TTCG AATACAG TGCAGGACCAG 3”/’3}\"”‘“ CGAATACAC
NNNACG : L CTCTAAGNNNA TCCTGAANNNACGTATGCCA
TGCAGGACCAGAGAATTCGAATACAG
IATGGCARNNNACGTATGCCA 3424
TGCAGGACCAGAGRATTCGARTACAT
ABCCTGGANNNACGTATGCCA
TGCAGGACCAGAGAATTCGAATACAG
2] ATGACTCNNNACGTATGCT, A 3426
TGCCAGGACCAGAGAATTCGAATACAG
CTCTGTTNNNACGTATGCCA
TGCAGGACCAGAGRATTCGARTACAA TGCAGGACCAGAGRATTCGARTACAC TCGCAGGACCAGAGRATTCGARTACAR
TAATCACNNNACGTATGCCA GTCCETCNNNACGTATCGCCA 3188 CGCAACTNNNACGTATGCCA
TGCAGGACCAGAGAATTCGAATACAG TGCAGGACCAGAGAATTCGAATACAA TGCAGGACCAGAGAAT”
ACGACAANNNCTA TAC 2949 TCCTGACNNNCTA gy 3189 GAATGCTNNNCTAG
[(~ CAGGACCRAGAG TCGAATACAC TGCAGGACCAGAL, CGAATACAC TCCAGGACCAGAGARTTCGAARTACAA
GAATTATNNNCTAGCGTTAC 2950 STCTNNNCTAGC 3190 GCCAATCNNNCTAG TAC 3430
TGCCAGGACCAGAGAATTCGAATACAC CCAGAGAATTCGAATACAC TGCAGGACCAGAGAATTCGAATACAG
GCGCTGANNNCTAGCGTTAC 2951 NNNCTAGCGTTAC 3191 CAGTTTGNNNCTAGCGTTAC 3431
TGCAGGACCAGAGAAT TCGAATACAT G SAATACA TGCAGGACCAGAGAATTCGARTACAC
CAATTAGNNNCTAGCCGTTAC 2952 C CGTTAC 31’32 CCAATGTNNNCTAGC
TGCCAGGACCAGAGAATTCGAATACAA TGCCAGGACCAGAGAATTCGAATACAG TGCAGGACCAGAGAATT
TGAGCAGNNNCTAGCGTTAC 2953 CCCCCATRNNCTAGCGTTAC 3193 GCAGTGTNNNCTAGCG
TGCAGGE GG G TGCAGGACCAGAGRATT CGARTACAA
GACTTAR GCTCCAT 434
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TGCA A TGCAGGACCAGAGAR SACCA
AATANNNCTAGCCTTAC 2955 TCCACGANNNCTAGCG ATNNNCTAGCGET
TGCAGGACCAGAGAATTCGAATACAC TGCAGGACCAGAGAAT TCGAATACAT TCCAGGACCAGAGAATTCGARATACAG
TTTTTCTNNNCTAGCGTTAC £ ATCGCATANNNCTAGCGTTAC 3 1956 TC TNNNCTAGC
TGCAGGACCAL GAGT\PT TCGAATACAG TGCAGGACCAGAGAATTCGAATACAG TGCAGGACCAGAGAAT
TCGCAATNNNCT 2957 AGAALTTNNNCTA TTAC 3197 GTTGTAGNNNCTAGC
TGCAGGACCAGAGAAT TCGAATACAR TGCAGGACCAGAGAAT TCGAATACAC TCCAGGACCAGAGAATTCGARATACAG

GAGAA

ATRCAC

3437

TCCATCCNNNCTAGCGTTAC 2958 CTCAATCNNNCTAGCGTTAC 3198 IACAGCGGNNNCTAGCGET ”U‘«.C 3438
TGCCAGGACCAGAGAATTCGAATACAA TGCCAGGACCAGAGAATTCGAATACAC TGCAGGACCAGAGAATTCGAATACAT
GATATGANNNCTAGCGTTAC 2959 AAAACAANNNCTAGCGTTAC 3199 (ACACCCTNNNCTAGCCGTTAC 3439
TGCAGGACCAGAGAATTCGAATACAT TGCAGGACCAGAGAATTCGAATACAG TGCAGGACCAGAGRATTCGARTACAC
AGCTACGNNNCTAGCGTTAC 29¢0 TCATGTCNNNCTAGCCTTAC 3200 CTTAAGCNNNCTAGCGTTAC 3440
TGCAGGACCAGAGAATTCGAATACAT TGCAGGACCAGAGAATTCGAATACAT TGCAGGACCAGAGAATTCGAATACAR
TACAGGCNNNCTAGCGTTAC 29%¢el GCCGTAANNNCTAGCGTTAC 3201 TCGCCTTNNNCTAGCGTTAC 3447
TGCAGGACCAGAGAATTCGAATACAG TGCAGGACCAGAGAATTCGAATACAN TGCAGGACCAGAGRATTCGARTACAG
ACTACACNNNCTAGCCTTAC 2962 GCTCTAGNNNCTAGCCTTAC 3202 CTATGCANNNCTAGCCGTTAC 34472
TGCAGGACCAGAGRATTCGARTACAA TGCAGGACCAGAGRATTCGARTACAG TCGCAGGACCAGAGRATTCGARTACAR
TTTTAGENNNCTAGCGTTAC 2963 GCCTGECTNNNCTAGCGTTAC CGCACGINNNCTAGC "'T'W*AC 3443
TGCAGGACCAGAGARATTCGAATACAT TGCAGGACCAGAGAATTCGAATACA TGCCAGGACCAGAGAATTCGAATACAL
TTTCAGTNNNCTAGCGTTAC 2964 ACGTCATNNNCTAGCCTTAC CTCACAANNNCTAGCCTTAC 3444
T CAGGACCAGAGAAT TCGAATACAG TGCAGGACCAGAGAAT TCGAATACAT TCCAGGACCAGAGAATTCGARATACAC
ACAACANNNCTAGCGTTAC 29¢3> GTATTAGNNNCTAGCGTTAC 3205 GCGATCGNNNCTAGCGTTAC 3445
TGCAGGACCAGAGAATTCGAATACAC TGCAGGACCAGAGAATTCGAATACAA TGCCAGGACCAGAGAATT ‘G‘A.' TACAG
GAGTAGANNNCTAGCGTTAC 2966 TCATTACNNNCTAGCGTTAC 3206 TTAGACCNNNCTAGCGTTA 3446
TGCAGGACCAGAGAAT TCGAATACAG TGCAGGACCAGAGAAT TCCGAATACAN TGCAGGACCAGAGAATTCGARTACAT
TCCGAGGNNNCTAGCGTTAC zZ9¢7 CTCCGAANNNCTAGCGTTAC 3207 CGCGAGCNNNCTAGCGTTAC 3447
TGCCAGGACCAGAGAATTCGAATACAA TGCCAGGACCAGAGAATTCGAATACAT AGGACCAGAGAATTCGAATACAT
TGTAC 2968 TCTTCCCRNNNCTAGCGTTAC 3208 ACTNNNCTAGCGTTAC 3448
TGCAGGACCAGAGAAT TCGAATACAT GACCAGAGAAT TCGAATACA GACCAGAGARTTCGAATACAT
ACTCCGTNNNCTAGCGTTAC 29¢9 TAGCCGTTAC 3 209 AGNNNCTAGCGTTAC 3449
TGCAGGACCAGAGAATTCGAATACAC GACCAGAGAATTCGAATACAG GACCAGAGAATTCGAATACAT
ACATTGENNNCTAGCGTTAC 2970 TANNNCTAGCGTTAC 3210 CGTTAC 3450
TGCAGGACCAGAGARATTCGAATACAT TGCAGGACCAGAGARTTCGAATACAC 9 AC TTCGARATACAC
TAGCAATN. { 2971 GAGTGAANNNCTAGCCTTAC 3211 CGC :CC'L\INL GCCTTAC 3451
TGCAGGACCAGAGRATTCGAATACAT TGCAGGACCAGAGRATTCGARTACAT TCGCAGGACCAGAGARATTCGARTACAC
CCARCGANNNCTAGCGTTAC 2972 ATABATTNNNCTAGCGTTAC 3212 AATATCANNNCTAGCGTTAC b2
TGCAGGACCAGAGAATTCGAATACAT TGCAGGACCAGAGAATTCGAATACAG TGCCAGGACCAGAGAATTCGAATACAA

TCATCCONNNCTAGCGTTAC 2973 CGGTGAGNNNCTAGCGTTAC TTAAGGANNNCTAGCCTTAC 3453
TGCAGGACCAGAGAAT TCGAATACAT TCCAGGACCAGAGAAT TCGAATACAR, TCCAGGACCAGAGAATTCGARATACAA
ATTAATANNNCTAGCGTTAC 2974 GTCCCTTNNNCTAGCGTTAC 3214 TATACACNNNCT /hCL TTAC 3454
TGCAGGACCAGAGAATTCGAATACAT TGCAGGACCAGAGAATTCGAATACAA TGCCAGGACCAGAGAATTCGAATACAT
AAGTTTGNNNCTAGCGTTAC 2975 GACTTATNNNCTAGCGTTAC (L TTGACANNNCTAGCGTTAC 3455

TGCAGE SAATACAG ‘G CCAGAGAATTCGAATACA TGCAGGACCAGAGAATTCGARTACAR
GCCGCE C 2976 ANNNCTAGCCTTAC 3 216 CCAARATNNNCTAGCGT
TGCAG AATACA TGCAGGACCAGAGAATTC
CACAC AC 2 Q77 TAGGACANNNCTAGCGT 7
GCAG ARTACAG T
TCG C 2978 C 58

[P ]
B oala

K]

T

. GGACCA
CTTG CTAGCETTAC 2980 T GCNNNC
TGCAGGACCAGAGAT CGARTACAR TGCAGGACCAGAGRATTCGARTACAT
TCATAGTNNNCTA TAC 2981 TCTCAATNNNCTAGCGTTAC =CACANNNCTAGCGTTAC 3461
TGCAGGACCAGAGAATTCGAATACAT TGCAGGACCAGAGAATTCGAATACAT TGCCAGGACCAGAGAATTCGAATACAT
AGCAATTNNNCTAGCGTTAC 2982 CGCCACCNNNCTAGCGTTAC 3222 CATGTARNNNCTAGCGTTAC 3462

TGCAGGACCAGAGAATTCGAATACAC TGCAGGACCAGAGAAT TCGAATACAG TCCAGGACCAGAGAATTCGARATACAG

B

,C-uru GCY

el

=g

AATTGTANNNCTAGCGTTAC 2983 GACGGACNNNCTAGCGTTAC 3223 GACGARTNNNCTAGCGTTAC 3463
TGCCAGGACCAGAGAATTCGAATACAT TGCCAGGACCAGAGAATTCGAATACAC TGCAGGACCAGAGAATTCGAATACAG
TCGCGCAANNNCTAGCGTTAC 2984 GADMCAGANNNCTAGCGTTAC 3224 GATGGCGNNNCTAGCGTTAC 3464
TGCAGGACCAGA (”AJ\ TTCGARTACAC TGCAGGA "”.Cz\f”- GAATTCGAATACAT TGCAGGACCAGAGAATTCGARTACAT
CTAGTCTNNNCTAGCCGTTAC 2985 ATCTCGCNNNCTAGCGTTAC 3225 CCCAGTTNNNCTAGCGTTAC 3465
TGCCAGGACCAGAGAATTCGAATACAC TGCCAGGACCAGAGAATTCGAATACAT TGCAGGACCAGAGAATTCGAATACAC
TACGCTANNNCTAGCGTTAC 2986 GCATCAGNNNCTAGCGTTAC 3226 CAGACARNNNCTAGCCGTTAC 3466
TGCAGGACCAGAGAATTCGAATACAA TGCAGGACCAGAGAATTCGAATACAC TGCAGGACCAGAGRATTCGARTACAC
ATCAATCNNNCTAGCCTTAC 2987 CTAAAGCNNNCTAGCCTTAC 3227 AATACCGNNNCTAGCCTTAC 3467
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A TGCAGGACCAGAGAR TGC SACCA

T C”“] NNNCTAGCCGTTAC 298% TTGACAANNNCTAGCG] TATGTCNNNCTAGCGT
VCCAGAGAAT TCGAATACAA TGCAGGACCAGAGAAT TCGAATACAC TCCAGGACCAGAGRAATTCGARTACAT
NNNCTAGCGTTAC CCCGCCATNNNCTAGCGTTAC AACCNNNCTAGC

TGCAGGACCAL GAGT\PT TCGAATACAL TGCAGGACCAGAGE TGCAGGACCAGAGAAT

GAGAA

T

ATRCAA

AGCCAGCNNNGT 2990 TCCATARNNNCTA GCCCATANNNCTAGS 3470

TGCAGEACCAGAGAAT TCGAATACAA TGCAGEACCAGAGART TCGAATACAR TGCAGGACCAGAGAATT CGARTACAR

CTAATGTNNNCTAGCGTTAC 2991 ACGAGCANNNCTAGCGTTAC 3231 TCCTOCANNNCTAGCETTAC 3471

TGCAGGACCAGAGARTTCGAATACAG ‘rcu\ GGACCAGAGAATTCGAATACAG TGCAGGACCAGAGRATT CGARTACAT
2992 TACGTTNNNCTAGCETTAC 3232 TTTTGACNNNCTAGCCTTAL

TGCAGGACCAGAGAAT TCGAATACAC TGCAGGACCAGAGAAT TCGAATACAG TGCAGGACCAGAGAATTCGAATACAR

TCECGAGNNNCTAGCETTAC 2993 ATGCACTNNNCTAGCGTTAL 3233 TAGCCTGNNNCTAGCGTTAC 3473

TGCAGGACCAGAGAAT TCGAATACAC TGCAGGACCAGAGAAT TCGAATACAR AG

TGCCECTNNNCTAGCETTAC 2994 TCTAABCNNNCTAGCETTAC 3234

TGCAGGACCAGAGAAT TCGAATACAA TGCAGGACCAGAGAAT TCGAATACAN

CTGCGECNNNCTAGCETTAC 2995 CCAGAACNNNCTAGCETTAC 3235

TGCAGGACCAGAGAAT TCGARTACAC TGCAGGACCRAGAGAAT TCGAATACAC

CTCTACANNNCTASCOTTAC 2995 COCAAGONNNCTASCOTTAC 3235

TGCAGGACCAGAGAART TCGARTACAT TGCAGGACCAGAGAAT TCGAATACAR TGCAGGACCAGAGAATT CGAATACAT

CCACGNNNCTAGCGTTAC 2997 CCGACAAGNNNCTAGCGTTAC 3237 CCAGACANNNCTAGCCTTAC 3477
CAGGACCAGAGAAT TCGAATACA TGCAGGACCAGAGAAT TCGAATACAC TCCAGGACCAGAGAATTCGARATACAA

T

CGCAATCNNNCTAGCGTTAC ; 998 GCCGATGNNNCTAGCGTTAC 3238 IAATGCAANNNCTAGCGTTAC 3478
TGCAGGACCAGAGAATTCGAATACAG TGCAGGACCAGAGAATTCGAATACAA TGCCAGGACCAGAGAATT ‘G‘A.' TACAA
GTTTGCANNNCTAGCGTTAC 2999 ATCCAGCNNNCTAGCGTTAC 3239 (BTTCGCGNNNCTAGCGTTA 3479
TGCAGGACCAGAGAAT TCGAATACAG TGCAGGACCAGAGAAT TCCGAATACAN TGCAGGACCAGAGAATTCGARTACAG
GTTAGGANNNCTAGCGTTAC 3000 TTAATGCNNNCTAGCGTTAC TGTCCTTNNNCTAGCGTTAC 3480
CGAATRCAT TGCCAGGACCAGAGAATTCGAATACAG TGCAGGACCAGAGAATTCGAATACAC
3001 CGCTTCCNNNCTAGCGTTAC 3241 CTAATNNNCTAGCCGTTAC 3481
CGAATACAN TGCAGGACCAGAGAAT TCGAATACA TGCAGGACCAGAGAATTCGARTACAR
TAC 3002 ACAATTGNNNCTAGCGTTAC 3242 CCGCATACNNNCTAGCGTTAC 3482
GAATACAG TGCAGGACCAGAGAATTCGAATACAG TGCAGGACCAGAGAATT CG7‘ \TACAA
TAC 3003 TGCEAACANNNCTAGCGTTAC 3243 TGCCCCONNNCTAG AC
CGAATACAL TGCAGGACCAGAGARTTCGAATACAC TG ACH ,nGAuAA. T
TAC 3004 TGTNNNCTAGCCTTAC 3244 TCCCCAGNNNCT
TGCAGGACCAGAGRATTCGARTACAC TGCAGGACCAGAGRATTCGARTACAT
GGCCACANNNCTAGCGTTAC 2005 GCAGTACNNNCTAGCGTTAC 3245

TGCAGGACCAGAGAATTCGAATACAT TGCAGGACCAGAGAATTCGAATACAG TGCCAGGACCAGAGAATTCGAATACAT
CATTCATNNNCTAGCGTTAC 3006 ACRACTONNNCTAGCCTTAC ACCGGTANNNCTAGCCTTAC 3486

TGCAGGACCAGAGAAT TCGAATACAR [(~ CAGGACCAGAGAATTCGAATACAC TCCAGGACCAGAGAATTCGARATACAA

w
N
kS
(o))

TAGATGANNNCTAGCGTTAC 3007 ACAGGONNNCTAGCGTTAC IACCTATANNNCT /hCL TTAC 3487
TGCAGGACCAGAGAATTCGAATACAG TGCAGGACCAGAGAATTCGAATACAC TGCCAGGACCAGAGAATTCGAATACAG
CACTGCGNNNCTAGCGTTAC 3008 TARATGTNNNCTAGCGTTAC 3248 CCACTGCNNNCTAGCGTTAC 3488
TCGARTACAR TGCAGGACCAGAGAAT TCGAATACAG TGCAGGACCAGAGAATTCGARTACAC
ATG 3009 GCTCACGNNNGATCGACATG 3249 CAGTCTANNNGATCCACATG
TTCGAATACAR ACC GAZ TCGCAGGACCAGAGAATTCGAATACAT
CATG 3010 CNN G (IATCAAAGNNNGATCCGACATG 3490
TCGARATACAT ACCAGA TGCAGGACCAGAGRATTCGARTACAA
CATG 3011 AN CTGGCCGNNNGATCGACAT G 3491
TCGAATACAT GACC TGCAGGACCAGAGAATTCGAATACAC
CATG 3012 GN Y. AT BCAT 3492
TCGAATACAT TGCAGGALL T CG
CATG 3013 ACCTACTNR A A 3493
TGCAGGACCAGAGRATTCGARTACAA TGCAGGACCA AATTCGAATACAG TCGCAGGACCAGAGRATTCGARTACAT
TGACTCGENNNGATCGACATG 2014 ATTTGATNNNGATCGACATG 3254 TCTCAGINNNGATCCGACATG 3494
TGCAGGACCAGAGAATTCGAATACAT TGCAGGACCAGAGAATTCGAATACAA sGACCAGAGAATTCGAATACAT
AATCTCTNNNGATCGACATG 3015 ACTACATNNNGATCGACATG 3255 TCAGGTGNNNGATCGACAT G 3495

TGCAGGACCAGAGAAT TCGAATACAG TGCAGGACCAGAGAAT TCGAATACAG TCCAGGACCAGAGAATTCGARATACAC

AATACTTNNNGATCGACATG 3016 CCTTGAANNNGATCGACATG 3256 C2 u«.“””"I'\I‘JN(z}‘«.”w"”CZ\C TG 3496
TGCCAGGACCAGAGAATTCGAATACAC TGCCAGGACCAGAGAATTCGAATACAT TGCAGGACCAGAGAATTCGAATACAG
CACTAGANNNGATCGACATG 3017 AATATTANNNGATCGACATG 3257 (BCAGTTCNNNGATCGACAT G 3497
TGCAGGACCAGAGAAT TCGAATACAT TGCAGGACCAGAGAAT TCGAATACAG TGCAGGACCAGAGAATTCGARTACAR
TTGGACGNNNGATCGACATG 3018 GTTTAATNNNGATCGACATG 3258 TCTTTACNNNGATCCACATG 3498
TGCAGG, AATHCAG ‘IGC]-\ GGACCAGAGARTTCGAATACAC TGCAGGACCAGAGAATTCGAATACAG
AACT CC TG 3019 CACCGTNNNGATCGACATG 3259 CAATATTNNNGATCCGACATG 3499
TGCAGG SAATACAC TGCAGGACCAGAGAATTCGAATACAC TGCAGGACCAGAGRATTCGARTACAG
CTATGCT G 3020 TACTTCGNNNGATCGACATG 3260 TCTCCATNNNGATCGACAT G 3500




WO 2018/039463 PCT/US2017/048434

48/104
FIG. 16k

A GGACCAGAGAR TGCCAGGACCAGAGAATTCGARATACA!

G Z(,NN‘] AT CGEAL ,AT”% 3021 TGCGTCANNNGATC v‘wA CA BACAATTNNNGATCCACAT 3501
TGCAGGACCAGAGAAT TCGAATACAT SCAGGACCAGAGAAT TCGARTACARA TCCAGGACCAGAGRAATTCGARTACAT
GTACACGNNNGATCGACATG A'\,A, NNNGATCGACATG 3262 CGT CNNNGATCC, 1\( ATG
T GCZ—\,G‘G ACCAGAGAATTCGAATRACAT TGCAGGACCAGAGAATTCGAATACAC TGCCAGGACCAGAGAATTCGAATACAG
CTTTAGTNNNGATCGACATG 3023 CTGTTTGNNNGATCGACATG 3263 TAGATARNNNGATCGACATG 3503
TGCAGGACCAGAGAATT ‘GnP TACAC TGCAGGACCAGAGAAT TCGAATACAC TCCAGGACCAGAGRATTCGA A’."ACAA
GTAGGCCNNNGATCGACAT 3024 ACAAGCTNNNGATCGACATE 3264 CATATACNNNGATCG Z\C}\ 3504
TGCCAGGACCAGAGAATTCGAATACAA TGCCAGGACCAGAGAATTCGAATACAG TGCAGGACCAGAGAATTCGAATACAC
CCTTTATRNNNGATCGACATG 3025 ATAAGATNNNGATCGACATG 3265 (IACCACGCNNNGATCCGACATG 3505
TGCAGGACCAGAGAATTCGAATACAC TGCAGGACCAGAGAATTCGAATACAN TGCAGGACCAGAGRATTCGARTACAC
GTCTATCNNNGATCGACATG 3020 GACCTCANNNGATCGACATG 3266 ACAAARANNNGATCGACATG 3
TGCAGGACCAGAGAATTCGAATACAG TGCAGGACCAGAGAATTCGAATACAC TGCAGGACCAGAGAATTCGAATACAC
TACAAATNNNGATCGACATG 3027 CCBAGANNNGATCGACATG 3267 CGTACCGENNNGATCGACATG 3507
TGCAGGACCAGAGAATTCGAATACAC TGCAGGACCAGAGAATTCGAATACAG TGCAGGACCAGAGRATTCGARTACAC

GTRCCAARNNNGATCGACAT G 3028 GTATTCGNNNGATCGACATG 3268 CACAAT’“I\INLA'”CGACATQ: 3508
TGCAGGACCAGAGRATTCGARTACAC TGCAGGACCAGAGRATTCGARTACAR, TCGCAGGACCAGAGARATTCGARTACAC
ACCACCCNNNGATCGACATG 3028 CTCGGEATNNNGATCGACATG 3269 GCTCTGINNNGATCCGACATG 250¢
TGCAGGACCAGAGARATTCGAATACAT TGCAGGACCAGAGARTTCGAATACAT TGCCAGGACCAGAGAATTCGAATACAG
GCGGCGETNNNGATCGACAT G 3030 ATRATCGANNNGATCGAL I}‘«F”‘ 3270 TCAAGCTNNNGATCGACAT G
TGCAGGACCAGAGAAT TCGAATACAG TCCAGGACCAGAGAAT TCGAATACAR, TCCAGGACCAGAGARTTCGAARTACAA
CCCCCOGNNNGATCGACATG 3031 TCCACTCNNNGATCGACATG 3271 CTCTTCGNNNGATCG ZxC‘Z\ TG 3511
TGCAGGACCAGAGAATTCGAATACAT TGCAGGACCAGAGAATTCGAATACAG TGCCAGGACCAGAGAATT ‘G‘A.' TACAA
AGTALGANNNGATCGACATG 3032 AACTGGANNNGATCGACATG : (BCACGGANNNGATCGACATG 3512
TGCAGGACCAGAGAAT TCGAATACAT TGCAGGACCAGAGAAT TCGAATACA TGCAGGACCAGAGAATTCGARTACAR
CTGAATANNNGATCGACATG 3033 ATCAGAGNNNGATCGACATE 3273 CCGCGCANNNGATCCGRCATG 3513
TGCCAGGACCAGAGAATTCGAATACAC TGCCAGGACCAGAGAATTCGAATACAT ACCAGAGAATTCGAATACAC
TAATACANNNGATCGACATG 3034 TGAACTANNNGATCGACATG : TGTNNNGATCCACATG
TGCAGGACCAGAGAAT TCGAATACAN TGCAGGACCAGAGAAT TCGA_A TACA TGCAGGACCAGAGARTTCGAAT
TCTCACGNNNGATCGACATG 3035 CCAGCCANNNGATCGACATG 32'75 SGNNNGATCGACATG
TGCAGGACCAGAGAATTCGAATACAA TGCAGGACCAGAGAATTCGAATACAT CCAGAGAATTCGAA
ACAGAATNNNGATCGACATG 3036 TTACTGTNNNGATCGACATG 3276 \I\TNC TCCRCATG 3516
TGCAGGACCAGAGARATTCGAATACAG TGCAGGACCAGAGARTTCGAATACAT ACCAGAGAATTCGAATACAG
CCCAGGTNNNGATCGACATG 3037 GTCAGGTNNNGATCGACATG 32777 [TGNNNGATCGACAT G 3517
TGCAGGACCAGAGRATTCGARTACAG TGCAGGACCAGAGRATTCGARTACAC TCGCAGGACCAGAGRATTCGARTACAT
CTCATGANNNGATCGACATG 3038 AGCGTTANNNGATCGACATG 32738 ACAATCTNNNGATCCGACATG 3518
TGCAGGACCAGAGAATTCGAATACAC TGCAGGACCAGAGAATTCGAATACAT TGCCAGGACCAGAGAATTCGAATACAL
CCGTCGANNNGATCGACAT G 3039 GTGATCGNNNGATCGACATG 3279 GCACCACGNNNGATCGACAT G
TGCAGGACCAGAGAATTCGAATACAC TGCAGGACCAGAGAAT TCGAATACAG TCCAGGACCAGAGRATTCGA f’}l(‘ AT
AATTCCONNNGATCGACATG 3040 CTCGTAANNNGATCGACATG 3280 GGATTCGNNNGATCG ZxC‘Z\ 3520
TGCAGGACCAGAGAATTCGAATACAC TGCAGGACCAGAGAATTCGAATACAA TGCCAGGACCAGAGAATTCGAATACAL
CAGGCCANNNGATCGACATG 3041 TTCTACTNNNGATCGACATG 3281 GACTAGTNNNGATCGACATG 3521
TGCAGGACCAGAGAAT TCGAATACAC TGCAGGACCAGAGAAT TCGA_A TACA TGCAGGACCAGAGAATTCGARTACAC
CTGCGGANNNGATCGACATG 3042 ATCAGTCNNNGATCGACATG 3 282 CCAARRCNNNGATCCACATG
TGCAGGACCAGAGAATTCGAATACAG ARTTCGRAATAC, TCGCAGGACCAGAGAATTCGAATACAT
CT NNNGATCGACATG 3043 AT G 3 283 CGACCCCCNNNGATCGACATG 3523
T GACCAGAGAATTCGAATACAT SAATACAC TGCAGGACCAGAGRATTCGARTACAG
TT NNNGATCCACATG 3044 84 CATTAGCNNNGATCGACATG 3524
TG GACCAGAGAATTCGAATACAA TGCAGGACCAGAGAATTCGAATACAG
A NNGATCGACATG 3045 85 CCAGATTNNNGATCGACATG 3525
T¢ CCAGAGAATTCGAATACAA TGCCAGGACCAGAGAATTCGAATACAA
A NNNGATCGACATG 3046 36 ATNNNGATCGACATG 3526
TGCAGGACCAGAGRATTCGARTACAA TTCGARTACAT TCGCAGGACCAGAGRATTCGARTACAG
COGTTAGCNNNGATCGACATG 3047 LCATG 3287 TAGGTCINNNGATICACATG 3527
TGCAGGACCAGAGAATTCGAATACAA TGCAGGACCAGAGAATTCGAATACAA TGCCAGGACCAGAGAATTCGAATACAA
AGTTTTGNNNGATCGACATG 3048 CAGTCCANNNGATCGACATG 3288 LTAAGGTNNNGATCGACATG 3528
AGGACCRAGAGAATTCGAATACAA TGCAGGACCAGAGAAT TCGAATACAG TCCAGGACCAGAGAATTCGARATACAA
GCGTTCANNNGATCGACATG 3049 CGATTGETNNNGATCGACATE 3289 {ACAGAT M‘mem*ﬁcrxc TG 3529
TGCCAGGACCAGAGAATTCGAATACAG TGCCAGGACCAGAGAATTCGAATACAC CAGGACCAGAGAATT (!
GACTTGTNNNGATCGACATG 3050 CTGGAATNNNGATCGACATG 32940 TTTGTGTNNNGATCGA CAT 3530
I‘CCAG GACCRAGAGAAT TCGAATACAC TGCAGGACCAGAGAAT TCCGAATACAN TGCAGGACCAGAGARATTC
TCAGATNNNGATCGACATG 3051 CCAGCAANNNGATCGACATG 3291 CGCGTTTNNNGATCCGACA
TGCCAGGACCAGAGAATTCGAATACAC TGCCAGGACCAGAGAATTCGAATACAN TGCAGGACCAGAGAATT (!
CACAAGANNNGATCGACATG 3052 CACCAACNNNGATCGACATG 3292 (AAAGCTANNNGATCGA CA
TGCAGGACCAGAGAATTCGAATACAG TGCAGGACCAGAGAATTCGARATACAT TGCAGGACCAGAGRATTCG,
CCATCTANNNGATCGACATG 3053 TTAGTCTNNNGATCGACATG 3293 CCGGATTNNNGATCGACATG 3533
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TG GACCAGAGAR ATA TG GACCAGAGAR T2 TG GACCAGAGARA AATAC
TCACCGANNNGATCGAL 3054 GTAGCTGNNNGATCGAL 3294 TCAAATANNNGATCGACAT G
TGCAGGACCAGAGAAT TCGAATACAR TGCAGGACCAG TCCAGGACCAGAGAATTCGARATACAC
CACTAATNNNGATCGACATG JCA( 7—\""‘ 3295 CAGAACANNNGATCG AC ATG 3535
TGCAGGACCAL GA T TCGAATRACAA TGCAGGACCAGA VTTCGAATRACAC TGCCAGGACCAGA TTCGAATACAL

GCTTACANN ‘\I(zn

TATGAAGNNNGATCGACATG 3056 GACCAGCNNNGATCGACATG 3296 CCAGGACNNNGATCGACATG 3536
TGCAGGACCAGAGAATT "}nP TACAA TGCAGGACCAGAGAAT TCGAATACAG TCCAGGACCAGAGRATT ‘(‘ ARTACAC
GTAAGCGNNNGATCGACAT 3057 CCARALGNNNGATCGACATG 3297 CAGCTCCONNNGATCG Z\AC}\ 3537
TGCCAGGACCAGAGAATTCGAATACAG TGCCAGGACCAGAGAATTCGAATACAC SAGAATTCGAATHCAT
ACCCTATNNNGATCGACATG 3058 GACGTAANNNGATCGACATG 3298 T. N CACATG
TGCAGGACCAGAGAATTCGAATACAT TGCAGGACCAGAGAATTCGAATACAC GAATACAT
GACATCGNNNGATCGACATG AGTCATGNNNGATCGACATG 3299 TG
TGCAGGACCAGAGAATTCGAATACAG TGCAGGACCAGAGARATTCGAATACAT GAATACAC
CACARAACNNNGATCGACATG 3060 GACCACANNNGATCGACATG 3300 TG 3540
TGCAGGACCAGAGAATTCGAATACAT TGCAGGACCAGAGAATTCGAATACAG GAATACAT
TTTTGCANNNGATCGACATG 3061 GABCACANNNGATCGACATG 3301 TG 3541
TGCAGGACCAGAGRATTCGARTACAC TGCAGGACCAGAGRATTCGARTACAT CAGGACCAGAGARATTCGARTACAT
TACCCGCNNNGATCGACATG 3062 AGTAATCNNNGATCGACATG 3302 GCTACCTNNNGATCCGACATG 3542
TGCAGGACCAGAGARATTCGAATACAA TGCAGGACCAGAGARTTCGAATACAC TGCCAGGACCAGAGAATTCGAATACAG
TANTGCTNNNGATCGACATG 3 CGETNNNGATC TAGCTTGNNNGATCGACAT G 3
TGCAGGACCAGAGAAT TCGAATATCA TGCAGGACCAGAGAATTC G}\A'I}l" AT TCCAGGACCAGAGAATTCGARATACAC
AGCAGTGNNNGATCGACATG 'ZO’c/-i TGCCTTGNNNGATCGACAT 04 CGGATATNNNGATCGACATG 3544
T GCAGGACCAGA TTCGAATACAA TGCAGGACCAGA TTCGAATACAG TGCCAGGACCAGA TCGAATACAC
ACGTCANNNGATCGACATG 3065 AGCGGCANNNGATCGACATG 3305 (LCCCGCANNNGATCGACATG 3545

T

CAGGACCAGAGAAT TCGAATACAG TGCAGGACCAGAGAAT TCGAATACAG TGCAGGACCAGAGAATTCGARTACAG

TAATACTNNNGATCGACATG 30¢€9 GCCTGCANNNGATCGACATG 3306 IATCCTCTNNNGATCGACATG
TGCCAGGACCAGAGAATTCGAATACAA TGCCAGGACCAGAGAATTCGAATACAT TGCAGGACCAGAGAATTCGAATACAA
ACAARACANNNGATCGACATG 3067 CGTCAAGNNNGATCGACATG 3307 GTACCCANNNGATCGACATG 3547
TGCAGGACCAGAGAAT TCGAATACAT GAATTCGAATACAG TGCAGGACCAGAGARTTCGAATACAR
ACATGGCNNNGATCGACATG 3068 A”\“CuI\C]\.LG 3308 CCGCAGTANNNGATCCGACATG
TGCAGGACCAGAGAATTCGAATACAC GAATACAG TGCAGGACCAGAGAATTCGAZ
GTCTCAANNNTGCATCAGET 3069 TMAAGTN\IN*qu‘TCAGG‘i
TGCAGGACCAGAGARTTCGAATACAL TGCAGGACCAGAGAATTCGAR
TTTAACTNNNTGCATCAGGT ) ACGTGTCNNNTGCA
TGCAGGACCAGAGRATTCGARTACAG TGCAGGACCAGAGRATTCGARTACAG TCGCAGGACCAGAGAA

TAAGGETGNNNTGCATCAGET 3071 COGTGATTNNNTGCATCAGGT 3311 ACACCGTNNNTGCATCAGET 3551
TGCAGGACCAGAGAATTCGAATACAG TGCAGGACCAGAGAATTCGAATACAT TGCCAGGACCAGAGAATTCGAATACAG

~J
)

AATAGCGNNNTGCATCAGGT 3072 TAGTCCCNNNTGCATCAGGT CTCGTTTNNNTGCATCAGGT
TGCAGGACCAGAGAAT TCGAATACAT TGCAGGACCAGAGAAT TCGAATACAT TCCAGGACCAGAGAATTCGARATACAA

AATTARTNNNTGCATCAGET 3073 GGCATTGNNNTGCATCAGGT 3' i3 IAATCTTGNNNTGCAT J}‘«. 5T 3553
TGCAGGACCAGAGAATTCGAATACAC TGCAGGACCAGAGAATTCGAATACAG TGCCAGGACCAGAGAATTCGAATACAG
TCTTGTGNNNTGCATCAGET 3074 ACGGTGGNNNTGCATCAGGT ' (LCCARCTNNNTGCATCAGGT 3554
TGCAGGACCAGAGAAT TCGAATACAT TGCAGGACCAGAGAAT TCGAATACAG TGCAGGACCAGAGAATTCGARTACAT
GCGCGTGNNNTGCATCAGGT 3075 CCCTTTTNNNTGCATCAGGT 3315 CACCTACNNNTGCATCAG
TGCAGGACCAGAGAATTCGAATACAG GACCAGAGAATTCGAATACAC TGCAGGACCAGAGAATTC
ACCARACNNNTGCATCAGET 3076 CCNNNTGCATCAGGET 3316 TTAATTGNNNTGCATCAGE
TGCAGGACCAGAGAATTCGAATACAC GACCAGAGAATTCGAATACAA TGCAGGACCAGAGRATTCG
GTTTAGGNNNTGCATCAGGT 3077 TTNNNTGCATCAGGT 3317 CABTTATNNNTGCATC
TGCAGGACCAGAGAATTCGAATACAG GACCAGAGAATTCGAATACAT CCAGAGAZ
TACCCTANNNTGCATCAGET 3073 CGNNNTGCATCAGGET 3318 NNNTC}C‘
TGCAGGACCAGAGARATTCGAATACAA GGACCAGAGAATTCGAATACALC GGACCAGAGAATTCGAATACAA
TTCCCTGNNNTGCATCAGGET 3079 CGANNNTGCATCAGGT 3319 SCATNNNTGCATCAGGT
TGCAGGACCAGAGRATTCGARTACAA TGCAGGACCAGAGRATTCGARTACAT TCGCAGGACCAGAGARATTCGARTACAC

ACCARAATNNNTC CAGGT ACABRCATNNNTGCE CACACGENNNTGCATCAGET
TGCAGGACCAGAGAATTCGAATACAA TGCAGGACCAGAGAATTCGAATACAA TGCCAGGACCAGAGAATTCGAATACAG
ACCCCCCNNNTGCATCAGET 3081 TTACTCTNNNTGCATCAGGT 3321 GCCAGGANNNTGCATCAGGT 3561
T A’ GACCRAGAGAATTCGAATACAC CAGGACCAGAL TCGAATACAG TCCAGGACCAGAGAATTCGARATACAG
ATANNNTGCATCAGGT 3082 ‘1 CCCTANNNTGCATCAGGT 3322 IAGGAGTTNNNTGCATCAGGT 3562
GGACCAGAGAATTCGAATACAT TGCCAGGACCAGAGAATTCGAATACAC TGCAGGACCAGAGAATTCGAATACAC
ACZ "GATNNNTGCATCAGGT 3083 ACACGGCNNNTGCATCAGGT 3323 CACCGCTNNNTGCATCAGGT 3563
TGCAGGACCAGAGAAT TCGAATACAT T AL CGAATACAT TGCAGGACCAGAGAATTCGARTACAR
GTACATANNNTGCATCAGGT 3084 Al T GT 3324 CCATGAGNNNTGCATCAGGT
TGCCAGGACCAGAGAATTCGAATACAT TGCCAGGACCAGAGAATTCGAATACAG TGCAGGACCAGAGAATTCGAATACAT
ACCARAANNNTGCATCAGET 3085 TTCAAGGNNNTGCATCAGGT 3325 TAGCATANNNTGCATCAGGT 3565
TGCAGGACCAGAGAATTCGAATACAC TG G. TGCAGGACCAG? ”LGM\TTCGI\AT ACAA
ATBACATNNNTGCATCAGGT 3086 TT TT CTCCCARNNNTGC




WO 2018/039463 PCT/US2017/048434

50/104
FIG. 16G

TG GACCAGAGAR ABATAC TG GACCAGAGAATTCGAATACAA TG GACCAGAGARA YN
GAGAATCNNNTGCATCAGET 3087 CTTACCCNNNTGCATCAGGT 332 GCCTCTTNNNTGCATCAGGT
TGCAGGACCAGAGAAT TCGAATACAT TGCAGGACCAGAGAAT TCGAATACAG TCCAGGACCAGAGRAATTCGARTACAT

-~

CTTGTCGNNNTGCATCAGET 2088 WGCTTCGTNNNTGCATCAGGET 3328 CACCATINNNTGCAT IA 5T 3563
TGCAGGACCAGAGAATTCGAATACAT TGCAGGACCAGAGAATTCGAATACAT TGCCAGGACCAGAGAATTCGAATACAL
AAGCGCTNNNTGCATCAGET 3089 TTCCAATNNNTGCATCAGGT 3329 TCATCACNNNTGCATCAGGT 3569
TGCAGGACCAGAGAAT TCGAATACAT TCCAGGACCAGAGAAT TCGAATACAR, TCCAGGACCAGAGAATTCGARATACAA
TCTAGAANNNTGCATCAGET 3080 TAAGTTCNNNTGCATCAGGT 3330 CGGCGAGNNNTGCAT CA(;GT 3570
TGCCAGGACCAGAGAATTCGAATACAT TGCCAGGACCAGAGAATTCGAATACAN TGCAGGACCAGAGAATTCGAATACAC
TGCTTGCNNNTGCATCAGET 3091 ATCTACTNNNT GCATCAGGT 3331 TCGGACGNNNTGCATCAGGT
G. AGAG G TGCAGGACCAGAGRATT CGARTACAT
=G ACGGCATNNNTGCATCAGGET
G T G
TGCAGGACCAGAGRATTCGARTACAA
GCCAAGAGNNNTGCATCAGGT
T TGCAGGACCAGAGRATTCGARTACAR, TCGCAGGACCAGAGARATTCGARTACAC
\I GT 2095 CTTCCCANNNTGCATCAGGT 3335 CGCGCAANNNTGCATCAGET 3575
TGCAGGACCAGAGAR "”‘"CCA TACAC TGCAGGACCAGAGARTTCGAATACAT TGCCAGGACCAGAGAATTCGAATACAG

TCAAAGGNNNTGCATCAGET TAGATTGNNNTGCATCAGGT TCGCTGGECNNNTGCATCAGGT
TGCAGGACCAGAGAAT TCGAATATCA TGCAGGACCAGAGAAT TCGAATACAC TCCAGGACCAGAGRATTCGARTACAY

V3
w
L)
W
(o))

GTTACGCNNNTGCATCAGET 3097 ATTGCGANNNT GCATCAGGT TACACTANNNTGCATCAGGT
TGCAGGACCAGAGAATTCGAATACAG TGCAGGACCAGAGAATTCGAATACAC TGCAGGACCAGAGAAT” AATRCAC
CTAAGCTNNNTGCATCAGET 3098 SCACATNNNTGCATCAGGT 3338 CACGCCTNNNTGCATCAGGT 3578
CAGGACCAGAGAAT TCGAATACAT CAGGACCAGAGAATTCGARTACAC TGCAGGACCAGAGAATTCGARTACAT
CGCAGTANNNTGCATCAGGT 3089 CCGGCAANNNT GCATCAGGT 3339 GAAGTGGNNNTGCATCAGGT 3579
CCAGAGAATTCGAATACAC CAGAGARTTCGAATACAN T 'ZC}\.GG}\ CAGAGAATTCGAATACAG
NNNTGCATCAGET 3100 nI NTGCATCAGGT 3340 e CNNNTGCATCAGGET 3580

A
T

VTACAC C AT TGCAGH? ‘“CZ\CA ART
GAAAAN 3101 NN H CCGGCTTNNNTGCAT
TGC]-\G”* cc TGCAGGACCAGAGAATT
CCAGACC NN (RCATAGENNNTGCATC
TG . . CC TG GACCAGAGARA
CTGCACGNNNTGCATCAGGET 3103 TCCATCNNE 3 A GTNNNTGCA
TGCAGGACCAGAGRATTCGARTACAC TGCAGGACCAGAGRATTCGARTACAC TG

TGCAACTNNNTGCATCAGET 2104 TACGCCCNNNTGCATCAGGT 334 ATCA ?AAN‘]N’*’” C f\'
TGCAGGACCAGAGAATTCGAATACAA TGCAGGACCAGAGAATTCGAATACAG TGCCAGGACCAGAGAATTCGAATACAL
TAGCAAANNNTGCATCAGET 3105 ACCTACANNNTGCATCAGGT 3345 ACTCAGANNNTGCATCAGGT 3585
TGCAGGACCAGAGAAT TCGAATACAG T SCAGGACCAGAGAATTC (znP TACAT TCCAGGACCAGAGRAATTCGARTACAT

S

AGCTATCNNNTGCATCAGET 3108 CCACCGNNNTGCATCAGGT TATTCCANNNTGCATCAGGT 3586
TGCAGGACCAGAGAATTCGAATACAA TGCAGGACCAGAGAATTCGAATACAC TGCCAGGACCAGAGAATTCGAATACAA
CNNNTGCATCAGET 3107 ATTCGCTNNNTGCATCAGGT 3347 (BCTARCANNNTGCATCAGGT 3587

SGACCAGAGAAT TCGAATACAT TGCAGGACCAGAGAAT TCGAATACAG TGCAGGACCAGAGAATTCGARTACAT
TCNNNTGCATCAGGT 3108 ATCTGGTNNNTGCATCAGGET 3348 TCTGCCTNNNTGCATCAGGT
GACCAGAGAATTCGAATACAC TGCAGGACCAGAGAATTCGAATACAT TG \CCAGAG G
CNNNTGCATCAGET 3109 NNNTGCATCAGGT 3349 (A G \INNTU
ACCAGAGAATTCGAATACAT GACCAGAGAATTCGAATACAG T ACCAGA
NNNTGCATCAGGT 3110 NTGCATCAGGT 3350 = INNTG
ACCAGAGAATTCGAATACAC AGAGARTTCGAATACAC T CCAGA
CNNNTGCATCAGET 3111 NNTGCATCAGGT 3351 T CNNNTG
CCAGAGAATTCGAATACAA AGAGAATTCGAATACAG TGCA CCAGA CGA
INNTGCATCAGGT 3112 D\CTF—\AMN NNTGCATCAGGT 3352 AATATTTNNNTGCATC, AL‘GL
TGCAGGACCAGAGRATTCGARTACAC TGCAGGACCAGAGRATTCGARTACAC T ATTCGARTACAC
o

~n
Azl

GACCAGAGAATTCGAATRCAA
GARACNNNTGCATCAGET
AGGACCAGAGARTTCGAATACAA
2

TTTGEAGNNNT! AGGT 2113 TGCATGTNNNTGCATCAGGT
TGCAGGACCAGAGAATTCGAATACAC TGCAGGACCAGAGAATTCGAATACAC T¢
GCCCACTNNNTGCATCAGET 3114 CGTTTACNNNTGCATCAGGT ¢ C
TTCGAATACAN TGC

C

TGCAGGACCAGAGAAT TCGAATACAR TGCAGGACCAGAL,

ACACTGCNNNTGCATCAGET 3115 ATTATCGNNNT GCATCAGGT 3355 SGCAGGCNNNTGCA v:"«.(JGT 3595
TGCCAGGACCAGAGAATTCGAATACAG TGCCAGGACCAGAGAATTCGAATACAC TGCAGGACCAGAGAATTCGAATACAA
CGCCGTANNNTGCATCAGET 3116 ACTCGAANNNT GCATCAGGT 3356 CTTATAGNNNTGCATCAGGT 3596
TGCAGGACCAGAGAAT TCGAATACAG TGCAGGACCAGAGAAT TCGAATACA TGCAGGACCAGAGAATTCGARTACAC
TAGCATCNNNTGCATCAGGT 3117 ARCCGTTCNNNTGCATCAGGET 3357 TACTAAANNNTGCATCAGGT
TGCCAGGACCAGAGAATTCGAATACAT TGCCAGGACCAGAGAATTCGAATACAN TGCAGGACCAGAGAATTCGAATACAT
GCAGCATNNNTGCATCAGET 3118 CCCGCAGNNNTGCATCAGET 3358 TTAGAGTNNNTGCATCAGGT 3598
TGCAGGACCAGAGAATTCGAATACAT TGCAGGACCAG 7\G¥&T CGAATACAG T CCAGGXL CAGAG? 7—\1\ TTCGARTACAC
. - . -
T

GCAGACTNNNTGCATCAGGET

TCTGETNNNTGCATCAGGT

TCCTTCANNNTGC
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{GACCAGAGRAA z G ACCAGAGAATTCGAAT G GACCAGAGARA ACAA
ACRTGCGNNNTGCATCAGGT 3120 TTGAT “A) NNTGCA [(,P\C GT 3360 STTCTGNNNTGCATCAGGT 3¢00
TGCAGGACCAGAGAAT TCGAATACAR TCCAGGACCAGAGAAT TCGAATACAR, TCCAGGACCAGAGAATTCGARATACAA
ACATATCNNNTGCATCAGET 2121 CTTTACNNNTGCATCAGGT 3361 CTAGGTENNNTGCAT IA 5T
TGCAGGACCAGAGAATTCGAATACAT TGCAGGACCAGAGAATTC C-‘AATP\.CZ—\.’I' TGCCAGGACCAGAGAATTCGAATACAL
GCANACGANNNTGCATCAGET 3122 GTTGTAANNNTGCATCAGGE : CCGATARNNNTGCATCAGGT 3¢02
CAGGACCAGAGAAT TCGAATACAT TGCAGGACCAGAGAAT TCGAATACAC TCCAGGACCAGAGAATTCGARATACAC
C‘“" CTTGNNNTGCATCAGGT 3123 TCTCAACNNNTGCATCAGGT 3363 IACAGTGANNNTGCAT C}‘«.(zf” ER 3603
TGCCAGGACCAGAGAATTCGAATACAA TGCCAGGACCAGAGAATTCGAATACAN TGCAGGACCAGAGAATTCGAATACAG
NNNTGCATCAGGT 3124 ACCGCCCNNNT GCATCAGET 3364 TTCGCTTNNNTGCATCAGGT 3604
GACCAGAGAATTCGAAT TGCAGG GAATACAA TGCAGGACCAGAGRATTCGARTACAG
NNTGC. G ATGGT GGT 3365 TTATCAANNNTGCATCAGGT 3605
CCAGAGAR TGCAG GAATACAT TGCAGGACCAGAGAATTCGAATACAR
TANNNTGCA ACABL GT 3366 GATGCTCNNNTGCATCAGET 3606
GACCAGAGAR TGC CGAATACAA TGCAGGACCAGAGRATTCGARTACAA
TGNNNTGC, TACGGT GT 7 ACGTAARNNNTGCATCAGGT 3607
TGCAGGACCAGAG TGCA CGARTACA TGCAGGACCA .
ARG CAT'?NL]N’*”%C GCGCT uwl\:']‘\lh G E\TCAGGT 3 3638 CATTTCINNNTGCATCAGET
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TG GARTACAR, TGCAGGACCA
z N“]‘\U—\(“ GTATCGCCA TTTCCCE “]‘\U—\C""[A' GCCA 384¢ CGAGACANNNACGTATGCCA 408¢
TGCAGGACCAGAGAATTCGAATACAA TGCAGGACCAGAGAATTCGAATACAA TGCCAGGACCAGAGAATTCGAATACAL

CADAGTAANNNACGTATGCCA 3¢10 CCAGANNNACGTATGCCA 3850 GCTARTGNNNACGTATGCCA 4090
TGCAGGACCAGAGAAT TCGAATACAR CAGGACCAGAGAATTCGAATACAC TCCAGGACCAGAGRAATTCGARTACAT
‘I'Z}“C-,’ TNNNACGTATGCCA 3611 AGACGNNNACGTATGCCA IACGTCGANNNACS IA’N CCA 4091
TGCCAGGACCAGAGAATTCGAATACAA TGCCAGGACCAGAGAATTCGAATACAC TGCAGGACCAGAGAATTCGAATACAA
TCTCGTCRNNACGTATGCCA 3¢l2 GATACGTRNNNACGTATGCCA TTCGTGEGNNNACGTATGCCA 4092
TGCAGGACCAGAGAAT TCGAATACAG TGCAGGACCAGAGAAT TCGAATACAT TGCAGGACCAGAGAATTCGARTACAG
GCAACAANNNACGTATGCCA 3613 CCTGCTANNNACGTATGCCA 3853 TAGAGGTNNNA GTX’\” CCA 1093
TGCAGGACCAGAGAATT TGCAGGACCAGAGAATTCGAATACAN TGCAGGACCAGAGAATTCGAATACAG
GGCGCCTRNNACGTAT ATTACACNNNACGTATCGCCA 3854 GCGCTTCNNNACGTATGCCA 4094
TGCAGGACCAGAGAATT TGCAGGACCAGAGAATTCGARATACAT T

GCTTACCNNNACGTAT TTCCGACNNNACGTATGCCA 3855 T.

TGCAGGACCAGAGAATT TGCAGGACCAGAGAATTCGAATACAC T

GCACGACNNNACGTAT TCCCCCTNNNACGTATCGCCA C

TGCAGGACCAGAGAR TGCAGGACCAGAGARTTCGAATACAA TG

AGCGCTTTNNNACGT 5\" GCCA 3¢] CANTTCANNNACGTATC 3857 T (:(‘ CGAGN‘\INAC }\” (zC"A 4097
TGCAGGACCAGAGAATTCGAATACAC TCCAGGACCAGAGAAT TCGAATACAR, TCCAGGACCAGAGAATTCGARATACAC
VTTCATTNNNACGTATCCCA € GCAGCGENNNACGTATCGCCA 3858 TOTAGTENNNACGTAT C-.C(ZiA 40938

TGCAGGACCAGAGAATTCGAATACAC TGCAGGACCAGAGAATTCGAATACAA TGCCAGGACCAGAGAATTCGAATACAA
AATCATANNNACGTATGCCA 3¢19 TCCGATGNNNACGTATGCCA 3§59 BCGGTCTNNNACGTATGCCA 4099
TGCAGGACCAGAGAAT TCGAATACAC TGCAGGACCAGAGAAT TCGAATACAT TGCAGGACCAGAGAATTCGARTACAC
TACGATGNNNACGTATGCCA ACGCACANNNACGTATGCCA IAGGCGTONNNACGTATGCCA 4100
TGCCAGGACCAGAGAATTCGAATACAG TGCCAGGACCAGAGAATTCGAATACAC TGCAGGACCAGAGAATTCGAATACAC
ACANNNACGTATGCCA 3621 CACCATTRNNACGTATGCCA 3861 TTGCCTANNNACGTATGCCA 4101
AGGACCAGAGAATTCGAATACAC A T ARTACAN TGCAGGACCAGAGAATTCGARTACAC
TANNNACGTATGCCA T 62 TTC

.
AT
GTANNNACGTATGCCA 4102
\G

T YT

TGCCAGGACCAGAGAATT
AR e

HI

GACCAGAGAATTCGAATACAA
T

ACNNNACGTATGCCA 3623 63 ACACGTTNNNACGTAT 4103
TGCAGGACCAGA TCGAATACAG TGCCAGGACCAGAGAATTCGAATACAA
TG ACATCE\TNNACGTA CCA 3624 G4 GCCAACGTNNNACGT AWGL‘CA 4104

CCAGAGAATTCGAATACAT
CCA

TGCAGGACCAGAG
CGETEGANN ACGT
TGCAGGACCAGAGA GGACCAGAG GACCAGAGARA
ACRAATTNNNACK ATCNNNACE TGNNNACGTAT (z("‘ A 4106
TGCAGGACCAGAGAATTCGAATACAC TCCAGGACCAGAGAAT TCGAATACAR, TCCAGGACCAGAGAATTCGARATACAA
COTGCAGNNNACGTATGCCA ABLCTACTNNNACGTATCGCCA 3867 IACGTCTGNNNACGTAT C-.CCA 4107

==

()
I

w
0
O
(o))
[@
Q
[@]

TGCAGGACCAGAGAATTCGAATACAA TGCAGGACCAGAGAATTCGAATACAG TGCCAGGACCAGAGAATTCGAATACAL

AATTACCNNNACGTATGCCA 3628 CCCGTAGNNNACGTATGCCA 38685 TCTACACNNNACGTATGCCA 4108

TGCAGGACCAGAGAAT TCGAATACAG TGCAGGACCAGAGAAT TCCGAATACAN TGCAGGACCAGAGAATTCGARTACAR

CAGACAANNNACGTATGCCA GTCGTTGNNNACGTATGCCA 3869 CCGCGGTCNNNACGTATGCCA 4109

TGCCAGGACCAGAGAATTCGAATACAT TGCCAGGACCAGAGAATTCGAATACAT TGCAGGACCAGAGAATTCGAATACAC

TCTAAGANNNACGTATGCCA 3630 GACAGCTRNNACGTATGCCA 3870 (ATCCAGANNNACGTATGCCA 4 110

TGCAG GXVFZ\FKGM TCG TGCAGGACCAGAGAATTCGARATACAT TGCAGGE

ATTGAGC CAGCGA GTATGC AGTCGA

TGCAGG2 TGCAGGA G TGC

TGAGAGC AGTAAAT GCA

TGCAGG! TGCAGGACCAL TGCA

TTCCCGANNN 36 CTGCCT TAT

TGCAGGACCAGAGRATTCGAATACAT TGCAGGACCAGAGRATTCGARTACAC TCGCAGGACCAGAGARATTCGARTACAC

TGCCAACNNNACGTATGCCA TTCACGANNNACGTATGCCA 3874 CCGTCGTNNNACGTATGCCA 4114

TGCAGGACCAGAGAATTCGAATACAT T '3( AGGACCAGAGAATTCGAATACAC TGCCAGGACCAGAGAATTCGAATACAT

v, ATGNNNACGTATGCCA 3635 CTCTTTCNNNACGTATGCCA 3875 AATTTAANNNACGTATGCCA 4115

TGCAGGACCAGAGAATTCGAATACAC [(~ CAGGACCAGAGAAT TCGAATACARA rr( CAGGACCAGAGARTTCGAATACAT
CAACCCCNNNACGTATGCCA 2 CACAAGGNNNACGTATGCCA [CATCATNNNACGTATGCCA 4116

TGCAGGACCAGA

TTCGAATACAT TGCA

GACCAGA CGAATRCAC

TTCGAATACAG TGCAGGACCAGAGE

ACAATGGNNNACGTATGCCA CTCCAGTNNNACGTATGCCA 3877 BTGTATANNNACGTATGCCA
TGCAGGACCAGAGAAT TCGAATACAC TGCAGGACCAGAGAAT TCGAATACAT TGCAGGACCAGAGAATTCGARTACAG
AGAGCCONNNACGTAT GCCA ATTGGTANNNACGTATGCCA 878 TAGTTATNNNACGTATG
TGCCAGGACCAGAGAATTCGAATACAA [GCAGGACCAGAGARTTCGAATACAG TGCAGGACCAGAGAATT
ACGAATACNNNACGTATCGCCA 3639 CTTCATCRNNACGTATGCCA 3879 GTATCGGNNNACGTAT
TGCAGGACCAGAGAATTCGAATACAA TGCAGGACCAGAGAATTCGAATACAT TGCAGGACCAGAGAAT
GCTABATNNNACGTATGCCA 3640 TCGTTTANNNACGTATGCCA 3880 GAGGTTGNNNACGTAT
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GAATTCGAATAC?
ATCGCCA 3641

. GGACCAGAGAR
> GG Z'(,)}N‘]n(‘ 32 1\( CCGGONNNACGTATGCCA 4122
TGCAGGACCAGAGAAT TCGAATATCA TGCAGGACCAGAGAAT TCGAATACAC TCCAGGACCAGAGRAATTCGARTACAT
CACGGCINNNACGTATGCCA 3 ATCACAGNNNACGTATCGCCA 3883 CTGGCTANNNACGTAT C-.C(ZiA 4123
TGCAGGACCAGAGAATTCGAATACAA TGCAGGACCAGAGAATTCGAATACAA TGCCAGGACCAGAGAATTCGAATACAG

NAC

CGACCTANNNACGTATGCCA 3¢44 ACGGCGGNNNACGTATGCCA 3§84 TAGCTCANNNACGTATGCCA 4124

TGCAGGACCAGAGAAT TCGAATACAR TGCAGGACCAGAGAAT TCGAATACA, 'CCAGGACCAGAGRATTCGARTACAG
TTAGAAGNNNACGTATGCCA 3645 ATCTGAANNNACGTATGCCA TGGCTNNNA ’”"IA’N CCA 4125

TGCAGGACCA r«.u}\A TTCGAATACAG TGCCAGGACCAGAGAATTCGAATACAG TGCAGGACCAGAGAATTCGAATACAT
3C46 TAGCCGCNNNACGTATGCCA 3886 (BCAGCTGNNNACGTATGCCA 4126

ARTACAC TGCAGGA 'ZCAG}\ TGCAGGACCAGAGAATTCGARTACAC

3647 GTGAATTNNNA 37 TTGCTGTCNNNACGTATGCCA

ATACAC TGCAGGACCAG TGCAGGACCAGAGAA AATACAA
3643 GGTAAGANNNAC 83 GCATCGTNNNACGTA CA 4123

AATACARA, TGCAGGACCAGAGRATTCGARTACAA
3649 ) 39 ATAAAGCNNNACGTATGCC? 4129

TCGAATACAR TGCAGGACCAGAGAATTC TCGCAGGACCAGAGARATTCGARTACAC
{ 3650 TCCGTTTNNNACGTATCGCCA 38910 TATCGGANNNACGTATGCCA 4130

TGCAGGACCAGAGARTTCGAATACAL TGCAGGACCAGAGARTTCGAATACAC TGCCAGGACCAGAGAATTCGAATACAL
ACTTCGTNNNACGTATGCCA 3 €51 CCTCGAGNNNACGET f\' SCCA 3891 CCCCCGONNNACGTATGCCA 4131

TGCAGGACCAGAGRATTCGAATAL, TGCAGGACCAGAGRATTCGARTACAT TCGCAGGACCAGAGRATTCGARTACAT
TTCGTCINNNACGTATGCCA 2 CGATCCTNNNACGTATGCCA 3892 COTTTCENNNACGTATGCCA 4132

TGCAGGACCAGAGAATTCGAATACAT TGCAGGACCAGAGAATTCGAATACAT TGCCAGGACCAGAGAATTCGAATACAL
TCTTGGCNNNACGTATGCCA 3853 TTGCGTCNNNACGTATGCCA 3§93 CTAGCARNNNACGTATGCCA 4133
TGCAGGACCAGAGAAT TCGAATACAT TGCAGGACCAGAGAAT TCGAATACAC TGCAGGACCAGAGAATTCGARTACAT
GCTCTNNNACGTATGCCA GGCTONNNACGTATGCCA GAACATTNNNACGTATGCCA 4134
GGACCAGAGARTTCGAATACAG G AGAATTCGRATACAT TGCAGGACCAGAGAATTCGAATACAT
~AC TANNNACGTATGCCA 3655 G : GTA xCAT»I\INn”’”TZ\TG CA 4135
SCAGGACCAGAGRATTCG, G TGCAGGACCAGAGRATTCGARTACAG
CTTGNNNACGTATGCCA 3650 =C TCGGARAANNNACGTATGCCA 1136
A G G
™ -

1 GGACCAGAGARATT X
A )N“]‘\U—\C"‘T‘P TCC C. 3 B89¢ TAACGTANNNACGTATGCCA 4139

e
Lol

TGCCINNNACGTATCGCL

TGCAGGACCAGAGARATTCGAATACAG TGCAGGACCAGAGARTTCGAATACAG TGCCAGGACCAGAGAATTCGAATACAL
ACTCTCTNNNACGTATGCCA 3¢50 VGGCGONNNACGTATGCCA CTTATATNNNACGTAT (z("‘ A 4140
TGCAGGACCAGAGAAT TCGAATACAT TGCAGGACCAGAGAAT TCGAATACAC TCCAGGACCAGAGAATTCGARATACAA
ATAACACNNNACGTATGCCA GTTCACTNNNACGTATGCCA 3901 IAACAGATNNNACS IA’N CCA
TGCAGGACCAGAGAATTCGAATACAT TGCAGGACCAGAGAATTCGAATACAG TGCCAGGACCAGAGAATTCGAATACAT
GAGCCTANNNACGTATGCCA 3¢62 AGATGTGNNNACGTATGCCA 3902 (BCCCATCNNNACGTATGCCA 414z
TGCAGGACCAGAGAAT TCGAATACAC CAGGACCAGAGAAT TCGAATACAG TGCAGGACCAGAGAATTCGARTACAR
AGACGAANNNACGTATGCCA 3663 CTCACTTNNNACGTATGCCA 3903 IABAGAGANNNACGTATGCCA 4143
GAATTCGAATRCAC TGCCAGGACCAGAGAATTCGAATACAC TGCAGGACCAGAGAATTCGAATACAC
NACGTATGCCA 3c64 TATGCCA 3904 CTTCGARNNNACGTATGCCA 4144
AATTCGAATACAG CAGAGRAATTCGARTACAT TGCAG TC
GTATGCCA 3665 TATGCCA 3905 TGGAT C 1145
GAATTCGAATACAC GAATTCGAATACAT TGCAG
TATCGCCA 36656 TATCGCCA 3906 STCGA 4146
TGCAGGACCAGAGARATTCGAATACAA ARTTCGAATACAG TGCAG
CTGGTACNNNACGTATGCCA 3667 AAGAAGGNNNACGTATGCCA 3907 GTBACK 4147
TGCAGGACCAGAGRATTCGARTACAG TGCAGGACCAGAGRATTCGARTACAR, TCGCAGGACCAGAGRATTCGARTACAR
CHRAATCCNNNACGTATGCCA 3563 GCCACGCNNNACGTATCGCCA 2308 TCTACTTNNNACGTATGCCA 4143
T':C AL}GA\, CA GA\.L T TGCAGGACCAGAGARTTCGAATACAC TGCCAGGACCAGAGAATTCGAATACAG
TATACGGNNNCTAG TAC 3909 ATCGTACNNNCTAGE AC 4149
TGCAGGACCAGAGAATTCG! T ,’,AG GACCAGRAGAATTCGAATACA, TCCAGGACCAGAGRAATTCGARTACAT
GGTTATANNNC CGTTAC GATCTTANNNC CCTTAC 3 910 GAACGTINNNCT TAC 4150
TGCAGGACCAGAGAATTC T ‘( AGGACCA GAG. T TCGAATRACAA TGCCAGGACCAGA ATRCAT
. CNNNCTAGC CAZ ' CCAACTCNNNCTAGCG 4151

CGARTACAT TGCAGGACCAGAGAA MATACAG
72 CGGAGGTNNNCTAGC 1152
TGCAGGACCAGAGAA ATACAT
/3 GCCCATTNNNCTAGC 4153
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GTTGTATNNNCTAG { {
TGCAGGACCAGAGAR TGCAGGACCAGAGARTTCGAATACAA GGACCAGAGAATT
GCTACTANNNCTAG GTAGGACNNNCTAGCGTTAC 391 TAANNNCTAGCCTTAC 4155

TGCAGGACCAGAGAAT TCGAATACAR TCCAGGACCAGAGAAT TCGAATACAR, TCCAGGACCAGAGAATTCGARATACAA

CATCATANNNCTAGCGTTAC ABABARANNNCTAGCGTTAC 3915 TACGANNNCTAGCGTTAC 4155
TGCAGGACCAGAGAATTCGAATACAA TGCAGGACCAGAGAATTCGAATACAA TGCCAGGACCAGAGAATTCGAATACAL
TTCCAGGNNNCTAGCGTTAC 3877 GTTCATANNNCTAGCGTTAC 3917 (BCACCARNNNCTAGCGTTAC 4157
TGCAGGACCAGAGAAT TCGAATACAT TGCAGGACCAGAGAAT TCGAATACAG TCCAGGACCAGAGRAATTCGARTACAT
TTTGTTGNNNCTAGCGTTAC 3678 AAGGTCANNNCTAGCGTTAC 3918 GGTCGGINNNCT /LHCLA TAC 4158
TGCCAGGACCAGAGAATTCGAATACAA TGCCAGGACCAGAGAATTCGAATACAT TGCAGGACCAGAGAATTCGAATACAT
GTGGACANNNCTAGCGTTAC 3879 GANTGCCNNNCTAGCGTTAC TATCTGTNNNCTAGCGTTAC 4159
I‘CCAGF! NCCAGAGAR GAATACAG TGCAGGACCAGAGAAT TCCGAATACAN TGCAGGACCAGAGAATTCGARTACAT
ACGAGGTTNNNCTAGCCTT 368( CACCCGGNNNCTAGCCTTAC 3920 CCAGCCGNNNCTAGCCGTTAC 1160
TGCA CCAGAGAZ TGCAGGACCZ TCGCAGGACCAGAGAATTCGAATACAT
TTCCCGENNNCTAGC TAACGCANNNCT (ACCGATY AGCGTTAC 4161
TGCAGGACCAGAGAR TGCAGGACCAGA TGCAGGACCAGAGARATTCGARTACAG
CCT NNNCTAGC CCCOTATNNNC BACGGATNNNCTAGCCGTTAC 4162
TGCAGGRCCAGAGR TGCAGGACCAGAGAAT TGCAG CGAATACAT
ABCAGGTNNNCTAG GATAGATNNNCT A-JCGT‘"‘ 23 TCTT 4163
TGCAGGACCAGAGARATTCGAATACAG TGCAGGACCAGAGARTTCG TGC TACAG
AARGTCGNNNCTAGCCTTAC 3684 GAGTGATNNNCTAGCGTTAC 3924 GTCG T 4164
TGCAGGACCAGAGRATTCGARTACAC TGCAGGACCAGAGRATTCGARTACA, TCGCAGGACCAGAGRATTCGARTACAR
GCCAARANNNCTAGCGTTAC TAGAGGCNNNCTAGCGTTAC 3925 TGCTTCINNNCTAGCETTAC 4165
! ‘CB( AGGACCAGAGAATTCGAATACAL TGCAGGACCAGAGAATTCGAATACAC TGCCAGGACCAGAGAATTCGAATACAT
CTGGCAGNNNCTAGCGTTAC 3¢86 CCCGCGCNNNCTAGCGTTAC 3926 CAGGACTNNNCTAGCGTTAC 4166
TGCAGGA TTCGARTACAR CAGGACCAGAGAAT TCGAATACAC TGCAGGACCAGAGAATTCGARTACAR
GCAGAT '\,GL TAC 3687 CATACTCNNNCTAGCGTTAC 3927 IACGACATANNNCTAGCGTTAC 4167
TGCAGGALC AGAATTC TGCAGE AGAATTCGAATRCAT TGCAGGACCAGAGAATTCGAATACAC
GAGGCC CGT GA . TTAC 3928 CATCGTTNNNCTAGCG 4168
TGCAGG AATTCGAATACAC TG CGAATACAA TGCAG GAC CAGAGARATTCGARTACAT
GTGCGT CCTTAC 3689 GA TAC 3929 AACAC
TGCAGG, “ATTCGAATACAT TG CGAATACAG TGCAG
GGTAGG CGT CT TAC 3930 CTCCT
TGCAGGACCAGAGAA TG CGAATACAA TGCA
GCGCCAR CTAGCG AR TAC 3931 CGGA
TGCAGGACCAGAGRAT ATACAT TGCAGE, GAATTCGAATACAC TGCA
GAGCACTNNNCTAGC! GTCCCCANNNCTAGCGTTAC 3932 GCAAACANNNCTAGCC 2
GGACCAGAGARTTCGAATACAA CCAGAGA

TGCAGGACCAGAGARATTCGAATACAT TGC
CATCGTCNNNCTAGCGTTAC 3€93 CTAATCANNNC ’TA(‘ STTAC 3933 GCAAACACNNNCTAG I !

T AGGACCAGAGRATT "}nP TACAA [(~ CAGGACCAGAGAAT TCGAATACAT TCCAGGACCAGAGRAS

o

CCAAGANNNCTAGCGET GACGCCGNNNCTAGCGTTAC IACACTCCNNNCTAG alvd
TGCAGGACCAGAGAATTCGAATACAC TGCAGGACCAGAGAATTCGAATACAG TGCCAGGACCAGAGE
GAGGACGNNNCT TAC 3¢95 CGTGCCANNNCTAGCGTTAC 3935 GGACCTGNNNCTAGCC 4175
TGCAGGACCAGAGAAT TCGAATACAT TGCAGGACCAGAGAAT TCCGAATACAN

GTGACTGNNNCTAGCGTTAC AATTGEANNNCT CCTTAC
TGCCAGGACCAGAGAATTCGAATACAA TGCCAGGACCAGAGAATTCGAATACAT CCA AG}\J{M

CCTTGAGHN 3697 NNCTAGCGTTAC 3937 \I\IN(”T”A"
TGCAGGACC CAG T TCGARTACAN] AGAGAA AATACAG
TT A]\G”FTLTNNCTAGCGT"”AC 3698 CTAGC
TGCAGGACCAGAGAATTCGAATACAA

CT T 369¢

TTCGA
CCCAGGCNNNCTAGCGTTAC
[
C

W
~J
O

ARTACAG TGCAGGE
ACACCT

TGCAGGACCAGAG
ATCTCGANNNC Z’ AL
TGCAGGACCAGAGARATTCGAATACAG GCAGGACCAGAGAR TGCAGGACCAGAGAR
ATGTNNNCTAGCCTTAC 3702 AGCCCTGTNNNC ’TAG- CCCGCGEGNNNCTAGCG

CAGGACCAGAGAATTCGAATACAT TGCAGGACCAGAGAAT TCGAATACAG TCCAGGACCAGAGRATTC

4r
.4,\»«
\‘,FJ
3 A
9]

@]
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T

A
G

AGCTARANNNCTAGCGTTAC GTCCAGCNNNCTAGCGTTAC 3943 CATAAGCNNNCTAGCC 4183
TGCAGGACCAGAGAATTCGAATACAA TGCAGGACCAGAGAATTCGAATACAT TGCCAGGACCAGAGE
CTCAGCANNNCTAGCGTTAC 3704 GTCGCTTNNNCTAGCGTTAC 3944 GTTGGTTNNNCTAGCGTTAC 4184
TGCAGGACCAGAGAAT TCGAATACAN TGCAGGACCAGAGAAT TCGAATACAG TGCAGGACCAGAGAATTCGARTACAG
GATAGGCNNNCTAGCCGTTAC 3705 ARATTTCNNNCTAGCGTTAC 3945 CCAGATANNNCTAGCCGTTAC 4185
TGCAGGACCAGAGAATTCGAATACAC TGCAGGACCAGAGAATTCGAATACAT TGCAGGACCAGAGAATTCGAATACAR
GAZ\FTGCNLIE\ICTAGCCTT AC 3706 ACCGTGTNNNCTAGCGTTAC 3946 TCCAACCNNNCTAGCCTTA 4186
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L GA TGCAGGA T
ACC ALrCT VE\IA\ICTA(B 7 CGACCAG 'N»IC TAGCGTTAC 3947
TGCAGGACCAGAGAR TGCAGGACCAGAGARTTCGAATACAT
ATACTCTNNNCTAG g GATABAGNNNCTAGCGTTAC 3648 T
TGCAGGACCAGAGAAT TCGAATACAR TGCAGGACCAGAGAAT TCGAATACAT TCCAGGACCAGAGRAATTCGARTACAT
GCTTCTCNNNCTAGCGTTAC 270¢ ATCGCTENNNCTAGCGTTAC 3949 ARAAGCANNNCTAGCGTTAC 4189
TGCAGGACCAGAGAATTCGAATACAA TGCAGGACCAGAGAATTCGAATACAC TGCCAGGACCAGAGAATTCGAATACAA
CCTGAGTNNNCTAGCGTTAC 3710 CCCTCCTNNNCTAGCGTTAC 3950 TCTGTGEGNNNCTAGCGTTAC 4190
T(:',A(:r"r VCCAGAGAAT TCGAATACAC TGCAGGACCAGAGAAT TCGAATACAT TCCAGGACCAGAGAATTCGARATACAC
VITAGATTNNNCTAGCGTTAC 3711 CTTACCGNNNCTAGCGTTAC GTATATANNNCT /hCL TTAC 4191
TGCCAGGACCAGAGAATTCGAATACAA TGCCAGGACCAGAGAATTCGAATACAG TGCAGGACCAGAGAATTCGAATACAG
GCGGAATNNNCTAGCGTTAC 3712 CAMNTCGTNNNCTAGCGTTAC 3952 GTATTGCNNNCTAGCGTTAC 4192
TGCAGGALC TCGARATACAG TGCAGGACCAGAGAAT TCGAATACAC TGCAGGACCAGAGAATTCGARTACAT
GCATGCCN] \I\ILT A GC ~TTAC 3713 TAGCGCG AGCCTTAC 3953 ACAAACTNNNCTAGCCGTTAC 4193
TGCAGGACCAGAGAATTCGAATACAG TGCAG TGCAGGACCAGAGAATTCGAATACAC
ATATCCGNNNCTAGCGTTAC 3714 ACTCT TCTTAATNNNCTAGCGTTAC 4194
TGCAGGACCAGAGAR G TGCAGGACCAGAGAA SAA GCAGGACCAGAGARATTCGARTACAG
CTCAGCGNNNCTAGC 715 TCGCAGAN, CTAGCGTTAL 55 G TCTGATNNNCTAGCCGTTAC
TGCAGGACCAGAGAA TGCAG CGARTACAC TCGCAGGACCAGAGRATTCGARTACAT
TTCAAGENNNC 716 GACGGTTTNY ‘7—\ 3956 CARGGAAGNNNCTAGCGTTAC 4196
TGCAGGACCAGAGAATT TGCAGGACCAGAGARTTCGAATACAC TGCCAGGACCAGAGAATTCGAATACAL
CAGTAATNNNCTAGCGCT 717 CAGCTAANNNCTAGCGTTAC 3957 ACGCTTTNNNCTAGCCTTAC 4197
TGCAGGACCAGAGRATTCGARTACAC TGCAGGACCAGAGRATTCGARTACAT TCGCAGGACCAGAGAA ”3 CA
CGCCCAANNNCTAGCGTTAC 2718 GTGCCGENNNCTAGCGTTAC 33958 CGGCAANNNCTAGCGTTAL 4198
TGCAGGACCAGAGAATTCGAATACAA TGCAGGACCAGAGAATTCGAATACAT TGCAGGACCAGAGAA
TCATCATNNNCTAGCGTTAC 3719 GCCGTTTNNNCTAGCGTTAC 3959 BAGTTGGNNNCTAGCETT ’“f 4199
TTCGARTACAG TGCAGGACCAGAGAAT TCGAATACAC TGCAGGACCAGAGAATTCGARTACAG
./G\,GL”‘“AC 372( TCCGTGONNNCTAGCGTTAC 3960 CAGGTGGNNNCTAGCGTTAC 4200
G AGARTTCGAATACAA TTCGAATACAG TGCAGGACCAGAGAATTCGAATACAT
GC ; 3721 CAl X CGTTAC 3961 GCTAATCANNNCTAGCCTT, 4201
TGCAGGACCAGAGAATTCGAATACAC TCGAATACAC TGCAGGACCAGAGRATTCGARTACAG
ACTGGTANNNCTAGCGTTAC 3722 TCGTG TAGCGTTAC 3962 TCAAC 4202
TGCAGGACCAGAGAATT TACAC TTCGAATACAC G
TAAGACCNNNCTAGCGT 3723 TTAC 3963 A, 4203
TGCAGGACCAGAGAATTCGAATACAA TTCGARTACAG
CGCTACANNNCTAGCCTTAC 3724 TTAC 3964 4204
TGCAGGACCAGAGRATTCGARTACAA TGCA GAATTCGAATACAR,
CCARARANNNCTAGCGTTAC 3725 GBRAGGETCNNNCTAGCGTTAC 3965 4205
TGCAGGACCAGAGARTTCGAATACAL TGCAGGACCAGAGARTTCGAATACAC GCCAGGACCAGAGA
TGCONNNCTAGCCTTAC 3726 CATGCTTNNNCTAGCGTTAC 3966 BAGCAGTNNNC TAGC ! 4206
TGCAGGACCAGAGAAT TCGAATACAR TGCAGGACCAGAGAAT TCGAATACAT SCAGGACCAGAGRAS

ACCGGAANNNCTAGCGTTAC TCAACTTNNNCTAGCGTTAC 3967 CGTATANNNCTAG 4207
TGCAGGACCAGAGAATTCGAATACAA TGCAGGACCAGAGAATTCGAATACAT TGC SACCAGAGE ATRCAG
AANGCATNNNCT C 3728 CTGGCARNNNCTAGCGTTAC ¢ BAGTGTGNNNCTAGCGTTAC 4208
I‘CCA(:QAC CAGAGRATTCGARTACAC TGCAGGACCAGAGAAT TCGAATACAG SCAGGACCAGAGRATTCGARTACAC
TTTACAANNNGATCGACATG 3969 GNNNGATCGACATG 4209
TGCCAGGACCAGAGAATTCGAATACAN TGCAGGACCAGAGAATTCGAATACAG
CCCACAANNNGATCGACATG 3970 TTCCGCCNNNGATCGACATG 4210
TGCAGGACCAGAGAATTCGAATACAG TGC ACCAGAGARTTCGAATACAC
GCTCATANNNGATCGACATG 3971 CAC GNNNGATCGACATG 12171
A TGCAGGACCAGAGAATTCGAZ
TCTAGCANNNGATCGACATG

BGGACCAGAGAR TG
ATAN 3733 GC
TGCAGGACCAGAGA TGCAGGACCAGAGRATTCGARTACAT TG
VTCTTTTNNNGATC 37 34 GACCAACNNNGATCGRACATG 4 . SNNNGATC 4214
BGGACCAGAGAR TGCAGGACCAGAGARTT CL ATACA GGACCAGAGAATTCGAATACAG
{ TCONNNGATCGAL ,ATG‘ 37 35 CCGAGGANNNGATC 'vA CA 5 GCTCCCTNNNGATCGACAT G
T SARTTC G}\P TACAR, TCCAGGACCAGAGRATTCGARTACAY

CAGGACCAGAGAAT TCGAATACAG TGCAGGACCAGAG
TTACGTGNNNGATCGACATG ¢ ATATGGANNNGATCGACAT 3976 GCCTARCE ‘JN(;.»"«.”’TCZ\C}\ TG 4216

TGCAGGACCAGAGAATTCGAATACAG TGCAGGACCAGAGAATTCGAATACAT sGACCAGAGAATTCGAATACAC
GTCCTGGNNNGATCGACATG 3737 TTCGGTCNNNGATCGACATG 3977 GAGGAATNNNGATCGACATG
TGCAGGACCAGAGAAT TCGAATACAC TGCAGGACCAGAGAAT TCGAATACAT TG TCGAATACAC

CAGGACCAGAGART
G

TCTACAGNNNGATCGACATG 3738 TAGGTTANNNGATCGACATG 3978 CC CANNNGATCCGACATG 1218

I AGCZ G
TGCAGGACCAGAGAATTCGAATACAC TGCAGGACCAGAGAATTCGAATACAN TCGCAGGACCAGAGAATTCGAATACAT
ATAAGTTNNNGATCGACATG 3739 ACCCGTTNNNGATCGACATG 3979 (ACAATACNNNGATCCGACATG 4219




WO 2018/039463 PCT/US2017/048434
56/104

E TTC TGCAGGACCAGAGAATTC

AATCCTANNNGATCGACATG 3740 GGTAAGCNNNGATCGACATG 3980 TG 4220
TGCAGGACCAGAGARTTCGAATACAL TGCAGGACCAGAGARTTCGAATACAA GAATACAG
ATCATGGNNNGATCGACAT 3741 ATTGACTNNNGATCGACATG 3981 T (zCG ?(ZI‘JWNC A Z’C'S CATG 4221
TGCAGGACCAGAGAAT TCGAATACAT TGCAGGACCAGAGAAT TCGAATACAT TCCAGGACCAGAGRATTCGARTACAA
TCACTGCNNNGATCGACATG 3742 ACTGTAANNNGATCGACATG ? 982 'GCAGNNNGATCCGACATG 4222
TGCAGGACCAGAGAATTCGAATACAT TGCAGGACCAGAGAATTCGAATACAT TGCCAGGACCAGAGAATTCGAATACAG
TGCCGCCNNNGATCGACATG 3743 TCTCTGGNNNGATCGACATG 3983 GTTAGTCNNNGATCGACATG 4223
TGCAGGACCAGAGAAT TCGAATACAT TCCAGGACCAGAGAAT TCGAATACAR, TCCAGGACCAGAGAATTCGARATACAC
GTCCTGETNNNGATCGACATG 3744 GAAGARANNNGATCGACATG 3984 TTAAGATNNNGATCG Z\C TG 4224
TGCCAGGACCAGAGAATTCGAATACAG TGCCAGGACCAGAGAATTCGAATACAN TGCAGGACCAGAGAATTCGAATACAC
GCGGTCTNNNGATCGACATG 3745 AATGAACNNNGATCGACATG 3985 TCCTACANNNGATCGACATG 4225
TGCAGGACCAGAGAAT TCGAATACAN TGCAGGACCAGAGAAT TCCGAATACAN TGCAGGACCAGAGAATTCGARTACAG
CCCACGGNNNGATCGACATG 3740 ACACACCNNNGATCGACATG 3986 CTCAGTANNNGATCCGACATG 4226
TGCAGGA TGCAGGACCAGAGAATTC TGCAGGACCAGAGAATTCGAATACAG
CCTTTAAL 3747 GCTNNNGATCGA i,A.TG 3987 CGTACTACNNNGATCGACATG 4227
TGCAGG TGCAGGACCAGAGAATTCGAATACAN GACCAGAGARTTCGAATACAT
TACAAG B L 3748 CCGGTTANNNGATCGACATG 3988 STNNNGATCGACATG

TGCAGGAL ,C HLALrAAT T TGCAGGACCA ATTCGAATACAC ACCAGAGARTTCGAARTACAR
CGAGGAA 3749 CGECHETANNNGA BCATG 3989 CNNNGATCCGACATG 4229
TGCAGGACCAGAGARATTCGAATACAG TGCAGGALCH 4AGnC A TTCG’ ATACAC CCAGAGRATTCGAATACAA
ACRCTCANNNGATCGACAT G 3750 GTAGACTNNNGATCGACATG 3990 A(“‘]‘\IN GATCGACAT G 4230

TGCAGGACCAGAGRATTCGARTACAA TGCAGGACCA ATTCGAATACA WCCAGAGARTTCGARATACAR

CTCTAGGENNNGATCGACATG 3751 GBRAGTCANNNGAT I)G}\.(,Z—\.'I'G ? 991 A7 vN‘]NGAT CGARCATG 4231
TGCAGGACCAGAGAATTCGAATACAA TGCAGGACCAGAGAATTCGAATACAA TGCCAGGACCAGAGAATTCGAATACAA
TCTTACTNNNGATCGACATG 3752 GANTTGANNNGATCGACATG 3992 CCAATARNNNGATCGACATG 4232
TGCAGGACCAGAGAAT TCGAATACAN TGCAGGACCAGAGAAT TCCGAATACAN TGCAGGACCAGAGAATTCGARTACAT
ADACAGAANNNGATCGACATG 3753 CCCCTTANNNGATCGACATG 3993 IAGCGTCANNNGATCGACATG 4233
TGCCAGGACCAGAGAATTCGAATACAA TGCCAGGACCAGAGAATTCGAATACAT TGCAGGACCAGAGAATTCGAATACAA
CACGCAGANNNGATCGACATG 3754 ACAGACCNNNGATCGACATG 3994 TCATCCCNNNGATCCGACAT
TGCAGGACCAGAGAATTCGAATACAT TGCAGGACCAGAGAATTCGAATACAN TGCAGGACCAG 7\G'—\I\ I
GAGTACCNNNGATCGACATG 3755 TTAGACTNNNGATCGACATG 3995 AAACARCNNNGATCGAC,
TGCAGGACCAGAGAATTCGAATACAG TGCAGGACCAGAGAATTCGAATACAC TGCAGGACCAGAGAAT'
ACTGTCANNNGATCGACATG 3756 ACTAGACNNNGATCGACATG 3996 TATCAGGNNNGATCCGA
TGCAGGACCAGAGAATTCGAATACAT TGCAGGACCAGAGAATTCGAATACAG TGCAGGACCAGAGAAT
CCAGGCONNNGATCGACATG 3757 CCCTARANNNGATCGACATG 3997 e . TCGAC
TGCAGGACCAGAGRATTCGARTACAG TGCAGGACCA ATTCGAATACAR, TG E
TCCATAGNNNGATCGRACATG 3758 GACTGGTNNNGATCGACATG 3998 GGACACANNNGATCCGACATG 4233

TGCAGGACCAGAGARTTCGAATAC TGCAGGACCAGAGARTTCGAATACAA
ACTGTTGNNNGA "’“'vA CATG 375 TCTGAATNNNGATCGACATG 3999
T AGGACCAGAGRATT "}AP TACAA TGCAGGACCAG

GGACCAGAGAATTCGAATACAG
CGTTNNNGATCGACAT G 4239
GAATTCGAATACARA TCCAGGACCAGAGAATTCGARATACAC

o

CACACTGNNNGATCGAC GCATCACNNNGATCGACATG 4000 TTGTACCNNNGATY CZ\C TG 4240
TGCAGGACCAGAGAATTCGAATACAA TGCAGGACCAGA T TCGAATRACAA TGCAGGACCA TCGAATACAG
GGTGACANNNGATCGACATG 3761 ATTGEGAANNNGATCGACATG 4001 GATGCGGNNNGATCGA ”n G 4241
TGCAGGACCAGAGAAT TCGAATACAN TGCAGGACCAGAGAAT TCGAATACAC SCAGGACCAGAGRATTCGARTACAC
ANCAATGNNNGAT TAGCCCCNNNGATCGACATG 4002 ATTGENNNGATCCGACATG 4242

TGCAGGACCAG, AG} TGCAGGACCAGAGAATT CCA}\ TACAT TGCAGGACCAGAGAATTCGAATACAG
ATTTGTAN CTTGCTG 4003 CAACTCANNNGATCGACATG 4243
TGCAGGA’” C TGCAG TGCAGGACCAGAGRATT CGARTACAT
CCCCGATY CCTCC 4004 XCC_‘CKCNNNG ATCCGACATG 1244
TGCAGGACCAGAGAAT TGCAG TCGCAGGACCAGAGAATTCGAATACAT
GGAGCGCNNNGATC CTA, GCACCCONNNGATCGACATG 4245

BGGACCAGAGAR
NNGATC-i
TGCAGGACCAGAGA

GCACTCCNNNGATH X

ot AL L

GGACCAGAGAATT ,G'ATACAG
CNNNGATCGAC,

G ple

?E:q
I G

TGC CCAGAGRATTCGARTACAR
AGCACTCNNNGATCGACATG
TGCAGGACCAGAGARTT CL ATACA

e
N
K
-1

"TTITNNNGATC

GGACCAGAGAATT

T (,A(,)}N‘] AT TTCAARCGNNNGATC "wA CATG TTCATATNNNGATCGACAT G 4248
TGCAGGACCAGAGAAT TCGAATACAG TGCAGGACCAGAGAATTC G}\P TACAC TCCAGGACCAGAGRAATTCGARTACAT
GCGTCETNNNGATCGACATG 37¢9 GTCTGTTNNNGATCGACAT 4008 CTGC ""I'\I‘JN(L»"«.”’TCZ\C}\ TG 4249

TGCAGGACCAGAGAATTCGAATACAC TGCAGGACCAGAG! 2 B TGCCAGGACCAGAGAATTCGAATACAT
ATTGTCCNNNGATCGACATG 3770 CACGGCTNNNGATCGACATG 4010 GCTATTANNNGATCGACATG 4250
TGCAGGACCAGAGAAT TCGAATACAT TGCAGGACCAGAGAAT TCCGAATACAN TGCAGGACCAGAGAATTCGARTACAR
AGTAACTNNNGATCGACATG o CCCAARACNNNGATCGACATG 4011 CAATGTANNNGATCCACATG 1251
TGCAGGACCAGAGAATTCGAATACAT TGCAGGACCAGAGAATTCGAATACAC TGCAGGACCAGAGAATTCGAATACAG
ACGATGTTNNNGATCGACATG 3772 ATAAACTNNNGATCGACATG 4012 GCCGAGCANNNGATCCGACATG
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TGCAGGAC TTC TTC
ATCAGCENNNGATCGACATG 3773 ACATG 4013
TGCAGGACCAGAGARATTCGAATACAA T':C ALYGA\./ CA GnG ATTCGAATACAG '7”‘3\(“ CAGAGAATTCGAATACAT
CTTGCGANNNGATCGACAT G 3774 NCATG 4014 TCANNNGATCGACATG 4254
TGCAGGACCAGAGAAT TCGAATACAG SCAGGACCAGAGAATTCGARATACAG TCCAGGACCAGAGAATTCGARATACAA
GCCTACCNNNGATCGACATG 3775 TTTTGETTNNNGATCGACATG 40135 ACACCTCNNNGATCCGACATG 4255
TGCAGGACCAGAGAATTCGAATACAG TGCAGGACCAGAGAATTCGAATACAT TGCCAGGACCAGAGAATTCGAATACAL
GTCACATNNNGATCGACATG 3776 GAGTAGGNNNGATCGACATG 4016 (BCATAATNNNGATCGACATG 4256
TGCAGGACCAGAGAATTCGAATACAC TGCAGGACCAGAGAAT TCGAATACAT TCCAGGACCAGAGAATTCGARATACAA
ACTTARANNNGATCGACATG GAGTCTGNNNGATCGACATE 11017 CCCTG AJN‘JN(JA”’TCZ\C TG 4257
TGCCAGGACCAGAGAATTCGAATACAT TGCCAGGACCAGAGAATTCGAATACAN TGCAGGACCAGAGAATTCGAATACAG
TTACCTANNNGATCGACATG 3778 GAMAGCTGNNNGATCGACATG 4018 TAGACCTNNNGATCGACATG 258
TGCAGGACCAGAGAAT TCGAATACAN GAATTCGAATACAT TGCAGGACCAGAGAATTCGARTACAC
GTTTGGCNNNGATCGACATG ‘VGA;A-.‘LG 4018 CCTACCGNNNGATCCGACATG 1259
TG TTCGAATACAG GAATTCGAATACAG TCGCAGGACCAGAGAATTCGAATACAT
AL AC“A"” G 3780 CGACATG %0210 ATCCCACNNNGATCGACATG 4260
TGCAGGACCAGAGAATTCGAATACAG AATTCGAATACAG TGCAGGACCAGAGRATTCGARTACAA
ACGCATANNNGATCGACAT G 3781 CATG 4021 CTCATTANNNGATCGACATG 4261
TGCAGGACCAGAGRATTCGARTACAC TTCGARTACAT TCGCAGGACCAGAGRATTCGARTACAG
CTCCTCGNNNGATCGACATG 3782 BCATG 4022 GBACAACNNNGATCGACATG
GGACCAGAGARTTCGAATACAT TGCAGGACTCA GnC A TTCG’ ATACAT TGCCAGGACCAGAGAATTCGAATACAA
TAGGNNNGATCGACAT G 3783 TTATAGGNNNGATCGACATG 4023 TCTCTGONNNGATCG. ;CAT’%
TGCAGGACCAGAGRATTCGAATACAT TGCAGGACCA ATTCGAARTACAR, TCGCAGGACCAGAGARATTCGARTACAC
CCCCGACNNNGATCGRACATG 3784 TGCTTAANNNGAT I)G}\.(,Z—\.'I'G 4024 TCTACCTNNNGATCCGACATG 4264
TGCAGGACCAGAGAATTCGAATACAC TGCAGGACCAGAGAATTCGAATACAT TGCCAGGACCAGAGAATTCGAATACAG
ACCGALTCNNNGATCGACATG 3785 GACGTACNNNGATCGACATG 4025 (LTCCAGTNNNGATCGACATG 4265
AGGACCAGAGAATTCGARTACAG TGCAGGACCAGAGAAT TCCGAATACAN TGCAGGACCAGAGAATTCGARTACAT
CCTCGCANNNGATCGACATG 3786 GAGAARANNNGATCGACATE 4026 IAAGTTCANNNGATCGACATG 4266
TGCCAGGACCAGAGAATTCGAATACAA TGCAGGACCA AG}\A TTCGAATACAT TGCAGGACCAGAGAATTCGAATACAC
ATCCAATNNNGATCGACATG 3787 GTCTCGTN 4027 CGT LG?-\NNN GATCGACATG 4267
TGCAGGACCAGAGAATTCGAATACAC TGCAGGA! TGCAGGACCAGAG? '—\1\ I T CGAATACAA,
GCGAACCNNNGATCGACATG 3788 GTTATGG 4028 ACGAGACCNNNGAT T
TGCAGGACCAGAGARATTCGAATACAT TGCAG TGCAGGACCAGA
ATCATCANNNTGCATCAGET 3789 ATTGA 4029 GCCCTACNNNTG
TGCAGGACCAGAGAATTCGAATACAT TGCAG A
TCGCACANNNTGCATCAGET 3720 AT AGA 4030
TGCAGGACCAGAGRATTCGARTACAC TGCAG
TACACCTNNNTGCATCAGET 3791 AGACATCNNNTGCATCAGGT 4031 GANNNTGCATCAGGET 4271
TGCAGGACCAGAGARATTCGAATACAT TGCAGGACCAGAGAATTCGE ATT C sGACCAGAGAATTCGAATACAG
TAGAGTTNNNTGCA [( BGGT 3792 AAGCCAANNNTGCATCAGGT 4032 ( VAGNNNTGCATCAGGT 4272
TGCAGGACCAGAGAAT TCGAATACAG TGCAGGACCAGAGAAT TCGAATACAC TCCAGGACCAGAGAATTCGARATACAA
GTGTTGETNNNTGCATCAGET AGTCCAANNNT GCATCAGGT 4033 CGCTAGTNNNTGCE «.(JGT 4273

T
Ll

TGCAGGACCAGAGE

CAGACGCNNNTGCATCAGET

CGAATRCAC

TGCAGGACCAGAGAATTCGAATACAT
TCCGACTNNNTGCATCAGGT

TGCAGGACCAGA

GTTGGCANNNTGCATCAGET

AGRATT _,G.»"«_’l TACAT

I‘CCAG GACCAGAGAAT TCGAATACAN
CAGTATTNNNTGCATCAGGT

TGCAGGACCAGAGAATTCGAATACAT
TTGAATGNNNTGCATCAGGT
TGCAGGACCAGAGAN AT

N

ATTAANTNNNTGCE

SLl
TGCCAGGACCAGAGAATTCGAATACAG
GG

TGCAGGACCAGAGAATTCGAATACAC
G

CNLINTGCATCA ACGAATATNNNT GCATCAGGT 4036 GTGTTGANNNTGCATCAGGT 4276
CCAGAGAR TGC ACCAH G]\’“ AATTCGAATACAA TGCAGGACCAGAGRATTCG,
NNTGCAT GT GGT 4037 AGCTTATNNNTGCAT =G
CCAGAGAR TG GAATACAA TGCAGGACCAGAGAATTCG
NNTGCAT GC T %038 CCCGACTNNNTGCA G

CAGAG!
NNTGL".

6{3

s
<
w
(el

TGCAGGACCAGAGA
TTACCTCNNNTGCATCAGET

TGCAGGE

AGCBAG

”."T CGAATACAT

ST
CAGGET

TGCAGGACCAGAGARTTCGA?

ATBCAT

TGCAGGACCAGAGAATTCGAAT?

SACCAGAGAATTCGAATACAG

CTACCACNNNTGCA [( BGGT 3801 ATTGGACNNNTGCATCAGGT 4041 CCNNNTGCATCAGGT 4281
TGCAGGACCAGAGAAT TCGAATACAT TGCAGGACCAGAGAAT TCGAATACAT CCAGGACCAGAGARTTCGARTACAT
AGTCGTGNNNTGCATCAGET 3802 AAGGCTCNNNTGCATCAGGT 404 C‘“(” TATNNNTGCATCAGET 4282
TG (’7—\’ FGACCAGAGAATTCGAATACAA TGCAGGACCAGAGAATTCGAATACAC TGCCAGGACCAGAGAATTCGAATACAT
ATGCAGGNNNTGCATCAGET 3803 GAMAGCGGNNNTGCATCAGGT 4043 GACGGARNNNTGCATCAGGT 4283

TGCAGGACCAGAGAATTC
ATGCGACTNNNTGCATCAGGT

GAATACAC

TGCAGGACCAGAGAAT TCGAATACAG

GACCAGAGARTTCGAATACAG

GT 3804 ACGATTCNNNTGCATCAGGET 4044 CCAGNNNTGCATCATGT 1284
TGCAGGACCAGAGARATTCGAATAC, TGCAGGACCAGAGARATTCGAATAC, TCGCAGGACCAGAGAATTCGAATACAT
TGCGAGTRNNNTGCATCAGET 3805 TCCATACNNNTGCATCAGGT 4045 CATATAGNNNTGCATCAGGT 4285
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TGCAGGACCAGAGRATTCGARTACAC TGCAGGACCAGAG ACCAGAGARTTCGARTACAG
CGATCAANNNACGTATCGCCA 5770 TACATGANNNACGTA GT x,»INNACGTA. { 6250

TGCAGGACCAGAGART

I3
by
14
{
Dﬁ
19
2

GACCAGAGAATT

GCAATCTNNNACE JCA 5771 GAGGATANNNACE : [ CTGNNNACGTAT (zCCA
TGCAGGACCAGA GARTACAC TGCAGGACCAGA GARTACAC TCGCAGGACCAGAGRATTCGARTACAG
TAGCGAGANNNACGTATGCCA 5772 GACATGTNNNACGTATGCCA €012 ATCGTGTINNNACGTATGCCA €252
T'S( AGGACCAGAGAATTCGAATACAT T'"( AGGACCAGAGAATTCGAATACAC TGCCAGGACCAGAGAATTCGAATACAT
AACNNNACGTATGCCA 5773 TGAAGNNNACGTATGCCA 0013 TATCTCANNNACGTATGCCA
CAGGACCAGAGAATTCGARTACAG ACCAGAGAATTCGAATACAC TGCAGGACCAGAGAATTCGARTACAR
AGTACTCNNNACGTATGCCA 5774 "«.T& NNNACGTATGCCA c014 INCCCTAGNNNACGTATGCCA 6254
AGGACCAGAGAATTCGAATACAG AGGACCAGAGAATTCGAATACAT
GAGNNNACGTATGCCA 6015 ATAGNNNACGTATGCCA €255
GGACCAGAGAATTCGAATACAC AGGACCAGAGARTTCGAATACAC
GTANNNACGTATGCCA c01l6 CGTTNNNACGTATGCCA 6250
TGCAGGACCAGAG CGAATACAA AGGACCAGAGAATTCGAATACAA
TGTGACCNNNA CCA ©0L7 ACARAGNNNACGTATGCCA
TGCAGGACCAGA GAATACAA CAGGACCAGAGAATTCGAATACAG
CCGAATTTNNNA CCA c018 TCATNNNACGTATGCCA
TGCAGGACCAGAGRATTCGAATACAT TGCAGGACCAG CGRAATACAR TGCAGGACCAGAGRATTCGARATACAR
CTTTCCCNNNACGTATGCCA 577¢ TTCTTTCNNNACGTATGCCA €019 GTAG (,‘ZA GNNNACGTATGCCA C25¢
TGCAGGACCAGAGARATTCGAATACAA TGCAGGACCAGAGART ”"CL‘A ATACAC TGCCAGGACCAGAGAATTCGAATACAG
AATTCCANNNACGTATGCCA 5780 GCCGTGANNNACGTATC

G020 BAAACATNNNACGTAT (zC"A
TGCAGGACCAGAGAAT TCGAATACAR TGCAGGACCAGAGAAT TCGAATACAC TCCAGGACCAGAGRAATTCGARTACAT
ATCTGCCNNNACGTATGCCA g1 ACTCAAGNNNACGTATGCCA c0zZ1 TCGCCTANNNA ’”"IA’N CCA 6261
TGCAGGACCAGAGAATTCGAATACAC TGCAGGACCAGAGAATTCGAATACAA TGCCAGGACCAGAGAATTCGAATACAA

o
)

ACATGACNNNACGTATGCCA 5782 GCAATCCNNNACGTATGCCA ©022 GAGTTGGNNNACGTATGCCA
TGCAGGACCAGAGAAT TCGAATACAG TGCAGGACCAGAGAAT TCGAATACAT TGCAGGACCAGAGAATTCGARTACAC
ACCTGGCNNNACGTATGCCA 5783 CCATTATNNNACGTATGCCA c023 IAATATTGNNNACGTATGCCA 6263
TGCCAGGACCAGAGAATTCGAATACAC TGCCAGGACCAGAGAATTCGAATACAN

CAAAATTRNNACGTATCGCCA ATTGCTANNNACGTATGCCA €024 Al CG GT.
TGCAGGACCAGAGAATTCGAATACAA TGCAGGACCAGAGAATTCGAATACAC TGCAGGACCAGAGAA GAATACAA
TTGCTCCCNNNACGTATGCCA 5785 GATCCAANNNACGTATGCCA CTTAATCNNNACGTA CA 6265
TGCAGGACCAGAGAATTCGAATACAC TGCAGGACCAGAGAATTCGAA TGCAGGACCAGAGAA GAATACAG
GTCGACGNNNACGTATCGCCA 5786 CCGTGENNNACGTATCGCCA ACTCTAGNNNACGTA CA 6266
TGCAGGACCAGAGARTTCGAATACAL TGCAGGACCAGAGARTTCGAATACAG TGCCAGGACCAGAGAATTCGAATACAA
CCGCTCANNNACGTATGCC? 5787 ACATTAANNNACGTATGCCA GCBAR DJ-&N»INn\,CrT ATGCCA G267
TGCAGGACCAGAGRATTCGARTACAA TGCAGGACCAGAGRATTCGARTACAR, TCGCAGGACCAGAGRATTCGARTACAT
TGCACTCNNNACGTATCGCCA 5788 TCAGGECTNNNACGTATCGCCA GACTAGINNNACGTATGCCA 62638

GGACCAGAG!
AACANNNACK

GACCAGAGAR GACCAGAGARA

TGC

5789 | CCCGNNNACH AGNNNACGTAT (z("‘ A

TGCAGGACCAGAGAAT TCGAATACAG TGCAGGACCAGAGAAT TCGAATACAT TCCAGGACCAGAGAATTCGARATACAA
TTTACTTNNNACGTATGCCA 5790 TTARATANNNACGTATGCCA 6030 GGTGTTCNNNACSE IA’N CCA 6270
TGCAGGACCAGAGAATTCGAATACAT TGCAGGACCAGAGAATTCGAATACAC TGCAGGACCAGAG! TCGAATACAG
GCATAAANNNACGTATGCCA 5791 ATGGCGCNNNACGTATGCCA ©031 CCATTAGNNNACGTATGCCA 1
TGCAGGACCAGAGAAT TCGAATACAN TGCAGGACCAGAGAAT TCGAATACAT TGCAGGACCAGAGAATTCGARTACAC
TCCTTCGNNNACGTATGCCA 5792 CGGTTAGNNNACGTATGCCA 6032 CTTCTGTNNNACGTATGCCA 6272

GAATTCGAATACAC ' G GAATTCGAATACAC TCGCAGGACCAGAGAATTCGAATACAT

GTATGCCA 5793 GG GTATGCCA €033 CCGCCTGNNNACGTATGCCA

GAATTCGAATACAR, TGCAGGACCAGAGAATTCGARATACAT T

GTATGCCA 5794 TCCTGTGNNNACGTATGCCA c034 C

GAATTCGAATACAA TGCAG AGAGA

o

()

TGCAGGACCAGAGRATTCG TGCAGGACCAG TTCGAATACAR TCGCAGGACCAGAGRATTCGARTACAG
CGARATTNNNACGTAT ( CA 5797 TT (,(z.ECAN“]‘\U—\C"'IA.L‘ GCCA €037 CATTATANNNACGTATGCCA c277
TGCAGGACCAGAGAATTCGAATACAC TGCAGGACCAGAGAATTCGAATACAC TGCCAGGACCAGAGAATTCGAATACAG
AAGTCACNNNACGTATGCCA 5798 AANTGAANNNACGTATGCCA ©038 TGGCATTNNNACGTATGCCA
TGCAGGACCAGAGAAT TCGAATACAT TGCAGGACCAGAGAAT TCGAATACAT TCCAGGACCAGAGARTTCGAARTACAA
GACCCGGNNNACGTATGCCA 5799 AGCATGEGNNNACGTATGCCA 6 038 IACGTCACNNNACGTATGCCA 6279
TGCCAGGACCAGAGAATTCGAATACAA TGCCAGGACCAGAGAATTCGAATACAT TGCAGGACCAGAGAATTCGAATACAG
GCTGCCGNNNACGTATGCCA 5800 TGCACGTNNNACGTATGCCA ©040 TTAACTANNNACGTATGCCA
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TGCAGGA! G. TTC
5801 CCTGAGT TGNNNACGTATGCCA G281
GGA GACCAGAGAATTCGAATACAA
TTC CTNNNACGTATGCCA 0282
GACCAGAGARTTCGAATACAC
ANNNACGTATGCCA 62833
TTCGARTACAT

GACCAGAGAA
ANNNACGT
GACCAGAGARA

CGCONNNACGTATGCCA

\A CAGC ’4‘] N ‘\INAC GCONNNACE

5805 ¢l G045

TGCAGGACCAGAGAAT TCGAATACAG CAGGACCAGAGAATTCGAATACAT TCCAGGACCAGAGAATTCGARATACAG
ATATTTGNNNACGTATGCCA 5806 ‘1 AAGGCONNNACGTATGCCA 6046 SATTCGTINNNACGTATGCCA 6286
TGCAGGACCAGAGAATTCGAATACAT TGCAGGACCAGAGAATTCGAATACAT TGCAGGACCAGAG! TCGARATACAA
TCTGTTTNNNACGTATGCCA 5807 GTTARACNNNACGTATGCCA 0047 GCATCTGNNNACGTATGCCA 7
TGCAGGACCAGAGAAT TCGAATACAG TGCAGGACCAGAGAAT TCGAATACAC TGCAGGACCAGAGAATTCGARTACAC
ADAMABGNNNACGTATGCCA 5808 TTGGTTCNNNACGTATGCCA c048 CCACAAANNNACGTATGCCA 62588
TGCCAGGACCAGAGAATTCGAATACAG TGCCAGGACCAGAGAATTCGAATACAG TGCAGGACCAGAGAATTCGAATACAA

GTAATTTRNNACGTATC s ©049 GCTTATACNNNACGTATGCCA

TGCAGGACCAGA ARTACAN TGCAGGACCAGAGAATTCGARTACAT

TTATCAGNNNACG A c050 CTAT NNNACGTATG 5290
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GGACCAGAGAAT
TTATNNNAC TATGL\“
TGCAGGACCAGAGRATTCGAATACAT :CAGGACCAGAGARATTCGARTACAT
ALCGTCENNNACGTATCGCCA 5813 >0 A'SA CTCGNNNACGTATGCCA 6293
TGCAGGACCAGAGARATTCGAATACAT TGCAGGACCAGAGARTTCGAATACA TGCCAGGACCAGAGAATTCGAATACAA
TTCARGANNNACGET 5\"‘ GCCA 5814 GCGACATNNNACE 5\"‘ GCCA 5054 ACGTTTANNNACGTATGCCA
TGCAGGACCAGAGAATTCGAATACAC TCCAGGACCAGAGAAT TCGAATACAR, TCCAGGACCAGAGAATTCGARATACAA
ACARGAGNNNACGTATCGCCA 5815 GCAGTAGNNNACGTATGCCA IACTAAGTNNNACGTAT C-.C(‘iZA, €295

PR
(\ oy

GATCCAGNND

ié

TGCAGGACCAGAGAATTCGAATACAC TGCAGGACCAGAGAATTCGAATACAT TGCCAGGACCAGAGAATTCGAATACAA
CCGTTTANNNACGTATGCCA 5816 TAGTGATNNNACGTATGCCA ©056 TCTTAACNNNACGTATGCCA €296
TGCAGGACCAGAGAAT TCGAATACAG TGCAGGACCAGAGAAT TCGAATACAC TGCAGGACCAGAGAATTCGARTACAT
TTAAGAANNNACGTATGCCA 5817 ACATTAANNNACGTATGCCA c0o7 AATCACANNNACGTATGCCA 6297
TGCCAGGACCAGAGAATTCGAATACAG TGCCAGGACCAGAGAATTCGAATACAN TGCAGGACCAGAGAATTCGAATACAC
AACCTACNNNACGTATGCCA 5818 GGTGCCCRNNNACGTATGCCA €058 ATGCTTCNNNACGTATGCCA €293
TGCAGG! TCGARTACAA TGCAGGACCAGAGAATTCGAATACAN TGCAGGACCAGAGRATTCGARTACAA
GCGACTT CA 5818 CCTGGCGNNNACGTATGCCA c059 CCATTATNNNACGTATGCCA 6299
GAATACAC TGCAGGAC G TGCAGGACCAGAGAATTCGAATACAR
CA 2820 GGCGATCN GGCATAL GCCA 6300
CGAATACAG TGCAGGACCAL 2 G CCAGAGRATTCGARTACAC
CA 5821 ACARCCTG ANNNACGTATGCCA

O
ﬁ

GARTACAC
ANNNACGTATCCCA 5822 h( TACK )N“]‘\U—\C"‘TA' GCCA

CAGGACCAGAGARTTCGARATACAR
CCCGONNNACGTATGCCA 6302

T GCAGGACCAGAGARATTCGAATACAG TGCAGGACCAGAGAATTCGAATACAC TGCCAGGACCAGAGAATTCGAATACAT
TCATANNNACGTATGCCA 5823 TTAGACGNNNACGTATGCCA 5063 TCCCTAGNNNACGTATGCCA €303
T ‘A(‘ GACCAGAGAATTCGAATACAT TGCAGGACCAGAGAAT TCGAATACAC TCCAGGACCAGAGAATTCGARATACAA
TGACGACNNNACGTATGCCA 5824 GGCGGCONNNACGTATGCCA €064 GTGTGCTNNNACSE IA’N CCA 6304
TGCCAGGACCAGAGAATTCGAATACAC TGCCAGGACCAGAGAATTCGAATACAG TGCAGGACCAGAGAATTCGAATACAC
CTTGTACNNNACGTATGCCA 5825 CCCGATATNNNACGTATGCCA 0065 CTGTACTNNNACGTATGCCA
A AGAATTCGAATACAG IC‘”AG GACCAGAGAAT TCGAATACAC TGCAGGACCAGAGAATTCGARTACAC
GITATGCCA s CGGCCONNNACGTATGCCA c066 INCACCCCNNNACGTATGCCA 6306
AGAATTCGAATACAT TGCCAGGACCAGAGAATTCGAATACAC TGCAGGACCAGAGAATTCGAATACAT
GTA CTCGCTGNNNACGTATCGCCA 6067 TTGCTGEGNNNACGTATGCCA €307
GAZA TGCAGGACCAGAGAATTCGAATACAC TGCAGGACCAGAGRATTCGARTACAG
GTA ACCCATANNNACGTATGCCA G068 TTAGC
LGAA TGCAGGACCAGAGAATTCGAATACAN TGCAG
NNCTAGC ATCCGAGCNNNCTAGCCTTAC e06¢ CGACA
TGCAGGACCAGAGARATTCGAATACA TGCAGGACCAGAGAR TGC‘AC}GAC CAGAGAATT ATACAG
TCGTGTCNNNCTAGCGTTAC 5830 CAL IAGACNN‘]C’TAG- > CATGACTNNNCTAGCG G310
TGCAGGACCAGAGAT TGCAGGACCAGAGAAT TCGAATACAT TCGCAGGACCAGAGRATTCGARTACAT
COTCTTENNNCTAGC »;'} TAC 5831 CCCTCOGENNNCTAGCGTTAC €071 AGCTTGTANNNCTAGCGTTAC 6311

TGCAGGACCAGA TTCGAATACAG TGCAGGACCAGA TTCGAATACAG TGCCAGGACCAGA TTCGAATACAL
ACTGTGTNNNCTAC TAC > 4 AATGGACNNNCTAGCCTTAC CTGTTCANNNCTAGCCTTAC
TGCAGGACCAGAGAATTCGAATACAC TGCAGGACCAGAGAAT TCGAATACAG TCCAGGACCAGAGAATTCGARATACAC

CATTGGANNNCTAGCGTTAC TGCTCAANNNCTAGCGTTAC TCGAGTCANNNCTAGCGTTAC 6313
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T JAC CACHNN] GCO 7 GTA,
TGCAGGACCAGAG! TGCAGGACCAG

E [AC, GGACCAGAGAATTCGAATACAG
CABATGANNNCTAGCGTTAC 5838 TCCGAGTNNNC ’TAG- > : € CTACCATNNNCTAGCCTTAC o318
TGCAGGACCAGAGAAT TCGAATATCA TGCAGGACCAGAGAAT TCGAATACA, TCCAGGACCAGAGAATTCGARATACAA

TTCTTGANNNCTAGCGTTAC 5 8339 CCAACCANNNCTAGCGTTAC 6 0783 GAAAARGNNNCTAGCC 6319
TGCAGGACCAGAGAATTCGAATACAA TGCAGGACCAGAGAATTCGAATACAC TGCCAGGACCAGAGE ATRCAG

CGCARACNNNCTAGCGTTAC 5840 AGTATATNNNCTAGCGTTAC ©080 CTCTCATNNNCTAGCGTTAC 0320
TGCAGGACCAGAGAAT TCGAATACAG TGCAGGACCAGAGAAT TCGAATACAT TGCAGGACCAGAGAATTCGARTACAR
AGARCGTNNNCTAGCGTTAC 5841 CCCGATAGNNNCTAGCGTTAC cOB1 GGCACAANNNCTAGCGTTAC 6321
TGCCAGGACCAGAGAATTCGAATACAT TGCCAGGACCAGAGAATTCGAATACAT TGCAGGACCAGAGAATTCGAATACAG
ACCATGGNNNCTAG TAC 5842 TACTATGNNNCTAGCGTTAC €082 CCATGARNNNCTAGCCTTAC €322
TGCAGGACCAGAGAAT TCGAATACAC TGCAGGACCAGAGAAT TCCGAATACAN TCCA(:QA‘”CZW AGALTTCGAATACAT
ARAACGGNNNCTAGCGTTAC 5843 CATTCAANNNCTAGCCGTTAC c083 CAC CTAGCGTTAC 6323
TGCAGGACCAGAGAATTCGAATACAT TGCAGGACCAGAGAATTCGAATACAG TG GAGAATTCGAATACAT
AGCTGAGENNNCTAGCGTTAC TACTGEACE VNNC TAGCGTTAC €084 e AL T
TGCAGGACCAGAGARTTCGAATACAL G TG
GTGATACNNNCTAGCCGTTAC 5845 B TT
TGCAGGACCAGAGRATTCGARTACAG TGCAGGACCAGAGRATTCGARTACAR, TGCAGGACCAG
TGCCCCTNNNCTAGCGTTAC 5845 TGCCACTNNNCTAGCGTTAC €085 CTGTTTANNNCTA ‘w("’"T'TAC 6325
TGCAGGACCAGAGARATTCGAATACAG TGCAGGACCAGAGARTTCGAATACAC GCAGGACCAGAGAATTCGAATACAA
GACAGTANNNCTAGK T 5847 CCCACGTNNNC ’TAG-‘GTT AL c087 GTTGAAANNNCTAGCGTTAC €327
TGCAGGACCAGAGAATTCGAATACAC TGCAGGACCAGAGAAT TCGAATACAC TCCAGGACCAGAGAATTCGARATACAA
TAGTATANNNCTAGCGTTAC 5843 ABACCTENNNCTAGCGTTAC €083 TATGACTNNNCTAGCGTTAC €328
TGCAGGACCAGAGAATTCGAATACAG TGCAGGACCAGAGAATTCGAATACAC TGCCAGGACCAGAGAATTCGAATACAG
AACCTTGNNNCTAGCGTTAC 5849 GGCCAGTNNNCTAGCGTTAC ©089 (BAGACTGNNNCTAGCGTTAC
TGCAGGACCAGAGAAT TCGAATACAC TGCAGGACCAGAGAAT TCGAATACAG TGCAGGACCAGAGAATTCGARTACAG
CTTTATNNNCTAGCGTTAC 5850 ACAACCTNNNCTAGCGTTAC c090 TCCGTGCNNNCTAGCCGTTAC 6330
TGCCAGGACCAGAGAATTCGAATACAA TGCCAGGACCAGAGAATTCGAATACAT TGCAGGACCAGAGAATTCGAATACAA
ATAGGATNNNCTAGCGTTAC 5851 GGCACATNNNCTAGCGTTAC 6091 TCTCCGANNNCTAGCCTTAC 6331
TGCAGGACCAGAGM&TTC \AT ACAC TGCAGGACCAGAGAATTCGAATACAC T JCAGGA“(‘ AGAGARTTCGAATACAT
GTCAAGTNNNCTAGCG 5852 CAAGTACNNNCTAGCCTTAC c092 CTTATA TAC 6332
AT ATACAG TGCAGGACCAGAGAATTCGAATACAC CGAATACAT
"iCL 5853 ACCACCENNNCTAGCGTTAC €093 AC 6333
ACCAGAGAATTCGAATACAR, TGCAGGACCAGAGAATTCGAATACAC GAATACAG
CTAGCC C 5854 CC TANNNCTAGCCTTAC c094 TAC 6334
AR ARTACAC TGCAGGACCAGAGRATTCGARTACAC TGCAGGACCAGAGRATTCGARTACAG
P'S(’””w‘(" N“]‘\IC IAGCG 5855 VT TGCCTNNNCTAGCGTTAC €095 AATTACTNNNCTAGCGTTAC ©335
TGCAGGACCAGAGAATTCGAATACAT TGCAGGACCAGAGAATTCGAATACAT TGCCAGGACCAGAGAATTCGAATACAT
CCTTACGNNNCTAGCGTTAC 5856 GTTGTTTNNNCTAGCGTTAC 5096 CCACCCCNNNCTAGCCTTAC €336
TGCAGGACCAGAGAAT TCGAATACAR TGCAGGACCAGAGAAT TCGAATACAT TCCAGGACCAGAGAATTCGARATACAG
ACCAAGCNNNCTAGCGTTAC 5857 GTTTTTGNNNCTAGCGTTAC 6097 CCTCCACNNNCTAGCGTTAC 6337
TGCCAGGACCAGAGAATTCGAATACAG TGCCAGGACCAGAGAATTCGAATACAG TGCAGGACCAGAGAATTCGAATACAC
AAGTTTTNNNCTAGCGTTAC 5858 CTCCTCGNNNCTAGCGTTAC ©098 TCTATARNNNCTAGCGTTAC
TGCAGGACCAGAGAAT TCGAATACAG I‘CCAG GACCAGAGAAT TCGAATACA TGCAGGACCAGAGAATTCGARTACAT
CCCTTAANNNCTAGCGTTAC 5859 CACCTGCNNNCTAGCGTTAC 6099 TCGAGTGNNNCTAGCGTTAC 6339
TGCCAGGACCAGAGAATTCGAATACAT TGCCAGGACCAGAGAATTCGAATACAG TGCAGGACCAGAGAATTCGAATACAT
GTCCCAANNNCTAGCGTTAC 5860 AGCGGTGNNNCTAGCGTTAC ©100 (AAGTGCCNNNCTAGC C €340
TGCAG GA. I\G GAATTC I\ATX AG TGCAGGAC (‘l G]\GAJ& TTCGAATACAA TGCAG TCGAATACAC
) AGCCTT, Al CG TAC G101 BCA TAC 6341
GAATACAA TGC? 'CGAATACAC
€102 GAA TAC 6342
i 2 T CGAATARCAG
GACGT CA) ‘\I‘] CTAGT 5863 ‘}l 'E»}‘«.Gn]A ‘\I‘] C TA G-)G’I"I‘Z—\(‘i 5103 ACCTTACNNNCTAGCGET I'A(“ G343
TGCAGGACCAGAGRATTCGARTACAC TGCAGGACCAGAGRATTCGARTACA TGCAGGACCAC "CGARTACAT
TCCCTAANNNCTAGCGTTAC 5864 ATACCTGNNNCTAGCGTTAC €104 CATCTGINNNCTAGCETTAC 6344
TGCAGGACCAGAGAATTCGAATACAT TGCAGGACCAGAGAATTCGAATACAA TGCCAGGACCAGAGAATTCGAATACAL
ATTCAGANNNCTAGCCTTAC 5865 CTTATTCNNNCTAGCGTTAC 5105 CACGTGGNNNCTAGCCTTAC G345

AGGACCRAGAGAATTCGAATACAC TGCAGGACCAG
TAGCAACNNNCTAGCGTTAC 8¢5 GTTGTTANNNCT

AGAAT TCGAATACA,

AGCCTTAC cl06

IAG GRACCAGAGRATTCGARTACAC

STATGNNNCTAGCGTTAC

o
e
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5869 GACTATT

TGCAGGAC
TGCARACCNN
GCAGGACCAGAGAR

TGC ALYGA\./ ,JA

GGACCAGAGAATT

ACTCGAT 5871 GCAARGGNNNC ’TAG- ANNNCTAGCG 1
TGCAGE, CAG TGCAGGACCAGAGAAT TCGAATACAC TCCAGGACCAGAGARTTCGAATACALC
CCATCHE! ”"N'\I(, /LC(,G’I”‘“AC 58772 CCTAGTTNNNCTAGCGTTAC cli2 GGTCCGANNNCTAGCC 6352
TGCAGGACCAGAGAATTCGAATACAA TGCAGGACCAGAGAATTCG FGACCAGAGE ATRCAA

ATRCAC T GCAL

CTCTACCNNNCTAGCGTTAC 5873 AANCCACNNNCTAGCGTTAC ©1l13 (LCCCACTNNNCTAGCGTTAC
I‘CCAG GACCRAGAGAAT TCGAATACAG TGCAGGACCAGAGAAT TCGAATACAT TGCAGGACCAGAGAATTCGARTACAG
CNNNCTAGCGTTAC 5874 TCTAGTANNNCTAGCGTTAC clid IATCTTTTNNNCTAGCGTTAC 6354
‘IGC}\“"}\\,VA SAGAATTCGAATRCAC TGCCAGGACCAGAGAATTCGAATACAG TGCAGGACCAGAGAATTCGAATACAG
5875 TACAGCTNNNCTAGCGTTAC 6115 GCTCTARNNNCTAGCCTTAC €355
TGCAGGACCAGAGAAT TCGAATACAC TGCAGGACCAGAGAAT TCCGAATACAN TGCAGGACCAGAGAATTCGARTACAT
GCTGACCNNNCTAGCCGTTAC 5870 GTG CTAGCCTTAC cllo CTATGTTNNNCTAGCGTTAC 6350
TGCAGGACCAGAGAATTCGAATACAG TGCAGGACCAGAGAATTCGAATACAT TGCAGGACCAGAGAATTCGAATACAR
TGCATGTNNNCTAGCGTTAC 5877 TTTAT TAGCGTTAC el CCGCGTENNNCTAGCCTTAC 6357
TGCAGGACCAGAGARATTCGAATACAT TGCAG CAGAGAATTCGAATACAA TGCCAGGACCAGAGAATTCGAATACAG
ARGTGTTNNNCTAGCCTTAC 5878 ATCC TAGCCTTAC G118 TACTCCTNNNCTAGCCGTTAC 6358
TGCAGGACC ALAUA?TTC‘GDJ-&TAC“’ TGCAGGACCAGAGRATTCGARTACAC TCGCAGGACCAGAGRATTCGARTACAG

CCTTATTNNNCTAGCL ¢ GATCTGANNNCTAGCGTTAC cll9 GAGCCCTNNNCTAGCETTAC ©35¢
TGCAGGACCAGAGAR TGCAGGACCAGAGAATTCGAATACA TGCCAGGACCAGAGAATTCGAATACAT

CTCCACTNNNCTAGCGTTAC 0 ATRGATANNNC ’TAG-‘(‘T'I' AL G120 ATCGAGCNNNCTAGCGTTAC
TGCAGGACCAGAGAATTCGAATACAC TGCAGGACCAGAGAAT TCGAATACAG TCCAGGACCAGAGAATTCGARATACAC
CAARTATNNNCTAGCGTTAC 5881 AGTCCTANNNCTAGCGTTAC clzl COTTGAANNNCTAGCCTTAC 6361
TGCAGGACCAGAGAATTCGAATACAC TGCAGGACCAGAGAATTCGAATACAC TGCCAGGACCAGAGAATTCGAATACAL
AAGATGGNNNCTAGCGTTAC 5882 ATGTGGTNNNCTAGCGTTAC ©1l22 GAAGARACNNNCTAGCGTTAC
TGCAGGACCAGAGAAT TCGAATACAC TGCAGGACCAGAGAAT TCGAATACAG TGCAGGACCAGAGAATTCGARTACAR
CCAAGGCNNNCTAGCCTTAC 5883 ATCGCGCNNNCTAGCGTTAC cl23 CTGATCCNNNCTAGCGTTAC 6363
TGCCAGGACCAGAGAATTCGAATACAT TGCAG GACCAG;«.\:}\A TTC C J\ TACAN TGCAGGACCAGAGAATTCGAATACAG
AACCGGANNNCTAGCGT CC AGCCTTA 6124 GTCAACTNNNCTAGCCTTAC €364
TGCAGGACCAGAGAATT TG ATTCGAATACAT TGCAGGACCAGAGRATT CGARTACAT
AGGCCCTNNNCTAGCGET GC GTTAC cl25 CACGTGTNNNCTAGCGTTAC 6365
TGCAGGACCAGAGAATT TG TTCGAATACAC TCGCAGGACCAGAGAATTCGAATACAT
TTCCTAGNNNCTAGCGT A DA GTTAC elZo TACAACANNNCTAGCGTTAC 6366
TGCAGGACCAGAGAATT TG TTCGARTACAA] TGCAG G GAATACAA
GCAGAAARNNNCTAGC CT ? =TTAC G127 BATG TAC 6367
TGCAGGACCAGAGA TGCAGGACCAGAGRATTCGARTACAR, TCGCAGGACCAGAGRATTCGARTACAT
GTCGCETANNNCTAGCGTT, AGCTCGTNNNCTAGCGTTAC clz3 TATAACGNNNCTAGCETTAC 63638
TGCAGGACCAGAGAATTCGAATACAC TGCAGGACCAGAGAATTCGAATACAG TGCCAGGACCAGAGAATTCGAATACAT
GATGGAANNNGATCGACAT G 5889 GATCGAANNNGATCGACATG G129 CCGGATANNNGATCGACAT G

T CAGGACCAGAGAATTCGAATACAC TGCAGGACCAGAGAAT TCGAATACAT TCCAGGACCAGAGAATTCGARATACAA

CAATTAANNNGATCGACATG 5890 CGCAACANNNGATCGACATG 6130 GCCCTTTNNNGAT! ”CZ\C TG 6370
‘IGCZ\“ GACCAGAGAATTCGAATRCAC TGCCAGGACCAGAGAATTCGAATACAC TGCAGGACCAGAGAATTCGAATACAG
ATAGGCTNNNGATCGACATG 5891 CGACTAANNNGATCGACATG 6131 TACACTGNNNGATCGACATG
TGCAGGACCAGAGAAT TCGAATACAN TGCAGGACCAGAGAAT TCGAATACA _”CCA" GRCCAGAGRATTCGARTACAC
ABAMATTNNNGATCGACATG 5892 ACCGTTANNNGATCGACATG 6 132 STAGTINNNGATCGRCATG 6372
TGCCAGGACCAGAGAATTCGAATACAA TGCCAGGACCAGAGAATTCGAATACAN TGCAGGACCAGAGAATTCGAATACAG
ATACACTNNNGATCGACATG 5893 TGCCCTTRNNGATCGACATG 6133 C. CNNNGATCCGACATG €373

GACCAGAGRATTCGARTACAA TGCAGGAC (‘AGAGXATTCL;’\AT ACAT TCGAATACAT
NNGATCGACAT G 5894 CONNNGATCGACATG G134 AT G 6274

GACCAGAGAATTCGAATAC GACCAGAGAATTCGAATACAG TCGCAGGACCAGAGAATTCGAATACAT
CNNNGATCGARCATG 58 95 TCTNNNGATCGACATG €135 ACTCGGANNNGATCGACATG 6375

TGC ACCAGAGAATTCGAATACAA TGCAGGACTCA (‘]—\G ATTCGAATACAC T ~}GAC CAl :AG? \TTCGAATACAC
CCCGA I’A) NNGATCGACAT G 5896 TACCCTANNNGATCGACATG 5136 ATCGACATG G376

TGCAGGACCAGAGRATTCGARTACAG TGCAGGACCA ATTCGAARTACAR, TCGCAGGACCAGAGRATTCGARTACAT
ABACGCANNNGATCGACATG 5897 TGCCTTCNNNGAT I) GP\.(,Z—\.'I' G el37 TCAACCENNNGATCCACATG 6377

TGCAGGACCAGAGAATTCGAATACAG TGCAGGACCAGAGAATTCGAATACAG TGCCAGGACCAGAGAATTCGAATACAG
TCATCGETNNNGATCGACAT G 5898 CCACTATNNNGATCGACATG G135 GCCGCTANNNGATCGACAT G €378

AG GACCAGAGAATTCGAATACAC TGCAGGACCAGAGAAT TCGAATACAG TCCAGGACCAGAGAATTCGARATACAG
GCAGCCANNNGATCGACATG 5899 GCATTCANNNGATCGACATG > IATACGTCNNNGATCGACATG 6379
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TCGAATACAG LATTC TGCAGGACCAGAGAATTCGAATACAG
CATG 5901 GACA TCTGCATNNNGATCCGACATG €381
TCGARTACAA AATTC TGCAGGACCAGAGRATTCGARTACAG
CATG 5902 BTCGACA CCATA T A
TGCAGGACCAGAG ARTACAG ATTCGAATACAR, TGCA G C
ACAGGCENND \I(‘ﬂu €143 TCAT T

TGCAGGACCAGAGARATTCGAATACAA GCAGGACCAGAGAATTC
TAGANNNGATCGACAT G 5904 IT GN‘\I‘]C ATCGACA G144 A(,CC CTNNNGATCGACA
CAGGACCAGAGAATTCGAATACAT CAGGACCAGAGAAT TCGAATACARA TCCAGGACCAGAGARTTCGAATACALC
CATTACTNNNGATCGACATG 59035 ACCGGONNNGATCGACATG clid IATCGCCONNNGATCGACATG 6385

ACCAGAGAR

T

TGCAGGACCAGAGAATTCGAATACAC TGCAGGACCAGAGAATTCGAATACAC TGCCAGGACCAGAGAATTCGAATACAT
GADANTANNNGATCGACATG 5906 ATATACANNNGATCGACATG ©146 (BCGAT CCNNNGATCGACAT G €386
TGCAGGACCAGAGAAT TCGAATACAT TGCAGGACCAGAGAAT TCCGAATACAN TGCAGGACCAGAGAATTCGARTACAR
GCAAGGTNNNGATCGACATG 5907 AGGCTAGNNNGATCGACATE [ TGGCGTTNNNGATCGACATG 6387
TGCCAGGACCAGAGAATTCGAATACAC TGCCAGGACCAGAGAATTCGAATACAT TGCAGGACCAGAGAATTCGAATACAC
TGTTTTANNNGATCGACATG 5908 ATCGACGNNNGATCGACATG ©148 TAAATTGNNNGATCCGACATG €383
TGCAGGACCAGAGAAT TCGAATACAC GACCAGAGAAT TCGAATACAN TGCAGGACCAGAGAATTCGARTACAR
GCATTTGNNNGATCGACATG 53909 GACATG c1l49 CTACATANNNGATCCGACAT 6389

G
TGCAGGACCAGAGAATTCGAATACAC
TCR T

GTGG~GCEHTN(‘A TCGRCATG 5910 6150 ANNNGATCGARCATG 6390
TGCAGGACCAGAGARATTCGAATACAA TGCAGGACCAGAGAATTCGAATACAG
TCCCTCTNNNGATCGACATG 5911 151 ATGTGAGNNNGATCCACAT G
TGCAGGACCAGAGRATTCGARTACAA TGCAGGACCAGAGRATTCGARTACAC TCGCAGGACCAGAGRATTCGARTACAR
GAGAAGGENNNGATCGRACATG 5912 GTARCGTNNNGATCGACATG clh2 GGCCAAANNNGATCCGACATG 6392
TGCAGGACCAGAGARATTCGAATACAT TGCAGGACCAGAGARTTCGAATACAA TGCCAGGACCAGAGAATTCGAATACAL
CATGGTGNNNGATCGACAT G 5913 TCTTATCNNNGA "’“"v’l" ATG 5153 CAAGCTANNNGATCGACAT G ©393
TGCAGGACCAGAGAATTCGAATACAC TCCAGGACCAGAGAAT TCGAATACAR, TCCAGGACCAGAGAATTCGARATACAA
TGCAGCCNNNGATCGACATG 5914 COTTTGENNNGATCGACATG clh4 >CAGATCNNNGATCC, AC.Z—\.’I’G 6394
TGCAGGACCAGAGAATTCGAATACAC TGCAGGACCAGAGAATTCGAATACAG TGCCAGGACCAGAGAATTCGAATACAL
TGCTTAGGNNNGATCGACATG 5915 ATTABAGNNNGATCGACATG ©155 CTCCGACNNNGATCGACATG
TGCAGGACCAGAGAAT TCGAATACAC TGCAGGACCAGAGAAT TCGAATACA SCAGGACCAGAGRATTCGARTACAC
TGCCTTCTNNNGATCGACATG 5916 TGCCCAGANNNGATCGACATG 6156 'GTGGNNNGATCGACATG 6390
TGCA AGAATTCGAATACAC TGCCAGGACCAGAGAATTCGAATACAC AGGACCAGAGAATTCGAATACAT
ABAG TCGACATG 5917 GGCATATNNNGATCGACATG 6157 GCCCNNNGATCGACATG €397
TGCA AATTCGAATACAC TTCGARTACAG AGGACCAGAGARTTCGAATACAC
GTAG CGACATG 5918 ACAT c1lo8 GCCTNNNGATCGACATG 6398
TGCA GAATTCGAATACAA TTCGAATACAC TGCAGGACCAGAGAATTCGAATACAC
CGACATG 5919 ACATG €159 . SATCCRCATG 6399
TGCA AATTCGAATACAC AATTCGAATACAC T AGARTTCGAATACAG
TAAT GATCGACATG 5920 GCARCGE TCGACATG 160 C TCCACAT G 6400
TGCAGGACCAGAGRATTCGARTACAG TGCAGGACCA TTCGARTACAT T ACCAGAGRATTCGARTACAA
ACTTAATNNNGATCGACATG GCTTCET l\.‘“]‘\l(zn \:P\.CZ—\.'I'G clGl CT ,-I)NNNGAT CCGACATG 6401
TGCAGGACCAGAGAAT 'I CGAATRCAA TGCAGGACCAGAGAATTCGAATACAA TGCCAGGACCAGAGAATTCGAATACAT
TCACAATNNNGATCGACATG 5922 GCACTGETNNNGATCGACATG G162 GCTTGCCTNNNGATCGACAT G 0402
TGCAGGACCAGAGAAT TCGAATACAG TGCAGGACCAGAGAAT TCGAATACAC TCCAGGACCAGAGAATTCGARATACAC
AGCCTGCNNNGATCGACATG 5923 TTACARANNNGATCGACATG cl63 GGCACGTNNNGAT! ”CZ\C TG 6403
TGCCAGGACCAGAGAATTCGAATACAC TGCCAGGACCAGAGAATTCGAATACAC TGCAGGACCAGAGAATTCG
TCTAGGANNNGATCGACATG 5924 GATGGCCNNNGATCGACATG 0164 GCTGTGANNNGA L‘(,CACA ! 4
TGCAGGACCAGAGAAT TCGAATACAG TGCAGGACCAGAGAAT TCGAATACA TGCAGGACCAGAGAATTCGARTACAR
GTGAGATNNNGATCGACATG 5925 ACCGGCANNNGATCGACATE 6165 IANCGACGANNNGATCGACATG 6405
ATTCGAATACAA TGCCAGGACCAGAGAATTCGAATACAG TGCAG G}\Cvn AG}\A'P TCGAATRCAC
NGATCGACATG 5926 CCATAACNNNGATCGACATG 6166 ATC ACATG 0406
AGAATTCGAATACAG TGCAGGACCAGA \TTCGAATACAT T TTCGARTACAT
SATCGACAT G 5927 GABGTCONNNGATCGACATG CloT T—@. TG G407
AGAATTCGAATACAA GCAGGACCA TTCGAATACAG T GAATACAC
[CGRCATG 59238 CAACACTNNN ACATG €163 G TG 6403
ARTTCGAATACAC TGCAGGACCAG TTCC’ ATARCAA T GAATACAT
CGACATG 5929 CECTTCTNNNGA NCATG 5159 & CATG G409
TGCAGGACCAGAGRATTCGARTACAA TGCAGGACCA ATTCGAATACAT :CAGGACCAGAGARATTCGARTACAC

=]
=0

ACCATTANNNGATCGACATG 5930 ACCGGECENNNGATCGACATE el70 TCGGAANNNGATCCGACATG €410
TGCAGGACCAGAGAATTCGAATACAT TGCAGGACCAGAGAATTCGAATACAT TGCCAGGACCAGAGAATTCGAATACAL
CGCTGNNNGATCGACAT G 5931 GCTAATANNNGATCGACATG G171 GCAAATCNNNGATCGACAT G C4Ll
AGGACCRAGAGAATTCGAATACAC TGCAGGACCAGAGAAT TCGAATACAT TCCAGGACCAGAGRATTCGARTACAA
GCCCTGETNNNGATCGACATG 5932 AAGGAGCNNNGATCGACATE 6172 GAGAACCNNNGATCGACATG ©412
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G GA
TG 5933 AGTCCGA 0413
TCGAATACAG GCA AATTCGAATACAC
CATG 5934 CGACATG 6174
TCGARATACAT AATTCGAATACAT
CATG 5935 BTCCACATG G415
TGCAGGACCAGAG ARTACAR
GGTCCTA ix\Nf‘ﬂu 6416

BGGACCAGAGAATTCGAATACAA

SGACCAGAGARTTCG TGCAGGACCAGAGAATT

ACTGGAGNNNGATCGACAT CGANNNGATCGACA TCCTGATNNNGA Z’C'S LCA
TGCAGGACCAGAGAAT TCGAATACAT CAGGACCRAGAGAAT TCGAATACA, TCCAGGACCAGAGARTTCGAARTACAA
TCTTGTTNNNGATCGACATG 5938 CTGTCAGNNNGATCGACATGE 6178 CTATAGTNNNGATCGACATG 6418
TGCAGGACCAGAGAATTCGAATACAG TGCAL TGCCAGGACCAGAGAATTCGAATACAG

CCAAGCGNNNGATCGACATG 5939 TCTGACGNNNGATCGACATG 6179 GTAG

5
—
~1
~J

TTCNNNGATCGACATG CLLY
TGCAGGACCAGAGAAT TCGAATACAN TGCAGGACCAGAGAAT TCGAATACAT TGCAGGACCAGAGAATTCGARTACAC
GATCCGTNNNGATCGACATG 5940 ACCTCETNNNGATCGACATE cl80 GGAACTTNNNGATCGACATG 6420
TGCCAGGACCAGAGAATTCGAATACAA TGCCAGGACCAGAGAATTCGAATACAT TGCAGGACCAGAGAATTCGAATACAG
TACCGTGNNNGATCGACATG 5941 GCATACGNNNGATCGACATG 6181 CGATCTGTNNNGATCGACATG 0421
TGCAGGACCAGAGAAT TCGAATACAN TGCAGGACCAGAGAAT TCGAATACAC TGCAGGACCAGAGAATTCGARTACAR
ATCATGTNNNGATCGACATG 5942 AGCTAAGNNNGATCGACATG c182 TTCCGCTNNNGATCCGACATG 0422
TGCAGGACCAGAGAATTCGAATACAT TGCAGGACCAGAGAATTCGAATACAG TCGCAGGACCAGAGAATTCGAATACAT
GTTTTGTNNNGATCGACATG 5943 GACCARANNNGATCGACATG €183 TTCTACANNNGATCGACATG 6423
TGCAGGACCAGAGARATTCGAATACAG TGC Ame‘ CCAGA TTC TGCAGGAC GAATTCGAATACAT
GATACAGNNNGATCGACATG 5944 GTCGO ! CAT CCCAG :CC'L\INLA'”CGACATG G424
TGCAGGACCAGAGRATTCGARTACAG TGCAGGACCAGAGRATTCGARTACAR, TCGCAGGACCAGAGARATTCGARTACAC
TTCCTAGNNNGATCGACATG 24 TGCAAGCNNNGATCGACATG €185 TTACCACNNNGATCCGACATG €425
TGCAGGACCAGAGARATTCGAATACAG TGCAGGACCAGAGARTTCGAATACAC TGCCAGGACCAGAGAATTCGAATACAA
GAGATCANNNGATCGACAT G 5946 ATRCGACNNNGA "’“"v’l" ATG 5186 CCTTCTGNNNGATCGACAT G G426

TGCAGGACCAGAGAATTCGAATACAC TGCAGGACCAGAGAAT TCGAATACAT TCCAGGACCAGAGAATTCGARATACAC

TTTGTTANNNGATCGACATG TCAGCGANNNGATCGACATG 6 187 CTGGTCENNNGATCG AC. ATG c4z’

TGCAGGACCAGAGARTTCEGAATACAG TGCAGGACCAGAGARTTCGAATACAL TGCAGGACCAGAGAATTCGAATACAL
TGARACCTNNNGATCEACATG 5948 TGCGETENNNGATCEACATG 5188 CARACTGNNNGATCGACATG G428
TGCAGGACCAGAGAATTCGAATACAC TGCAGGACCAGAGAAT TCGAATACAC TGCCAGGACCAGAGARTTCGAATACAC
CTACAGANNNTGCATCAGGT 5949 AGTACTGNNNT GCATCAGGT c189 TCACGCCNNNTGCATCAGGT G429
TGCAGGACCAGAGAATTCGAATACAG TGCAGGACCAGAGAATTCGAATACAG TGCAGGACCAGAGAATTCGAATACAG
CATCGATNNNTGCATCAGGT 5950 ATCGAAGNNNT GCATCAGGET €190 (ANCCGAGCENNNTGCATCAGGET €430
TGECAGGACCAGAGAATTCGAATACAT TGECAGGACCAGAGAATTCGAATACAT TGECAGGACCAGAGAATTCGAATACAA
ACTGCTCNNNTGCATCAGGT 5951 CAAACGCNNNTGCATCAGGT c1lol CAATGGCNNNTGCATCAGGT G431

G TTCG G AGAGAATT TGCAGGACCAGAGAATTCGAATACAC

T A C 2 CAG CNNNTGCATCAGET 0432

TG

CAGAGRATTCGARTACAA
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'INI‘ GCATCAGGT G433
TGCAGGACCAGAGRATTCGAATACAT TGCAGGACCAGAGRATTCGARTACAR, TCGCAGGACCAGAGARATTCGARTACAC
TGACCAGNNNTGCATCAGET 5954 GGCTCATNNNTGCATCAGGT €194 GTACGTANNNTGCATCAGGT c434
TGCAGGACCAGAGAATTCGAATACAA TGCAGGACCAGAGAATTCGAATACAT TGCCAGGACCAGAGAATTCGAATACAL
GTTATNNNTGCATCAGET 5955 GCCCGCANNNTGCATCAGGT 5195 LCCGCCANNNTGCATCAGGT G435

TGCAGGACCAGAGAAT TCGAATACAG SCAGGACCAGAGAATTCGARTACAT TCCAGGACCAGAGAATTCGARATACAG

CGCTCAGNNNTGCATCAGET 5956 2, Z\C“ sCGNNNTGCATCAGGET é 196 CTCTCCGNNNTGCAT CA 5T 6435
TGCCAGGACCAGAGAATTCGAATACAT TGCAG (:} CCAGAGAATTCGAATACAN TGCAGGACCAGAGAATTCGAATACAG
GGACCCGNNNTGCATCAGET 5957 TCC NNNTGCATCAGGT ©197 GCCGTACNNNTGCATCAGGT
TGCAGGACCAGAGAAT TCGAATACAT TGC CCAGAGAATTCGAATACAN TGCAGGACCAGAGAATTCGARTACAG
TACCACCNNNTGCATCAGET 5 958 CTTAA "N'\IT CATCAGGT c198 IACGAGTGTNNNTGCATCAGGT 6438
TGCCAGGACCAGAGAATTCGAATACAG TGCAG CCAGAGARATTCGAATACAC TGCAGGACCAGAGAATTCGAATACAA
TATAACTNNNTGCATCAGET 5959 Z.CC*GCCNNN "GCATCAGGT ©199 TCCAGTGNNNTGCATCAGGT 0439
TGCAGGACCAGAGAATTCGAATACAG TGCAGGACCAGAGAATTCGE GGACCAGAGARTTCGAATACAT
CCCGTGANNNTGCATCAGGET 5960 ATGCTTTNNNTGCATCAG ele) 'TNI‘ TGCATCAGGET 6440
TGCAGGACCAGAGAATTCGAATACAC TGCAGGACCAGAGAAT CCAGAGAATTCGAATACAR
TGCATGACNNNTGCATCAGET 5961 G NNTGCATC \INN TGCATCAGET 64471

TGCAGGACCAGAGARTTCGAATACAL
ATGGCATNNNTGCATCAGGT

=]

ACCAGAGAATT
Z GGC"’AATB NNTGCATCAGGT

2 sGACCAGAGAATTCGAATACALC
CCAACAANNNTGCATCAGGT G442

w

[

TGCAGGACCAGAGRATTCGARTACAA TGCAGGACCAG ATTCGAATACAT TCGCAGGACCAGAGRATTCGARTACAT
TGATATCNNNTGCATCAGET 5963 AGCAARANNNTGCATCAGGT €203 GTAGATTNNNTGCATCAGET €443

TGCAGGACCAGAGAATTCGAATACAT TGCAGGACCAGAGAATTCGAATACAA TGCCAGGACCAGAGAATTCGAATACAA
GTAARAGNNNTGCATCAGET GCAAGCANNNTGCATCAGGT € CCGGAGGNNNTGCATCAGGT G444
TGCAGGACCAGAGAATTCGAATACAC TCCAGGACCAGAGAAT TCGAATACAR, TCCAGGACCAGAGAATTCGARATACAC

CTTGCCGNNNTGCATCAGET 59¢3 TAGTACTNNNTGCATCAGGT €205 IACCTGAANNNTGCAT CA(;GT 6445

w

\
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GAATTCGAATACAG GAATTCGAATACAC T TTCGARTACA
ACG GCATCAGGT 53960 CATCAGGT 206 CATGTGCNNNTGCATCAGGT 0440
TG AGAATTCGAATACAC GAATTCGAATACAG G TTCGAATACAC
CTG 'GCATCAGGT 5967 CATCAGGT €207 CAGGT 044
TGC AGAATTCGAATACAG GAATTCGAATACAA
GTT GCATCAGGT 5968
AGARATTCGARTACAG
CAGGT

GACCAGAGARTTCGAATACAA .
GONNNTGCATCAGET 5970 CATANNNTGCATC
TTCGAATACAC TGCAGGACCAGAL,
CAGGT 5971 CCATTTANNNTGCATC

GACCAGAGAR GACCAGAGARA
ATANNNTGCATCAGET
TCCAGGACCAGAGRATTCGARTACAA

vn(zGT 6451
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T o211 TCAAGGCNNNTGCE
TGCAGGACCAGAGAATTCGAATACAT TGCAGGACCAGAGAATTCGAATACAG TGCCAGGACCAGAGAATTCGAATACAL
TT '”f(, CGNNNTGCATCAGGT 5972 AGCTTCTNNNTGCATCAGGT BAGTGGANNNTGCATCAGGT CL52
TGCAGGACCAGAGAAT TCGAATACAN TGCAGGACCAGAGAAT TCGAATACAG TGCAGGACCAGAGAATTCGARTACAR
AGTCTGCNNNTGCATCAGET 5973 TGATACCNNNTGCATCAGGT €213 SCARANTNNNTGCATCAGGT 6453
TGCCAGGACCAGAGAATTCGAATACAC TGCCAGGACCAGAGAATTCGAATACAN TGCAGGACCAGAGAATTCGAATACAA
TTCCTTCRNNNTGCATCAGET 5974 CCTTGCTRNNT GCATCAGET 6214 CAGATCCNNNTGCATCAGGT 0454
TGCAGGACCAGAGAAT TCGAATACAN TGCAGGAL ?CP\C}\QAJ\’I TCGAATACE TGCAGGACCAGAGAATTCGARTACAT
TCTGARANNNTGCATCAGGT 53975 ATCAAGTNNNTGCATCAGGT C215 ACGCCTTNNNTGCATCAGGT 6455
AGG TTCGAATACAG TGCAGGACCAGAGAATTCGAATACAN TGCAGGACCAGAGAATTCGAATACAR
5GT 5976 CTTAGGCNNNTGCATCAGGT €215 GCGCTATNNNTGCATCAGET 6456
TGCAGGACCAGA TCGAATACAC TGCAGGACCAGAGARTTCGAATACAA TGCCAGGACCAGAGAATTCGAATACAA
ACARGGCGNNNTG CBGGT 5977 CTGTTCONNNTGCATCAGGT G217 CTGATGGNNNTGCATCAGGT G457
TGCAGGACCAGAG, .“iGMTACAT TGCAGGACCAG TCGCAGGACCAGAGARATTCGARTACAC
TTCATCTNNNTGCATC GT 5978 GATCCATNNNTGCATC €213 GGATGAANNNTGCATCAGET €453
TGCAGGACCAGAGARATTCGAATACAG TGCAGGACCAGAGARTTCGAATACAC TGCCAGGACCAGAGAATTCGAATACAG
CCTCGACNNNTGCATCAGET 5979 CACTCCGNNNTGCATCAGGT ACATAGGNNNTGCATCAGGT

TGCAGGACCAGAGAAT TCGAATACAG TGCAGGACCAGAGAAT TCGAATACAG TCCAGGACCAGAGAATTCGARATACAA
GATATAANNNTGCATCAGET 5980 CAAGAGTNNNTGCATCAGGT TTGCGETENNNTI

AT ,A 5T 6460

TGCAGGACCAGAGAATTCGAATACAA TGCAGGACCAGAGAATTCGAATACAA TGCCAGGACCAGAGAATTCGAATACAL
AATTTTANNNTGCATCAGET 5981 CCGTCTTNNNTGCATCAGGT 6221 TACAGTGNNNTGCATCAGGT CL61
TGCAGGACCAGAGAAT TCGAATACAN TGCAGGACCAGAGAAT TCGAATACAG TGCAGGACCAGA -:AJ\ TTCGARTACAC
GCCCGTGNNNTGCATCAGGET 5982 GCTTAGTNNNTGCATCAGGT C222 CCTCCACNNNTGCATCAGGT CAG2
GCAGGACCAGAGARTTCGAATACAC TGCCAGGACCAGAGAATTCGAATACAC TGCAGGACCAGAGAATTCGAATACAA
AATARAGNNNTGCATCAGET 5983 CTAAGCANNNT GCATCAGGT €223 (ACCCCATNNNTGCATCAGGT 0403
GACCAGAGAATTCGAATACAG CGAATACAG TGCAGGACCAGAGRATTCGARTACAC
TTNNNTGCATCAGGT 5984 GT c224 CAGGCCTNNNTGCATCAGGT 0464
GACCAGAGAATTCGAATACAC GAATACAC TGCAGGACCAGAGAATTCGAATACAR
GTNNNTGCATCAGGET 5985 AGGT €225 CCTATCONNNTGCATCAGET 6465
GACCAGAGAATTCGAATACAC CGAATACAA TGCAGGACCAGAGRATT CGARTACAA
NNNTGCATCAGGT 5986 GCATCAGGT GGC GGT G466

TCGARTACAC TG
3 € GCTHNN ‘\Ih C- AGGT €227 ACAACTY {
TGCAGGACCAGAGAATTCGAATACAG TGCAGGACCAGAGAATTCGAATACAG TGCCAGGACCAGAGAATTCGAATACAT
CCGONNNTGCATCAGET 5988 TACTTAANNNTGCATCAGGT GCTGTTGNNNTGCATCAGGT

TGCAGGACCAGAGAATTCGAATACAC TGCAGGACCAGAGAAT TCGAATACAT TCCAGGACCAGAGAATTCGARATACAC
CGATATGNNNTGCATCAGET 5983 GCCGCTONNNTGCATCAGGT 622 9 TAAATCANNNTGCAT CA(;GT 6469

TGCCAGGACCAGAGAATTCGAATACAT TGCCAGGACCAGAGAATTCGAATACAG TGCAGGACCAGAGAATTCGAATACAA
AGCATTANNNTGCATCAGET 5990 CGACTTANNNTGCATCAGGT TTTCCGCNNNTGCATCAGGT CL70

CCAGAGAATTCGARTACAC SCAGGACCAGAGAATTCGAATACAN TGCAGGACCAGAGAATTCGARTACAC
INNTGCATCAGGT 5991 TGCGCAAGNNNTGCATCAGGT C231 CTCCATANNNTGCATCAGGT 6471

CCAG AG}\/ ‘IGC}.G(:} CAGAGAATT TGCAGGA SAGAATTCGAATHCAT

NNT GGAGGTGNNNT GCATCAL TACTACT? \I\IN‘ 'GCATCAGGT

G TGCAGGACCAGAGRATT CGARTACAT

CCTTTATNNNTGCATCAG 64773

43

=]

=0
Ofr
2

o
GACCAGAGAAT
ATENNNTGCATCAGET 04

TGCAGGACCAGAGARATTCGAATACAG TGCAGGACCAGAGARTTCGAATACAC

TGCCAGGACCAGAGAATTCGAATACAA
ACGAAGANNNTGCATCAGGT 5995 CTAAGTGNNNTGCATCAGGT LCCACACNNNTGCATCAGGT
TGCAGGACCAGAGRATTCGAATACAT TGCAGGACCAGAGAAT TCGAATACAT TCGCAGGACCAGAGRATTCGARTACAT
GTCTGECTNNNTGCATCAGET 5995 AGACGCTNNNTGCATCAGGT €235 IACCCGCINNNTGCATCAGET CLT 5
TGCAGGACCAGAGAATTCGAATACAA TGCAGGACCAGAGAATTCGAATACAG TGCCAGGACCAGAGAATTCGAATACAL
ATRCTCANNNTGCATCRAGGT 5997 TCAAGCANNNTGCATCAGGT CATGGCGNNNTGCATCAGGT NN
TGCAGGACCAGAGAAT TCGAATACAT TGCAGGACCAGAGAAT TCGAATACAG TCCAGGACCAGAGAATTCGARATACAC
AGTTCCONNNTGCATCAGET 5998 GACGCAGNNNTGCATCAGGT €238 CTGAGTANNNTGCATCAGGT 6478
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BC CAT B
TGCS AATA 6430 TGC X CGAATA 6870
CAG C \TGCCA CAC ABNNNAC GT ATGCCA
TGC CAGAGRATTCGARTA TGC TCGARTA 6871
CATTTATGCTNNNACGTATGCCA CAG CCGC GTATGCCA
TGCS c AATA 6482 6732 TGCAGGACCAGAL . GAATA 69
CAG TC CAC ole ATGCCA
TGCAGGACCAGAGRATTCGAATA 6493 TG GRAATA 6973
CACGAATAANNNNACGTATGCCA CATATRACCANNNACG TAl GCCA CAAATACCCGNNNACGTAT ':CCA
TGCAGGACCAGAGARTTCGAATA 6494 CAGGACCAGAGAATTCGRATA TGCAGCGACCAGAGARTTCGAATA 6974
CAGACGTATCNNNACGTATGCCA SCTTTGENNNACG "'A'I CCA CARACCNNNACGTATGCCA
TGCAGGACCAGAGARATTCGAATA G495 AGCACCAGAGAATTCGAATA TGCAGCACCAGACGRATTCGARTA 6975
CARATTCACANE 'NACG’PAT G(’ CA (‘AG ITGCGATNNNACGTATGCCA CAATTRATATNNNACGTATGCCA
TGCAGG c4¢e TGCAGGACCAGAGRATTCGARATA TGCAGGACCAGAGRATTCGARTA 6976
CBART CNNNACGTATCGCCA CAGATTAGCCNNNACGTATGCCA
TGCAG 6497 TGCAGGACCAGAGAATTCGAATA 737 TGCAGCGACCAGAGAATTCGAATA 6877
CAACC \TGC C]\ NNNACGTATGCCA CAGACARAATNNNACGTATGCCA
TGCAGGACC ANTA 5498 AGAGARATTCGARTA 6738 TGCAGGAC :«.(:}\C,Z\;’h TCGARTA 68783
CAGCTTACTCNNN TGCCA NNNACGTATGCCA CAAATAT
TGCAGGACCAGAL SARTA 6489 TTCGRATA 6739 TGCAGGACCAGAL ©87¢
CATTGGATGCNNN TGCCA ACGTATGCCA CAADAAGTCANNNACGTA I‘ GCCA
TGCAGGACCAGAGRATTCGAATA 6500 TGCAGGACCAGAGARATTCGANTA o740 TGCAGCACCAGAGRATTCGARTA 6980
CAGCGGACGAN I\AIAJ STATGCCA CACTCCGTCG NNNALGTAIGCLA CAGTCTATABRNNNACGTATGCCA
TGCAGGACCAGAGARTTCGAATA 6501 TGCAGCACCAGAGAATTCGRATA €745 TGCAGCACCAGAGAATTCGAATA €981
CAACARGTTTNNNACGTATGCCA CAGTGCCGTGENNNACGTATCCCA CAAAAARCGTNNNACGTATGCCA
TGCAGGACCAGAGARATTCGAATA 6502 AGCACCAGAGAATTCEAAT T—x 6742 TGCAGCACCAGAGRATTCGAAT T—x 6982
CATATCTCATNNNACGTATGCCA C "‘] BAAGTNNNACGTATGCC CATTGCTCTGNNNACGTATGCC
TGCAGCGACCAGAGAATTCGAATA 6503 TGCAGGACCAGAGRATTCGAR ;]\ 6743 TGCAGGACCAGAGAA TTCC ART 69823
CAGGTTTCGGTHNNNACGTATGCCA CATATTGCAANNNACGTATCCCA CAATGATGAANNNACGTATGC LA
TGCAGGACCAGAGAATTCGAATA 6504 TGCAGGACCAGAGAATTCGAATA 6744 TGCAGCGACCAGAGAATTCGAATA 6984
CATARTTCCTNNNACGTATECCA CAACCCAGCGNNNACGTATGCCA CATCCCTGTANNNACGTATGCCA
TGCAGCGACCAGAGAATTCGAATA 6505 TGCAGGACCAGAGAA ’”T CGARATA TGCAGGACCAGAGRATTCGARTA 6985
CARACGTCCGTANNNACGTATGCCA CATGTCAAATNNNACGTATGCCA CAACATCCGANNNACGTATGCCA
TGCAGGACCAG A’w}a}\ ITCGAATA 6500 T CAG SCAATTCGRATA 67d6 SCAGGA \TTCGAATA 69806
CAGAAGCTAGNNNACGTATGCCA C CGNNNACGTATGCCA GIATGCCA

TGCAGGRCCAGAGRAT TCGARTA, 5507 TGCAGGACCAGAGRATTCEARTA 6747 y ATTCGARTA 5387
CARCGAATCCNNNACGTATGCCA CAAGCGGATANNNACGTATGCCA CACGCCTACCNNNACGTATGCCA
TGCAGEACCAGAGARTTCGAATA 6508 TGCAGGACCAGAGARTTCGRATA 6748 TGCAGE :}l CC AGRGAATTCGAATA €988
CATCTTRATCNNNACGTATGOCA nz\Ac: CAGTTNNNACGTATGCCA CACTCT] NACG I‘AI‘ C]-\_
TGCAGGACCAGAGRATTCGAATA 5508 AGCACCAGRGRATTCEARTA 6749 TGCAGGACCAGAGH G982
CAGCTTTTCONNNACGTATGCCA :ATMGGZ—\.’I‘AN NNACGTATGCCA CACGETCATCTNNN,
TGCAGHACCAGAGARTTCGAATA 6510 TGCAGGACCAGAGARTTCGRAATA ) AGGACCAGAG. 6980
CATGCTGAGTNNNACGTATGCCA CATAGTGGAGNNNACGTATECCA ) .\.Ai‘ C TATCNN}L
TGCAGGACCAGAGAATTCGAATA 6511 TG F CCAGAGAATTCGAATA 6751 SARTA 6991
CACGTTCGCAANNNACGTATECCA CAT AAGNNNACGTATGCCA CCA
TGCAGGACCAGAGAATTCGAATA 6512 TG \CCAGAGAATTCGAATA 6752 TTCGAATA 6992
CACAGTACGTNNNACGTATGCCA GTCNNNACGTATGCCA CGTATGCCA
TGCAGGACCAGAGART TCGAATA 6513 CCAGAGARTTCGRATA ATTCGAATA 6983
CATGGATTTANNNACGTATGCCA GGANNNACGTATGCCA STATGCCA
TGCAGGACCAGAGAATTCGARTA ©hl4 v:( ACCAGAGRATTCGAATA 5754 TTCGARTA 5394
CAGTGTAGAGNNNACGTATGCCA CATTCTACATNNNACGTATGCCA GTA! &LA
TGCAGEACCAGAGARTTCGAATA 6515 TGCAGGACCAGRGARTTCGRATA 6755 TGCAGGACCAGAGAATTCGAATA 6955
CACTTTHRGAANNNACGTATGCCA CAT "Z\A’PC}\ TNNNACGTATGCCA (”Z\AGCCZ\ I ACNNNA CGT ATG “C}\
TGCAGGACCAGAGRATTCGAATA 6516 AGCACCAGRGRATTCEARTA 5756 TGCAGGACCAGRAGRATTCEARTA 6986
CAATATAGTCNNNACGTATECCA CA“‘( ‘GCCGAATNNNACGTATGCCA CAATTCCGAGNNNACGTATGECCA
TGCAGHACCAGAGARTTCGAATA 6017 TGCAGGACCAGAGARTTCGRAATA ’ TGCAGGACCAGAGAATTCGAATA 6987
CAGTAGRGCANNNACGTATGCCA, CATAATGACTNNNACGTATGL CACAACCGATNNNACGTATGCCA

TGCAGGACCAGAGAATTCGAATA 6518 TGCAGGACCAGRGAATTCGAATA 758 TGCAGGACCAGRGAATTCGAATA 6998
CATARATACCNNNACGTATECCA CACAGGTTTGNNNACGTATGCCA CAAAGTATGANNNACGTATGCCA
TGCAGGRCCAGAGRATTCGARTA 6513 IGCAGGRCCAGAGRATTCGARTA 6753 TGCAGGACCAGAGRATTCGARTA 6399
CACAGGACAANNNACGTATGCCA CATTCGGCTTNNNACGTATGCCA CAATCTGCCTNNNACGTATGCCA
TGCAGGACCAGAGARTTCGAATA 6520 TGCAGGACCAGAGAATTCGRATA 6760 TGCAGGACCAGAGAAT W’f”"}v“ﬁ}‘«. 7000
CAATATCACANNNACGTATGCCA CACCTTATTANNNACGTATGCCA CACTCATTTANNNACGTATGCC

C. \CARATTCGARTA 6761 AGGACCAGAGRATTCGARTA 7001

GGACCAGAGAATTCGAATA 6521 TGS
n

ARTCATNNNACGTATGCCA CATAGCAT CCI‘U\.’NACGT}‘«.‘IGCC}‘«.

TAALTCACNNNACGTA

CCA




WO 2018/039463 PCT/US2017/048434

85/104
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“AL CCNNNACGTATGCCA
TGC! ARTA 6523 CAGARGARTTCGAATA 7003

CAG T GCCA ACNNNACGTATGCCA
TGC TCGARTA CAGAGRATTCGARTA 7004

CAC TATGCCA TGNNNACGTATGCCA
TGCAGGAC ARTA 652°% CAL GAATA 7005

CAARCABAGTN. \' VIGCCA -CG ATGCCA
TGCAGGACCAGAGRATTCEAATA GARTA 7006

CAPARCTTCAN I\AIAJ( TATGCCA CNNNACGTAT LCL;«. CAGTTTCAARNNNA CCTA‘ ':CCA

GAATR
(CX LA

()
I

N
-3

L:GACLAC}A':AA‘—" CGRATA 6767
CG CTNNNACG "‘,'I CCA

AGGACCAGAGAATTCGAATA
,' TGCGANNNACGTATGCCA

TGCAGGEACCAGAGAAT >
CAAGEAGCCGNNNACGTATGCCA CACA

TGCAGGACCAGAGARATTCGAATA G528 TGCAGCACCAGACGRATTCGARTA 6768 CAGAGBATTCGRAATA
CACGTGACATNNNACGTATGCCA CAACGGAACANNNACGTATGCCA CAMCC ‘(‘h ABNNNACGTATGCCA
TGCAGGAC "AG LGAATTCGAATA 6529 TGCAGGACCAGAGRATTCGARATA <] TGCAGGACCAGAGRATTCGARTA 7008

@]
1 (2

CAATACATCANNNACGTAT CC.A CAGATCATTANNNACGTATCCCA

TCACCAANNNACGTATGCCA

TGCAGGACCAGAGAATTCGAATA 6530 TGCAGGACCAGAGAATTCGAATA o7 GGZ aCCKGXC AATTCGAATA 7010
CAARATRAACCTNNNACGTATGCCA CACTAGARACCNNNACGTATGCCA GGA!

TGCAGGACCAGAGARATTCGAATA

LACCTXGCT TTNNNACGTATGCCA

CAGGRCCAGAGRATTCGARTA 6771

TTTAGGTANNNACGTATGCCA

TGCAGGACCAGALG, SARTA ‘}\CGAC CAGAGAATTCGRATA ©TTZ /0L
CATCCGTTTGNNN C(z TATGCCA GATATTGNNNACGTATGCCA

TGCAGGACCAGAGRATTCGAATA 6533 TGCAGCACCAGAGRATTCGARTA o773 CCAGAGAATTCGARTA 7013
CACAGTCGGCNNNACGTATGCCA CAGCGRARA "NNNALGTAIGCL;«. CATACARATGTNNNACGTATGCCA
TGCAGGACCAGAGARTTCGAATA €534 TGCAGCACCAGAGAATTCGRATA e774 TGCAGCACCAGAGAATTCGAATA 7014

CATGE GGTNNNACGTATGCCA, CAACTARCGCNNNACGTATGCCA CAAAAGT

SGONNNACGTATGCCA

TGCAGGAC C GAGRATTCGARTA 6535 GCAGCGACCAGAGRATTCGART T—x G775 TGCAGCACCAGAGRATTCGAAT T—x 7015
CAACACACACNNNACGTATGCCA A] ACTTGCCNNNACGTATGCC CAGCTGCTCCONNNACGTATGCC
TGCAGCGACCAGAGAATTCGAATA 6536 TGCAGGACCAGAGRATTCGAR ;]\ T GC 7\CCACC LGAGRATTCGART 016
CATCACGCAANNNACGTATGCCA CACGTCCTAANNNACGTATCCCA CTCATACNNNACGTATGC LA
TGCAG TCGAATA 6537 TGCAGGACCAGAGAATTCGAATA SN CACCAGAGAATTCGAATA TOLT
CATCGTACTCNNNACGTATECCA CAAARCAGTANNNACGTATGCCA G
TGCAGCGACCAGAGAATTCGAATA 6538 TGCAGGACCAGAGAA ’”T CGARATA 7018
CATTCACACCGNNNACGTATGCCA CAGCATCATGNNNACGTATGCCA
X VITCGAATA ©53¢ TGCAGCGACCAGAGAATTCGRATA 6779 TTCGAATA 701¢
CGTNNNACGTATGCCA CAACCTCGAANNNACGTATGCCA TATGCCA
TGCAGGACCAGAGRATTCGAATA 6540 TGCAGCACCAGAGRATTCGARTA 6780 ACRATTCGARTA TOZ20
CACCAGACATNNNACGTATGCCA CAMCAGCTACNNNACGTATGCCA (,ACA/ ZGCATCCNNNACGTATGCCA
TGCAGGACCAGAGARTTCGAATA €541 TGCAGGACCAGAGAATTCGAATA e78L TGCAGCACCAGAGAATTCGAATA 7021
CATATTGATGNNNACGTATGCCA FZ\’”"ICP\;«L:«.I\ WNACGTATGCCA CAGTCGCCTCNNNACGTATGCCA
TGCAGGACCAGAGARATTCGAATA 6542 AGCACCAGAGAATTCGAATA G782 TGCAGCACCAGACGRATTCGARTA
CACGAGATAGNNNACGTATGCCA ,A(Z(,.uo(,(l CONNNACGTATGCCA CAGTGGTGAANNNACGTATGCCA
TGCAGGACCAGAGARTTCGAATA 6543 TGCAGCACCAGAGAATTCGRATA 6783 TGC? L:':ACLAC}AGAATT\.‘GM TA 7023
CAATACCGABANNNACGTATGCCA CATCGCETGENNNACGTATCCCA C AA\:TJA AGTANNNACGTATGCCA
TGCAGGACCAGAGAATTCGAATA 6544 TGCAGGACCAGAGAATTCGAATA 6784 TGCAGCGACCAGAGAATTCGAATA 7024
CAGATGAGACNNNACGTATECCA CABAAGACTGGNNNACGTATGCCA CAATTTATTTNNNACGTATGCCA
TGCAGCGACCAGAGAATTCGAATA 6545 TGCAGGACCAGAGRATTCGARATA TGCAGGACCAGAGRATTCGARTA 7025
CATACAATCANNNACGTATGCCA CAGCARTGAGNNNACGTATGCCA CAGGARTCGANNNACGTATGCCA
TGCAGGACCAGAGARTTCGAATA 6546 TGCAGCGACCAGAGAATTCGRATA 6786 TGCAGCGACCAGAGAATTCGAATA 7026
CATTTRAATAANNNACGTATGCCA CAAGGAGCTANNNACGTATGCCA CACGTGCTTTNNNACGTATGCCA
TGCAGGACCAGAGRATTCGAATA 6547 TGCAGCACCAGAGRATTCGARTA o787 TGCAGCACCAGAGRATTCGARTA TO27
CAGCGCGTCANNNACGTATGCCA CACCTGAGATNNNACGTATGCCA CAGTTAAACTNNNACGTATGCCA
TGCAGGACCAGAGART TCGRAATA €548 TGCAGCACCAGAGAATTCGRATA €788 TGCAGGACCAGAGAATTC TR 7028
CACGATGATCNNNACGTATGCCA (”Z\AC';CZW GCNNNACGTATGCCA CAATCTTAAGNNNACGTATGCCA
TGCAGGACCAGAGARATTCGAATA 5549 TGCAGCACCAGACGRATTCGARTA 6789 TGCAGCACCAGACGRATTCGARTA 7029
CACCGAAGCCNNNCTAGCGTTAC CAGA CCGCONNNCTAGCGTTAC CAAACTCAGCNNNCTAGCGTTAC
TGCAGGACCAGAGARTTCGAATA 6550 TGCAGCACCAGAGAATTCGRATA 6780 TGCAGCGACCAGAGARTTCGAATA 7030
CACCARARCACNNNCTAGCETTAC CATGCTGCAANNNCTAGCETTAC C 7—\:’\." GARAGCNNNCTAL TTAC
TGCAGGACCA GA.GAZ\_‘L TCGAATA TGCAGGACCAGAGAATTCGAATA 6791 TGCAGGACCAGAGAATTCGAATA 7031
CAGGETCTTCT JCTAGCGTTAL CATCGGAATCNNNCTAGCGTTAC CAGCGTAATCNNNCTAGCGTTAC
TGCAGGA C(,AG}\ GAATTCGANTA 6552 TGCAGCACCAGAGARATTCGAN 6792 TGCAGCGACCAGAGRATTCGARTA 7032
CACCTCGGTCNNNCTAGCGTTAC CAGACGGCTCNNNCTAGCGTTA CAJ CGTANNNCTAGCGTTAC
TGCAGGACCAGAGARTTCGAATA TGCAGCGACCAGAGAATTCGRATA 6783 TGCAGCGACCAGAGAATTCGAATA 7033
CACCGCTGGANNNCTAGCGTTAC CAAGTTGGAGNNNCTAGCGTTAC CACTTGAGTGNNNCTAGCGTTAC
ACCAGAGAATTCGAATA 65554 TGCAGG CAGAGRATTCGARTA 6794 "GCAGGACCAC }\CP\AT TCGARTA T034
WCCTTNNNCTAGCGTTAC CAAGTACGTCNNNCTAGCGTTAC C}"«.C'I‘C'ZCCC”\’I\ NNCTAGCGTTAC
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CAAATGACAANNNACGTATGCCA

T AGG
AT ‘TCCAATT
T AGGACCAGAGARTTCGAATA 7450
A TCTACAGCNNNACGTATGCCA
T 7211 TGCAGGACC SAATTCGARTA 7451
CACAGGAGCGNNNACGTATGCCA
GAATAC 7212 TGCAGGACCAGAGAATTCGAATA 7452
GCCA CAATGCGTTGNNNACGTATGCCA
TGCAGGACCAGAGRA SALTAC TTC (:rn VIA 7453
ATAACCTGGNNNAC TGCCh SNNNACGTATGCCA
TGCAGGACCAGAGARTTC 7214 GCAGGACCAGAGARTT uL~AAT 7454
AGTCGACTANNNACCTATGCCA CABATTCCCCNNNACGTATGCCA
TGCAGGACCAGAGARATTCGARTAC TGCAGGACCAGAGAATTCGAATA 7455
BCCARACGTNNNACGTATGCCA CATCTGACGANNNACGETATGCCA
TGCAGCGACCAGAGAATTCGRAATAC 72106 TGCAGGACCAGAGAATTCGAATA 7456
ABCGTATCGNNNACCGTATECCA CACCGCGCTTNNNACGTATGCCA
TGCAGGACCAGAGAATTCGAATAC 21y TGCAGGACCACGAGAATTCGAATA 1457
ACACGGCCANNNACCTATGCCA CAAAACACCCNNNACGTATGCCA
C oy TTCGARTAC 7218 TGCAGGACCACGAGRATTCGARTA 7458
ATGCCA CAGG 'GTNNNACGTATGCCA
TCGAATAC 7218 TGCAGGACCAGAGAATTCGAATA 7459
ACGACGCCET Nl\ IACGTATGCCA CARCTAMCCEGNNNACGTATGCCA
TGCAGGACCAGAGRATTCGAATAC TGCAGGACCAGAGAATTCGAATA 7460
ACCGACGTGNNNACGTATGCCA CATCAGGAGANNNACGTATGCCA
TGCAGGACCAGAGART TCGRATAC TGECAGGACCAGAGAATTC ~7—\"‘ TA TA6L
ACAGTTTTTNNNACCTATGCCA CAGTCTGCGGNNNACCTATGCCA
TGCAGGACCAGAGARATTCGARTAC TGCAGGAL AATTCGAARTA 7462
BTGCCCCGANNNACGTATGCCA CAACTGGCECNNNACGETATGCCA
TGCAGCGACCAGAGAATTCGRAATAC 1223 TGCAGGACCAGAGAATTCGAATA 7463
AGCCACTCCNNNACCGTATECCA CACGACTCTTNNNACGTATGCCA
TGCAGGACCAGAGAATTCGAATAC 7224 TGCAGGACCACGAGAATTCGAATA 7464
BGACGAAGTNNNACGTATGCCA CNNNACGTATGCCA
TGCAGGACCAGAGAATTCGRATAC 1225 CAGAGAATTCGAATA 7465
AGGTTCCTTNNNACGTATGCCA GCNNNACGTATGCCA
TGCAGGACCAGAGARTTCGAATAC 226 AGAGAATTCGAATA 7466
ACCGGAATTNNNACCTATGCCA CETATGCCA
TGCAGGACCAGAGRA """‘Ph"\‘]—\(i T2z TGCAGGACCAGAGAATTCGAATA 7467
ATCGGCAGCNNNACGTATGCC CACCCAAAGTNNNACGTATGCCA
TGCAGGACCAGAGARTTCGAATAC 7228 TECAGGACCAGAGAATT CGBATA 7468
AGCTAGAGANNNACGCTATGCCA CACGGARTAGNNNACGTATGCCA
TGCAG ”ACC GAGRATTCGARTAC TGCAGGACCAGAGAATTCGAATA 7469
BCCACTTACNNNI ATGCCR STAAGATNNNACGTATGCCA
CGAATAC SACCAGAGAR 7470
ATGCCA CATC CACNNNACG]
TGCAGGACCAGAGAATTCGAATAC 7231 TGCAGGACCACGAGAATTCGAATA 7471
AGAARCATANNNACGTATGCCA CAGGCCCCAANNNACGTATGCCA
T 7232 TGCAGGACCAGAGAATTCGAATA 7472
CAGCGATTTGCNNNACGTATGCCA
7233 TGCAGGACCAGAGAATTCGAATA 7473

TG ‘AGGP\( CAG. \,7-\

TGCAGGACCAGAGAATTCGAATA
e

TGCAGGACCAGAGAATTCGAATA 7474
ACGTGACTANNNAC CATAAMAPAATNNNACGTATGCCA
T C‘CAG'?A" CCAGAGARTTCGAATAC 7235 TECAGGACCAGAGAATT CGBATA TA4TS
ATTAAGATCNNNACGCTATGCCA CATAATGGCCNNNACGTATGCCA
”‘"G\.AGGACC,—M‘ GBATTCGAATAC TGCAGGACCAGAGAATTCGAATA 7476
BTGGATCACNNNACGTATGCCA CAGTTGCTTCNNNACETATGCCA
TGCAGGACCAGAGARTTCGAATAC 7237 TGECAGGACCAGAGAATT CGAATA 74T
ACCGAGCTGNNNACGT =CC, CACCTTTCACNNNACCGTATGCCA
TGCAGGACCA GA.GAZ\_TTCG ARTAC 7238 TGC }\GUACCACACI\AT CGAATA 7478
ABCTCATABRANNNACK TG CAGABACARATNNNACGTATGCCA
TGCAGGACCAGAGRATTC 7238 TGCAGGACCACGAGRATTCGARTA 74779
ACTCTACTGNNNAC T CAATAGARGTNNNACGTATGCCA
TGCAGGACCAGAGARTTCGAATAC 7240 7480

TGCAGGACCAGAGARATTCES
AGARACACTCNNNACGTATGC

CAGAG, ANNNACGTATGCCA

AAGGTCGACTNNNACCTATGCCA CACTAAGGCANNNACGTATGCCA
/’%P\ ’I'}.C Tz41 TGCAGGACCACGAGRATTCGARTA 7481
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T
TGCAGGACCAGAGAATTCGAATA

TGAAGGANNNCTAGCGTTAC

TGATNNNCTAGCGTTAC

TGCAGGACC 7243 G 7483
ATTTCCAGC CAGATACACCNNNACGTATGCCA
TGCAGGHCCAGAGRA ey 7244 TGCAGG ) SAATTCGANTA 7484
ACCCATCATNNNAC GT]\T GCCA CAGATACTGCNNNACGTATGCCA
TGCAGGACCAGAGART A 7245 TGCAGGACTAGAGAATTCGAATA 7485
ANTCAGCCTNNNACE CACGTAACTENNNACGTATGCCA
TGCAGGACCAGAGRA 7246 G' :}l GGACCAGA TTC (:rn VTA 7486
ATGARAARCNNNAC 'CNNNACGTATGCCA
TGCAGEACCAGAGAR 1247 T JC AGGACCAGAGAATTCGAATA 7487
AATGCGGAANNNACGCTA CATGCGGTCENNNACGTATGCCA
TGCAGGACCAGAGRA Tu' CAGGACCAGAGAATTCGAATA 7488
ACGEATTCANNNACGTATGCCA CAACAGGAACNNNACETATGICA
TGCAGGACCAGAGAATTCGAATAC 724% TGECAGGACCAGAGAATTCGAATA 7489
AGTCATACGNNNACGTATECCA CABADATTTTNNNACGTATGCCA
TGCAGGACCAGAGAATTCGAATAC 7250 TGCAGGACCAGAGAATTCGAATA 7490
AACCTGCTTNNNACGTATGCCA CAAAGTCACCNNNACGTATGCCA
TGCAGGACCAGAGRATTCGANTAC 725 'GCAGGACCAGCAGAATTCGAATA 7491
AGTTGTGCANNNACGTATGCCA CATCTACGAGNNNACGTATGCCA
TGCAGGACCAGAGARNTTCGRATAC 7252 ‘1 GCAGGACCAGAGAATTCGAATA 7492
AGAMATCGGNNNACGTATGCCA AGATCTTCCNNNACGTATGCCA
TGCAGGACCAGAGRATTCEANTAC TGCAGGACCAGAGAATTCGAATA 7493
AABGTTAGANN I\E}\_Cb“ \T'GCCA CAGGACACCTCNNNACGTATGCCA
TGCAGGACCAGAGARTTCGAATAC 7254 TECAGGACTAGAGARTTC -7—\"‘ TA 7494
ATGTARCGCNNNACCTATECCA CAATAGGTGENNNACGTATGCCA
TGCAGGACCAGAGRATTCEAATAC TGCAGGACCAGAGAATTCGAATA 7495
AGTTTTCAANNNACGTATGICA CACCATCGZCNNNACETATGCCA
TGCAGGACCAGAGAATTCGAATAC 1256 TGECAGGACCAGAGAATTCGAATA 7496
ACAARCTECNNNACGTATECCA CATGATCTCCNNNACGTATGCCA
TGCAGGACCAGAGAATTCGAATAC 7257 TGCAGGACCAGAGAATTCGAATA 7497
AGCCTEAGCNNNACGTATGCCA CACGCGARTTNNNACGETATGCCA
TGCAGGACCAGAGAATTCGAATAC TGECAGGACCAGAGAATTCGAATA 7498
ATCTTCCAGNNNACGTATGCCA CATATATAATNNNACGTATGCCA
TGCAGGACCAGAGARNTTCGRATAC 7258 TGCAGGACTAGAGAATTCGAATA 7499
ATACCCTACNNNACGTATGCCA CATATCGCCTNNNACGTATGCCA
TGCAGGACCAGAGRATTC "Pl\"w‘z—\c 7260 TGCAGEAZCAGAGAATTCGAATA 7500
ATCATAGHTNN \}\CL TATGCC CATTACGAGCNNNACGTATGCCA
TG CA(; GACCAGAGARTTCGAATAC 7261 TECAGGACTAGAGARTTCGAATA 750L
AGTATAGAANNNACCTATECCA CAGGTTTCTCNNNACGTATGCCA
TGCAGGACCAGAGRATTCEARATAL TGCAGGACCAGAGAATTCGAATA 7502
ACCCTAARGNNNY ATGCCR CACTTGCAGANNNACETATGICA
TGCAGEACCA! CGRATAC 7263 IBGGACCAGAGAA 7503
AGCGETTTANNNACGTATECCA CAGACATTTANNNACGET
TGCAGGACCAGAGAATTCGAATAC 7264 TGCAGGACCAGAGAATTCGAATA 7504
ATAGCTCAGNNNACGTATGCCA CAACACGAGANNNACGETATGCCA
C 7265 TGECAGGACCAGAGAATTCGAATA 7505
CATTGCCCGCNNNACGTATGCCA
7266 TGCAGGACTAGAGAATTCGAATA 7506
CACAGTCCTTNNNACGTATGCCA
P\(, CAGAGR TGCAGGACCAGAGAATTCGAATA 7507
'TTGNNNAC TGCCA CAGCATTTGENNNACGTATGCCA
-C' GHACCAGAGANTTCGAATAC 7268 TECAGGACTAGAGARTTCGAATA 7508
TCGTGENNNACGTATECCA CAGGATATCCNNNACGTATGCCA
WGQA-‘JCAC CAGAGRATTCEAATALC TGCAGGACCAGAGAATTCGAATA 7509
ATCAGACACNNNCTAGCETTAC CACCAGGAGENNNCTAGCGTTAC
TGCAGEACCAGAGARTTCGRAATAC 1270 TECAGGACCAGAGARTTCGAATA 7510
\TACCZCTTGNNNCTAGCGTTAC CATCGCCTTANNNCTAGCGTTAC
TGCAGCGACCAGAGAATTCGAATAC 7271 TGCAGGACCAGAGAATTCGAATA 7511
ACATCEAGT Nkw AGCGETTAC CATTACCCETNNNCTAGCETTAC
TGCAGGACCAGAGRATTCHANTAC TGCAGGACCACAGAATTCGAATA 7512
ATGAATCT r&I\H\'N TAGCGTTAC CAATCACCTCNNNCTAGCGTTAC
TGCAGGACCAGAGANTTCGRATAC 7273 TGCAGGACTAGAGAATTCGAATA 7513
AAGTGGACTNNNCTAGCGTTAC CACCAATTCCNNNCTAGCGTTAC
TGCAGGACCAGAGRATTCGANTAC 7274 CCAGAGAATTCGAATA 7514
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TGC CCAGA C E

AAATC’.GTTNNNCTAGC‘GTTAC CACTCGGCCTNNNCTAGCGTTAC
TGCAGGACCAGAG AATAC 72776 TGCAGGACCAGAGAATTCGAATA 7516
ACGCAGGCTNNNC TTAC CAAGGARATTANNNCTAGCGTTAC
TGCAGGACCAGA ANTAC 7z TGCAGGACCACGAGRATTCGARTA TaLT
ACGGTGCACNN TTAC CACCCTACATNNNCTAGCGTTAC
TGCAGGACCAGAL AATAC 72778 TGCAGGACCAGAGAATTCGAATA 7518
ACGTATCAGNNNCTA TAC CACGGTTTAGNNNCTAGCGTTAC

=

@

'D‘ !
0

VGGACCAGAG, CGARTAC 3 TGCAGGACCAGAGAATTCGAATA 75139
2&1.3,}‘«.(,'4 TGHNNE l‘z\(, _GTTAC CATCGTATAANNNCTAGCGTTAL
TGCAGGACCAGAGARTTCGAATAC 7230 T GCAGGACCAGAGAATTCGAATA 7520
AACCETACANNNCTAGCGTTAC CATARGCAABNNNCTAGCGTTAC
TGCAGGACCAGAGARATTCGARTAC 3 TGCAGGACCAGAGAATTCGAATA 7521

BGCTTACGTGNNNCTAGCGTTAC CACGGTCT NNCTAG

GTTAC

o

TGCAGCGACCAGAGAATTCGRAATAC 1282 T GCA GGACCAGAGAATTCGAATA 7522

e

ACGARACGCCNNNCTAGCGTTAC B [ANNNCTAGCGTTAC
TGCAGGACCAGAGAATTCGAATAC 7283 AG ACGAGARTTCGAATA
AGTATCCGTGNNNCTAGCGTTAC C. GNNNCTAGCGTTAC
TGCAGGACCAGAGARATTCGAATAC TZB4 ACAGAATTCGAATA 7524
ATACAAATCNNNCTAGCGTTAC TNNNCTAGCGTTAC
TGCAGGACCAGAGARTTCGAATAC 7285 TGCAGGACCAGAGAATTCGAATA 7525

CGTCCTTANNNCTAGCGTTAC CACTTCAACCNNNCTAGCGTTAC

GGACCAGAGRATTCGAATAC TGCAGGACCAGAGAATTCGAATA 7526

z‘u«.\:}‘«.(/ CACTNNNCTAGCGTTAC CAGAGAGGCCNNNCTAGCGTTAL
TGCAGGACCAGAL, CGAATAC 7287 TECAGGACCAGAGAATT CGBATA 7527
AACAAGGTGNNNCTAGCGTTAC CARTATTGETNNNCTAGCGTTAC
TGCAGGACCAGAGARATTCGARTAC 3 TGCAGGACCAC ‘AL\T’."‘C GAATA 7528
BATACTTGANNNCTAGCETTAC CACTATATGANNNCTAGCGTTAC
TGCAGCGACCAGAGAATTCGRAATAC 728¢ TGCAGGACCAGAGAATTCGAATA 7529

ACTTCCGATNNNCTAGCGTTAC CA, [TNNNCTAGCGTTAC
TG 7290 TG CCAGAGAATTCGAATA 7530
AL T CAT G TTAC
TGCAGCGACCAGAGAATTCGRAATAC AN TGCAGGACCAGAGAATTCGAATA 7531
AAAGTGCETGNNNCTAGCGTTAC CACCATTTGCNNNCTAGCGTTAC
TGCAGGACCAGAGARTTCGAATAC 7292 TGCAGGACCAGAGAATTCGAATA 7532
ATCGETGCCNNNCTAGCGTTAC CATACCCCTANNNCTAGCGTTAC
TGCAGGACCAGAGRATTCGAATAC TGCAGGACCAGAGAATTCGAATA 7533
AARARATCAGNNNCTAGCGTTAC CAAGANCCGANNNCTAGCGTTAL
TGCAGGACCAGAGART TCGRATAC 7294 TECAGGACCAGAGAATT CGBATA 7534

ATCCCGCCTNNNCTAGCGTTAC CAMACGATAGGNNNCTAGCGTTAC
”‘"G\.‘A-‘ GAC CnG_\G:\ \TTCGAATAC : TGCAGGACCAGAGAATTCGAATA 7535

o

BGGCACG TAGCGTTAC CAGGCGCCATNNNCTAGCGTTAC

ARTTCGAATAC CAGGACCAGAGARTTCGAATA 7536
TAGCGTTAC CABABAT NNNCTAGCGTTAC
AATTCGAATAC 7297 TGCAGGACCACGAGAATTCGAATA 7537
T CGTTAC CAG? CTNNNCTAGCGTTAC
AATTCGAATAC 7298 GC CAGAGAATTCGAATA 7538
NCTAGCGTTAC AC CGTTAC
TG G GANTTCGAATAC 7298 TGCAGGACCAGAGAATTCGAATA 75389
CGTTTC NCTAGCGTTAC CACCCGCTGTNNNCTAGCGTTAC
TGCAGGACCAGAGRATTCGAATAC 7306¢ TGCAGGACCAGAGAATTCGAATA 7540
AGCACTCTTNNNCTAGCGTTAC CAARANCTTCNNNCTAGCGTTAL
TGCAGGACCAGAGART TCGRATAC 7301 TECAGGACCAGAGAATT CGBATA 75415
ACTCGCTGCNNNCTAGCGTTAC CAAGTARCGENNNCTAGCGTTAC
TGCAGGACCAGAGARATTCGARTAC 7302 TGCAGGACCAGAGAATTCGAATA 7542
BCATACAGCNNE GTTAC

CTAGCGETTAC CAATCAACATNNNCTAG

TGCAGGACCAGAGARTTCGAATAC ; TGECAGGACCAGAGAATT CGAATA 7543
AGAGCABACNNNCTAGCGTTAC CACTTT

VINNNCTAGCGTTAC
TGCAGGACCAGAGAATTCGAATAC 7304 TGCAGGACCACGAGAATTCGAATA 7544
BGCTT N]mv AGCGTTAC CACTGTACCANNNCTAGCGTTAC
TGC ACC CCAG SAATTCGARTAC 73 TGCAGGACCACGAGRATTCGARTA 7545
ACCTAAT TTNM\ TAGCGTTAC CATGCACACANNNCTAGCGTTAC
TGCAGGACCAGAGARTTCGAATAC 7306 TGCAGGACCAGAGAATTCGAATA 7546
AAGCCCCGACNNNCTAGCGTTAC CATATACTTCNNNCTAGCGTTAC
TGCAGGACCAGAG Z\J TTCGARTAC 7307 'GCAGGACCAGAGRATTCGARTA 7547
ATGGTGARGNNNCTAGCGTTAC CAGAANCTAANNNCTAGCGTTAL
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Gy
o]

CRAATCTCGAGNNNCTAGCGTTAC

AT
AATATGC

TANNNCTAGCETTAC

CATAATGT

SNNNCTAGCGTTAL

iy

T GGA 7308 TGCAGGACCAGAGAATTCGAATA /549
A CTG CAATGTCTGENNNCTAGCGTTAC
T GGAC 7310 TGCAGGACC SAATTCGARTA 550
Al GGC CAACGACATGGNNNCTAGCGTTAC
T GGA 7311 TGCAGGACCAGAGAATTCGAATA 7551
ATACCTG CACGGCAATTNNNCTAGCGTTAC

TGCAGGACCAGAGRATTCGAATAC 7312 TGCAGGACCAGAGAATTCGAATA 7552

BATARAT

CCNNNCTAGCGTTAC

CAACGGCC

STNNNCTAGK

TGCAGGACCAGAGARTTCGAATAC 7313 SCAGGACCAGAGARTTCGAATA 7553
AGATCACCANNNCTAGCGTTAC CAGCGAGGACNNNCTAGCGTTAC
TGCAGGACCAGAGARATTCGARTAC T314 TGCAGGACCAGAGAATTCGAATA 7554
BGCGEGAACGNNNCTAGCETTAC CACGABCATCNNNCTAGCGTTAC
TGCAGCGACCAGAGAATTCGRAATAC 7315 TGCAGGACCAGAGAATTCGAATA 7555
ABATCCTTTNNNCTAGCGTTAC CAGCATGTACNNNCTAGCGTTAC
TGCAGGACCAGAGAATTCGAATAC TGCAGGACCACGAGAATTCGAATA 7556
ATACTATAGNNNCTAGCGTTAC CAGCAACTGTNNNCTAGCGTTAC
TGCAGGACCAGAGARATTCGAATAC 7317 TGCAGGACCACGAGRATTCGARTA 7557
AGTCTGTAGNNNCTAGCGTTAC CAGTACTCTCNNNCTAGCGTTAC
TGCAGGACCAGAGARTTCGAATAC 7318 TGCAGGACCAGAGAATTCGAATA 7558
AGACTATCGNNNCTAGCGTTAC CAGGCTAAAGNNNCTAGCGTTAC
TGCAGGACCAGAGRATTCGAATAC 7319 TGCAGGACCAGAGAATTCGAATA 7559
AAGGATTAANNNCTAGCGTTAC CACCCTTTGANNNCTAGCGTTAL
TGCAGGACCAGAGARTTCGAATAC TECAGGACCAGAGAATT CGBATA 7560

VTTACATCTNNNCTAGCGTTAC CACGCAGGAGNNNCTAGCGTTAC
TGCAGGACCAGAGARATTCGARTAC TGCAGGACCAC ‘~AL\T’.‘_‘C GAATA 7561
BTTTGGCAG NI\ NCTAGCETTAC CAGTABGAATNNNCTAGCGTTAC
TGCAGCGACCAGAGAATTCGRAATAC 7322 TGCAGGACCAGAGAATTCGAATA 71562
ACAGTATGCNNNCTAGCGTTAC CATGATTACANNNCTAGCGTTAC
TGCAGGACCAGAG? J TTCGAATAC 7323 TGCAGGACCACGAGAATTCGAATA 7563
ATTCGATCCNNNC CGTTAC CACAAAAATC\INNLTAC:&, TTAC
TGCAGCGACCAGAGAATTCGRAATAC 7324 TGCAGG CAGAATTCGAATA 71564
AARATCCCCTNNNCTAGCGTTAC CACCGTGGTGNNNCTAGCGTTAC
TGCAGGACCAGAGARTTCGAATAC T3Z5 TGCAGGACCAGAGAATTCGAATA 7565
ACTCTCCCCNNNCTAGCGTTAC CABACGTTATNNNCTAGCGTTAC
TGCAGGACCAGAGRATTCGAATAC 7326 TGCAGGACCAGAGAATTCGAATA TH66
ACAATTARCNNNCTAGCGTTAC CAGCTTGCAANNNCTAGCGTTAL
TGCAGGACCAGAGART TCGRATAC T GCAGGACCAGAGAATT CGBATA 7567
AATTTTGCTNNNCTAGCGTTAC CATTAGTCGGNNNCTAGCGTTAC
TGCAGGACCAGAGARATTCGARTAC 7328 TGCAGGACCAGAGAATTCGAATA 7568

TGCAGGAC
ATACTCG

A ARTTCGAATAC
TCNNNGATCGACATG

CAGGACCAGAGAR

CAGCGTGARAANNNGATCE

TGCAGGA
BATGCTCH

CTNNNGATCGACATG

CATATCGCGANNNGATCGACAT G

TGCAGGACCAGAGAATTCGAATAC TGCAGGACCACGAGAATTCGAATA 1570
AATGCGARGNNNGATCGACATG CCNNNGATCGACAT G
TGCAGCGACCAGAGAATTCGRAATAC 7331 71571
ATGCGCAGCNNNGATCGACATC
TGCAGGACCAGAGARTTCGAATAC T332 7572
ATGGTAAAANNNGATCCGACATC
TGCAGGACCAGAGRATTCGAATAC TGCAGGACZCAG .C- T"( (:rn VIA 7573
ACACTCCATNNNGATCGACATC \,ACTC]-\” TCANNNGATCGACATG
TGCAGGACCAGAGARTTCGAATAC 7334 TECAGGACCAGAGAATT CGBATA 7574
ACCTATGCGANNNGATCGACATC CACCGGTGACNNNGATCCGACATG
CCAGAGARATTCGARTAC TGCAGGACCAGAGAATTCGAATA 7575

TGCAGGEAC

CCAGRGARTTCGAATAC

AGATTGAAANNNGATCGACATC

TGECAGGACCAGAGAATT CGAATA
CAGACGCETCNNNGATCCGACATG

TGCAGGACCACGAGAATTCGAATA

AGRATCC

TGNNNGATCGACATG

TGCAGGACCAGAGAATTCGAATAC 7337 75T
BACACCC %Nl\u\- TCGACATG CAGBACAGA .NNNC}]A TC 'JnCAT =
TGCAGGACCAGAGARATTCGAATAC TGCAGGAL 7578
ACCGGCATGNNN ATFGA\,A”G CAGTGTGT
TGCAGGACCAGAGARTTCGAATAC 7338 ¥ A 75789
ATCCGATTCNNNGATCGACATC CAT TG
TGCAGGACCAGAGARATTCGAATAC 7340 T "CAGGA' 7580
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SABTAC j SAATTCGARTA 7583
CATG CACCTAATGGNNNGATCCGACATG
CGAATAC 7344 TGCAGGACCAGAGAATTCGAATA 7584

AANNNGR CATG CAGACAGGATNNNGATCCGACATG
LCCAGAGRATTCGARTAC 7345 TGCAGS LCAGAATTCGAATA 7585
ACA ’\, nP\;«.NNY\ECA'P GACATCG CACTTCCCTTNNNGATCGACATG
TGCAGGACCAGAGARTTCGAATAC 7346 TGECAGGACCAGAGAATT CGAATA 7586
ATGTTTCCGNNNGATCGACATC CATARGAGATNNNGATCCGACATG
TGCAGGACCAGAGARATTCGARTAC 7347 TGCAGGACCAGAGAATTCGAATA 7587
BGCTGGACCNNNGATCGACATG CAACCGAATCNNNGATCGACAT G
TGCAGCGACCAGAGAATTCGRAATAC 7348 TGCAGGACCAGAGAATTCGAATA 7588
AGTAATTCTNNNGATCGACATC CAGCCARCATNNNGATCGACATG
TGCAGGACCAGAGAATTCGAATAC 7349 TGCAGGACCACGAGAATTCGAATA 7589
AAGCTTATANNNGATCGACATC CATGGCTAACNNNGATCCGACATG
TGCAGGACCAGAGARATTCGAATAC 73520 TGCAGGACCACGAGRATTCGARTA 7590
AGCTACCAANNNGATCGACATC CATCGTTCGTNNNGATCCGACATG
TGCAGGACCAGAGARTTCGAATAC 7351 TGECAL ;G.»" CCAGAGAATTCGAATA 7591
AGATARTCANNNGATCGACATC CACAGTTGCANNNGATCCGACATG
TGCAGGACCAGAGRATTCGAATAC TGCAGS CACGAGAATTCGAATA 7592
AARATCATCNNNGATCGACATC CAACTAGCTGNNNGATCGACATG
TGCAGGACCAGAGARTTCGAATAC 7353 TECAGGACCAGAGAATT CGBATA 7593

PAAGNNNGATCGACATG
¢ AATTCGAATAE | 71594
TCGAGNNNGATCGACAT G

AAATAGCCCNNNGATCGACATC CABAL
TGCAGGACCAGAGARATTCGARTAC 735 TGCAGS
BTGCTGCTTNNNGATCGACATG CAGTT

TGCAGCGACCAGAGAATTCGRAATAC TGCAGGACCAGAGAATTCGAATA 7595
ATTACGCAGNNNGATCGACATC CACTCATAGGNNNGATCGACATG
TGCAGGACCAGAGAATTCGAATAC 7356 TGCAGGACCACGAGAATTCGAATA 7596
ABCCCAGCCTNNNGATCGACATG CAGCAGTATCNNNGATCGACAT G
TGCAGCGACCAGAGAATTCGRAATAC TGCAGGACCAGAGAATTCGAATA 7597
ACCATTTATNNNGATCGACATC CATATAGTCANNNGATCCGACATG
TGCAGGACCAGAGARTTCGAATAC 7358 TGCAGGACCAGAGAATTCGAATA 7598
AGTGCAATCNNNGATCGACATC CAGGCTGTAAGNNNGATCCGACATG
TGCAGGACCAGAGRATTCGAATAC 7359 TGCAGGACCAGAGAATTCGAATA 75939
ACATCAGGTNNNGATCGACATC CAAGTGAAATNNNGATCGACATG
TGCAGGACCAGAGARTTCGAATAC 7360 TECAGGACCAGAGAATT CGBATA 7600
AGGCCCACANNNGATCGACATC CAGGTCGTTANNNGATCCGACATG
TGCA"}GAC CnG“GT—QA TTCGARTAC 7361 TGCAGGACCAC ‘~A1\T”"C(‘AATA 7601
BAAL TCGACATG CATCGCGCCTNNNGATCGACAT G
TG ATTCGAATAC 7362 TGCAGGACCAGAGAATTC 7602
ACACZ\G"‘AANT NGATCGACATCG CABAGARACTNNNGATCEG
TGCAGGE : TGCAGGACCACGAGAATTCGAATA 7003
B CNNNGATCGACAT G
TG 7364 CAGAATTCGAATA 7604
AG SNNNGATCGACATG
TGC Xe 7365 GCAGGACT? bn(z.»«_/'l TTCGAATA 7605
ACT TNNNGATCGACATGC ATCCGACATG
TG CCAGAGRATTCGAATAC 7366 TGCAGE. TTCGAATA 7606
A _é.’%]‘«.GGC TANNNGATCGACATG CATGTCCS GATCGACATG
TGCAGGACCAGAGARTTCGAATAC 7367 TECAGGACCAGAGAATT CGBATA 7507
AT\.”\’&”TC}%\NI\NCZ\ ICGACATG CAGTTGGAAGNNNGATCCGACATG
TGCAGGACCAGAGARATTCGARTAC 7368 TGCAGGACCAGAGAATTCGAATA 7608
ATACTATTCNNNGATCGACATG CAGTGGACGECENNNGATCGACAT G
TGCAGGACCAGAGARTTCGAATAC 7369 TGECAGGACCAGAGAATT CGAATA 7608
ACATGACCANNNGATCGACATC CATCCTGECCNNNGATCCACATG
TGCAGGACCAGAGAATTCGAATAC 7370 TGC ‘I\Gur\. CACGAGAATTCGAATA 7010
BATTCACGGC N]\A\- TCGACATG CAATAGGCEANNNGATCGACAT G
TGCAGGACCAGAGARATTCGAATAC ’ TGCA GG./ VCCAGAGAATTCGAATA Tell
AARACCAACCNNN A’w”(” GACATG CAATCCGTGANNNGATCCGACATG
TGCAGGACCAGAGARTTCGAATAC 7372 TGCAGGACCAGAGAATTCGAATA T6LZ
ATTACTGTTNNNGATCGACATC CACTAGCTGTNNNGATCCGACATG
TGCAGGACCAGAGARATTCGAATAC ’ TGCAGGACCACGAGRATTCGARTA TOL3

AGGTTCCCCNNNGATCGACATC CAGAAGACGTNNNGATCGACATG
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LT C ACTNNNGATCCACATG
T CAGGACCAGAGARTTCGAATA 7615
A CATGAGGCAANNNGATCCGACATG
T TGCAGGACCACGAGRATTCGARTA TelG
Al CC CATCGAGTTATNNNGATCCGACATG
TG GACCAGAGARTTCGAATAC 73777 TGCAGGACCAGAGAATTCGAATA ToL7
ACCCTATACNNNGATCGACATC CALTTGGTGCNNNGATCGACATG
TGCAL Gh(, CAGAGRATTCGARTAC 7378 TGCAGGACCAGAGAATTCGAATA 7618

. 'NN?\ECA'P GACATCG CAGGCGTITGECNNNGATCGACATG

TGC? -‘JA CCAGRGARTTCGAATAC 7372 TGECAGGACCAGAGAATT CGAATA 7618
AGATAGGTGNNNGATCGACATC CAGCATCTCTNNNGATCCACATG
TGCAGGACCAGAGARATTCGARTAC 7380 TGCAGGACCAGAGAATTCGAATA 7620
BAAATAACGNNNGATCGACATG CAACTCTCCANNNGATCGACAT G
TGCAGCGACCAGAGAATTCGRAATAC 7381 TGCAGGACCAGAGAATTCGAATA 7621
ABTAATCCTNNNGATCGACATC CAATAAGTAGNNNGATCCGACATG
TGCAGGACCAGAGAATTCGAATAC 3} TGCAGGACCACGAGAATTCGAATA 7022
AGTGGACTTNNNGATCCGACATC CACGATTGCCANNNGATCCGACATG
TGCAGGACCAGAGARATTCGAATAC 7383 TGCAGGACCACGAGRATTCGARTA 7623
AGTTACTCGGNNNGATCGACATCG CAGTTCCAGANNNGATCCGACATG
TGCAGGACCAGAGARTTCGAATAC 7384 TGCAGGACCAGAGAATTCGAATA 7624
ATCCTRAGCANNNGATCGACATC CAMAACCGTACNNNGATCCGACATG
TGCAGGACCAGAGRATTCGAATAC 7385 TGCAGGACCAGAGAATTCGAATA 7625
AARACTTACNNNG A’w” GACATCG CACGCGTTGEGNNNGATCGACATG
TGCAGGACCAGAGARTTCGAATAC 7386 TECAGGACCAGAGAATT CGBATA 7026

AAAGTGCTCNNNGATCGACATC CABNNNGATCCGACATG
TGCAGGACCAGAGARATTCGARTAC [ TGCAGGACCAGAGAATTCGAATA ez’
BGTATTTTCNNNGATCGACATG CATGACCAGTNNNGATCGACAT G

TGCAGCGACCAGAGAATTCGRAATAC 7388 TGCAGGACCAGAGAATTCGAATA 1628

AGARAGCTGNNNGATCGACATC CAATGGATTTNNNGATCGACATG
TGCAGGACCAGAGAATTCGAATAC 7389 TGCAGGACCACGAGAATTCGAATA 7029
BATCACCACNNNTCCATCAGET CARL C ATCAGGT

T CCACNNNTGE
‘GARTAC ACC,

TGCAGGACCAGAGAATTC T 7390 TGCAGGACCAGAGAATTCGAATA 7630
AAGGACCTTNNNTGCATCAGCET CAGTGGCGCTNNNTGCATCAGET
TGCAGGACCAGAGARTTCGA “{P," C 7391 TGCAGGACCAGAGAATT CG}\A‘l A 7631
AGARTGTAANNNTGCATCAGGET CATCTGGATGNNNTGCATCAGET
TGCAGGACCAGAGRATTCGAATAC 7392 TGCAGGACCAGAGAATTCGAATA 7632
AARACTGCCNNNTGCATCAGET CACCGATGCGNNNTGCATCAGET
TGCAGGACCAGAGART TCGRATAC 7383 TECAGGACCAGAGAATT CGBATA 7533
AATACAATCNNNTGCATCAGGET CAAGTGCTCANNNT GCATCAGET
TGCAGGACCAGAGARATTCGARTAC 7394 TGCAGGACCAGAGAATTCGAATA 7634

BGAGC!
TGCAGGAC
ATCGT""‘”‘"CNNN [

>CGNNNT

CACAATAGTTNNNTGCATCAGET
’ SGACCAGAGARTTC

CATACAGGCTNNNTGCATCAGET
=
o

>
~J
oY
w
(51

TGCAGGACCAGAGANA] 7396 T SACCACGAGARATTCGAATA Te36
BCTGAGCCGNNNTCCAS CA-S =T CATATACCTTNNNTGCATCAGGT
TGCAGCGACCAGAGAATTCGRAATAC 7387 TGCAGGACCAGAGAATTCGAATA 7637
ACAAGCAGANNNTGCATCAGGT C AACNNNTGCATCAGE'
TGCAGGACCAGAGARTTCGAATAC 7398 TGCAGGACCAGAGAATTCGAATA 7638
AGTCT TACCNI ITL CATCAGCT CAGCTATGACNNNTGCATCAGGT

TGCAGE

GARTAC 7399 TGCAGGACCAGAGAATTCGAATA 7639
CAGTTACACGNNNTGCATCAGET
TGCAGGACCAGAGAL 7400 TECAGGACCAGAGAATT CGBATA 7640
AGGCGETTCGNNNTGCAT CAGAAGGAAGNNNTGC
TGCAGGACCAGAGARATTCGARTAC 7401 TGCAGGACCAGAGAATTCGAATA 764l
BCCGCACCTNNNTGE CAATGACTTANNNTGCATCAGET
T L‘f‘ AGGACCAGAGARTT 7402 TGECAGGACCAGAGAATT CGAATA T642

ACGTCT CCNI‘ \IICCA

TCAGST

TCAGSE

T
TGGTTCNNNTGCATCAGET CATCTCTAATNNNTGCATCAGET

SGACCAGAGAATTCGAATAC 7403 TGCAGGACCACGAGAATTCGAATA To43
CCGTANNN TC-CA‘L\.‘A" > CAGGAATAATNNNTGCATCAGGT

] :G, WCCAGAGAATTCGANTAC 7404 TGCAGGACCACGAGRATTCGARTA 7644
AAATCGCNNN TFCA TCAGGT CAATTATACGNNNTGCATCAGGET

PGCAGGACCAGAGARTTCGAATAC 7405 TGCAGGACCAGAGAATTCGAATA 7645
GCTTTGTCNNNTGCATCAGCET CACAAAGGACNNNTGCATCAGGT

3

ol

AGGRCCAGAGRATTCGARTAC 7406 'GCAGGACCAGAGRATTCGARTA 7646
TTCAATTNNNTGCATCAGGT CAATAGAATCNNNTGCATCAGET
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CAGGT

GCONNNTGCATCAGET
A

TGCAG 7408 TGCAGGACCAGAGAATTCGAAT 7648

ACCAG CACATTTTCANNNTGCATCAGGT

TGCAG 7408 TGCAGGACCACGAGRATTCGARTA 7649

ALGAG CAGCAGAGGCNNNTGCATCAGGET

TGCAG! 7410 TGCAGGACCAGAGAATT C GAATA 7650

ANCGE CAGCGGTAGGNNNTGCATCAGET

TGCAGGA f\" le” TCGRAATAC 7411 TGCAGS ,\,P\( AGAATTCGAATA 7651
ACCTAAA CAGGAG > TCAGGET

TGCAGEACC ALrA GAR TA 7412 TGECAGGACT .':nGAATT CGAATA To5H2

GT.

=6
&

Al ARCTCNNNTGCATCAGET

CARCCATTCCNNNTGCATCAGET

TGCAGGACCAGAGARATTCGARTAC 7413 TGCAGGACCAGAGAATTCGAATA 7653
BTGGCTCGATNNNTCCATCAGET CATCABATGETNNNTGCATCAGET
TGCAGCGACCAGAGAATTCGRAATAC 7414 TGCAGGACCA -~7-\G.7-‘¢&T’w”(“ GAATA 1654
JAG\.\, GTACGCNNNTG CACAGT CATCAGGET
TGCAGGACCAGAGAA 7415 TGCAGGACCACGAGAATTCGAATA 7955
ATATCATTCNNN CACGATCTAATNNNTGCATCAGGT
TGCAGGA CC 7416 TGCAGGACCACGAGRATTCGARTA 7656
AGAGC CATTTCAGTTNNNTGCATCAGGET
TGCAGGACCAGAGARTTCGAATAC 7417 ‘I GCAGGACCAGAGAATTCGAATA 7657
AGCGTAACGANNNTGCATCAGGET CAGACARTTTNNNTGCATCAGET
TGCAGGACCAGAGRATTCGAATAC 7418 TGCAGGACCAGAGAATTCGAATA 7658
ATCGCAARCNNNTGCATCAGET CAGCCGTAATNNNTGCATCAGET
TGCAGGACCAGAGARTTCGAATAC 7412 TECAGGACCAGAGAATT CGBATA 7608
AGARAGCTTCNNNTGC GGT CABATACAAGNNNTGCATCAGET
TGCAGGACCAGAGARATTCGARTAC 7420 TGCAGGACCAGAGAATTCGAATA 7660
ATATTACCTNNNTGCATCAGET CAGTCCGCEANNNTGCATCAGET
TGCAGCGACCAGAGAATTCGRAATAC 7421 TGCAGGACCAGAGAATTCGAATA 1661
ATGCATGTGNNNTGCATCAGET CACCATCATCNNNTGCATCAGET
TGCAGGACCAGAGAATTCGAATAC 7422 TGCAGGACCACGAGAATTCGAATA 1062
BGCTTTCAGNNNTCCATCAGET CACCTGTCATNNNTGCATCAGGT
TGCAGCGACCAGAGAATTCGRAATAC 7423 TGCAGGACCAGAGAATTCGAATA 1663
ATCCTATTANNNTGCATCAGCET CAGCTTCCTANNNTGCATCAGGET
TGCAGGACCAGAGARTTCGAZ “{P," C 7424 TGCAGGACCAGAGAATTCGAATA 664
ACGTCAGCGCNNNTGCATCAGGET CAACCCAACANNNTGCATCAGET
TGCAGGACCAGAGRATTCGAATAC 7425 TGCAGGACCAGAGAATTCGAATA 7665
ACCGCGATGNNNTGCATCAGET CAABNACGCGANNNTGCATCAGET
TGCAGGACCAGAGART TCGRATAC TECAGGACCAGAGAATT CGBATA 7066
AGGTTGTCANNNTGCATCAGGET CATCTGCATCNNNTGCATCAGET
TGCAGGACCAGAGARATTCGARTAC T4z7 TGCAGGACCAGAGAATTCGAATA Te6T
BGCAGCARBANNNT CAATTCCAAANNNTGCATCAGET
TGCAGGACC 7428 CAGGACCAGAGARTTC A 7668
SCGTAA CACACCAAGTNNNTGCATCAGET
TGCAGGACCAGAGANA] AT 7429 TGCAGGACCACGAGAATTCGAATA 7069
BGAGAGTCANNNTCCATCAGET CAGCACAACTNNNTGCATCAGGT
TGCAGCGACCAGAGAATTCGRAATAC 7430 TGCAGGACCAGAGAATTCGAATA 1670
ACTATGCCTNNNTGCATCAGGT AACGGTGGATNNNTGCATCAGE'
TGCAGGACCAGAGARTTCGAATAC 7431 TGCAGGACCAGAGAATTCGAATA 7671
AARCCCAAGNNNTCGCATCAGCET CATGCTAGCANNNTGCATCAGGT
TGCAGGACCAGAGRATTCGAATAC TA32 TGCAGGACCAGAGAATTCGAATA 76772
ACGGCLCGGNNNTGCA CATT SAGCNNNTGCATCAGGT
TGCAG'}A CCAGAGAL 7433 TECAGGACCAGAGAATT CGBATA 7673
A}\ AGLG C(,Nl\\"l GC CAAGTTTCGENNNTGCATCAGET
T434 TGCAGGACCAGAGAATTCGAATA 7674
CAGCTAGTACNNNTGCATCAGET
TGCAGGACCAGAGARTT T 7435 TGECAGGACCAGAGAATT CGAATA 7675
AAGCTGACGANNNTGCATCAGET CATAGGTGCTNNNTGCATCAGET
TGCAGGACCAGAGAATTCGAATAC 7436 TGCAGGACCACGAGAATTCGAATA 7076
BCTCTG CTNNNTC-CA‘L\.‘A-‘ > CACATTACGCNNNTGCATCAGET
TGCAGGACCAGAGARATTCGAATAC 7437 TGCAGGACCACGAGRATTCGARTA 7o
ATCGCAGGCNNN TFCA TCAGGT CATCGCAATTANNNTGCATCAGGET
TGCAGGACCAGAGARTTCGAATAC 7438 TGCAGGACCAGAGAATTCGAATA 7678
AATATTAGCNNNTCGCATCAGCET CATGGCCCCTNNNTGCATCAGGT
TGCAGGACCAGAGARATTCGAATAC 7438 TeT9

AACCGTATGNNNTGCATCAGET

TGCAGGACCACGAGRATTCGARTA
CAGCTGCAGCNNNTGCATCAGET
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ALZ’TG'” CCGNNNTGC nl’l’"‘ NNNTGCATCAGGT
TGCAGGACCAGAGAR SARTAC T445 TGECAGGACCAGAGAATT CGAATA 7685
ACAGECTCCNNNTGCATCAGET CATCATAGGCNNNTGCATCAGET
TGCAGGACCAGAGARATTCGARTAC 7446 TGCAGGACCAGAGAATTCGAATA 7686
ATCGCTTACNNNTCGCATCAGET CATGGAGGTANNNTGCATCAGET
TGCAGCGACCAGAGAATTCGRAATAC 7447 TGCAGGACCAGAGAATTCGAATA 1687
ACGGATTCGTNNNTG sGT CAGTCTCTACNNNTGCATCAGET
TGCAGGACCAGAGAA AATAC 7448 TGCAGGACCACGAGAATTCGAATA 7688
ACAAGCTCTNNNTGC? ; CAGCCTGGTCENNNTGCATCAGGT
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INTERNATIONAL SEARCH REPORT International application No.
PCT/US 17/48434

Box No. I1 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. m Claims Nos.: 8-59, 63-66, 71-81, 83-87, 89, 93-105
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. III  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international apﬁllication, as follows:
This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees must be paid.

Group |, claims 1-7 and 88, directed to a method for performing a genetic analysis on a DNA target region from a test sample comprising
generating a DNA library.

Group |l claims 60-62, directed to a method for or highly sensitive detection of copy number gain and copy number loss, measuring
chromosome stability, and treating a subject identified as having a destabilized genome.

Group Il claims 67-70, 82 and 90-92, directed to a genomic DNA library comprising a plurality of DNA library fragments, and a set of
adaptors that encode an identity of a unique genomic DNA fragment and an identity of a test sample,

--continued on first extra sheet--

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. D As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. m No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

Remark on Protest |:I The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit spccificd in the invitation.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (January 2015)
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A.  CLASSIFICATION OF SUBJECT MATTER

CpPC

IPC(8) - C12Q 1/68, GO6F 19/00, GOBF 19/20 (2017.01)
- C12Q 1/6806, GO6F 19/22, GO6F 19/345, GO6F 19/18

According to International Patent Classification (IPC) or to both national classification and IPC

B.  FIELDS SEARCHED

See Search History Document

Minimum documentation searched (classification system followed by classification symbols)

See Search History Document

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

See Search History Document

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

[0312]; [0320).

X US 2016/0053301 A1 (CLEARFORK BIOSCIENCE, INC.) 25 February 2016 (25.02.2016) para
[0010]-{0022); [0031); [0032]); [0040]; [0046]; [0062]; [0081]; [0100]; [0114]; {0123]; [0195);

X US 2014/274731 A1 (CLEARFORK BIOSCIENCE, INC.) 18 September 2014 (18.09.2014) para
[0007]-{0008); [0012]; [0022]; [0031]); [0046]; [0090]; [0171]; [0224]; [0234); [0328]; {0678).

1.3,6,7,88

D Further documents are listed in the continuation of Box C.

D See patent family annex.

* Special categories of cited documents:

“A” document defining the general state of the art which is not considered
to be of particular relevance

“E” earlier application or patent but published on or after the international
filing date

“L” document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“O” document referring to an oral disclosure, use, exhibition or other
means

“P”  document published prior to the intemnational filing date but later than

the priority date claimed

“T” later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

“X” document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y” document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&” document member of the same patent family

Date of the actual completion of the international search

28 November 2017

Date of mailing of the international search report

2017

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.O. Box 1450, Alexandria, Virginia 22313-1450

Facsimile No. 571-273-8300

Authorized officer:
Lee W. Young

PCT Helpdesk: 571-272-4300
PCT OSP: 571-272-7774

Form PCT/ISA/210 (second sheet) (January 2015)
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--continued from Box Ii: Observations where unity of invention is lacking--

The inventions listed as Groups I-Ill do not relate to a single special technical feature under PCT Rule 13.1 because, under PCT Rule
13.2, they lack the same or corresponding special technical features for the following reasons:

Special technical features:

Group | has the special technical feature of perfroming a genetic analysis using a genomic DNA library, that is not required by Groups II-
n.

Group Il has the special technical feature of determining copy number values using genomic DNA, that is not required by Groups ! and
.

Group |l also has the special technical feature of determining an RGD (raw genomic depth) for a capture probe and normalizing the
RGD, that is not required by Groups | and Ill. (see instant Specification, para [00183], Each capture probe yields a set of unique reads
that are computationally distilled from total reads by grouping into families. The unique reads for a given sample (e.g., raw genomic
depth for a sample) are then computed as the average of all the unique reads observed on a probe-by-probe basis.).

Group 1l has the special technical feature of a composition comprising a genomic DNA library comprising a plurality of DNA library
fragments, and a set of adaptors, that is not required by Groups !-1l.

Common technical features:

Groups | and |Il share the common technical feature of a genomic DNA library comprising a plurality of DNA library fragments, wherein
each of the DNA library fragments comprises an adaptor and a genomic DNA fragment, wherein the adaptor is a DNA polynucleotide
that comprises: an amplification region, a sample tag region, and an anchor region; wherein the amplification region comprises a
polynucleotide sequence capable of serving as a primer recognition site for PCR amplification; wherein the sample tag comprises a
polynucleotide sequence thal encodes an identity of the unique library DNA fragment and encodes an identity of the test sample; and
wherein the anchor region comprises a polynucleotide sequence that encodes the identity of the test sample and wherein the anchor
region is capable of attaching to the genomic DNA fragment.

Groups I-l further share the common technical feature of performing a quantitative genetic analysis of the genomic DNA from a sample.

However, these shared technical features do not represent a contribution over prior art, because these shared technical features are
anticipated by US 2014/274731 A1 to CLEARFORK BIOSCIENCE, INC., (hereinafter Clearfork).

Clearfork teaches a genomic DNA library comprising a plurality of DNA library fragments (para [0009)] “a method for generating a tagged
DNA library comprising treating fragmented DNA"), wherein each of the DNA library fragments comprises an adaptor and a genomic
DNA fragment (para [0046] "and ligating a random nucleic acid tag sequence, and optionally a sample code sequence and/or a PCR
primer sequence to the fragmented end-repaired DNA to generate the tagged DNA library"), wherein the adaptor is a DNA
polynucleotide that comprises: an amplification region, a sample tag region, and an anchor region (para [0012] "the ligating comprises
ligating a multifunctional adaptor module to the fragmented end-repaired DNA to generate the tagged DNA library, wherein the
multifunctional adaptor molecule comprises: i} a first region comprising a random nucleic acid tag sequence; ii) a second region
comprising a sample code sequence; and iii) a third region comprising a PCR primer sequence"; [0090] "wherein each hybrid tagged
cDNA sequence comprises: fragmented end-repaired cDNA; a random nucleotide tag sequence; a sample code sequence; a PCR
primer sequence; a cDNA target region; and a multifunctional capture probe module tail sequence"; [0678] For total RNA libraries...an
adaptor design was created in which the first 8 bases were random and the next 12 served as a "code" and an anchor sequence for a 12
mer partner strand oligo that could therefore form a ligatable duplex”);

wherein the amplification region comprises a polynucleotide sequence capable of serving as a primer recognition site for PCR
amplification (para [0012] "a third region comprising a PCR primer sequence");

wherein the sample tag compricos a polynucleotide sequenice that encodes an identity of the unique library DNA fragment and encodes
an identity of the test sample (para [0012] "a second region comprising a sample code sequence"; [0224} "the term "sample code
sequence" refers to a polynucleotide that is used to identify the sample");

wherein the anchor region comprises a polynucleotide sequence that encodes the identity of the test sample and wherein the anchor
region is capable of attaching to the genomic DNA fragment (para [0090] "and a multifunctional capture probe module tait sequence”;
[0234] "a multifunctional capture probe module comprises a region capable of hybridizing to a partner oligonucleotide and a region
capable of hybridizing to a genomic target sequence...the partner oligo may also function as a tail sequence or primer binding site";
[0678] For total RNA libraries the poly-dT primer: TTTTTTTTTTTTTTTTTTVN (SEQ ID NO: 722) was used. For targeted RNA-seq, an
adaptor design was created in which the first 8 bases were random and the next 12 served as a "code” and an anchor sequence for a 12
mer partner strand oligo that could therefore form a ligatable duplex").

Clearfork teaches performing a quantitative genetic analysis on a DNA target region from a test sample to determine an approximate
copy number value for specific probes (para [0022] “hybridizing a tagged DNA iibrary with a multifunctional capture probe module
complex, wherein the multifunctional capture probe module selectively hybridizes to a specific target region in the DNA
library...performing PCR amplification of the hybrid nucleic acid in d); and e) quantitating the PCR reaction in d), wherein the quantitation
allows for a determination of copy number of the specific target region").

As the technical features were known in the art at the time of the invention, they cannot be considered special technical features that
would otherwise unify the groups.

Therefore, Group I-ll inventions lack unity under PCT Rule 13 because they do not share the same or corresponding special technical
feature.

NOTE, claims 8-59, 63-66, 71-81, 83-87, 89, 93-105 are held unsearchable because they are dependent claims and are not drafted in
accordance with the second and third sentences of Rule 6.4(a).
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