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Epigenetic markers for the identification of blood sub-cells of type 1

The present invention relates to a method, in particular an in vitro method, for identifying
CD3CD4 and/or CD3CDS8 positive T lymphocytes of a mammal, wherein said method com-
prises analysing the methylation status of at least one CpG position in the CD38/y/e genes, in
particular their “upstream” regulatory regions, and in particular the promoter and other con-
served regions of the gene for CD3, wherein a demethylation of at least one CpG in the ana-
lyzed sample to at least 90% is indicative for memory and naive CD4" T lymphocytes and
memory and naive CD8" T lymphocytes. The present invention is further related at analyzing
the methylation status of at least one CpG position in the genes SLA2, CHRNA3, Cl60rf24,
LCK, FASLG, CD7, SIT1, IL32, CXCR6, UBASH3A, GRAP2, ITGB7 and TXK which also
allows the unambiguously identification of all CD3 positive T lymphocytes. For further un-
ambiguous identification of all CD8 cells, also the equivalent analysis GNGT2, CRTAM,
IL2RB and ZBTB32 can be employed. Among the CD3 positive T lymphocytes, these mark-
ers are capable to segregate between CD8 and CD4 positive cells. Equivalently, FLJ00060,
FLJ38379, PPP6C, CD226, ZBTB7B and TNFAIPS are capable of positively identifying CD4
. expressing cells in whole blood and segregate between CD4 and CD8 positive CD3 positive

cells.

Furthermore, the present invention is directed at the use of DNA-methylation analysis of the
genes CD3y/6/e or SLA2, CHRNA3, Cl6orf24, LCK, FASLG, CD7, SIT1, IL32, CXCRS6,
UBASH3A, GRAP2, ITGB7 and TXK or GNGT2, CRTAM, IL2RB and ZBTB32. or
FLJ00060, FLJ38379, PPP6C, CD226, ZBTB7B and TNFAIP8 for the detection and quality
assurance and control of T lymphocytes. Furthermore, the present invention relates to a kit for
performing the above methods as well as respective uses thereof. In a preferred embodiment,
the present invention furthermore provides an improved method for analysing the methylation
status of at least one CpG position in the gene CD3, allowing for a precise analysis even from
sub-optimal quality samples, such as non-freshly obtained blood or serum samples. It is one
aim of this invention to provide a novel, more robust means to quantitatively detect and
measure particular subsets of the blood within any solid organs or any body fluid of a mam-

mal.
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Employing this method, the inventors provide for novel, not previously known means of de-

termining, quantitating and routinely measuring T lymphocytes.

Background of the invention

T-lymphocytes are a major component of the mammalian immune system. Both CD4 and
CD8 T-cells are responsible for proper functioning of said immune system. Whereas CD8 T-
cells mediate the cytotoxic immune defence, CD4 cells - the so called helper T-cells - assist
both the humoral and the cell mediated immune defence. The heterodimeric T-cell antigen
receptor (TCR) is bound to a monomorphic protein complex called CD3. CD3 consists of sub-
elements CD3 v, -8, and -¢, and is expressed on all peripheral T-cells, but only on a subset of
the thymocytes. The genes for CD3 v, -3, and -¢ are encoded on neighbouring loci on chromo-
som 11 (11g23).

Role of CD3 in signal transduction - The function of the CD3-chains is both the formation
and the transport of the full CD3 complex to the cell surface, as well as the signal transduction
upon stimulation through the heterodimeric T-cell antigen receptor. The amino acid sequence
of the cytoplasmatic part of CD3y, -3, -€ each contains a motif that becomes phosphorylated
upon stimulation, and thus activated. This so called ITAM (immunoreceptor tyrosine-based
activated motif) serves as docking point for different tyrosine kinases. Individuals with defec-

tive CD3y or-e-chains suffer from a severe clinical autoimmune deficiency.

Even though almost all cells in an individual contain the exact same complement of DNA
code, higher organisms must impose and maintain different patterns of gene expression in the
various types of tissue. Most gene regulation is transitory, depending on the current state of
the cell and changes in external stimuli. Persistent regulation, on the other hand, is a primary
role of epigenetics - heritable regulatory patterns that do not alter the basic genetic coding of
the DNA. DNA methylation is the archetypical form of epigenetic regulation; it serves as the
stable memory for cells and performs a crucial role in maintaining the long-term identity of

various cell types.

The primary target of methylation is the two-nucleotide sequence Cytosine-Guanine (a 'CpG
site'); within this context cytosine (C) can undergo a simple chemical modification to become
5-methyl-cytosine. In the human genome, the CG sequence is much rarer than expected,

except in certain relatively dense clusters called 'CpG islands'. CpG islands are frequently
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associated with gene promoters, and it has been estimated that more than half of the human

genes have CpG islands (Antequera and Bird, Proc Natl Acad Sci USA 90: 11995-9, 1993).

Aberrant methylation of DNA is frequently associated with the transformation from healthy to
cancerous cells. Among the observed effects are genome-wide hypomethylation, increased
methylation of tumour suppressor genes, and hypomethylation of many oncogenes (reviewed,
for example, by Jones and Laird, Nature Genetics 21:163-167, 1999; Esteller, Oncogene
21:5427-5440, 2002; and Laird, Nature Reviews/Cancer 3:253-266, 2003). Methylation
profiles have been recognized to be tumour specific (i.e., changes in the methylation pattern
of particular genes or even individual CpGs are diagnostic of particular tumour types), and
there is now an extensive collection of diagnostic markers for bladder, breast, colon,
oesophagus, stomach, liver, lung, and prostate cancers (summarized, for example, by Laird,

Nature Reviews/Cancer 3:253-266, 2003).

Flanagan et al. (in Flanagan BF, Wotton D, Tuck-Wah S, Owen MJ. DNase hypersensitivity
and methylation of the human CD3G and D genes during T-cell development.
Immunogenetics. 1990;31(1):13-20.) describe that the mouse and human CD3G and D genes
are organized in opposite transcriptional orientation, their 5' ends being separated by about 1.6
kilobases (kb) of DNA. The molecular basis of the tissue-specific regulation of expression of
the human CD3G and D genes were examined using DNase I hypersensitivity and CpG
methylation analysis in the mouse. The authors try to define areas 3' to the D gene and within
the intergenic region which contain regulatory elements that influence both CD3D and G
expression and show that transcription from the CD3D and G genes may occur initially from a
methylated promoter. Significantly, the 3' regulatory region was shown to adopt an open
chromatin structure prior to lineage commitment and before CD3 transcription. The quite
limited enzymatic analysis of Flanagan is based o a region in the mouse that has no homology
to any region as found in the human. Furthermore, the paper does not identify the regions as

analyzed as suitable for the identification of DC3 lymphocytes.

Clevers et al. (in Clevers H, Lonberg N, Dunlap S, Lacy E, Terhorst C. An enhancer located
in a CpG-island 3' to the TCR/CD3-epsilon gene confers T lymphocyte-specificity to its
promoter. EMBO J. 1989 Sep;8(9):2527-35.) describe that the gene encoding the CD3-epsilon
chain of the T cell receptor (TCR/CD3) complex is uniquely transcribed in all T lymphocyte

lineage cells. The human CD3-epsilon gene, when introduced into the mouse germ line, was
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expressed in correct tissue-specific fashion. The gene was then screened for T lymphocyte-
specific cis-acting elements in transient chloramphenicol transferase assays. The promoter (-
228 to +100) functioned irrespective of cell type. A 1225 bp enhancer with strict T cell-
specificity was found in a DNase I hypersensitive site downstream of the last exon, 12 kb
from the promoter. This site was present in T cells only. The CD3-epsilon enhancer did not
display sequence similarity with the T cell-specific enhancer of CD3-delta, a related gene co-
regulated with CD3-epsilon during intrathymic differentiation. The CD3-epsilon enhancer
was unusual in that it constituted a CpG island, and was hypomethylated independent of tissue
type. Two HTLV I-transformed T cell lines were identified in which the CD3-epsilon gene
was not expressed, and in which the enhancer was inactive. In contrast to the preferred
embodiment of the present invention, Clevers et al. analyze a remotely located enhancer

region of 3' to the TCR/CD3-epsilon gene.

Hamerman et al. (in: Hamerman JA, Page ST, Pullen AM. Distinct methylation states of the
CD8 beta gene in peripheral T cells and intraepithelial lymphocytes. J Immunol. 1997 Aug
1;159(3):1240-6) distinguish between CD4 and CD8 T-lymphocytes.

EP 1 213 360 describes a method of identifying a cell, tissue or nucleus, comprising collecting
information on the methylation pattern of DNA isolated from the cell, tissue or nucleus and

analyzing the resultant information.

WO 2004/050706 describes a sub-group of T-cells, and relates to characteristics of regulatory
T-cells which define them as such. The application also describes the uses of such T-cells,
compositions comprising them, and chemokines which recruit them in the modulation of an

immune response.

Finally, EP 1 826 279 describes a method, in particular an in vitro method, for identifying
FoxP3-positive regulatory T cells, preferably CD25" CD4" regulatory T cells of a mammal,
comprising analyzing the methylation status of at least one CpG position in the gene foxp3 or
an orthologous or paralogous gene thereof, and the use of DNA-methylation analysis of the
gene of the transcription factor FoxP3 for a detection and quality assurance and control of

regulatory T cells.

While the measurement and determination of CD4 and CD8 cells is generally easy and is
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usually achieved through analyzing the expression of said antigens on the cellular surface,
clinically, it remains challenging to determine these cell types, since for the commonly used
FACS analysis the cell samples need to be freshly isolated or immediately fixated in order to
keep the cell entities intact. Thus, the detection of T lymphocytes, while desirous, is

problematic, particularly for routine applications.

In view of the above, it is an object of the present invention to provide an improved and in
particular robust method based on DNA methylation analysis as a superior tool in order to

more conveniently and reliably identify T-lymphocytes.

The present invention solves the above object by providing a method for identifying T-
lymphocytes in a mammal, in particular in a sample derived from a mammal, comprising
analysing the methylation status of at least one CpG position in one or more of the genes for
CD3 v, -8, and -¢, wherein a demethylation of at least one CpG position to at least 90% in said
+

sample is indicative for a CD3" T-lymphocyte cell, in particular a CD3* CD4", and/or CD3
CD8" T-lymphocyte cell.

The present invention is based on the surprising finding of the inventors that the identification
of CD3 gene as a specific epigenetic marker can greatly facilitate the clinical routine
application of the analysis of the above markers. In contrast to FACS and mRNA
measurements, the respective measurement(s) can be done independent of purification,

storage and to quite some extend also to tissue quality.

In another preferred embodiment of the method according to the present invention, said at
least one CpG position in said sample is demethylated to more than 91% and preferably more

than 92% and most preferred more than 95%.

This concept is based on specific demethylation of the CD3 regions in CD3 positive T-
lymphocytes. Using a simple and precise quantitative PCR method, the inventors show that
CD3 demethylation represents a surrogate marker for T-lymphocyte counts in blood or
tissues. The present inventors have thus identified particular regions within the CD3 gene,
which are functionally involved in, or mandatory associated with, the existence of CD3
positive T-lymphocytes. In one preferred embodiment one very good region is either the

promoter or the TLSDR with e.g. the nucleotide sequence according to SEQ ID No. 1 and
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others, containing many CpG motifs, which display a differential methylation status when
cells expressing CD3 in either CD4" or CD8" cells compared with all other cells, not

expressing CD3 if, for example, the bisulphite sequencing method is used.

The inventors could demonstrate that in CD3" cells the CpG motifs are almost completely
demethylated (i.e. to more than 70%, preferably 80%, preferably, more than 90% and most
preferred more than 95%), whereas the same motifs are completely methylated in all CD3"
cells. The differential methylation of the CpG motifs within the aforementioned region
correlates with CD3 expression. Thus, determination of the methylation status of the CD3
locus could become a valuable tool to identify T-lymphocytes, such as will be required/or at
least of some value for measuring T-lymphocytes in autoimmune diseases, transplant
rejections, cancer, allergy, or just the T-lymphocytes related immune status in any
envisionable context, when desired. The assays allows measurement if T-lymphocytes
without purification or any staining procedures. It even reports in solid tumors or other solid
tissues the number of cells demethylated in said region, thus showing the total amount of CD3

positive tumor infiltrating T-lymphocytes.

The inventors have shown that the potential for constitutive expression of CD3 in T-
lymphocytes coincides with epigenetic, i.e., DNA methylation based regulation. DNA methy-
lation is a biologically and chemically stable epigenetic modification, resulting in long-term
gene expression changes. The inventors found demethylation at the human CD3 locus to be
restricted to T-lymphocytes when tested against all major peripheral blood cell types and a
selection of non-blood cells. These data indicated that epigenetic modifications in the CD3
locus serve as valuable marker for the identification of cells with the phenotype of T-

lymphocyte, regardless of the expression of the specific delta or gamma sub-chains.

In another preferred aspect of the method according to the present invention the methylation
status of at least one CpG position in the genes SLA2, CHRNA3, Cl6orf24, LCK, FASLG,
CD7, SIT1, IL32, CXCR6, UBASH3A, GRAP2, ITGB7 and TXK is analysed in analogy to
what is described herein for CD3. These genes thus also allow the unambiguous identification
of all CD3 positive T lymphocytes. Thus, in a preferred embodiment of the method according
to the present invention, said at least one CpG position is present in the 5’ region upstream

from the transcription start, promoter region, intron, and/or exon/intron border within the
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gene(s) SLA2, CHRNAS3, Cl6orf24, LCK, FASLG, CD7, SIT1, IL32, CXCR6, UBASH3A,
GRAP2, ITGB7 and TXK.

In order to further unambiguously identify all CDS cells, the present invention in another pre-
ferred aspect thereof provides the equivalent analysis of the genes GNGT2, CRTAM, IL2RB
and ZBTB32 among the CD3 positive T lymphocytes, as these markers are capable to segre-
gate between CD8 and CD4 positive cells. This analysis is preferably performed simultane-

ously or subsequently to the analysis for the CD3 phenotype of the T-lymphocytes.

" Equivalently, FLJ00060, FLJ38379, PPP6C, CD226, ZBTB7B and TNFAIPS8 are capable of
positively identifying CD4 expressing cells in whole blood and segregate between CD4 and .
CD8 positive CD3 positive cells.

Another preferred aspect of the method according to the present invention is directed at the
use of DNA-methylation analysis of the genes CD3y/6/e, or SLA2, CHRNA3, Cl6orf24,
LCK, FASLG, CD7, SIT1, IL32, CXCR6, UBASH3A, GRAP2, ITGB7 and
TXK or GNGT2, CRTAM, IL2RB and ZBTB32 or FLJ00060, FLJ38379, PPP6C, CD226,
ZBTB7B and TNFAIP8 for the detection and quality assurance and control of T lympho-

cytes.

In another preferred embodiment of the method according to the present invention, said at
least one CpG position is present in the 5’ region upstream from the transcription start, pro-
moter region, intron, and/or exon/intron border within the CD3 gene. The present invention
also provides the surprising finding that in particularly preferred regions of the gene for CD3,
the so-called “TLSDRs” (T lymphocyte specific demethylated regions), the CpG motifs are
almost completely demethylated (i.e. to more than 90%, preferably 91%, preferably, more
than 92% and most preferred more than 95%), whereas the same motifs are completely me-
thylated in all non T lymphocytes. Thus, this regions and the diagnostic uses thereof also pro-
vides a valuable and reliable tool for a diagnostic analysis according to the present invention.
The TLSDR according to the present invention are located in amplicon No. 1405 (SEQ ID
No. 6), amplicon No. 1406 (SEQ ID No. 7), and/or amplicon No. 1408 (SEQ ID No. 8). All of
these amplicons are parts of the overall region of interest of the present invention as depicted

in SEQ ID No. 1.
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In a preferred embodiment of the method according to the present invention, said analysis of
the methylation status comprises amplification with at least one primer of suitable primer
pairs that can be suitably designed based on SEQ ID No. 1, preferably oligomers according to
any of SEQ ID No. 2 to 5.

Preferably, the amplification involves a polymerase enzyme, a PCR or chemical amplification
reaction, or other amplification methods as known to the person of skill as described below,
e.g. in the context of MSP, HeavyMethyl, Scorpion, MS-SNUPE, MethylLight, bisulfite
sequencing, methyl specific restriction assays. With the amplification, the amplicon of the
TLSDR or any other region in the CD3 gene or any paralog or ortholog as described herein is
produced that is a particularly preferred “tool” for performing the method(s) according to the
present invention. Consequently, an oligomer according to any of SEQ ID No. 2 to 5 or the
amplicon as amplified by a primer pair as mentioned above constitute preferred embodiments

of the present invention.

The person of skill will furthermore be able to select specific subsets of CpG positions in
order to minimise the amount of sites to be analyzed, for example at least one of CpG position
1,2,3,4,5,6,7, 8,9, and 10 of the amplicon No. 1405 (SEQ ID No. 6), amplicon No. 1406
(SEQ ID No. 7), and amplicon No. 1408 (SEQ ID No. 8), or all sites as present on the
amplicons or according to SEQ ID No 1 or other sequences in the CD3 locus. The positions
are numerically counted from the 5’-end of the amplicon as generated and analysed. Preferred
are combinations of 4, 5, 6, or 7 positions, which are producing enough information in order

to be informative in the context of the present invention.

In order to analyze the methylation status of CpG positions, any known method to analyse
DNA methylation can be used. In a preferred embodiment of the method according to the
present invention, the analysis of the methylation status comprises a method selected from
methylation specific enzymatic digests, bisulphite sequencing, analysis selected from
promoter methylation, CpG island methylation, MSP, HeavyMethyl, MethyLight, Ms-SNuPE
or other methods relying on a detection of amplified DNA. These methods are well known to

the person of skill, and can be found in the respective literature.

In a preferred embodiment of the method according to the present invention, said method is

suitable for routine application, for example on a DNA-chip. Based on the above information
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and the respective literature, the person of skill will be able to adjust the method as above to

such settings.

In another preferred embodiment of the method according to the present invention, the
identification comprises a distinction of said T-lymphocytes from all major peripheral blood

cell types or non-blood cells, preferably, but not limited to, CD14, CD15, CD19, and CD56.

In yet another preferred embodiment of the method according to the present invention, the
sample is selected from a mammalian body fluid, including human blood samples, or a tissue,
organ or cell type blood sample, a sample of blood lymphocytes or a fraction thereof.
Preferably, said mammal is a mouse, rat, monkey or human. The samples can be suitably

pooled, if required.

Another preferred aspect of the method according to the present invention then further
comprises the step of concluding on the immune status of said mammal based on said T-
lymphocytes as identified. The general lymphocyte population can be quantified and either be
used as a benchmark to relatively quantify further detailed subpopulations such as the
CD3CD4CD25 positive regulatory T cells or it can be used to finally detect this population to

determine the overall immune activity status.

In yet another preferred embodiment of the methods according to the present invention, the
mammal suffers from or is likely to suffer from autoimmune diseases, transplant rejections,

cancer, and/or allergy.

Another preferred aspect of the method according to the present invention is related to a
method for monitoring the level of CD3" CD4", and/or CD3" CD8" T-lymphocytes in a
mammal, comprising a method as above, and comparing the amount of T-lymphocytes as
identified to an earlier sample taken from the same mammal, and/or to a control sample. In
yet another preferred embodiment of the methods according to the present invention, the
mammal suffers from or is likely to suffer from autoimmune diseases, transplant rejections,

cancer, and/or allergy.

Another preferred aspect of the method according to the present invention then relates to a

method as above, further comprising measuring and/or monitoring the amount of said the
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amount of T-lymphocytes in response to chemical and/or biological substances that are

provided to said mammal.

Another preferred aspect of the method according to the present invention relates to an
oligomer according to any of SEQ ID No. 2 to 5 or an amplicon as amplified by a primer pair
based on SEQ ID No. 1 and designed as described above, in particular the amplicon No. 1405
(SEQ ID No. 6), amplicon No. 1406 (SEQ ID No. 7), and amplicon No. 1408 (SEQ ID No.
8).

Yet another preferred aspect of the present invention then relates to a kit for identifying and/or
monitoring CD3* CD4", and/or CD3* CD8" T-lymphocytes in a mammal based on the
analysis of the methylation status of CpG positions in the gene CD3, comprising materials for
performing a method according the present invention as described herein. Preferably, said kit
comprises a) a bisulfite reagent, and b) materials for the methylation analysis of CpG
positions as comprised by the amplicon No. 1405 (SEQ ID No. 6), amplicon No. 1406 (SEQ
ID No. 7), and amplicon No. 1408 (SEQ ID No. 8). Further preferred, the positions consist of
positions 1,2, 3,4, 5,6, 7, 8,9, and 10 of said amplicons. Most preferred are 5, 6, or 7 or all

positions on said amplicon.

Finally, the present invention also encompasses the use of an oligomer or amplicon or a kit
according to the present invention for identifying and/or for monitoring CD3" CD4", and/or

CD3* CD8" T-lymphocytes in a mammal.

In summary, using the CD3 marker, the inventors very specifically identified (but not
differentiated) both CD3/CD4 positive as well as CD3/CD8 positive T lymphocytes. Using
the marker CD8beta, for example CD8 positive lymphocytes could then be distinguished from
CD4 lymphocytes. This, when using a combination of the present marker(s) and the CD8beta
marker, CD4 and CD8 cells can be specifically distinguished. This was not possible before

the invention, since all CD4 looked identical to non-T lymphocytes.

The invention will now be further described based on the following examples and with
reference to the accompanying figures and the sequence protocol, without being limited
thereto. For the purposes of the present invention, all references as cited herein are

incorporated by reference in their entireties. In the Figures and Sequences,
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Figure 1 shows the differentially methylated gene region as found for CD3 g and d and are
indicated by red lines as “blast hits”.

Figure 2 shows the analysis of amplicon No. 1405 (SEQ ID No. 6), bisulfite strand 2,

sequencing direction: forward. Relevant positions are indicated in bold.

Figure 3 shows the analysis of amplicon No. 1406, bisulfite strand 2, sequencing direction:

reverse. Relevant positions are indicated in bold.

Figure 4 shows the analysis of amplicon No. 1406 (SEQ ID No. 7), bisulfite strand: 2,

sequencing direction: forward. Relevant positions are indicated in bold.

Figure 5 shows the analysis of amplicon No. 1408 (SEQ ID No. 8), bisulfite strand: 2,

sequencing direction: forward. Relevant positions are indicated in bold.

Figure 6 shows the regulatory regions of the v,6-T-cell receptor, including regions Nr. 1405
1406 und 1408 on chromosome 11 (NCBI36:11:117714000:117730500:1). Exon sequences
are underlined for CD3 6, and double underlined for CD3 y. CGs are in bold.

SEQ ID No. 1 shows the sequence of the region as considered to have a specific methylation

pattern in CD3 cells.

SEQ ID No. 2 to 5 and 9 show the sequences of oligonucleotides used in the Illumina Chip-
Fragment assay for CD3y and CD38 and CD3e.

SEQ ID No. 6 to 8 show the reference sequences of amplicon No. 1405 (SEQ ID No. 6),
amplicon No. 1406 (SEQ ID No. 7), and amplicon No. 1408 (SEQ ID No. 8).

SEQ ID No. 10 to 38 show the sequences around the CpG positions as analyzed in other

preferred T-lymphocyte markers of the present invention according to example 2.

SEQ ID No. 39 to 65 show the sequences as depicted in the alignments of figures 2 to 5. If not

stated otherwise, the sequences are ordered in the succession of their appearance in figures 2
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to 5.

EXAMPLES

Example 1 — CD3-Analysis
The inventors have purified various blood subsets, including CD3/CD4, CD3/CD8 naive and

memory T lymphocytes, CD56 natural killer cells, CD19 naive and memory B cells, CD14
monocytes and CD15 granulocytes. DNA from the purified cells was bisulfite-treated and
analysed at various CpG dinucleotide motifs. The inventors then compared the methylation
status (finding C as for Cytosine that was methylated in the original sequence versus T for

cytosine that was unmethylated in the original sequence).

The data showed various CpG motifs and areas in the CD3 y, § and € that were demethylated
in all CD3CD4 and CD3CDS8 cell types while methylated in all other blood cell types. The
differentially methylated gene regions as found for CD3 y, 6 and € are shown below in Figure

1 and are indicated in bold as “blast hits”

The data, as observed with Illumina Golden Gate technology, show that all CD4 and CD8
positive memory (0.06 and 0.06 respectively) and naive (0.03 and 0.06, respectively) T cells
are subject to much lower methylation rates than all other tested cell types, including CD15
(0.92), CD14 (0.90), CD19 memory and naive (0.81 and 0.67, respectively), CD56 (0.86)
positive blood cells as well as cells derived (0.78) from non-blood tissues. The experimental

results are further depicted in the following table.
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The data showing the high specificity were obtained using a Illumina Golden Gate technol-

ogy, with the following genomic CpGs regions analysed

CD3y

cg15880738 (SEQ ID No. 2)
(+DAGCTGCTGCACAGGCTGGCTGGCTGGCTGGCTGCTAAGGGCTGCTCCACG
cg07545925 (SEQ ID No. 3)
(+DCGGAAAAACAAAAGGCATCTGCACCTGCAGCCCTGCTGAGGCCCCTGCTG

CD35
cg24841244 (SEQ ID No. 4)

(-1) ACCCAGGCTGATAGTTCGGTGACCTGGCTTTATCTACTGGATGAGTTCCG
cg07728874 (SEQ ID No. 5)

(-1) TGGAACATAGCACGTTTCTCTCTGGCCTGGTACTGGCTACCCTTCTCTCG

CD3¢
cg24612198 (Seq ID No. 9)
AGTCATCTGTTTTGCTTTTTTTCCAGAAGTAGTAAGTCTGCTGGCCTCCG

Since the Illumina technology does only allow the analysis of a single CpG (or rather 2 CpGs
per gene locus) the inventors verified the methylation properties using bisulfite sequencing.
For that, the inventors bisulfite treated the samples using the Qiagen EpiTect kit, and se-
quenced the samples using an ABI 3100 prism sequencer. For data interpretation, the KB base

calling software supplied by ABI was used.

While not providing entirely quantitative results calculating the percentile of methylated (i.e.,
CG signal on the plus strand sequence) versus unmethylated (i.e., TG on the plus strand se-
quence), the data were unambiguous for the purified cell types. All T-lymphocytes were
overwhelmingly demethylated at all CG positions analysed, whereas all other analysed cell

types were methylated at identical positions.

Example 2 —Analysis of additional markers in analogy to CD3

In order to identify further suitable markers distingushing and monitoring T-lymphocytes,

other markers in addition to CD3 have been identified and tested through methylation analy-
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sis. It was found that methylation in the CpG positions in the genes for SLA2, CHRNA3,
Cléorf24, LCK, FASLG, CD7, SIT1, IL32, CXCR6, UBASH3A, GRAP2, ITGB7 and TXK
can also be used in the context of the present invention, as these markers are also able to iden-

tify CD3 positive T lymphocytes.

Furthermore, other markers have been identified that identify the subset of the CD8 and CD4
positive cells in the group of CD3 positive T lymphocytes. The genes for GNGT2, CRTAM,
IL2RB and ZBTB32 have been found to segregate between CD8 and CD4 positive cells.
Equivalently, FLJ0O0060, FLLJ38379, PPP6C, CD226, ZBTB7B and TNFAIPS8 are capable of
positively identifying CD4 expressing cells in whole blood and segregate between CD4 and
CD8 positive CD3 positive cells.

The following table 2 summarizes the Illumina-data as obtained for the above markers at se-
lected CpG positions. It can be seen that several other markers can be used in order to selec-
tively identify CD4+ (for CD3+ lymphocyte subset-identification), namely FLJ00060;
FLJ38379; PPP6C; CD226; ZBTB7B and/or TNFAIPS, in order to selectively identify CD8+
(for CD3+ lymphocyte subset-identification), namely GNGT2; CRTAM; IL2RB and/or
ZBTB32, and in order to selectively identify CD3+ lymphocytes, namely CD3D; CD3G,
and/or CD3E, and/or SLA2 CHRNA3, Cl6orf24; LCK; FASLG; FASLG; CD7; SIT1; IL32;
CXCR6; UBASH3A; GRAP2; ITGB7 and/or TXK, as shown with selected CpG sites as pre-
ferred examples. Based on the table, the person of skill will be able to extend the teaching

regarding CD3 as herein to these markers and their CpG sites.

Table 2: Illumina-data as obtained selected markers at CpG positions Chr. = chromosome
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CLAIMS
1. A method for identifying T-lymphocytes in a sample derived from a mammal,

comprising analysing the methylation status of at least one CpG position in one or more of the
genes for CD3 v, -6, and -¢, or SLA2, CHRNA3, Cl6orf24, LCK, FASLG, CD7, SIT1, IL32,
CXCR6, UBASH3A, GRAP2, ITGB7 or TXK, wherein a demethylation of at least one CpG
position to at least 90% in said sample is indicative for a CD3" T-lymphocyte cell, in

particular a CD3" CD4", and/or CD3" CD8" T-lymphocyte cell.

2. The method according to claim 1, wherein said at least one CpG position in said
sample is demethylated to more than 91% and preferably more than 92% and most preferred

more than 95%.

3. The method according to claim 1 or 2, wherein said at least one CpG position is
present in the 5’ region upstream from the transcription start, promoter region, intron, and/or

exon/intron border within the CD3 genetic region.

4. The method according to claim 1 or 2, wherein said at least one CpG position is found
in the regulatory regions of the CD3 7v, 8, ¢ genes including regions amplicon No. 1405
according to SEQ ID No. 6, amplicon No. 1406 according to SEQ ID No. 7, and/or amplicon
No. 1408 according to SEQ ID No. 8.

5. The method according to any of claims 1 to 4, wherein the analysis of the methylation
status comprises a method selected from methylation specific enzymatic digests, bisulphite
sequencing, analysis selected from promoter methylation, CpG island methylation, MSP,
HeavyMethyl, MethyLight, Ms-SNuPE or other methods relying on a detection of amplified
DNA.

6. The method according to any of claims 1 to 5, further comprising a methylation
analysis of at least one CpG position in the genes for CD4" and/or CD8, in particular CD8
beta, or in the genes for GNGT2, CRTAM, IL2RB, and ZBTB32, or FLJ00060, FLJ38379,
PPP6C, CD226, ZBTB7B, and TNFAIPS.
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7. The method according to any of claims 1 to 6, wherein said method is suitable for

routine application, for example on a DNA-chip.

8. The method according to any of claims 1 to 7, wherein said identification comprises a
distinction of said T-lymphocytes from all major peripheral blood cell types or non-blood

cells.

9. The method according to any of claims 1 to 8, wherein said sample is selected from a
mammalian body fluid, including human blood samples, or a tissue, organ or cell type blood

sample, a sample of blood lymphocytes or a fraction thereof.

10. The method according to any of claims 1 to 9, wherein said mammal is a mouse, rat,

monkey or human.

11.  The method according to any of claims 1 to 10, further comprising the step of

concluding on the immune status of said mammal based on said T-lymphocytes as identified.

12.  The method according to any of claims 1 to 11, wherein said mammal suffers from or

is likely to suffer from autoimmune diseases, transplant rejections, cancer, and/or allergy.

13. A method for monitoring the level of CD3" T-lymphocytes, in particular CD3* CD4",
or CD3" CD8" T-lymphocytes, in a mammal, comprising a method according to any of claims
1 to 12, and comparing the amount of T-lymphocytes as identified to an earlier sample taken

from the same mammal, and/or to a control sample.

14.  The method according to claim 13, wherein said mammal suffers from or is likely to

suffer from autoimmune diseases, transplant rejections, cancer, and/or allergy.

15.  The method according to any of claims 12 to 14, further comprising measuring and/or
monitoring the amount of said the amount of T-lymphocytes in response to chemical and/or

biological substances that are provided to said mammal.
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16.  An oligomer according to any of SEQ ID No. 2 to 5 or the amplicon Nr. 1404
according to Figure 2, 1406 according to Figure 3, and 1408 according to Figure 5.

17. A kit for identifying and/or monitoring CD3* T-lymphocytes, in particular CD3*
CD4", or CD3" CD8" T-lymphocytes, in a mammal based on the analysis of the methylation
status of CpG positions in the gene CD3, comprising materials for performing a method

according to any of claims 1 to 16.

18.  The kit according to claim 16, comprising a) a bisulfite reagent, and b) materials for
the methylation analysis of CpG positions selected from the positions consisting of positions
1,2,3,4,5,6,7,8,9, and 10 of the amplicon Nr. 1405 according to SEQ ID No. 6, amplicon
No. 1406 according to SEQ ID No. 7, and amplicon No. 1408 according to SEQ ID No. 8.

19.  Use of an oligomer or amplicon according to claim 16 or a kit according to claim 17 or
18 for identifying and/or monitoring CD3" CD4", or CD3" CD8" T-lymphocytes in a

mammal.
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Figure 2 (Ref-Seq is SEQ ID No. 6)
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———————————————————————— AGCCTCTTT-ATAA-TCTCAAARAAA
———————————————————————— AGCCTCTTT-ATAA-TCTCAAAARAA
TTATTCCACCTATTACCTTCCAAACGCCTCTTTCATAA-TCTCARAAAAA
———————————————————————— CGCCTCTTT-ATAA-TCTCAAAAAAA
------------------------ TACCTCTTT-ATAAATCTCAAAAAAA
———————————————————————— GACCTCTTT-ATAA-TCTCAAAAAAA
———————————————————————— CGCCTCTTT-ATA--TCTAAAAAAA-

*ok ok okkok ok %ok ok dokok kok ok ok ok k

TAATAAAACCAAATACCGTATCTCACGCCTATAATCCCAACACTTTAARA
TAATAAAACCAAATACCGTATCTCACGCCTATAATCCCAACACTTTAARA
TAATAAAACCAAATACCGTATCTCACGCCTATAATCCCAACACTTTAARA
TAATAAAACCAAATACCGTATCTCACGCCTATAATCCCAACACTTTAARAA
TAATAAAACCAAATACCATATCTCACACCTATAATCCCAACACTTTAAAA
TAATAAAACCAAATACCATATCTCACACCTATAATCCCAACACTTTARAAA
---TATAAACCAATACCGTATCTCACACCTATAATCCCAACACTT~ARARA

ok khk Kk Ahkhkhkhkhk khkhhkhkhhk KhkhkhkhkrhhkhkhhkhkhhkhhkhkAht kkkk

AACTAAAACAAATAAATCACAAAATCAAAAATTCG-AAACCAACCTAACC
AACTAAAACAAATAAATCACAAAATCAAAAATTCG-AAACCAACCTAACC
AACTAAAACAAATAAATCACAAAATCAAAAATTCG-AAACCAACCTAACC
AACTAAAACAAATAAATCACAAAATCAAAAATTCG-AAACCAACCTAACC
AACTAAAACAAATAAATCACAAAATCAAAAATTCA-AAACCAACCTAACC
AACTAAAACAAATAAATCACAAAATCAAAAATTCA-AAACCAACCTAACC
AACTAAAACAAATAAATCACAAAATCAAAAATTCAGAAACCAACCTAACC
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AACAAAATAAAACCCCGTCTCTACTAAAAATACAAAAATTAACCGAACTT
AACAAAATAAAACCCCGTCTCTACTAAAAATACAAAAATTAACCGAACTT
AACAAAATAAAACCCCGTCTCTACTAAARATACAAAAATTAACCGAACTT
AACAAAATAAAACCCCGTCTCTACTAAAAATACAAARATTAACCGAACTT
AACAAAATAAAACCCCATCTCTACTAAAAATACAAAAATTAACCAAACTT
AACAAAATAAAACCCCATCTCTACTAAAAATACAAAAATTAACCAAACTT
AACAAAATAAAACCCCGTCTCTACTAAAAATACAAAAATTAACCAAACTT
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ACTAACACGCACCTATAATCTCAACTACTCAAAAAACTAAAACAAARAAA
ACTAACACGCACCTATAATCTCAACTACTCAAAAAACTAAAACAAAARAA
ACTAACACGCACCTATAATCTCAACTACTCAAAAAACTAAAACAAAARAA
ACTAACACGCACCTATAATCTCAACTACTCAAAAAACTAAAACAAAAARAR
ACTAACACACACCTATAATCTCAACTACTCAAAAAACTAAAACAAARAAAA
ACTAACACACACCTATAATCTCAACTACTCAAAAAACTAAAACAARARAA
ACTAACACACACCTATAATCTCAACTACTCAAAAAACTAAARCAAAAAAA
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TCGCTTAAACCCCGAAAATAAAAATTACAATAAACTAAAATAACGCCACT
TCGCTTAAACCCCGAAAATAAAAATTACAATAAACTAAAATAACGCCACT
TCGCTTAAACCCCGAAAATAAAAATTACAATAARACTARAATAACGCCACT
TCGCTTAAACCCCGAAAATAAAAATTACAATAAACTAANMATAACGCCACT
TCACTTAAACCCCAAAAATAAAAATTACAATAAACTAAAATAACACCACT
TCACTTAAACCCCAAAAATAAAAATTACAATARACTARAATAACACCACT
TCACTTAAACCCCAAAAATAARAATTACAATAAACTAAARATAACACCACT

hhk hkhkhkhkhkdkhhkhkhk Ahkdkhkhhhkhhdhhbhrhdb bk hkhkhkhhbhh bk dkd b dk

ACACTCCAACCTAAACAACAAAATAAAACTCTATCTCAAAAAAARAAAAAA
ACACTCCAACCTAAACAACAAAATAAAACTCTATCTCAAAAAAARAAAARA
ACACTCCAACCTAAACAACAAAATAAAACTCTATCTCAAAAAAARAAAARA
ACACTCCAACCTAAACAACAAAATAAAACTCTATCTCAAARAAAARARAA
ACACTCCAACCTAAACAACAAAATAAAACTCTATCTCAAARAAAAAAAARA
ACACTCCAACCTAAACAACAAAATAAAACTCTATCTCAAARAAARAAAARA
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ACACTCCAACCTAAACAACAAAATAAAACTCTATCTCAAAAAAAAAANDA
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AAAAAAAAAA-ARAAAAAATTTCTAAAAAAAAACCCAAAAAAAAAAANRCT
AAAAAAAAAA-ARAAAAARATTTCCAAAAAAAAACCCAAAAAAAAAAANCT
AAAAAARAAAATAARAAAAARATTCCTAAATAAAAACCTAAACTAAAATAACT
AAAARAAAAA-ARAAAAAAATTTCCAAAAAAAAACCCAAAAARAAAAAARCT
AAAAAAAAAA-ARAAAAAATTTCCAAAAAAAAACCCAAAAAAAAAAAACT
AAAAAAAAAA-ARAAAAAAATTCCCAAAAAAAAACCCAAAANARAAAAACT
AAAAAAAAAA-AAAAAAAATTTCCAAAAAAAAACCCAAAANAAARAAACT

*kkhkkhkkkdhkhk Fhkrkhkhkhkhkdhkdkd * *hkk Fhkhkhkhkhkd *hK * ok ok ok kok ok k

TTTCCTTTAAAAAACCCCCCCCARAAATTT-——————
TTCCCTTTAARAAAACCCCCCCC-—~=———— - ——

TTCCCTTTAAAAAACCCCCCCCAARAA--——=————— 399
TTCCCTTTAARAACCCCCCCC-======————————— 394
TTCCCTTTRAAARACCCCCCCCCAA-———————————— 396
TTCCCTTTAARARAACCCCCC~—=—————————————— 387

*k ok hkkhkkhkhkd Kk K*k *

318
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Figure 3 (Ref-Seq is SEQ ID No. 7, reverse)
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——————————————————————— CTGATTGTTA---TAGGGACGTTA--A
——————————————————————— ATGATTGTTAA--TAGGGACGTTA--A
——————————————————— CTATTTGATGGGAGAAGTGAGGT-GTTAATA
——————————————————— CTATTTGATGGGAGAAGTGAGGTTGTTAATA
————————————————————— CATTGATGGGAAGTAGAGGATTGATA--A
—————————————————— ATTGGTATGTGTTAAGTATGGGATGTGTA--A
—————————————————————— CTG-ATTGTTAA--TAGGGACGTTA--A
TTTAGGTTGTGTGTAAATGTGGTTGTATTGTTAA--TAGGGACGTTA--A

* * * * *

AGTTTAGGTTATTTTTTTTATATTTTTTGTTAGTTTTTTGTTTAGAGATA
AGTTTAGGTTATTTTTTTTATATTTTTTGTTAGTTTTTTGTTTAGAGATA
AGTTTAGGTTATTTTTTTTATATTTTTTGTTAGTTTTTTGTTTAGAGATA
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AGTTTAGGTTATTTTTTTTATATTTTTTGTTAGTTTTTTGTTTAGAGATA
AGTTTAGGTTATTTTTTTTATATTTTTTGTTAGTTTTTTGTTTAGAGATA
AGTTTAGGTTATTTTTTTTATATTTTTTGTTAGTTTTTTGTTTAGAGATA

hkhkhkdhkhkhhkhkhhhdhkhdhkhkdhdkdkohkhkdhdhkhkhkdkdkhkhkkokdhdkdkkhkdhdkdkkkkk

GAGTAATTTATATCGTTTTTTTTTTATTTTATTTTTAGTTTATTTTTATT
GAGTAATTTATATCGTTTTTTTTTTATTTTATTTTTAGTTTATTTTTATT
GAGTAATTTATATTGTITTTTTTTTTATTTTATTTTTAGTTTATTTTTATT
GAGTAATTTATATTGTTTTTTTTTTATTTTATTTTTAGTTTATTTTTATT
GAGTAATTTATATTGTTTTTTTTTTATTTTATTTTTAGTTTATTTTTATT
GAGTAATTTATATTGTTTTTTTTTTATTTTATTTTTAGTTTATTTTTATT
GAGTAATTTATATCGTTTTTTTTTTATTTTATTTTTAGTTTATTTTTATT
GAGTAATTTATATCGTTTTTTTTTTATTTTATTTTTAGTTTATTTTTATT

Fhkkdkdkhkhkhhkhhkhkh *hkrkhkhhkrbhhhdhkhkhbbhbhhbdhrbhhhkhkhhkhkdkhkhdhhhdhr

TTGAAAATTTTTTATTATTAACGGTAGAAAGTAGAGAAGTAGATATTTTT
TTGAAAATTTTTTATTATTAACGGTAGAAAGTAGAGAAGTAGATATTTTT
TTGAAAATTTTTTATTATTAATGGTAGAAAGTAGAGAAGTAGATATTTTT
TTGAAAATTTTTTATTATTAATGGTAGAAAGTAGAGAAGTAGATATTTTT
TTGAAAATTTTTTATTATTAATGGTAGAAAGTAGAGAAGTAGATATTTTT
TTGAAAATTTTTTATTATTAATGGTAGAAAGTAGAGAAGTAGATATTTTT
TTGAAAATTTTTTATTATTAACGGTAGAAAGTAGAGAAGTAGATATTTTT
TTGAAAATTTTTTATTATTAACGGTAGAAAGTAGAGAAGTAGATATTTTT

hhkhkhkdkdhhkhhhhhkhkhdhdkrhkhdod hhkhkdkhkhhkhhddhhrhhdrrhhkhkdkhkhkhhkhhk*t

TAGTTTTTTTTTTATTTTTTTTTTTCCGGTTTTTGGGATTAATTAAGGGG
TAGTTTTTTTTTTATTTTTTTTTTTTCGGTTTTTGGGATTTATTTAGGGG
TAGTTTTTTTTTTATTTTTTTTTTTTGGGTTTTTGGGATTTATTTGGGGG
TAGTTTTTTTTTTATTTTTTTTTTTTGGGATTTTGGAATTAATTAAGGGG
TAGTTTTTTTTTTATTTTTTTTTTTTGGGTTTTTGGAATTAATTTGGGGG
TAGTTTTTTTTTTATTTTTTTTTTTTGGGTTTTTGGAATTAATTRAAGGGG
TAGTTTTTTTTTTATTTTTTTTTTTCCGGAATTTGTGAGT TAGTAGGGGG
TAGTTTTTTTTTTATTTTTTTTTTTTCGGTATTTGTGAGTTAGTTAGGGG

deok ok gk ok ok ok ok ok ok ok ok ok ok ke ke ke ok ok ok ok ok ok * % * k k& * ok ok Kk * kK k

GGGGTATTTTTTTTTTAGGTTGAAATTCCGGGGATTGGGTTTTATTTATG
GGGGTGTTTTTTTTTTGGGTTGATAGTTCGGGGATTTGGTTTTATTTATG
GGGGTGTTTTTTTTTTGGGTTGATATTTGGGGGATTGGGTTTTTTTAATG
GGGGAATTTTTTTTTTAGGTTGAAATTTGGGGGATTGGGTTTTATTTTTG
GGGGAATTTTTTTTTTAGGTGGAAATTTGGGGGATTGGGTTTTATTTATG
GGGGAATTTTTTTTTAAGGTGGAAAGTTGGGGGATTGGGTTTTATTTATG
AGGGTAGTTTTTATTTAGGTTGATAGTTCGGTGATTTGGTTTAATTTATT
AGGGTAGTTTTTATTTAGGTTGATAGTTCGGTGATTTGGTTTTATTTATT
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GGAGAATTTCCTTGGGG-AAAGGAAARARARAACC--TTTTTTTTTGGGTT 319
GGAGGATTTCCGTGGGG-AAAGGAAAAAAARACC--TTTTTTTTTGGGTT 320
GGAGGATTTTTGTGGGG-AAAGGAAATAAAATTT--TTTTTTTTTGGGTT 327
GGAGGATTTTTGTGGGG-AAAGGAAAAARATTTT--TTTTTTTTTGGGTT 328
GGAGAATTTTTGTGGGG-AAAGGAAATAAATTTT--TTTTTTTTTGGGTT 324
GGAGGATTTTTGTGGGG-AAAGGAAAAAAATTTT--TTTTTTTTTGGGTT 327
GAATGAGTTTCGTTGGGGAGATGAAATATAGTACGGTTTTTTTTTGGTTT 323
GGATGAGTTTCGTTGGG-AGATGGAATATAGTACG-TTTTTTTTTGGTTT 344

* % * ok ok * o kkk Ak ok kk Kk Kk kkkkhkhkhkkkkk kxk

GGGTTTGGGTTATTTTTTTTCCGAAGGG---AAAGGTTTTTTAAGGGGGG 366
GGGTTTGGGTTATTTTTTTTCCGAAGGG---AAAGGTTTTTTAAGGGGGG 367
G-==———es e e 328
GGGTTTGGGTTATTTTTTTT TGGAAGGG---AAGGGTTTTTTTGGGGGGG 375
GGGTTTGGGTTTTTTTTTTTTGGGAGGG—-—AAGGGTTTTTTTGGGGGGG 371
GGGTTTGGGTTTTTTTTTTTTGGAAGGG--~-AAGGGTTTTTTTGGGGGGG 374
GGGTATGGGTATTTTTTTTTCGGAAAGGGTAAAGGGTATTTTAGGTGGGG 373
GGTATTGGTTATTTTTTTTTCGTAAGGT---AAGGTTATTTTAGGTGGGT 391

*

~=GGGGGAAAGGGT TTTG—— === —===========————————— e 382
~-GGGGGARAGGGT TTTAARAGGAAA -~ ~==——======——————————— 391
~=GGGGGAAGGGGTT ===~ === === === == ——mmm 388
--GGGGGGAGGGGTTTARAGGAAT TTTTTGGG=— =~ ——===—====—=—— 401
==GGGGGAAGGGGT T~ ==~== === === —— == —m— e m— oo 387

TGGGGGAAAGGGATTTTGGAGAGGGATTATATTGATGGGGAGTGAAGGTT 423
—-GGGGGAAGGGATTT--GAGAGGGATATTATTGATGGG-AGTGAGGTTT 436
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Figure 4 (Ref-Seq is SEQ ID No. 7)
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——————————————————————— TATCCCTCTCA--AATCCCTTCCCCCA
----------------------- TATCCCTCTCA--AATCCCTTCCCCCA
ATAAACCTCACTCCCATCAATAATATCCCTCTCA--AATCCCTTCCCCCA
—————————————————————— GTATCCCTCTCA~--AATCCCTTCCCCCA
————————————————————— GCCATCTTACCCA-CAACCCTTAACCCCA
————————————————————— GCCATCTTACCCA-CAACCCT-AACCCCA
————————————————————— TATATCCTACTCAACATCCCTATCCCCCA
——————————————————————— CATCCCTCTCT--AATCCCTTCCCCCA

* % % * * * % * Kk ok kk

CCCACCTAAAATAACCTTACCTTACGAAAAAAAAATAACCAATACCAAAC
CCCACCTAAAATAACCTTACCTTACGAAAARAAAATAACCAATACCAAAC
CCCACCTAAAATAACCTTACCTTACGAAAAAARAATAACCAATACCAAAC
CCCACCTAAAATAACCTTACCTTACGAAAARAAAATAACCAATACCAAAC
CCCACCTAAAATAACCTTACCTTACAAAAAAAARATAACCAATACCAAAC
CCCACCTAAAATAACCTTACCTTACAAAAAARAAATAACCAATACCAAAC
CCCACCTAARATAACCTTACCTTACAAAAAAAANATAACCAATACCAAAC
CCCACCTAAAATAACCTTACCTTACAAAAAAAAAATAACCAATACCAAAC

L R I R B R R g i R e I R R R A e o o 4

CAAAAAAANACGTACTATATTCCATCTCCCAACGAAACTCATCCAATAAA
CAAAAAAAAACGTACTATATTCCATCTCCCAACGAAACTCATCCAATAAA
CAAAARAAAAACGTACTATATTCCATCTCCCAACGAAACTCATCCAATARA
CAAAARAAARCGTACTATATTCCATCTCCCAACGAAACTCATCCAATAAA
CAAAARAAARACATACTATATTCCATCTCCCAACAAAACTCATCCAATARA
CAAAARAAAACATACTATATTCCATCTCCCAACAAAACTCATCCAATARA
CAAAARAAAAACATACTATATTCCATCTCCCAACAAAACTCATCCAATARA
CAAAAAAAAACATACTATATTCCATCTCCCAACAAAACTCATCCAATAAA

dhkhkhkkhkhkhhkhkk hhkhhkdhhhhdbhhdhhbhhbhdhhhk ddkhkhkhkhhrhkhkkhdkhkhhk

TAAAACCAAATCACCGAACTATCAACCTAAATARAAACTACCCTCCCCTA
TAAAACCAAATCACCGAACTATCAACCTAAATAAAAACTACCCTCCCCTA
TAAAACCAAATCACCGAACTATCAACCTARAATAAAAACTACCCTCCCCTA
TAAAACCAAATCACCGAACTATCAACCTAAATAARAARACTACCCTCCCCTA
TAAAACCAAATCACCAAACTATCAACCTAAATAAAAACTACCCTCCCCTA
TAAAACCAAATCACCAAACTATCAACCTAAATARAAACTACCCTCCCCTA
TAAAACCAAATCACCAAACTATCAACCTAAATAAAAACTACCCTCCCCTA
TAAAACCAAATCACCAAACTATCAACCTAAATAARAAACTACCCTCCCCTA

dhkhkhkhkdkhkdhkhkhkhkhkdhhkd dhhhhhkhkhkhhhkdh bbbk dhkbhkhhhrkhdkhdkhhk

ACTAACTCACAAATACCGAAAARAAAARAATAAAAAAAAACCTARAAAAT
ACTAACTCACAAATACCGAAAAAAAAAAAATAAAARAAAAACTAARAAAT
ACTAACTCACAAATACCGAAAAAAAAAARATAARAAAAAAACTAARAAAT
ACTAACTCACAAATACCGAAAAAAAAAAAATAAAARAAAAACTAAAAAAT
ACTAACTCACAAATCCCAAAAAAARAAAAATAAARAAAAACCTAARARATT
ACTAACTCACAAATCCCAAAAAAAAAARAATAAAAAAAAACCTAAARATT
ACTAACTCACAAATCCCAAAAAAAAAARARAAAARARAAAACCTAAARATT
ACTAACTCACAAATCCCAAAAAAAAANAAATAAAAAAAAACCTAAARAAAT

dhkhkkkhkhkkhkkkhkhkk hk *hdhkhkhkhkdkhkhdhkd dhdhkhddhkhtht *kkkhkdd *

TTTTCCTTCTTTCCTTTCTCCCGTTAAAAAAAARAAATTTTCAAAARAAA
TTTTCCTTCTTTCCTTTCTCCCGTTAARAAAAAAAARATTTTCAAARAAANA
ATCTACTTCTCTACTTTCTACCGTTAATAATAAAAAATTTTCAAAATAAA
TTTTTTTTTTTTTTTTTTTCCCGTTAATAAAAAARATTTTTAAAAATARAA
TTTTTTTTCTTTCTTTTCCCCCTTTAAAAAAAAARAATTTTTAAARAAAAR
TTCTCTTTCTCTCTTTTCCCCCTTAARAAAAAAAAATTTTTAAAAAAAAA
TTTTCTTTTTTTCTTTTTCCCCTTAAAAAAAAAAAATTTTTAAAAAAARA
TTTTCTTTTTTTCTTTTTCCCCTTAAAAAAAAARAATTTTTARAAAARAA
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AATAACCTAAAAAANAAAAAAAAAAAAACCGTTTTAATTTCCTTTTTTTT
AATAACCTAAAAATAAAAAAAAAAAAAACCGTTTTAATTTCCTTTTTTTT
AATAAACTAAAAATAAAATAAAAAAARAACGATATAAATTACTCTATCTC
AATAACCTAAAAATAAAATAAARAAAAAACCGTTTTAATTTCCTTTTTTTT
AAAAACCTAAAAAAAAAAAAAAAAAAAACCATTTTAATTTCTTTTTTTTT
AAAAACCTAAAAAAARAAAARAAAAAAACCATTTTAATTTCTTTTTTTTT
AAAAACCTAAAAAAAAAAAAAAAAAAAACCTTTTTAATTTCTCCTTTCTT
ATTAACTTAAAATAARAAAAAAAAAAAACCATTTTAATTTTTTTTTTTTT

* * Kk * K de ok ok *hhkk dkhkkhkohkkhkk k * ok k ok koK * kK

TAACCAAAAAATTAACAAAAAATTTAAARAAAATACCCAAAATTTTACCG
TAACCAAAAACTTAACAAAAAATTTAAAAAAAAAACCCTAACTTTTACCG
TAAACAAAAAACTAACAAAAAATATAAAAAAARATAACCTAAACTTTAACG
TAACCAAAAACTTACCAAAAAATTTAAAAAAAATACCCTAACTTTTACCG
TAACCAAAAACTTACAAAAAATTTTAAAAAARAA-ACCCCAAACTTTAACC
TAACAAAAAACTTACAAAAAATTTTAAAAAAAA-AACCCAAACTTTTACC
TAACCAAAAACTTACCAAAAATTTTAAAAAAAA-TCCCCAAATTTTAACC
TAACAAAAAACTTACCAAAAATTTTAAARAARA-ACCCCAAACTTTTACC

* % * * %k k ok Kk * dkhkokk k khkkhkokkohkk K * ok Kk k * %k *

CCCCTTTAAACAATCCACCCACTTTTCCCCACACCTAAAAA- 416
CCCCTTTAAACAATCCACCCCCTTTTCCCCCCACCCTAARAA- 416
TCCCTATTAACAATACAACCACATTTACACACAACCTAAA~~ 438
CCCCTTTAAAAAAACCACCCCCTTTTCCCCCCACCCAARAARA 418
CCCCTTTTAAAAAARACCCCCCCTTTTTCCCCCCCCCCARARAA 419
CCCCTTTTAAAAAAACCCCCCCCTTTTCCCCCCCCCCARARAA 418
CCCCTTTTAAAAAAACCACCCCTTTTTCCCCCCCCCCRARAA- 419
CCCCTTTTAAAAAACCCCCCCCTTTTTCCCCCCCCCCARARA 416
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Figure 5 (Ref-Seq is SEQ ID No. 8)
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————————————————————— CTATAACAACAACAACTAACAACARATAA
————————————————————— CTATAACAACAACAACTAACAACAAATAA
————————————————————— CTATAACAACAACAACTAACAACARATAA
————————————————————— GTATAACAACAACAACTAACAACAAATAA
AATCCCTCCTARATTCATTACCTACAACAACAACAACTAACAACAAATAA
—————————————————————— TATAACAACAACAACTAACAACARATAA
—————————————————————— TATAACAACAACAACTAACAACAAATAA
—————————————————————— GATAACAACAACAACTAACAACAAATAA

* khkkhkhkkkkkkkohhkhkohohkhkokkokokkkkh

CAACTAACTACAATCCTAACAACTAATAACAARAAACATTTATCTCCCTCA
CAACTAACTACAATCCTAACAACTAATAACAAAAACATTTATCTCCCTCA
CAACTAACTACAATCCTAACAACTAATAACAAAAACATTTATCTCCCTCA
CAACTAACTACAATCCTAACAACTAATAACAAAAACATTTATCTCCCTCA
CAACTAACTACGATCCTAACAACTAATAACAAAAACATTTATCTCCCTCA
CAACTAACTACGATCCTAACAACTAATAACAAAAACATTTATCTCCCTCA
CAACTAACTACGATCCTAACAACTAATAACAAAAACATTTATCTCCCTCA
CAACTAACTACGATCCTAACAACTAATAACAAAAACATTTATCTCCCTCA

hhkdkhkhhkdkhkhkhd Fhhbdhbhkhhhkhhhkrbhbhkhbhhhkbhbhbdbhkdhhkhhdhkdhhdhkhi

TAAAAAAACAATCCCAAAACCATCTCCCACCCAACATCCATTACAATTCC
TAAAAAAACAATCCCAAAACCATCTCCCACCCAACATCCATTACAATTCC
TAAAAAAACAATCCCAAAACCATCTCCCACCCAACATCCATTACAATTCC
TAAAAAARCAATCCCAAAACCATCTCCCACCCAACATCCATTACAATTCC
TAAAAAAACGATCCCAAAACCATCTCCCACCCAACATCCATTACGATTCC
TAAAAAAACGATCCCAAAACCATCTCCCACCCAACATCCATTACGATTCC
TAAAAAARCGATCCCAAAACCATCTCCCACCCAACATCCATTACGATTCC
TAAAAAAACGATCCCAAAACCATCTCCCACCCAACATCCATTACGATTCC

hhkhhkhkhkhkhkht hhhkhhbhkhdkhbhhkhkhbhkhkhohkhbhhdrhhkdhbhbdhbdhhhk dhkkhx

CTATACAAAATAAATCTCTAAATAAAAATCCAACACTCTCTCCCTCTTCT
CTATACAAAATAAATCTCTAAATAAAAATCCAACACTCTCTCCCTCTTCT
CTATACAAAATAAATCTCTAAATAAAAATCCAACACTCTCTCCCTCTTCT
CTATACAAAATAAATCTCTAAATAAAAATCCAACACTCTCTCCCTCTTCT
CTATACAAAATAAATCTCTAAATAAAAATCCAACACTCTCTCCCTCTTCT
CTATACAAAATAAATCTCTAAATAAAAATCCAACACTCTCTCCCTCTTCT
CTATACAAAATAAATCTCTAAATAAAAATCCAACACTCTCTCCCTCTTCT
CTATACAAAATAAATCTCTAAATAAAAATCCAACACTCTCTCCCTCTTCT

hhkkkkhkhkhkhkhdkkkhkkhkhhdhhhohkdkdkdkhkdhkhhddhhkdhhhkdhokhhkdkhkdkdhddkkhii

TCCCCACCACCTTCACCCTCCTTAACAAAAARACARAAAACATCTACACC
TCCCCACCACCTTCACCCTCCTTAACAAAAARACAAAAAACATCTACACC
TCCCCACCACCTTCACCCTCCTTAACAAAAAAACAARAAACATCTACACC
TCCCCACCACCTTCACCCTCCTTAACAAAAARACAAANAACATCTACACC
TCCCCACCACCTTCACCCTCCTTAACGAAAAAACAAAAAACATCTACACC
TCCCCACCACCTTCACCCTCCTTAACGAAAAAACAAARAAACATCTACACC
TCCCCACCACCTTCACCCTCCTTAACGAAAAAACAAARAACATCTACACC
TCCCCACCACCTTCACCCTCCTTAACGAAAAAACARAAAAACATCTACACC

hdkhkkhkhkhkhkhkhkhkhhhkhdkhdkhdkkhk ok hhhk  dkkkok ok ok ok okook ok ke okdkok ok ok ok ok kok ok ok ok

TACAACCCTACTAAAACCCCTACTACTCACACTTACAACAAAAAATAARAA
TACAACCCTACTAAAACCCCTACTACTCACACTTACAACAAAAAATAARA
TACAACCCTACTAAAACCCCTACTACTCACACTTACAACAAAAAATAARA
TACAACCCTACTAAAACCCCTACTACTCACACTTACAACAAAAAATAAAA
TACAACCCTACTAAAACCCCTACTACTCACACTTACAACAAAARAATAAAA
TACAACCCTACTAAAACCCCTACTACTCACACTTACAACAAAAAATAAAA
TACAACCCTACTAAAACCCCTACTACTCACACTTACAACAAAAAATARAAA
TACAACCCTACTAARACCCCTACTACTCACACTTACAACAAAAAATAAARA

dhkdkhkhkhhkdhkhkhkhkhkdhhhbhkdkhkrhhhkhkrdbddkhhhkhdhdhbhhdhkrhddkdhdkdihk

29
29
29
29
50
28
28
28

79
19
79
79
100
78
78
78

129
129
129
129
150
128
128
128

179
179
179
179
200
178
178
178

229
229
229
229
250
228
228
228

279
279
279
279
300
278
278
278
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ACTCTAAATTCTTACCTTCTCTCAAAAACCCCAACCCCAACAATAATAAA
ACTCTAAATTCTTACCTTCTCTCAAARACCCCAACCCCAACAATAATAAA
ACTCTAAATTCTTACCTTCTCTCAAARAACCCCAACCCCAACAATAATAAA
ACTCTAAATTCTTACCTTCTCTCAAARACCCCAACCCCAACAATAATAAA
ACTCTAAATTCTTACCTTCTCTCAAARACCCCAACCCCAACAATAATAAA
ACTCTAAATTCTTACCTTCTCTCAAAAACCCCAACCCCAACAATAATAAA
ACTCTAAATTCTTACCTTCTCTCAAAAACCCCAACCCCAACAATAATAAA
ACTCTAAATTCTTACCTTCTCTCAAARAACCCCAACCCCAACAATAATAAA

khkhkhkhdkhdhkhdhkdhrkhkrdhbhkdrhbrbdbbhhdhkdhbdhkhkdkkdhhkdkdkdhdkhkdhhdhkhkdthist

TAAAACCAATCTAACTACTACACAAACTAACTAACTAACTAACTACAARA
TAAAACCAATCTAACTACTACACAAACTAACTAACTAACTAACTACAAAA
TARAACCAATCTAACTACTACACAAACTAACTAACTAACTAACTACTAAA
TAAAACCAATCTAACTACTACACAAACTAACTAACTAACTAACTACTAAA
TAAAACCAATCTAACTACTACACAAACTAACTAACTAACTAACTACTARAA
TAAAACCAATCTAACTACTACACAAACTAACTAACTAACTAACTACTAAA
TAAAACCAATCTAACTACTACACAARACTAACTAACTAACTAACTACTAAA
TAAAACCAATCTAACTACTACACAAACTAACTAACTAACTACTAACAACT

ok dek ok ok ok ok ok ok ok ok ok ok ok ok ke ok ok ok ke ok ke ke ke ke ke ke ok ke ke ke ke ke ok ke ke ko * kK

AACTACTCCTTACTTTTACCAAAAAACACAAACTAACATAAAACAAAAAA
AACTACTCCTTACTTTTACCAAAAAACACAAACTAACATAAAACAAAARA
AACTACTCCTCACTTTTACCAAAAAACACAAACTAACATAAAACAAAAAA
AACTACTCCACACTTTTACCAAAAAACACAAACTAACATARAACAAAAAA
AACTACTCCACGCTTTTACCGAAAAACAAAAACTAACATAAAACAAAAAA
AACTACTGCACGCTTTTACCGAAAAACACAAACTAACATAAAACAAARRA
AACTACTGCACGCTTTGACCGAAAAACAAAAACTAACATAAAACARAARA
ACTTACTGCTTGCTCCGACCAACAAACACTAACTTAAAACAARARAAAAA

* * ok hk kK * %k *k ok ok kokok kK khk ok K Kk *khk  kokh ok kK

AAAACCTAT-—-————-—-—=---- 438
AAAACCTATCTTT------~--- 442
AAAACCTATCTTTCCT-—----- 445
AAAACCTA--—-—-—~~——————— 437
ARAAACCTAACTATCCTCATCCT 472
AAAACCTATCTTTCCCCAACCT 450
AAAACCTATCTTTCCCCT---- 446
CAAACCTATCTTTCTCCCAA-- 448

e Fe dook kv ke

329
329
329
329
350
328
328
328

379
379
379
379
400
378
378
378

429
429
429
429
450
428
428
428
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Figure 6 (SEQ ID No. 1)

AGATGACATCTATTGAAAATATCCCTGTCTCAGCCAGGTGCAGTGGCTCATGCCTCTAATCCCAGCACTTTTGGA
GGCTGAGTGAGTGGATCATTTGAGGTCAAGAGTTCGAGACCAGCCTGGCCAACATGATGAAACCCTGTCTCTACT
AAARATACAAAAATTAGCTGAACTTGGTGACACATGCTTGCAATCCCAGCTACTCAGGAGGCTGAGGCAGGAGAA
TCACTTGACTCCAGGAGACAGAGGTTGCAGTAAGCCAAGATCATGCCACAGCACTCCAGCCTGAGCAACAGAGCA
AGACTCCATCTCAAAAAAAAAAAAAATCCCTGTCTCAAACTCCTGCTTTCCAGGTAGATGGAGCGGGATAATGTG
CTTTAATTGGTGAAGGGTTTCTGATCCCCATTTATCATGCAGAAGGCAGGAGCAAGCCAGAGACAGGTCCTGGCG
AAAGGAAGCTAAAATGGTGCCTTTGATACAGGGGAAAGGGATACGAAAGGGGCTTAGGTGAGACCTCCTTACAGC
TAGTGGCACCTGGTCAGCAGGGCCGTAGAGTTGAGGCCATCCCCTTAGCAGCAGTGGGACTTTGTTACACACACC
CTCTGAGTCTTGGTGAGAAACTAGTCCCAGGGCCCCTTGTTGTCTCTGCCACTCCCATTCATGACATCATGGARAA
CTTCTGTGCGGCTGGGCTCCTGAACACAGCAGCCTGCCCTCGGCTGGATGAGGCAGCCAARACCCTAAAAGGGTT
GTGATAGGGACTGGAGTCAACAAGTAGCTGTGGGAACGTGGTGGCGCAGACCCTTCACCCAGGGAGCCCTGTGGG
CTAGAAACACCAGACAGCCAGGATGTGGCGAGAGACTGCCCAACACACTGTCTGTGTGAGGCAGAGGAAGGAAGG
AGATGAAGGAAGAAACAGGTAGGTAGGAGGGCGAGATCCCAAGCAAGTCAGGACAACTCCCACGCCTTGCCCAGG
AGCCTTAAGAAGCCCAGGCACCTGCTGAGTGAAAGAGGATATATTTAT TGGCTGAGCAAGAAGGGAAGGTACAGT
TGGTAATGGCTGCTTCTAGAAGCCACCAGTCTCAGGTTCACTTGTTCCGAGCCCAGTTTCCTCCAAGGTGGCTGT
ACTGAGCATCATCTCGATCTCGGAGGGGCTAAGAGAGGAGAAGAGAAAACGGTCAGGAGGCAGGGTTAGAACTCT
TCAAGGAAGGGCCCCAGCAGGCCCTGACGATGAGAGCTCCTGCCTGACCTCTCCAGTCACACCCAGCAATGAACT
CCCCAGTAGGACCCTTCCCACGTGCAAACAGCATTCAGTGTGAGCCTCTCTATCCCCACTTACCCTCCCTTCATT
CCTGCCTCCTTCCCCTCAACGCTCACCTGATAGACCTGGTCATTCCTCAACAGAGCTTGTGTGTCGGCAGCTAGA
AGAACCAGAGAGAGACATCAATGGCCTAGCAGATGGGACTGTGAGATCCACCCTCCCACACCCTCAGAAGTCTGC
ATGAGTGATATGAACACACAAGTTCTTTCAACAGTCAAAGTTCTAGGAGTCTTTAGGAGATTGCAAGAGTAACTC
CCAGCTGAGACTAAACCTACCACCAGCCCCATTCCTTAGCTGGTGCATAAGCTCACTGGTACACACACACACACA
CACACACACACACACACAAACACACTCTCATGCTCTGCTCTTCCACTAACCCCCAGACAGCCTTCCAGTCTCATG
TCCAGCARAGCAGAAGACTCCCAARAGCAAGGAGCAGAGTGGCAATGACATCAGTGACAATGATGCCAGCCACGGT
GGCTGGATCCAGCTCCACACAGCTCTGGCACACTGTGGGGGAAGGGAGGAGAGAGGAGAGGTTGAGAGCCTTTAA
GATCAGGGAACCATCCTCTGCCTCCTAGGGCAARCCCTTAGATCTCTTATGCCAAAACCCAAACTTCAATAAGACC
CTGGGAGAAAGGCCTGGTGATGGGCTTGCCACACCTTCCTCCACCCTGCATCCTAAGGAATCCCTGGGAAGAGCC
AAGAAGTAATCTCAGCTTTTGGGACCTTGAACAAGGTGGTGGGCCAARACCTCTCACCCAACCAAGGCTGCAGTAA
CATGACCCCTACTGCTCTGTCTTGCTGAGTTAAGCTCTCTCTTCCACTTTGAAGGTCCCCAAATCTGGCTTGTAC
CATTACAATAGTGACCTCACTTTGTTTAGAGAACAGATGGGTTCACCATATCCCTCTCTAGCCAGAAAGTTCTCA
CATCCAGAAGCCCTATCCATTCCAACCCAAAGGGTTCAGGAAGCACGTACTTCGATAATGAACTTGCACGGTAGA
TTCTTTGTCCTTGTATATATCTGTCCCATTACACCTATATATTCCTCGTGGGTCCAGGATGCGTTTTCCCAGGTC
CAGTCTTGTAATGTCTGAGAGCAGTGTTCCCACCGTTCCCTCTACCCATGTGATGCTGGTATTGCAATTCACARA
CACTCTGTCCTCAAGTTCCTCTATAGGTATCTTGAAGGGGCTCACTAAAGGGGAAARAATATCACAGTTGGAGAC
AGCTCTTTGATCTGCACCAAGCCCTTTGTTCTGCGGAAGCTCATACTTAACAGAGACCATTTTCCTGGTCCAGGA
CAGTTTATGGCTTCCATCAAGAGAGACAGAAGTCACAAGAAAAAGCCTTCAGAAAGTTCCCCACCAACTGCAGGG
GTCAAGGGGGACATGAGGATGCCATTCAAGCAGAGGACAGGTCTTGGGGCCTTGGTGCAAARAGAGGACCCCTCAG
AGCAGGATTGACCCAAGCACCTTCCTGGAAATGAATCCAGACCACTGATGAGGAGTAGGGGGAGCACGGACCACT
GAAGCACCTGGAAGATGTGGAAAGACAGAAGAACATTCCTCGATTGGAAATGTCTGCATTTTTTCTTCAAGGAAA
CATCTAATTCCACTTCCCAGCCATCTACAACACTCCCACTTCAGCTTCTTATCCTCATCCTTCCTCATTGCCCCT
GCTCCATTGACAACCAAGAAAGCGGGGCTCTCAACACTGAAGCCTTTCCCAGGGCCAGGGATGGCTGTGGGTGGA
GACCAGCTGGTTTACCAGCCCCTGAATTATCAGCCAAGTGGTCCAGAACGGGACCAGGGCAAATCCCATGTACAG
TTTTCCACCCTTGGTTAGAAGGAGGAGAACAGGAAAAAAATTTTATTGAATCCATCCCTAGAGCTCCTCACAAGT
CAAGTCTTGTGGGAGACTTTTAGGGCTGGAGGTGAGTGCAGCAACATTCCAGATGCAGTGAGTTCCTCTGACAGC
CTGAGCACATCTCCACAGGCCACAGAGGCACTACAGTCTATGCCTCCAARRCACAGGGARAAGTGGAGGCTACATT
CATTCATCCTGGGCTTCACACTAAGTCCCAAATTTGGATACAAGAGCATCTTCTAGAARACCCTGARACAGCTGT
TGCTCACACTTCTGAAGCAGGTTGGAAGTATATGCATGTATCCTCAGGGAGACACATGCACATCAAATGCTTCAC
GTCCTACAGTCGCGTCCTCTTCAGGGATCTGTCTCCAGTGGAAATCCTGAGTGCCCTAGTGCAGCCAACTATTAG
GTGACCATTGGACCCAGTTTGCTTAGTGTTGAAGGGGTTCCTCGGACATGGGACTTTCCATTTTARAACTGAARAT
TGGCAAACTGAGATGAGTTAAAATCCTACCATGTAACAACCCCTCARATCTTCCCTCCGTCCTGCTCAACCTARA
GTTAACTTCTCTTAAAGCATTCACATAAGTGCTAGGACATGCCTCCAGGGATGACATAATCATGGCCAAACAAAC
AAGAGTCCTGATTCCAGAGGCCATCAGGCCTAAAAGGAGTAGTGCAGGAAGCTGTGCTCCCATGGCCAGTCCCAG
ATTCAGGTACATACGTACTGAGCTATTTTCTGCAGATCTCTGGCCTAAGGCCTTCTGAGAGACATTCTAGGCCCA
CATGCACCCATGGCTGGAGTCAGTCAAAGCCAAGAGCCTGTTTCCCAGACTCTATGCTACATCCTGCCCCTGCCC
TCCTGACACCCCTGGGGTGCCTGGTGAACTGAAGCTAGCACCGAGAAGCACTTTTTTTTTTTTTTGAGATAAGGT
CTCACAGGTTGCCTAGGTTGGAGGGCAGTGGCATGATCACAGCTCACTGAAGCCTTGARAATCCCGGGCTCAAGTG
ACCCTCCTGCCTCAGCCTCTCAAATAGCTGGGACTACAGTTGTGCACCACCATGCCTGGCTAATTCTTTTGTTTT
TTGTAAAGATAGAGTCTCATCATGTTGCTCAGACTGGTCTCAAACTCCTGGCCTCAARAGGATCCTCCCACTTCGG
CCTCCCARAGCTCTGGGATTACTGGTGTGAGCCACCGTGCCTGGCAAGAAACACTTTCAAGTGGGCCTCACTCCC
ATCAGTAATGTCCCTCTCAGGTCCCTTCCCCCACCCACCTGGAGTAGCCTTACCTTGCGAGAGAAGGGTAGCCAG
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TACCAGGCCAGAGAGAAACGTGCTATGTTCCATCTCCCAGCGGAACTCATCCAGTAGATAAAGCCAGGTCACCGA
ACTATCAGCCTGGGTGAGAGCTGCCCTCCCCTAGCTGACTCACAGGTACCGGAAAGAGGAGAGTGGGGGAGGAAC
TAGAAGATGTCTGCTTCTCTGCTTTCTGCCGTTGATGGTGGGAAATTTTCAGAGTGGGGGTGGGCTAGGGGTAGG
GTAGGAAGGAAGCGGTGTAARATTGCTCTATCTCTGAGCAGGGAGCTGGCAGAGAATATGGAAAAGGTGGCCTGAA
CTTTAGCGTCCCTATTGACAATGCAACCACATTTACACACAACCTAAACACTGCCACATCTCGAAGCCCCTTGAG
AGAAGCCGTCGGCCCCATAGCGCAAGCCGTAGCAGCTAGATTTCTCATGGAGGCTGATCTTTCTCAGGACCCTTC
ACTAGGCAGCCAGGGACACCAGATCTAGCAGCTTCTTGTCAGTGGGAGGT TGGGCTTTAGAGACCCCAGCCAGAG
ATTTGAATCCTGGGTCCAATACTGCCTACCTGTGGGGCCTGGGCCAGCCATAAAATTTTTCAGAGTCTTATTCCA
TTAGTACCATTATTAGGATTCAAACAAGATATTTGCATGGTGCCTCACGCATCATATGTGCTCATTAAGGGGTAG
TTATTAATAATAATATAATTGACTGACAGGCAATATTGAGCCTCCCGGTGAGACAARATGGACCTTTTTCCCCTGT
GGCCTACGAGGATCTGAAACTCTTCACGCTGCTGCAGTTAGACTGTCACTTACCTGGGGACAGAGTCATGCCTGT
CTTGCTCACTGCTGTATCTTGTGCCTGGCACATAACGGGAGCTCTGCACATTTTTGTTGGCTCACTGACTGACTG
GCTGAGGGAGATAGGGGCCTGAGATCCTGGACATTCAGTCCGGGCTCTGGCCCCTGAAARATGTGCTGGCCTGTCC
TCGGAATTGTTCCACCTATTGCCTTCCAGGCGCCTCTTTCATGATCTCAAAAGRATAGTGAARACCAGGTGCCGTG
TCTCACGCCTGTAATCCCAACACTTTGGGAGGCTGAGGCAGGTGGATCACAAGGTCAGGAGTTCGAGACCAGCCT
GACCAACAAGGTGAAACCCCGTCTCTACTAAAAATACAAARATTAGCCGGGCTTGCTGGCACGCACCTGTAATCT
CAGCTACTCAGGAGGCTGAGGCAGGAGAATCGCTTGAACCCCGGAGGTGGAGGTTGCAGTGAGCTGAGATAGCGC
CACTGCACTCCAGCCTGGGCAACAAAGTGAGACTCTGTCTCAAAAAAGAARAAAGARAAARAAAGTGAARAAAATT
CCTGAATGAAGGCCTGGACTGAGGTGGCTTTCCATTTGGAGGTCCAGCCCCAAGCATCTGAGAGTCCCTCCTARA
TTCATTACCTACAGCAACAACAACTAGCAACAAGTAACAACTGGCTACGATCCTAACAACTAATGACAGGGACAT
TTATCTCCCTCATGAAGAAACGGTCCCAGGACCATCTCCCACCCAGCATCCATTGCGGTTCCCTGTGCAAGATGA
GTCTCTGAGTGGGAATCCAGCACTCTCTCCCTCTTCTTCCCCACCACCTTCACCCTCCTTAACGGAARARACAARA
GGCATCTGCACCTGCAGCCCTGCTGAGGCCCCTGCTGCTCACACTTGCAGCAGAGGGTGGAGGCTCTGGGTTCTT
GCCTTCTCTCAAAGGCCCCAGCCCCAACAGTGATGGGTGGAGCCAGTCTAGCTGCTGCACAGGCTGGCTGGCTGG
CTGGCTGCTAAGGGCTGCTCCACGCTTTTGCCGGAGGACAGAGACTGACATGGAACAGGGGAAGGGCCTGGCTGT
CCTCATCCTGGCTATCATTCTTCTTCAAGGTAAGGGCCTACTAGGGGTCTGGAAGCCTGGGGAAGGGCTCAAGGG
AAGAGCCCATCACTAGTGAGACAGGAATATTGGTATCCCTAACCTTCAGCCTACCTCTGCTGTCACCTTAGAGTT
CAAAGAAGGGCAAAATGGAGGCTCTTAACTGTTCTCTGCTAGAGAGAAACAGTGTCCCATGGAGGAGARAGGAATC
CTTGTCTCTGAAAAATGCAAACAGAGTACTTAAATGGCTGAAGAGAGGACCCTGTTACCGCCATCTTAGATTTGA
ATGCAGCCCAAAAGGGCATAGGCCAAGAAACTAAAAGGAAAAAGTATATGTTCCCTACTTCAGAGCTGGGGGCTA
GCAGTCGACCTAGGAAATGTCCATTCACTCAGTTGGGCAGTTGGCCAATTGGTCAACAAAGATGGGTGAGACCCT
AATATGTGATATGCCATGAGGAAATAAAAATGAATAAAACACTTATGCTCTACAGAACTCATAGTCTCATTGGAG
AGATTAGTTTTCATGGTGCCAGACTGAGTGTACAGTATAGTATGGGTGCCTGCATGAATACTCCATTGGACTATC
CAATAGGAAGTGGATGAACTGGGTTGATGCCTGGAGTCTGGACATCCTGGGAAAGT TAAAACCATGGAATTTGCT
GAAGTCACACAAGTACTATGTGAGGAAGAGGGAGCTGAAGATGGAACAGTGAGGGCACCAATTTTAAGGGGCAGT
TAGAGAAAAAAAAACATTCCAGGAAAGAGATAAAAGGAGAATCARAGAGCTGAAATAATCAAATGTATGCACTAC
CTTGGAAACCAAGAGAGTAGAGAGCTTCTAGAAGAAGAGAATTACCAAGAGTATAAAATGTTAARAGAGAGCCCAC
TAATATAAGAATATATTTAAAAGTTTAAGTCTGCGGGATGTGGCAGAATATGCATCATGGGTGATTTAGCACAGT
TTCAGCAGGGTATTGTGAGTGGAAGCCAAGTGARAATTGGTAGAAGGTGAAGGTCAGGTGATGAGGTCAGCAAGT
GTAGACTATTCTTTAAAGACATTTGGATGAGGAGGGAGAAAAGACTGGGTGGTAGGTAGAGGAGGAAGTAGAGTC
TAAGAATAAATGTTTTTGAGGGTGAGAGAAACTTGAGCACATTTCTAGGCTAAAGGAGAAGATGATGAGTAGAGC
AAGGTCCTGGAGTTGATGGTGGAAGGACAGAGTCAAGAGTGGGGTCAAGAGCACAGAGAGGAAGGCAACGTTACC
CTCTAAGACCAGGAGAAAGGAAGTGCAAACGGCACTGGCCACAAATAGGTTTATAAAGGGAAAGGAAGCTAAAGG
AGAAAGGACAATAACAACTTCCGTGTTCTAAAAAATCCAGGTGGGAGGCAATGCCACCTGCTGAAACTGAGCTGG
GTGATGACCGGTTGGGAGACTTGAAGAGGACAGTGAGAGTTTAGAATAGAATTATTTCTGAGAGAAATGCAAGGA
AAAGTCAGGTAAAGACAACACAGGTTGAGGAGCAACTCTCAAGCCTGGGTGAGGTGGCTGCATATCATGGAAAGA
GCATTTGAGTTCAGCAGTAGAAAACCTGAGCTCTGGATCCAGCTTGGACACCAATGAGCTATGTGTACTTGAACA
ACTCCTCCACTGTCTGGGAGTTCTCATGCCAGCCAATCCAGAAATGTGGCAGGGACGGGCATGGTGGCTCATGCC
TGTAATCCCAGCACTTTGGGAGGTCGAGGCAGGTGGATCACCTGAGGTCAGGAGTTCGAGACCATCCTGGTCAAC
ATGGTGAAACTCTATCTCTACTAARAATATTTTAAAAATTAGTGGGGTGTGGTGGTGGGTGCCTGTAATCCCAGC
TACTCAGGAGGCTGAGGCAGGAGAATTGCTTGAACCCAGGAGATGGAGGTTGCAGTGAGCCAACACGGTGCCACT
GCACTCCAGCCTGGGCGACAGAGTGAGACTCCGTCTCAAAAAACAAAACAARAAAAAAAGAAATGTGGCTATATG
AACTCTTAAGTCCTAAAAGGAAACCTCACTCAGATATGCAACATTAAAAGATGTCAATCAGCCAGGCACAGTGGC
TCATGGCTATAATCCCAACACTTTGGGAGGCTAGGGAGGGAGGATCATTTGAGCCCAGGAGT TCAAGACCAACCT
GGGCAAAATAGGGATACCCTGTGTCTACAAAAACTACGAAAATTAGCCAGGCATGTTGGCATGCACTTATGCCAG
CTACTTGGGAGGCTGAAGTGGGAGGATTGCTTGAGCCCAGGAGCTTGAGGCTGCAGTGAGCCATGATCACACCAC
TGCACTTCAGCCTGAGTGACAGAGCAAGARAAAAARAAAAAAGATGTCTCAARAAARAAAAAAAAAACTATGTCAA
TGATCAGTGCAATCTCCTTCCCTGAATCCAATTTAGAATGAGGGGTCTCTGTCTTCTCTCGGTCTTCTGACCAGG
TGGTCAGGAGAAAAACTAGTTAGAAACCTCTTTAACTGTTTGTCTTGCCTTTTCTCCCATTTGCTCATTTATTCA
TTTGCACATTCATTCAACAAATAAAGTTCCTACCATGTTCCAGACACTGCACTGGATACTGTTCAAAAATAATCC
CGCCCTGCATGAGGTTCTAAGACAGTTCACTTCTTGTATTTCCATTATACTTTGACTCATGACCGCCTCTCCCTA
TCACACACACTCCACCTCTAGCCACACTACCTCTCTTGTCCTTTTCCAAAGCTGCATCTTATTCAGCTATTCTTT
CTACTCAGAATGACTTTCTCTATCTGGTATATTCTTGCTTACTCTTCAAGGCCCAGACAAATGTCGTTTCCTCTA
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TTAAGCTTTCCCTGATCCTCACCCTTGGACAAAATTAATAGCTTCTACCCTTTTTTCATATGCAGTCATATAAGC
ACTAAAAGATAATGTATACATTCTATTAAATTAATTGCATATATGTTTTAATTTTTTCACTTCATTCATAAACTT
TGGAAGCAGCAGTTGATTCTTCATATCAGCACTCTTTTCTTTCATAATATCTAATTATTTTAGGTCATAATAGTC
CTCGTTAAATGTTTGGATTAAATCTAATTGAATTGAATTCAAGTGCCAGATCTCTGTAATATGTCTACCATGCAA
CTCTACTACCCTAAGGTTTTGTTTGTCTGTTTGTTTGTTTTTATTTTTTTGAGACAGCTTTAACACCTAGGCTGG
AGTGCAGTGGTGCAATCTTGGCTCACTGCAACCTCCACCTCCCAGGCTCAACCATTCCTCCCACCTCCTGAGTAG
CTGGGACTACAGGTGCATACCACCATGCCCGGCTAATTTTTTTGTATTGTCTGTAGAGACAGGGTTTCGCCATGT
TGTCCAGGCTGGTGTCTAACTCCTGGGCTCAGGCAATCTGCCCACCTCAGCATCCCAAAGTGCTGGGATTACAGG
TGTGAGCCACTGCTGCCAGTCAACTCTGAGT TATGAGACAGATTTGAGGACTAATTGAAAAGCTAACTTCCCTGG
GACATCCAGGGTTTTTATAATAAARAGGATCACCAAGGCTGAATATTTTATAAGGAACTCAGCCTARAGGTTTTGG
ATAGTGCACACCCACTCCTTGCCAGGGCATTAGCTGCTCAAGAAGCAGAGTGTTCTGGACTGGATAGGCAATATC
CTTACTTACATATACTACAATACAATTCTGATGCTAACCCCCCAARATTAGTGTCAGACCCTACAGGTTAAGAGCA
TGGTTCCCAACCAGATTGCCCTCACTTTARATGCCAGCTACAAGTTCAGGGTACCCCAGACCACTCACATTTCTG
ACAAACTGCCTGCAATCTTAAGGATTCCCATGACCCTCCTCATTGATAATTTGCTAGAATAACTCACAGAATTTA
AGAAAGTGCTGTACTTCCTATTTCAGTTTTATTAAAAAATARAATAAAATCAGAACCAGCTAAATGAAAAGGGCA
AGGTCTAGGAGGGTCCCGAACACAGAGCCTCCGTGCCCTCTCCCCGTGGAATTAGAACACATCGCCCCCAGCACT
CTCCCACACTCTGCCAGCACATTGATGGGTTCACCAACCAGGAAGCTCCACCAAGTTTTTATTGAGGTATCTTTA
CATAGGCATGATTGATTGAATCATTGGCCGCTTGACTGATCTCAATCTCTAGGATCCCTTCCTGGGGCTGATACC
ACTAGTTTCAAAGCTGCAATCCTCTTACCATATGGTTGGTCTTGACCAGCACCATCCTGAGTCATTGCCATGCAT
AAACTCAGGTATGGTCTAAGGATCCACCACAGATAACAAAGCCACTCCTGTCACTCATGAAATTCCAACGGTTAG
ARACACCCTCCCAGGATACCAGGACAAAGATGAGACAAATTGTTTATTATCACCTTGAATTCAATTGAGTGATTT
AGTCTACAATCCGGAAAACTAAGTATAGATACTACCATTTTCATGGATTTGGATCTTTCTTCATCTTGGCCTCAA
ATAACCATGGAAATACTTCAGGGCATCTGAACAACTCCATGCCCAGCTAATACTCTATCTCTCTTCTGTCTTTAC
AGGTACTTTGGCCCAGTCAATCAAAGGTAGGAGAAATGGCTTCTTTCTATACTCAGACTCAGAATATTGACGGAA
ATTTGGCTTCCTACAACAGTAGTCCTACAGGAGCGAACAGTTTAGAATGAATGARAATGACGGGGATAGAGAGGTG
ATGTCTCTATTGTCAACCAAATCAGTGACCTGACATAACCTGTTCCGGGCAGCTTGCCTGTAGCTAAGCATTTAA
CTGGTCTCTTACAGGAGAAGCAGGACCCTAGTAGCTAGGGACACATCTCAAACTGTGACCCATGAACCAGTAGGT
ATTGGCGTCACCTGGGATCCTGACGTTAGTCTCTGTCAATCCTTCTCTTTAGTTCATCTATTCTACCCAAAGTGA
TCTCATCATCTGGTATGCTGTTAGCAGTTTCTTACCTGTATAGTATCTTCCAARATAACATGCCCCAAAATCCCARA
AGTTTTACCCCTACTAATTACAGCAATGTCTCTTTTATTCTTCACCCCCTGACGCAGATATTGGCGTCACCCGAG
AGCATGTTAGTAATGCAGAATCTCCCCTCCCCAGAACTACTAAATAGCACCTGAAATTTTAACAAGATCCCCATG
TGATTCATGTGCACATCAAAGTTTGAGAAACACTACTCTAATGATCTCCTGGTATGCAGAAGCAGGGAGAATTTC
AGAGGCAAGATCCTTAATAGAACCACGGCTTTTCTCATTTCAGGAAACCACTTGGTTAAGGTGTATGACTATCAA
GAAGATGGTTCGGTACTTCTGACTTGTGATGCAGAAGCCAAARATATCACATGGTTTAAAGATGGGAAGATGATC
GGCTTCCTAACTGAAGATAAAAAAAAATGGAATCTGGGAAGTAATGCCAAGGACCCTCGAGGGATGTATCAGTGT
AAAGGATCACAGAACAAGTCAAAACCACTCCAAGTGTATTACAGAAGTATGTAATCCCCTTTGGTCTGTTTGTTG
TGAAATTAATCAGTATTTGCTGTTCTGGTGAGCTTTTTATCTGGGGTGARAGTGGAAATAGATCCTCAACAGTAA
TATTATCGCCTGTTCTCTTAATTTCAGCTTGCCTCTTTTAAAATACTGTAAGATACTTCCCTCACCCTATTGAAA
AACTACAGCCAGTCCTGTAAAATTTTGTTTACCTTTGGGTGGGCTCCATGGATTCAAGCAATTCAGCACTGAGTT
GAATGAAGGGGTTGGGGAGACAGAGGTGATCATAAGGTGAGCAGCAGTGAGAACTGGAGCGCAGTGGAGCATGAA
GAGTATCTAGTCTTCCTTCTGTTCCAGATACTTCCTGGTAGTTAGACTACATGGGCTTCCCCAGGAATCCTGGGG
GACTTAAGAGCATCAAGATGCATTGAGTTTTGGCGCAAGGATCTTCCCTTGCCCTGCCACCCACAGAGGAAAAGC
CTGCTGCCCTCCACAGCGGCATTATTGCAGACAGGCAGGAGAAAACGAACCAGGAARAACAACTTTCGCAACCTG
AAGGTTTGTCTCTCCTTTTCCCTACAGTGTGTCAGAACTGCATTGAACTAAATGCAGCCACCATATCTGGCTTTC
TCTTTGCTGAAATCGTCAGCATTTTCGTCCTTGCTGTTGGGGTCTACTTCATTGCTGGACAGGATGGAGTTCGCC
AGTCGAGAGGTAAAAGAATGCTCTTAGATGAGAGATGGGACCACCTGAGACCCTCAGCTTTCCTCCTACCATTAT
GTACCCAATGGAAGAGACTGAGTTGGTGCTTCTTGCTAGTGTGCATAGTTGGGTGAGGCTGTATTTCTCTGAGAC
AGGAGAAAGGATACTTGGTGTTATCACAGCATGTTCACCTGTCTCAAGATACAGCTCCCTCTGTGAAAAARAAAA
AAAACAAAAACAGGCGCAGTGGCTCACGCCTGTAATCACAACACTTTGGGAGGCCGAGGCGGGCAGATCACGAGG
TCAGGAGATCGAGACCATCCTGGCTAGCACGGTGAAACCCCGTCTTTACTAAAAATACAAAAAATTAGCCGGGCG
TGGTGGCGGGTGCCTGTAGTCCCAGCTACTCTGGAGGCTGAGGCAGGAGAATGGCATGAACCCGGGAGGCGGAGC
TTGCGTGAGCCGAGATCGTGCCACTGCACTCCAGCCTGGGCGACAGAGCAAGACTCCGTCTCAAAAAAAAAAAAA
AAAAAAACTATTTTAAGTAAACCCTTACATACAGAAAAGTGAATCACAAGCATACAGCTCAAAAAAAARATTCAC
AGAGCAARATACACCCATGCAGCCAGCACATAATTTAAGARAGACAATATTACCAATGCCATTGAAGCCCCTCTTG
TGGTCACTTCCAGCCACTACCCATCCTCAAGAGTGAGCATTGTCCTGACTTCTAACAACAAGGATTAACTTTGCT
TGTTTTTGTCCTTTATGTARATGGACTCATATACTAAGTATTCTTGTGAGTAGCTTCTTTCACTCAACAACATGT
TTATGTGCTTTATCCATACTCTTGTGTATATATAARARACTCTTATTGTTATTTAGTATTCCATTTTGTGAATATAA
CCCAATTTATTATGCATTCTACCTTGTGTGGATTCTGTTTCTTTTTTGTGCAGCTTCAGACAAGCAGACTCTGTT
GCCCAATGACCAGCTCTACCAGGTAAGGGGATGAAGAATAAAAGAGACATTGCTGTAATTAGTGGGGGTARATCT
TTGGGATTGAGGGGCATGTTATTTGGAAGATCCTATACAGGTAAGAAACTGCTAACAGCATACCAGATGATGAGA
TCAGTTTGGGTAGAATAAATGAACTAAAGAGAAGGATTGACAGAGACTGAGGTCAGGATCTAGTGAGCACAAGTT
GAAGAACACACTGAGAGGGACACACGAAGAAACTCTCGACAGGCTGGGCACTCACTATAGACAGGCCATGGCTCA
TGCCTGTAATCCCAGCACTTTGGGAAGCCAARACAGGTGAATCACCTGAGGTCAGGAATTCGAGACAAGCCTGGC
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CAACATGATGAAACTCTGTCTCTACTAAAAATACAAAARAAATTAACCAGGCGTGGAGGCGCGCGCCTGTAGTCC
CAGCTACTCAGGAGGCTGAGGCAGGAGGACCACTTGAACCCAGGAGGTCGAGGTTGCAGTGAGCTGCGATTGTGC
CACTGCACTCCAGCCTGGGCAACAGAGAAAGACTCCGTCTCAAAAAAARAAAAGAGAGAGAGAGAARAAGAAAAA
AGACAGAGCCTCCATCTCCTTGTCCTCTTTCCATCCTCAGGACCATGAAGTACCCACTCCAAATTCTCACATATA
AAAAACATTCAATAAACATGCATCAAATTAATTAATAGAGGATGGAAAARATGACTTATGACTGTGCTGTCCTTT
CCAGCCCCTCAAGGATCGAGAAGATGACCAGTACAGCCACCTTCAAGGAAACCAGTTGAGGAGGAATTGAACTCA
GGACTCAGAGTAGGTGGGTTCTTCAATGCCAATTCTAATAAAGGACCCTTGCATCAACTGCCCTCGCAATTGCTT
CTAAGTCTAGCTCCCTTCCCTAAGCGGCTATAAGCATCAGACTCTGGGGATCAGGGATTGGGACGTGGTTTGGGG
TACTCTTTTCTAAAAATTCTGGGGCCATACTGATTGTCTTGGCCTAGGTAAATATGAATTTTATGTATCTGTAAA
TCCTGTCAGAGCAGGGCCTCAAGCCATAGAGATGCTGAATATTAATCTTAACCTACATTTGAATTTCTCATTATC
TACACTATTAACATTTTGGGCTAATTAATTATTTGTGATGAGGGGCTAGCCTGTGCATTGTAGGAGTTATGGAAG
CATCCCTGGCCTCTCTCCACCAGATGCTGGTAGATTGTCCAGTGTGACAATCAARAATGTGTCCAGACATTACCA
AATGTGTCCAARCATCACCTCCAGGGCAAAATCACCCTTAGTTAARGAACCACTAACCCATATTAACCTTCCAATC
AATAAATCAATCAGTCAGAAGTTATGATTTAATTAATCTATCTGAAGTTTCTATCAGGAAGACAGGGTTGAAAGC
ATTATTTGTTTTTTTTGAACAAATTGCAATTTTTCTTTTTTCAGTCCAGGTGTTCTCCTCCTATTCAGTTCCCAG
AATCAAAGCAATGCATTTTGGAAAGCTCCTAGCAGAGAGACTTTCAGCCCTAAATCTAGACTCAAGGTTCCCAGA
GATGACAAATGGAGAAGAAAGGCCATCAGAGCAAATTTGGGGGTTTCTCAAATAAAATAAAAATAAAAACARAATA
CTGTGTTTCAGAAGCGCCACCTATTGGGGAAAATTGTAAAAGAAAAATGAAAAGATCAAATAACCCCCTGGATTT
GAATATAATTTTTTGTGTTGTAATTTTTATTTCGTTTTTGTATAGGTTATAATTCACATGGCTCAAATATTCAGT
GAAAGCTCTCCCTCCACCGCCATCCCCTGCTACCCAGTGACCCTGTTGCCCTCTTCAGAGACARATTAGTTTCTC
TTTTTTTTTTTTTTTTTTTTTTTTTTGAGACAGTCTGGCTCTGTCACCCAGGCTGAAATGCAGTGGCACCATCTC
GGCTCACTGCAACCTCTGCCTCCTGGGTTCAAGCGATTCTCCTGCCTCAGCCTCCCGGGCAGCTGGGATTACAGG
CACACACTACCACACCTGGCTAATTTTTGTATTTTTAGTAGAGACAGGGTTTTGCTCTGTTGGCCAAGCTGGTCT
CGAACTCCTGACCTCAAGTGATCCGCCCGCCTCAGCCTCCCAAAGTGCTGGGATTACAGGTGTGAGCCACCATGC
CTGGTCTTAAAACCAGTTTCTTATATATCTCTCTGGAGGTATTCTAGGCATATATGAGCACATTCTCAAGTACAT
ATTATCCTCCCTTCCCCTATCTTTTAGACAAATGATATCAAACTATACATCTTGTGAGATTATTGCATACCATTA
TATGAAGATACCATTATATCCTTTTTAATGCAACCATATTGTACAAATAGACTATGATTTATTTAACCTGTTATC
TATCAGTGGATATTTAAGTTGGTAGTTGGTTCCAATCTTTTGCTCTTACAACAATTCTGCAATGACTAACATTGT
ATAAATATCATTTTTAAAAATAATTGCATTGAAGCATAATGTACATGCCATAAAATCCACCCATCTTAAGTGATT
TCACCTGTTCTCAGAAATTTTTAGTAAATTTAACTAATTGTACAGCCATTACCATAATCCAGCTTTAGGACATTT
TCTTTTTTTTCTTTTCTTTTCTTTTTTTTCTTTTTTTTTTTTTTTTGAAGTGGAATCTTGCTCTGTGGCCCAGGC
TGGAGTGCAGTGGCGCGATCTCAGCTCACTGCAACCTCCACCTCCTGGGTTCAAGCGATTCTCTTGCCTTGGCCT
CCCGAGTAGCTGAGACTACAGGCACATGCCACCACGCCCAGCTCATTTTTTGTGTATTTAGTATTTGTGTATCTA
GTATTTGTGTACTTAGTAGAGACAGGGTTTCACCATGTTGGCCAGGCTGGTCTCCAATTCCTGACCTCAGGCGAT
C
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