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CENTROMERE ANALYSIS

CROSS-REFERENCE TO RELATED APPLICATIONS
This application claims priority to United States provisional patent application serial
number 62/422,193, filed November 15, 2016, which is incorporated herein by reference

in its entirety.

STATEMENT REGARDING FEDERALLY SPONSORED RESEARCH OR DEVELOPMENT
This invention was made with government support under grants CA177824 and
CA144043 awarded by the National Institutes of Health. The government has certain

rights in the invention.

FIELD
Provided herein is technology relating to the analysis of chromosome centromeres and
particularly, but not exclusively, to methods, compositions, kits, and systems for

detecting, identifying, characterizing, and quantifying chromosome centromeres.

BACKGROUND
Centromeres are structures of eukaryotic chromosomes that hold sister chromatids
together and ensure proper chromosome segregation during cell division. Functionally,
centromeres are essential for the correct segregation and inheritance of genetic
information by ensuring that each daughter cell receives a copy of each chromosome
during cell division (see, e.g., Jaco (2008) J Cell Bio 181(6): 885-92).

Aneuploidy occurs when an organism has a number of chromosomes that is above
or below the normal chromosome number for the species. Errors in meiotic division are
believed to cause of aneuploidy. In particular, it is believed that prematurely separating
centromeres do not attach correctly to spindle fibers and thus cause chromosomal
nondisjunction (Vig (1984) Human Genetics 66(2): 239-243). Common chromosomal
diseases include Down syndrome, Edwards syndrome, and Patau syndrome. Every
pregnancy has an associated risk of fetal aneuploidy and associated disease. When
aneuploidy occurs, the resulting chromosomal imbalances have devastating effects such
as death of the fetus or impeded quality of life for the lifetime of those who do not die
prior to birth. Accordingly, aneuploidy causes healthcare burdens.

Prenatal testing is widely recommended and used to screen for chromosomal

abnormalities. There are numerous noninvasive and invasive tests available.
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Noninvasive prenatal screening includes analysis of maternal serum and nuchal
translucency scan. If these screens are positive for abnormalities, subsequently invasive
prenatal diagnostic tests are performed. These require invasive procedures such as
amniocentesis or chorionic villus sampling, which increase the risk of miscarriage.
Diagnostic tests include karyotype, fluorescence in situ hybridization (FISH), and array.
Noninvasive tests have a false positive rate of up to 5%. Karyotyping is currently the
gold standard for prenatal diagnosis, but carries a risk to the fetus. There is great need
for a noninvasive, accurate test to detect, identify, characterize, and quantify

chromosome centromeres.

SUMMARY
While the importance of centromeres is widely-known, centromeres are not well defined
at a structural and/or sequence level. For instance, one problem arises due to the
presence and abundance of near-identical satellite DNA sequences (termed “alpha-
sequences”) at and/or near the centromeres that confound attempts to generate a
reliable reference sequence for chromosomes. These problems have limited efforts to
understand the relationship between genome sequence and epigenetics that is generally
believed to underlie centromere structure, identity, and function (Hayen & Willard
(2012) BMC Genomics 13: 324).

Accordingly, embodiments of the technology provided herein relate to a method
for detecting a human chromosome in a sample. For instance, in some embodiments
methods comprise hybridizing a first oligonucleotide and a second oligonucleotide to a
nucleic acid comprising a target a-repeat array; producing an amplicon comprising a
nucleotide sequence from the target a-repeat array: and detecting the human
chromosome in the sample by detecting the amplicon comprising the nucleotide
sequence from the target a-repeat array.

In some exemplary embodiments, the human chromosome is chromosome 1 and
the target a-repeat array is D175, and/or D17%7; the human chromosome is chromosome
2 and the target a-repeat array is D2Z1; the human chromosome is chromosome 3 and
the target a-repeat array is D3%1; the human chromosome is chromosome 4 and the
target a-repeat array is D4Z1; the human chromosome is chromosome 5 and the target
a-repeat array is D5Z1; the human chromosome i1s chromosome 6 and the target a-
repeat array is D671: the human chromosome is chromosome 7 and the target a-repeat
array is D771 and/or D772; the human chromosome is chromosome 8 and the target a-

repeat array is D872: the human chromosome is chromosome 9 and the target a-repeat
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array is D974; the human chromosome is chromosome 10 and the target a-repeat array
is D10Z1; the human chromosome is chromosome 11 and the target a-repeat array is
D1171; the human chromosome is chromosome 12 and the target a-repeat array is
D1273; the human chromosome is chromosome 13 and the target a-repeat array is
D1371; the human chromosome is chromosome 14 and the target a-repeat array is
D1471 and/or D147Z2 and/or D1473; the human chromosome is chromosome 15 and the
target a-repeat array is D1573; the human chromosome is chromosome 16 and the
target a-repeat array is D16Z2; the human chromosome is chromosome 17 and the
target a-repeat array is D1771 and D171b:; the human chromosome is chromosome 18
and the target a-repeat array is D1871 and/or D1872; the human chromosome is
chromosome 19 and the target a-repeat array is D1974 and/or D1975; the human
chromosome is chromosome 20 and the target a-repeat array is D20Z2; the human
chromosome is chromosome 21 and the target a-repeat array is D2171; the human
chromosome is chromosome 22 and the target a-repeat array is D2274, and/or D2275;
the human chromosome is chromosome X and the target a-repeat array is DXZ1; and/or
the human chromosome is chromosome Y and the target a-repeat array is DYZ3.

The nucleotide sequences for the a-repeat arrays described herein are provided
by Figure 9B and/or by SEQ ID NOs: 112 to 151.

Some embodiments provide multiplex technologies (e.g., multiplex methods,
compositions for multiplex methods, kits for multiplex methods, e.g., a kit comprising a
vessel comprising one or more containers and/or one or more wells comprising one or
more compositions for detecting a plurality of chromosomes; a kit comprising a surface
comprising an array of probes). For example, in some embodiments the technology
relates to a method for detecting two or more human chromosomes in a sample, e.g., a
method for detecting two or more human chromosomes in a sample in a single assay.
Some embodiments provide methods for detecting 2, 3, 4, 5,6, 7, 8,9, 10, 11, 12, 13, 14,
15, 16, 17, 18, 19, 20, 21, 22, 23, or 24 chromosomes (e.g., 2 or more autosomes; 2 or
more sex chromosomes; 1 or more autosomes and 1 or more sex chromosomes) in a
sample, e.g., using a single assay. In some embodiments, multiplex methods comprise
use of multiple pairs of amplification oligonucleotides (e.g., 2, 3, 4, 5, 6, 7, 8, 9, 10, 11,
12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22, 23, or 24 pairs). In some embodiments, multiplex
methods comprise use of multiple probes (e.g., 2, 3, 4,5, 6,7, 8,9, 10, 11, 12, 13, 14, 15,
16, 17, 18, 19, 20, 21, 22, 23, or 24 probes). In some embodiments, each probe comprises
a different detectable label (e.g., each probe comprises a different fluorescent label). In

some embodiments, the technology provides a vessel comprising one or more
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compositions for detecting a plurality of chromosomes (e.g., a tube, a well of a multiwell
plate). In some embodiments, the technology provides a multivessel component (e.g., a
multiwell plate, multititre plate, etc., e.g., comprising 6, 24, 96, 384, 1536, 3456, or 9600
wells, e.g., wherein each well has a volume of between approximately one nanoliter to
several milliliters) comprising a plurality of vessels, each of said vessels comprising a
composition (e.g., probes and/or primers) for detecting a chromosome or comprising a
composition (e.g., a plurality of probes and/or a plurality of primer pairs) for detecting a
plurality of chromosomes.

Embodiments provide oligonucleotides (e.g., amplification primers, probes, etc.)
that are specific for target a-repeat arrays. For example, in some embodiments methods
comprise use of a first and a second oligonucleotide. In some embodiments, the first
oligonucleotide comprises a nucleotide sequence provided by SEQ ID NO: 1, 3, or 5 and
the second oligonucleotide comprises a nucleotide sequence provided by SEQ ID NO: 2,
4, or 6; the first oligonucleotide comprises a nucleotide sequence provided by SEQ 1D
NO: 7 and the second oligonucleotide comprises a nucleotide sequence provided by SEQ
1D NO: 8; the first oligonucleotide comprises a nucleotide sequence provided by SEQ 1D
NO: 9 and the second oligonucleotide comprises a nucleotide sequence provided by SEQ
1D NO: 10; the first oligonucleotide comprises a nucleotide sequence provided by SEQ 1D
NO: 11 and the second oligonucleotide comprises a nucleotide sequence provided by SEQ
1D NO: 12; the first oligonucleotide comprises a nucleotide sequence provided by SEQ 1D
NO: 13 and the second oligonucleotide comprises a nucleotide sequence provided by SEQ
1D NO: 14; the first oligonucleotide comprises a nucleotide sequence provided by SEQ 1D
NO: 15 and the second oligonucleotide comprises a nucleotide sequence provided by SEQ
1D NO: 16; the first oligonucleotide comprises a nucleotide sequence provided by SEQ 1D
NO: 17 or 19 and the second oligonucleotide comprises a nucleotide sequence provided
by SEQ ID NO: 18 or 20; the first oligonucleotide comprises a nucleotide sequence
provided by SEQ ID NO: 21 and the second oligonucleotide comprises a nucleotide
sequence provided by SEQ ID NO: 22; the first oligonucleotide comprises a nucleotide
sequence provided by SEQ ID NO: 23 and the second oligonucleotide comprises a
nucleotide sequence provided by SEQ ID NO: 24; the first oligonucleotide comprises a
nucleotide sequence provided by SEQ ID NO: 25 and the second oligonucleotide
comprises a nucleotide sequence provided by SEQ ID NO: 26; the first oligonucleotide
comprises a nucleotide sequence provided by SEQ ID NO: 27 and the second
oligonucleotide comprises a nucleotide sequence provided by SEQ ID NO: 28; the first
oligonucleotide comprises a nucleotide sequence provided by SEQ ID NO: 29 and the
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second oligonucleotide comprises a nucleotide sequence provided by SEQ ID NO: 30; the
first oligonucleotide comprises a nucleotide sequence provided by SEQ ID NO: 31, 34,
36, 38, 40, 42, 44, or 46 and the second oligonucleotide comprises a nucleotide sequence
provided by SEQ 1D NO: 32, 35, 37, 39, 41, 43, 45, or 47; the first oligonucleotide
comprises a nucleotide sequence provided by SEQ ID NO: 48, 50, or 52 and the second
oligonucleotide comprises a nucleotide sequence provided by SEQ ID NO: 49, 51, or 53;
the first oligonucleotide comprises a nucleotide sequence provided by SEQ ID NO: 54
and the second oligonucleotide comprises a nucleotide sequence provided by SEQ 1D NO:
55; the first oligonucleotide comprises a nucleotide sequence provided by SEQ ID NO: 56
and the second oligonucleotide comprises a nucleotide sequence provided by SEQ ID NO:
57; the first oligonucleotide comprises a nucleotide sequence provided by SEQ ID NO: 58
or 60 and the second oligonucleotide comprises a nucleotide sequence provided by SEQ
1D NO: 59 or 61; the first oligonucleotide comprises a nucleotide sequence provided by
SEQ ID NO: 62 or 64 and the second oligonucleotide comprises a nucleotide sequence
provided by SEQ ID NO: 63 or 65; the first oligonucleotide comprises a nucleotide
sequence provided by SEQ ID NO: 66 or 68 and the second oligonucleotide comprises a
nucleotide sequence provided by SEQ ID NO: 67 or 69; the first oligonucleotide
comprises a nucleotide sequence provided by SEQ ID NO: 70 and the second
oligonucleotide comprises a nucleotide sequence provided by SEQ ID NO: 71; the first
oligonucleotide comprises a nucleotide sequence provided by SEQ ID NO: 72 or 74 and
the second oligonucleotide comprises a nucleotide sequence provided by SEQ 1D NO: 73
or 75; the first oligonucleotide comprises a nucleotide sequence provided by SEQ ID NO:
76, 78, or 80 and the second oligonucleotide comprises a nucleotide sequence provided by
SEQ ID NO: 77, 79, or 81; the first oligonucleotide comprises a nucleotide sequence
provided by SEQ ID NO: 82 and the second oligonucleotide comprises a nucleotide
sequence provided by SEQ ID NO: 83; and/or the first oligonucleotide comprises a
nucleotide sequence provided by SEQ ID NO: 84 and the second oligonucleotide
comprises a nucleotide sequence provided by SEQ ID NO: 85.

In some embodiments, the first oligonucleotide comprises a nucleotide sequence
that is at least 80% identical (e.g., at least 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91,
92, 93, 94, 95, 96, 97, 98, 99, 99.2, 99.5, 99.9, or 100% identical) to the sequence provided
by SEQ ID NO: 1, 3, or 5 and the second oligonucleotide comprises a nucleotide sequence
that is at least 80% identical (e.g., at least 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91,
92, 93, 94, 95, 96, 97, 98, 99, 99.2, 99.5, 99.9, or 100% identical) to the sequence provided
by SEQ ID NO: 2, 4, or 6; the first oligonucleotide comprises a nucleotide sequence that
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is at least 80% identical (e.g., at least 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93,
94, 95, 96, 97, 98, 99, 99.2, 99.5, 99.9, or 100% identical) to the sequence provided by
SEQ ID NO: 7 and the second oligonucleotide comprises a nucleotide sequence that is at
least 80% identical (e.g., at least 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94,
95, 96, 97, 98, 99, 99.2, 99.5, 99.9, or 100% identical) to the sequence provided by SEQ
1D NO: 8; the first oligonucleotide comprises a nucleotide sequence that is at least 80%
identical (e.g., at least 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97,
98, 99, 99.2, 99.5, 99.9, or 100% identical) to the sequence provided by SEQ ID NO: 9
and the second oligonucleotide comprises a nucleotide sequence that is at least 80%
identical (e.g., at least 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97,
98, 99, 99.2, 99.5, 99.9, or 100% identical) to the sequence provided by SEQ ID NO: 10;
the first oligonucleotide comprises a nucleotide sequence that is at least 80% identical
(e.g., at least 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99,
99.2, 99.5, 99.9, or 100% identical) to the sequence provided by SEQ ID NO: 11 and the
second oligonucleotide comprises a nucleotide sequence that is at least 80% identical
(e.g., at least 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99,
99.2, 99.5, 99.9, or 100% identical) to the sequence provided by SEQ ID NO: 12; the first
oligonucleotide comprises a nucleotide sequence that is at least 80% identical (e.g., at
least 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 99.2, 99.5,
99.9, or 100% identical) to the sequence provided by SEQ ID NO: 13 and the second
oligonucleotide comprises a nucleotide sequence that is at least 80% identical (e.g., at
least 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 99.2, 99.5,
99.9, or 100% identical) to the sequence provided by SEQ ID NO: 14; the first
oligonucleotide comprises a nucleotide sequence that is at least 80% identical (e.g., at
least 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 99.2, 99.5,
99.9, or 100% identical) to the sequence provided by SEQ ID NO: 15 and the second
oligonucleotide comprises a nucleotide sequence that is at least 80% identical (e.g., at
least 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 99.2, 99.5,
99.9, or 100% identical) to the sequence provided by SEQ ID NO: 16; the first
oligonucleotide comprises a nucleotide sequence that is at least 80% identical (e.g., at
least 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 99.2, 99.5,
99.9, or 100% identical) to the sequence provided by SEQ ID NO: 17 or 19 and the
second oligonucleotide comprises a nucleotide sequence that is at least 80% identical
(e.g., at least 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99,
99.2, 99.5, 99.9, or 100% identical) to the sequence provided by SEQ ID NO: 18 or 20; the
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first oligonucleotide comprises a nucleotide sequence that is at least 80% identical (e.g.,
at least 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 99.2,
99.5, 99.9, or 100% identical) to the sequence provided by SEQ ID NO: 21 and the second
oligonucleotide comprises a nucleotide sequence that is at least 80% identical (e.g., at
least 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 99.2, 99.5,
99.9, or 100% identical) to the sequence provided by SEQ ID NO: 22; the first
oligonucleotide comprises a nucleotide sequence that is at least 80% identical (e.g., at
least 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 99.2, 99.5,
99.9, or 100% identical) to the sequence provided by SEQ ID NO: 23 and the second
oligonucleotide comprises a nucleotide sequence that is at least 80% identical (e.g., at
least 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 99.2, 99.5,
99.9, or 100% identical) to the sequence provided by SEQ ID NO: 24; the first
oligonucleotide comprises a nucleotide sequence that is at least 80% identical (e.g., at
least 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 99.2, 99.5,
99.9, or 100% identical) to the sequence provided by SEQ ID NO: 25 and the second
oligonucleotide comprises a nucleotide sequence that is at least 80% identical (e.g., at
least 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 99.2, 99.5,
99.9, or 100% identical) to the sequence provided by SEQ ID NO: 26; the first
oligonucleotide comprises a nucleotide sequence that is at least 80% identical (e.g., at
least 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 99.2, 99.5,
99.9, or 100% identical) to the sequence provided by SEQ 1D NO: 27 and the second
oligonucleotide comprises a nucleotide sequence that is at least 80% identical (e.g., at
least 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 99.2, 99.5,
99.9, or 100% identical) to the sequence provided by SEQ ID NO: 28; the first
oligonucleotide comprises a nucleotide sequence that is at least 80% identical (e.g., at
least 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 99.2, 99.5,
99.9, or 100% identical) to the sequence provided by SEQ ID NO: 29 and the second
oligonucleotide comprises a nucleotide sequence that is at least 80% identical (e.g., at
least 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 99.2, 99.5,
99.9, or 100% identical) to the sequence provided by SEQ ID NO: 30; the first
oligonucleotide comprises a nucleotide sequence that is at least 80% identical (e.g., at
least 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 99.2, 99.5,
99.9, or 100% identical) to the sequence provided by SEQ ID NO: 31, 34, 36, 38, 40, 42,
44, or 46 and the second oligonucleotide comprises a nucleotide sequence that is at least

80% identical (e.g., at least 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96,
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97, 98, 99, 99.2, 99.5, 99.9, or 100% identical) to the sequence provided by SEQ 1D NO:
32, 35, 37, 39, 41, 43, 45, or 47; the first oligonucleotide comprises a nucleotide sequence
that is at least 80% identical (e.g., at least 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91,
92, 93, 94, 95, 96, 97, 98, 99, 99.2, 99.5, 99.9, or 100% identical) to the sequence provided
by SEQ 1D NO: 48, 50, or 52 and the second oligonucleotide comprises a nucleotide
sequence that is at least 80% identical (e.g., at least 80, 81, 82, 83, 84, 85, 86, 87, 88, 89,
90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 99.2, 99.5, 99.9, or 100% identical) to the sequence
provided by SEQ ID NO: 49, 51, or 53; the first oligonucleotide comprises a nucleotide
sequence that is at least 80% identical (e.g., at least 80, 81, 82, 83, 84, 85, 86, 87, 88, 89,
90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 99.2, 99.5, 99.9, or 100% identical) to the sequence
provided by SEQ ID NO: 54 and the second oligonucleotide comprises a nucleotide
sequence that is at least 80% identical (e.g., at least 80, 81, 82, 83, 84, 85, 86, 87, 88, 89,
90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 99.2, 99.5, 99.9, or 100% identical) to the sequence
provided by SEQ ID NO: 55; the first oligonucleotide comprises a nucleotide sequence
that is at least 80% identical (e.g., at least 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91,
92, 93, 94, 95, 96, 97, 98, 99, 99.2, 99.5, 99.9, or 100% identical) to the sequence provided
by SEQ ID NO: 56 and the second oligonucleotide comprises a nucleotide sequence that
is at least 80% identical (e.g., at least 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93,
94, 95, 96, 97, 98, 99, 99.2, 99.5, 99.9, or 100% identical) to the sequence provided by
SEQ ID NO: 57; the first oligonucleotide comprises a nucleotide sequence that is at least
80% identical (e.g., at least 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96,
97, 98, 99, 99.2, 99.5, 99.9, or 100% identical) to the sequence provided by SEQ 1D NO:
58 or 60 and the second oligonucleotide comprises a nucleotide sequence that is at least
80% identical (e.g., at least 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96,
97, 98, 99, 99.2, 99.5, 99.9, or 100% identical) to the sequence provided by SEQ 1D NO:
59 or 61; the first oligonucleotide comprises a nucleotide sequence that is at least 80%
identical (e.g., at least 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97,
98, 99, 99.2, 99.5, 99.9, or 100% identical) to the sequence provided by SEQ ID NO: 62 or
64 and the second oligonucleotide comprises a nucleotide sequence that is at least 80%
identical (e.g., at least 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97,
98, 99, 99.2, 99.5, 99.9, or 100% identical) to the sequence provided by SEQ ID NO: 63 or
65; the first oligonucleotide comprises a nucleotide sequence that is at least 80%
identical (e.g., at least 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97,
98, 99, 99.2, 99.5, 99.9, or 100% identical) to the sequence provided by SEQ ID NO: 66 or

68 and the second oligonucleotide comprises a nucleotide sequence that is at least 80%
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identical (e.g., at least 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97,
98, 99, 99.2, 99.5, 99.9, or 100% identical) to the sequence provided by SEQ ID NO: 67 or
69; the first oligonucleotide comprises a nucleotide sequence that is at least 80%
identical (e.g., at least 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97,
98, 99, 99.2, 99.5, 99.9, or 100% identical) to the sequence provided by SEQ ID NO: 70
and the second oligonucleotide comprises a nucleotide sequence that is at least 80%
identical (e.g., at least 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97,
98, 99, 99.2, 99.5, 99.9, or 100% identical) to the sequence provided by SEQ ID NO: 71;
the first oligonucleotide comprises a nucleotide sequence that is at least 80% identical
(e.g., at least 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99,
99.2, 99.5, 99.9, or 100% identical) to the sequence provided by SEQ ID NO: 72 or 74 and
the second oligonucleotide comprises a nucleotide sequence that is at least 80% identical
(e.g., at least 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99,
99.2, 99.5, 99.9, or 100% identical) to the sequence provided by SEQ ID NO: 73 or 75; the
first oligonucleotide comprises a nucleotide sequence that is at least 80% identical (e.g.,
at least 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 99.2,
99.5, 99.9, or 100% identical) to the sequence provided by SEQ ID NO: 76, 78, or 80 and
the second oligonucleotide comprises a nucleotide sequence that is at least 80% identical
(e.g., at least 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99,
99.2, 99.5, 99.9, or 100% identical) to the sequence provided by SEQ ID NO: 77, 79, or
81; the first oligonucleotide comprises a nucleotide sequence that is at least 80%
identical (e.g., at least 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97,
98, 99, 99.2, 99.5, 99.9, or 100% identical) to the sequence provided by SEQ 1D NO: 82
and the second oligonucleotide comprises a nucleotide sequence that is at least 80%
identical (e.g., at least 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97,
98, 99, 99.2, 99.5, 99.9, or 100% identical) to the sequence provided by SEQ ID NO: 83;
and/or the first oligonucleotide comprises a nucleotide sequence that is at least 80%
identical (e.g., at least 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97,
98, 99, 99.2, 99.5, 99.9, or 100% identical) to the sequence provided by SEQ ID NO: 84
and the second oligonucleotide comprises a nucleotide sequence that is at least 80%
identical (e.g., at least 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97,
98, 99, 99.2, 99.5, 99.9, or 100% identical) to the sequence provided by SEQ ID NO: 85.

The following terms are used to describe the sequence relationships between two
or more polynucleotides: “reference sequence”, “identity”, “identical’, “% identity”,
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sequence” is a defined sequence used as a basis for a sequence comparison; a reference
sequence may be a subset of a larger sequence, for example, as a segment of a full-length
cDNA sequence given in a sequence listing or may comprise a complete gene sequence.
Since two polynucleotides may each (1) comprise a sequence (e.g., a portion of the
complete polynucleotide sequence) that is similar between the two polynucleotides, and
(2) may further comprise a sequence that is divergent between the two polynucleotides,
sequence comparisons between two (or more) polynucleotides are typically performed by
comparing sequences of the two polynucleotides over a “comparison window” to identify
and compare local regions of sequence similarity. Alignment of sequences for aligning a
comparison window may be conducted by the local homology algorithm of Smith and
Waterman [Smith and Waterman, Adv. Appl. Math. 2: 482 (1981)] by the homology
alignment algorithm of Needleman and Wunsch [Needleman and Wunsch, J. Mol. Biol.
48:443 (1970)], by the search for similarity method of Pearson and Lipman [Pearson and
Lipman, Proc. Natl. Acad. Sci. (U.S.A.) 85:2444 (1988)], by computerized
implementations of these algorithms (GAP, BESTFIT, FASTA, and TFASTA in the
Wisconsin Genetics Software Package Release 7.0, Genetics Computer Group, 575
Science Dr., Madison, Wis.), or by inspection, and the best alignment (e.g., resulting in
the highest percentage of identity over the comparison window) generated by the
various methods is selected. The term “sequence identity” means that two
polynucleotide sequences are identical (e.g., on a nucleotide-by-nucleotide basis) over the
window of comparison. The term “percentage of sequence identity” or “% identical” and
similar terms are calculated by comparing two aligned sequences over the window of
comparison, determining the number of positions at which the identical nucleic acid
base (e.g., A, T, C, G, U) occurs in both sequences to yield the number of matched
positions, dividing the number of matched positions by the total number of positions in
the window of comparison, and multiplying the result by 100 to yield the percentage of
sequence identity. The terms “substantial identity” as used herein denotes a
characteristic of a polynucleotide sequence, wherein the polynucleotide comprises a
sequence that has at least 85 percent sequence identity, preferably at least 90 to 95
percent sequence identity, more usually at least 99 percent sequence identity as
compared to a reference sequence, wherein the percentage of sequence identity is
calculated by comparing the reference sequence to the polynucleotide sequence which
may include deletions or additions which total 20 percent or less of the reference
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larger sequence, for example, as a segment of the full-length sequences of the
compositions claimed in the present invention.

The term “substantially homologous” when used in reference to a double-
stranded nucleic acid sequence such as a cDNA or genomic clone refers to any probe that
can hybridize to either or both strands of the double-stranded nucleic acid sequence
under conditions of low to high stringency as described above.

The term “substantially homologous” when used in reference to a single-stranded
nucleic acid sequence refers to any probe that can hybridize G.e., it is the complement of)
the single-stranded nucleic acid sequence under conditions of low to high stringency as
described above.

In some embodiments, the methods comprise technologies for inhibiting (e.g.,
minimizing, eliminating, etc.) the amplification of one target (e.g., a “non-target”). For
example, some embodiments comprise amplifying a target while inhibiting the
amplification of a non-target, e.g., to promote, maximize, or otherwise improve the
amplification and/or detection of the intended target. In some embodiments, the
technology provides methods as described herein and further comprising inhibiting
amplification of an amplicon comprising a nucleotide sequence from a non-target a-
repeat array. For instance, in some embodiments inhibiting amplification of an amplicon
comprising a nucleotide sequence from a non-target a-repeat array comprises
hybridizing a clamp oligonucleotide to a nucleic acid comprising the non-target a-repeat
array. As used herein, a “clamp oligonucleotide” is an oligonucleotide that binds to a
complementary sequence but that does not or cannot act as a primer for polymerase
extension (e.g., the clamp does not comprise a 3' OH to provide a substrate for nucleotide
addition). In some embodiments, a clamp oligonucleotide comprises a 3’ phosphate.

In some embodiments, the methods comprise use of modified oligonucleotides,
e.g., oligonucleotides modified to modulate (e.g., increase, decrease, alter) the
hybridization of the oligonucleotide to its complementary sequence. For example, in
some embodiments the first oligonucleotide and/or the second oligonucleotide comprises
a locked nucleic acid nucleotide.

The technology relates to analysis of both centromeric and pericentromeric
regions of chromosomes. Thus, in some embodiments a centromere core comprises the
target a-repeat array; in some embodiments, a pericentromeric region comprises the
target a-repeat array. In some embodiments, the target a-repeat array is an a-repeat
array that is present on a plurality of chromosomes of an organism. In some

embodiments, the target a-repeat array is an a-repeat array that is present on all
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chromosomes of an organism. For instance, in some embodiments the target a-repeat
array is p82H. In some embodiments, the first oligonucleotide comprises a nucleotide
sequence provided by SEQ ID NO: 86 and the second oligonucleotide comprises a
nucleotide sequence provided by SEQ ID NO: 87.

Embodiments provide for the evaluation and analysis of the structure of a-repeat
arrays. For example in some embodiments, the methods provided herein comprise
quantifying amplicons produced from the target a-repeat array to provide a quantity of
a-repeat amplicons. Furthermore, some embodiments comprise calculating the relative
number of a-repeats in the a-repeat array per human diploid genome by comparing the
quantity of a-repeat amplicons to the quantity of a single-copy gene. Some embodiments
comprise calculating the ploidy of the human chromosome in the sample by comparing
the relative number of a-repeats in the a-repeat array per human diploid genome
calculated for the sample to a relative number of a-repeats in the a-repeat array per
human diploid genome for a normal sample. In some embodiments, the relative number
of a-repeats in the a-repeat array per human diploid genome for a normal sample is a
previously determined known value. In some embodiments, the relative number of a-
repeats in the a-repeat array per human diploid genome for a normal sample is
determined experimentally using a sample from a normal human. The technology finds
use, e.g., to evaluate the ploidy of an organism. For example, in some embodiments the
ploidy of the human chromosome indicates that the human source of the sample has an
aneuploidy. In some embodiments, the ploidy of the human chromosome indicates that
the human source of the sample is male. In some embodiments, the ploidy of the human
chromosome indicates that the human source of the sample is female. In particular
embodiments, the technology detects an aneuploidy that is a trisomy. In particular
embodiments, the technology detects an aneuploidy that is trisomy 21, trisomy 13,
trisomy 8, trisomy 18, or trisomy X.

Accordingly, in some embodiments, the technology provides a method for
detecting an aneuploidy of a chromosome in a subject. In some embodiments, methods
comprise determining a pericentromere size of a chromosome; comparing the
pericentromere size of the chromosome to the pericentromere size for the chromosome of
a normal subject; and identifying the chromosome as aneuploid by determining that the
pericentromere size of the chromosome of the subject is smaller than the pericentromere
size for the chromosome of a normal subject. In some embodiments, determining a
pericentromere size of a chromosome comprises quantifying copy number of K111 and/or

K222, In some embodiments, determining a pericentromere size of a chromosome

12



10

15

20

25

30

35

WO 2018/093777 PCT/US2017/061543

comprises amplifying K111 using a first oligonucleotide comprising a sequence provided
by SEQ ID NO: 98 or 104 and a second oligonucleotide comprising a sequence provided
by SEQ ID NO: 99 or 105. In some embodiments, determining a pericentromere size of a
chromosome comprises amplifying K222 using a first oligonucleotide comprising a
sequence provided by SEQ ID NO: 101 and a second oligonucleotide comprising a
sequence provided by SEQ ID NO: 102.

Some embodiments provide a method for determining the number of a-repeats in
an a-repeat array of a chromosome. For example, in some embodiments methods
comprise hybridizing a first oligonucleotide and a second oligonucleotide to a nucleic
acid comprising a target a-repeat array; producing an amplicon comprising a nucleotide
sequence from the target a-repeat array; quantifying the amplicon; and calculating the
number of a-repeats in the a-repeat array of the chromosome from the quantity of the
amplicon.

In specific embodiments, the human chromosome is chromosome 1 and the target
a-repeat array is D175, and/or D1Z7; the human chromosome is chromosome 2 and the
target a-repeat array is D2Z1; the human chromosome is chromosome 3 and the target
a-repeat array is D3Z1;the human chromosome is chromosome 4 and the target a-repeat
array is D471; the human chromosome is chromosome 5 and the target a-repeat array is
D571; the human chromosome is chromosome 6 and the target a-repeat array is D6Z1;
the human chromosome is chromosome 7 and the target a-repeat array is D771 and/or
D772; the human chromosome is chromosome 8 and the target a-repeat array is D872;
the human chromosome is chromosome 9 and the target a-repeat array is D974; the
human chromosome is chromosome 10 and the target a-repeat array is D10Z1; the
human chromosome is chromosome 11 and the target a-repeat array is D1171; the
human chromosome is chromosome 12 and the target a-repeat array is D1273; the
human chromosome is chromosome 13 and the target a-repeat array is D13%1; the
human chromosome is chromosome 14 and the target a-repeat array is D1471 and/or
D1472 and/or D1473; the human chromosome is chromosome 15 and the target a-repeat
array is D1573; the human chromosome is chromosome 16 and the target a-repeat array
is D1672; the human chromosome is chromosome 17 and the target a-repeat array is
D1771 and/or D171b; the human chromosome is chromosome 18 and the target a-repeat
array is D187Z1 and/or D1872; the human chromosome is chromosome 19 and the target
a-repeat array is D1974 and/or D19Z5; the human chromosome is chromosome 20 and
the target a-repeat array is D2072; the human chromosome is chromosome 21 and the
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target a-repeat array is D2274, and/or D2275; the human chromosome is chromosome X
and the target a-repeat array is DXZ1; and/or the human chromosome is chromosome Y
and the target a-repeat array is DYZ3.

Particular oligonucleotides find use in some embodiments. For example, in some
embodiments the first oligonucleotide comprises a nucleotide sequence provided by SEQ
1D NO: 1, 3, or 5 and the second oligonucleotide comprises a nucleotide sequence
provided by SEQ ID NO: 2, 4, or 6; the first oligonucleotide comprises a nucleotide
sequence provided by SEQ ID NO: 7 and the second oligonucleotide comprises a
nucleotide sequence provided by SEQ ID NO: 8; the first oligonucleotide comprises a
nucleotide sequence provided by SEQ ID NO: 9 and the second oligonucleotide comprises
a nucleotide sequence provided by SEQ ID NO: 10; the first oligonucleotide comprises a
nucleotide sequence provided by SEQ ID NO: 11 and the second oligonucleotide
comprises a nucleotide sequence provided by SEQ ID NO: 12; the first oligonucleotide
comprises a nucleotide sequence provided by SEQ ID NO: 13 and the second
oligonucleotide comprises a nucleotide sequence provided by SEQ ID NO: 14; the first
oligonucleotide comprises a nucleotide sequence provided by SEQ ID NO: 15 and the
second oligonucleotide comprises a nucleotide sequence provided by SEQ ID NO: 16; the
first oligonucleotide comprises a nucleotide sequence provided by SEQ ID NO: 17 or 19
and the second oligonucleotide comprises a nucleotide sequence provided by SEQ ID NO:
18 or 20; the first oligonucleotide comprises a nucleotide sequence provided by SEQ 1D
NO: 21 and the second oligonucleotide comprises a nucleotide sequence provided by SEQ
1D NO: 22; the first oligonucleotide comprises a nucleotide sequence provided by SEQ 1D
NO: 23 and the second oligonucleotide comprises a nucleotide sequence provided by SEQ
1D NO: 24; the first oligonucleotide comprises a nucleotide sequence provided by SEQ 1D
NO: 25 and the second oligonucleotide comprises a nucleotide sequence provided by SEQ
1D NO: 26; the first oligonucleotide comprises a nucleotide sequence provided by SEQ 1D
NO: 27 and the second oligonucleotide comprises a nucleotide sequence provided by SEQ
1D NO: 28; the first oligonucleotide comprises a nucleotide sequence provided by SEQ 1D
NO: 29 and the second oligonucleotide comprises a nucleotide sequence provided by SEQ
1D NO: 30; the first oligonucleotide comprises a nucleotide sequence provided by SEQ 1D
NO: 31, 34, 36, 38, 40, 42, 44, or 46 and the second oligonucleotide comprises a
nucleotide sequence provided by SEQ ID NO: 32, 35, 37, 39, 41, 43, 45, or 47; the first
oligonucleotide comprises a nucleotide sequence provided by SEQ 1D NO: 48, 50, or 52
and the second oligonucleotide comprises a nucleotide sequence provided by SEQ 1D NO:

49, 51, or 53; the first oligonucleotide comprises a nucleotide sequence provided by SEQ
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1D NO: 54 and the second oligonucleotide comprises a nucleotide sequence provided by
SEQ ID NO: 55; the first oligonucleotide comprises a nucleotide sequence provided by
SEQ ID NO: 56 and the second oligonucleotide comprises a nucleotide sequence provided
by SEQ ID NO: 57; the first oligonucleotide comprises a nucleotide sequence provided by
SEQ ID NO: 58 or 60 and the second oligonucleotide comprises a nucleotide sequence
provided by SEQ ID NO: 59 or 61; the first oligonucleotide comprises a nucleotide
sequence provided by SEQ ID NO: 62 or 64 and the second oligonucleotide comprises a
nucleotide sequence provided by SEQ ID NO: 63 or 65; the first oligonucleotide
comprises a nucleotide sequence provided by SEQ ID NO: 66 or 68 and the second
oligonucleotide comprises a nucleotide sequence provided by SEQ ID NO: 67 or 69; the
first oligonucleotide comprises a nucleotide sequence provided by SEQ ID NO: 70 and
the second oligonucleotide comprises a nucleotide sequence provided by SEQ ID NO: 71;
the first oligonucleotide comprises a nucleotide sequence provided by SEQ ID NO: 72 or
74 and the second oligonucleotide comprises a nucleotide sequence provided by SEQ 1D
NO: 73 or 75; the first oligonucleotide comprises a nucleotide sequence provided by SEQ
1D NO: 76, 78, or 80 and the second oligonucleotide comprises a nucleotide sequence
provided by SEQ ID NO: 77, 79, or 81; the first oligonucleotide comprises a nucleotide
sequence provided by SEQ ID NO: 82 and the second oligonucleotide comprises a
nucleotide sequence provided by SEQ ID NO: 83; and/or the first oligonucleotide
comprises a nucleotide sequence provided by SEQ ID NO: 84 and the second
oligonucleotide comprises a nucleotide sequence provided by SEQ ID NO: 85.

Related embodiments provide compositions, e.g., compositions for producing an
amplicon from a human chromosome (e.g., from an a-repeat array). Some embodiments
provide a composition comprising one or more of a first oligonucleotide comprising a
nucleotide sequence provided by SEQ ID NO: 1, 3, or 5 and a second oligonucleotide
comprising a nucleotide sequence provided by SEQ ID NO: 2, 4, or 6; a first
oligonucleotide comprising a nucleotide sequence provided by SEQ ID NO: 7 and a
second oligonucleotide comprising a nucleotide sequence provided by SEQ ID NO: 8; a
first oligonucleotide comprising a nucleotide sequence provided by SEQ ID NO: 9 and a
second oligonucleotide comprising a nucleotide sequence provided by SEQ ID NO: 10; a
first oligonucleotide comprising a nucleotide sequence provided by SEQ ID NO: 11 and a
second oligonucleotide comprising a nucleotide sequence provided by SEQ 1D NO: 12; a
first oligonucleotide comprising a nucleotide sequence provided by SEQ ID NO: 13 and a
second oligonucleotide comprising a nucleotide sequence provided by SEQ ID NO: 14; a

first oligonucleotide comprising a nucleotide sequence provided by SEQ ID NO: 15 and a
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second oligonucleotide comprising a nucleotide sequence provided by SEQ ID NO: 16; a
first oligonucleotide comprising a nucleotide sequence provided by SEQ ID NO: 17 or 19
and a second oligonucleotide comprising a nucleotide sequence provided by SEQ ID NO:
18 or 20; a first oligonucleotide comprising a nucleotide sequence provided by SEQ 1D
NO: 21 and a second oligonucleotide comprising a nucleotide sequence provided by SEQ
1D NO: 22; a first oligonucleotide comprising a nucleotide sequence provided by SEQ 1D
NO: 23 and a second oligonucleotide comprising a nucleotide sequence provided by SEQ
1D NO: 24; a first oligonucleotide comprising a nucleotide sequence provided by SEQ 1D
NO: 25 and a second oligonucleotide comprising a nucleotide sequence provided by SEQ
1D NO: 26; a first oligonucleotide comprising a nucleotide sequence provided by SEQ 1D
NO: 27 and a second oligonucleotide comprising a nucleotide sequence provided by SEQ
1D NO: 28; a first oligonucleotide comprising a nucleotide sequence provided by SEQ 1D
NO: 29 and a second oligonucleotide comprising a nucleotide sequence provided by SEQ
1D NO: 30; a first oligonucleotide comprising a nucleotide sequence provided by SEQ 1D
NO: 31, 34, 36, 38, 40, 42, 44, or 46 and a second oligonucleotide comprising a nucleotide
sequence provided by SEQ ID NO: 32, 35, 37, 39, 41, 43, 45, or 47; a first oligonucleotide
comprising a nucleotide sequence provided by SEQ 1D NO: 48, 50, or 52 and a second
oligonucleotide comprising a nucleotide sequence provided by SEQ ID NO: 49, 51, or 53;
a first oligonucleotide comprising a nucleotide sequence provided by SEQ 1D NO: 54 and
a second oligonucleotide comprising a nucleotide sequence provided by SEQ ID NO: 55; a
first oligonucleotide comprising a nucleotide sequence provided by SEQ ID NO: 56 and a
second oligonucleotide comprising a nucleotide sequence provided by SEQ ID NO: 57; a
first oligonucleotide comprising a nucleotide sequence provided by SEQ ID NO: 58 or 60
and a second oligonucleotide comprising a nucleotide sequence provided by SEQ ID NO:
59 or 61; a first oligonucleotide comprising a nucleotide sequence provided by SEQ 1D
NO: 62 or 64 and a second oligonucleotide comprising a nucleotide sequence provided by
SEQ ID NO: 63 or 65; a first oligonucleotide comprising a nucleotide sequence provided
by SEQ ID NO: 66 or 68 and a second oligonucleotide comprising a nucleotide sequence
provided by SEQ ID NO: 67 or 69; a first oligonucleotide comprising a nucleotide
sequence provided by SEQ ID NO: 70 and a second oligonucleotide comprising a
nucleotide sequence provided by SEQ ID NO: 71; a first oligonucleotide comprising a
nucleotide sequence provided by SEQ ID NO: 72 or 74 and a second oligonucleotide
comprising a nucleotide sequence provided by SEQ ID NO: 73 or 75; a first
oligonucleotide comprising a nucleotide sequence provided by SEQ ID NO: 76, 78, or 80

and a second oligonucleotide comprising a nucleotide sequence provided by SEQ ID NO:
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77,79, or 81; a first oligonucleotide comprising a nucleotide sequence provided by SEQ
ID NO: 82 and a second oligonucleotide comprising a nucleotide sequence provided by
SEQ ID NO: 83; and/or a first oligonucleotide comprising a nucleotide sequence provided
by SEQ ID NO: 84 and a second oligonucleotide comprising a nucleotide sequence
provided by SEQ ID NO: 85.

In some embodiments, the technology provides reaction mixtures (e.g.,
amplification reaction mixtures, probe hybridization reaction mixtures, real-time PCR
reaction mixtures, probe hydrolysis “TAQMAN”-type) reaction mixtures, etc.). For
example, some embodiments provide a reaction mixture comprising a nucleic acid target
(e.g., a nucleic acid comprising a centromeric or pericentromeric region and/or a
centromeric or pericentromeric sequence, e.g., a nucleic acid comprising an a-repeat
array) and one or more amplification oligonucleotides (e.g., one or more amplification
oligonucleotides complementary to a nucleic acid comprising a target a-repeat array,
e.g., complementary to a portion of a nucleic acid flanking an a-repeat array). Related
embodiments of reaction mixtures comprise a polymerase. In further related
embodiments, reaction mixtures comprise one or more deoxynucleotide monomers (e.g.,
dNTPs, e.g., dATP, dCTP, dGTP, dTTP, and/or one or more modified deoxynucleotide
monomers), for incorporation into an amplicon during an amplification reaction. In some
embodiments, reaction mixtures comprise one or more buffers, cations (e.g., polymerase
cofactors), salts, or other amplification reaction reagents. In reaction mixtures related to
amplifying a centromeric or pericentromeric region, the reaction mixtures comprise, e.g.,
a target nucleic acid, oligonucleotide primers, a polymerase, dNTPs, and, in some
embodiments, an amplicon produced from the target nucleic acid, e.g., an amplicon
comprising a centromeric and/or pericentromeric region and/or sequence, e.g., by an
amplification reaction using the oligonucleotide primers, polymerase, and dNTPs. In
some embodiments, one or more amplification oligonucleotides comprises a label (e.g., a
covalently attached label, e.g., a fluorescent label); in related embodiments, a reaction
mixture comprises one or more amplification oligonucleotides comprises a label and/or
an amplicon that incorporates one or more amplification oligonucleotides comprising a
label.

In some embodiments, a reaction mixture comprises a nucleic acid target (e.g., a
nucleic acid comprising a centromeric or pericentromeric region and/or a centromeric or
pericentromeric sequence, e.g., a nucleic acid comprising an a-repeat array) and one or
more oligonucleotide probes (e.g., one or more oligonucleotide probes complementary to a
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nucleic acid flanking an a-repeat array). In some embodiments, reaction mixtures
comprise an oligonucleotide probe comprising a label (e.g., an oligonucleotide probe
comprising a covalently attached label, e.g., a fluorescent label). In some embodiments,
reaction mixtures comprise a plurality of oligonucleotide probes, wherein each
oligonucleotide probe of the plurality of oligonucleotide probes comprises a fluorescent
label that is distinguishable from one or more fluorescent labels of one or more other
oligonucleotide probes.

Some embodiments of reaction mixtures comprise both oligonucleotide primers
(e.g., for producing an amplicon) and one or more oligonucleotide probes (e.g., for
detecting an amplicon).

In some embodiments, a reaction mixture comprises a nucleic acid comprising a
sequence from a human chromosome, e.g., a sequence from chromosome 1, e.g., a target
a-repeat array that is D175, and/or D1Z7; a sequence from chromosome 2, e.g., a target
a-repeat array that is D271; a sequence from chromosome 3, e.g., a target a-repeat array
that is D3Z1; a sequence from chromosome 4, e.g., a target a-repeat array that is D471;
a sequence from chromosome 5, e.g., a target a-repeat array that is D5Z1; a sequence
from chromosome 6, e.g., a target a-repeat array that is D6Z1; a sequence from
chromosome 7, e.g., a target a-repeat array that is D741 and/or D772; a sequence from
chromosome 8, e.g., a target a-repeat array that is D8Z2; a sequence from chromosome
9, e.g., a target a-repeat array that is D9Z4; a sequence from chromosome 10, e.g., a
target a-repeat array that is D10Z1; a sequence from chromosome 11, e.g., a target a-
repeat array that is D1171; a sequence from chromosome 12, e.g., a target a-repeat
array that is D1273; a sequence from chromosome 13, e.g., a target a-repeat array that
is D13Z1; a sequence from chromosome 14, e.g., a target a-repeat array that is D1471
and/or D1472 and/or D14Z3; a sequence from chromosome 15, e.g., a target a-repeat
array that is D1573; a sequence from chromosome 16, e.g., a target a-repeat array that
is D167Z2; a sequence from chromosome 17, e.g., a target a-repeat array that is D177Z1
and/or D171b; a sequence from chromosome 18, e.g., a target a-repeat array that is
D18%71 and/or D18%2; a sequence from chromosome 19, e.g., a target a-repeat array that
is D1974 and/or D19Z5; a sequence from chromosome 20, e.g., a target a-repeat array
that is D20Z2; a sequence from chromosome 21, e.g., a a-repeat array that is D2171; a
sequence from chromosome 22, e.g., a target a-repeat array that is D2274-1, and/or
D2275; a sequence from chromosome X, e.g., a target a-repeat array that is DXZ1;

and/or a sequence from chromosome Y, e.g., a target a-repeat array that is DYZ3.
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In some embodiments, the compositions and methods further employ control
reagents or kit components (e.g., positive controls, negative controls). In some
embodiments, the control reagents include a synthetic target nucleic acid. In some
embodiments, the control reagents include reagents for detecting a target nucleic acid
sequence, e.g., a chromosome sequence expected to be present in a sample (e.g., a
centromeric, pericentromeric, a-repeat sequence). In some embodiments, a control target
nucleic acid, whether synthetic or endogenous in a sample, is selected such that
amplification primers that amplify the target nucleic acid also amplify the control target
nucleic acid. In some such embodiments, a probe that detects the target nucleic acid or
an amplicon generated therefrom does not detect the control target or an amplicon
generated therefrom. In some embodiments, a control probe is provided that detects the
control target nucleic acid or an amplicon generated therefrom but does not detect the
target nucleic acid or an amplicon generated therefrom. In some embodiments, internal
standards are provided for quantification.

In some embodiments, the technology provides a reaction mixture comprising
any composition described herein or a composition comprising a target nucleic acid, e.g.,
a chromosome (e.g., a centromeric, pericentromeric, a-repeat sequence) and any
composition described herein.

In related embodiments, the technology provides a composition (e.g., in some
embodiments, a reaction mixture, a reaction mixture intermediate (e.g., a composition
for producing a reaction mixture), a kit component, etc.) comprising a pair of
oligonucleotides specific for one or more of the following a-repeat arrays: D145, and/or
D177; D27Z1; D371; D4Z1; D5Z1; D6Z1; D771 and/or D772; D8Z2: D974; D10Z1; D1171;
D1273; D1371: D1471 and/or D147Z2 and/or D1473; D1573; D1672; D1771 and/or
D171b; D18Z1 and/or D1872; D1974 and/or D1975; D2072; D2171: D2274, and/or
D2275; DXZ1; and/or DYZ3. Consequently, in some embodiments compositions comprise
a target of the oligonucleotides described, e.g., in some embodiments the compositions
comprise a nucleic acid comprising a sequence from an a-repeat array from a human
chromosome, e.g., a nucleic acid comprising a sequence from one or more of the following
a-repeat arrays: D175, and/or D177: D271: D371: D471: D57Z1; D6Z1; D771 and/or
D772; D8Z2; D974; D10Z1; D1171; D1273; D13Z1; D1471 and/or D1472 and/or D1473;
D1573; D1672; D17Z1 and/or D171b; D18Z1 and/or D1872; D19Z4 and/or D19Z5:
D2072; D2171; D2274, and/or D2275; DXZ1; and/or DYZ3. Still further embodiments
further provide reaction mixtures for producing an amplicon from a target a-repeat

array, e.g., in some embodiments the compositions provided further comprise a
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polymerase. The technology encompasses embodiments in which compositions comprise
one or more products of a reaction mixture, e.g., in some embodiments, compositions
comprise an amplicon produced from one or more a-repeat arrays.

Some embodiments provide one or more oligonucleotide probes (e.g., one or more
detectably labeled oligonucleotide probes) that hybridize specifically to one or more of
the following a-repeat arrays: D175, and/or D177; D271; D3Z1; D471; D57Z1; D671;
D771 and/or D772; D8Z2; D974; D10Z1: D1171; D1273; D137Z1; D1471 and/or D147Z2
and/or D1473; D1573; D1672; D1771 and/or D171b; D18Z1 and/or D187Z2; D1974 and/or
D19Z5; D2072; D2171; D2274, and/or D2275; DXZ1: and/or DYZ3.

Related embodiments provide kits for producing an amplicon from a human
chromosome (e.g., from an a-repeat array). For example, some embodiments of kits
comprise one or more of a first oligonucleotide comprising a nucleotide sequence
provided by SEQ ID NO: 1, 3, or 5 and a second oligonucleotide comprising a nucleotide
sequence provided by SEQ ID NO: 2, 4, or 6; a first oligonucleotide comprising a
nucleotide sequence provided by SEQ ID NO: 7 and a second oligonucleotide comprising
a nucleotide sequence provided by SEQ ID NO: 8; a first oligonucleotide comprising a
nucleotide sequence provided by SEQ ID NO: 9 and a second oligonucleotide comprising
a nucleotide sequence provided by SEQ ID NO: 10; a first oligonucleotide comprising a
nucleotide sequence provided by SEQ ID NO: 11 and a second oligonucleotide
comprising a nucleotide sequence provided by SEQ ID NO: 12; a first oligonucleotide
comprising a nucleotide sequence provided by SEQ ID NO: 13 and a second
oligonucleotide comprising a nucleotide sequence provided by SEQ ID NO: 14; a first
oligonucleotide comprising a nucleotide sequence provided by SEQ ID NO: 15 and a
second oligonucleotide comprising a nucleotide sequence provided by SEQ ID NO: 16; a
first oligonucleotide comprising a nucleotide sequence provided by SEQ ID NO: 17 or 19
and a second oligonucleotide comprising a nucleotide sequence provided by SEQ ID NO:
18 or 20; a first oligonucleotide comprising a nucleotide sequence provided by SEQ 1D
NO: 21 and a second oligonucleotide comprising a nucleotide sequence provided by SEQ
1D NO: 22; a first oligonucleotide comprising a nucleotide sequence provided by SEQ ID
NO: 23 and a second oligonucleotide comprising a nucleotide sequence provided by SEQ
1D NO: 24; a first oligonucleotide comprising a nucleotide sequence provided by SEQ 1D
NO: 25 and a second oligonucleotide comprising a nucleotide sequence provided by SEQ
1D NO: 26; a first oligonucleotide comprising a nucleotide sequence provided by SEQ 1D
NO: 27 and a second oligonucleotide comprising a nucleotide sequence provided by SEQ

1D NO: 28; a first oligonucleotide comprising a nucleotide sequence provided by SEQ ID
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NO: 29 and a second oligonucleotide comprising a nucleotide sequence provided by SEQ
1D NO: 30; a first oligonucleotide comprising a nucleotide sequence provided by SEQ 1D
NO: 31, 34, 36, 38, 40, 42, 44, or 46 and a second oligonucleotide comprising a nucleotide
sequence provided by SEQ ID NO: 32, 35, 37, 39, 41, 43, 45, or 47; a first oligonucleotide
comprising a nucleotide sequence provided by SEQ 1D NO: 48, 50, or 52 and a second
oligonucleotide comprising a nucleotide sequence provided by SEQ ID NO: 49, 51, or 53;
a first oligonucleotide comprising a nucleotide sequence provided by SEQ 1D NO: 54 and
a second oligonucleotide comprising a nucleotide sequence provided by SEQ ID NO: 55; a
first oligonucleotide comprising a nucleotide sequence provided by SEQ ID NO: 56 and a
second oligonucleotide comprising a nucleotide sequence provided by SEQ ID NO: 57; a
first oligonucleotide comprising a nucleotide sequence provided by SEQ ID NO: 58 or 60
and a second oligonucleotide comprising a nucleotide sequence provided by SEQ ID NO:
59 or 61; a first oligonucleotide comprising a nucleotide sequence provided by SEQ 1D
NO: 62 or 64 and a second oligonucleotide comprising a nucleotide sequence provided by
SEQ ID NO: 63 or 65; a first oligonucleotide comprising a nucleotide sequence provided
by SEQ ID NO: 66 or 68 and a second oligonucleotide comprising a nucleotide sequence
provided by SEQ ID NO: 67 or 69; a first oligonucleotide comprising a nucleotide
sequence provided by SEQ ID NO: 70 and a second oligonucleotide comprising a
nucleotide sequence provided by SEQ ID NO: 71; a first oligonucleotide comprising a
nucleotide sequence provided by SEQ ID NO: 72 or 74 and a second oligonucleotide
comprising a nucleotide sequence provided by SEQ ID NO: 73 or 75; a first
oligonucleotide comprising a nucleotide sequence provided by SEQ ID NO: 76, 78, or 80
and a second oligonucleotide comprising a nucleotide sequence provided by SEQ ID NO:
77,79, or 81; a first oligonucleotide comprising a nucleotide sequence provided by SEQ
ID NO: 82 and a second oligonucleotide comprising a nucleotide sequence provided by
SEQ ID NO: 83; and/or a first oligonucleotide comprising a nucleotide sequence provided
by SEQ ID NO: 84 and a second oligonucleotide comprising a nucleotide sequence
provided by SEQ ID NO: 85.

In some embodiments, a kit comprises a first oligonucleotide comprising a
nucleotide sequence that is at least 80% identical (e.g., at least 80, 81, 82, 83, 84, 85, 86,
87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 99.2, 99.5, 99.9, or 100% identical) to the
sequence provided by SEQ ID NO: 1, 3, or 5 and a second oligonucleotide comprising a
nucleotide sequence that is at least 80% identical (e.g., at least 80, 81, 82, 83, 84, 85, 86,
87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 99.2, 99.5, 99.9, or 100% identical) to the
sequence provided by SEQ ID NO: 2, 4, or 6; a first oligonucleotide comprising a
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nucleotide sequence that is at least 80% identical (e.g., at least 80, 81, 82, 83, 84, 85, 86,
87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 99.2, 99.5, 99.9, or 100% identical) to the
sequence provided by SEQ ID NO: 7 and a second oligonucleotide comprising a
nucleotide sequence that is at least 80% identical (e.g., at least 80, 81, 82, 83, 84, 85, 86,
87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 99.2, 99.5, 99.9, or 100% identical) to the
sequence provided by SEQ ID NO: 8; a first oligonucleotide comprising a nucleotide
sequence that is at least 80% identical (e.g., at least 80, 81, 82, 83, 84, 85, 86, 87, 88, 89,
90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 99.2, 99.5, 99.9, or 100% identical) to the sequence
provided by SEQ ID NO: 9 and a second oligonucleotide comprising a nucleotide
sequence that is at least 80% identical (e.g., at least 80, 81, 82, 83, 84, 85, 86, 87, 88, 89,
90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 99.2, 99.5, 99.9, or 100% identical) to the sequence
provided by SEQ ID NO: 10; a first oligonucleotide comprising a nucleotide sequence
that is at least 80% identical (e.g., at least 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91,
92, 93, 94, 95, 96, 97, 98, 99, 99.2, 99.5, 99.9, or 100% identical) to the sequence provided
by SEQ ID NO: 11 and a second oligonucleotide comprising a nucleotide sequence that is
at least 80% identical (e.g., at least 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93,
94, 95, 96, 97, 98, 99, 99.2, 99.5, 99.9, or 100% identical) to the sequence provided by
SEQ ID NO: 12; a first oligonucleotide comprising a nucleotide sequence that is at least
80% identical (e.g., at least 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96,
97, 98, 99, 99.2, 99.5, 99.9, or 100% identical) to the sequence provided by SEQ 1D NO:
13 and a second oligonucleotide comprising a nucleotide sequence that is at least 80%
identical (e.g., at least 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97,
98, 99, 99.2, 99.5, 99.9, or 100% identical) to the sequence provided by SEQ ID NO: 14; a
first oligonucleotide comprising a nucleotide sequence that is at least 80% identical (e.g.,
at least 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 99.2,
99.5, 99.9, or 100% identical) to the sequence provided by SEQ ID NO: 15 and a second
oligonucleotide comprising a nucleotide sequence that is at least 80% identical (e.g., at
least 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 99.2, 99.5,
99.9, or 100% identical) to the sequence provided by SEQ ID NO: 16; a first
oligonucleotide comprising a nucleotide sequence that is at least 80% identical (e.g., at
least 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 99.2, 99.5,
99.9, or 100% identical) to the sequence provided by SEQ ID NO: 17 or 19 and a second
oligonucleotide comprising a nucleotide sequence that is at least 80% identical (e.g., at
least 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 99.2, 99.5,
99.9, or 100% identical) to the sequence provided by SEQ ID NO: 18 or 20; a first
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oligonucleotide comprising a nucleotide sequence that is at least 80% identical (e.g., at
least 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 99.2, 99.5,
99.9, or 100% identical) to the sequence provided by SEQ ID NO: 21 and a second
oligonucleotide comprising a nucleotide sequence that is at least 80% identical (e.g., at
least 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 99.2, 99.5,
99.9, or 100% identical) to the sequence provided by SEQ ID NO: 22; a first
oligonucleotide comprising a nucleotide sequence that is at least 80% identical (e.g., at
least 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 99.2, 99.5,
99.9, or 100% identical) to the sequence provided by SEQ ID NO: 23 and a second
oligonucleotide comprising a nucleotide sequence that is at least 80% identical (e.g., at
least 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 99.2, 99.5,
99.9, or 100% identical) to the sequence provided by SEQ ID NO: 24; a first
oligonucleotide comprising a nucleotide sequence that is at least 80% identical (e.g., at
least 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 99.2, 99.5,
99.9, or 100% identical) to the sequence provided by SEQ ID NO: 25 and a second
oligonucleotide comprising a nucleotide sequence that is at least 80% identical (e.g., at
least 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 99.2, 99.5,
99.9, or 100% identical) to the sequence provided by SEQ ID NO: 26; a first
oligonucleotide comprising a nucleotide sequence that is at least 80% identical (e.g., at
least 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 99.2, 99.5,
99.9, or 100% identical) to the sequence provided by SEQ ID NO: 27 and a second
oligonucleotide comprising a nucleotide sequence that is at least 80% identical (e.g., at
least 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 99.2, 99.5,
99.9, or 100% identical) to the sequence provided by SEQ ID NO: 28; a first
oligonucleotide comprising a nucleotide sequence that is at least 80% identical (e.g., at
least 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 99.2, 99.5,
99.9, or 100% identical) to the sequence provided by SEQ ID NO: 29 and a second
oligonucleotide comprising a nucleotide sequence that is at least 80% identical (e.g., at
least 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 99.2, 99.5,
99.9, or 100% identical) to the sequence provided by SEQ ID NO: 30; a first
oligonucleotide comprising a nucleotide sequence that is at least 80% identical (e.g., at
least 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 99.2, 99.5,
99.9, or 100% identical) to the sequence provided by SEQ ID NO: 31, 34, 36, 38, 40, 42,
44, or 46 and a second oligonucleotide comprising a nucleotide sequence that is at least

80% identical (e.g., at least 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96,
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97, 98, 99, 99.2, 99.5, 99.9, or 100% identical) to the sequence provided by SEQ ID NO:
32, 35, 37, 39, 41, 43, 45, or 47; a first oligonucleotide comprising a nucleotide sequence
that is at least 80% identical (e.g., at least 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91,
92, 93, 94, 95, 96, 97, 98, 99, 99.2, 99.5, 99.9, or 100% identical) to the sequence provided
by SEQ ID NO: 48, 50, or 52 and a second oligonucleotide comprising a nucleotide
sequence that is at least 80% identical (e.g., at least 80, 81, 82, 83, 84, 85, 86, 87, 88, 89,
90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 99.2, 99.5, 99.9, or 100% identical) to the sequence
provided by SEQ ID NO: 49, 51, or 53; a first oligonucleotide comprising a nucleotide
sequence that is at least 80% identical (e.g., at least 80, 81, 82, 83, 84, 85, 86, 87, 88, 89,
90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 99.2, 99.5, 99.9, or 100% identical) to the sequence
provided by SEQ ID NO: 54 and a second oligonucleotide comprising a nucleotide
sequence that is at least 80% identical (e.g., at least 80, 81, 82, 83, 84, 85, 86, 87, 88, 89,
90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 99.2, 99.5, 99.9, or 100% identical) to the sequence
provided by SEQ ID NO: 55; a first oligonucleotide comprising a nucleotide sequence
that is at least 80% identical (e.g., at least 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91,
92, 93, 94, 95, 96, 97, 98, 99, 99.2, 99.5, 99.9, or 100% identical) to the sequence provided
by SEQ ID NO: 56 and a second oligonucleotide comprising a nucleotide sequence that is
at least 80% identical (e.g., at least 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93,
94, 95, 96, 97, 98, 99, 99.2, 99.5, 99.9, or 100% identical) to the sequence provided by
SEQ ID NO: 57; a first oligonucleotide comprising a nucleotide sequence that is at least
80% identical (e.g., at least 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96,
97, 98, 99, 99.2, 99.5, 99.9, or 100% identical) to the sequence provided by SEQ 1D NO:
58 or 60 and a second oligonucleotide comprising a nucleotide sequence that is at least
80% identical (e.g., at least 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96,
97, 98, 99, 99.2, 99.5, 99.9, or 100% identical) to the sequence provided by SEQ 1D NO:
59 or 61; a first oligonucleotide comprising a nucleotide sequence that is at least 80%
identical (e.g., at least 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97,
98, 99, 99.2, 99.5, 99.9, or 100% identical) to the sequence provided by SEQ ID NO: 62 or
64 and a second oligonucleotide comprising a nucleotide sequence that is at least 80%
identical (e.g., at least 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97,
98, 99, 99.2, 99.5, 99.9, or 100% identical) to the sequence provided by SEQ ID NO: 63 or
65; a first oligonucleotide comprising a nucleotide sequence that is at least 80% identical
(e.g., at least 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99,
99.2, 99.5, 99.9, or 100% identical) to the sequence provided by SEQ ID NO: 66 or 68 and

a second oligonucleotide comprising a nucleotide sequence that is at least 80% identical
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(e.g., at least 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99,
99.2, 99.5, 99.9, or 100% identical) to the sequence provided by SEQ ID NO: 67 or 69; a
first oligonucleotide comprising a nucleotide sequence that is at least 80% identical (e.g.,
at least 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 99.2,
99.5, 99.9, or 100% identical) to the sequence provided by SEQ ID NO: 70 and a second
oligonucleotide comprising a nucleotide sequence that is at least 80% identical (e.g., at
least 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 99.2, 99.5,
99.9, or 100% identical) to the sequence provided by SEQ ID NO: 71; a first
oligonucleotide comprising a nucleotide sequence that is at least 80% identical (e.g., at
least 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 99.2, 99.5,
99.9, or 100% identical) to the sequence provided by SEQ ID NO: 72 or 74 and a second
oligonucleotide comprising a nucleotide sequence that is at least 80% identical (e.g., at
least 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 99.2, 99.5,
99.9, or 100% identical) to the sequence provided by SEQ ID NO: 73 or 75; a first
oligonucleotide comprising a nucleotide sequence that is at least 80% identical (e.g., at
least 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 99.2, 99.5,
99.9, or 100% identical) to the sequence provided by SEQ ID NO: 76, 78, or 80 and a
second oligonucleotide comprising a nucleotide sequence that is at least 80% identical
(e.g., at least 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99,
99.2, 99.5, 99.9, or 100% identical) to the sequence provided by SEQ ID NO: 77, 79, or
81; a first oligonucleotide comprising a nucleotide sequence that is at least 80% identical
(e.g., at least 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99,
99.2, 99.5, 99.9, or 100% identical) to the sequence provided by SEQ ID NO: 82 and a
second oligonucleotide comprising a nucleotide sequence that is at least 80% identical
(e.g., at least 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99,
99.2, 99.5, 99.9, or 100% identical) to the sequence provided by SEQ ID NO: 83; and/or a
first oligonucleotide comprising a nucleotide sequence that is at least 80% identical (e.g.,
at least 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 99.2,
99.5, 99.9, or 100% identical) to the sequence provided by SEQ ID NO: 84 and a second
oligonucleotide comprising a nucleotide sequence that is at least 80% identical (e.g., at
least 80, 81, 82, 83, 84, 85, 86, 87, 88, 89, 90, 91, 92, 93, 94, 95, 96, 97, 98, 99, 99.2, 99.5,
99.9, or 100% identical) to the sequence provided by SEQ ID NO: 85.

Related embodiments provide a kit comprising one or more pairs of
oligonucleotides specific for one or more of the following a-repeat arrays: D175, and/or

D177 D271; D371; D471; D5Z1; D6Z1; D771 and/or D772; D8Z2; D974 D1071; D1171;

25



10

15

20

25

30

35

WO 2018/093777 PCT/US2017/061543

D1273; D1371: D1471 and/or D147Z2 and/or D1473; D1573; D1672; D1771 and/or
D171b; D18Z1 and/or D1872; D1974 and/or D1975; D2072; D2171: D2274, and/or
D2275; DXZ1: and/or DYZ3.

Some embodiments of kits provide one or more oligonucleotide probes (e.g., one or
more detectably labeled oligonucleotide probes) that hybridize specifically to one or more
of the following a-repeat arrays: D175, and/or D177; D271; D3Z1; D471; D5Z1; D6Z1;
D771 and/or D772; D8Z2; D974; D10Z1: D1171; D12Z3; D137%1; D14Z1 and/or D147Z2
and/or D1473; D1573; D1672; D1771 and/or D171b; D18Z1 and/or D187Z2; D1974 and/or
D19Z5; D2072; D2171; D2274, and/or D2275; DXZ1: and/or DYZ3.

Additional embodiments will be apparent to persons skilled in the relevant art

based on the teachings contained herein.

BRIEF DESCRIPTION OF THE DRAWINGS
These and other features, aspects, and advantages of the present technology will become
better understood with regard to the following drawings:

Figure 1 shows detection of centromere a-repeat arrays in individual human
chromosomes. Representative a-repeat arrays in each human chromosome (Y Axis) were
detected and the number of repeats quantified by qPCR using specific primers. The
image shows the results of gel electrophoresis of qPCR products amplified from DNA of
human/rodent hybrid cells, with each hybrid cell containing only one human
chromosome (displayed on the X-axis). DNA from rodent parental mouse or hamster
cells is included to control for cross-species hybridization of repeats and human DNA
isolated from peripheral blood lymphocytes is a positive control. By convention, the
nomenclature of these a-repeat arrays begins with the letter D, followed by the
chromosome number (1-22, X or Y), then followed by a Z and a number indicating the
historical order in which the sequence was discovered. Using the primers and qPCR
conditions described herein in the examples and in Tables 1 and 2 (see also Fig. 2),
specific centromeric a-repeat arrays were identified for each human chromosome (e.g.,
D271, D371, D471, etc.). Certain a-repeat arrays were found in two or more
chromosomes (e.g., D1Z7/D572 in chromosomes 1 and 5; D13Z1/D15%1/D2171 in
chromosomes 13, 15, and 21; D1471/D2271 in chromosomes 14 and 22; and
D1974/D2172 and D1975/D21Z3 in chromosomes 19 and 21). Primers specific for the
ubiquitous a-repeat p82H amplified centromeres from all human chromosomes. Assays
for the D1371 and D21Z1 arrays in Fig. 1 did not use LNA primers as described herein

and as shown in used in Figures 10 and 12).
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Figure 2 shows detection of recently identified centromeric arrays that had been
previously assigned to chromosomes 13, 14, 21, and 22. Representative arrays identified
in the most recent human genome assembly (Hg38) (Miga et al., 2014; Miga, 2015) and
temporarily assigned to centromeres 13, 14, 21, and 22 (Y Axis) were assessed by PCR
assays to verify chromosomal identity and determine if these arrays provide markers of
a given chromosome (see also Fig. 1). The number of repeats of each array was
quantified by qPCR using specific primers. The figure shows an image from a gel
electrophoresis experiment in which qPCR products were amplified from DNA of
human/rodent hybrid cells, with each hybrid cell containing only one human
chromosome (displayed on the X-axis). DNA from rodent parental mouse or hamster
cells is included to control for cross-species hybridization of repeats and human DNA
isolated from peripheral blood lymphocytes is a positive control. These arrays had not
been named using the original nomenclature for centromere arrays. Accordingly, these
arrays were identified using a designation comprising the letter D, followed by the
chromosome number (13, 14, 21 or 22, reassigned after our PCR validation), followed by
a Z and a number indicating the order in which the original sequence was discovered.
Using the primers and qPCR conditions outlined herein (Tables 1 and 2), it was found
that some of these centromeric arrays exist in two or more of the homologue centromeres
13, 14, 21, and 22 (e.g., D1371-D13%9) and sometimes the arrays are found exclusively
in only one centromere (e.g., D1472 in chromosome 14; and D2274 and D2275 in
chromosome 22,). The accession numbers of these arrays are provided in Table 2.

Figure 3 shows variation in the size of a-repeat arrays in individual humans.
Figure 3 is a heat map representing the abundance of a-repeats in each centromeric
array and the number of pericentric retroviruses K111 and K222 (right, Y-axis) assessed
by qPCR of 50 ng of DNA obtained from the human peripheral blood lymphocytes
(PBLs) of five individuals (X-axis). D137%1 and D217Z1 assays were not performed using
conditions for LNA primers. The chromosomal location of each centromeric repeat is
indicated on the right. No significant gene variation was seen in the single copy fopJA4,
cerd, dek, or B-actin genes. The a-repeat p82H is present in the centromeres of all
human chromosomes. The retroviruses K111 and K222 are present in the
pericentromeres of fifteen and nine human chromosomes, respectively. The intensity of
the heat map is depicted by the log base 2 Z-score of each a-repeat shown in the
grayscale gradient on the upper left left. Hierarchical clustering trees were constructed
to represent the content and/or size of every a-repeat array (tree). The tree splits into

two main branches, one indicating arrays in centromere “cores” and a second with
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multiple-copy K111 and K222 sequences represented in higher abundance along with
“pericentromere” arrays. Black indicates higher copy numbers and white indicates lower
copy numbers or single copy genes. Note that K111 clusters with the centromeric arrays.
Without being limited to a theory or mechanism it is contemplated that this observation
results from the high copy number of K111 or that it resides at the proximal
pericentromere border.

Figure 4 shows that limited variation in the abundance of centromeric arrays is
seen in populations of diverse ethnicity derived from the 1000 genomes project. The
figure shows a heat map representing the abundance of a-repeats in centromeric arrays,
pericentromeric proviruses K111 and K222, and single copy genes (right Y-axis)
determined in silico by BLAST analysis of Illumina sequences from diverse populations
(X-axis) (see also Fig. 5). The logz Z-score of each array is depicted by a gradient grey
scale on the left of the heat map. High and low copy numbers are thus indicated by black
and white, respectively. The analysis was performed by obtaining the number of
sequence reads in each population that are matched by BLAST to approximately 100 bp
of query sequence, allowing no more than 10 base pair mismatches and indels.
Hierarchical clustering was performed to differentiate between clades of repeats based
on abundance (left tree). The tree split into two main branches, one indicating arrays in
centromeric “cores,” present in higher abundance, and “pericentromere” arrays that
include K111 and K222 proviruses. The latter branch further splits into a branch
representing single copy genes. No significant gene variation was seen in the single copy
top3a, ccrd, dek, or B-actin genes. Surprisingly, BLAST analysis did not retrieve
significant matches for p82H, a repeat that is present in the centromeres of all human
chromosomes. Without being limited to theory or mechanism, it is contemplated that
this observation results from p82H sequences having more mutations than the number
allowed under the screening criteria used for the analysis. Analysis of pericentromere
proviruses was only performed on the 5 integration site area specific to K111/K222 to
avoid sequence hits from other endogenous proviruses of the same HERV-K family that
resemble the K111/K222 proviral genome by more than 95%. ACB: African Caribbean in
Barbados; ASW: African Ancestry in Southwest US; CEU: European from Utah; CHS:
Southern Han Chinese, China; CLLM: Colombian in Medellin, Colombia; GBR: British in
England and Scotland; GWD: Gambian in Western Division, The Gambia; GIH: Gujarati
Indian in Houston, TX; IBS: Iberian populations in Spain; JPT: Japanese in Tokyo,
Japan: KHV: Kinh in Ho Chi Minh City, Vietnam: LWK: Luhya in Webuye, Kenya:
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MXI.: Mexican Ancestry in Los Angeles, California; PEL: Peruvian in Lima, Peru; PUR:
Puerto Rican in Puerto Rico; TSI: Toscani in Italy; and YRI: Yoruba in Ibadan, Nigeria.

Figure 5 shows the positive correlation of copy number in each specific a-repeat
centromeric array as determined by qPCR assays, by in silico analysis of the 1000
genomes project, and by Southern blotting hybridization. Figure 5A 1s a bar diagram
representing the average log copy number of a-repeats in each centromeric array,
pericentromeric proviruses K111 and K222, and single copy genes per diploid genome
determined by either qPCR or by in silico analysis of the 1000 genomes project. The
average values are shown in Table 3. Figure B shows the correlation of a-repeat copy
number in each array, proviruses K111 and K222, and single copy genes as determined
by qPCR and our bioinformatics analysis (see also Fig. 3 and 4). The Spearman’s
correlation coefficient and the p value are shown. A statistically significant positive
correlation was found between the two detection methodologies. A discordant correlation
was found in the number of K111 and p82H copies, indicating that these sequences were
detected using PCR assays but not with bioinformatics analysis. K111 copies were
determined by qPCR using a probe that targets a 6 bp non-continuous mutation in the
env gene present in K111 but not in other HERV-K proviruses. BLAST analysis of K111
env has limited utility using the parameters described, as it will retrieve sequence reads
from other HERV-Ks. The BLAST analysis was thus performed at the 5 integration site
sequence of K111 proviruses. The centromere repeat p82H, present in all human
centromeres, was reliably detected by qPCR assays, and confirmed by Sanger
sequencing analysis of the PCR products. In contrast to the PCR assays, in silico
analysis was unable to retrieve all p82H sequences, either due to the stringency of the
analytic parameters or technical limitations relating to sequencing these loci. Figure C
shows the correlation of the copy number of a-repeats in each array determined by the
qPCR assays to the estimated number reported in the literature. The plot shows the
correlation of the copy numbers for a-repeats in each centromeric array, proviruses
K111 and K222, and single copy genes determined by qPCR with the estimated size
reported in the literature as obtained by Southern blotting. The average values are
shown in Table 3. The Spearman’s correlation coefficient and the p value are shown. A
statistically significant positive correlation was found in the number of a-repeats
calculated by qPCR and the number of repeats reported in the literature.

Figure 6 shows that variations in the content of centromere repeats in somatic
and sex chromosomes identify ploidy. The figure shows a heat map representing the

abundance of the somatic centromere arrays D872, D1871, D1872 (in chromosomes 8
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and 18, respectively) and the a-repeat arrays in the sex chromosomes, DXZ1 and DYZ3
(X axis), in DNA from individuals of different gender, including individuals with somatic
trisomy 8 and trisomy 18 (Y axis). The phenotypic gender of the individuals is
represented by medium grey or black bars on the right, with black representing males
and medium grey representing females. The gradient bar on the right indicates the color
intensity of the heat map, with overrepresented repeats in black and underrepresented
repeats in white. An asterisk (¥) indicates a significant difference in the content of a-
repeats; as expected, all subjects have at least one sex chromosome that is highly
represented. Trisomy 18/X Subject B is an individual with trisomies 18 and X. The XY
female is a subject who i1s phenotypically female but genetically male. As expected,
DYZ3 from chromosome Y was detected only in the male population (black bands with
stars), except for the XY female. The number of a-repeats of the chromosome X DXZ1
was higher in females than in males and much higher in an individual with trisomy 18
and X. Individuals with trisomy 8 have significantly higher content of D872 repeats,
whereas individuals with trisomy 18 have significantly higher content of D18Z1 and
D1872 repeats. Thus, the centromeric PCR assays quickly and accurately detect ploidy
for these chromosomes.

Figure 7 is a heat map showing RNA expression of a-repeats of centromere
arrays. RNA expression was quantified in the prostate epithelial cell lines RWPE-1,
PNTZ2, and 957E-hTERT, and the prostate cancer cell lines DU145, LnCaP, PC3, and
VCaP using the qPCR assays described herein, but including an extra RT step. RNA
isolated from these cells was treated with DNAse to eliminate DNA contamination. A
PCR reaction without the RT step confirmed the elimination of genomic DNA,
Quantitative real-time RT-PCR analysis indicated that specific centromeric a-repeat
arrays are transcribed at varying levels. Differences in expression are indicated by logs
values of a-repeat transcript content.

Figure 8 shows the functional capacity of a-repeat arrays in recruiting the
centromere proteins CENP-A and CENP-B as assessed by PCR-based assays of
centromeric DNA. ChIP was performed on LnCaP prostate cancer cells using CENP-A
and CENP-B antibodies or control mouse IgG antibody. The occupancy of each
centromeric protein on each array was measured by qPCR with specific primers and
compared to the input chromatin that provided a measure of the full-length of each
array. No enrichment of gapdh, topSa, 6-actin, and certain a-repeat arrays, was
observed. Figure 8A shows the occupancy of CENP-A on specific centromere arrays. At

least one array in the centromere of each human chromosome recruited CENP-A. In
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centromeres with two or more major arrays, CENP-A was found bound to the larger
array (e.g., D177 was preferred relative to D1Z5 in chromosome 1; D771 was preferred
relative to D772 in chromosome 7; D1471 was preferred relative to D1472 in
chromosome 14; D1771 was preferred relative to D17Z1b in chromosome 17; and D18Z1
was preferred relative to D18Z2 in chromosome 18). Little or no significant binding of
CENP-A to pericentromeric arrays was seen (e.g., D175, D1974, D1975, D2274, and
D2275). CENP-A immunoprecipitation in LnCaP using the ChIP conditions indicated
that when this protein binds to a given a-repeat array, it occupies between 10% to 40%
of the arrays; CENP-A occupied approximately 70% of the array DYZ3 in chromosome Y.
Asterisks indicate dominant arrays in each chromosome that recruit CENP-A.
D1471/D2271 arrays dominate the recruitment of CENP-A to centromeres 14 and 22.
The array D1973, which resembles D177, is likely recruiting CENP-A to centromere 19.
Figure 8B shows the occupancy of CENP-B on centromeric arrays. At least one array in
the centromere of each human chromosome (other than Y) recruited CENP-B. Four
types of CENP-B boxes (Table 4 and Fig. 9) were found in arrays that recruited CENP-
B. However, arrays that did not recruit CENP-B did not have intact CENP-B box
sequences. CENP-B did not bind the array DYZ3 in chromosome Y. CENP-B
immunoprecipitation in LnCaP indicated that CENP-B occupies approximately 100% of
several arrays. Furthermore, CENP-B immunoprecipitation in LnCaP indicated that
CENP-B occupancy decreases when some CENP-B boxes are mutated and that CENP-B
occupancy is absent in arrays lacking intact CENP-B boxes (e.g., D772). Asterisks
indicate arrays that contain CENP-B box sequences.

Figure 9 shows the identification of CKNP-B boxes in human centromeric array
sequences. Figure 9A shows the sequences of CENP-B boxes. Figure 9B indicates the
CENP-B boxes identified in centromere array sequences. In Figure 9B, CENP-B boxes
are indicated by the following delimiters that flank the CENP-B box sequences: CENP-B
Box 1 (slashes, “/ /"), CENP-B box 2 (parentheses, “()”), CENP-B box 3 (brackets, “[ 1),
and CENP-B box 4 (braces, “{}”) (see also Fig. 9A). The nucleotides in bold black
promote (e.g., are necessary for) CENP-B binding. Boxes having mutations in the bolded
bases are not able to recruit CENP-B. These sequences are delimited by asterisks, “* *”.

Figure 10 shows that PCR using locked nucleic acid primers discriminates
between centromeres 13 and 21, which have similar sequences and specific nucleotide
substitutions in a-repeats. The data indicated that nucleotide substitutions present in
the homologue arrays D13Z1/D2171 from centromere 13 or 21, respectively, provide for

accurately detecting the abundance of repeats in each of these nearly identical
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centromeres. PCR assays were developed to detect either centromere 13 or 21
specifically. Figure 10A shows that the centromere arrays D13Z1/D2171 present in
chromosomes 13 and 21 are nearly identical, except for two single nucleotide
substitutions present in either centromere 13 or 21 (bases indicated by italic characters).
Primers modified with locked nucleic acids (LNAs) were designed to target the
underlined sequences, with LNA modification being present at the nucleotide
substitution and one base before and one base after it. For the centromere 13 (D13%1)-
specific variant, the PCR reaction comprises a forward primer with LNA modification;
the reverse primer used was not modified (bottom sequence in lowercase letters). Figure
10B shows the specific detection of chromosome 13 D13Z1 or chromosome 21 D2171
using modified LNA primers. DNA isolated from human/rodent hybrids containing a
single human chromosome was used to assess whether the LNA-modified primers
differentiate between centromeres 13 and 21. The PCR assay for the centromere 13
repeat D1371 comprised an LNA forward primer and an unmodified reverse primer that
binds both centromere 13 and 21 repeats (see also Fig. 11A). The PCR assay for
centromere 21 D2171 contains both forward and reverse LNA primers that bind D211
substitutions and a clamp for D13Z1, which is the same forward primer used to detect
D1371, but which is phosphorylated at its 3’ end to inhibit D13Z1 amplification (see also
Fig. 11B). The D21Z1 assay detects substitutions in both centromere 13 and centromere
21, but substantially reduces the non-specific amplification of D13Z1. The gel displays
the amplification products at 16 PCR cycles. The Ct data are shown in Fig. 11. Figure
10C shows the frequency of detection of D1371 and D21Z1 variants in humans,
hominids, and apes. Nucleotide substitutions specific for D13Z1 and D21Z1 were
genotyped in silico on Illumina sequence reads obtained in diverse populations studied
in the human genome diversity project (HGDP), the most recent human genome
assembly (Hg38), sequences from extinct hominids, and sequence reads from
populations of apes. BLAST was used to identify sequence reads that match with 100%
similarity to a 38-bp sequence surrounding the D1371/D2171 substitution (T/C). The
numbers of sequence reads per million base pairs (bp) that match D13Z1 and D217%1
variants are shown in the bar plot. D13Z1 and D217%1 substitutions were almost
undetectable in apes and varied between hominid and modern human. The accession
numbers of the SRA libraries are: orangutan (SRX015451), gorilla (ERX196778),
chimpanzee (ERX007121), neanderthal (ERX232274), denisovan (ERX007980), and
human (ERX007976, ERX004003).
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Figure 11 shows PCR detection of nucleotide substitutions in centromeres 13 and
21. The homologue arrays D1371/D2171, present in centromere 13 and centromere 21,
are nearly identical. An A/T substitution, however, has been shown to exist in
centromere 13 in the D13Z1 array (see also Fig. 10). Figure 11A shows results from a
qPCR assay that was developed to detect the “T” substitution present in D13Z1 using a
primer with locked nucleic acid (LNA) modifications at the nucleotide substitution and
one base before and after it. This primer, in combination with a reverse primer that
binds to both D13Z1 and D2171, was included in a PCR reaction to detect the D13Z1
array specifically. This combination of primers was tested in a PCR reaction with DNA
isolated from human/rodent hybrid cells that contain human chromosome 13 or hybrids
that contain other chromosomes, using an annealing/extension temperature gradient
(60-70°C, see panels A to F showing the data collected at the annealing temperatures
tested). Detection of D13Z1 sequences was confirmed by sequencing. Increasing
annealing temperatures in a PCR reaction showed that at 68°C (panel E), the D13Z1
LNA primer exclusively detected D13%1, while the D21Z1 array is not detected. At 70°C
(panel 1), the PCR assay detected neither array. Figure 11B shows results from a PCR
that was developed to detect these “C and G” substitutions in D21Z1 using primers with
locked nucleic acid (LNA) modifications at the substitutions and one base before and
after them. These forward and reverse primers, in combination with a D13Z1 primer
clamp, which is the same LNA primer used to detect D13Z1 but comprising a phosphate
at the 3’ end to inhibit the amplification of D13Z1, was included in a PCR reaction to
detect the D2171 array specifically. The combination of primers and clamps was
amplified in a temperature gradient reaction (60-70°C) using DNA isolated from
human/rodent cell hybrids that contain chromosome 21, or hybrids that contain other
chromosomes. Panel A — amplification of the centromere 13 array D13Z1 is substantially
inhibited with the D13Z1 clamp at an annealing temperature of 64°C in a PCR reaction.
Panel B — the D2171 LNA primers preferentially detect the D21Z1 array. Panel C —
assessing the DNA from human/rodent hybrids shows that the PCR conditions favor the
amplification of the centromere of chromosome 21 rather than that of chromosomes 13
orY.

Figure 12 shows centromere and pericentromere instability in individuals with
Trisomy 21. Figure 12A shows detection of D13Z1 and Figure 12B shows detection of
D21Z1 variants in individuals with trisomy 13 or 21 by gPCR using LNA primers and
clamps. The copy number of each repeat variant was determined in 50 ng of DNA.

Figure 12C shows K111 and K222 pericentric provirus sequences used as markers to

33



10

15

20

25

30

35

WO 2018/093777 PCT/US2017/061543

study human pericentromeres. K111 is present in the pericentromeres of 15
chromosomes and K222 in the pericentromeres of 9 chromosomes, usually as single
copies with some exceptions — in particular, hundreds of copies of K111 have
accumulated at pericentromere 21 (Contreras-Galindo et al., 2013), and dozens of K222
copies have accumulated in pericentromeres 13, 14 and 15 Zahn et al., 2015). A PCR
assay was developed for K111 plus K222 env (Figure 12C) and a PCR assay was
developed that is specific for K111 gag (Figure 12D) to assess the structural variation
(length) of pericentromeres 13 and 21 in DNA from healthy individuals and individuals
with trisomy 13 or 21 (see Fig. 13). The K111 + K222 assay (Figure 12C) predicts the
lengths of pericentromere 13 and 21, whereas the K111-specific PCR (Figure 12D)
predicts the length of pericentromere 21. In contrast to healthy individuals, loss of
pericentromeric K111 and K222 sequences was observed in the DNA of individuals with
trisomy 21. Sequencing confirms that pericentromeric losses occurred in centromere 21
in the individuals with trisomy 21 (Figure 13). Statistical significance amongst the
groups was calculated using the t test. P values < 0.05 (*), <0.01 (*%), <0.001 (**%), and
<0.0001 (****) are shown.

Figure 13 shows that the pericentric K111 marker indicates loss and apparent
recombination in trisomy 21. Figure 13 shows a Bayesian inference tree of the K111 &'
LTR insertions amplified from each individual human chromosome together with total
K111 proviruses amplified in healthy individuals and subjects with trisomy 21.
Sequence labels are shaded to indicate from which human chromosome they arise. Each
chromosome was assigned a shade depicted on the legend at left. Note that each shade
tends to cluster to specific evolutionary branches, indicating that individual K111
sequences often spread within an individual chromosome (black bold numbers or
triangle shaded branches). Posterior probability values greater than 70 are shown. K111
sequences from healthy individuals (M382, nl, and 5051) and DNA from individuals
with trisomy 21 (legend on the right; Subject A 1258, Subject B 5277, Subject C 4904,
and Subject D sp707) distribute along the tree clustering close to the K111 sequences
specific to each chromosome. As an example, K111 sequences from a healthy individual
(M386) are indicated (dots). Several K111 sequences in trisomy 21 subjects A, B, and C
cluster to novel branches (black triangle branches), likely the result of homologous
recombination, and K111 sequences are substantially reduced in number in chromosome
21 in these individuals with Down Syndrome. The tree was generated using Bayesian
inference with four independent chains run for at least 10,000,000 generations until

sufficient trees were sampled to generate >99% credibility. 5" L'TRs, 3' LTRs, and
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soloLTR lineages are shown along with the chimpanzee LTRs (CERV-K111). Nucleotide
sequence substitutions that are specific for the K111 group of sequences found in each
chromosome were used to generate the tree (Contreras-Galindo et al., 2013).

Figure 14 is a heat map showing centromere instability in scleroderma (e.g.,
diffuse cutaneous scleroderma). The heat map shows the abundance of a-repeats specific
for each centromere array (Y-axis) obtained by PCR in 50 ng of DNA from healthy
fibroblasts (N59, N60, and N64) and from diffuse cutaneous scleroderma (“deSSc”) skin
fibroblasts (5043, 5060, 5065, 5074) (X-axis). The intensity of each cell in the heat map is
depicted by the logio Z-score gradient on the right. The log numbers for each a-repeat
were normalized to the average copy number of a given repeat in DNA from healthy
cells. D175, for example, refers to the array Z5 in centromere 1. Significant differences
between the two groups are indicated with stars (t-test). Cells for DYZ3, N64 and DYZ3,
5060 had Z-scores of approximately 4 and the cell D175, 5065 had a Z-score of
approximately —6. Cells for D271, 5043; D1Z5, 5060; and D1573, 5060 had Z-scores of
approximately —5 and cells D1975, 5060 and D 1975, 5065 had Z-scores of approximately
3.

Figure 15A is an immunoblot and Figure 15B is a heat map. Experiments were
conducted in which CHON-002 fibroblasts were treated with different concentration of
bleomycin (1.75, 3.5, and 7.0 uM), paraquat (5 and 50 uM), or agent orange 2,4,5 T (5
and 50 pM) for 3 hours. Figure 15A is an image of an immunoblot showing the detection
of expression of HZAX, a chromatin modification induced early after DSBs. Actin B was
used as a loading control. Figure 15B is a heat map representing the abundance of a-
repeats specific for each centromere array (Y-axis) obtained by PCR in 50 ng of DNA
from fibroblasts treated with the three different chemicals. The intensity of the heat
map is depicted by the logz Z-score color gradient on the right. The logz Z-score color bar
(right) depicts the color intensity of the heat map. The log numbers for each a-repeat
were normalized to the average copy number of a given repeat in vehicle-treated cells.
No variation is seen in the genes top3a and gapdh (not shown).

It is to be understood that the figures are not necessarily drawn to scale, nor are
the objects in the figures necessarily drawn to scale in relationship to one another. The
figures are depictions that are intended to bring clarity and understanding to various
embodiments of apparatuses, systems, and methods disclosed herein. Wherever possible,
the same reference numbers will be used throughout the drawings to refer to the same
or like parts. Moreover, it should be appreciated that the drawings are not intended to

limit the scope of the present teachings in any way.
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DETAILED DESCRIPTION
Chromosomal abnormalities have been associated with over 60 syndromes. They are
present in 50% of spontaneous abortions, 6% of stillbirths, and approximately 0.5% of
newborns. In women aged 35 or over chromosomal abnormalities are detected in 2% of
all pregnancies. Common autosomal numerical abnormalities in infants include trisomy
21 (approximately 1/800 live births), trisomy 18 (approximately 1/8140 live births), and
trisomy 13 (approximately 1/19,000). Down syndrome (trisomy 21) is the most common
chromosomal abnormality in live births. The prevalence is approximately 1 in 600-800
live births. The prevalence increases with increasing maternal age, so that the risk is
approximately 1 1in 1,340 at age 25; approximately 1 in 353 at age 35; and approximately
11in 35 at age 45.

Prenatal testing is widely recommended and used to screen for chromosomal
abnormalities. Noninvasive screenings can detect chromosomal abnormalities and often
indicate subsequent testing with invasive diagnostic assays. In particular, several
million births occur in the U.S. each year — prior to birth, approximately 60-70% of
pregnant women receive prenatal care and approximately 2 million mothers and fetuses
receive prenatal screens. Then, several hundred thousand of these screens are followed
by invasive procedures, including karyotype, array, and FISH.

While useful, the current noninvasive screening technologies carry a high false
positive rate. Furthermore, the invasive diagnostic tests have significant associated
risks of miscarriage. Thus, there is a significant need for an accurate noninvasive test to
reduce this risk to the fetus. Accordingly, provided herein is technology relating to the
analysis of chromosome centromeres and particularly, but not exclusively, to methods,
compositions, kits, and systems for detecting, identifying, characterizing, and
quantifying chromosome centromeres.

In this detailed description of the various embodiments, for purposes of
explanation, numerous specific details are set forth to provide a thorough understanding
of the embodiments disclosed. One skilled in the art will appreciate, however, that these
various embodiments may be practiced with or without these specific details. In other
instances, structures and devices are shown in block diagram form. Furthermore, one
gkilled in the art can readily appreciate that the specific sequences in which methods
are presented and performed are illustrative and it is contemplated that the sequences
can be varied and still remain within the spirit and scope of the various embodiments

disclosed herein.
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All literature and similar materials cited in this application, including but not
limited to, patents, patent applications, articles, books, treatises, and internet web
pages are expressly incorporated by reference in their entirety for any purpose. Unless
defined otherwise, all technical and scientific terms used herein have the same meaning
as is commonly understood by one of ordinary skill in the art to which the various
embodiments described herein belongs. When definitions of terms in incorporated
references appear to differ from the definitions provided in the present teachings, the
definition provided in the present teachings shall control. The section headings used
herein are for organizational purposes only and are not to be construed as limiting the

described subject matter in any way.

Definitions

To facilitate an understanding of the present technology, a number of terms and phrases
are defined below. Additional definitions are set forth throughout the detailed
description.

Throughout the specification and claims, the following terms take the meanings
explicitly associated herein, unless the context clearly dictates otherwise. The phrase “in
one embodiment” as used herein does not necessarily refer to the same embodiment,
though it may. Furthermore, the phrase “in another embodiment” as used herein does
not necessarily refer to a different embodiment, although it may. Thus, as described
below, various embodiments of the invention may be readily combined, without
departing from the scope or spirit of the invention.

In addition, as used herein, the term “or” is an inclusive “or” operator and is
equivalent to the term “and/or” unless the context clearly dictates otherwise. The term
“based on” 1s not exclusive and allows for being based on additional factors not
described, unless the context clearly dictates otherwise. In addition, throughout the
specification, the meaning of “a”, “an”, and “the” include plural references. The meaning
of “in” includes “in” and “on.”

As used herein, an “alpha-repeat array” or “a-repeat array” refers to a form of
chromosomal satellite DNA comprising an array of tandemly repeating nucleic acid
sequences called “alpha-repeats” or “alpha-repeat sequences”. In some embodiments,
each alpha-repeat comprises approximately 171 nucleotides and the alpha-repeats are
organized in a head-to-tail arrangement in which the alpha-repeats are adjacent to each
other in the alpha-repeat array. That is, in some embodiments, an alpha-repeat array is

a long continuous DNA molecule that contains multiple copies of the same DNA
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sequences (alpha-repeats) linked in series. By convention, the nomenclature of a-repeat
arrays starts with the letter “D”, followed by the chromosome number in which they
reside (e.g., 1-22, X, or Y), followed by a “Z”, and then a number indicating the order in
which the sequence was discovered. For example, in the array D271, D2 stands for an a-
repeat array in chromosome 2, and Z1 indicates that the array was the first array
identified in this particular chromosome.

As used herein, a “nucleic acid” shall mean any nucleic acid molecule, including,
without limitation, DNA, RNA, and hybrids thereof. The nucleic acid bases that form
nucleic acid molecules can be the bases A, C, G, T and U, as well as derivatives thereof.
Derivatives of these bases are well known in the art. The term should be understood to
include, as equivalents, analogs of either DNA or RNA made from nucleotide analogs.
The term as used herein also encompasses cDNA, that is complementary, or copy, DNA
produced from an RNA template, for example by the action of a reverse transcriptase. It
is well known that DNA (deoxyribonucleic acid) is a chain of nucleotides consisting of 4
types of nucleotides—A (adenine), T (thymine), C (cytosine), and G (guanine)—and that
RNA (ribonucleic acid) is a chain of nucleotides consisting of 4 types of nucleotides—A, U
(uracil), G, and C. It is also known that all of these 5 types of nucleotides specifically
bind to one another in combinations called complementary base pairing. That is,
adenine (A) pairs with thymine (T) (in the case of RNA, however, adenine (A) pairs with
uracil (U)), and cytosine (C) pairs with guanine (G), so that each of these base pairs
forms a double strand. The term “nucleic acid” encompasses nucleic acids that include
any of the known heterocyclic bases and base analogs of DNA and RNA including, but
not limited to, adenine, guanine, cytosine, thymine, uracil, inosine, xanthine,
hypoxanthine, or a a heterocyclic derivative, analog, or tautomer thereof. A nucleobase
can be naturally occurring or synthetic. When a nucleic acid such as an oligonucleotide
is represented by a sequence of letters, such as “ATGCCTG,” it will be understood that
the nucleotides are in 5' to 3' order from left to right and that “A” denotes
deoxyadenosine, “C” denotes deoxycytidine, “G” denotes deoxyguanosine, “I” denotes
thymidine, and “U” denotes uracil, unless otherwise noted. The letters A, C, G, and T
may be used to refer to the bases themselves, to nucleosides, or to nucleotides
comprising the bases, as is standard in the art.

As used herein, a “nucleotide” comprises a “base” (alternatively, a “nucleobase” or
“nitrogenous base”), a “sugar” (in particular, a five-carbon sugar, e.g., ribose or 2-
deoxyribose), and a “phosphate moiety” of one or more phosphate groups (e.g., a

monophosphate, a diphosphate, or a triphosphate consisting of one, two, or three linked
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phosphates, respectively). Without the phosphate moiety, the nucleobase and the sugar
compose a “nucleoside”. A nucleotide can thus also be called a nucleoside
monophosphate or a nucleoside diphosphate or a nucleoside triphosphate, depending on
the number of phosphate groups attached. The phosphate moiety is usually attached to
the 5-carbon of the sugar, though some nucleotides comprise phosphate moieties
attached to the 2-carbon or the 3-carbon of the sugar. Nucleotides contain either a
purine (in the nucleotides adenine and guanine) or a pyrimidine base (in the nucleotides
cytosine, thymine, and uracil). Ribonucleotides are nucleotides in which the sugar is
ribose. Deoxyribonucleotides are nucleotides in which the sugar is deoxyribose.

In some embodiments, a nucleotide comprises a heterocyclic base (e.g.,
nucleobase) such as adenine, guanine, cytosine, thymine, uracil, inosine, xanthine,
hypoxanthine, or a heterocyclic derivative, analog, or tautomer thereof. A nucleobase
can be naturally occurring or synthetic. Non-limiting examples of nucleobases are
adenine, guanine, thymine, cytosine, uracil, xanthine, hypoxanthine, 8-azapurine,
purines substituted at the 8 position with methyl or bromine, 9-oxo-N-6-methyladenine,
2-aminoadenine, 7-deazaxanthine, 7-deazaguanine, 7-deaza-adenine, N4-
ethanocytosine, 2,6-diaminopurine, N6-ethano-2,6-diaminopurine, 5-methyleytosine, 5-
(C3-C6)-alkynyleytosine, 5-fluorouracil, 5-bromouracil, thiouracil, pseudoisocytosine, 2-
hydroxy-5-methyl-4-triazolopyridine, isocytosine, isoguanine, inosine, 7,8
dimethylalloxazine, 6-dihydrothymine, 5,6-dihydrouracil, 4-methyl-indole,
ethenoadenine, 4 acetylcytosine, 8-hydroxy-N6-methyladenosine, aziridinylcytosine,
pseudoisocytosine, 5-(carboxyhydroxyl-methyl) uracil, 5-fluorouracil, 5-bromouracil, 5-
carboxymethylaminomethyl-2-thiouracil, 5-carboxymethyl-aminomethyluracil,
dihydrouracil, inosine, N6-isopentenyladenine, 1-methyladenine, 1-methylpseudo-uracil,
1-methylguanine, 1-methylinosine, 2,2-dimethyl-guanine, 2-methyladenine, 2-
methylguanine, 3-methyl-cytosine, 5-methyleytosine, N6-methyladenine, 7-
methylguanine, 5-methylaminomethyluracil, 5-methoxy-amino-methyl-2-thiouracil,
beta-D-mannosylqueosine, 5'-methoxycarbonylmethyluracil, 5-methoxyuracil, 2-
methylthio-N- isopentenyladenine, uracil-5-oxyacetic acid methylester, uracil-5-
oxyacetic acid, oxybutoxosine, pseudouracil, queosine, 2-thiocytosine, 5-methyl-2-
thiouracil, 2-thiouracil, 4-thiouracil, 5-methyluracil, N-uracil-5-oxyacetic acid
methylester, uracil-5-oxyacetic acid, pseudouracil, queosine, 2-thiocytosine, 2,6-
diaminopurine, and the non-naturally occurring nucleobases described in U.S. Pat. Nos.
5,432,272 and 6,150,510 and PCT applications WO 92/002258, WO 93/10820, WO
94/22892, and WO 94/24144, and Fasman (“Practical Handbook of Biochemistry and
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Molecular Biology”, pp. 385-394, 1989, CRC Press, Boca Raton, La.), all herein
incorporated by reference in their entireties.

Reference to a base, a nucleotide, or to another molecule may be in the singular
or plural. That is, “a base” may refer to a single molecule of that base or to a plurality of
the base, e.g., in a solution.

As used herein, the term “oligonucleotide” refers to a nucleic acid that includes at
least two nucleic acid monomer units (e.g., nucleotides), typically more than three
monomer units, and more typically greater than ten monomer units. The exact size of an
oligonucleotide generally depends on various factors, including the ultimate function or
use of the oligonucleotide. To illustrate, oligonucleotides are typically less than 200
residues long (e.g., between 15 and 100), however, as used herein, the term is also
intended to encompass longer polynucleotide chains. Oligonucleotides are often referred
to by their length. For example a 24-residue oligonucleotide is referred to as a “24-mexr”.
Typically, the nucleoside monomers are linked by phosphodiester bonds or analogs
thereof, including phosphorothioate, phosphorodithioate, phosphoroselenoate,
phosphorodiselenoate, phosphoroanilothioate, phosphoranilidate, phosphoramidate, and
the like, including associated counterions, e.g., H*, NH4* Na', and the like, if such
counterions are present. Further, oligonucleotides are typically single-stranded.
Oligonucleotides are optionally prepared by any suitable method, including, but not
limited to, isolation of an existing or natural sequence, DNA replication or amplification,
reverse transcription, cloning and restriction digestion of appropriate sequences, or
direct chemical synthesis by a method such as the phosphotriester method.

As used herein, the term “primer” refers to an oligonucleotide, whether occurring
naturally as in a purified restriction digest or produced synthetically, that is capable of
acting as a point of initiation of synthesis when placed under conditions in which
synthesis of a primer extension product that is complementary to a nucleic acid strand is
induced (e.g., in the presence of nucleotides and an inducing agent such as a biocatalyst
(e.g., a DNA polymerase or the like) and at a suitable temperature and pH). The primer
is typically single stranded for maximum efficiency in amplification, but may
alternatively be double stranded. If double stranded, the primer is generally first
treated to separate its strands before being used to prepare extension products. In some
embodiments, the primer is an oligodeoxyribonucleotide. The primer is sufficiently long
to prime the synthesis of extension products in the presence of the inducing agent. The

exact lengths of the primers will depend on many factors, including temperature, source
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of primer and the use of the method. In certain embodiments, the primer is a capture
primer.

As used herein, the term “probe” refers to an oligonucleotide, whether occurring
naturally as in a purified restriction digest or produced synthetically, recombinantly or
by PCR amplification, that is capable of hybridizing to at least a portion of another
oligonucleotide of interest. A probe may be single-stranded or double-stranded. Probes
are useful in the detection, identification, and isolation of particular nucleic acids, gene
sequences, etc.

As used herein, the terms “complementary” or “complementarity” are used in
reference to polynucleotides (.e., a sequence of nucleotides) related by the base-pairing
rules. For example, the sequence “5'-A-G-T-3',” is complementary to the sequence “3'-T-
C-A-5' Complementarity may be “partial,” in which only some of the nucleic acids'
bases are matched according to the base pairing rules. Or, there may be “complete” or
“total” complementarity between the nucleic acids. The degree of complementarity
between nucleic acid strands has significant effects on the efficiency and strength of
hybridization between nucleic acid strands. This is of particular importance in
amplification reactions, as well as detection methods that depend upon binding between
nucleic acids.

As used herein, the term “amplifying” or “amplification” in the context of nucleic
acids refers to the production of multiple copies of a polynucleotide, or a portion of the
polynucleotide, typically starting from a small amount of the polynucleotide (e.g., a
single polynucleotide molecule), where the amplification products or amplicons are
generally detectable. Amplification of polynucleotides encompasses a variety of chemical
and enzymatic processes, including but not limited to polymerase chain reaction (PCR),
ligase chain reaction (LCR), helicase-dependent amplification, multiplex ligation-
dependent probe amplification, real time PCR, reverse transcription PCR, nucleic acid
sequence-based amplification (NASBA), and transcription-mediated amplification
(TMA).

As used herein, the term “amplicon” refers to a nucleic acid generated in a
nucleic acid amplification reaction, e.g., PCR and the like. As used herein, the terms
“PCR product” or amplicon or “PCR fragment” generally refer to the resultant mixture of
amplified DNA after two or more cycles of the PCR steps of denaturation, annealing,
and extension are complete. The sequence of an amplicon includes the amplified
segment of the target DNA as well as the sequence of the primers flanking the amplified

region that were employed to carry out the PCR. These terms are also meant to
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encompass the case where there has been amplification of one or more segments of one
or more target sequences.

A “polymerase” is an enzyme generally for joining 3'-OH, 5'-triphosphate
nucleotides, oligomers, and their analogs. Polymerases include, but are not limited to,
DNA-dependent DNA polymerases, DNA-dependent RNA polymerases, RNA-dependent
DNA polymerases, RNA-dependent RNA polymerases, T7 DNA polymerase, T3 DNA
polymerase, T4 DNA polymerase, T7 RNA polymerase, T3 RNA polymerase, SP6 RNA
polymerase, DNA polymerase 1, Klenow fragment, 7hermophilus aguaticus DNA
polymerase, Tth DNA polymerase, Vent DNA polymerase (New England Biolabs), Deep
Vent DNA polymerase (New England Biolabs), Bst DNA Polymerase Large Fragment,
Stoeffel Fragment, 9° N DNA Polymerase, Pfu DNA Polymerase, Tfl DNA Polymerase,
RepliPHI Phi29 Polymerase, Tli DNA polymerase, eukaryotic DNA polymerase beta,
telomerase, Therminator polymerase (New England Biolabs), KOD HiFi DNA
polymerase (Novagen), KOD1 DNA polymerase, Q-beta replicase, terminal transferase,
AMYV reverse transcriptase, M-MLV reverse transcriptase, Phi6 reverse transcriptase,
HIV-1 reverse transcriptase, novel polymerases discovered by bioprospecting, and
polymerases described in US 2007/0048748, U.S. Pat. Nos. 6,329,178, 6,602,695, and
6,395,524, each herein incorporated by reference. These polymerases include wild-type,
mutant isoforms, and genetically engineered variants.

As used herein, a “sequence” of a biopolymer refers to the order and identity of
monomer units (e.g., nucleotides, amino acids, sugars, etc.) in the biopolymer. The
sequence (e.g., base sequence) of a nucleic acid is typically read in the 5' to 3' direction.

As used herein, “nucleic acid sequence”, “nucleotide sequence”, and the like
denotes any information or data that is indicative of the order of the nucleotide bases
(e.g., adenine, guanine, cytosine, and thymine/uracil) in a molecule (e.g., a whole
genome, a chromosome, a whole transcriptome, an exome, oligonucleotide,
polynucleotide, fragment, etc.) of DNA or RNA.

As used herein, “moiety” refers to one of two or more parts into which something
may be divided, such as, for example, the various parts of a tether, a molecule or a
probe.

As used herein, a “sample” refers to anything capable of being processed or
analyzed by the technology provided herein. In some embodiments, the sample
comprises or 1s suspected to comprise one or more nucleic acids capable of amplification
or comprises an amplicon after amplification. In certain embodiments, for example, the

samples comprise nucleic acids (e.g., DNA, RNA, ¢cDNAs, etc.) from one or more subjects,
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tissues, or cells. Samples can include, for example, blood, semen, saliva, urine, feces,
rectal swabs, cells, mucous, and the like. The sample can be obtained by a variety of
manners such as by biopsy, swabbing, and the like. The samples may be obtained by a
physician in a hospital or other health care environment.

As used herein, the term “subject” refers to any animal (e.g., a mammal),
including, but not limited to, humans, non-human primates, rodents, and the like.
Typically, the terms “subject” and “patient” are used interchangeably herein in reference
to a human subject. Thus, subjects include, but are not limited to, a mammal, a bird, or
a reptile. The subject may be a cow, horse, dog, cat, or a primate. The subject may be
living or dead.

As used herein, the term “sample template” refers to nucleic acid originating
from a sample that is analyzed for the presence of “target” (defined below). In contrast,
“background” is used in reference to nucleic acid other than sample template that may
or may not be present in a sample. Background template is most often inadvertent. It
may be the result of carryover, or it may be due to the presence of nucleic acid
contaminants sought to be removed (e.g., reduced, minimized, substantially or
effectively eliminated) from the sample. For example, nucleic acids from organisms
other than those to be detected may be present as background in a test sample.

As used herein, the term “target” refers to a nucleic acid sequence or structure to
be detected or characterized.

As used herein, the term “amplification reagents” refers to those reagents
(deoxyribonucleotide triphosphates, buffer, etc.), needed for amplification except for
primers, nucleic acid template, and the amplification enzyme. Typically, amplification
reagents along with other reaction components are placed and contained in a reaction
vessel (test tube, microwell, modular random access vessel, etc.).

As used herein, the term “detector” refers to a system or component of a system,
e.g., an instrument (e.g. a camera, fluorimeter, charge-coupled device, scintillation
counter, etc) or a reactive medium (X-ray or camera film, pH indicator, etc.), that can
convey to a user or to another component of a system (e.g., a computer or controller) the
presence of a signal or effect. A detector can be a photometric or spectrophotometric
system, which can detect ultraviolet, visible or infrared light, including fluorescence or
chemiluminescence: a radiation detection system; a spectroscopic system such as
nuclear magnetic resonance spectroscopy, mass spectrometry or surface enhanced
Raman spectrometry; a system such as gel or capillary electrophoresis or gel exclusion

chromatography; or other detection system known in the art, or combinations thereof.
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As used herein, the term “recombinant,” when used in reference to a
polynucleotide or a protein, generally refers to a polynucleotide or a polypeptide
molecule that is produced using genetic engineering techniques and that is distinct from
a naturally occurring nucleic acid or polypeptide molecule. Recombinant DNA
(sometimes represented as “rDNA”) is an artificial DNA sequence resulting from the
combining of two other DNA sequences in a plasmid/vector. The term recombinant DNA
refers to a new combination of DNA molecules that are not found together naturally.
Although processes such as crossing over (genetic recombination) technically produce
recombinant DNA, the term is generally reserved for DNA produced by joining
molecules derived from different biological sources.

As used herein, the term “hybridization” refers to any process by which a strand
of nucleic acid binds with a complementary strand through nucleotide base pairing,
preferably Watson-Crick base pairing.

As used herein, the term “specific hybridization” or “selective hybridization” of a
probe to a target site of a template nucleic acid refers to hybridization of the probe
predominantly to the target, such that the hybridization signal may be clearly
interpreted. As further described herein, such conditions resulting in specific
hybridization vary depending on the length of the region of homology, the GC content of
the region, and/or the melting temperature (“T'm”) of the hybrid. Hybridization
conditions will thus vary in the salt content, acidity, and temperature of the
hybridization solution and the washes.

As used herein, the terms “label” and “detectable label” refer to a molecule
capable of detection including, but not limited to radioactive isotopes, fluorophores,
chemiluminescent moieties, enzymes, enzyme substrates, enzyme cofactors, enzyme
inhibitors, dyes, metal ions, ligands (e.g., biotin or haptens), and the like. In some
embodiments, a detectable label comprises a fluorescent moiety (e.g., a fluorogenic dye,
also referred to as a “fluorophore” or a “fluor”). “Fluorophore” refers to a substance or a
portion thereof which is capable of exhibiting fluorescence in the detectable range. A
wide variety of fluorescent moieties i1s known in the art and methods are known for
linking a fluorescent moiety to a nucleotide prior to incorporation of the nucleotide into
an oligonucleotide and for adding a fluorescent moiety to an oligonucleotide after
synthesis of the oligonucleotide.

Examples of compounds that may be used to modify a nucleotide and/or a nucleic
acid (e.g., to provide a detectable label) include but are not limited to xanthene,

anthracene, cyanine, porphyrin, and coumarin dyes, e.g., xanthene derivatives such as
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fluorescein, rhodamine, Oregon green, eosin, and TEXAS RED dye; cyanine derivatives
such as cyanine, indocarbocyanine, oxacarbocyanine, thiacarbocyanine, and
merocyanine; naphthalene derivatives (dansyl and prodan derivatives); coumarin
derivatives; oxadiazole derivatives such as pyridyloxazole, nitrobenzoxadiazole, and
benzoxadiazole; pyrene derivatives such as cascade blue; oxazine derivatives such as
Nile red, Nile blue, cresyl violet, and oxazine 170; acridine derivatives such as proflavin,
acridine orange, and acridine yellow; arylmethine derivatives such as auramine, crystal
violet, and malachite green: and tetrapyrrole derivatives such as porphin,
phtalocyanine, bilirubin.

Examples of xanthene dyes that find use with the present technology include but
are not limited to fluorescein, 6-carboxyfluorescein (6-FAM dye), 5-carboxyfluorescein (5-
FAM dye), 5- or 6-carboxy-4, 7, 2', 7'- tetrachlorofluorescein (TET dye), 5- or 6-carboxy-
4'5'2'4'5'T" hexachlorofluorescein (HEX dye), 5' or 6"-carboxy-4',5'-dichloro-2,'7'-
dimethoxyfluorescein (JOE dye), 5-carboxy-2'.4',5", 7"-tetrachlorofluorescein (ZOE dye),
rhodol, rhodamine, tetramethylrhodamine (TAMRA dye), 4,7-dIchlorotetramethyl
rhodamine (DTAMRA dye), rhodamine X (ROX dye), and TEXAS RED dye. Examples of
cyanine dyes that may find use with the present invention include but are not limited to
CY3 dye, CY3B dye, CY3.5 dye, CY5 dye, CY5.5 dye, CY7 dye, and CY7.5 dye. Other
fluorescent moieties and/or dyes that find use with the present technology include but
are not limited to energy transfer dyes, composite dyes, and other aromatic compounds
that give fluorescent signals. In some embodiments, the fluorescent moiety comprises a
quantum dot.

Additional examples of compounds that may be used to modify a nucleotide
and/or a nucleic acid include but are not limited to, d-Rhodamine acceptor dyes
including CY5 dye, dichlorol[R110], dichlorolR6GI, dichloro[TAMRALI, dichloro[ROX] or
the like, fluorescein donor dyes including fluorescein, 6-FAM, 5-FAM, or the like;
Acridine including Acridine orange, Acridine yellow, Proflavin, pH 7, or the like;
Aromatic Hydrocarbons including 2-Methylbenzoxazole, Ethyl p-
dimethylaminobenzoate, Phenol, Pyrrole, benzene, toluene, or the like; Arylmethine
Dyes including Auramine O, Crystal violet, Crystal violet, glycerol, Malachite Green or
the like; Coumarin dyes including 7-Methoxycoumarin-4-acetic acid, Coumarin 1,
Coumarin 30, Coumarin 314, Coumarin 343, Coumarin 6 or the like; Cyanine Dyes
including 1,1'-diethyl-2,2'-cyanine iodide, Cryptocyanine, Indocarbocyanine (C3) dye,
Indodicarbocyanine (C5) dye, Indotricarbocyanine (C7) dye, Oxacarbocyanine (C3) dye,
Oxadicarbocyanine (C5) dye, Oxatricarbocyanine (C7) dye, Pinacyanol iodide, Stains all,
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Thiacarbocyanine (C3) dye, ethanol, Thiacarbocyanine (C3) dye, n-propanol,
Thiadicarbocyanine (C5) dye, Thiatricarbocyanine (C7) dye, or the like; Dipyrrin dyes
including N,N'-Difluoroboryl-1,9-dimethyl-5-(4-iodophenyl)-dipyrrin, N,N'-Difluoroboryl-
1,9-dimethyl-5-[(4-(2-trimethylsilylethynyl), N,N'-Difluoroboryl-1,9-dimethyl-5-
phenydipyrrin, or the like; Merocyanines including 4-(dicyanomethylene)-2-methyl-6-(p-
dimethylaminostyryl)-4H-pyran (DCM), acetonitrile, 4-(dicyanomethylene)-2-methyl-6-
(p-dimethylaminostyryl)-4H-pyran (DCM), methanol, 4-Dimethylamino-4'-nitrostilbene,
Merocyanine 540, or the like; Miscellaneous Dyes including 4',6-Diamidino-2-
phenylindole (DAPI), dimethylsulfoxide, 7-Benzylamino-4-nitrobenz-2-oxa-1,3-diazole,
Dansyl glycine, Dansyl glycine, dioxane, Hoechst 33258, DMF, Hoechst 33258, Lucifer
yellow CH, Piroxicam, Quinine sulfate, Quinine sulfate, Squarylium dye 111, or the like;
Oligophenylenes including 2,5-Diphenyloxazole (PPO), Biphenyl, POPOP, p-
Quaterphenyl, p-Terphenyl, or the like; Oxazines including Cresyl violet perchlorate,
Nile Blue, methanol, Nile Red, ethanol, Oxazine 1, Oxazine 170, or the like; Polycyclic
Aromatic Hydrocarbons including 9,10-Bis(phenylethynyl)anthracene, 9,10-
Diphenylanthracene, Anthracene, Naphthalene, Perylene, Pyrene, or the like;
polyene/polyynes including 1,2-diphenylacetylene, 1,4-diphenylbutadiene, 1,4-
diphenylbutadiyne, 1,6-Diphenylhexatriene, Beta-carotene, Stilbene, or the like; Redox-
active Chromophores including Anthraquinone, Azobenzene, Benzoquinone, Ferrocene,
Riboflavin, Tris(2,2'"-bipyridypruthenium(Il), Tetrapyrrole, Bilirubin, Chlorophyll a,
diethyl ether, Chlorophyll a, methanol, Chlorophyll b, Diprotonated-
tetraphenylporphyrin, Hematin, Magnesium octaethylporphyrin, Magnesium
octaethylporphyrin (MgOEP), Magnesium phthalocyanine (MgPc), PrOH, Magnesium
phthalocyanine (MgPc), pyridine, Magnesium tetramesitylporphyrin (MgTMP),
Magnesium tetraphenylporphyrin (MgTPP), Octaethylporphyrin, Phthalocyanine (Pc),
Porphin, ROX dye, TAMRA dye, Tetra-t-butylazaporphine, Tetra-t-
butylnaphthalocyanine, Tetrakis(2,6-dichlorophenyl)porphyrin, Tetrakis(o-
aminophenyl)porphyrin, Tetramesitylporphyrin (I'MP), Tetraphenylporphyrin (TPP),
Vitamin B12, Zinc octaethylporphyrin (ZnOEP), Zinc phthalocyanine (ZnPc), pyridine,
Zinc tetramesitylporphyrin (ZnTMP), Zinc tetramesitylporphyrin radical cation, Zinc
tetraphenylporphyrin (ZnTPP), or the like; Xanthenes including Eosin Y, Fluorescein,
basic ethanol, Fluorescein, ethanol, Rhodamine 123, Rhodamine 6G, Rhodamine B, Rose
bengal, Sulforhodamine 101, or the like; PACIFIC BLUE dye, PACIFIC ORANGE dye,
PACIFIC GREEN dye, or the like; or mixtures or combination thereof or synthetic

derivatives thereof.
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Further examples of compounds that may be used to modify a nucleotide and/or a
nucleic acid (e.g., to provide a detectable label) include but are not limited to a
fluorescent moiety that is xanthene, fluorescein, rhodamine, BODIPY, cyanine,
coumarin, pyrene, phthalocyanine, phycobiliprotein, ALEXA FLUOR® 350, ALEXA
FLUOR® 405, ALEXA FLUOR® 430, ALEXA FLUOR® 488, ALEXA FLUOR® 514,
ALEXA FLUOR® 532, ALEXA FLUOR® 546, ALEXA FLUOR® 555, ALEXA FLUOR®
568, ALEXA FLUOR® 568, ALEXA FLUOR® 594, ALEXA FLUOR® 610, ALEXA
FLUOR® 633, ALEXA FLUOR® 647, ALEXA FLUOR® 660, ALEXA FLUOR® 680,
ALEXA FLUOR® 700, ALEXA FLUOR® 750, or a squaraine dye. In some embodiments,
a nucleotide and/or a nucleic acid is modified with a fluorescently detectable moiety as
described in, e.g., Haugland (September 2005) MOLECULAR PROBES HANDBOOK
OF FLUORESCENT PROBES AND RESEARCH CHEMICALS (10th ed.), which is
herein incorporated by reference in its entirety.

In some embodiments a nucleic acid and/or nucleotide is modified with a moiety
available from ATTO-TEC GmbH (Am Eichenhang 50, 57076 Siegen, Germany), e.g., as
described in U.S. Pat. Appl. Pub. Nos. 20110223677, 20110190486, 20110172420,
20060179585, and 20030003486; and in U.S. Pat. No. 7,935,822, each of which is
incorporated herein by reference (e.g., ATTO 390, ATTO 425, ATTO 465, ATTO 488,
ATTO 495, ATTO 514, ATTO 520, ATTO 532, ATTO Rho6G, ATTO 542, ATTO 550,
ATTO 565, ATTO Rho3B, ATTO Rholl, ATTO Rhol12, ATTO Thiol2, ATTO Rho101,
ATTO 590, ATTO 594, ATTO Rho13, ATTO 610, ATTO 620, ATTO Rho14, ATTO 633,
ATTO 647, ATTO 647N, ATTO 655, ATTO Oxal2, ATTO 665, ATTO 680, ATTO 700,
ATTO 725, ATTO740).

Non-limiting examples of fluorescent moieties include dyes that can be
synthesized or obtained commercially (e.g., Operon Biotechnologies, Huntsville,
Alabama). A large number of dyes (greater than 50) is available for application in
fluorescence excitation applications. In some embodiments, dyes with emission maxima
from 410 nm (e.g., Cascade Blue) to 775 nm (e.g., Alexa Fluor 750) are available and can
be used. Of course, one of ordinary skill in the art will recognize that dyes having
emission maxima outside these ranges may be used as well. In some cases, dyes ranging
between 500 nm to 700 nm have the advantage of being in the visible spectrum and can
be detected, e.g., using existing photomultiplier tubes. In some embodiments, the broad
range of available dyes allows selection of dye sets that have emission wavelengths that
are spread across the detection range and, in some embodiments have emission spectra

that do not overlap, minimally overlap, or have distinguishable emission spetra, e.g., to
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provide for the detection of a plurality of probes, amplicons, nucleic acids, etc., e.g., in
multiplex detection technologies described herein. Detection systems capable of
distinguishing many dyes are known in the art.

In some embodiments, the tag or label comprises a radioisotope, a spin label, a
quantum dot, or a bioluminescent moiety. In some embodiments, the label is a
fluorescently detectable moiety as described in, e.g., Haugland (September 2005)
MOLECULAR PROBES HANDBOOK OF FLUORESCENT PROBES AND RESEARCH
CHEMICALS (10th ed.), which is herein incorporated by reference in its entirety.

As used herein, “inhibit” means to diminish, decrease, render less effective,
impede, minimize, stop, eliminate, and the like.

As used herein, the term “relative” refers to a comparison of one measurement
(e.g., a first quantity) compared to another measurement (e.g., a second quantity). The
result of comparison may be that one measurement is greater than, less than, or equal
to the other measurement. The result of comparison may be a difference of one
measurement from the other or the quotient of one measurement divided by the other.

As used herein, to “determine” refers to measuring, characterizing, identifying,

detecting (e.g., detecting the presence and/or absence).

Description

The centromere is the structural unit responsible for the faithful segregation of
chromosomes. Although some epigenetic factors are known to regulate centromeric
function, the structure and function of centromeric DNA sequences are not well defined.
Furthermore, existing methodologies for studying centromere genomics in biology are
laborious. During the development of embodiments of the technology described herein,
experiments were conducted that identified specific markers in the centromeres of
human chromosomes that allow for rapid molecular genetic assays. These assays
provide information about the genomic landscape of human centromeres at the time of
assay. Embodiments of the technology provide a measurement of cellular ploidy and
indicate the specific centromere arrays in each chromosome that drive the recruitment
of epigenetic modulators. Data collected during the development of the technology show
that, surprisingly, loss and rearrangement of DNA in the centromere of chromosome 21
is associated with trisomy 21. This new technology provides a rapid assessment of the
genetics and epigenetics of each specific human centromere, which finds use in the

diagnosis and treatment of nondisjunction disorders and other biological settings.
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The centromere is a structural unit vital for faithful segregation of chromosomes
during cell division. Failure of the cell division machinery to bind to centromeres and
correctly separate chromosomes results in genomic instability and aneuploidy (gain or
loss of chromosomes), hallmarks of all non-disjunction birth disorders and late-stage
malignancies. The genomic landscape of the human centromere is primarily composed of
thousands of a-satellite repeats, which are repeat units of approximately 171 bp
organized in a head-to-tail arrangement (Verdaasdonk et al., 2011; Hayden, 2012;
Aldrup-MacDonald and Sullivan, 2014). The sequence of a-repeat units is approximately
75% similar among all centromeres. In each human centromere, homogenous a-repeats
arrange into distinct “high order repeat” (HOR) units that organize contiguously and
repeatedly to expand megabases of genomic sequence (Jorgensen, 1997; Hayden, 2012).
Interestingly, the a-repeats in each centromeric array have undergone homogenization
during human evolution, and today the a-repeat content within each array of an
individual chromosome is approximately 98-100% similar (Choo et al., 1989; Jorgensen,
1997, Vissel et al., 1992; Roizés, 2006). Such extensive homogeneity in a locus
dominated by repetitive sequences represents a major challenge when devising
sequencing methodologies to assemble genomes of the human centromeres. Human
centromeres thus remain largely absent from the results of genome sequencing projects,
which consequently leads to significant gaps in our knowledge of human genomics
(Zeitlin, 2010; Hood et al., 2013).

The centromeres of human chromosomes, however, become more diverse towards
their peripheries (the pericentromere). Pericentric domains are composed of more
divergent repetitive sequences and retroelements that invaded these areas of the
genome during evolution (Bersani et al., 2015; Miga, 2015). Examinations of
centromeres have estimated that approximately 30% of pericentric sequences originated
from segmental duplications in centromeric regions between chromosomes, many of
which then subsequently duplicated interchromosomally.

Two of these sequences are retroelements derived from the human endogenous
retroviruses K111 and K222, which were identified at centromeric regions during
experiments conducted during the developments of embodiments of the technology
described herein (Contreras-Galindo, et al., 2011, 2013; Zahn et al., 2015). Examination
of these sequences indicated that they arose from single ancestral infections of K111 and
K222 viruses which, after integrating into the genome, copied to several other
centromeric loci by recombination within and between the pericentromeres of fifteen

(K111) or nine (K222) human chromosomes. During the development of embodiments of
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the technology provided herein, data were collected that indicated that this mechanism
is consistent with the observed presence of K111 and K222 sequences in centromeric
regions (Horvath et al., 2003; Kirsch et al., 2005; Vos et al., 2006; Contreras-Galindo et
al., 2013; Zahn et al., 2015). Consequently, K111 and K222 elements have provided
insights for understanding dynamic changes of centromeric sequences as a function of
time, thus providing information about recombination and segmental duplication that
occurred during the course of human evolution between different centromeres, which are
areas of the genome previously thought to be relatively recalcitrant to the exchange of
genetic material (Talbert and Henikoff, 2010; Contreras-Galindo et al., 2011, 2013; Zahn
et al., 2015).

Previous studies of human centromeres primarily focused on the epigenetic
components that orchestrate centromere function (Caroll et al., 2006; Vos et al., 2006:
Stimpson and Sullivan, 2010). For instance, centromere protein A (CENP-A), a histone-3
variant, loads the centromere core sequence and recruits other proteins to form the
centromere structure. CKNP-A nucleosomes serve as the structural framework for the
assembly of kinetochores, to which spindle fibers bind and pull sister chromatids apart
during chromosome segregation. Centromere protein B (CENP-B) also assists in
kinetochore assembly, as well as facilitating the cohesion of sister chromatids at a-
repeat loci through its specific binding to CKNP-B DNA boxes, which are 17-nucleotide
sequences present in the majority of centromeric a-repeats (Ohzeki et al., 2002;
Rosandié et al, 2006; Fachinetti et al., 2015). Numerous additional centromeric proteins
have also been identified as important for kinetochore assembly and stabilization
(Fachinetti et al., 2015; Falk et al., 2015). Defects in these centromeric functions
generate chromosome instability and missegregation of chromosomes.

The lack of conserved a-repeat sequences across species, and the observation that
centromere proteins form centromere structures in other regions of chromosomes
(neocentromeres) when they lack centromere DNA sequences, led to the prevailing
thought in the art that centromere identity is dictated solely by epigenetic factors, and
that no genomic component is required for this process (Amor and Choo, 2002; Stimpson
and Sullivan, 2010; Scott and Sullivan, 2015). The lack of information on human
centromere sequences has hindered studying their potential roles in driving centromere
function. However, recent studies revealed that CENP-B binds to CENP-B boxes
approximately every 340 bp along the centromere sequence. Within this domain, CENP-
A binds two approximately 100-bp segments (Fachinetti et al., 2015; Henikoff et al.,

2015), demonstrating a link between the genetic and epigenetic processes that directly
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affect centromere biology. Centromeric proteins have evolved to maintain their binding
affinity for the constantly changing centromere a-repeats (Malik and Henikoff, 2009).
These studies indicate that centromere sequences are necessary for centromere
formation and mediate the correct segregation of chromosomes, in contrast to the
paradigm that only epigenetics dictate centromere assembly.

Methods for studying the sequence and variation of centromere arrays have
previously relied on Southern blotting and restriction analysis. These methods have
indicated that arrays exist in different lengths in the human population (Maloney et al.,
2012; Aldrup-Macdonald and Sullivan, 2014). However, these methods are laborious,
time-consuming, and require large amounts of DNA: they are thus are not well-suited to
studying centromere sequences efficiently. These studies also usually focus on a single
array and, therefore, methods aimed at comprehensively analyzing all human
centromere sequences in a given biological setting remain unavailable.

To provide a solution to this problem, literature and DNA databases were
analyzed during the development of the technology to identify centromere markers
specific for every human chromosome (Jorgensen, 1997; Alexandrov et al., 2001;
Hayden, 2012; Liehr, 2013) if any existed. Based on this analysis, embodiments of the
technology were developed to provide a rapid and powerful set of assays that specifically
detect and quantify the number of a-repeat units in each distinct centromeric array.
Moreover, embodiments of the technology specifically detect and quantify the number of
a-repeat units in each distinct centromeric array in multiple human chromosomes
simultaneously. These approximately 30-minute assays target sequences specific for
each centromere array and provide for analyzing the dynamics and evolution of human
centromere sequences within a time frame that enables widespread analysis.

Embodiments of the technology provide nucleic acid amplification assays (e.g.,
PCR assays) that target and quantify the abundance of pericentromere-specific K111
and K222 sequences. These assays find use in studying the evolution of human
pericentromeres (Contreras-Galindo et al., 2011, 2013; Zahn et al., 2015). In addition,
the assays find use in determining the abundance of a-repeats specific for each
centromere array, thus providing a measure of their length and variation in the human
population and in different biological settings. Furthermore, the technology finds use in
detecting chromosome ploidy alterations that occur in congenital defects that result
from nondisjunction. In some embodiments, the technology finds use in assessing the
functional capacity of each individual centromeric array to recruit the centromere

epigenetic marks CENP-A and CENP-B, which are proteins necessary for centromere
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formation and function. During the development of embodiments of the technology
provided herein, data were collected that indicated that centromeric genetic sequence
instability is associated with trisomy 21. The technology provided herein thus provides a
rapid assay to study centromere variation and evolution in normal biology and in

disease.

Uses

In some embodiments, the centromere-specific assays described herein are used to study
the centromeres of human chromosomes comprehensively, e.g., in rapid and
simultaneous reactions. In some embodiments, the technology finds use in determining
the content of a-repeats in one or more centromere arrays, thus providing a technology
to determine the size and variation of these arrays, their variation in human
populations, and the changes they have undergone over an evolutionary timescale. In
contrast to previous techniques used to estimate the size of single centromere arrays,
embodiments of the technology described herein provide an improved technology for
studying human centromere sequences quickly and more efficiently in a given biological
setting.

Human centromere markers find use in understanding the role centromere
sequences and their interactions with epigenetic factors play in centromere formation,
kinetochore assembly, chromosome segregation, and cell division. Data collected from
experiments conducted during the development of embodiments of the technology
provided herein indicated that CENP-A binds (e.g., almost exclusively) to the larger a-
repeat array in each centromere; and, on those arrays where CENP-A binds, CENP-A
loads onto only a portion of the centromere array, confirming and expanding previous
observations (Maloney et al., 2012; Aldrup-MacDonald and Sullivan, 2014; Ross et al.,
2016). Interestingly, in contrast to centromeric arrays in somatic chromosomes, CENP-A
occupies a vast extent of DYZ3 in chromosome Y, an array lacking CENP-B boxes and
that thus does not recruit CENP-B protein. Embodiments of the technology described
herein comprise ChIP-PCR assays that find use in assessing the functionality of specific
human centromere arrays, e.g., to study the recruitment of epigenetic modulators that
facilitate centromeric assembly in different biological settings and to study instability in
centromere sequences that alters epigenetic regulation and centromere function.

The technology described herein comprising use of centromere markers for
genetic studies finds use in clinical settings. Clinical uses provide improved technologies

relative to extant methods that rely on detecting single copy genes (Koumbaris et al.,
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2016) because the present technology detects contiguous markers present in thousands
of copy numbers, thus improving the sensitivity of detection of specific chromosomes.
These markers find use in studying ploidy in human samples without the need for
karyotyping or requiring live cells. For example, embodiments of the technology use
centromere markers described herein to test samples to determine gender or to identify
the presence of nondisjunction chromosome defects. The centromere markers described
herein find use in understanding developmental defects associated with centromere
instability, e.g., developmental defects such as trisomy 21. Further, these markers find
use in studying the pathogenesis of congenital nondisjunction defects, tracking where
and when defects in centromeres appear, such as meiosis of germ cells or after
fertilization. Embodiments of the technology find use in detecting centromeric
instability, which is causative of birth defects and cancer.

In conclusion, embodiments of the technology described herein provide rapid and
user-friendly methods to study the genetics and epigenetics of human centromeres. The
data collected from the experiments described herein indicated that embodiments of the
technology find use in sensitively detecting and/or quantifying chromosomal ploidy
and/or detecting centromeric and pericentromeric instability that are associated with
and/or are causative of some trisomies, especially trisomy 21. The data also indicated
that embodiments of the technology find use in detecting the transcription of a-repeats
under specific conditions and in identifying the chromosomes from which the a-repeats
are transcribed. Further, embodiments of the technology find use in specific and
genome-wide approaches to study centromere epigenetics, e.g., embodiments of PCR-
based techniques described herein characterize specific centromeres in “real-time” and
thus provide data characterizing specific centromeric genomic elements and their
association in development and the evolution of malignancy. In addition, the technology
finds use in assessing, characterizing, or evaluating the nature or quality of stem cells,

e.g., induced pluripotent stem cells.

Kits

Embodiments provide kits comprising a composition described herein, e.g., a kit for
producing an amplicon from a human chromosome (e.g., from an a-repeat array). For
example, some embodiments comprise one or more pairs of oligonucleotides specific for
one or more of the following a-repeat arrays: D175, and/or D177; D271; D3Z1; D471;
D57Z1; D6Z1; D771 and/or D772; D872: D974: D1071; D11Z1; D1273; D1371; D1471
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and/or D1472 and/or D1473; D1573; D16Z2; D1771 and/or D171b; D18Z1 and/or D187Z2;

D1974 and/or D1975: D2072; D2171; D2274, and/or D2275; DXZ1: and/or DYZ3.
Although the disclosure herein refers to certain illustrated embodiments, it is to

be understood that these embodiments are presented by way of example and not by way

of limitation.

Examples
Experimental Procedures
DNA samples
DNA samples from human/rodent somatic hybrid cell lines (each containing a single
human chromosome) and their parental rodent cells were obtained from a human
chromosomal DNA mapping panel (NIGMS Human/Rodent Somatic Cell Hybrid Mini
Mapping Panel # 2 DNA, Coriell Cell Repositories). DNA samples from people of
different genders and ethnic origins were obtained from the HRC2 Human Random
Control DNA panel 2 (Sigma Aldrich, 96 Caucasian people) and from Human variation
panels HD03 (Indo Pakistani), HD05 (Middle Eastern), HD0O7 (Japanese), HD12
(Africans South of the Sahara), HD20 (Russian Kransnodar), HD21 (Italian), HD22
(Ashkenazi Jewish), HD32 (Chinese), and samples from Mbuti Pygmy (NA10492,
NA10493, NA10494, NA10495, NA10496) from Coriell Cell Repositories. DNA samples
from individuals with trisomy 8 (Catalog numbers: NA00496, NA00425, NA02030,
GMO02596, and GM04610), trisomy 13 (Catalog numbers: AG12070, NA00526, NA02948,
NA03330, and NA00503), trisomy 18 (Catalog numbers: GM03538, GM03769, NA02732,
NA03623 [also trisomy X]), trisomy 21 (AGPDOWN Aging DNA panel-down syndrome),
and an XY who is phenotypically female (Catalog number: NA02598) were obtained from
the Coriell Cell Repositories. Human tissue from trisomy 21 individuals was also
obtained from the NICHD Brain and Tissue Bank for Developmental Disorders at the
University of Maryland, Baltimore, MD (Catalog numbers: UMB4904, UMB1258,
UMBO0707, and UMB5277).

FRNA samples

RNA was isolated from the prostate epithelial cell lines RWPE-1, PNT2, 957E-hTERT,
and the prostate cancer cell lines PC3, VCaP, LNCaP, and DU145 using Trizol reagent
(ThermoFischer Scientific) as recommended by the manufacturer. The authenticity of

these cells lines was verified by genotyping. Isolated RNA was treated with the Turbo
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DNA-free kit (Ambion) to remove contaminant traces of DNA, which was subsequently

verified by PCR.

Search for centromere specific markers

Systematic analyses of literature and sequence databases were performed to identify
nucleotide mutations in each centromere array that serve as markers specific for the
centromere arrays of each human chromosome. The markers identified herein
supplement pericentromeric sequence markers previously identified (Contreras-Galindo
et al, 2011, 2013; Zahn et al, 2015, incorporated herein by reference).

In particular, a systematic and comprehensive analysis of the literature and
sequence databases was performed to annotate centromere sequences and to identify
unique centromere markers for human chromosomes. Several sequences, identified in
previous studies by Southern blotting analysis, have been recently annotated and
expanded to the most recent assembly of the human genome project (Hg38) (see, e.g.,
Miga et al., 2014; Miga, 2015). Markers for pericentromeric sequences were identified
previously. These pericentromeric markers, proviruses K111 and K222, exist in 15 and 9
human centromeres, respectively (Contreras-Galindo et al., 2011; Contreras-Galindo et
al., 2013; Zahn et al., 2015). Hundreds to thousands of these proviruses exist in human
pericentromeres, yet K111 accumulated in a particularly high copy number in the
centromere of chromosome 21, whereas K222 accumulated in the centromere of
chromosomes 13 and 14. The accession numbers of the sequences analyzed in this study
are indicated in the Table 2. Due to the sequence similarity between a-repeats, primers
were designed and validated to detect each array specifically. Primers and probes to
detect proviruses K111 and K222 at pericentromeric loci specifically are as previously
described (Contreras-Galindo et al., 2011; Contreras-Galindo et al., 2013; Zahn et al.,

2015, each of which is incorporated by reference in its entirety).

Real-time PCR for human centromere arrays
The numbers of a-repeats in centromere arrays of all human chromosomes, pericentric
proviruses K111 and K222, and single copy genes in human DNA were measured by
qPCR using the primers and conditions described herein. Centromere quantification was
performed in DNA isolated from healthy individuals of different gender, diverse
ethnicities, and individuals with trisomy 8, trisomy 13, trisomy 18, and trisomy 21.

In particular, copy numbers for each centromeric array (e.g., the number of a-

repeats in each array), proviruses K111/K222, and single copy genes were measured by
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qPCR using specific primers and PCR conditions as described in Tables 1 and 2. PCR
amplification products were confirmed by sequencing. The qPCR was carried out using
the FastStart Universal SYBR Master mix (Rox) (Roche) with an initial enzyme
activation step of 95°C for 10 minutes, followed by 16-25 cycles of 15 seconds of
denaturation at 95°C and 30 seconds of annealing/extension at the temperatures
reported in Table 2. The copy number was estimated using serial dilutions of plasmids
containing the PCR amplicon. The DNA copy number of each plasmid was estimated by
reading the DNA concentration of the plasmid at a wavelength of 260 nm using UV
spectrophotometry and estimating the number of copies using this information and the
size of each plasmid. The specificity of the qPCR assay detecting the centromere of
unique chromosomes was assessed using DNA samples from human/rodent cell hybrids,
each one containing a single human chromosome. PCR quantification of K111 and K222
pericentromeric proviruses was performed as described previously (Contreras-Galindo et
al., 2011; Contreras-Galindo et al., 2013; Zahn et al., 2015; each of which is incorporated
herein by reference in its entirety). Quantification of the single copy genes top3a, dek,
and ccr5 was performed by qPCR using 40 cycles of 15 seconds of denaturation at 95°C
and annealing/extension of 30 seconds at 60°C. The copy number of single copy genes
was calculated using serial dilutions of purified plasmid containing the target PCR
amplicon as described above. The relative copy number of a-repeats in each array per
human diploid genome was estimated in reference to the quantification of the gene
top3A4, which exists as a single copy in the human genome (Hanai et al., 1996). The
relative copy number was calculated by dividing the number of copies obtained by qPCR

by the number of copies detected using Top3A in equal amounts of cellular DNA.

Real-time qPCR for centromeres 15 and 21 using LNA primers and clamps
The homolog arrays D13Z1/D2171 present in the centromere of chromosomes 13 and 21
are almost identical, except for the presence of two nucleotide substitutions present in
the a-repeats of the D13%1 and D21%1 array (Pellestor et al., 1994; Nilsson et al., 1997).
The D13Z1/D2171 arrays have the same sequences except that a T in the sequence of
D13%1 is a C in the sequence of D2171 and an A in the sequence of D13%1 is a G in the
sequence of D2171 (see Fig. 10).

In particular, a PCR assay was developed to detect these substitutions using
primers that have a locked nucleic acid (ILNA) modification targeting these nucleotide
variations (Ballantyne et al., 2008). The primers also contained LNA modification at the

bases right before and after the substitution. The description of the primers is provided
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in Table 1. LNA primers offer markedly increased affinity for the complementary strand
relative to traditional, unmodified DNA primers. These modified primers were used in a
PCR reaction to detect either D137%1 or D21Z1 specifically. DNA isolated from
human/rodent somatic cell hybrids that contain either chromosome 13 or 21 was used to
develop conditions for the assay. The PCR assay was carried out as described above, e.g.,
comprising an enzyme activation step at 95°C for 10 minutes and 20 cycles of 15 seconds
of denaturation at 95°C and 30 seconds of annealing/extension at the temperatures
reported in Table 2. A temperature gradient showed that at increasing annealing
temperatures, the LNA primers uniquely amplified the centromere repeat containing
the nucleotide variation. For centromere 13 D13Z1, a forward LNA primer and a regular
reverse oligonucleotide (that binds to either D13Z%1 or D21%1; see Figure 10) exclusively
detected the centromere of chromosome 13 but not 21 at an annealing/extension
temperature of 68°C (see Figure 11A). For the detection and quantification of the
centromere 21 D2171, forward and reverse LNA primers were used that recognize the
D2171 nucleotide variations together with an LNA primer clamp that recognizes the
substitution of D13Z1. This clamp comprised the same forward LNA primer that detects
D13%71 but is phosphorylated at the 3’ end to inhibit the amplification of D13%1
sequences (Skronski et al., 2013). The LNA PCR reaction specifically amplified D2171
and substantially reduced amplification of D13Z1 when an annealing/extension
temperature of 64°C was used (See Supplementary Figure 11B). The specificity of the
LNA primers was evaluated in human/rodent hybrid cell lines that contain a single
human chromosome as shown in Figure 10. An LNA primer was also designed to detect
specific mutations in the pericentromeric K111 gag and not other HERV-Ks. The specific
detection of K111 was verified by sequencing analysis of the PCR product.

Real-Time qRT-PCR

Real-time RT-PCR was performed using the same qPCR conditions described above to
quantify human centromere arrays with the addition of an RT step. The PCR reaction
contained 0.2 microliter of the Murine Leukemia Virus Reverse Transcriptase (MLV-RT)
and was preceded by an RT step of 30 minutes at 50°C. DNA contamination was ruled

out by conducting PCR on samples that were not primed with MLV-RT.

Chromatin immunoprecipitation
ChIP assays to assess the association of centromeric proteins CENP-A and CENP-B

with centromere core and pericentric sequences were performed using antibodies to the
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centromere proteins CENP-A and CENP-B, or with nonspecific IgG antibodies, on
chromatin extract from the prostate cancer cell line LnCaP.

In particular, ChIP assays were performed using the iDeal ChIP-seq kit for
Histones (Diagenode) following the procedures described by the manufacturer to assess
the association of centromeric proteins CENP-A and CENP-B with centromere repeats.
Briefly, approximately 70% to 80% confluent LnCaP cells grown in 75 cm? flasks were
fixed with 0.1% formaldehyde to cross-link protein to DNA. Cells were lysed and the
chromatin was sheared to 100 to 600 bp with a sonicator. Chromatin was
immunoprecipitated overnight using a specific monoclonal antibody to CENP-A (Abcam,
ab13939), a polyclonal antibody to CENP-B (Abcam, ab134144), or with non-specific IgG
antibodies. Centromere protein occupancy on target arrays, indicating the number of a-
repeats in each centromere array sequence bound to the centromeric proteins CENP-A
or CENP-B, was measured by qPCR using the qPCR assays for centromeric repeats
described herein. The relative amount of immunoprecipitated DNA compared to input
DNA was calculated using the equation %recovery = 2 (Ctinput — Ctsample), assuming that
the efficiency of the PCR reaction was 100%. The relative percentage of each array
occupied by CENP-A and CENP-B was calculated by dividing the number of a-repeats in
each centromere array precipitated with centromeric proteins by the total number of a-
repeats in the array determined in the input DNA. The increase in enrichment (e.g.,
expressed as a “fold” or “x” enrichment) was also determined based on the cycle
differences (ACt) between the sample relative to control (IgG). The genes fop3a, dek, and
F-actin served as negative controls in the centromere ChIP studies, as these genes

localize 1n chromosomal arms.

Amplification and Sequencing of K111 LTR insertions

K111 insertions were amplified by PCR using the Expand Long Range dNTPack PCR
kit (Roche Applied Science, Indianapolis, IN) as previously described (Contreras-Galindo
et al., 2013). The amplification products were cloned into the topo TA vector (Invitrogen,
Carlsbad, CA) and sequenced. Sequences of K111-related insertions amplified from DNA
of human/rodent cell hybrids containing a single human chromosome shown in the
Figure 10 are deposited in the NCBI database with Accession Numbers (JQ790790-
JQ790967). The primers P1/P4 amplify K111 insertions in several human chromosomes.
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Broinformatics analysis

The number of copies of a-repeats in each centromeric array, the numbers of
pericentromeric K111 and K222, and the number of single copy genes topJa, ccrs, dek,
renin, gapdh, and B-actin, were analyzed in sequence libraries from diverse populations
generated in the 1000 genomes project. The 101-bp read libraries were screened for
sequences that matched each query sequence, allowing no more than 10-bp mismatches
and/or indels. For pericentromere K111 proviruses, sequences were identified that
match to the 5 and 3" integration sites and adjacent flanking sequence. Using these
criteria provided for the specific identification of K111 as opposed to other HERV-K
proviruses that exhibit alternative integration sites. Detection criteria were constrained
to identify reads containing at least 20 bp of flanking sequence (CER: centromere repeat
elements), 20 bp of the K111 LTR, and the GAATTC target site duplication as
previously described (Contreras-Galindo et al., 2013). For the K222 proviruses, reads
were identified that have 20 bp of the CER flanking sequence and 20 of the adjacent prt
unique to K222 proviruses (Zahn et al., 2015). Additionally, libraries were screened to
detect single copy genes using the same criteria used to identify centromeric arrays.
Values were normalized to the total number of sequence reads in each group by dividing
the number of sequence reads that hit the query sequences by the total number of reads,
then multiplying these values by one million of sequence. The calculated data were
compared to the number of reads that match to the genes top3a, dek, cers, renin, gapdh,
and B-actin using the same exercise to contrast the abundance of centromere arrays to
that of single copy or small-number-of-copy genes. To screen for sequence variants
specifically present in the centromere 13 repeat D13Z1 or centromere 21 repeat D2171,
arrays that are almost 100% similar, [llumina sequencing libraries were screened from
populations of diverse ethnicities obtained by the Human Genome Variation Project
(HGVP), the most recent human genome assembly (Hg38), sequencing reads obtained
from Denisovan and Neanderthal sequencing projects, and sequence read archives
(SRAs) from populations of gorillas, chimpanzees, and orangutans. Reads were
identified that were 100% identical to a 38-bp query sequence that has the substitution
T/C (T or C) present in either D13Z1 or D21%1, respectively.

In silico sequence analysis
The K111-related LTR sequences obtained in the DNA of human cells, trisomy 21
samples, and DNA from human/rodent chromosomal cell hybrids were BLASTed against

the NCBI database. The sequences were aligned in Biokdit and exported to the MEGA 7
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matrix. The K111 tree was generated using Bayesian inference (MrBayes v 3.2;
Huelsenbeck et al. 2001; Ronquist and Huelsenbech, 2003) with four independent chains
run for at least 10,000,000 generations until sufficient trees were sampled to generate

more than 99% credibility.

Statistical analysis

Statistically significant differences between the numbers of a-repeats in each
centromere array and K111 and K222 pericentromeric provirses between samples were
calculated using Student’s t-test. The relative enrichment of centromeric array DNA
associated with the centromere proteins CENP-A and CENP-B in ChIP experiments
(using IgG as a control antibody) was compared using Student’s t-test. Correlations
calculated by qPCR, qRT-PCR, 1n si/ico analysis of the 1000 genomes project, and by the
estimated average number reported in the literature were measured using Spearman’s

correlation test. Two-tailed /values were considered significant at 72<0.05.

Example 1 — Assays of human centromeres

To develop specific markers for centromeric arrays and to study their structure,
function, and evolution, experiments were conducted in which a systematic analysis
identified specific DNA variations in every a-repeat array. Based on this analysis,
amplification primers were designed, e.g., for PCR assays. For example, embodiments of
the technology comprise rapid qPCR assays for these unique markers, which provide for
assessing the abundance of a-repeats in each array of the centromeres of human
chromosomes (See, e.g., Figure 1). During the development of the technology described
herein, experiments were conducted that used DNA from somatic rodent/human
hybrids. In these experiments, each hybrid contained one single human chromosome to
verify the specificity of the PCR detection. The description of the primers and probes
used in this study i1s provided in Tables 1 and 2.

Table 1 — primers

Primer name Primer nucleotide sequence (5' to 3) SEQ ID NO:
D1Z5Fb GAGAATTTCGTTGGAAACGGATARAACC 1
DI1Z5Rb ATCCACTTGCAGATACTACGAAA 2
D1Z5Fc GGCCTATCGTCGTAAAGGAAATA 3
D1Z5Re ATGCTCAGCTCTGTGAGTTARA 4
D1Z7/D572 GTTCCCTTAGACAGAGCAGATTT 5
D1Z7/D572 CAACGCAGTTTGTGGGAATG 6
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D2Z1F TCGTTGGAAACGGGATTGT 7
D2ZIR CTGCTCTATGAAAGGGACTGTT 8
D3ZIF GCTTTGAGGCCAAT GGTAGA 9
D3ZIR GTTGAACACACACGTACCAAAG 10
DAZIF CTGTAGTATCTGGAAGTGGACATT 11
DA4Z1R GGTTCAACTGTGTTCGTTTAGG 12
D571 AGTCTGCACGTGGATAAGTTG 13
D571 AAAGAGTGTTAGAAGT CTGCTCTG 14
D6Z1F ACGGAAGCAATCTCAGAACTAC 15
D6ZIR CCTCAAGGCGGTCCAATTAT 16
D7Z1F GTGGATATATGGACCGCATTGA 17
D7Z1R CACACAGCACAAAGAAGTTACTG 18
D772F CGACTTTGTGATGTGTGCATTC 19
D772R CCTTATCCGCAATGGTCCTAAA 20
D8Z2F ACGTACACAGCAGCATACTC 21
D8Z2R GTCCACTTCCAGATACTCCAAA 22
D9ZAF GGAGAAGCATTCTCAGGAACTT 23
D9ZAR GTCCGCTTGCAGATACTACAG 24
D10Z1F TTGGAAACGGGATTTCCTCATA 25
D10ZIR GCTCTCTCTAAAGGAAGGTTCAA 26
DI1Z1F CTTCCTTCGARACGGGTATATCT 27
DI11ZIR GCTCCATCAGCAGGATTGT 28
DI12Z3F GAT GAAGGAGTTTGGAGACACT 29
D127Z3R CTGTCGAACATTACAGGAAGAAATC 30
DI13Z1F LNA GTGATGTGTGTACCCAGHCHT+AAA 31
D13Z1/D21Z1R AACGAAATCCTCCAAGCTATCC 32
D13Z1F LNA Clamp GTGATGTGTGTACCCAG+HC+T+AAA/ 3Phos/ 33
D13Z1F TGATGTGTGTACCCAGCT 34
D13ZIR GCTATCCAAATATCCACT 35
D13Z2F CAGAGGGCTTTGTGGAGTATAG 36
D1372R ACGTTGAAT GCACACATCAC 37
D13Z3F GGAATATTTGTGAGCCCATTGAG 38
D13Z3R TTCAACCCTGTGAGTAGAAGTC 39
D137Z6F CTTCGTCGGAAACGGGAATA 40
D137Z6R CAAACTGCTCTATCAACAGARAGG 41
DI13Z7F ACTTCTTTGTGATGTGTGCATTC 42
D13Z7R AGGGCTCCAAATATCCAGTTG 43
D13Z8F TCTCACAGAGTTGAACCTATCTTATG 44
D137Z8R TTTCCACAGTAGGCCTCAAAG 45
DI13Z9F TGTGATGCGTGTACTCATCTTAC 46
D137Z9R GCCTCAAGGCGCTCAAA 47
D14Z1/D22Z1F CAATCTCAGAATCTTCTTTGGGATA 48
D147Z1/D2271R CCAAGCTATCCAAATATCCACTT 49
D147Z2F GATTTCGTTGGAAACGGGATTAC 50
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D1472R AGAAAGATCCACGCCTGTTA 51
D1473/D2276F GTGCGTGCATTCATGTCATAG 52
D1473/D2276R GTCCTCAAAGGGCTCCAATTA 53
D15Z3F GACATTTGGATAGCTTTGAGGATTT 54
D15Z3R GGGCATACATCACAAGGAAGA 55
D16Z2F CCTTCCTTTAGACAGAGCAGATT 56
D1672R AGTGTCTGGGAACGAGTTTG 57
D17Z1F GTGGAGATATGGACCGCTTTAG 58
D17Z1R CTCAGTCGTCACCAAGAGTTT 59
D17Z1bF TTTCGTAGGGTCTGCAAGTG 60
D17Z1bR CCGACAATGCTTCTCTCTAGTT 61
D18Z1F TGGGAAACGGGATTGTCTTC 62
D18ZIR CTGCTCTACCAAAGGGAATGT 63
D187Z2F TTCGATCGATTT CAGGCCTATG 64
D187Z2R TTGAGGACACACATCACAAAGA 65
D197Z4F CTAAAGACCTCAATGGGCTCAG 66
D197Z4R GTGGATTCATCTCACAGACGTTA 67
D197Z5F GCCTCAATGGGTTCAGAAATG 68
D197Z5R TGGATCCATCTCACAGATTTCA 69
D207Z2F TGCTTGGAAACGGGAATGT 70
D207Z2R CCTGCTCTATGAAAGGGAATGT 71
D217Z1F TGATGTGTGTACCCAGCC 79
D21Z1R GCTATCCAAATATCCACC 73
D21Z1F LNA GTGATGTGTGTACCCAGHCHC+AAA 74
D21Z1R LNA CCTCCAAGCTATCCAAATATCCHA+CH+TTGCA 75
D2274F1 CATTCTGACGTGGGCATTAAAC 76
D2274R1 GTAGGCCTCAAAGGCTAGAAAT 77
D2274F2 TGACCAGTTTGGGAACATTCT 78
D2274R2 AGGAGTCTGCCTGTCTAGTT 79
D2275F TCATCGCACAGAGTGAAACC 80
D2275R GCCATAAAGGGCTCACAAATATC 81
DXZ1F CGGGATCACCTTCCCATAAC 32
DXZIR GGTGTTGCAAACCTGAACTATC 83
DYZ3F CTGCAAGTGGARATTGGGARATA 84
DYZ3R GAATGCACACAGCACARAGAA 85
p82HF ATGTTTGCATTCAACTCACAGAG 86
p82HR CAACACAGTCCAAATATCCAGTTG 87
CCRAF CAATGTGTCAACTCTTGACAGG 88
CCR5R ACCTGCATAGCTTGGTCCAACC 89
DEK exon 3F TCCTATCCACGTACTTCAGGCTG 90
DEK exon 3R GCCTGGCCTGTAGTAAAGCAGTTT 91
b-actinF CCCTGAGGCACTCTTC 992
b-actinR GTGCACGTCACACTT 93
GAPDHF CCACTCCTCCACCTTTGAC 94
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GAPDHR ACCCTGTTGCTGTAGCCA 95
Top3AF ACTAGGTCAGAGACCCTTACTG 96
Top3AR CAAGGAGAGGCAGTGACAAA 97
KI111F AAGAGCACCAGGATGCTTAATGCC 98
KI111R AGTGACATCCCGCTTACCATGTGA 99
K111P FAM-TGCCGGTCCTAACAGTAGACTCAC-BHQL 100
K222F CAGCGTTCTGGAATCCTATGT 101
K222R TGTATTGTGGTAACTGGGTATATGT 102
K222P FAM-ACCCACATGGCAGTGTTCTGGATT-BHOL 103
K111 1584F TCCTTAAGGT CATAGT GGAGTTGTTGGTATAC 104
K111 1707R LNA CATAAGCATAGCTTTATG+C+A+AAC 105
P1 ACATTCAGACCATGGTAGCCGTGT 106
P4 GTACCTTCACCCTAGAGAAAAGCCT 107

In Table 1, a “+” indicates that the previous base is a locked nucleic acid analog base in
which the ribose ring is “locked”, which increases the hydrogen bond strength of the
LNA base and consequently provides a higher melting temperature upon binding.
“FAM” indicates a “FAM” fluorogenic dye linked to the primer; “BHQ1” indicates a
BLACK HOLE QUENCHER 1 quencher moiety linked to the primer. “/3Phos/” indicates
that the primer comprises a 3' phosphate.

In some cases, the amplification assays detected arrays previously reported to
exist in a unique chromosome on another chromosome, albeit with low levels of detection
(see, e.g., Table 2). This was particularly interesting in chromosome Y, where the assays
detected a-repeat arrays from chromosomes 1, 4, 5, 7, 9, 13, 17, 18, and 21. The
existence of these a-repeat arrays in chromosome Y was confirmed by sequencing the
PCR products, indicating that the centromere of chromosome Y exchanged material with

the centromeres of somatic chromosomes during human evolution.

Table 2 — Assays for detecting arrays specific for each human chromosome

. Chr.
a-repeat array Accession Chr. Chr. detected Conditions
number reported detected (optimized)
D175-1 BX248407.26 1 1 1 25, 60°C
D175-2 BX248407.26 1 1 1 25, 60°C
D17Z7/D572/D1973 AJ295044.1 1,5,19 1,5,19,22,Y 1,5 16, 62°C
D271 J04773.1 2 2 2 20, 60°C
D371 712006.1 3 3 3 20, 60°C
D471 Z12011.1 1 14Y 1 16, 62°C
D57Z1/D1972 M26920.1 5,19 5 Y 5 16, 60°C
D6Z1 GJ211907.1 6 6 6 20, 60°C
D771 AC142529.3 7 7Y 7 18, 62°C
D772 M16037.1 7 7Y 7 20, 61°C
D872 M64779.1 8 8 8 25, 60°C
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D974 M64320.1 94 94Y 9 16, 62°C
D10Z1 X63622.1 10 10,12,16,22 10 18, 62°C
D1171 M21452.1 11 11 11 25, 60°C
D1273 M28221.1 12 12 12 16, 56°C
D1371/D2171 D29750.1 13,21 13,15,21Y 13 20, 61°C
D137Z1 LNA D29750.1 13,21 13 13 20, 68°C*
D1372 GJ211955.2 13,14,21,22 13,14,21,22 13,14,21,22 25, 60°C
D1373 GJ211961.2 13,14,21,22 13,14,21,22 13,14,21,22 25, 60°C
D1376 GJ211965.2 13,14,21,22  13,14,21 13,14,21 25, 60°C
D1377 GJ211967.2 13,14,21,22 13,14,21,22 13,14,21,22 25, 60°C
D1378 GJ211968.2 13,14,21,22 13,14,21,22 13,14,21,22 25, 60°C
D1379 GJ211969.2 13,14,21,22 13,14,21,22 13,14,21,22 25, 60°C
D1471/D2271 M22273.1 14,22 14,22 14,22 20, 60°C
D1472 GJ211972.2 13,14,21,22 14 14 25, 60°C
D1473/D2276 GJ211986.2 13,14,21,22 14,22 14,22 25, 60°C
D1573 AF237720.1 15 15,8,22 15 22, 64°C
D1672 MbH8446.1 16 16 16 25, 60°C
D1771 M13882.1 17 17,22 Y 17 20, 61°C
D171b GdJ212053.1 17 17 17 25, 60°C
D18Z1 M65181.1 18 18,Y 18 18, 64°C
D1872 M65182.1 18 18,Y 18 20, 62°C
D1974 AC004164 19 19,22 19,22 25, 60°C
D1975 AC006504 19 19,22 19,22 25, 60°C
D2072 X58269.1 20 20 20 18, 60°C
D2171/D1371 D29750.1 13,21 13,15,21Y 13,15,21 20, 62°C
D21Z1LNA/D13damp  D29750.1 13,21 13,21, 21 20, 64°C*
D2274-1 GJ212162.2 22 22 22 25, 60°C
D2274-2 GJ212162.2 13,14,21,22 22 22 25, 60°C
D2275 GJ212163.2 13,14,21,22 22 22 25, 60°C
DXZ1 X02418.1 X X X 25, 60°C
DYZ3 GJ212193.1 Y Y Y 25, 60°C
P82H Mitchell 2015  All All All 25, 60°C

In Table 2, “Chr.” is an abbreviation for “chromosomes”; “Chr. detected” refers to the

chromosomes detected by amplification using a non-optimized PCR assay; “Chr. detected

(optimized)” refers to the chromosomes detected by amplification using an optimized

PCR assay; and “Conditions” indications the number of cycles and the annealing

temperature used for the amplification assay.

Using some embodiments of the technology described herein, identifying specific

markers was challenging for certain human chromosomes with extremely similar

centromeric sequences. The centromere sequences of chromosomes 1, 5, and 19 have

99% to 100% similarity. Similarly, the pairs of chromosomes 4 and 9; 13 and 21; and 14

and 22 also share centromere sequences with 99-100% similarity (Visel and Choo, 1992;

Hayden, 2012; Miga, 2015). Accordingly, efforts were directed to develop embodiments of

the technology that target particular nucleotide mutations and to identify amplification

conditions for qPCR assays that are chromosome-specific even for the similar a-repeat

arrays in chromosomes 1, 4, 5, 9, and 22. Furthermore, embodiments of the technology
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were developed by screening annotated a-repeat arrays in the human genome assembly
Hg38 for centromeres 13, 14, 21, and 22 (Miga, 2014, 2015). Based on this analysis, a-
repeat arrays were identified that are unique to either centromere 14 or 22 (Fig. 2),
which provides a specific assay for the arrays of chromosomes 14 and 22.

During the development of embodiments of the technology provided herein,
amplification assays (e.g., qPCR assays) were developed to study a-repeat arrays for
every human chromosome except chromosome 19. Most of the PCR assays target a-
repeat arrays present in centromeric cores (e.g., D127/D572, D271, D371, D471, D571,
D671, D771, D772, D872, D974, D10Z1, D1171, D1273, D13Z1/D2171, D1471/D2271,
D15%3, D16Z2, D17741, D17Z1b, D18%1, D18%2, D20Z2, DXZ1, and DYZ3). In addition,
during the development of embodiments of the technology provided herein, amplification
assays (e.g., qPCR assays) were developed that are specific for pericentromeric regions.
For example, some embodiments of the assays target pericentric arrays (e.g., D175,
D1372, D1373, D1376, D1377, D1378, D1379, D1472, D1473, D1974, D1975, D2274,
and D2275). In some embodiments, the assays detect the array p82H that is present in
all human centromeres (Mitchell et al., 1985; Aleixandre et al., 1987).

Experiments identified the pericentric endogenous retroviruses K111 and K222
(Contreras-Galindo et al., 2011, 2013; Zahn et al., 2015). K111 exists in the
pericentromeres (e.g., at the centromere/pericentromere border, e.g., based on data
indicating that K111 associates not only with CENP-A and CENP-B, but also with
H3K9 trimethylated chromatin) of fifteen human chromosomes and K222 exists in the
pericentromere of nine human chromosomes. During the development of the technology
provided herein, amplification assays were developed to quantify the abundance of these
proviruses. Consequently, the amplification assays find use in some embodiments to
study the variation and function of pericentric regions, e.g.,, to assess specific changes at

the centromeric core and at the pericentromere in most human centromeres.

Example 2 — Validation of assays to characterize centromeres

To evaluate the accuracy of embodiments of the technology provided herein, assays
described herein were used to determine the size of centromere arrays in DNA isolated
from peripheral blood lymphocytes of 5 individuals (Fig. 3). Data collected from the
assays indicated that arrays at the centromere core are larger than arrays at
pericentromere loci. The assays also indicated that the lengths of arrays vary in these
individuals. Estimates of the average sizes of each array in these subjects are shown in

Table 3. Interestingly, the sizes of these arrays do not correlate significantly with the
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sizes of the chromosomes. For example, centromere arrays in smaller chromosomes,
such as chromosomes 18 and 20, are larger than arrays in bigger chromosomes, such as

chromosomes 4 and 5.

Table 3 — Sizes of human centromere arrays

Centromere Rea! Time PCR Iulg:r]:(l)zrlnl(s)oo agzgrgl: ts(;(zle Reference
Repeat (copies/genome) (copies/ ) (copies/ me)
copies/genome copies/geno
D175 680 749 2573 Liehr, 2013
D177 ND 32170 11695 Liehr, 2013
D271 35047 26388 36842 Liehr, 2013
D371 17137 22880 19923 Liehr, 2013
D471 949 10919 18713 Liehr, 2013
DbZ1 8060 22710 26900 Liehr, 2013
D671 8354 21373 17543 Liehr, 2013
D771 69502 15905 22280 Liehr, 2013
D772 48 1090 584 Liehr, 2013
D8Z2 22145 16797 14912 Liehr, 2013
D974 20720 2657 15789 Liehr, 2013
D107Z1 14103 9030 12865 Liehr, 2013
D1171 39225 58563 27836 Liehr, 2013
D1273 205 9598 8187 Liehr, 2013
D13Z1/D217Z1 26495 16696 13450 Liehr, 2013
D1471/D2271 74037 2070 13450 Liehr, 2013
D157Z3 268 10145 14619 Liehr, 2013
D1672 14731 30258 11695 Liehr, 2013
D1771 916 12596 15789 Liehr, 2013
D187Z1 47908 19852 7953 Liehr, 2013
D1872 2858 2020 9941 Liehr, 2013
D1974 34 15 45 Lamerdin,
unpublished
D19Z5 1 1 11 Lamerdin,
unpublished
D2072 95484 12039 5964 Liehr, 2013
D2171 9342 7979 10438 Liehr, 2013
D2274 9 161 316 Liehr, 2013
DXZ1 6780 5769 22262 Liehr, 2013
DYZ3 526 931 1328 Liehr, 2013
K111 24474 47 2000 Contreras,
2013
K222 24 5) 50 Contreras,
2015
p82H 32864 0 28 Mitchell, 1985
Top3A 2 2 2 Contreras,
2015
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In Table 3, the numbers of a-repeats in each centromere array per diploid
genome were determined by real time PCR according to the technology provided herein
(column 2), as measured by bioinformatics analysis retrieved from the 1000 Genomes
project (column 3), or as estimated by previously published reports (column 4).

A reference data set was constructed in silico using sequences generated by the
1000 Genomes project as described in the Examples below (Fig. 4). Comparing the in
silico results with the amplification assay indicated that the data collected during the
development of embodiments of the technology reflected the trends observed in silico
(Fig. 5). In particular, the PCR data indicated that the average sizes of the centromere
arrays are: 1) larger in core arrays than in pericentric arrays; 2) vary in human
populations; and 3) do not correlate with the chromosome size (Table 3). Importantly,
the data indicated a correlation between the average numbers of a-repeats in each array
as determined by PCR and by in silico analysis (Fig. 5A and 5B). Data analysis was also
performed to correlate the numbers of a-repeats detected by amplification to the average
number of a-repeats in each array determined by Southern blotting analysis as
previously reported (Liehr, 2013; Table 3). The analysis indicated a positive correlation
(Fig. 5C), suggesting that the PCR assays rapidly and accurately determine the size and
variation of human centromeres and correlate well with Next Generation Sequencing
(NGS) data and Southern blotting analysis.

These data and analyses indicate that the present technology provides
improvements and benefits relative to extant technologies previously reported in the
literature (e.g., Southern blotting, NGS). For example, studying centromere arrays by
Southern blotting requires laborious and time-consuming techniques that often
comprise use of radioactive compounds and large amounts of DNA. Furthermore,
Southern probes often hybridize non-specifically to other centromere arrays, which
causes such a technique to yield inaccurate results. Further, Southern blotting is limited
to studying a single array and estimating array size within a window of variation
between approximately 6000 to 24,000 a-repeats (Liehr, 2013). Accordingly, the
Southern blot technique is unreliable for accurately estimating the size of centromere
arrays.

In contrast, embodiments of the technologies described herein provide an assay
that can measure the full size of each array in a given individual with an associated
variation in size that is as low as zero and 1s at most approximately 1800 a-repeats.

While extant NGS methodologies, analysis of databases (e.g., 1000 Genomes

data) (e.g., Fig. 4), and other bioinformatics approaches of the same caliber have
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generated useful data, these approaches suffer from deficiencies relative to the
technologies provided herein. For instance, although automated NGS studies are
efficient, several steps are required to prepare sequencing-ready DNA, including
complex sample preparation and costly sequencing technology. Bioinformatics analyses
are difficult for highly repetitive elements and require added expertise and cost, which
makes bioinformatics unlikely to compete with the assay technologies described herein,
which can be done in approximately 30 minutes at relatively low cost. Importantly, in
silico sequence analysis of centromere sequences requires analysis of raw (e.g.,
unprocessed) data from whole genome sequencing (WGS) studies because bioinformatics
pipelines exclude repetitive sequence data (including centromere repeats) from analysis,
especially if reads do not map to a reference human genome sequence. Also, some NGS
methods rely on target enrichment in the library preparation process, which uses
blocking reagents that eliminate the production of repetitive sequences (such as
centromeric a-repeats) in the library. These techniques greatly decrease the value of
some NGS technologies for studying human centromeres.

Embodiments of the technologies described herein offer a rapid assay (e.g., PCR
assay) to analyze individual centromere sequences simultaneously. Furthermore, some
embodiments of the technologies described herein offer a rapid assay (e.g., PCR assay) to
analyze individual centromere sequences simultaneously in real-time. Embodiments of
the technologies use primers and probes that specifically detect variations in centromere

sequences.

Example 3 — Detecting normal ploidy and nondisjunction defects

Embodiments of the technology (e.g., amplification (e.g., PCR) assays) provide a
determination of chromosome number by determining the abundance of a-repeats in the
centromere of each chromosome. Thus, embodiments of the technology find use in
screening DNA samples to determine the number of sex and somatic chromosomes, e.g.,
for distinguishing genetic gender and identifying chromosome aneuploidy in
nondisjunction congenital defects. During the development of embodiments of the
technology described herein, experiments were conducted to quantify the number of a-
repeats in arrays of chromosomes X and Y to identify gender. Data collected indicated
that the assay detected the DYZ3 array from chromosome Y in the male population but
not in the female population (Fig. 6). Centromere X DXZ1, while varying among
individuals, was consistently found at about 2 times the level in females than in males.

In addition, DXZ1 was found at different levels in one individual with trisomy X and in
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one phenotypic female with an XY karyotype. In particular, the content of a-repeats was
three times higher for the individual with trisomy X and the content of a-repeats was
similar to a male for the phenotypic female with the XY karyotype. DYZ3 was also
detected in the second individual. Therefore, as shown by experiments described herein,
embodiments of the assays described herein determine the sex chromosome ploidy of an
individual and thus find use in identifying and characterizing nondisjunction genetic
disorders of sex chromosomes, such as triple X syndrome, quadruple X syndrome,
Klinefelter (XXY) syndrome, Turner syndrome (monosomy X), super male (XYY)
syndrome, and other disorders associated with sex chromosome ploidy.

Additionally, experiments were conducted during the development of
embodiments of the technology described herein to assess a-repeat array number for
chromosomes 8 and 18 in karyotypically normal individuals and in individuals with
trisomy 8 (Warkany syndrome) or trisomy 18 (Edwards syndrome). The data collected
during these experiments indicated an approximately 1.5X increase in the a-repeat
content of D872 in individuals with trisomy 8 relative to the karyotypically normal
population (Fig. 6). A similar increase was detected in D1871 and D18%2 of chromosome
18 in individuals with trisomy 18.

Thus, these data indicated that embodiments of the assay technologies provided
herein reliably distinguish individuals having trisomy 8 or trisomy 18 from those
without the ploidy defect. Therefore, in contrast to current karyotype analysis in live
cells, embodiments of the assays described herein find use in detecting the abundance of
centromere arrays and thus provide a measure of the number of chromosomes in any
biological sample, regardless of origin or preservation of the specimen. Thus,
embodimetns of this new technology find use for antenatal diagnostics. Further, as
described herein, embodiments of the assays find use in studying centromere instability

and the effects thereof in nondisjunction chromosomal defects.

Example 4 — Quantifying centromeric transcript abundance

Human centromere sequences are thought to be tightly packaged into heterochromatin
structures and thus transcriptionally inert. Recent evidence suggests that these areas of
the genome are not only transcriptionally active, but their transcripts regulate
chromosome stability and cell division (Wong et al., 2007). Studies have shown the
expression of centromere arrays in chromosomes 4, 9, and 13/21, yet a more complete
map of centromere a-repeat array transcripts has not yet been generated. During the

development of embodiments of the technology provided herein, amplification (e.g., PCR)
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assays were used to measure the levels of transcription of individual human centromere
a-repeat arrays. Data collected from these experiments indicated that transcripts
originating from all centromere arrays are found in benign epithelial prostate and
prostate cancer cell lines (Fig. 7). These transcripts are genuine RNA sequences; these
transcripts are detected in samples carefully treated with DNAse that do not produce
amplification products without a reverse transcription step in the PCR reactions.
Therefore, embodiments of the technology provided herein (e.g., PCR assays) find use in
studying transcription levels of distinct human a-repeat arrays arising from

centromeres.

Example 5 — Studying centromere epigenetics

Recent studies indicated that centromere function is modulated not only epigenetically,
but also by a genetic component that drives centromere formation and function (Hayden,
2012; Henikoff et al., 2015). In particular, centromere proteins CENP-A and CENP-B
bind to centromere DNA and orient centromeric chromatin in a specific and/or spatial
order. The affinity of centromere proteins for binding centromeric arrays has been
studied in single stretched chromatin fibers or by ChIP-Seq analysis (Maloney et al.,
2012; Aldrup-MacDonald and Sullivan, 2014; Henikoff et al., 2015; Ross et al., 2016).
These studies measured the binding of CENP-A and identified CENP-B DNA boxes in
centromere arrays from chromosomes 1, 4, 5, 7, 11, 17, 19, X, and Y. However, the
question remains whether CKNP-A and CENP-B are capable of binding to all
centromere arrays or only to specific, selected a-repeats.

Accordingly, embodiments of the technology provided herein finds use in
addressing this question. During the development of embodiments of the technology
provided herein, experiments were conducted in which chromatin immunoprecipitation
(ChIP) assays were performed with the human LinCaP prostate cancer cell line using
antibodies that recognize CENP-A and CENP-B. Data were collected to measure the
content of a-repeats in each array co-immunoprecipitated with these proteins. The ChIP
assay data indicated that CENP-A binds to at least one a-repeat array in each human
centromere (Fig. 8); these arrays can therefore be classified as competent centromeric
arrays (see, e.g., Henikoff et al., 2015).

Similarly, data collected from experiments performed during the development of
the technology provided herein indicated that the list of inactive centromere arrays that

do not recruit CENP-A was previously incomplete (Henikoff et al., 2015). That is, the
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data indicated that more arrays are inactive and do not recruit CENP-A than was
previously known.

Interestingly, data collected during experiments conducted during the
development of embodiments of the technology described herein indicated that all
competent centromere arrays that bind CENP-A contain CENP-B boxes and bind
CENP-B except for chromosome Y (Fig. 8; also see below). In centromeres that comprise
more than one array, CENP-A bound predominantly to the largest array. In particular,
e.g., CENP-A preferentially bound to D177 relative to D175; CENP-A preferentially
bound to D771 relative to D7Z2; CENP-A preferentially bound to D1471 relative to
D1472; CENP-A preferentially bound to D177Z1 relative to D17Z1b; CENP-A
preferentially bound to D18Z1 relative to D1872; and CENP-A preferentially bound to
D2271 relative to D2274 or D2275.

Data also indicated that CENP-A binds to a-repeat arrays in the core centromeric
areas but not in the pericentric areas. Experiments were conducted to estimate the
fraction of a-repeats in each array loaded by CENP-A by determining the fraction of a-
repeats immunoprecipitated with CENP-A antibodies. The data collected indicated that
CENP-A loads between approximately 10 to 40% of a given array in each centromere, at
least in the cell line LNCaP. These studies confirm and extend previous investigations
focusing on a few centromere arrays (chromosomes 1, 17, X, and Y) (Maloney et al.,
2012; Aldrup-MacDonald and Sullivan, 2014; Ross et al., 2016). CENP-A also binds to
approximately 20% of the ubiquitous p82H repeat and occupied up to 70% of the array
DYZ3 in chromosome Y (Fig. 8).

Experiments conducted during the development of embodiments of the
technology described herein collected data from ChIP assays of CKNP-B, which revealed
that CENP-B binds to all centromere arrays except for D772, D1974, D1975, D2274,
D2275, and DYZ3 (Fig. 8). Previously, data indicated that CENP-B does not bind the
array DYZ3 in chromosome Y (Fachinetti et al., 2015), which is confirmed by the data
collected in experiments conducted during the development of the technology described
herein. In contrast to CENP-A, data collected during these experiments indicated that
CENP-B binds to arrays in either the centromere core or in the pericentric domain.

CENP-B binds to a specific 17-nt CENP-B DNA box: data collected during the
experiments conducted during the development of embodiments of the technology
described herein indicated the existence and characterized the distribution of CENP-B
boxes along the linear sequences of these arrays (Fig. 9). Analysis of the data identified

4 types of CENP-B boxes that CENP-B binds and did not identify intact CENP-B boxes

71



10

15

WO 2018/093777 PCT/US2017/061543

in centromere arrays that were not co-immunoprecipitated with CENP-B protein (see,

e.g., Table 4). In Table 4, the CENP-B box sequences are:

Name Sequence (5' to 3) SEQ ID NO:
CENP-B Box 1 CTTCGTTGGAAACGGGA 108
CENP-B Box 2 CTTCGTTGGAAACGGGT 109
CENP-B Box 3 TTTCGTTGGAAGCGGGA 110
CENF-B Box 4 TTTCGTTGGAAACGGGA 111

The underlined portions of the CENP-B Box nucleotide sequences promote (e.g.,
may be necessary for or are necessary for) CENP-B binding. Thus, box sequences having
mutations at one or more of the underlined bases will not recruit CKNP-B or will recruit
CENP-B less efficiently than a non-mutated sequence. In Table 4, a check mark
indicates that the indicated CENP-B Box sequence is present in the denoted

chromosomal a-repeat sequence.

Table 4 — CENP-B Boxes found in human centromere a-repeats
a-repeat CENP-Box 1 | CENP-Box 2 | CENP-Box 3 CENP-Box 4

D175-1
D175-2
D17Z7/D5722/D 197 v
3

D271

D371 v
D471
D5Z1/D1972 v
D6Z1
D771
D772
D872 v
D9Z4 v
D10Z1 v
D11Z1 v
D1273 v
D13Z1/D2171 v v
D1372
D1373
D13%6 v
D137Z7
D1378
D1379
D1471/D2271 v
D1472 v

ASNANAN

ANANAN
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D1473/D2276
D1573 v
D1672 v
DI177Z1
DI171b
DI18Z1 v
D1872
D1974
D1975
D2072
D21Z1/D1371 v
D2274-1
D2274-2
D2275

DXZ1 v

DYZ3
P82H v

AN

ANANANAN

ANAN

Furthermore, the data collected indicated that CENP-B boxes exist
approximately every 340 nt in the a-repeat arrays to which CENP-B binds, confirming
and expanding recent observations (Henikoff et al., 2015). Data analysis of the fractional
occupancy of CENP-B in each array provided an estimate of CENP-B occupancy to be
approximately 20 to 100% of the full size of the arrays (Fig. 8). Despite the observation
that inactive a-repeat arrays do not recruit CENP-A, some a-repeat arrays recruit
CENP-B, thus suggesting that some a-repeat arrays and CENP-B are competent to
maintain cohesion of sister chromatids. Therefore, data collected from experiments
conducted during the development of technology provided herein indicate the presence
of a relationship between centromere genomics to epigenetics and further indicate that

this relationship exists in most or all centromeres.

Example 6 — Distinguishing centromeres 13 and 21

Aneuploidy of chromosome 21 causes Down syndrome; accordingly, enumeration of
chromosome 21, e.g., by detecting and quantifying chromosome centromeres, provides a
diagnostic tool for Down syndrome and a research tool for studying the pathogenesis of
this syndrome. However, analysis of chromosome 21 based on detection of the
centromere is complicated by the high similarity (e.g., nearing 100% identity) of the
centromere a-repeat arrays of chromosome 13 D13Z1 and chromosome 21 D2171. The
centromere a-repeat arrays of chromosome 13 D13Z1 and chromosome 21 D2171 differ

by two single nucleotides (Pellestor et al., 1994; Nilsson et al., 1997).
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Accordingly, embodiments of the technology provide amplification (e.g., PCR)
assays and modified primers that recognize the nucleotide variations in D13Z1 or D21Z1
(Fig. 10A). To detect these mutations (and chromosomes comprising these mutations),
experiments were conducted to design primers containing a locked nucleic acid (LNA)
modification at the bases targeting the nucleotide change and amplification conditions
were developed to detect the D137%1 and/or D2171 nucleotide substitution (Skronsky et
al., 2013; Tables 1 and 2, Fig. 11).

In some embodiments, the assay for detecting D137%1 comprises a LNA primer
that specifically binds to a D13Z1 base substitution and another primer that binds to
both D137Z1 and D21Z1 arrays (Fig. 11A). In some embodiments, the assay for detecting
D2171 comprises primers with LNA modifications that detect a nucleotide substitution
of D2171 and a primer clamp that recognizes a base substitution of D13Z1 and prevents
amplification of D13%1 (Tables 1 and 2). This combination of primers, primer
modifications, and a primer clamp substantially reduced the amplification of D13%1
while allowing the detectable amplification of D2171 (Fig. 11B). Experiments were
conducted during the development of embodiments of the technology in which
amplification reactions designed to detect either D13Z1 or D2171 were evaluated in the
context of all human chromosomes; The data collected from these experiments indicated
that the assay is specific for D13Z1 and/or D21Z1 (Fig. 10B).

During the development of embodiments of the technology, in silico analysis was
performed on samples derived from the Human Genome Diversity Project (HGDP) to
examine the existence of these centromere 13 and 21 nucleotide substitutions in human
populations, extinct hominids, and apes. The data produced from these experiments
indicated that the D13Z1 and D21Z1 substitutions were present in all human
populations studied (Fig. 10C). Accordingly, these data indicate that the embodiments of
the assay technology described herein (e.g., PCR assays) differentiate centromeres 13
and 21 in diverse human populations. Furthermore, these data indicated that D13%1
and D2171 substitutions do not exist in modern apes, except for a very few copies of a
D2171 substitution detected in chimpanzees and gorillas, indicating that these
nucleotide variations accumulated after the split of the Homo-Pan ancestor (Fig. 10C).
Additional analysis of these nucleotide substitutions in extinct hominids indicated that
D13Z1 and D21Z1 substitutions accumulated in Denisovan and Neanderthal
individuals. Interestingly, the D13Z1 substitution was detected at a higher frequency in

the Denisovan population (Fig. 10C).
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Example 7 — Centromeric instability in trisomy 13 and trisomy 21

Some embodiments of the technology described herein provide a rapid and
comprehensive assay (e.g., amplification (e.g., PCR) assay) to examine human
centromeres (e.g., one or more human centromeres; e.g., each distinct human
centromere). In some embodiments, the technology finds use to assess the role of these
sequences in developmental disorders. Accordingly, experiments were conducted during
the development of embodiments of the technology to detect nucleotide substitutions
present in D13Z1 and D2171 in individuals with unbalanced numbers of chromosome 13
or chromosome 21, Data were collected to quantify the number of D13Z1 and D21%1
specific substitutions in genetically normal individuals and is individuals with trisomy
13 (Patau syndrome) or trisomy 21 (Down syndrome). The data indicated that the
D13Z1 array was detected at a level that is approximately 1.5 X higher in individuals
with trisomy 13 than in those without the defect (Fig. 5A). The data also indicated that
some individuals with trisomy 21, but not all, have lesser amounts of D13Z1 than the
amount of D13%1 detected in the normal population.

Analysis of the D2171 sequences did not demonstrate an increased number of
centromere 21 substitutions in individuals with trisomy 21 as compared to individuals
without the defect. In fact, the number of D2171 specific sequences is dramatically lower
in individuals with trisomy 21, indicating that a loss of D2171 a-repeat arrays or a
partial loss of centromere 21 DNA exists in individuals with trisomy 21 (Fig. 12B).
Experiments were conducted with the trisomy 21 DNA samples assayed as described
above to confirm that the samples had a trisomy 21 karyotype. In particular, a PCR
genetic test was used for the chromosome 21 short tandem repeat D21S167 and the
S100B gene (Yang et al., 2005), which verified that the trisomy 21 DNA samples had
extra copies on chromosome 21 in contrast to samples from individuals with a normal
karyotype (not shown). Taken together, these data indicate that instability of
centromere 21 exists in individuals with trisomy 21, which is a previously unsuspected

contribution to this genetic defect.

Example 8 — Pericentric instability in trisomy 13 and trisomy 21

As described herein, individuals with trisomy 21 have genome instability at the
centromere of chromosome 21. Accordingly, experiments were conducted during the
development of embodiments of the technology described herein to evaluate instability
at the pericentromere of chromosome 21 in individuals having trisomy 21. In particular,

experiments were conducted using the pericentric markers K111 and K222 described
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herein. While K111 and K222 exist in several pericentromeres as single copies, multiple
copies of K111 have accumulated in the pericentromere of chromosome 21 and K222 has
accumulated in pericentromeres of chromosomes 13 and 14 (Contreras-Galindo et al.,
2011, 2013; Zahn et al., 2015). During the development of embodiments of the
technology provided herein, experiments were conducted in which pericentric K111 and
K222 were quantified as a surrogate for pericentromere size. The data collected from
these experiments indicated that, in contrast to the DNA of healthy individuals,
individuals with trisomy 13 and 21 have shorter pericentromeres (Fig.12C). These data
indicate that pericentromere instability or deletion of pericentric areas is present in
individuals with trisomy 13 and trisomy 21.

Furthermore, during the development of embodiments of the technology
described herein, experiments were conducted to develop an assay using LNA-modified
primers to detect K111 specifically and, furthermore, to quantify K111. The specificity of
the assay detected K111 but did not detect K222, Indeed, the data indicated that K111
copy numbers, which are abundant in the pericentromere of chromosome 21, are
significantly reduced in individuals with trisomy 21 (Fig. 12D), indicating with
additional data that pericentric instability is present in individuals with trisomy 21.

Additionally, experiments were conducted during the development of
embodiments of the technology in which sequencing was used to assess the diversity of
K111 proviruses in trisomy 21 individuals. Sequence analysis indicated that, in contrast
to genetically normal individuals, K111 sequences specific for chromosome 21 are
present at reduced numbers in trisomy 21 individuals (Fig. 13). The analysis also shows
that K111 sequences from other chromosomes are detected in trisomy 21 individuals,
similar to detection of these sequences in healthy individuals. Interestingly, the
nucleotide sequences of chromosome 21 DNA from trisomy 21 individuals comprised
novel K111 sequences that do not match known K111 sequences. Phylogenetic analysis
indicated that these sequences are the result of homologous recombination at the
pericentromere (Fig. 13). Recombination analysis indicated that the new K111
phylogenetic branch detected in the tree of trisomy subject C (black star in Fig. 13) is
the result of recombinational deletion between distinct K111 sequences from
chromosome 21 (not shown). Recombination analysis did not identify the origin of the
novel K111 sequences in trisomy 21 subjects A and B (Fig. 13).

Accordingly, the data indicate that instability at pericentromeric and/or
centromeric loci is associated with and/or causes missegregation of chromosomes during

cell division and thus that instability at pericentromeric and/or centromeric loci is a
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causative factor for trisomy. Importantly, the methodologies of extant technologies

would not have been able to produce these data.

Example 9 — Centromere instability in scleroderma

Scleroderma (“SSc”) is a disease of unknown etiology, but exposure to chemicals appears
to play some fundamental role in the pathogenesis of this disease. SSc is an
autoimmune disease characterized by a complex interplay of autoimmunity,
vasculopathy, and fibrosis of the skin and may involve internal organs. There are two
main types of the disease: limited cutaneous SSc (‘1cSSc”) and diffuse cutaneous SSc
(“deSSc”) (49, 50). LeSSc usually has skin involvement limited to hands, forearms, feet,
and legs. DcSSc is associated with disease in the upper arms, thighs and torso, and is a
rapidly progressive condition. Both subsets are associated with internal organ
involvement, usually of the kidneys, heart, intestines, and lungs. SSc can be quite
disabling to patients. About 150,000 individuals suffer from SSc in the United States
and it affects mostly women between the ages of 30 to 50 (51).

Although genetic factors and exposure to environmental agents seem to play
roles in SSc, the cause of this disease remains unknown. Chemicals used for
chemotherapy (e.g., bleomycin) and chemicals found in metal degreasing and dry
cleaning products (e.g., benzene, perchloroethylene (PCE), and trichloroethylene (TCE))
have been shown to induce SSc-like fibrosis. (53-55). Limited studies indicate that
personnel exposed to these solvents during work or accessing contaminated water
supplies have an increased incidence to develop SSc or other autoimmune disorders (50-
55). There is also concern that veterans exposed to herbicides such as Agent Orange
might have an increased risk of developing SSc (56). This is a major medical concern, for
example, with respect to millions of active-duty military workers and reserve veterans
have been assigned at some time to places where exposure to these environmental
contaminants took place. Nonetheless, the pathogenesis of SSc remains unclear,
including the role of chemical agents in inducing SSc.

SSc diagnosis relies on physical exams and clinical evaluations accompanied by
screening for antinuclear antibodies (ANAs) (57-59). Among the ANAs tested,
antitopoisomerase-I antibodies (ATAs) (usually called anti-Scl-70) are seen
predominately in deSSc patients (prevalence 20-40%) and are associated with poor
prognosis, pulmonary fibrosis, and disease progression (52-54). Anticentromere
antibodies (ACAs), another analyte tested by the ANA test, are found in up to 60-70% of
1eSSc (57-62). ACAs recognize centromere proteins CENP-A to CENP-T, predominately
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CENP-B. ACAs are associated with a more favorable prognosis as compared with the
positivity of ATAs (57, 60). Anti-RNA polymerase I and 111 antibodies detected in 10-
25% of deSSc patients are used as a predictive marker of rapid onset of the disease, skin
thickening, and renal crisis (57). Other autoantibody tests have prognostic utility, but
only for a small percentage of SSc patients.

Despite their clinical value for prognosis, the etiology attributed to the
production of ATAs and ACAs in SSc patients is unknown. Further, whether nuclear
and/or centromere protein defects and antigen presentation arise in cells implicated in
SSc fibrosis have not been explored. The pathophysiology of SSc includes immune
activation, vascular injury, and loss of epithelium, and culminates in fibrosis, a
thickening of the connective tissue produced by excessive accumulation of extracellular
matrix (ECM) proteins, including collagen type-1, type-IIl, and fibronectin (63, 64).
Activation of fibroblasts, the resident cells of the connective tissue, is a key contributor
to fibrosis in SSe (63). After tissue injury, active fibroblasts migrate to the KCM. In an
environment rich in growth factors secreted by immune and blood cells, such as
fibroblast growth factor (FGF) and connective tissue growth factor (CTGF), active
fibroblasts differentiate into secretory myofibroblasts in a process called fibroblast to
myofibroblast transition (63). SSc fibroblasts also secrete growth factors to recruit more
resident fibroblasts to these lesions. Unlike fibroblasts, myofibroblasts express alpha
smooth muscle actin (a-SMA) (63). Accumulation of a large number of myofibroblasts is
responsible for the excessive synthesis of ECM proteins. Myofibroblasts usually arise
from mesenchymal stem cells (MSCs) of fibroblastic lineage, such as resident fibroblasts
and pericytes, but could also arise from other cellular sources including smooth muscle
cells (63, 64). Recent studies show that in contrast to healthy cells, fibroblasts and/or
myofibroblasts isolated from fibrotic tissue from idiopathic pulmonary fibrosis (IPF) or
oral submucous fibrosis (OSF) show genome instability (65-67).

During the development of embodiments of the technology described herein,
experiments were conducted indicating that the stability of centromere sequences is
quite different in SSc with respect to healthy fibroblasts. Data collected during these
experiments indicated that major losses of centromere material occurred in several
chromosomes from diffuse cutaneous Scleroderma (dsSSc) fibroblasts (5043, 5060, 5065,
5074) relative to healthy fibroblasts (N59, N60, and N64) (Fig. 14). Further, the data did
not indicate that centromere changes occurred in cells cultured at different passages or
treated with antibiotics or antimycotics. Accordingly, embodiments of the technology

relate to a centromere assay (e.g., by amplification, e.g., by PCR) for detecting
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destabilized centromeres in samples from SSc patients and/or tissues. In some
embodiments, the centromere assay detects the abundance of alpha-repeats of one or
more chromosomes. In some embodiments, the centromere assay detects the abundance
of an alpha-repeat designated as demonstrating a significant difference in Figure 14
between the SSc and normal fibroblasts (e.g., D175, D271, D3%1, D471, D571, D671,
D772, D8Z2, D974, D10Z1, D1171, D1371, D15Z3, D1672, D177Z1, D17Z1b, D1974,
D1975, D20Z2, D2171, p82H, Top3A). In some embodiments, an alpha-repeat
designated as demonstrating a significant difference in Figure 14 between the SSc and

normal fibroblasts provides a measurement of genome instability in fibrosis.

Example 10 — Centromere instability induced by contaminants of concern
During the development of embodiments of the technology described herein,
experiments were conducted to investigate causes of centromere deletion in deSSc.
Without being bound by theory, it was contemplated that centromere deletions arise
from recombination of centromeres created during repair of double strand breaks
(DSBs). Thus, experiments were conducted to test this hypothesis by treating fibroblasts
with bleomycin, an agent that induces double strand breaks (‘DSBs”) (68-70), produces a
SSc-like syndrome in mice (71, 72), and causes Raynaud’'s syndrome and pulmonary
fibrosis (PF) in humans (73), similar to that seen in SSc. Treatment of CHON-002
fibroblasts with different concentrations of bleomycin produced DSBs, as measured by
increased production of H2AX (Fig.15A). This assay measures the levels of
phosphorylation of histone H2A variant X (H2AX), a protein that is specifically
phosphorylated after (e.g., nearly immediately after) the formation of DSBs (74, 75).

Further, bleomycin treatment produced centromere instability as measured by
PCR assays, indicating that DSBs in centromere DNA produce centromere mutations
that cause SSc-like syndrome and fibrosis. Accordingly, the data indicate that
centromere instability causes SSc-like disease and further experiments were conducted
to test whether environmental contaminants linked to SSc in military personnel produce
centromere instability. Strikingly, data collected during these experiments indicated
that treatment of cells with the Agent Orange component 2,4,5-T and the herbicide
Paraquat produced centromere instability at 24 hours (Fig. 15B), suggesting that these
herbicides produce genome instability that causes fibrosis. In contrast, the data
indicated that amphotericin B produced no effect in cells.

Consequently, in some embodiments, the technology provides an assay of

centromere instability in samples from many types of patients, e.g., those having

79



10

15

20

25

30

WO 2018/093777 PCT/US2017/061543

fibrosis, trisomy and disease. Furthermore, in some embodiments the technology relates

to screening drugs to identify drugs that produce genome instability and would therefore

produce undesirable disease states.

10.
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CLAIMS

WE CLAIM:

1. A method for detecting a human chromosome in a sample, the method

comprising:

a)

b)

producing an amplicon comprising a nucleotide sequence from a target a-
repeat array; and
detecting the human chromosome in the sample by detecting the amplicon

comprising the nucleotide sequence from the target a-repeat array.

The method of claim 1 further comprising hybridizing a first oligonucleotide and

a second oligonucleotide to the nucleic acid comprising the target a-repeat array.

The method of claim 1, wherein:

a)

b)

c)

d)

e)

g)

h)

i)

)

the human chromosome is chromosome 1 and the target a-repeat array is
D175, and/or D17Z7;

the human chromosome is chromosome 2 and the target a-repeat array is
D271;

the human chromosome is chromosome 3 and the target a-repeat array is
D371;

the human chromosome is chromosome 4 and the target a-repeat array is
D471;

the human chromosome is chromosome 5 and the target a-repeat array is
D571;

the human chromosome is chromosome 6 and the target a-repeat array is
D6Z1;

the human chromosome is chromosome 7 and the target a-repeat array is
D771 and/or D772;

the human chromosome is chromosome 8 and the target a-repeat array is
D872;

the human chromosome is chromosome 9 and the target a-repeat array is
D974;

the human chromosome is chromosome 10 and the target a-repeat array is

D1071;
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k)

D

m)

n)

0)

D)

Q)

r)

8)

t)

w

v)

w)

X)

a)

the human chromosome is chromosome 11 and the target a-repeat array is
D1171;

the human chromosome is chromosome 12 and the target a-repeat array is
D1273;

the human chromosome is chromosome 13 and the target a-repeat array is
D1371;

the human chromosome is chromosome 14 and the target a-repeat array is
D1471 and/or D14Z2 and/or D147Z3;

the human chromosome is chromosome 15 and the target a-repeat array is
D15Z3;

the human chromosome is chromosome 16 and the target a-repeat array is
D167Z2:;

the human chromosome is chromosome 17 and the target a-repeat array is
D1771 and/or D171Db;

the human chromosome is chromosome 18 and the target a-repeat array is
D18Z1 and/or D1872;

the human chromosome is chromosome 19 and the target a-repeat array is
D19Z4 and/or D1975;

the human chromosome is chromosome 20 and the target a-repeat array is
D207Z2;

the human chromosome is chromosome 21 and the target a-repeat array is
D2171;

the human chromosome is chromosome 22 and the target a-repeat array is
D2274, and/or D2275:

the human chromosome is chromosome X and the target a-repeat array is
DXZ1; and/or

the human chromosome is chromosome Y and the target a-repeat array is

DYZ3.

The method of claim 1 wherein:

the first oligonucleotide comprises a nucleotide sequence provided by SEQ
1D NO: 1, 3, or 5 and the second oligonucleotide comprises a nucleotide

sequence provided by SEQ 1D NO: 2, 4, or 6;
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b)

c)

d)

e)

g)

h)

i)

)

k)

D

m)

the first oligonucleotide comprises a nucleotide sequence provided by SEQ
ID NO: 7 and the second oligonucleotide comprises a nucleotide sequence
provided by SEQ ID NO: 8;

the first oligonucleotide comprises a nucleotide sequence provided by SEQ
1D NO: 9 and the second oligonucleotide comprises a nucleotide sequence
provided by SEQ ID NO: 10;

the first oligonucleotide comprises a nucleotide sequence provided by SEQ
ID NO: 11 and the second oligonucleotide comprises a nucleotide sequence
provided by SEQ ID NO: 12;

the first oligonucleotide comprises a nucleotide sequence provided by SEQ
ID NO: 13 and the second oligonucleotide comprises a nucleotide sequence
provided by SEQ ID NO: 14;

the first oligonucleotide comprises a nucleotide sequence provided by SEQ
ID NO: 15 and the second oligonucleotide comprises a nucleotide sequence
provided by SEQ ID NO: 16;

the first oligonucleotide comprises a nucleotide sequence provided by SEQ
ID NO: 17 or 19 and the second oligonucleotide comprises a nucleotide
sequence provided by SEQ ID NO: 18 or 20;

the first oligonucleotide comprises a nucleotide sequence provided by SEQ
1D NO: 21 and the second oligonucleotide comprises a nucleotide sequence
provided by SEQ ID NO: 22;

the first oligonucleotide comprises a nucleotide sequence provided by SEQ
1D NO: 23 and the second oligonucleotide comprises a nucleotide sequence
provided by SEQ ID NO: 24;

the first oligonucleotide comprises a nucleotide sequence provided by SEQ
1D NO: 25 and the second oligonucleotide comprises a nucleotide sequence
provided by SEQ ID NO: 26;

the first oligonucleotide comprises a nucleotide sequence provided by SEQ
1D NO: 27 and the second oligonucleotide comprises a nucleotide sequence
provided by SEQ ID NO: 28;

the first oligonucleotide comprises a nucleotide sequence provided by SEQ
1D NO: 29 and the second oligonucleotide comprises a nucleotide sequence
provided by SEQ ID NO: 30;

the first oligonucleotide comprises a nucleotide sequence provided by SEQ

1D NO: 31, 34, 36, 38, 40, 42, 44, or 46 and the second oligonucleotide
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n)

0)

D)

Q)

r)

8)

t)

w

v)

w)

X)

comprises a nucleotide sequence provided by SEQ 1D NO: 32, 35, 37, 39,
41, 43, 45, or 47;

the first oligonucleotide comprises a nucleotide sequence provided by SEQ
1D NO: 48, 50, or 52 and the second oligonucleotide comprises a nucleotide
sequence provided by SEQ ID NO: 49, 51, or 53;

the first oligonucleotide comprises a nucleotide sequence provided by SEQ
1D NO: 54 and the second oligonucleotide comprises a nucleotide sequence
provided by SEQ ID NO: 55;

the first oligonucleotide comprises a nucleotide sequence provided by SEQ
ID NO: 56 and the second oligonucleotide comprises a nucleotide sequence
provided by SEQ ID NO: 57;

the first oligonucleotide comprises a nucleotide sequence provided by SEQ
1D NO: 58 or 60 and the second oligonucleotide comprises a nucleotide
sequence provided by SEQ ID NO: 59 or 61;

the first oligonucleotide comprises a nucleotide sequence provided by SEQ
1D NO: 62 or 64 and the second oligonucleotide comprises a nucleotide
sequence provided by SEQ ID NO: 63 or 65;

the first oligonucleotide comprises a nucleotide sequence provided by SEQ
ID NO: 66 or 68 and the second oligonucleotide comprises a nucleotide
sequence provided by SEQ ID NO: 67 or 69;

the first oligonucleotide comprises a nucleotide sequence provided by SEQ
1D NO: 70 and the second oligonucleotide comprises a nucleotide sequence
provided by SEQ ID NO: 71;

the first oligonucleotide comprises a nucleotide sequence provided by SEQ
1D NO: 72 or 74 and the second oligonucleotide comprises a nucleotide
sequence provided by SEQ ID NO: 73 or 75;

the first oligonucleotide comprises a nucleotide sequence provided by SEQ
1D NO: 76, 78, or 80 and the second oligonucleotide comprises a nucleotide
sequence provided by SEQ ID NO: 77, 79, or 81;

the first oligonucleotide comprises a nucleotide sequence provided by SEQ
1D NO: 82 and the second oligonucleotide comprises a nucleotide sequence
provided by SEQ ID NO: 83; and/or

the first oligonucleotide comprises a nucleotide sequence provided by SEQ
1D NO: 84 and the second oligonucleotide comprises a nucleotide sequence

provided by SEQ ID NO: 85.
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The method of claim 1 further comprising inhibiting amplification of an amplicon

comprising a nucleotide sequence from a non-target a-repeat array.

The method of claim 5 wherein inhibiting amplification of an amplicon
comprising a nucleotide sequence from a non-target a-repeat array comprises
hybridizing a clamp oligonucleotide to a nucleic acid comprising the non-target a-

repeat array.

The method of claim 1 wherein the first oligonucleotide and/or the second

oligonucleotide comprises a locked nucleic acid nucleotide.

The method of claim 1 wherein a centromere core comprises the target a-repeat

array.

The method of claim 1 wherein a pericentromeric region comprises the target a-

repeat array.

The method of claim 1 wherein the target a-repeat array is p82H.

The method of claim 1 wherein the first oligonucleotide comprises a nucleotide
sequence provided by SEQ ID NO: 86 and the second oligonucleotide comprises a
nucleotide sequence provided by SEQ ID NO: 87.

The method of claim 1 further comprising quantifying the amplicons produced

from the target a-repeat array to provide a quantity of a-repeat amplicons.

The method of claim 12 further comprising calculating the relative number of a-
repeats in the a-repeat array per human diploid genome by comparing the

quantity of a-repeat amplicons to the quantity of a single-copy gene.
The method of claim 13 further comprising calculating the ploidy of the human

chromosome in the sample by comparing the relative number of a-repeats in the

a-repeat array per human diploid genome calculated for the sample to a relative
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15.

16.

17.

18.

19.

20.

21.

22

number of a-repeats in the a-repeat array per human diploid genome for a

normal sample.

The method of claim 14 wherein the relative number of a-repeats in the a-repeat
array per human diploid genome for a normal sample is a previously determined
known value.

The method of claim 14 wherein the relative number of a-repeats in the a-repeat
array per human diploid genome for a normal sample is determined

experimentally using a sample from a normal human.

The method of claim 14 wherein the ploidy of the human chromosome indicates

that the human source of the sample has an aneuploidy.

The method of claim 14 wherein the ploidy of the human chromosome indicates

that the human source of the sample is male.

The method of claim 14 wherein the ploidy of the human chromosome indicates

that the human source of the sample is female.

The method of claim 17 wherein the aneuploidy is a trisomy.

The method of claim 16 wherein the aneuploidy is trisomy 21, trisomy 13,

trisomy 8, trisomy 18, or trisomy X.

A method for detecting an aneuploidy of a chromosome in a subject, the method

comprising:
a) determining a pericentromere size of a chromosome;
b) comparing the pericentromere size of the chromosome to the

pericentromere size for the chromosome of a normal subject; and
c) identifying the chromosome as aneuploid by determining that the
pericentromere size of the chromosome of the subject is smaller than the

pericentromere size for the chromosome of a normal subject.
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23.

24.

25.

26.

27.

The method of claim 22 wherein determining a pericentromere size of a

chromosome comprises quantifying copy number of K111 and/or K222,

The method of claim 22 wherein determining a pericentromere size of a
chromosome comprises amplifying K111 using a first oligonucleotide comprising
a sequence provided by SEQ ID NO: 98 or 104 and a second oligonucleotide
comprising a sequence provided by SEQ ID NO: 99 or 105.

The method of claim 22 wherein determining a pericentromere size of a
chromosome comprises amplifying K222 using a first oligonucleotide comprising
a sequence provided by SEQ ID NO: 101 and a second oligonucleotide comprising
a sequence provided by SEQ ID NO: 102.

A method for determining the number of a-repeats in an a-repeat array of a

chromosome, the method comprising:

a) hybridizing a first oligonucleotide and a second oligonucleotide to a
nucleic acid comprising a target a-repeat array;

b) producing an amplicon comprising a nucleotide sequence from the target
a-repeat array;

) quantifying the amplicon; and

d) calculating the number of a-repeats in the a-repeat array of the

chromosome from the quantity of the amplicon.

The method of claim 26 wherein:
a) the human chromosome is chromosome 1 and the target a-repeat array is

D175, and/or D17Z7;

b) the human chromosome is chromosome 2 and the target a-repeat array is
D271;

) the human chromosome is chromosome 3 and the target a-repeat array is
D371;

d) the human chromosome is chromosome 4 and the target a-repeat array is
D471;

e) the human chromosome is chromosome 5 and the target a-repeat array is
D571;
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g)

h)

i)

1)

k)

D

m)

n)

0)

D)

Q)

r)

8)

t)

w

v)

the human chromosome is chromosome 6 and the target a-repeat array is
D6Z1;

the human chromosome is chromosome 7 and the target a-repeat array is
D771 and/or D772;

the human chromosome is chromosome 8 and the target a-repeat array is
D872;

the human chromosome is chromosome 9 and the target a-repeat array is
D974;

the human chromosome is chromosome 10 and the target a-repeat array is
D10Z1;

the human chromosome is chromosome 11 and the target a-repeat array is
D1171;

the human chromosome is chromosome 12 and the target a-repeat array is
D1273;

the human chromosome is chromosome 13 and the target a-repeat array is
D1371;

the human chromosome is chromosome 14 and the target a-repeat array is
D1471 and/or D14Z2 and/or D147Z3;

the human chromosome is chromosome 15 and the target a-repeat array is
D15Z3;

the human chromosome is chromosome 16 and the target a-repeat array is
D167Z2:;

the human chromosome is chromosome 17 and the target a-repeat array is
D1771 and/or D171Db;

the human chromosome is chromosome 18 and the target a-repeat array is
D18Z1 and/or D1872;

the human chromosome is chromosome 19 and the target a-repeat array is
D19Z4 and/or D1975;

the human chromosome is chromosome 20 and the target a-repeat array is
D207Z2;

the human chromosome is chromosome 21 and the target a-repeat array is
D2171;

the human chromosome is chromosome 22 and the target a-repeat array is

D2274, and/or D2275;
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28.

w)

X)

the human chromosome is chromosome X and the target a-repeat array is
DXZ1: and/or
the human chromosome is chromosome Y and the target a-repeat array is

DYZ3.

The method of claim 26 wherein:

a)

b)

c)

d)

e)

g)

h)

i)

the first oligonucleotide comprises a nucleotide sequence provided by SEQ
1D NO: 1, 3, or 5 and the second oligonucleotide comprises a nucleotide
sequence provided by SEQ 1D NO: 2, 4, or 6;

the first oligonucleotide comprises a nucleotide sequence provided by SEQ
ID NO: 7 and the second oligonucleotide comprises a nucleotide sequence
provided by SEQ ID NO: 8;

the first oligonucleotide comprises a nucleotide sequence provided by SEQ
1D NO: 9 and the second oligonucleotide comprises a nucleotide sequence
provided by SEQ ID NO: 10;

the first oligonucleotide comprises a nucleotide sequence provided by SEQ
ID NO: 11 and the second oligonucleotide comprises a nucleotide sequence
provided by SEQ ID NO: 12;

the first oligonucleotide comprises a nucleotide sequence provided by SEQ
ID NO: 13 and the second oligonucleotide comprises a nucleotide sequence
provided by SEQ ID NO: 14;

the first oligonucleotide comprises a nucleotide sequence provided by SEQ
ID NO: 15 and the second oligonucleotide comprises a nucleotide sequence
provided by SEQ ID NO: 16;

the first oligonucleotide comprises a nucleotide sequence provided by SEQ
ID NO: 17 or 19 and the second oligonucleotide comprises a nucleotide
sequence provided by SEQ ID NO: 18 or 20;

the first oligonucleotide comprises a nucleotide sequence provided by SEQ
1D NO: 21 and the second oligonucleotide comprises a nucleotide sequence
provided by SEQ ID NO: 22;

the first oligonucleotide comprises a nucleotide sequence provided by SEQ
1D NO: 23 and the second oligonucleotide comprises a nucleotide sequence

provided by SEQ ID NO: 24;
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)

k)

D

m)

n)

0)

D)

Q)

r)

8)

t)

the first oligonucleotide comprises a nucleotide sequence provided by SEQ
1D NO: 25 and the second oligonucleotide comprises a nucleotide sequence
provided by SEQ ID NO: 26;

the first oligonucleotide comprises a nucleotide sequence provided by SEQ
1D NO: 27 and the second oligonucleotide comprises a nucleotide sequence
provided by SEQ ID NO: 28;

the first oligonucleotide comprises a nucleotide sequence provided by SEQ
1D NO: 29 and the second oligonucleotide comprises a nucleotide sequence
provided by SEQ ID NO: 30;

the first oligonucleotide comprises a nucleotide sequence provided by SEQ
1D NO: 31, 34, 36, 38, 40, 42, 44, or 46 and the second oligonucleotide
comprises a nucleotide sequence provided by SEQ 1D NO: 32, 35, 37, 39,
41, 43, 45, or 47;

the first oligonucleotide comprises a nucleotide sequence provided by SEQ
1D NO: 48, 50, or 52 and the second oligonucleotide comprises a nucleotide
sequence provided by SEQ ID NO: 49, 51, or 53;

the first oligonucleotide comprises a nucleotide sequence provided by SEQ
ID NO: 54 and the second oligonucleotide comprises a nucleotide sequence
provided by SEQ ID NO: 55;

the first oligonucleotide comprises a nucleotide sequence provided by SEQ
ID NO: 56 and the second oligonucleotide comprises a nucleotide sequence
provided by SEQ ID NO: 57;

the first oligonucleotide comprises a nucleotide sequence provided by SEQ
1D NO: 58 or 60 and the second oligonucleotide comprises a nucleotide
sequence provided by SEQ ID NO: 59 or 61;

the first oligonucleotide comprises a nucleotide sequence provided by SEQ
1D NO: 62 or 64 and the second oligonucleotide comprises a nucleotide
sequence provided by SEQ ID NO: 63 or 65;

the first oligonucleotide comprises a nucleotide sequence provided by SEQ
ID NO: 66 or 68 and the second oligonucleotide comprises a nucleotide
sequence provided by SEQ ID NO: 67 or 69;

the first oligonucleotide comprises a nucleotide sequence provided by SEQ
1D NO: 70 and the second oligonucleotide comprises a nucleotide sequence

provided by SEQ ID NO: 71;
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29.

30.

31.

32.

33.

u the first oligonucleotide comprises a nucleotide sequence provided by SEQ
1D NO: 72 or 74 and the second oligonucleotide comprises a nucleotide
sequence provided by SEQ ID NO: 73 or 75;

V) the first oligonucleotide comprises a nucleotide sequence provided by SEQ
1D NO: 76, 78, or 80 and the second oligonucleotide comprises a nucleotide
sequence provided by SEQ ID NO: 77, 79, or 81;

W) the first oligonucleotide comprises a nucleotide sequence provided by SEQ
1D NO: 82 and the second oligonucleotide comprises a nucleotide sequence
provided by SEQ ID NO: 83; and/or

x) the first oligonucleotide comprises a nucleotide sequence provided by SEQ
1D NO: 84 and the second oligonucleotide comprises a nucleotide sequence

provided by SEQ ID NO: 85.

A reaction mixture comprising a nucleotide sequence from a target a-repeat

array.

The reaction mixture of claim 29 further comprising an amplicon comprising the

nucleotide sequence from the target a-repeat array.

The reaction mixture of claim 29 further comprising a first oligonucleotide

complementary to the nucleotide sequence from the target a-repeat array.

The reaction mixture of claim 29 further comprising a second oligonucleotide

complementary to the nucleotide sequence from the target a-repeat array.

A composition comprising one or more of:

a) a first oligonucleotide comprising a nucleotide sequence provided by SEQ
ID NO: 1, 3, or 5 and a second oligonucleotide comprising a nucleotide
sequence provided by SEQ ID NO: 2, 4, or 6;

b) a first oligonucleotide comprising a nucleotide sequence provided by SEQ
ID NO: 7 and a second oligonucleotide comprising a nucleotide sequence
provided by SEQ ID NO: 8;

) a first oligonucleotide comprising a nucleotide sequence provided by SEQ
1D NO: 9 and a second oligonucleotide comprising a nucleotide sequence

provided by SEQ ID NO: 10;
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d)

e)

g)

h)

i)

)

k)

D

m)

n)

a first oligonucleotide comprising a nucleotide sequence provided by SEQ
ID NO: 11 and a second oligonucleotide comprising a nucleotide sequence
provided by SEQ ID NO: 12;

a first oligonucleotide comprising a nucleotide sequence provided by SEQ
ID NO: 13 and a second oligonucleotide comprising a nucleotide sequence
provided by SEQ ID NO: 14;

a first oligonucleotide comprising a nucleotide sequence provided by SEQ
ID NO: 15 and a second oligonucleotide comprising a nucleotide sequence
provided by SEQ ID NO: 16;

a first oligonucleotide comprising a nucleotide sequence provided by SEQ
ID NO: 17 or 19 and a second oligonucleotide comprising a nucleotide
sequence provided by SEQ 1D NO: 18 or 20;

a first oligonucleotide comprising a nucleotide sequence provided by SEQ
1D NO: 21 and a second oligonucleotide comprising a nucleotide sequence
provided by SEQ ID NO: 22;

a first oligonucleotide comprising a nucleotide sequence provided by SEQ
1D NO: 23 and a second oligonucleotide comprising a nucleotide sequence
provided by SEQ ID NO: 24;

a first oligonucleotide comprising a nucleotide sequence provided by SEQ
1D NO: 25 and a second oligonucleotide comprising a nucleotide sequence
provided by SEQ ID NO: 26;

a first oligonucleotide comprising a nucleotide sequence provided by SEQ
1D NO: 27 and a second oligonucleotide comprising a nucleotide sequence
provided by SEQ ID NO: 28;

a first oligonucleotide comprising a nucleotide sequence provided by SEQ
1D NO: 29 and a second oligonucleotide comprising a nucleotide sequence
provided by SEQ ID NO: 30;

a first oligonucleotide comprising a nucleotide sequence provided by SEQ
1D NO: 31, 34, 36, 38, 40, 42, 44, or 46 and a second oligonucleotide
comprising a nucleotide sequence provided by SEQ ID NO: 32, 35, 37, 39,
41, 43, 45, or AT:

a first oligonucleotide comprising a nucleotide sequence provided by SEQ
1D NO: 48, 50, or 52 and a second oligonucleotide comprising a nucleotide

sequence provided by SEQ ID NO: 49, 51, or 53;
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34.

0)

D)

Q)

r)

8)

t)

w

v)

w)

X)

a first oligonucleotide comprising a nucleotide sequence provided by SEQ
1D NO: 54 and a second oligonucleotide comprising a nucleotide sequence
provided by SEQ ID NO: 55;

a first oligonucleotide comprising a nucleotide sequence provided by SEQ
ID NO: 56 and a second oligonucleotide comprising a nucleotide sequence
provided by SEQ ID NO: 57;

a first oligonucleotide comprising a nucleotide sequence provided by SEQ
ID NO: 58 or 60 and a second oligonucleotide comprising a nucleotide
sequence provided by SEQ ID NO: 59 or 61;

a first oligonucleotide comprising a nucleotide sequence provided by SEQ
1D NO: 62 or 64 and a second oligonucleotide comprising a nucleotide
sequence provided by SEQ ID NO: 63 or 65;

a first oligonucleotide comprising a nucleotide sequence provided by SEQ
ID NO: 66 or 68 and a second oligonucleotide comprising a nucleotide
sequence provided by SEQ ID NO: 67 or 69;

a first oligonucleotide comprising a nucleotide sequence provided by SEQ
1D NO: 70 and a second oligonucleotide comprising a nucleotide sequence
provided by SEQ ID NO: 71;

a first oligonucleotide comprising a nucleotide sequence provided by SEQ
ID NO: 72 or 74 and a second oligonucleotide comprising a nucleotide
sequence provided by SEQ ID NO: 73 or 75;

a first oligonucleotide comprising a nucleotide sequence provided by SEQ
1D NO: 76, 78, or 80 and a second oligonucleotide comprising a nucleotide
sequence provided by SEQ ID NO: 77, 79, or 81;

a first oligonucleotide comprising a nucleotide sequence provided by SEQ
1D NO: 82 and a second oligonucleotide comprising a nucleotide sequence
provided by SEQ ID NO: 83; and/or

a first oligonucleotide comprising a nucleotide sequence provided by SEQ
1D NO: 84 and a second oligonucleotide comprising a nucleotide sequence

provided by SEQ ID NO: 85.

A composition comprising a pair of oligonucleotides specific for one or more of the
following a-repeat arrays: D175, and/or D177; D271; D371; D471; D5Z1; D6Z1;
D771 and/or D772; D8Z2; D9Z4; D10Z1; D1171; D12Z3; D13Z%1; D14Z1 and/or
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35.

36.

37.

38.

39.

D1472 and/or D1473; D1573; D1672; D1771 and/or D171b; D18%1 and/or D1872;
D1974 and/or D1975; D2072; D2171; D2274, and/or D2275; DXZ1; and/or DYZ3.

The composition of claim 34 further comprising a nucleic acid comprising a

sequence from an a-repeat array from a human chromosome.

The composition of claim 34 further comprising a nucleic acid comprising a
sequence from one or more of the following a-repeat arrays: D175, and/or D1Z47:
D271; D3Z1; DAZ1; D5Z1; D6Z1; D771 and/or D772: D872; D9Z4: D10Z1; D11Z1;
D1273; D1371: D1471 and/or D147Z2 and/or D1473; D1573; D16Z2; D1771 and/or
D171b; D18Z1 and/or D1872; D1974 and/or D1975; D2072; D2171; D2274, and/or
D2275; DXZ1; and/or DYZ3.

The composition of claim 34 further comprising a polymerase.

The composition of claim 34 further comprising an amplicon produced from one

Or more a-repeat arrays.

A kit comprising one or more of:

a) a first oligonucleotide comprising a nucleotide sequence provided by SEQ
ID NO: 1, 3, or 5 and a second oligonucleotide comprising a nucleotide
sequence provided by SEQ ID NO: 2, 4, or 6;

b) a first oligonucleotide comprising a nucleotide sequence provided by SEQ
ID NO: 7 and a second oligonucleotide comprising a nucleotide sequence
provided by SEQ ID NO: 8;

c) a first oligonucleotide comprising a nucleotide sequence provided by SEQ
1D NO: 9 and a second oligonucleotide comprising a nucleotide sequence
provided by SEQ ID NO: 10;

d) a first oligonucleotide comprising a nucleotide sequence provided by SEQ
ID NO: 11 and a second oligonucleotide comprising a nucleotide sequence
provided by SEQ ID NO: 12;

e) a first oligonucleotide comprising a nucleotide sequence provided by SEQ
ID NO: 13 and a second oligonucleotide comprising a nucleotide sequence

provided by SEQ ID NO: 14;
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g)

h)

i)

)

k)

D

m)

n)

0)

D)

a first oligonucleotide comprising a nucleotide sequence provided by SEQ
ID NO: 15 and a second oligonucleotide comprising a nucleotide sequence
provided by SEQ ID NO: 16;

a first oligonucleotide comprising a nucleotide sequence provided by SEQ
ID NO: 17 or 19 and a second oligonucleotide comprising a nucleotide
sequence provided by SEQ 1D NO: 18 or 20;

a first oligonucleotide comprising a nucleotide sequence provided by SEQ
1D NO: 21 and a second oligonucleotide comprising a nucleotide sequence
provided by SEQ ID NO: 22;

a first oligonucleotide comprising a nucleotide sequence provided by SEQ
1D NO: 23 and a second oligonucleotide comprising a nucleotide sequence
provided by SEQ ID NO: 24;

a first oligonucleotide comprising a nucleotide sequence provided by SEQ
1D NO: 25 and a second oligonucleotide comprising a nucleotide sequence
provided by SEQ ID NO: 26;

a first oligonucleotide comprising a nucleotide sequence provided by SEQ
1D NO: 27 and a second oligonucleotide comprising a nucleotide sequence
provided by SEQ ID NO: 28;

a first oligonucleotide comprising a nucleotide sequence provided by SEQ
1D NO: 29 and a second oligonucleotide comprising a nucleotide sequence
provided by SEQ ID NO: 30;

a first oligonucleotide comprising a nucleotide sequence provided by SEQ
1D NO: 31, 34, 36, 38, 40, 42, 44, or 46 and a second oligonucleotide
comprising a nucleotide sequence provided by SEQ ID NO: 32, 35, 37, 39,
41, 43, 45, or AT:

a first oligonucleotide comprising a nucleotide sequence provided by SEQ
1D NO: 48, 50, or 52 and a second oligonucleotide comprising a nucleotide
sequence provided by SEQ ID NO: 49, 51, or 53;

a first oligonucleotide comprising a nucleotide sequence provided by SEQ
1D NO: 54 and a second oligonucleotide comprising a nucleotide sequence
provided by SEQ ID NO: 55;

a first oligonucleotide comprising a nucleotide sequence provided by SEQ
ID NO: 56 and a second oligonucleotide comprising a nucleotide sequence

provided by SEQ ID NO: 57;
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40.

Q) a first oligonucleotide comprising a nucleotide sequence provided by SEQ
ID NO: 58 or 60 and a second oligonucleotide comprising a nucleotide
sequence provided by SEQ ID NO: 59 or 61;

r) a first oligonucleotide comprising a nucleotide sequence provided by SEQ
1D NO: 62 or 64 and a second oligonucleotide comprising a nucleotide
sequence provided by SEQ ID NO: 63 or 65;

s) a first oligonucleotide comprising a nucleotide sequence provided by SEQ
ID NO: 66 or 68 and a second oligonucleotide comprising a nucleotide
sequence provided by SEQ ID NO: 67 or 69;

t) a first oligonucleotide comprising a nucleotide sequence provided by SEQ
1D NO: 70 and a second oligonucleotide comprising a nucleotide sequence
provided by SEQ ID NO: 71;

u a first oligonucleotide comprising a nucleotide sequence provided by SEQ
ID NO: 72 or 74 and a second oligonucleotide comprising a nucleotide
sequence provided by SEQ ID NO: 73 or 75;

V) a first oligonucleotide comprising a nucleotide sequence provided by SEQ
1D NO: 76, 78, or 80 and a second oligonucleotide comprising a nucleotide
sequence provided by SEQ ID NO: 77, 79, or 81;

w) a first oligonucleotide comprising a nucleotide sequence provided by SEQ
1D NO: 82 and a second oligonucleotide comprising a nucleotide sequence
provided by SEQ ID NO: 83; and/or

x) a first oligonucleotide comprising a nucleotide sequence provided by SEQ
1D NO: 84 and a second oligonucleotide comprising a nucleotide sequence
provided by SEQ ID NO: 85.

A kit comprising one or more pairs of oligonucleotides specific for one or more of
the following a-repeat arrays: D175, and/or D177; D271; D371; D4Z1; D5Z1;
D6Z1; D7Z1 and/or D772; D8Z2; D974; D10Z1; D1171; D1273: D137Z1; D1471
and/or D1472 and/or D1473; D1573: D16Z2; D1771 and/or D171b; D18Z1 and/or
D1872; D1974 and/or D1975; D20Z2; D2171; D2274, and/or D2275; DXZ1; and/or
DYZ3.
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D175 Ace No. BX248407.26 (SEQ 1D NO: 112)
CTCATCAAAGCTACATGGAAGCATTCTCAGARACTGGTTTGTGATGATTGCATTCAAGTCACCGAG
TTGAACATTCCCTTTGATGGTTCCGTTTGGAAACACACTTTTGGTAGAATCTTAAAGGGGAGATTT
GARCCGUTTTGAGGUCCTATGGCAGTAGAGGATATAACTGCACATARAAAACGAGACAGGAGCATTCC
CAGGAARCACTTITGTGACGATTGAGTTCAATTCACAGAGUTGAACATTCCTTTGGATGGAGCAGTT
TCAAAACACACTTTTTGTAGAATCTGCAAGTGGAGATTTGGACCGCTCTGAGGA* TTTCATTGGAT
ACGGGA*GAAAACTCACCTATGTAAACAGAAGCATTCTCAGAACCTTCTTCGTGATGCTTGCATTC
AACTCACAGTGTTCAAACTTTCTCTGATAGTTCAGGTTTTAAACACTCCTTCTGCAGAATCTGCAA
GTGGAGATTTGGACCTCTTTGAGGCCTATCGTAGTAAAGGATATAACCTCATCTAAAAACAAGACA
GAAGCATTCTCAGAAAATACTTTGTGATCGATTGAGTTTAACACACAGAGCTGAGCATATCTTTTGA
TGGAGCATTTTGAARACACACCTTTTGTAGRATATGCARGTGGATTTTGGGACTTCTCTGAGRALT
TTCGTTGGAAACGGGA } TAAACCTCACATAACTGAAGAGGAACATTCTCAGAAGTTCTTGGTGACG
TTGGCATTCAACTGACAGAGTTGAACCTTCCCTTGTGAGTTCAGGTTGAAR

>D177 DEZ2 D1973 Ace No. AJ295044.1 (SEQ 1D NO: 118

GAATTCCCAGTAACTTCCTTGTETTGTGTGCATTCAACTCACAGAGTTGAACGTTCCCTTAGACAG
AGCAGRTTTGAAACARCTCTATTTGTGCAATTTGCAAGTGTAGRATTTCAAGCGCTTTARGGTCRAATG
GCAGAARAGGAAATATCTTCGTTTCARAACTAGACAGAATCATTCCCACARACTGCGTTGTGATGT
GTTCGTTCAACTCACAGAGTTTAACCTTTCTGTTCATAGAGCAGTTAGGARACACTCTGTTTGTAA
AGTCTGCAAGTGGATATACAGACCTCCTTGAGC/CTTCGTTGGARACGGGA/TTTCTTCATATTCT
GCTAGACAGAATAATTCTCAGTAACTTCCTTGTGTTGTGTGTATT CAACTCACAGAGTTGAACGAT
CCTTTACACAGAGCAGACTTGAAACACTCTTTTTATGGAATTTGCAAGTGGAGATTTCAGCCGCTT
TGAGGTCAATGLTAGAATAGGAAATATCTTCCTATAGRAAACTAGACAGAATGATTCTCAGAAACTC
CTTTGTGATGTGTGCGTTCAACTCACAGAGTTTAACCGTTCTGTTCATAGAGCAGTTAGGAARACAC
TCTGTTTGTARAGTCTGCAAGTGGATATTCAGACCTCTTTGAGGC /CTTCGTTGGAARCGGGA/TT
TCTTCATATTCTGCTAGACAGAAGAATTC

>D271 Ace No. JO4778.1 (SEQ 1D NO: 114)
CCTATGGTGAAARAGGAAATATCTTCCCCTGARAACTAGACAGAAGCATTCTCAGAATCTTATTTG
TGATGTGCGCCCTCAACTAACAGTGTTGAAGCTTTCTTTTGATAGAGCAGTTTTGAAACACTCTTT
TCGTAAAATCTGCAAGAGGATATTTTGATAGCTTTGAGGA { TTTCGTTGGAAACGGGA Y TTGTCTT
CATATAAACTCTAGACAGAAGCATTCTCAGAAGCTTCATTGGGATGTTTCAATTGAAGTCACAGTG
TTGRACAGTCCCTTTCATAGAGCAGGTTTGARACACTCTTTTTGTAGTATCTGGARGTGGACATTT
GGAGCGCTCTCAGGACTACGTGGARAAAGGAAGTATCTTCCAATAARAAGCTAGATAGAAGCAATGT
CAGARACTTTTTCATGATGTATCTACTCAGCTAACAGAGTTGAACCTTTCTTTTGAGAGAGCAGTT
TTGAAACACTCTTTTTGTGGAATCTGCAAGTGGATATTTCTCTAGCTTTGAGGA { TTTCGTTGGAA
ACGGGA} TTACATATARARAAGCAGACAGCAGCATTCCCAGRAACTTCTTTGTGATGTTTGCATTCA
AGTCACACAGTTAAACATTCCCTTTCATAGAGCAGGTTTGAAACACTCTTTTTGTAGTATCTGGAT
GTGGACATTTGGAGCGCTTTCAGGTCTATGGTGAAAAAGCGAAATATCTTCCCCTCARAAGTAGACA
GAAGCATTCTCAGAAACTTATGTGTGATGTGCGCCCTCAACTAAGAGTGTTGAACCTTTCTTTTGA
TAGAGCAGTTTTGAAACACCCTTTTTGTAAAATCTGCAAGAGGATATTTGGATAGCTTTGAGGA{T
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TTCGTTGGAAACGGGA} TTGTCTTCATATAAACTCTAGACAGRAAGCATTCTCAGAAGCTTCATTGG
GATGTTTCAATTGAAGTCACAGTGTTGAACAGTCCCTTTCATAGAGCAGGTTTGAARCACTCTTTT
TGTAGTATCTGGAAGTGGACATTITGGAGAGATCTCAGGAATACGGTGATAAAGGARATATCTTCCA
ATAAAAGCTAGATAGAAGCAATGTCAGATACTTTTTCATGATGTATCTACTCAGCTAACAGAGTTG
ARCCTTTCTTTTGAGAGAGCAGTTTTGAAACACTCTTTTTGTGGAATCTGCAAGTGGATATTTGTC
TAGCTTTGAGGA{ TTTCGTTGGAAACGGGA } TTACATATAARAAGCAGACAGCAGCATTCCCAGAA
ACTTCTTTGTGAAGTTTGCATTCAAGT CACAGAGTTGAACATTCCCTTTCATAGAGCAGGTTTGAA
ACACTCTTTTCGTAGTATCTGGATGTGGACATTTGGAGCGCTTTCAGG

>D871 Ace No. Z12006.1 (SEQ 1D NO: 115)

CTGCAGCTGGATATTTGGACCTCTTTGAGGC * CTTCGTAGTARACGGGA* TTTCTTCGTGTAATGA
TAGACARTAGAATTCTCAGTGAATTTTTTTCTGTGTGTGTGTATTCAACTCACAGGGTTGAACCTT
CCTTTAGACAGTGCAGATTTGAGACACTTGTCTGTGGART TTGCAAGGGGAGATTTCARGCACTTT
GAGGCCATTGGTGGAARAGGAAATATCTTCGTATGARAACTAGACAGARTCATTCTCAGGAACTAC
TTTGTGATATGTGCATTCAACTCCCAGAGTTTAACCTTTCTTTTCATAGATGAGT TTGGARACAGT
CAGTTTGTAAATTCTGCAACTGGATATTTGGACCTCTTTGAGGC { TTTCGTTGGARACGGGA } TTT
CTTCACATAATGCTAGACAGAAGAATTCTCAGTAACTTCTTTTGGGATGTATGTATTCAAATCAGA
GAGTTGAACCTTCCTTTAGACAGAGCGGATTGGARACACTCTTTTTGTGGAATTTGCARGTGGARR
ATTCTAGCAGTATGAGGCCAATGGTACAAAAGGARATATCTTCGTATARARACTAGACAGTATCAT
TCTCAGAAACTGCTTTGTGATGTGTGTATTAAACTCACAGAGT TGAACATTTCTTTGCATAGAGCA
GTTTGGAARGACTTAGTTTGTGCAGTGTGCAAGTGGATATTTGGAACTCTTTGAGGE /CTTCGTTG
GAAACGGGA/TTTCTTCTTATAATTTCTTGAARRAAGARTTCTCAGTAGCTTCTTTGTGTGTGTGT
ATTCAACTCACAGAGTTGAACCTTCCTTTAGACAGAGCAGATTGCARACACTCTTTTTGTGGAATT
TGCAAGTGGAGAATTCTAGCGCTTTGACGCCAATGGTAGARAGGARATATC TTCGTATAARAACTA
GACAGTATCATTCTCAGARGCTACTTTGTGATGTGTGCGTTCAACTCACAGAGTTTAACCTTTCTT
TTCATAGAGCAGTTTGGARACCCTCTGTTTGTGAAGTCTGCAAGTGGATATTTARACGTCTTTGAG
GC/CTTCGTTGGAAACGGGA/ TTTTTTCATATAAACCAGGACAGAAGARTTCTCAGAAACETCTTG
ATTGTTATGTGTGCATTCGGCTCACAGAGTTGAACCTTACTTTGGAARGAGCAGTTTTCTAACACT
CTTTTTGTAAAAGTTCCAAGTGAATACTTTGAGTGCTTTGAAGCCTACGGTTGACAACGARATATC
TTCCTGTAAARACTACAAAGAATCATTCGCAGAAACCACGTTGTGATCTCTGCATTCARCTCACAG
AGTTCAACCTTTCTTCCTATAGAGCAGTTATGAAACAGTCTCTTTGTAGAATTTGCAAGGGTGTAT
TTAGAGGGCATTGAAGCCTACGGTAGRARAGGAAATATCTTACCATARAATCTAGTCAGRAGCATT
CTCAGCAACTGAGTTGTGATGTTTGCATTCARCTCACAGAGTTCAACATTCCTTTTAATGGAGCGG
TTTTGARACACTCTTTTTGCAGAATCTGCAAGTGGATATTTGGACCTCTTTGAGGC /CTTCCTTGE
RAACGGGA/ TTTCTTCATGTAATGCCAGACAGAAGARTTCTCAGTGAATTCTTTCTGTGTGTGTGT
ATTCAACTCACAGAGTTGAACGTTCCTTTAGACAGAGTAGATTGGARACACTCTTTTTGTGGAATT
TTCAGGTGGAGGTATCAAGCGCTTTGAGGCCAATGATAGARAAGGAAATACCTTCGTATARTAATT
AGACGGRATCATTCTCAGAAACCGCTTTGCAATGTGTGCGTTCAACTCACAGTGT TTAACCTTTCT
TTTCATACAAGTTGTTTCGARACACTCTTTTTGCAGAATCTGCAAGTGGATATTTGGACCTCTTTG
AAGT*CTTCGTTGGARATGGGA* TTTCTTCATATAATGCTAGACAGAAGACTTCTCAGTAACTGCT
TTTTCTGGTGTGTATTCAACTCTCAGAGTTGAACTTTCCTTTAGARACAGCAGATTTGAAACTCTC
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TTTTTGTGGAATTTGCAAGTGGAGATTTCAGAGCTTTGAGGCCAATGGTAGAAAAGGRAATATCTT
CGTATGCARACTAGACAGAATCATTCTCAGARACTACTTTGGTACGTGTGTGTTCAACTCACAGTG
TTTAACCTTTCTTTTCATAGAGCAGTTTGGAAACACTCAGTTTGTAAAGTCAGCAACTGGATATTT
GGATGTATTTGAG / CTTCETTGGARACGGGA/ TTTCTTCATATAATGCTAGAATTCAATTCTCA
GTAACTTCTTTGGETTETGGGETATTCAACGTCACAGACTTGAAGCTTCCTTTAGGCGGTTGGARACA
CTTTTTGTGGAATTTTCAGGGGGAGACTTCAAGCGCTTTGAAGTGAATGGTAGGAAAGGAAATACC
TTCGTATAARAACTAGACCGAGTCATTCTCAGAAACTACTTTCTGATGTTTGCGTTCAACTCACAG
AGTTTAACGTTTCTTTTCATAGAGCAGTTTGGAAACACTCTTITTGCAGAATCTGCAAGTGGATAT
TTGGACCT”TTT”Tg1b/WTTC STTGGARACGGGA/ TTTTTCATATAATGCTAGACAGAAGAATTC
TCAGTAACTTCTTTTTGTGGTGTGTATTCAACTCACAGAGTTGAACCTTCCTTTAGACAGAGCAGA
TTTGAAACTCTCTTTTTGTGGAATTTGCAAGTGGAGATTTCAAGCGCTTTGAGGCCAACGGCAGAA
AGGAAATATCTTCGTAGAAAAAATAGACGGCATCATTCTCAGAAACTCCTTGRGATGETGTGATTG

ARCTCRACAGTGTTTAACACTTCTTTTCATAGAGCACTTTGGARACACTCAGGTTGTAATGTCTGCA
G

»>D471 Aec No. Z212011.1 (SEQ 1D NO: 116)

CTGCAGGTGGATATETGGATAGCTTTGAAGATTTCGTTGCAARCCGGAATATCTTCCTATAAAATC
ARGACRGAAGCATTCTCGGAARCATCTCTGTGATGTTTGCATTCARCTCAGTAGAGTTGAACACGT
CCTTTCATAGAGCAGGTTTGAAACACTCTTTCTGCCCTACCTGGAAGCGGACATTTCGAGCGCTTT
GAGGCCTATGGTGAAAAAGGAAATATCTTCTCATAAAAACCAGAAAGAAGCATTCTCAGAAACTTC
TTTGTGTTGTGTGTACTCAAGTAACAGTGTTGAACCTTCCTTTTGACAGAGCAGTTTTGAAACAC
CTTTTGGTAGAATCTGCAAGTGGATATTTGGATAGCTTTGAGGATTTCGTTGGARACGGGTTATCT
TCATATAARATCCAGACAGGAGCATTCTCAGAAACTTCTTTGTGCTGTATGTCCTCAATTCACAGA
GCTGAACCTTTGTTTGGATACAGCATTTTGGAGACATTCCTTTAGTAGAATCTGUAARGTTGATATT
TAGATAGCTTTGAAG A{TTTCGTT SGAAACGGGA}ATATCTTCATAGAAARATCTAGACGGAAGCAT
TCTCAGAAACTGCTTTGTGATGTTTGCATTCAAGTCACAGAGT TGAATATTCCCTTTTATAGAGTA
GGTTTGAAACACTCTTTCGGCACTACCTGGAAGTGGATATTTCGAGCTCTTTGAGGCCTATGGTTA
ARAGGAARTATCTTCCCATARAARCTAGACAGAAGCCGTCTCAGAAACTTGTTTGTGATGTGTGTA
TTCAACTACCAGAGTTGAACATTTCTGTTACAGAGCAATTTTAARACACTCTTTTTGTGGAATCTG
AAAGTGGATAATTGGATAGCTTTGTGGA{ TTTCGTTGGAAACGGGA } TGACGTATARAATCTAGAG
AGRAGCATTCTCAGGRACTTCTTTCTGATGTTTGCATTCAAGTCACAGAATTGARACATTCCTTTTC
AGRAGTGCAGGTTTGRAACACTCTTTCTGTAGTATCTGGAAGTGGACATTTCAAGCGCTTTCAGGCC
TACGGGGAGAAAGGAAATATCTTCARATARAAACTAGACAGAAGGATTCTCAGARACTTATTIGTG
ATGTG CCTAAACGAACACAGTTGAACCTTIGTTITGATACAGCATTTTGGARACACTCCETTT
GTAGGATCTGCAG

>DB7 1 Ace no. M26620.1 (SEQ IDNO: 117
AAATTTTCTTTTCATACAGCAGAGTTTGGAAACACTCTGTTTGTAAAGTCTGCACGTGGATAAGTT
GTCCACTTAGAGGC*ATTCOTTGGARACGGET* TTTTTTCATETAAGGCTACACAGAAGAATTCCC
AGTAACTTCCTTGTGTTGTGTGTATCAACT CAAAGAGTTGAACGATCCTTTACACAGAGCAGACTT
CTAACACTCTTTTTGTGGAATTTGCAAGTGGAGATTTCAGCCGCTTTGAAGTCAAAGGTAGAARALG
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GAARATATCTTCCTATARARAUTAGACAGAATGATTCTCAGAAACTCCTTTGTGATGTGTGUGTTCA
ACTCACAGRAGTTTAACCTTTCTTTTCATAGAGCAGTTAGGRAACACTCTGTTTGTARAGTCTGCAA
GTGGATATTCAGACCTCTTTGAGGC*CTTCGTGGAACGGGT * TTTCATATAAGGCTAGGCAGAGAR
TTCCCAGTAACTTCCTTGTGTTGTGTGTCGTCAACTCACAGAGTTGACTTTCATTTACACAGAGCAG
ACTTGAAACACTCTTTTTGTARATTGCAAGTGGAGATTTCAAGCGCTTTGAGCAAGGCCGARAARAGGA
ARTATCTTCGTATRARAAACTAGRCAGRATCATTCTCAGRARACTGCTCTGCGATGTGTGCGTTCAAC
TCTCAGAGTTTAACTTTITCTTTTCATCAGCAGTTTGGARACACTCTGTTTGTAAAGTCTGCACGTG
GATATTTTGACCACTTAGAGGC {CTTCGTTGGAAACGGET ) TTTTTTCCTGTAAGGCTAGACAGAA
GAATTCCCTGTAGCTTCCTTGTGTTGTGTACATTCAACGCACAGAGTTGARCGETTCCCTTAGACAL
AGCAGATTTGARACACTCTTTTTGTGCAATTGGCAAGTGGAGATTTCAGGCGCTTTAAGGTCAATG
GCAGAAAAGGAAATATCTTCGTTTCAAAACTAGACAGAATCATTCCCACAAACTGCGTGGTGATGET
GTTCGTTCAACTCACAGAGTTTAACCTTTCCTTTCATAGAGCAGTTAGGARACAGTCTGETTTTTT

>DAZ2 Ace No. M26919.1 (SEQ 1D NO: 118)
GAATTCCCAGTAGCTTCCTTGTGTTGTGAACATTCAACTCACAGAGTTGARCGETTCCCTTAGACAL
AGCAGATTTGAACACTCTTTITTGTGCAATTGGCAAGT GGAGATTTCAAGCGCTTTAAGGTCAATGG
CAGARAAGGAAATATCTTCGTTTCAARAACTAGACAGRAATCATTCCCACRAACTGCGTTETGATGTG
TTCATTCAACTCACACAGTTTAACCTTTCTTTTCATAGAGCAGTTAGGAARCAGTCTGTTTCTARA
TTCTCTAAGTGGATATTCTGACATCTTGTGGC/CTTCGTTGGAAACGGGA/ TTTCTTCATATICTG
CTAGACAGAAGAATTC

>DB7T Ace No GJ211907.1 (SEQ 1D NO: 119)

AGRATTCTCARACACTACTATGTGATGTTTGCATGCARGTCACAGAGTGCAACATTCCTCTTGATA
GAGCAGTTGGGAAACACTCCTTTTGTAGAATTTGCAATGGGATATTTGGACTTCTTTGAGGC*CTT
CATTGGRAAACGGGA*TTTCTTCGTATGAATCTAGACAGAAGAATTCTCAGAAACTTCCTTGTGATG

TGTGCATTCAACTCAGUGAGTGGCACTTTCCTTTGGATACAGCAGTTTTGAAACACTGTTTTTIGTA
GTATTTCCAAGCGGATATTTAGAGCGCCTTGAAGCCTATGCTAGAAATGGAAATATCTCCCCATAA
AACCAAGACAGAAGCAATCTCAGAAACTAATGTGTGATGGCTGCATTCCACACACACGGTGGACCA
TTTCTCTTGATAGAGCAGTTTTGAAACACTCTTTCTGTAGAATCTGCAAGTGGATAATTGGACCTC
CTAGAGGC/CTTCGTTGGARACGGGA/ TTTCTTCATCTAAARCCTACAGAGRAGARTTCTCAGTAAC
TTCTTCGGATGTGTGCATT CGACTCACAGAATGGAACATTCCCTTTATAGAGCAGTTTTGAGACAC
CGTTTTTGTAGAATTACCAAGTGGATATTTAGAGCACTTGGAAGTCTCTGCTAGAAARAGGAARCAT
CTTCATGTAAAARAGTAGATAGAATCGTTCTCAGARAGTGCTTAGTGACETGTGTGTTCAALUTCACA
GAGTTTAACGTTTCTTTTGATAGAGCGTTTCTGAAACACCCTTCTTGTAGTAGCTGCAAGTGGATA
TTTGGACCTATTTGAGGC*CTTCTTTEGTAAACGGEA* TTTCTTCATGTAACTCTAGATTGAAGAAT
TCTCAGAAACTCCTTTGTGATGTGTGCATTCAATTCARAGAGTGAAACCTCCCTTTTCACAGAGCA
GTTTTGRAAACACTGTTTTTGTAGGATTTCCAAGGGGATATTTATATCGCATTGAGCCTACGGCAGA
ARRAGAAACATCTTCCTATARARACTAGACAGAATGATTCTCAGAATCTGCTTTGCGATGTGTGCA
TTCAACCCACAGAGTAAAACTTTTCTTTTGATAGAGCAGTTTTGAAACACTCTTTTTIGTAGTATTT
GCATGTGTATATTTAGAGUGUGTTGRAGCCCACAGTAGARRAGGAGATAACTTCACCARRARAACCTA
GACGGAAGCAATCTCAGAAACTACTTTGTGATGTGTACATTCAACTCACAGAGTGGAACTTTCCCC
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TTTACAGAGCAGTGTTGAAACACTCTTTTTGTAGAAACTGCAGGTGGATATTTGGACCTCTTTGAG
GC/CTTCGTTGGARACGGGA/ TITCTTCCTATAACCCTAGACAGAAGAATTTTCAGRRACCTCATT
GTGAGTGTGCGTTCACCTCACAGAGTGGAGTCTTCCGTTTGATAGAGAAGTTTTGARACCCTETTC
TTGTAGTATCTCCAAGTGGATATTTAGACCACTTTGAAGCCTATGATAGAAAAGGARACATCTTCA
TGGAARACATAGATAGAATCATTICTCAGAARCAACTTTGTGATGTGTGCGTTGAACTCACCGTCTT
TARCCTTTCTTTTGGTAGAGAAGTTTTGAAACA

>D771 Ace No. AC142529.3 (SEQ 1D NO: 120)

GGGAAATATCTTCAAATAAAAACCAGACAGAATCATTCTCAGAAAATTCTTTGTGATGTGTGCGTT
CAACTCACATAGTTTAACCTTITCTTTTCATAGAGCAGTTTGGAAACACTCTGTTTGTAAAGTCTGEC
AAGTGGATATATGGACCGCATTGAGGC /CTTCGTTGGARACGGGA/TTTCTTCATTTCATGCTAGA
CAGAAGAATTCTCAGTAACTTCTTTIGTGCTGTGTGTATTCAACTCACAGAGTGGAACGTCCCTTTG
CACAGAGCAGATTTGAAACACTCTTTTTGTGGAATTTGCAAGT GGAGATTTCAAGCGATTTGATGC

CAACAGTAGAAR

>D772 Ace No. M16037.1 (SEQ 1D NO: 121)
AGCTTCCTTTTGATAGAGCAGTTTTGAAACTCCCTTTTTGCACAATCTGCAGGAGGATATTTGGAG
CTCTTTGAGTGCTACATTGGAAACGGGAATATCGTCACCTAARAACTAGARAGAAGCATTCTCTGA
AACCACTTTGTGATGTGTGCATTCATCTCACAGAGTTGAACCTTCCTTTTGATAGAGCAGTTTTGA
AACCCTCTTTTTGTACARATCTGCAAGTGGATATTTGGAGCAAATTGAAGCCTTCTTTGGARAATGGS
AATATCTTAATCTAAAARATTAGGCAGAGCATTCTCAGAAACTACTTTGTGATGTGTGCATTCAACT
CACAGAATTGAACCTTCCTTTTGATACAGCAGTTTTCGAAACACTCTTTGTTTAGAATCTGCAAGTG
GATATTTGGAGCACATTTATGCCTGTGGTAGAAARGGAAATATCTTCACATAARRACTAGACAGAR
GCATTCTCAGAAACGACTTTGTGATGTGTGCATTCTACTCCCATAGTTGAARATTTCTTTTGATAG
AGCAGTCTGGAAACACTCTGTTTCTARAATCTGCAAATGCGACATTTGETGCGCTTTGAACGTTATG
ATGGAARARGGGAATATCTTCGCATTAARACTAGACAGAAGCATTCTCAGAAACTTCTTTGTGATGT
GTGCATTCAACTCCCAGGTTGAACCTTTCTTTTGTTAGAGCAGTTATGAAACACTCCTTTTGTAGA
ATCTGCAGGCGGATATTTAGTACTCTTTCGAAGCATTCTTTGGAAACGAGAATATCTTCACCTAAAL
CCTAGACAGAAGCATTCTCAGAAACATCTTTATGATCGTGTCCATTCATCTCACAGAGTTGATAGAA
CATTTTGATAGAGCAGTTTTGARACACTCCTTTTAAAGAATCTGCCAGTTCATATGTGCAGTGCTT
TGAGGCTTATGGTAGAAAAGGAAATATCTTCATATAARRACTAGACAGAAGCATTCTCAGAAACGA
CTTTGTGATGTGTGCATTCTACTCGCAAAGTTGAAACTTTCTTTTGATAGAGCAGTTTTGAAACCT
TCTTTCCARAGAATCTTCAAGTGGGCATTTCCGAGGGCTTTAGGACCATTGCGGATAAGGAAATATC
TTCCCATAAGAAGTAGACAGAACTATAATCAGAAACTTCATTTTGATGTGTACATTCAACTCACAA
AGCAGACCCTTACTTTTGATAGAGARAGTTTTGRAAACACTCTTTTTGTAGAATCTGCAAATTGATGT
TGEGAGCGCTTTCAGGCCTCTGETAGARAAGGAAATACCTTCACATAAAAACTAGACAGAAGCATT
CTCAGARAACGACTTTGTGATGTGTGTATTICTACTCCCATAGARGAACATTTCTTTTGATAGAGCCG
CCTGGAAACAATCTTCTTGTAGAATCTGCAAGTGGACATTTGGAGCTTTTTGAAGGCTGTGGTTGA
AAAGGTAATATCTTCACCTAAARAACTAAATGGAAGCATTCTCCCAARACGTTTTTGTGATGTGTIGCG
TTCAACTCACAGAGCTGAACCTTCCTTTTCTTAGACCAGTTTTGAATCACTCTTTTTGTAGAATC
GCATTTAGATATTTGGAGCGCTTTGAAGACTTCATTGGAATCGCGAATACCTTCACATAAAAACTA
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GACAGAACCATTCTCAGARALCCCTTTGAGATETGTGCATTCAACTCACAGAGCTGAACCTTTCTT
TTGATAGTGCAGTTTTGAARCATTCTTTTTARAARAT CTGCAGTTGGACATTTGGAGCTCTTTITAG
GCTATCGGTTGARAAGGAAGTATCTTCACATTAAAACAAGACAGAAGCATTCTCAGRAACTCCTTT
ATGATGTCTGCATTCAACTCACAGAGTTGAACCTTCCTTTTGATAGAGCAGTTTTGAAACACTCTT
TCTGTAGAATCTGGAGGCGGATATTAGGETGCTTTGAAGCCTTCTTGGGARACAGGATTATCTTCA
CATAARAATTAGACAGARGCATTCTCAGAAACTTCTTTGTGATGTGTGCATTCAACTCACAGCGTT
GARACTTCCTTTTGCTAGAGCAGTTTTGAAACCCTCTTTTTGRAAGAATCTGAAAGTGCATAATTGC
AGCACTTTGAGGCTTAAGGTAGAAAAGGAAATATCTTCATATAARAARCTAGACAGAAGCATTCTCA

GAAACCGTCTTTTTGAGGAATCTTCCAGTGGGECATTTTGAGGGCTTTGEGGGECTATTGTGGATAAG
GAAATATCTTCACATGAAAAGTAGACAGARAGTGTCCTCAGARAACTTCATTTTGATGGGTGCATTCA
ACTAACAAGGTAAARCTTACTTTATTGAGCAGTTTTGARACAGTCTTTTTGTAGACTCTGCAGGTG
GATATTTGGAACGCTTTGAAGC/CTTCGTTGGAAACGGGA /ATATCTTCCCCTTGAAACTAGACAG
ARGCATTCTCAGAARCTTCTTTGTGATGTGGGCATTGAACTCACGGAGCTGAACCTTCCTTTGGAT
TGAGCAGTTTTGAAARAACTCTTCCTTTATAATCTGCAGGTGGATATTTGGAGTGCTTTGAAGCCTT
CTTTGGAAACGGGAGTATCGTCACATAARAATAGACAGAAGTATTCCCAGAARCTTCTTTGTGATT
TGTGCATTCAACTCACAGAGTTGA

>DBZ2 Ace No. M64775.1 (SEQ 1D NO: 122)

AAGCTTTGAAGA{TTTCGTTGGAAACGGGAYATATCTTCAAATAAAATCTAGCCAGAAGCATTCTA
AGAAACATCTTAGGGATGTTTACATTCAAGTCACAGAGTTGAACATTCCCTTTCACAGAGCAGGTT
TGAAACAATCTTCTCGTACTATCTGGCAGTGGACATTTTGAGCTCCTTGGGGCCTATGCTGARARRA
GGAAATATCTTCCGACAAAAACTAGACAGAAGCATTCGCAGAATCACGTTTGTGATGTGTGCACTC
AACTGTCAGAATTGRAACCTTGGTTTGGACAGAGCACTTTTGARACACTCTTTTTGTAGAATCTGCA
GGTGGATATTTGGCTAGCTTTGAGGA* TTTCGTTGGAAACGGTA*ATGTCTTCARAGARAATCTAG
ACAGARGCATTCTCAGAAACAGCGTCGTGATGTTTGCAATCARGTCACAGAGTTGAACCTTCCGTT
TCATAGAGCAGGTTGGAAACACTCTTTTTGTAGTATCTGGAAGTGGACATTTGGAGGGCTTTGTAG
CCTATCTGGAAARAGGAAATATCTTCCCATGAATGCGAGATAGAAGTAATCTCAGAARACATGTTTA
TGCTGTATCTACTCAARCTARCTGTGCTGAACATTTCTATTGATAGAGCAGTTTTGAGACACTCTTC
TTTTGGAATCTGCAAGTGGATATTTGGATAGATTTGAGGA{ TTTCGTTGGAAACGGGA} TTATATA
TAAARAGTAGACAGCAGCATTCTCAGAAACTTCTTTGTGATGTTTGCATCCAGCTCTCAGAGTTGA
ACATTCCCTTTCATAGAGTAGGTTTGAAACCCTCTTTTTATAGTGTCTGGARAGCGGGCATTTGGAG
CGCTTTCAGGCCTATGCTTAAARAGGAAATATCTACCTACAGAAACTAGACAGAAGCATTCTGAGA
ATCACGTTTGTGATGTGGGTACTCAACTAACAGTGTTGATCCATTCTTTTGATACAGCAGTTTTGA

GA}ATGTCTTCAAAGARAATCTAGACAGAAGCATTCTCAGAAACACCTTCGTGATGTTTGCAATCA
AGTCACAGAGTTGAACCTTCCGTTTCATAGAGCAGGTTGGAAACACTCTTATTGTAGTATCTGGAA
GTGGACATTTGGAGUGCTTTCAGGCCTATGETGARAAAGGAAATATCTTCCCATAARAACGACATA
GAAGCTATCTCAGGAACTTGTTTATGATCCATCTAATCAACTAACAGTGTTGAAGGTTTGTACTGA
CAGAGCAGTTTGAAACACTCTTTTTTTGGAATCTGCAAGTGGATATTTGGATCGCTTTGAGGA{TT
TCGTTGGARACGGEGA | TGCAATATAAAACGTACACAGCAGCATACTCAGARAATACTTTGCCATAT
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TTCCATTCAAGTCACAGAGTGGAACATTCGGATTCATAGAGCAGGTTTGARACACTCTTTTTGGAG
TATCTGGAAGTGGACATTTGGAGCGCTTTCTGAACTATGETGAARAAGGAAATATCTTCCAATGARA
AACAAGACAGARGCATTCTGAGARACTTATTTGTGATGTCGTGTCCTCARCARARCGGACTTGAACCT
TTCGTTTCATGCAGTACTTCTGGAACACTCTTTTTGAAGATTCTGCATGCGGATATTTGGATAGCT
TTGAGGA*TTTCETTGGAAACGGCC* TTACATGTAAARATTAGACAGCAGCATTCTCAGAAACTTC
TTTGTGGTGTCTGCATTCAAGTCACAGAATTGAACTTCCCCTCACATAGAGCAGTTGTGCAGCALT
CTATTTGTAGTATCTGGARGTGGACATTTGGAGGGCTTTGTAGCCTATCTGGAARARAGGAAATATC
TTCCCATGAATGCGAGATAGAAGTAATCTCAGAAACATGTTTATGCTGTATCTACTCAACTAACTG
TGCTGAACATTTCTATTGATAGAGCAGTTTTGAGACACTCTTCTTTTGGAATCTGCAAGTEGATAT
TTGGATAGATTTGAGGA{ TTTCGTTGGARACGGGA TTATATATCAAAAGTAGACAGCAGCATTCT
CAGARACTTCTTTGTGATGTTTGCATCCAGCTCTCAGAGTTGAACATTCCCTTTCATAGAGTAGGT
TTGAATCCCTCTTTTTATAGTGTCTGGAAGCGGGCATTTGGAGCGCTTTCAGGCCTATGCTGAARA
AGGAARTATCTACCTATAGAAACTAGACAGAAGCATTCTGAGAATCACGTTTGTGATGTGGGTALT
CAACTARCAGTGTTGATCCATTCTTTTGATACAGCAGTTTTGARAACCACACTTTTTGTAGAATCTGC
AGTGGATATTTGGATAGCTGTGAG QA{TTTCGTTGuAA“C-uGA}AT-TQTTCA”AGAA&ATTTA
GACAGAAGCATTCTCAGAACCTTGATTGTIGATGTGTGTTCTCCACTARCAGAGTTGAACCTTICTT
TTGACAGAACTGTTCTGAARCATTCTTTTTATAGAATCTGGAAGTCGATATTTGGAARAGCTT

>D874 Ace No. M64320.1 (SEQ 1D NO: 123)
CCTATGATGARAAAGGTAATATCTTCCCATAAAAACTAGCAGAAGCATTCTCAGAACTGTTTGTGA
TGTGTGTATTCAACTARCAGAGATGAACCTTTCTTTTTACAGAGCAGTTTGARCACTCTTTTGTGG
AATCTGAAAGTGGATATTTGGATAGCTTTGCGGA { TTTCGTTGGAAACGGGA } TTACATATAAAAT
CTAGGGAGAAGCATTCTCAGGAACTTCTTTGTGATGTTTGCATTCAAGT CACAGAACTGAACATTC
CCTTTCATAGAGCAGGTTTGAAACACTCTTTCTGTAGTATCTGCAAGCGGACCGTTTTAAGCGCTTT
CRGG

>D10Z1 Ace No. X63622.1 (SEQ ID NO: 124)
TGCAGGTGCATAATTGGCCCTCTTTGAGCC/CTTCGTTGGAAACGGGA / TTTCCTCATATAATGCT
AGACAGRAGAATTCTCAGTAACTTCTTTGTGTTGTTTGTATTCAACTCAGAGATTTGAACCTTCCT
TTAGAGAGAGCAGATTTGAAACACTGTGTTTTTGGAATTTGCAAGTGCAGATTTCAAGCGCTTCTA
TGCCTATGGCAGAAAAGGAAATATCTTCGTATAAAAACTACACAGAATCATTCTCAACAACTACTT
TGTGATGTGETGCGTTCAACTCACAGAGTTAAACCTTCCTTTTCATTGAGCAGTTTGGARACACTCT
GTTTGTAAAGCCTGCAAGTGCTTTTTTGGACTTCATTGAGG C/QTTCGTTFGAAACGUGA/TITCA
TCATATAATGCTAGAGAGAAGAATTCTCAGTCACTTCTTTGTGTTGTGTGTATTCAAGTCACAGAG
TTGAARCCTTCCTTTAGACAGAGCAGTTTTGAAAAATTCTTTCTGTGGAATTTGCAAGTAGAGATTT
CAAGCGATTTGAGGCTAATCTTTGAAATTGARATATCTTCGTGTAAAARCGACACAGAAGCATTCT
CAGAARCTGCTTTGTCATCTGTGCGTTCAGTTCACAGAGTTTCACCTTTCTCTTCATAGAGCAGTT
TGGAAAGACTGTCTGTAAAGTCTGCAAGTGATTAGTTAGACCCCTTTGAGGC*CTTCGTTGGAAGC
GGGA*TTTCTCATTTACTGCTAGACAGARGAATTCTCAGTAAATCCTTTGTGTIGTGTGTATTCAA
CTCACAGAGTGGAACCTTCCTTTATTCAGAGCAGTTTTGAAAAACACTTTTTGTGGAATTTGCAAG
TGGAGATTTCAAGCGATTTGACGCCAATCTTAGACATGGAAATATCTTCATATTAAAAGT
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>D1171 Ace No. M21452.1 (SEQ 1D NO! 125)

CTAGAATCCCCAAGTGGACATTTGGAGGGCTTTGAGGCCTGTGETGGARAAGGAAATATCTTCACA
TAAARCCTAGATAGAAGCATTCTCAGARARCTACTTTGGGATGATTGCATTAGACTCACAGACTTGA
ACCTTCCAATGGATAGAGCAGTTTGTARACACTCTTTTTGAGRATCTGTGATTGCTGATTTGGACT
GCATTGAGGCCTACGGTACTAATGGAAATAACTTCATCTAAAATCCAAACGGAAGCATTCACAGAA
AATTCTTTGTGATGATTGGATTGAACTAAGAGAGCTGAACATTCCTTTAGATGGCGCAGTTTCCAA
ACACACTTTCTGTAGAATCTGCACGTGGATATTTGGACTTCTCTGAGGA {TTTCGTTGGAAATGGG
A}TAAACTTCCCAGAACTACACGGAAGCATTCTCAGAAACTTCTTTGTCACGTTTGCATTCAACTC
ACAGAGTTGAACCTTCTTTTCATAGTTCAGCTTTCARACACTCTATTTGTAGAATCTGCAAGTGGA
TATTTGGACACTTTGTGGCCTTCCTTCGAAACGGETATATCTTCACATCAAACCTAGACAGAAACA
TTCTCAGAATGTTTCCTGTGATGACTGCATTCAACTCACAGAGTTGAACAATCCTGUTGATGGAGC
AGTTTTGAAACGCTCTTTCTTTGGATTCTGCAAGTGGATATGTGGACCTCTTTGAAGA*TTTCCTT
GGRAACGGGET*TCCTCTTCACATAAAAAGTAAACAGAAGCATTCTCAGAAACTGCTTTGTGATGTT

TGTGTTCCATTTCAAGRATTGAARATTTCCTGTTGACAGAGCAGCTCTGAAARCCCTCTTTTT

>D1273 Ace No. M28221.1 (SEQ 1D NO: 126)

ARGCTTTCTTTTCATAGRGTAGTTTGGAARCACTCTGTCTGTRAAGTCTGCAAGCAGATATTTGGA
CCTCTTTGGGGC/CTTCGTTGGRAACGGGA/ TTTCTTCATAGRACGCTAGRAAGAAGARTACTGAG
TAAGTTCTTTGTGTTGCCTCTATTCAACTCACAGAGGTGAACTGTCCTTTAGACAGAGCAGATGTG
ARACCCTCTTTTTGTGATATTTGCAGGTGGAGATTTCAAGCGUTTTTAGGCCAAATGTAGARAAGS
AAATATCTTCGTATAARAACTAGACAGAATCATTCTCAGARACTACTTTGTGATGTGTGCGTTCAA
TTCACAGAGATAACCTTTCTTTTIGATGAAGGAGTTTGGACACACTGTGTTTGTAAAGTCTGCAAGT
GGATATTTGGACCTCTTTGAGGC/CTTCGTTGGARAACGGGA/TTTCTTCCTGTAATGTTCGACAGA
AGAATTCTCAGTAACTTATTTGTGGTGTGTGTATTCAACTCACAGAGTTGAACCTTCCTTTAGACA
GAGCAGATTTGAAACACCCTATTTGTGCAGTTTCCAGTTGGAGATTTCAATCACTTTGAGACCAAA
TGTACAARAAGGAAACATCTTCGTATAAAAACTAGACAGAATCATTCTCAGAAACTACTTTGTCGATG
TGTGCGTTCAACTCAAGGTGETTTAAGCTT

>D1371 Ace No. D28750.1 (SEQ 1D NO: 127)

AATTCAAATAAAAGGTAGACAGCAGCATTCTCAGAAATTTCTTTCTGATGTCTGCATTCAACTCAT
AGAGTTGAAGATTGCCTTTCATAGAGCAGGTTTGARRCACTCTTTCTGGAGTATCTGGATGTGGAC
ATTTGGAGCGCTTTGATGCCTACGGTGGRAAARGTARATATCTTCCATARAARCGAGACAGARAGGAT
TCTCAGARARCARGTTTGTGATGTGTGTACTCAGCTAACAGAGTGGAACCTTTCTTTTTACAGAGCA
GCTTTCAAACTCTATTTTTGTGGATTCTCGCAAATTGATATTTAGATTGCTTTAACGA*TATCGTTG
GAAAAGGGA*ATATCGTCATACAAAATCTAGACAGAAGCATTCTCACAAACTTCTTTGTGATETGT
GTCCTCRACTAACAGAGTTGAACCTTTCTTTTGATGCAGCAGTTTGGAAACACTCTTTTTGTAGAA
ACTGTAAGTGGATATTTGCGATAGCTCTAACGA{TTTCGTTGGAAACGGGA }ATATCATCATCTARA
ATCTAGACAGAAGCACTATTAGARAACTACTTGGTGATATCTGCATTCAAGTCACAGAGTTGAACAT
TCCCTTACTTTGAGCACGTTTGARACACTCTTTTGGAAGAATCTGGARGTGGACATT TGGAGCGCT
TTGACTGCCTTTGTTGAAAAGGARACGTCTTCCAATAAARGCCAGACAGAAGCATTCTCAGAAARCT
TGTTCGCTGATGTGTGTACTCAACTARAACGAGTTGAACCTTTCTATTGATAGAGCAGTTTTGAAACA
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CTCTTTTTETGGATTCTGCARGTGEATAT TTGEATTECTTTGAGGA [ TTTCOTTGGARAGCGGEAT A

TTCGTATARAAACTAGACAGCAGCATTCCCAGAAATTTCTTTCGGATATTTCCATTCAACTCATAL
AGATGAACATGGCCTTTCATAGAGCAGGTTTGAAACRCTCTTTITTGTAGT T TGTGGAAGTGGACAT
TTCGATCGCCTTGACGCCTACGGTGAAARAAGGAAATATCTTCCCATAARAATAGACAGAAGCATTC
TCAGARACTTGTTGGTGATATGTGTCTCAACTAACAGAGTTGAACTTTGCCATTGATAGAGAGCAG
TTTTGAAACACTCTTTTTGTGGAATCTGCARGTGGATATTTGGATAGCTTGGAGGA [TTTCGTTGG
AAGCGGGATATTCARATARAAGGTAGACAGCAGCATTCTCAGRAATTTCTTITCTGATGACTGCATT
CAACTCATAGAGTTGAACATTCCCTTTCATAGAGCAGGTTTGAAACACTCTTTCTGGAGTATCTGG
ATGTGGACATTTGGAGCGCTTTGATGCCTATGGTGAAAARGTARATATCTTCCCATAAARACGAGA
CAGAAGGATTCTGAGAAACAAGTTTGTGATGTGTGTACTCAGCTAACAGAGTGGAACCTCTCTTTT
GATGCAGCAGTTTGGAAACACTCTTTTTCTAGAAACTGTAAGTGGATATTTGGATAGCTCTAATGA
{TTTCGTTGGAAACGGGATATATCATCATCTAAAATCTAGACAGAAGCCCTCTCAGAARACTACTTT
GTGATATCTGCATTCAAGTCACAGAGTTGAACATTCGCTTTCTTAGAGCACGTTGGAAACACTCTT
TTTGTAGTGTCTGGAAGTGGACATTTGGAGCGCTTTGATGCCTTTGGTGRAAARGGGAATGTCTTC
CCATAARAACTAGACAGAAGCATTCTCAGARACTTGTTTTTGATGTGTGTACCCAGCCAAAGGAGT
TGAACATTTCTATTGATAGAGCAGTTTTGAAACACTCTTTTTGTGGAAAATGCAGGTGGATATTTC
GATAGCTTGGAGGA[TTTCGTTGGAAGCGEGGA]

>D1372 Ace No. GJ211955.2 (SEQ 1D NO: 128}

AGCATTCTGAGAAATTACTTTGTGATGTGTGCATTCATCACAAAGAGTTGAACCTTTCTTTTGGTT
GAGCAGTTTTGAAGCACTCTTTTTGTAGAATCTGTAAGTGGATATTTGGAGTTCTTTGAGGCTTAT
GGTGGTAAAGGARATATCTTCACACAAARACTACACAGARACCATTCTGAAATACCTCTTTGTGATG
CTTGCATTCATCTCACATAGTTGAACCATTCTTTTTATTGAGCAGTTTTGAAACAATCTCCTTGTA
GAATGTGCAAGTGGATATTTGGAATGUTTTGATGAGTATGGTGGAAAATGAAAAATCTTCACATAA
ARACTRAGACAGAATTACTCTGAGAARCTTICTTTGTGATGTGCACATTCATCTCACAARTTTGAAAR
TTTCTTTTGATTGAGCAGTTTTGAAACGCTCTTTTTCTAGAATCTGCCAGTGGTTATTT GGAGTGC
TTTGAGTCCTATGGTGGAGAAGGAAATATCCTCACATAAAAACTAGAGAGAAGCATTCTGAGRAAAL
TTCTTTCTGATGTGTGCATACATCTCACGGAGTTGAAACTTTCTATTGATTTAGCATTTTTTATAC
ACTTTTTGTAGGATCTGCAGTTGCTATTTGGAGCCCTTTGGGECCAATGGTGGAAAAGTACTATCT
TCTCATAAARAACTAGACAGAAGCATTCTGAGARACTTCTTGGTGATGTGTGCATTCATCTCACAGT
AGTTGRAACCTTTCTTTTGATTGAGCAGTTTTGAARCGCTCTTTTCGTTGAATCTGCAAGTGCATAT
TTAGAGTGCTTTGAGGCACGTGETGGAAAAGGARAATATCTTCACATAAACACTAGACAGAAGCATT
CTGAGARATGTCTTTGTGATGTGTCCATTCACTTCACAGAGTTGAARCTTTCTTTTCATTGAGCAG
TTTTGARAACACTCTTTITATAGRAATATGCAAGTGGATATTTGGAGCGTTTTGGAGAGAATGGTGEA
AATGGAARTATCTTCATATAAARARCTACGGAGAAGCATTCELAGAAACGLGUTTTGTTATGTGTGAC
TTCAGCTCACACAGTTGAACCTTTCTTTTGATTGAGCATTTTTGATTCCCTCTTTTTGTAGAATCT
GCAAGTGGATATTTGGAGAGCTTTAGGGCCTACGGTGGAARAGGAAATATCTTCACATAAAAACTA
CACARAAGCATTCTGAGARACTTCTTTCTGATGTGTGCATACAACTCACAGAGTCGRAACTTTCTT
TTGATTGTGCAGTTTTGAAACACTTCTTITGTAGAATCTGCAAGTGGATATTCAGAGGGCTTTGTG
GAGTATAGTGGAAAAGGAAATAACTTTGGATAAAAGCTAGACAGCAGAATTCTGAGAAACTTCTTT
GTGATGTGTGCATTCAACGTACAGAGTTGAACCTTTCTTTAGATTTGGCAGTTTTGAAACACTALT
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TTTGTAATATCTGCAAGTGGATATTTGGTGACCATTGCAGCCTATGGTGGAARAGECARATATCTTC
ACATAARAACTAGACCAAGGCATTCTGAGAATCTTCTTTGTGATCTGTGCATTCTTCTCACACAGT
TCARCTTTTCTTTTGAT TCAGCAGT TTGGAAACAGTATTTTTCTACAATCTGCAARGGGATACTTC
TTAGCCGATTTAGGCCTATGETGAAT TAGGAAATATCTTCACATAAAAAATARACAGAAACTTTCT
GAGAARCTTCTTTGGGATGTGTGTTTTCATCTCA

>[31373 Ace No. GJ211961.2 (SEQ 1D NO: 129)

AACATGATGAGRAACTGCTTTGTGATGCGTGCATTCATCACCAGTAGTTGAGTTTCTCTTTTGATT
GAACAGTTTTGAAACACTCTTTCTGAAGAATCTGAARAGGCATATTTGGAGCGCTTTGCAGCCTATG
GTGAAAAAGGRAAATATCTTCACATARRAAGCTAGACAGAAGCATTCTAAGARAGTGCTTTGTGACGT
GTGCATTCATCTCACAGTGTTGAAGCTTTCTTTTGATTGAGCAGTTTTGAAACACTCTTATTGTAG
AARTCTGCAAGTGGATATTTGGAGAGTATGAGGCCACTGGTGGAAAAGCAAATATCTTCACATCAAR
ACTAGACAGAATCATTATAAGTAATCTCTTTGAGATGCOTGCATTCAACTCACAGAGTTGGACATT
TCCTTTGATTGAGCAGTGTGGARAACAGTCTTTTTGCAGTATCTGCAAACGGATATTTGGAGCACTT
TCAGGCCTATAGTAGGAAAGGARATATCTTCACATAAARACTACACAGAARATTACTGAGAAACTT
CTTAATGATGTGTGCATTCATCTCACAGAGTTGAAACTTTCTTTTGATTGAGCAGTTTGGAAACAC
TCTTTTAGTAGAAACTGCAAGGGGATATTTGGAGAGTTTTGTGGTCTATGGTAGAAAAGGATATAT
CTTCACATAARAAATAGAAGCATTCTGAGGAACTTCATGATGTGTGCATTCGTCTCAAGGAGTTGAA
CTTTTCTTTTGATTGAGCAGCTTTGAATAACTCTTTCTGCAGRAATCTGCARGTTGATATTTGGAGT
GCTTTGTGGCCTATAGTAGAAAAGGARATATCTTTACATAAAACTAGACAGAAGCATTCTGAGAAA
ATTTTTTGTGATGTGTGCATTCAACTCACAGAGTTGRAACCTTTCTTTTGATCGAGGAGTTTGGAAG
CAGTCTTTTTGTAATATCTACAAATGGATATTTGCATCACTTTACTTCATGGAATGGAAAAGGARA
CATCTTAACATAAAAACTAGACAARAGCATTCTGAGAAACTTCTTTGTGACGTGTGCATTCAACTC
ATGGAGTTCAACCTTTCTTTTGATTCAGCAGTTTGGARACAGTCTTTTTACAGTATCTGCARATGG
CTATTTGGAGAGCATTGACGCCTATGGETGGAARAGGAAATCTCTTCTCATAARAACTAGACAGCAG
CATTCTGAGAAACTTATTTGTGATCTGTGCATTCATCTCACAGAGTTGAACCTTTCTTTTGATTCA
GCAGTTTTGAAACTGTCGTTTTGTAGRATCTGCARAGGARTATTTGTGAGCCCATTGAGGCTTCTG
GGGTGATAGGAAATATCTTCACATTAAAACTAGACAGATACTTTCGGAGAAACTATTTTGTCATGT
GTGACTTCTACTCACAGGGTTGAAACTTTCTCTTGATTGAGCAGTTTGGARACAGTCTTTTTGTAG
AATCTGCARATTGATATTTGGAGTGCTTTTGGCCTACGTTGAAARAACGAAATATCTTCCCATAARZR
AGTAGGCAGAAGTTTTGGAGAARCTTATTTTGATGTGTGCATTCATCTCACACAGTTGARATTTTC
TTTTGATTGAGCAGTGTGGATACACTCGTITTTGTAGAGTCTGCAAGTGGATATTTGGAGCACTTTG
TGGCCTATAGTGAARAAGGAAATATCTTCACATAAAAACTAGATAGAAGAATTCTGAGAAACTTCC
TTTGAATGGGCGCATTCATCTCACACTGTTGAAC

>D1376 Ace No. GJ211965.2 (SEQ 1D NO: 130)

TGCATTCTCAGAAAGTTCTTTGTGATGTGTGCATTCAAATCACAGATTTGARAACATACCTTGTCATA
GAGCAGTTTTGAAACACTCGTTTCGTAGAAT CTGCAACTGGGTATTTGGACTTCTTTGAGGCCTTC
GTCGGARACGGGAATATCTTCACATAAGAACTAGACAGAAGAATTCTGGGGAATTTCTTTGTCATG
TGTGCATTCAACTCACAGAGTTGAACCTTTCTGTTGATAGAGCAGTTTGGAAACACTCTITTTCGCA
AAATCTGCAGAGTGGATATTTGTACTGCTTAGAGGC/ CTTCGTTGGAAACGGGA/ATATCTCCACA
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TARAAACTAGACAGAAGCATTCTCAGAAACTTCTTTGTGATCTGCACATTCAACACAARAGAGTAGA
ATCTTCCTTTTGATAGAGCAGTTTTTARACACTCTTTTTGTAGAATCTGCAAGTGGACATTTGGAA
AGCTTTGAGGCCTGTGGTGGAAAAGGARATACCTTCACATAAAARCCAGACGGAAGCATTCTCAGA
AACTTCTTTGTATTGTTTGCATTCAACCCACTGAGTTGAACACACCTTTTCACAGAGCAGTTTTGA
AACACTCTTTTTCTAGAATCTGCAAGTGGATATATGEAGTCCTTTGAGECCTTCTTTGTARACGGEE
AATATCTTCACATARAAACTAGAGAGAAGCATTCTCAGAGCCTTCTTTGTGATGTGTGCATTCAAC
TCACAGAGCTGAACCTTTCTTTTGATAGAGGTGTTTGAAGCACTGTTTTTTTAGAATCTGCAMAGTG
GATATATTGAGTGCTTTGAGGCCTTCTTTGTAAACGGGAATATCTTCACATAAAAACTAGAGAGAA
GCATTCTCAGAGCCTTCTTTGTGATGTGTGCATTCAACTCACAGAGCTGAACCTTTCTTTTCATAG
AGCTGTTTGGAAGCACTGTTTTTTTAGAATCCGCATGTGCGAAATTTTCAGAGCTTCGAGGCCTGTG
GTGGAGAAGGAAATATCTTCACATAAAAACTAGACAGAAGCATTCTCAGAAACTTGTTTGTGACGT
TTGCATTCA CACAGAGTTGAACATACCTTTTCATAGAGCAGTTTTGARACACTCTTTTCGTAG
GATCTGCAAGTGGATATTTGGACTGCTTTGAGGCCTTCGTTGGAARAGAGGAATATCTTCACATAAR
AACTAGACGGAAGCATTCTCAGAAACTTCTTTGTGATGTGTGAATTCAACTCACAGAGTTGAAG
TCCTATTGATAGAGCAGTTT TGRAAAAACCGYTTTTGTAGAATCTGCCAGTGGATATTTGGAGAGCT
TTGAGGCCTACGETGGAAARGGAAATATCTTCACATAARRACCAGACACARAGATTCTCAGAAACT
TCTTTGTGACGCTTGCACTCAACTCACAGAGTTGAACACACCTTTTCATAGAGCAGTTTTGAAGCA
CTCTTTTCGTAGRATCTGCAAGTGTATATTTGGAATGCTTTGAGGCCTTCATTGTARACGAGAATA
TCTTCACATAAARAACGAGACAGAAGAATTCTCAGCAACTACTTTGTGATGATTGCATTCAACTCAC
TGTGTTAATCTTTATTTTGATAGGGCAGTTTTGAAACACTGTTTTTGTAGCATCTGCAAGTGGTCA
TTTGGAGAGCTTTGAGGCCTATGGTGGAARAGGAAATATCTTCACATAAARACAGGACAGAAGCAT
TTTCAGAATCTCCGCTGTGATGTTTGCATTGAACTC

>D13%7 Ace No. GJ211967.2 (SEQ 1D NO: 131
AGCATTCATAGAARCTTCTTITGTGATGTATGCATTCARCTCACAGAGTTGAAACTATCTTATTATT
GAGCAGTTTTGAATCTCTCTTTTTGCAGAAT CTGCAACTGGATATTTGGAGCGCTTTGAGGCCTAC
CGTGGARAAGCARATATCTTCAGATAAAAGCTACACAGAAGCTTTCTGAGAAACTTTTTTGCCATG
TGTGCATTCAACTCACAGAGTTGAAACTTTCTTTTGATTGAGCAGATTTGAAACACTCTTTTTGTA
GAARCTGTAAGTTGATATTTGGAGCCCTTTGAGGCCTATTGTGGAAARGGAAARTATCTTCACGTAA
AAACTACATAGAACCATTCTGAGATACTTCTTTTTGATGTTTGCATTCATCTCACAGTGTTGAARG
TTTCTTTTGATTGAGCAGTTTTGAAACACTCTTTTTGTAGAATCTGCAAGTGAATAATTGGAGCLC
TTTGAGGGCTATGGTAGARAAGGAAATATCTTCAAATAAGAACTACAAAGAAACATTCTCAGAAAC
TTATTTGTGATGTGAGCATTCAACTCACAGACCTGAACATATCTITTGATTTAGCACTTTTGAATT
TCTCTTTTTGTAGAAT T TGCAAGTGGATATTTGGAGCGUTGTGAGACCTACTGTGGLAAATGARAT
ATGTTCACATARAARACTACTCAGRACCATTCTGAGRAACTTCTTTGTGTCGTGTGCATTCGACTCA
CAGAGTTGAACATATGTCCTCTTTGAGCAGTTTTGCGTCTCTCTTTTTGTAGAATGTACAAGTGGA
TATTTGGAGCCCATTGTGTCCTATGGTGCAAAAGGAAATATCTTCAGATAAAAATTACACAGAAGA
ATTCTGAGAAACTTCTTTGTGATATGTGCATTTATCTCACAGGTTTGAACCTACCGTTTTATTGAG
CAGTTTTGAAACACTGTTTTTGTAGAATCTGCAAGTGGATATTTAGAGGGAATTGAGGCCTACCG
GGAAAAGCATATACCTACAAACARAAAACTAAACAGAAGCATTCTGAGAAACTTCTTAGTGATGTGT
GCATTCGTCTCACAGAGTTGAAARCTTTCCTTTGATTGAGCAGTTTTGAAACACTCTTTTTGTAGAA
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TCTGCAACTGGATATTTGGAGCCCTTTGAGGAATATTGTGGAAAAGGAAATATCTTCACATARARA
CTACACAGARAGCATTCTGAGAAACTTCTTTATGAGGAGTCCATTCAACCCACAGAGTTAAACTTTT
CTTCTCATTGAGCAGTTTTGAATCTCTCTATTTGTAGAATCTGCAAGTGGATATTTGCTGCCCTTT
GAGGCATACTGAGGAARAGCAAATATCTTCATATAARAACTACACAGAAGCATTCTGAGARACTTC
TTTGGGATG GCATTCAACTCACAGAGTTGAACCTATCTTTTGATTGAGCAGATTTGAATCTCT
CTTTTGGCAGAAACTGCAAGTAGATATTTIGGAGCCATTTGCGGCCTTTTGTGGAAAARGARATATT
TTCAAATAAAAACTAAACAGAAACATACTGAGAAACTTCTTITGTGATGTGTGCATTCATCTCACAG
GGITTGARAACTATCTTATGATTGAGCAGTTTTGAAACACTCTTTITTGTAGAATCTGCAACTGGATAT
TTGGAGCCCTTTGAGGGCTATTGTGGARAAGTAAATATCTTCACATARAAACTATTCAGGAGCATT
CTGATAAACTTCTTTGTGATGTATGCATTCAACT

>D1378 Ace No. GJ211968.2 (SEQ 1D NO: 122)
CATTCTGAGAAACTTCTTCGTGATGTGTGCATTCATCTCACAGAGTTGAACCTATCTTATGATT
GAGCAGATTTGAAACACTGGUTTTGTAGATGCTGCAAGTCGATATTTGGAGCECTTTGAGGCCTAC
TGTGHGAARAGGAAATATTTTCACATAARAACCACACAGAAGCCTTCTGAGAAACTTCTTITGTGATG
TGTCCATTCAACTCACTGCCTTGAACCTATCTTTTGATTGAGCAGTTTCGGATCTCTCTTTTTCAG
GAACCTGCAAGTGGATGTTTGGAGCCUTTTGCGETCCATGGAGGCARAGGAAATATCTTCAAATAA
ARARCTRCACAGAAGCGTTCTGAGAARCTTCTTTGTGATGTGTGCATTCATCTCACAGAGAAGAALC
TATCTTATGACTGAGCAGCTTTGAARCACTCTCTTTGCAGAAT CTTCAGGTGTATATTTGGAGTGC
TTTTTGGCCTATTTTGTAAAAGGAAATATCTTCACATARAACCTACACAGATTTATTCTGAGAAAC
TACTTTTTGTTGTGTGTATTCATCTAACAGAGTTGTACGTTTCTTTTGATTGAGCAGTTTTGAAAL
ACAGTTTTTACAGAATGTGCRAAGTGGATATTTGGAGCGCTTTGGGGCCTACTGTGGAAARGCAAAT
ATCTTCACGTAAAAACCACACAGAAGCATTCTAAGAAACTTCTTTGTGATGTGTGCATTCATCCCA
CAGAGATGRAAAGTTTCTTTTGATTGAGAACTTTTGARACACTCTTTTTGTAGAATCTGCAAGTGGA
TATTTGGAGCGCTTTTAGACCTACTGTGGAAAAGGARAATATCTTCCCATARAAACTACACAGAAG
ATTCTGAGRAAACTTCTTTGCAATGTGTGCATTCAACTCATAGAGTTGAACCTATCTTTTGATTGAG
CAGTTTTGAATTTCTCTGTTTGCAGAATCTGCAAGTGGATATTTGARACCCTTTGCAGCCAATGGA
GGATAAGGAAATATCTTCAAATAAATACTACACAGAAGCATTCTGAGARACTTCTTTGTGATCTGT
GCATTCATCTCATAGATTTGAACATATCTTATGATTGAGTACATTTGARACACTCTCTTTGTAGAA
TCTGCAAGTGGATACTTGGAGGGCTTTCAGGACTGETTGTGGAAAAGGARATATCTTCACGTAAARA
CTTCACAARAGCATTCTGAGATACTTCTTTATGATGTATGCACTCAACTCAGAGAGTTGAACCTAT
CTTTTGATTGAGAAGTTTTGAARCACTCTGTTTGTAGARTCTGCAAGTGGATATTTGGAGTGCTTT
GAGGCCTATTGTGGAAAAGGTARATATCTTCACATAAAAACTACAAATAAGCATTCTGAGAAACTTC
TTTGTGATGTGTGAATTCAAGTCACAGAGTTTAACCTATCTTTTGATTGAGCAGTTITGAATCTC
CTTTTTGTAGAATC CTGCAAGT GGATATTIGETGLECTTTCAGGCCTATT TTGGARAAGGAAACATC
TTCACATAAAABRCTACACAGAAGCCTTCTGAGAAACTTCTTTGTGATGTGTCCATTCAACTCACAL
CCTTGAACCTATCTTTTGATTGAGCAGTTTCGGATCTCTCTTTTTCAGGAACCTGCAAGTGGATGT
TGEGAGCCCTTTGCEGTCCATGGAGGCARAGGAAATATCTTCAAATAARARCTACACAGAAGCATT
CTAAGAAACTTCTTTGTGATGTGTGCATTCATC
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>D13729 Ace No. GJ211969.2 (SEQ 1D NO: 133)

GGAATTCTGAGAGACTTCTTTGTGATGCGTGTACTCATCTTACAGAGTTAAACCTTCCTTTTGAART
GAGCAGATTTGARACTGTCTTTTTGTAGRATCTGCAAGTGGACATTTTGAGCGCCTTGAGGCCTAT
GGTGGAAAAGAARATGCCTTCACATGAARACTAGACAGAAGAATTCTGAGAARCTTCTTTCTTATG
TGTGCGTTAATCTCACACAGTTGAACCTTITCTTTTGATTGAGCAGTTTCARACACTCTTITTTGTAG
AATCTGCAAGTGGACTTTTGGAGCACTTIGTGGCCTACGGTAGARARGGAARATATCGTCACATAAA
ATCTAGACAGAAGCAATCTGAGACTTCTTTGTGATGTGTGCATTCACCACACATTGTGTAACCTTT
CCCTTGATTGAGCAGTTTTGAAACTCTTTTTGTAGAATCTACRAGT CTACATTTGGAGTGCTTTGA
GGCCTATGGTAGAAAAGGAAATATCTTCACATAAAAACTAGTCAAAAGAATTCTGAGAAACTGCTT
GETGATGTGTGCGTTCACCACACAGAGCTGAACCATTGTTTTGATTGAGCAGTTTGGAAACCCTCT
TTTTGTAGAATATGCAAGTGGACATTTGGAGTACTTTGATGCCCOCTGGTCGAARAGGAAATATCTT
ARCTTRAAARACTAGACAGAATAATTCTGGGAAACTTCTTTCTGATGTGTGCGTTCATCTCACAGAG
TTAAACTTTTCATTTTATTGAGCAGTTTGGAAACACTCTTTTTGTAGAATCTGCAAGTGGACATTT
GGAGCGCATTGTGGTATGCAGTAGAARAGGAAATGTCTCCACAAAARATGTAGACAGAAGCAGTCT
TATARACTTCTTTGTGATGTGTGCATTCATTTCACAGATTTGAACCTATCTTTAGAT TGAGCAGTT
TGGAAACACTCTTTTTGTAGRAATCTGCAAGTGCACACGTGGAGAGATTTGCGGCCARTGGTAGAGA
AGCARATATCTTCGCATAAACTCTAGACAGAAGCATTCTGACAAACTTCTTTGTGATGTGTGCATT
CATCTCACAAAGRATTGAAACTTTCTTTCATTCAGGAGUTTTGARACACTCTTTTTCTAGRATCT G
CAAGTGTACATTTGGAGCGUTTTGAGGCCTATGGTGGAARRAGGGAACATCTTCACATATAGARACAG
ACAGAAGCCTTCTGACAAACTTCTTTTCAATGTGTGCGTTCAACTCAAAGATTTGAACCTTACTTT
TCATTGAGCAGATTTGAAACACTCTTTTTGTAGAATCTGCAAGTGGACAATTGGACCGCTTTCTGG
CCTATGGTGGAAAAGGATGTATCGTCACATAAAAACTAGACAGAAATCTTCTGACAAACTTCTTTG
TTATGCATGCATTCATCTTTCAGAGTTGAACCTTCCTTTTGATTGAGCAACTTTGAAACACTCTTT
TTGTAGAATCTGCAAGTAGTCATTTGTAGCGCTTTGGAGACTATGGCGAARAAGGARATATCTTCC
CATAAARACTAGACAGAGGCATTCTGACAARCTTCTTTGTGATGTGGSCATTCATCTCACAGAGTT
GAACCTTACTTTTCATTGAGCTATTTTGAAACACTCTTTTTGGAGAATCTGTAAGTGGACTTTTTG
AGGGCTTTGACGCACGTGETGGAAAAGCGAAATATCTTCATATAAARACTAGACAGCGAAGGATTCTGA
GARACTTCTTTGTGATGTGTGCATTCATCTCACA

>D1471D2271 Ace No. M22273.1 (SEQ 1D NO: 134)

CAATCTCAGAATCTTCTTTGGGATATATGCACGCAGCTAACAGAGTTGAACTTTTCTATTGACAGA
GCAGTTTTGAAACAGTCTTITCTGTGGAATCTGCAAGTGGATATTTGCGATAGCTTGGAGGA { TTTCG
TTGGAAACGGGA I TTACGTATAARAAAGCAGACAGCAG

>11472 Ace No. GJ211972.2 (SEQ 1D NO: 135)

AGCATTCTGTGAARCTTGTTTGTGATGTGTGTACTCARCTARCAGTGTTGAACCTTTCTTTTTACA
GAGCAGTTITCAAACACTCTTTTTGTAGAATCTGCCAGGCGATATTTGGATACATTTCAGGA{TTT
CGTTGGAAACGGGATATATCTTCATATAAAATCTCGACAGAAGCATTCTCAGAAACTTCTTTCTGA
TATGTGCATTCAAGTCACAGAGTTGAATATTCCCTTTCACAGAGTAGGTTTGAAACACTCTTITTG
TAGTATCTGAAAGTGGACATTTGGAGCGCCTTGACACCTACGGTGAARAGGGAAATATCTTCCCAT
AAAAACTAGACAGARGCAATCTCAGAATCTTCTTTGLGATATATGCACGCAGCTAACAGAGTTGAR
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CTTTCTATTGACAGAGCAGTTTTGAAACAGTCTTTCTGTGGRAATCTACAAGTGGATATTTGGATA
GCTTGGAGUL{TTTFGTTFCAAﬁC”GGA}TTACGTATAAAAAGTAGACAGCAAGCATTCTCATAAA
CTTGTTTGTGATGTGTGAACTCAGCTAARCAGGCGTGGATCTTTCTTTTGATACAGCAGTTTTGARA
AACACTTTTTGTTGAATCTGCAAGTGGACATTTGGATAGATTTGAAGA { TTTCGTTGGAAACGGGA

5 JATATCTTCATATCRAAATCTAGACAGAAGCATTCTCAGAAACGTCTTTETGATGTTTGCATTCAAC
TCATAGAGTTGAACATTCCGTTTCAGAGAGCAGGTTTGAAGCACTCTTTTTGTAGTATGTGCAAGT
GGATATTTGGAGCGCTCTGAGGCCTACGGTGAAARAGCAG
>[1473 Ace No. GJ211986.2 (SEQ 1D NO: 136)
ARTATTCTGGGARAGTTCTTTGTGGTGCETGCATTCATGTCATAGAGTTGAAACTTTCTTTTGATG

10 GRGCAGTTTTGAAACACTCTTTTTGTACAATCTGCTAGTGGATAATTGGAGCCCTTTGAGGACTAT

TGTGGAAAAGGAAATATCTTCACGTAAAAACTACATAGAACCATTCTGAGATACTTCTTTTTGATG
TTTGCATTCATCTCACAGTGTTGAAACTTTCTTTTGATTGAGCAGTTTTGAAACACTCTTTTTGTE
GAATCTGCAAGTGAATAATTGGAGCCCTTTGAGGGCTATGETAGAARAGGRAAATATCTTCAARTAA
GAACTACARAGARAACATTCTCAGAAACTTATTTGTGATGTGTGCATTCAACTCACAGGGCTGAACA
15 TATCTTTTGATTTAGCAGTTITGAATTTCTCTTTTTGCAGAATCTGCAAGGGGATGTTTGGAGAGT
TTTCAGGCATATTGTGGAAAGGGAAATATTTTCACATARAAACTACACAGAACCATTICTGAGAAAL
TTCTTTGTGTCGTGETGCATTCAACTCACAGAGTTGAACATATGTCCTCTTTGAGCAGTTTTGCGTC
TCTCTTTTTGTAGRATGTACARGTGGATATTTGGAGCCCATTGTGTCCTATGGTGGARRAGGAAAT
ATCTTCAGATAAAAATTACACAGAAGCATTCTGATAAACTTCTTTGTGATGTATGCATTCAACTCA
20 CAGACTTGRACCTATCTTAAGAATGAGCAGTTTTGAATCTCTCTTTTTGCAGRATCTGCRAACTGGA
TATTTTGAGGGCCTTAAGGCCTACCGTGGAAAAGCAATTATCTTCAGATTAAAACTACACAGAAGC
ATTCAGAGAAACATCTTTGTGATGTTTGCATTCATCTCACAGAGTTAAAACTTTCTCTTGATGGAG
CAGTTTTGAAACACTCTTTTTGTAGAATCTGCAAGTCGATATTTGGAGCCCTTTGAGGUCTGTTG
GGAARAGGAAATATCTTCCCATGAAAACTACATAGAAGTATTCTGAGARACTTCTTTGCAATGTG
GCATTCAACTCACAAGAGTTGAACCTATCTTTTGATTGAGGATTTTTGAATCTTTCTTTTTGCAGA
ATCTGCAAGTGTATGTTTGCAAAGCTTTGTGGCCTATTGTGGARRAGGRAATGTCTTCACATARRA
ACTACACATA

]
oy |

>D1573 Ace No. AF237720.1 (SEQ 1D NO: 137)

ATTCTCAGAAACTTATTTGTGATGTGTGTCTTCAACTAACAGAGTTGAACCTTTGTTTTGATACAG
30  CAGTTTGGAAACACTCTTTTTGTAGAATCTACAAGTGGATATTTTGAGAGCATTGARAA{TTICGT
TGGARACGGGA } ATACCTTCATATAARATCTAGACAGAAGCATTCTCAGARACTTCTTTGTAATGT
TTGCATTCAACTCATAGAGTTGAACATTCCCTTTCATACAGCAGGTTTGARACACTCTTTTTGTAG
TATGTGGAAATGGACATTTCGAGCACTCTTAGGCCTAAGTTGAARAGGGARRTATCTTCARATAAG
AACTAGTCAGCAGCATTCTCAGRAAGCTCTTTGTGATGTGTGTACTCAGCTAACRGAGTTGARCCT

35  TCCATTTCACAGAGCAGTTTGGAARCACTCTTTTTGTGGCATTTGCAAGTGGACATTTGGATAGCT
TTGAGGA* TTTCTTTGAARCGGGAA* TAATTTCATATARAATCCTAGACAGAAGCATTCTCAGAAT
CTTCCTTGTGATGTATGCCCTCAAT TCACAGAGTTIGAACCATTGTTTGGGATACAGCAT TTTGGGA
ACATTCCTTTTGTAGAATCTGCARGTTGATATTTGTATAACTTTGAGGA { TTTCGTTGGAAACGE
GA}ATATCTACATATARAATCTAGACAGAAGCATTCTCAGAAACCTGTTTTAATGTTTTCATTCAA
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CTCATACGTTTCAACARTCCCTAACCTARATTAAGGT TTGAAACACTCCTTTTGTANTATGTGGAA
ATGGACATTTGGANCGCTTTGANGCCTACGGTGAARARAGCAAATATCCTTCCCATARAAAC TNNGA
CAGGAAGCATTCTCANACANTTGARAATTTTCCATTANTTCTTGAGGAT *TTTCGTTTGGARACGS
GA*NTTACCAANTTGGAAAGT TGACCAGCCNGCCTTTTCTCAGAAAATTGCTTTGTGATGTCTGCC
ATTCANGTCACATTGGTTGAACATTCCCTTTCTTGGAGCCAGNTTTGAATCACTTGTCTCTNGTAG
TATCTTGGAAGTGGATATTTTCCAGCGCTTTTGAGGCCTTAAGNTGAGARARGGARATGTCCTTCAA
TTAGGARCTGGACAGANGCATTCTCAGAAACTTATTTGTGATGTGTGTCCTCAACTARCAGAGTTG
AATCTTTGTTTTGATACAGCAGTTTGCARACACTCT T TTTGTAGAATC TACAAGTGGATATTTTGA
GAGCATTGAAAA [TTTCGTTGCCAAGCGGEA] ARACCTTCATATAANTTC TAGACAGAAGCATTINTA
AGAAACTACTTTGCAATGTTTGCATTCAACTCATAGAGTTGCACATTCCGGTTCATACAGCAGGTT
TGAAACACTCTTTTTGTAGTATCTGGAAATGGACAATTGGAGCCCTTTCAGGCCTACGGTGAAAAL
GGAAATATCTTCCCATAARRACTAGACAGARGCATTCTCAGARACTTGTTTGTGACETETGTATTC
AACTAACAGAGTTGAACCTTTCTTTTTACAGGGCAGCTTTGARACACTCTTTTTGTGGAATCTGCA
ATTGAARATTTCCGTAGTTCTGAGGA [ TTTCOTTGGAARCGGGA } TTACARATAGAAAGTAGACAG
CAGCATTCTGAGAARCTGCTTTGTGATGTTTGCATTCAAGTCACCTAGTTGAACATTCCCTTTCAT
AGAGCAGGTTTGAATCACTATTTCTGTACTATCTGGAAGTGGATATTTCGAGCGCTTTCAGGCGTA
AGGTGAGARAGGACACGTGCTTCNATGNCAGARCTARACAGAGATTA

>D1672 Ace No. Mb8446.1 (S1Q 1D NO: 138)
GAATTCTCAGTAACTTCCTTGTGTTGTGTGTATTCAACTCACAGAGTTGAACGATCCTTTACACAG
AGCAGATTTGAAACACTGTTTTTCTGGARATTTGCAAGTGGAGATTTCAGCCGCTTTGAGGTCAATG
GTAGAAAAGGAARTATCTTCGTATAAAARCTAGACAGAATGATTCTCAGAAACTCCTTTGTGATGT
GTGCGTTCAACTCACAGGGTTTAACCTTTICTTTTCACAGAGCAGTTAGGAAACACTCTGTTTGTGA
AGCCTGCCAGTGGATATTCGGACCTCTTTGAGEC /CTTCCTTGGAAACGGGA/TTTCTTCATATTA
TGCTAGACAGAAGATTTCTCAGTAACTTCTTTGTGTTGTGTGTATGCAACTCACAGAGTTCAACCT
TCCTTTAGACAGAGCAGATTTGAAACACTCTTTTTGTGGAATT TGCAAGTGGAGATT TCAAGCGET
TCGATGCCAATGGTAGAAAAGGAAATATCTTCGTATAAARAACAAGACARACTCGTTCCCAGACACT
GCGTAGTGATGTGTGCTTTTAACTCACAGAGTTTCACCTTTCTTTTCATACAGCATTCTGGAAACC
CTCTGTTTGTAAAGTCTGCAAGTGGATATTTGGACCTCTTAGATGC *CTTCGTTGCARACGGGA™ T
TTCTTCATATAATGCTAGAGGGAG

>D1771 Ace No. M13882.1 (SEQ 1D NO: 139

A*ATTCGTTGGARACGGGA* TAATTTCAGCTGACTAAACAGAAGCAGTCTCAGAATCTTCTTIGTG
ATGTTTGCATTCAAATCCCCGAGTTGAACTTTCCTTTCARRGTTCACGT TTGRAACARCTCTTTITTG
CAGGATCTACAAGTGGATATTTGGACCACTCTGTGTCCTTCGTTCGAAACGGGTATATCTTCACAT
GCCATCTAGACAGAAGCATCCTCAGRAAGCTTCTCTGTGATGACTGCATTCAACTCACGGAGTTGRA
CTCTCCTTTITGAGAGCGCAGTTTTGARACTCTCTTTCTGTGGCATCTGCARGGGGACATGTAGACC
TCTTTGAAGA*TTTCGTTGGAARCGGA*ATCATCTTCACATARAAACTACACAGATGCATTCTCAG
GAACTTTTTGGTGATGTTTGTATTCAACTCCCAGAGTTGAACTTTCCTTTGGARAGAGCAGCTATG
AARCACTCTTTTTCTAGAATCTGCAAGTGGACGTTTGGAGGGUTTTGTGETTTGTGGTGGAARAGG
AAATATCTTCACCTAAATACTAGATAGAAGCATTCTCAGRAAACTGCTTTGTGATGATTGCATTCAC
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CTCACAGAGTTGAACATTCCTATTGATAGAGCAGTTTGGAAACACTCTTGTTETGGAATGTGCARG
TGGAGATTTGGAGCGCTTTGAGGCCTATGGTAGTARAGGGAATAGCTTCATAGARAARACTAGACAL

AAGCATTCTCAGRARARTACTTTGTGATGATTGAGTTTAACTCACAGAGCTGAARCATTCCTTTGGAT
GGAGCAGGTTTGAGACACTCTTTTTGTACAATCTACAAGTGGATATTTGGACC f‘T“”uAuGA{Ez
TCGTTGGARACGEGA } TAACTGCACCTAACTAAACGGAAGCATTCTCAGARACTTCTTGGTGATET
TTGCATTCARATCCCAGAGTTGARACCTTCCTTTGATAGTTCAGGTTTGAARCACTCTTTTTGTAGG
ATCTGCAAGTGGATATTTGGACCACTCTGTGGCCTTCGTTCGRAAACGGGTATATCTTCGCATAAAR
TCTAGACAGAAGCCTTCTCAGAAACTTCTCTGTGATGATTGCATTCAACTCACAGAGTTGAACCCT
CCTATGGATAGAGCAGTGTTGARACTCTCTTTTTGTGGAATCTGCAAGT GGATATGTGGACCTCTC
CGAAGA*TGTCTTTGGAAACGGGA*ATATCTTCACATAAARACTAAACAGAAGCATTCTCAGARAC
TTCTCTGTGATGTTTGTGTTCAACT CCCAGAGTTTCACATTGCTTTTCATAGAGTAGTTCTGARAC
GCTTTTCGTAGTGTCTACAAGTGGACATTTGGAGCGCTTTCAGGCCTGTGGTGGAARAARCGAATT
ATGGTCACATAAARACTGGAGAGAAGCATTGTCAGAARCTTCTTTGTGATGATTGCATTCARCTCA
CAGAGTTGAAGGTTCCTTTTCARAGAGCAGTTTCCAATCACTCTTTGTGTGGAATCTGCAAGTGGA
TATTTGGACCTTTTTGAAGA { TTTCGTTGGAAACGGGA } GAATCTTCACAGGAAAGCTARACAGAA
GCATTCTCAGARACTTCTTTGTGATGCTTIGCATTCAACTCACAGAGTTGAACTTTCCTTTCGAGAG
AGAAGCTTTGAARCACTCTTTTTCCAGARATCTGCARGTGCGACATTTGGAGGGCTTTGAGGCCTGTG
GTGGAAAAGGAATTATCTTCCCGTAAAAGCTAGATAGAAGCATTCTCAGAAACTACTTTGTGATG
TTGCATTCAAGT CACAGAGTTGAACATTCCOTTTGACAGAGCAGTTTGGARACTCTCTTTGTGTAG
ARTCTGCAAGTGGAGATATGGACCGCTTTAGGCCTATGGTAGTAAAGGAAATAGCTTCATATARAR
GCTAGACAGTAGCATTCACAGAAAACTCTTGGTGACGACTGAGTTTAACTCACAGAGCTGAACATT
CCTTTGGATGGAGCAGTTTCGAAACACACTATTTGTAGAATGT GCAAGTGGATATTTAGGCCTCTC
TGAGGA{TTTCGTTGGAAACGGGA } TAARCCGCACAGAACTARAACAGAAGCATTCTCAGAACCTTC
TTCGTGATGTTTGCATTCARCTCACAGTGTTGAACCTTTCTTTGATAGT TCAGGTTTGARACGETC
TTTCTGTAGAAACTGCAAGTAGATATTTGGACC ”'””uAuGA{TTTCGTWGGAAACGGGA}TAAC
CCGCACAGAACTAAACAGAAGCATTCTCAGAACCCTCTTCGTGATGTTTGCATTCAACTCACAGTG
CTGAACCTTTCTTTGATAGTTCAGCTTTGARACACTCTTTTTGTAGAAACTGCAAGTGGATATTTG

CCTCTCTGAGCA{ TTTCGTTGGAAACGGEA } TAAACTGCACAGARCTARACAGAAGCACTCTCA
GAACCTTCTTCGTGATGTCTGCATTCA CACAGTGTGCAACCTTTICTTTGATAGTTCAGGTTTG

ARACACTCTTTTITGTAGAARCTGCAAGGGGATCATTGCACTCTTTGAGGAGTACCGTAGTAAAGG
AATAACTTCCTATARARAGAAGACAGAAGCTTTCTCAGARAATTCTTTGGGATGATTGAGTTGAAC
TCACAGAGCTGAGCATTCCTTGCGATGTAGCAGTTTAGAAACACACTTTCTGCAGAATCTGCAATT
GCATATTTGGACCTCTTTGAGG

>D1771h Ace No. GJ212053.1 (SEQ 1D NO: 140
ATACTAGATAGAAGCCTTCTCAGAAACTACTTTGTGATGATTGCATTCACCTCACAGAGTGGAGCA
TTCCTATTGACAGAGCAGTTTGGAAACACTCTTGTTGTAGAATCTGCTAGTGGAGATTTGGAGCGC
TTTGAGGCCTATGGTAGTAAAGGGAAGAGCTTCACATAAAATCAAGACAGAAGCATTCTCAGAARA
TACTTTGTGATGATTGAGTTTAACACACAGAGCTGAACATTCCTTTGGATGGAGCAGGTTTGAAAC
ACACTTTCTATAGAATCTGCGAGTGGATATTTGGACCTCTCTGAGGA{ TTTCGTTGGAAACGGGA}
AACTGCACCTAACTARACGGETAGCAT "CACAARATTCTTCGTGATGTTTGCATTCARATCCCA
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GAGTTGAACCTTCCTTTGATAGTTCAGGTTTGAAACACTCTTTTTGTAGGATCTGCAAGTGGATAT
TTGGACCACTCTTTGGCCTTCCTTCGAARACGGGTACATCTTCAAATARAATCTAGACAGAAGCCTT
CTCAGAAACTTCTCTGGGATGATTGCATTCAACTTTGAGTTGAACCCTGCTATGGATAGAGCAGTT
TAGAATCTCTCTTTTTGTGGAATCTGCAAGTGGATATGTCETCCTCCTTGAAGAY TGTCTTTGGAA
ACGGGA*ATATCTTCACATAAAAACTARACAGAAGCATTCTCAGAAACTTCTCTGTGATGTTTIGTG
TTCARRTCACAGAGTTTCACGTTGCTTTTCATAGAGCAGATGAGARACATGCTTTTCEGTAGGGETCT
GCAAGTGGACATTTGGAGAGATTTCAAGCCTGTGGTGGAAAACGAATTATCGTCACGTAAAARCTA
AGGGAAGCATTGTCAGARACTTGTTTGTGATGACTGCATTCAACTCACAGAGTTGAAGGTTCCTT

TTCAAACAGCAGTTTCCAARCACTCTTTCTGTGGCATCTGCAAGTGGATGTTTGGGCCTCTTTGAA
GA*TTTCGTTGGAAAAGGGA* TAATCTTCACAGAAARAGCTAAACAGAAGCATTCTCAGAAACCTCT
TTTTGATGTTTGCTTTAAACTCACAGAGTTGAACTTTICCTTTTGAGAGAGAAGCTTTGAAACACTC
TTTTTCTAGAATCTGCA GGATATTTGGAGGGCTTTGAGGACTGTGGTGGARAAGGAATTATCT
TCCCGTTAGAACTAGATAGATGCATTCTCAGAAACTACTTTGTGACGATTGCATTCAAGTCACAGA
GGTGAACATTCCCTTTCACAGAGCACTTTGGAAACTCTCGTTGTGTAGAATCTGCAAGTGGAGATA
TGGACCGCTTTGAGGCCTACGGCAGTAAAGGAAACAGCTTCATATARAAACTAGACAGCAGCATTC
TCAGAAAACTCTTTCTGACGACTGAGTGTAACTCACAGGGTTGAACATTCCTTTTGATGGAGCAGT
TTGGAAACACACTATCTGTAAGATCTGCAAGCGGATACTTEGGCCTCTC TuAubﬁ{TTTCGTTGGA
AACGGGA} TAAACCGCACAGAACTAAACAGAAGCATTCTCAGRACCTTCTTCGTGACGTTTGCATT
CAACCCACAGTGTTGAACCTTTCTTTGATAGTTCAGETTTGARACACTCTTTTTGTAGAAAGTGCA
AGAGTATAACTGCACTTCTTTGAGGCCTATCGTAGTAAAGGARAATAACTTCCTATAAAAACAAGAC
AGAAGCTTTCTCAGRAAATTCTCTCAGATGATTCAGTTGAACTCACAGAGCAGTACTTTCCTTG
ATGGAGTAGTTTCGAAACACACTTT

>[1871 Ace No. MG5181.1 (SEQ 1D NO: 141)

CTGCAGCGTTCTGAGARAACATCTTTGTGATGTTTGTATTCAGGACACAGAGTTGAACATTCCCTAT
CATAGAGCAGGTTGGATCACTCCTTTTGTAGTATCTGGAAGTGGACATTTGGAGCGCTTTCAGGC
TATTTTGGAAAGGGAAATATCTTCCCGTAACAACTATGCAGAAGCATTCTCAGARACTTGTTIGCTG
ATGTGTGCCCTCTACTGACAGAGTTGAACCTTTCTTTTCATAGAGCACTTTTGAAACACTCTTITTT
GTAGAATCTGCAAGAGGATATTTGCATAGCTTTGAGGA* TTTCGTGGGAAACGGGA*TTGTCTTCA
GGCARAGTCTAGACAGRAGCATTCTCAGRAACTTCTTTGGGATGTTTGCATTCAAGTCACAGAGTA
GAACATTCCCTTTGETAGAGCAGGTTTGRAACACTCTTTTTGTAGTATCTGGAAGTGGACATTTGG
AGCGCTTTCAGGCCCATGTTGGRAAGGGARATATCTTCCCGTRAACARCTAGGCAGAAGCATTCTCA
GARACTTATTTGAGATGTGTGTACTCAACTAAGAGAATTGAACCTCCGTTTTGAAGGAGCAGTTTT
GARACACTCTTTITTCTGCAATCTGCAAGAGTATATTTGCCTAGCCTTGAGGA { TTTCGTTGGRAAAC
GGGA I TTGTCTTCAGAGAARATCTAGAGAGAAGCATTCTCAGRAACTTCTTTGGGATGCTTGCATT
CAAGTCACAGAGTAGAACATTCCCTTTGGTAGAGCAGGTTTGAAACACTCTTTTGTAGTATCTGGA
AGTGGACATTTGGAGCGCTTTCAGGCCTACGTTGGAAAAGGARATATCTTCCCATAACAACTAGAC
AGRAGCATTCTCAGRAACTAGTTTCTGATGTGTGTCCTCAACTAACAGAGTTGAACATTTCTTTAG
ACAGAACAGTTTTGRAACACTCTTTTTGTGGAATCTGCAAGTGGCTATTTGGCTAGATTTGAGGA {
TTTCGTTGGAAACGGGA ) TTACATATAAAAAGCAGTCAGCAGCATTCTCAGAAAGTTCTTTGTGAT
GATTGCATTCAAGTCACAGAATTGAACATTCCCTTTCACAGAGCAGGTTTGARACACTCTTTTTGT
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AGTGTGTGTAAGTGGACATTTGGAGCACT TACCGGCCTARGGTGAAARAGGARATATCTTCCCATA
AAAACTGGACAGRAGCATTCTCAGAAACTTACTCGTGATGTGTGTCCTCAACTAAAGGAGTAGAAC
CTTTCTTTTCATAGAGAAGTTTTGAAACGCTCTTTTTGTGAAATCTGCAAGTGAATATTTGGC TGS
TTTTGAGGA [ TTTCETTGGAAGCGEGATATTCATACARATTGCAGACTGCAG

>11872 Ace No, MB5182.1 (S EQ 1D NO: 142)

CTGCAGATGGATATTCGGATAGCTCTGAGGA* TTTCGTTGGAGACGGGA*ATACATARAGARAGTA
GACAGCAGCATTCTCGGGAGATTCTTTGTGATGTTTGCTTTGAAGTCACAGAGTTGAATATTCCCT
TCAATAGAGCAGGTTTGAAACACTCTTTCTGTAGTAT CTCGGAAGTGGACATTTCGATCGATTTCAG
GCCTATGTTGAAAAAGGAAATATCTTAACATAAAAACTAGACAGAAGCATTCTCAGRARCGTCTTT
GTGATGTGTGTCCTCAACTAACAGAGTTCAACCTTTCTTATGATACAGCAGTTTGGAARCACTCTT
TTTATAGAATTTGCAAGTTGATACATG bﬁTAGCCbTAApr{TTTCGTTGGAﬂACFGUA}ATATCT
TCACATAAAACCTAGACAGAAGCACTCTCAGAAACTACTTTGTGATATCTGCATTGATATCAGAGA
GTTGAATATTCCCTTTCTAAGGGCAGGCTTCGAAAGCETATTTTCGTGGAATCTGCAG

>D1974 Ace No, ACO04164 (SEQ TD NO: 143)

TTGTTTCTAGTTTTTATCATGGGATATTCCGTTTTTTACTARAGACCTCAATGGGCTCAGGACTGT
CCCTAAGTAGATTTTACAGGAAGAGTGTTTTGAACCTGTTGAAACAAAACAAAGGTTAACGTCTGT
GAGATGAATCCACACATCACAAAGCATTTTCACAGAA

>D1975 Ace No. ACO06504 (SEQ 1D NO: 144)

ATTTTTTCTAGGTTTATTGCAGGATATTTAGT TTTTCACTATTGGCCTCAATGGGETTCAGAAATGA
CCCTTCGTAGCTTCTATAACAAGAGTGTTTCCAGCCTGTTGAATCAAAATAAAGTTTGAAATCTGT
GAGATGGATCCATGCATCACA

>D207.2 Ace No. X5826%9.1 (SEQ 1D NO: 145)

ACTAACAGAACTAARCCATCGTTTTGAAGGAGCAGTTTTGAARCACTCTTTTTGCGGAATCTGCAA
GGATATTTGGCTAGCTGGGAGGA{TTTCETTG ADACGGGA}WTACATACA AAGCAGACAGC
AGCATTCTCAGARACTTCTTTGTGATGTTTGCATTCAAGTCACAGAGTTGAACATTCCCTTTCATA
GAGCAGGTTTGAAACACTCTTTTTGTAGTATCTGGATGTGGACATTTGGATCGCTTTCAGGCCTAT
GGTGAAAARAGGAAATATCTTCCCATGAAAGCTAGATAGAAGCTATCTCAGAAACTTATTTGTGATG
TGTGCCTCAACTGACAGTGTTGAACCTATATTTTGATAGAGCAGTTCTGARACACACTTTTTGTAA
ARTCTGCAAGAGGATATTTGGATAGCTTTGAGGA* TTTGCTTGGARACGGGAYATGTCTTCATATG
AACTCTGGACAGAAGCATTCTCAGAAACTGCTTTGGGATGTTTCAATTGAAGTCCCAGTGTTGAAC
ATTCCCTTTCATAGAGCAGGTTTGAAACACTCTTTITTGT

>D13721/D2171 Ace No. D29750.1 (SEQ [D NO: 146)
ARTTCARAATARAAGGTAGACAGCAGCATTCTCAGARATTTCTTTCTGATGTCTGCATTCAACTCA
AGAGTTGAAGATTGCCTTTCATAGAGCAGGTTTGAAACACTCTTTCTGGAGTATCTGGATGTGGAC
ATTTGGAGCGCTTTGATGCCTACGGTGGAAAAGTAAATATCTTCCATAAARACGAGACAGAAGGAT
TCTCAGARACRAAGTTTGTGATGTGTGTACTCAGCTAACAGAGTGGAACCTTTCTTTTTACAGAGCA
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GCTTTGAAACTCTATTTTTGTGGATTCTGCARATTGATATTTAGATTGCTTTAACGA*TATCETTG
GAAAAGGGRA*ATATCGTCATACARRATCTAGACAGAAGCATTCTCACARACTTCTTTGTGATGTGT
GTCCTCAACTAACAGAGTTGARACCTTTCTTTTGATGCAGCAGTTTGGARACACTCTTTTTGTAGAA
ACTGTAAGTGGATATTTGGATAGCTCTAACGA{TTTCGTTGGAAACG ATATCATCATCTAAA
ATCTAGACAGAAGCACTATTAGAAACTACTTGGTGATATCTGC ATT”AAG CACAGAGTTGAACAT
TCCCTTACTTTGAGCACGTTITGAAACACTCTTTTGGAAGAATCTGGAAGTGGACATTTGGAGCGCT
TTGACTGCCTTTGTTGARAAGGARACGTCTTCCAATARAAGCCAGACAGAAGCATTCTCAGAAACT
TGTTCCTGATGTGTGTACTCAACTAARAGAGTTGAACCTTTCTATTGATAGAGCAGTTTTGAAACA
CTCTTTTTGTGGATTCTGCAAGTGGATATTTGGATTGCTTTGAGGA {TTTCGTTGGAAGCGGGATA
TTCGTATAAAAACTAGACAGCAGCATTCCCAGAAATTTCTTTCGGATATTTCCATTCAACT CATAG
AGATGAACATGGCCTTTCATAGAGCAGGTTTGAAACACTCTTTTTGTAGT TTGTGGAAGTGGACAT
TTCGATCGCCTTGACGUCTACGGTGAAARAGGAAATATCTTCCCATAARAATAGACAGAAGCATTC
TCAGARACTTGTTGGETGATATGTGTCTCAACTAACAGAGTTGAACTTTGCCATTGATAGAGAGCAG
TTTTGAAACACTCTTTTTGTGGAATCTGCAAGTGGATATTTGGATAGCTTGGAGGA {TTTCGTTGG
AAGCGGGA]ATTCAAATAAAAGGTAGACAGCAGCATTCTCAGAAATTTCTTTCTGATGACTGCATT
CAACTCATAGAGTTGARCATTCCCTTTCATAGAGCAGGTTTGAARCACTCTTTCTGGAGTATCTGS
ATGTGGACATTTGGAGCGCTTTGATGCCTATGGTGARAAAGTARATATCTTCCCATAAARACGAGA
CAGAAGGATTCTGAGARACAAGTTTGTGATGTGTGTACTCAGCTAACAGAGTGGAACCTCTCTTTIT
GATGCAGCAGTTTGGARACACTCTTTTTCTAGRAACTGTAAGTGGATATTTGGATAGCTCTAATGA
{TTTCGTTGGAAACGGGA }ATATCATCATCTAAAATCTAGACAGAAGCCCTCTCAGAAACTACTTT
GTGATATCTGCATTCAAGTCACAGAGT TGAACATTCGCTTTCTTAGAGCACGTTGGAAACACTCTT
TTTGTAGTGTCTGGAAGTGHGACATTTGGAGCGCTTTGATCCCTTTGGTGAAAAAGGLAATGTCTTC
CCATAAAAACTAGACAGAAGCATTCTCAGAAACTTGTTTTTGATGTGTGTACCCAGCCARAAGGAGT
TGAACATTTCTATTGATAGAGCAGTTTTCGAARCACTCTTTTTGTGGARAATGCAGGTGGATATTTG
GATAGCTTGGAGGA [TTTCGTTGGAAGCEGGA]

>D2274 Ace No. GJ212162.2 (SEQ 1D NO: 147)
AGCATTCCRAAGRAATTTTTTGTGATGTGTCCATTTACGTCACAGAGTTGAACCTCTCCTTTGATTG
GGCAGTTTGGAARCAGTCTTTTTGTAGAACCTGCAGAGGGATATTTGTGAGCCCTTTATGGCCTGT
AGTGAAATACGAAGTATCTTCACCTARAARACTAGACAGAAGGTTTCTGAGAAACTTCTTGGTGATG
TGTGCCTTCATCTCACAGTGTTGAACCTTTCTTTTGATTGAGCAGTTTGCAAAGTCTTTCTGTAGA
ATCTGTAAATGGATATTTGGAGATATTTGAGGCCCGTGGTGARAAAGGARGTATCTTCACCTAAAR
ACCAGACAGARAGATTTCTGAARAACCTCTTTGTTATGTGTGAATTCATGTCACAGAATTCAACCT
TTCTTTCACTTGAGCAGTTTGGARAACAGTCTTTGGTAGAAGATGCAGAGGGAAATTICTTAGCTGC
TTCAGGCCTATGGTGAAARRGARATATCTTCACAGRAARACTAGACAGAAGCTTTCTGAGAARACTT
CTTTGTGATGTGTCCATTCAT CGCACAGAGTGAAACCTTTCTTTTGATTGAGGAGTTTGGAARAGG
TCTTTTCTTAGAATCTGCAAAGLGATATTTGTGAGCCCTTTATGGCCTTTGTTGAAATATGAAATA
TCTTCACGTAAAAAGTAGACAGAAGCTTTICTGACAAATTTCTTGGTGATGTGCACGTTTGTCACAC
GGAATTGAACCCTTCTTCTGATTGAGCAGTTTGGAATCAGTCTTTTTGTAGAATCTGTGAATGTG
ATTTAGAGAGTTTTAAGGCCTAGGGTGCAAGAGGCAATGTCTTCACATAAAAACGACACAGTAGCA
TTTTGAGRAAACTCTTTGTGACATTTCCATTCATCTCTAATAGTTGGCCGTTTCCTTTCATTGAGC
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AGTTTGGARAGCAGTCTTTTTCTACAACCTGCRAAAGGGATATTTCTGAGCGHTTTGGGGCCAACGET
GAAARATARATATCTTCCCATGARARACTAGACAGAAGCATTTTGAGARACTTCTTTTTGATGTGTG
TATTCATCTCACAGATTTGRACCTTTCTTTAGATTTAGCRAATTTGGAGRAAGT CTCTTGGTAGTAT
AAGTGGAGTTATATTTGCGAGCGGTTTAAGGCCTATGGTGCCAAAGGAAATACCTTCACATAAAAT
GCAGACAGAGGCTTTCCGAGAAACTTCTTTGTGATGTGTGCTTTCGTCTCACAGAGTTGTGCCTTT
CTTTTGATTGACCAGTTTGGGARCATTCTTTTTGTAGARATCTGCAARTGGATATTTGGAGCARTTT
GTGGCCTACGGTGARAARGGAAATATCTTICACAGAAALMRCTAGACAGGCAGACTCCTGAGAAACTT
CTTTTTGATGAGTGCATTCATTTCACATAGTTGAAACATCCCATAGGGGCCAGTTTGGAAACAGTC
TTTTGGTAGAGTCTGCAGACAGATATTTTTGAGTGGCTTAAAGACTATGGTGAAARAGGAAACATC
TTCACATAGCAACCAGACAGAAGCAACCTGAGAAACTTCTTTGGGATGTGTTCATTCATCTCACAA
TGTTGAACGTTTCTTTTGATTGAGAAGTTTGTAAAGAGAACTTTTGTAGAATCCGCARAAGAGATAT
GTGTGAGTCCCTTGATTCCTATGGCAAARTAGGAATTATCTTGAGATARAAGCGAGACAGAAGATT
TCTGAGAAACTTTTTTGTGATGTGTGCTTITCATC

>D2275 Ace No. GJ212163.2 (SEQ 1D NO: 148)

AGCTTTCTGAGCAAACTTCTTTGTGATGTGTGCATTCATCTCACAGTGTTGAAACTTTATTTTATT
TGAGCAGTTTAGAGACAGACTTTTTCTGCAATCTGCARAGGTATATTTCTGAGCCATTTGAGETCT
GTGGTGAARAAGGAATATCTTCACATTTAAACTAGACAGAAGRATTCTGAGAAACTTCTTTATGAT
GTGTGCATTCATCTCAGGTAGGTGAAATTTTCTTTTGATGGAGCAGTTTGGAAACAGTCTTTTITCT
AGTATCTGCAGAAGGATATTTGTGAGCGGTGTAAGGACTACGCTGAAAAAGGAAATATCTTCACAT
AAAARCTAGACAGAAGATTTCTGAGAARCTTTTTTGTGATGGHTGCTTTCATCTCACAGAGTTGAA
AATTTCTTTTGATTGAGCAGTTTGGRAACAGTCTTTTCGTATCATCTGCAARGGGATGTGTGGAGC
GCTTTGTGGCCTAACGTGAAAATGGAAATATCTTCACATARAAATCTAGACAGRAAGCATTCTGAGAA
ACTTCTTTGTGATGTGTTCATTCATCTCACAATGTTGAACGTTTCTTTTGATTGAGAGGTTTGTAR
ACACARCTTTTGTAGAATCTGCAAAGGGATATTTGTGAGCCCCTTGATTCCTATGGCAAAATAGGA
ATTATCTTGTCATARAAACTAGACAGGAGAATTCTGAGAAACTTCTCTTTGATGAGTGCATTCATT
TCACATAGTTGAAACATGCTATATGGGCCAGTTTGGAAACAGTCTTITTGTAGGGTCTGCAGACAS
ATATTTTTGAGTGGCTTAARGACTGTGGTGARAAARGAARTATCTTCACAGAGTAACCAGACAGAA
GCTTTCTGAGAARCTTCTTTATGATGTGTGCTTTCGT CTCAGAGAGTTGAGCCTTTCTGTTGATTG
ACCAGTTTGGAAACATTCTTTCTGTAGAATCCGCARATGGATATTTGGAGCAATTTGCGGCCTACG
GTGAAGAAGGAAATATCTTCACATAAAAACTAGACAGAAGCATTTTGAGARACTTCTTTTTGATGT
GTGTATTCATCTCACAGAGTTGRACGTTTICTTTTGATTTAGCGATTTGGAGRAAAGTCTCTTGGTAG
TATAAGCGGAGTTATGTTTGTGAGTGGTTITAAGGCCTACGGTGCCARAGGAAATACCTTCACATAA
AATGTAGACAGAAGCATTTITGAGAGRACTCCTTGTGACATTTCCATTCATCTCTAATAGTTGACCA
TTTCTTCTCATTGAGCAGTTTGGAAACAGTCTTTTCCTACAAACTGUAAAGGGATATTTCTGAGCC
GTTTGGGGCCAATGGTGAAAAATAAATATCTTCACATGAAAACTAGGCAGAAGCTTTCTGAGAAAL
TCCTTTGTGETETGCACGTTTGTATCACAGAGTTGAACCTTTCATTTGATTGAGCAGTTTGGAAAC
AGTCTTTTTGTAGARTCTGCAAATGTATATTTGGAGTGTTTTAAGGCCTATAGTGAARAAGGAAAT
ATCTTCACATAAARRACTACACAGTAGCTTITCTGAGAARCTTCTTTGTGATGTGTCCCTTCATCGCA
CAGAGTGAAACCTGTCTTTTGATTTAGGAGT TTGAAARATGTCTTTTCTTAGAATCTGCAAAGGGA
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TATTTCTGAGCCCTTTATGGCCTTTGTTCGAAATATGAAATATCTTCACGTAARAAGTAGAGAGARA
GATTTCTGRAAAACCTCTTTGTGATGTGTGAATT

>DX71 Ace No. X02418.1 (SEQ 1D NO! 149)
GATCCGCAAGGGATATTTGGACCTCTTTGAAGG{TTTCGTTGGAAACGGGA } TAATCTTCACCTAA
ARGCTAAACGGAAGCATTCTCAGAAACTTCTTTGGGATGTTTGCATTCACCTCACAGAGT TGAAGT
TTCCCTTTGATAGCGCAGTTTGACACACTTTTTCTACAATGTGCAAGTGGCTATTTAGCGGGCTTG
GAGGACTGTGTTGGAARAGGAAATATCTTCTCCTAARAACGACATAGAAGCATTCTCAGARACTGC
TCTGTGATGATTGCATTCAACTCCCAGAGTTGAACATTCCTTTTGATAGAGCAGTTTGCAAACACT
CTTTTTGTAGAATCTGCAAGTGGAGATTTIGGACCEGCTTTGAGGCCTETGCTAGTGARGGAAALARC
TTCATATAARARACCAGACGGTAGCACTCTCAGAARATTCTTTGTGACGATGGAGTTTAACTCAGGG
AGCTGAACATTCGTTATGATGGAGCAGATTCCAAACACACGTTTTGTAGAATCTGCGAGGGGATAT
TTGGACTCTCTCTGAGGA{ TTTCGTTGGAAACGGGA } TCACCTTCCCATAACTGAACGGAAAGCAA
ACTCAGAACATTCTTTGTGATGTTTGTATTCAACTCACAGAGTTGAACCTTCCTTTGATAGTTCAG
GTTTGCAACACCCTTGTAGTAGAATCTGCAAGTGTATATTTTGACCACTTTGTAGCCTTCGETTTGA
AACGTCTATATCTTCACATCAAACCTAGACAGAAGCATTCTCAGAAAGTTTTCTGCGATGACTGCA
TTCCACTCACAGAGTTGAACAATCCTTTGTGATGGAGCAGTTTTGAAACCCTCTTTCTTTGGAATC
TGCAAGGGGATATGTGGACCTCTTTGAAGA* TTTCACTGCARACGGGA* TCATCTTCACATAARAA
CTAAACAGAAGCATTCTCGGAARCTATTTTGTGATGTTTGTATTCAACTCCCAGAGTTGAACTTTC
CTTTTGAAAGAGCAGCTATGAAACACTCTTTTTCGAGAATCTGCAAGTGGACGTTTGGAGGGCTTT
GAGGCTGTGGTGGARAAGGARATATCTTCACACAAARAACCAGATAGAAGCATTCTCAGAARCGALT
TTGTGAGGATGGCATTCAACTACTGGAGTTGACAATCCTATTGATAGAGCAGATTGGAATCACTCT
TTTTGTAGAATCTGCAAATGGAGATTTGGACTGCTTTGACGCCTACGGTGGTACAGGAAGGAACTT
CATATARAAGGCAAACGGAAGCATTCTCAGAATATTCTTTGTGATGATCGAGTTTCACTCACAGAG
CTGAACATGCCTTTTGATGGAGCAGTTTCCAAATACACTTTTGGTAGAATCTGCAGGTGGATATTT
GGAGCTCTCTGAGGA{ TTTCGTTGGAAACGGGA JATAATTTCCCATAACTAAACACAARCAATCTG
AGAAAGTTCTTCATGATGAATGCATTTAACTCGCAGAGATGAACCTGCCTTTGAGAGTTCAGETTC
GAAACACTCTTTCTGTAGAATCTGCAAGTGGATATTTGGACCACTGGETGCCTTCETTCGAARACGS
GTATATGCTCACGTAARAACTAAAGAGAAGCATTCTCAGARACTTCTGAGTGATGATTGCATTCAA
GTCACACAGTTGRACCCTCCTTTTGATGGAGCAGTTTTGARACTGTCTTTTTGTAGAATCTGTARG
TGGATACGTGGACCTCTTTGAAGA*TTTCTTTGGAATCGGGA*ATATTTCCACAGAAAAACTAAAL
TGRAGCATTCTCAGRAACTGCTTTGTGGTGTTTGTGTTCGAGCCGCAGAGTTTARCATTGCTTTTC
ATAGAGCAGTTTTGRAATATTCTITTTGGCAGRAATCTGCAAGTGGACATTTGGAGCGCTTTCAGGCC
TGCTGGTGGAARAGCCTGARAAGCOTTTTCGCTTTATCTTCACAGARAGACGAGAGAGAAGCATIGCTC
AGRAACTTCTTTGTGATGATTGCAT TCAACTCACAGAGTTGARAGATTCCTTTTGARACAGCAGTTT
CGAAACACTCTTTCTGTGG

>DYZ3 Ace No, M29723.1 (SEQ 1D NO: 150)

TTTAAAGTGTCTTTCTGTAGAGTCTGCAAGTGGTTACTTGGAGACCTTTGTGGAAGATGGTGGARAA
AGGAAATATCTTCCCGTAARAACTACACAGATGCATTCTGAGARACTTCTTTGTGATGTGTGCATT
CATCTCACAGAGTTCAACCTATCTTITTCGTAGAGCAGTTTTGAAACTCTCTTTTCCTAGAATCTGT
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AAGTTGATATTTGGAGCCCTTTGCGGCCTATTGTGGAAAAGGAAATAACTTCACATGAAAACTACA
CAGAAGCTGAGARACTTCTTTGTGATGTCTGCATTAATTTCCCAGAGTCGAACCTTTCTTTTGATT
GAGCAGTTTTGAAACACTCTTTTTGTAGAATCTGCARGTGGACATTTGARAGCACTTTGAGGCCTAT
TGTTGAAARGGARAACATCTTCATATAAARACAACAAGGAAGCATTCTGAGAAACCATTTTGTGCTG
TETGCATTCACCTCACAGAGTTCAACTTTATTTGATACAGCAGTTTTGAAACACTCTTCTTGTGGA
ATCTGCRAAGTGGAAATTGGGAAATATTTAGGCATATGGTGGARAAAGGAAACATCCGCACATARAAA
CTACACAGACACATTCTGTGAARACTTCTTTGTGCTGTGTGCATTCAAACCACAGAGTTGAACCTAT
CTTTTGAATGAGCAGTTTTGAAACTCTCTTTTCATAGTATCTGCAAGTGGATATTTGGAGCCTTTT

TGGCCTACGGTGEGGARAGGRAAATATCTTCATATAARAACTACACAGARGCATTCTGAGAAACTTC
TCAGTGATGTGAGCATTCTTCTCACAGAGTTGAACTATCTTTTGATTGAGCAGTTTTGAAACACTG
TTTTTTTAGAATCTGCRAGTGAATATTTGGAGCCTTTTGGGTCTATTGTGGARAAAGGAAATATCTT
CATATAAAAACTACACAGARAGCATTCTGAGACACTTCTTTGTGGTATGTGCATTCATCTCACAGAG
GTGAAGCTTTCTTTTGATGGAGCAGTTTTGGAAAACTCTTTTTGTAGAATCTGCARAAGTGGATATTT
GGAGCACTTTGAGGCCCATTGTGGARAAGGAAATATCTTCACATARAAACTACACAGAAATARATTC
GAGAARCATCTTTTTGTTGTGTGCATTCAACTCACAGAGTTGRAACTATCTTTTGATTGTGCAGTTT
TGAARCACTCTTTTTGTAGAATGTGAAAGTGGATATTTTGAGCGCTTTGAGGCCTATTGTGGARAR
AGAAATATCTTCAATTAAAAACTACACAGAAGCATTCTGAGAAACTTCTTTGTCATGTGTGGATTC
ATCTCACAGAGTTARATCTTTCTTTTGATTGAGCAGT TTGARACACTCTTTTTGTGGTATCTCCAG

AGGATATTTGGAGTGCTTTGAGGCCTATGTTGGAARAGGRAGTATCTTCCCTTAARAGCTATGCA
GAAGCATTCTGAGARACTTCCTTCTGATGTGTGCATTCATCTCACCTAGTTGAACCTTTCTTTTGG

TTGTGCACTTTTGAAACACTCTTTTTGTGGAATCTGCAAGTGGATATCTGGATCACTTTGACG
ATTGTGGAAAAGGARAATATCTTCACATAAAAACTACACAGAAGAATTCCGACATAGTTCTTTGTGA
TGTGTGCATTCAACTCACATAGTTGAAACCATCTCTTGATCGAGTAGTTTTGAACCTCTCTTGTTG
TAGAATCTGAAAGTGGATATTTGTGTCCCCTGGCGGTCTATGETGGAARAGARAATATCTTCACAAA
AATACTACACAGARAGCATTCTGAGAAACTTCTTTGTGATGTGTCCATTCATCCCACAGAGTTGAAC
CTTTCTTTTGATTGAGCAGTTTTGAAATACTCCTTTTGTAGARATCTGCAAGTGGATATTTTGAGTG
CTTTGAGAACTATTGTGGAAAAGGAATTATCTTCTCATAAAACCTACACTGAAGGATTCTGAGARAAR
TTTCTTGTGATGTGTGCATTCATCTCACAGAGTTCGAACATTTCCTATGATTCGAGCAGTTTGARAATA
TTCTTTTCATAGAATCTGGRAAGTGGATATTTGGAGCCCTTTGAGGCCTATTGTGGAAARGGARAATA
TCTTCACATAARAACTACAGAGAAGCATTCTGAGAAACTTCTTTGTGATGTGTGCATTCATCAAAC
AGAATTGAACATTTCTTTTTTTGTGCAGTTTTGAAACAATCTICTIGTAGTATCTGCAAGTGGATA
TTTGGAGCGTTTTAAGACCTAAGGT GGGAAAGGAAATATCTTCACATARAAATTACACAGAGAGAT
TCTGAGAAACTTCTTTGTGATGTGTGCATTCATCTCATATATTTGAACCTTTCTTTTCATTGTGCA
GTTTCAAGCAATCTTTTTCTAGA

>p82H h3 (SEQ 1D NO: 151)

AAGCTTTGAGACTATGGTGGAAAAGGAAATACCTTAGATARAAAACCAGACAGAAGCATTCTCAGAA
ACTTCTTTGTGATGTTTGCATTCAACTCACAGAGTTGAATGETAAACTTTTCAAGAGCATGTTTTGA
AACACTCATTTCGTAGAATCTGCAACTGGATATTTGGACTGTGTTGAGGCCTACGGTGGAAAGGAG
ATACCTTAGATAAAAACCAGACAGAAGCATTCTCAGAAACTTCTTTGTGATGTTTGCATTCAACTC
ACAGAGTTGAATGETAAACTTTTCAAGAGCATGETTTTGARAACACTCATTTCATAGAATCTGCAACTG
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FIG. 98 Continued

GATATTTGGACTGTGTTGAGGC/CTTCGTTGGAAACGGGA /ATACGGTGGARAGGAGATATACCTT
AGATAAARRACCRGACAGAAGCATTCTCAGAARCTTCTTTGTGATGTTTGCATTCAARCTCACAGAGT
TGAATGTARACTTTTCAAGAGCATGTTTTGARACACTCATTTCGTAGAATCTGCARCTGGATATTT
GGACTGTGTITGA
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Box No. | Nucleotide and/or amino acid sequence(s) (Continuation of item 1.c of the first sheet)

1. With regard to any nucleotide and/or amino acid sequence disclosed in the intemnational application, the international search was

carried out on the basis of a sequence listing:

a. forming part of the international application as filed:
m in the form of an Annex C/ST.25 text file.
D on paper or in the form of an image file.

b. furnished together with the international application under PCT Rule 13ser.1(a) for the purposes of international search

only in the form of an Annex C/ST.25 text file.

c. D furnished subsequent to the intcrnational filing date for the purposes of international search only:

|:| in the form of an Annex C/ST.25 text file (Rule 13fer. 1(a)).

D on paper or in the form of an image file (Rule 13er.1(b) and Administrative Instructions, Section 713).

2. In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, the required
statements that the information in the subsequent or additional copies is identical to that forming part of the application as
filed or does not go beyond the application as tiled, as appropriate, were furnished.

3. Additional comments:

Form PCT/ISA/210 (continuation of first sheet (1)) (January 2015)
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Box No. I 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. D Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. I1l  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:
See extra sheet(s).

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. E] 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. IZ 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 envererd hy claims Noe -

1-6, 12-17, 20, 22, and 26-40 to the extent that they read on an a-repeat array of D125, SEQ ID NO:112, SEQ ID NO:1, and
SEQ ID NO:4,

Remark on Protest I: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 specified 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
IPC(8) - CO7H 21/04; C12N 15/09; C12N 15/10; C12Q 1/68; C12Q 1/6806; C12Q 1/6813 (2018.01)

CPC- C12Q 1/6841; C12Q 1/6851; C12Q 1/6858; C12Q 1/686; C12Q 1/6876; C12Q 1/6879; C12Q
1/6883; C12Q 2600/156 (2018.02)

According to International Patent Classification (IPC) or to both national classification and IPC

B.  FIELDS SEARCHED

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

USPC - 435/6; 435/810; 435/6.18; 435/91.2; 436/501; 536/22.1; 536/23.1; 536/24.3; 536/24.31; 536/24.33 (keyword delimited)

Electronic data base consulted during the intermational search (name of data base and, where practicable, search terms used)
See Search History document

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X WO 2006/047412 A2 (PROMEGA CORPORATION et al) 04 May 2006 (04.05.2006) entire 22
document
X r | PIRONON et al. "Molecular and evolutionary characteristics of the fraction of human alpha 29-32, 34-38
satellite DNA associated with CENP-A at the centromeres of chromosomes 1, 5, 19, and 21,"
BMC Genomics, 23 March 2010 (23.03.2010), Vol. 11, No. 195, Pgs. 1-18. entire document
X US 2011/0281263 A1 (MATTHIESEN et al) 17 November 2011 (17.11.2011) entire document 40
A US 5,427,932 A (WEIER et al) 27 June 1995 (27.06.1995) entire document 1-6, 12-17, 20, 22, 26-40
A ~ |ENGELSTEIN et al. "A PCR-Based Linkage Map of Human Chromosome 1," Genomics, 01 1-6, 12-17, 20, 22, 26-40
February 1993 (01.02.1993), Vol. 15, Iss. 2, Pgs. 251-258. entire document
A ~ |CA 2104767 C (REYNOLDS et al) 23 June 2009 (23.06.2009) entire document 1-6, 12-17, 20, 22, 26-40
A ~ |AURICHE et al. "Molecular and cytological analysis of a 5.5 Mb minichromosome,” EMBO 1-6, 12-17, 20, 22, 26-40
Reports, 01 February 2001 (01.02.2001), Vol. 2, Iss. 2, Pgs. 102-107. entire document
A US 2009/0136924 A1 (LARIONOV et al) 28 May 2009 (28.05.2009) entire document 1-6, 12-17, 20, 22, 26-40
T — | CONTRERAS-GALINDO et al. "Rapid molecular assays to study human centromere genomics,” | 1-6, 12-17, 20, 22, 26-40
Genome Research, 15 November 2017 (15.11.2017), Vol. 27, Pgs. 2040-2049. entire document

E] 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 ctation or other
special reason (as specified)

"0 document referring 10 an oral disclosure, use, exhibltion ot other
means

“P” document published prior to the international 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 apﬁllcatlon 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

14 February 2018

Date of mailing of the international search report

05 MAR 2018

Name and mailing address of the ISA/US

Mail Stop PCT, Attn: ISA/US, Commissioner for Patents
P.O. Box 1450, Alexandria, VA 22313-1450

Facsimile No. 571-273-8300

Authorized officer
Blaine R. Copenheaver

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 No. {ll Observations where unity of invention is lacking

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 need to be paid.

Group |+: claims 1-40 are drawn to human chromosome a-repeat arrays, and methods and reaction mixtures and kits comprising the
same.

The first invention of Group !+ is restricted to a human chromosome a-repeat array, and methods and reaction mixtures and kits
comprising the same, wherein the a-repeat array is selected to be D125 (SEQ ID NO:112); further comprising a first oligonucleotide and
a second oligonucleotide that hybridizes to the a-repeat array, wherein the first oligonucleotide is selected to be SEQ 1D NO:1 and the
second oligonucleotide is selected to be SEQ ID NO:4. It is believed that claims 1-6, 12-17, 20, 22, and 26-40 read on this first named
invention and thus these claims will be searched without fee to the extent that they read on an a-repeat array of D125, SEQ ID NO:112,
SEQ ID NO:1, and SEQ ID NO:4.

Applicant is invited to elect additional a-repeat arrays, each with specified SEQ ID NO, and/or pairs of oligonucleotides, each pair with
specified SEQ ID NOs, to be searched in a specific combination by paying an additional fee for each set of election. An exemplary
election would be a human chromosome a-repeat array, and methods and reaction mixtures and kits comprising the same, wherein the
a-repeat array is selected to be D221 (SEQ ID NO:114); further comprising a first oligonucleotide and a second oligonucleotide that
hybridizes to the a-repeat array, wherein the first oligonucleotide is selected to be SEQ ID NO:7 and the second oligonucleotide is
selected to be SEQ ID NO:8. Additional a-repeat arrays and/or pairs of oligonucleotides will be searched upon the payment of additional
fees. Applicants must specify the claims that read on any additional elected inventions. Applicants must further indicate, if applicable,
the ciaims which read on the first named invention if different than what was indicated above for this group. Failure to clearly identify
how any paid additional invention fees are to be applied to the “+" group(s) will result in only the first claimed invention to be
searched/examined.

The inventions listed in Groups I+ do not relate to a single general inventive concept under PCT Rule 13.1, because under PCT Rule
13.2 they lack the same or corresponding special technical features for the following reasons:

The Groups |+ formulas do not share a significant structural element responsible for detecting a human chromosome in a sample and/or
detecting an aneuplouidy of a chromosome and/or determining the number of a-repeats in an a-repeat array of a chromosome, requiring
the selection of alternatives for the a-repeat arrays and the first oligonucleotides and the second oligonucleotides, where “a) the human
chromosome is chromosome 1 and the target a-repeat array is D125, and/or D127; b) the human chromosome is chromosome 2 and
the target a-repeat array is D2Z1; c) the human chromosome is chromosome 3 and the target a-repeat array is D3Z1; d) the human
chromosome is chromosome 4 and the target a-repeat array is D4Z1; e) the human chromosome is chromosome 5 and the target
a-repeat array is D521, f) the human chromosome is chromosome 6 and the target a-repeat array is D621, g) the human chromosome
is chromosome 7 and the target a-repeat array is D721 and/or D7Z2; h) the human chromosome is chromosome 8 and the target
a-repeat array is D8Z2; i) the human chromosome is chromosome 9 and the target a-repeat array is D9Z4; j) the human chromosome is
chromosome 10 and the target a-repeat array is D1021; k) the human chromosome is chromosome 11 and the target a-repeat array is
D11Z1; 1) the human chromosome is chromosome 12 and the target a-repeat array is D12Z3; m) the human chromosome is
chromosome 13 and the target a-repeat array is D13Z 1; n) the human chromosome is chromosome 14 and the target a-repeat array is
D14Z1 and/or D14Z2 and/or D14Z3; o) the human chromosome is chromosome 15 and the target a-repeat array is D15Z3; p) the
human chromosome |s chromosome 16 and the target a-repeat array is D16Z2; q) the human chromosome is chromosome 17 and the
target a-repeat array is D17Z1 and/or D171b r) the human chromosome is chromosome 18 and the target a-repeat array is D1821
and/or D18Z2; s) the human chromosome is chromosome 19 and the target a-repeat array is D19Z4 and/or D19Z5; t) the human
chromosome is chromosome 20 and the target a-repeat array is D2022; u) the human chromosome is chromosome 21 and the target
a-repeat array is D21Z1; v) the human chromosome is chromosome 22 and the target a-repeat array is D2224, and/or D22Z5; w) the
human chromosome is chromosome X and the target a-repeat array is DXZ1; and/or x) the human chromosome is chromosome Y and
the target a-repeat array is DYZ3" and “a) the first oligonucleotide comprises a nucleotide sequence provided by SEQ IDNO: 1, 3, or 5
and the second oligonucleotide comprises a nucleotide sequence provided by SEQ 1D NO: 2, 4, or 6; b) the first oligonucleotide
comprises a nucleotide sequence provided by SEQ ID NO: 7 and the second oligonucleotide comprises a nucleotide sequence provided
by SEQ ID NO: ; c) the first oligonucleotide comprises a nucleotide sequence provided by SEQ ID NO: ¢ and the second
oligonucleotide comprises a nucleotide sequence provided by SEQ ID NO: 10; d) the first oligonucleotide comprises a nucleotide
sequence provided by SEQ ID NO: 11 and the second oligonucleotide comprises a nucleotide sequence provided by SEQ ID NO: 12; e)
the first oligonucleotide comprises a nucleotide sequence provided by SEQ ID NO: 13 and the second oligonucleotide comprises a
nucleotide seyuence provided by SEQ ID NO: 14; f) the first oligonucleotide comprises a nucleotide sequence provided by SEQ 1D NO:
15 and the second oligonucleotide comprises a nucleotide sequence provided by SEQ ID NO: 16; g) the first oligonucleotide comprises
a nucleotide sequence provided by SEQ ID NO: 17 or 19 and the second oligonucleotide comprises a nucleotide sequence provided by
SEQ ID NO: 18 or 20; h) the first oligonucleotide comprises a nucleotide sequence provided by SEQ |D NO: 21 and the second
dligonucieotide comprises a nucleohide sequence provided by SEQ 1D NO: 22; i) the first oligonucleotide comprises a nucleotide
sequence provided by SEQ ID NO: 23 and the second oligonucleotide comprises a nucleotide sequence provided by SEQ ID NO: 24; j)
the first oligonucleotide comprises a nucleotide sequence provided by SEQ ID NO: 25 and the second oligonucleotide comprises a
nucleotide sequence provided by SEQ ID NO: 26; k) the first oligonucleotide comprises a nucleotide sequence provided by SEQ ID NO:
27 and the second oligonucleotide comprises a nucleotide sequence provided by SEQ ID NO: 28; 1) the first oligonucleotide comprises
a nucleotide sequence provided by SEQ ID NO: 29 and the second oligonucleotide comprises a nucleotide sequence provided by SEQ
ID NO: 30; m) the first oligonucleotide comprises a nucleotide sequence provided by SEQ ID NO: 31, 34, 36, 38, 40, 42, 44, or 46 and
the second oligonucleotide comprises a nucleotide sequence provided by SEQ ID NO: 32, 35, 37, 39, 41, 43, 45, or 47; n) the first
oligonucleotide comprises a nucleotide sequence provided by SEQ ID NO: 48, 50, or 52 and the second oligonucleotide comprises a
nucleotide sequence provided by SEQ ID NO: 49, 51, or 53; o) the first oligonucleotide comprises a nucleotide sequence provided by
SEQ ID NO: 54 and the second oligonucleotide comprises a nucleotide sequence provided by SEQ 1D NO: 55; p) the first
oligonucleotide comprises a nucleotide sequence provided by SEQ ID NO: 56 and the second oligonucleotide comprises a nucleotide
sequence provided by SEQ ID NO: 57; q) the first oligonucleotide comprises a nucleotide sequence provided by SEQ ID NO: 58 or 60
and the second oligonucleotide comprises a nucleotide sequence provided by SEQ ID NO: 59 or 61; r) the first oligonucleotide

Form PCT/ISA/210 (extra sheet) (January 2015)
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comprises a nucleotide sequence provided by SEQ ID NO: 62 or 64 and the second oligonucleotide comprises a nucleotide sequence
provided by SEQ ID NO: 63 or 65; s) the first oligonucleotide comprises a nucleotide sequence provided by SEQ ID NO: 66 or 68 and
the second oligonucleotide comprises a nucleotide sequence provided by SEQ ID NO: 67 or 69; t) the first oligonucleotide comprises a
nucleotide sequence provided by SEQ ID NO: 70 and the second oligonucleotide comprises a nucleotide sequence provided by SEQ ID
NO: 71; u) the first oligonucleotide comprises a nucleotide sequence provided by SEQ ID NO: 72 or 74 and the second oligonucleotide
comprises a nucleotide sequence provided by SEQ ID NO: 73 or 75; v) the first oligonucleotide comprises a nucleotide sequence
provided by SEQ 1D NO: 76, 78, or 80 and the second oligonucleotide comprises a nucleotide sequence provided by SEQ ID NO: 77,
79, or 81; w) the first oligonucleotide comprises a nucleotide sequence provided by SEQ ID NO: 82 and the second oligonucleotide
comprises a nucleotide sequence provided by SEQ 1D NO: 83; and/or x) the first oligonucleotide comprises a nucleotide sequence
provided by SEQ ID NO: 84 and the second oligonucleotide comprises a nucleotide sequence provided by SEQ ID NO: 85".

Additionally, even if Groups I+ were considered to share the technical features of a method for detecting a human chromosome in a
sample, the method comprising: a) producing an amplicon comprising a nucleotide sequence from a target a-repeat array; and b)
detecting the human chromosome in the sample by detecting the amplicon comprising the nucleotide sequence from the target a-repeat
array; a method for detecting an aneuploidy of a chromosome in a subject, the method comprising: a) determining a pericentromere size
of a chromosome; b) comparing the pericentromere size of the chromosome to the pericentromere size for the chromosome of a normal
subject; and c) identifying the chromosome as aneuploid by determining that the pericentromere size of the chromosome of the subject
is smaller than the pericentromere size for the chromosome of a normal subject; a method for determining the number of a-repeats in an
a-repeat array of a chromosome, the method comprising: a) hybridizing a first oligonucleotide and a second oligonucleotide to a nucleic
acid comprising a target a-repeat array; b) producing an amplicon comprising a nucleotide sequence from the target a-repeat array; c)
quantifying the amplicon; and d) calculating the number of a-repeats in the a-repeat array of the chromosome from the quantity of the
amplicon; a reaction mixture comprising a nucleotide sequence from a target a-repeat array; a composition comprising a pair of
oligonucleotides specific for a-repeat arrays; a kit comprising a first oligonucleotide and a second oligonucleotide; and a kit comprising
one or more pairs of oligonucleotides specific for one or more a-repeat arrays; these shared technical features do not represent a
contribution over the prior art.

Specifically, US 5,427,932 A to Weier et al. discloses a method for detecting a human chromosome in a sample (this invention can be
used to determine the number of chromosomes of a specific type ...in tissue sections, Abstract; human chromosome-specific alphoid
DNA, Col. 2, Lns. 30-31; test samples, Col. 18, Ln. 29), the method comprising: a) producing an amplicon comprising a nucleotide
sequence from a target a-repeat array ([tjhe instant invention provides a primer directed DNA amplification method using the
polymerase chain reaction (PCR) ...to isolate chromosome-specific repeated DNA, Col. 2, Lns. 21-25; human chromosome-specific
alphoid DNA, Col. 2, Lns. 30-31; amplifying the template DNA by a polymerase chain reaction (PCR) method between and including the
first and second primers to produce chromosome-specific repeat sequence, Col. 3, Lns. 61-64; alpha satellite DNA repeat monomers
flanked by the PCR primer sequences, Col. 26, Lns. 4-5); and b) detecting the human chromosome in the sample by detecting the
amplicon comprising the nucleotide sequence from the target a-repeat array (amplification products ...can be screened by, for example,
gel electrophoresis, Col. 4, Lns. 29-33; indicating the presence of an extra copy of chromosome 10 in those cells, Col. 5, Lns. 66-67,
amplification products for several samples, Col. 25, Lns. 29-30); a method for determining the number of a-repeats in an a-repeat array
of a chromosome ([a] primer directed DNA amplification method to isolate efficiently chromosome-specific repeated DNA, Abstract; [tlhe
size of the insert can be derived from the product size, Col. 25, Ln. 30; alpha satellite DNA repeat monomers, Col. 26, Lns. 4-5), the
method comprising: a) hybridizing a first oligonucteotide and a second oligonucleotide to a nucleic acid comprising a target a-repeat
array (binding a first set of oligonucleotide primers to repeat sequence units in template DNA, Col. 3, Lns. 50-51; alpha satellite DNA
repeat monomers flanked by the PCR primer sequences, Col. 26, Lns. 4-5); b) producing an amplicon comprising a nucleotide sequence
from the target a-repeat array (amplifying the template DNA by a polymerase chain reaction (PCR) method between and including the
first and second set of primers to produce chromosome-specific repeat sequence, Col. 3, Lns. 61-64; alpha satellite DNA repeat
monomers flanked by the PCR primer sequences, Col. 26, Lns. 4-5); ¢) quantifying the amplicon ([a]mpiification of alpha satellite DNA
was confirmed visually by electruphoresis, Col. 20, Lns. 48-49; the discrete size intervals found in gel electrophoretic separation. ...
reflect the presence of rather large domains of alphoid DNA, Col. 12, Lns. 30-38); and d) calculating the number of a-repeats in the
a-repeat array of the chromosome from the quantity of the amplicon (amplification of longer products multiple 170 bp repeat sequences
may occur ....[i]Jn this example, the primer annealing sites are separated by one or more repeat units. ...the DNA segments amplified
contain UNA segments of 175 bp size plus one or more multiples of the 171 bp repeat unit, Col. 11, Lns. 51-60); a reaction mixture
comprising a nucleotide sequence from a target a-repeat array (amplification of chromosome 8 alphoid DNA ...chromosome 8
preparation ...were used as DNA template for each PCR amplification. ...reaction buffer ... Taq DNA polymerase mixed with ...the two
oligonuclectide prifiers WA1 uid WA2 ... DNA amplification was petformed during 4U cycles ....[a]mplification of alpha satellite DNA
fragments was confirmed by gel electrophoresis, Col. 17, Lns. 39-51); a composition comprising a pair of oligonucleotides specific for
a-1epeal arrays (amplification of chromosome 8 alphoid DNA ...chromosome 8 preparation ...were used as DNA template for each PCR
amplificalion. ...reaction buffer ... Taq DNA polymerase mixed with ...the two oligonucleotide primers WA1 and WA2 ....DNA
amplification was performed during 40 cycles ....[a]mplification of alpha satellite DNA fragments was confirmed by gel electrophoresis,
Col. 17, Lns. 39-51; alpha satellite DNA repeat monomers flanked by the PCR primer sequences, Col. 26, Lns. 4-5).

CA 2104767 C to Reynolds et al. discloses a kit ([t]he present invention also provides kits containing reagents used in the methods of
the present invention, Pg. 3, Lns. 10-11) comprising a first oligonucleotide and a second oligonucleotide ([k]its include the labeled
ofigonucleotide probes, Pg. 7, Lns. 17; biotinylated probes that hybridize to a human alpha satellite locus, Pg. 1, Ln. 3). and a kit ([tlhe
present invention also provides kits containing reagents used in the methods of the present invention, Pg. 3, Lns. 10-11) comprising one
or more pairs of oligonucleotides specific for one or more a-repeat arrays (biotinylated probes that hybridize to a human alpha satellite
locus, Pg. 1, Lin. 3, paits uf prilies cumplementary o the conserved regions have been used to amplity the hypervariable regions using
the PCR. These regions can be analyzed subsequently by direct DNA sequencing or by hybridization to a collection of
sequence-specific oligonucleotide prohes, Pg. 6, Lns. 27-30).

WO 2006/047412 A2 to Promega Corporation et al. discloses a method for detecting an aneuploidy of a chromosome in a subject
(methods of evaluating germ line specific genomic instability.... use in detecting germ line specific genomic instability, Pg. 2, Lns. 4-5
and 8; for determination of germ line aneuploidy, Pg. 18, Ln. 6), the method comprising: a) determining a pericentromere size of a
chromosome (the first DNA sample is then contacted with a first primer and a second primer that hybridize to a first DNA sequence ...
under conditions that allow amplification ...to form a first amplification product. The size of the first amplification product is determined,
Pg. 2, Lns. 16-21; a region ...just below the centromere and proximal, Pg. 33, Lns. 11-16); b) comparing the pericentromere size of the
chromosome to the pericentromere size for the chromosome of a normal subjact ([t]he size of the first amplification product is
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determined and compared to the expected size of the amplification product ....from at least one control cell, Pg. 2, Lns. 20-25; genomic
instability was measured by evaluating the sizes of amplification products and deducing the presence of mutant alleles by comparing the
size of the amplified product ...to that of somatic control cells ...or the expected size of the amplified product, Pg. 8, Lns. 31-34); and c¢)
identifying the chromosome as aneuploid by determining that the pericentromere size of the chromosome of the subject is smaller than
the pericentromere size for the chromosome of a normal subject ([a] difference between the size of the first amplification product and the
expected size of the amplification product is indicative of genomic instability, Pg. 2, Lns. 21-23; the result can be a deletion involving a
whole region ...just below the centromere and proximal, Pg. 33, Lns. 12-16).

The inventions listed in Groups I+ therefore lack unity under Rule 13 because they do not share a same or corresponding special
technical features.
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