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METHOD FOR DETERMINING CHROMOSOME ABNORMALITIES

BACKGROUND OF THE INVENTION

Field of the invention

[0001] The present invention relates to a method for dateng chromosome
abnormalities, and more particularly, to a new rodtfor determining chromosome
abnormalities, including sequencing next-generasequencing (NGS) sequence
data regardless of an NGS analysis platform, deteéngn male or female by
extracting a unique-read from the sequenced sequégita, and setting a threshold
line using initial learning by linear discriminaanalysis (LDA) of existing data,
thereby being applied for both autosomes and sexaubsomes, and improving

accuracy and sensitivity as the number of diagnmeesases.

[0002]
Related Art
[0003] ‘Prenatal diagnosis’ refers to a process of deteirigi and diagnosing

presence or absence of fetal diseases before ttiedithe fetus. According to
recent statistics, it has been reported that catejenalformed children account for
about 3% of all neonates and about 20% of the cotalemalformed children are
caused by chromosome abnormalities.  Specificdig/congenital malformed child
which is widely known as Down syndrome correspotawd26% of the congenital
malformed children.

[0004] Due to the increased birth rate of malformed chkidrand the

development of various prenatal diagnostic devicgsyest in prenatal diagnosis is
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increasing day by day. In particular, in the cadere there is an elderly pregnant
woman over 35 years of age, there is a pregnantamomith a childbirth history of
chromosome abnormalities there is one of the parkaving a family history of
genetic disease, there is a family history of gendisease, there is a risk of neural
tube defects, and fetal malformation is suspeatethaternal serum screening and
ultrasonography, the prenatal diagnosis is required

[0005] The prenatal diagnosis method may be largely ddvicéo invasive and
noninvasive diagnostic methods. Examples of theadive diagnostic method
include chorionic villi sampling (CVS) performed rthg 10 and 12 weeks of
pregnancy, amniocentesis of analyzing fetal chramezs by measuring a
concentration of AFP in amniotic fluid using imm@assay during 15 to 20 weeks of
pregnancy, a cordocentesis method in which fetadis extracted directly from the
umbilical cord under ultrasound-induced during @80 weeks of pregnancy, and
the like.

[0006] However, these invasive diagnostic methods mayecabsrtion, illness
or malformation by impacting the fetus during themination process. Methods
of securing fetal material by amniocentesis or wroc villus sampling may be
invasive, and non-negligible risks to pregnancy nhey caused even by skilled
clinicians. In current practice, these invasivagtiostic methods are generally used
when there is a sign that the probability of downdsome fetal pregnancy due to
maternal age or pre-screening through biocheméstiintg or ultrasound examination.
[0007] Noninvasive diagnostic methods have been developea/ercome the
problems of these invasive diagnostic methods. éxample, the pre-embryonic
genetic diagnosis method is a technique for selgctembryos without

preimplantation intrauterine genetic defects usimglecular genetics or cytogenetic
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techniques used in in-vitro fertilization. In atldin, a quantitative-fluorescent PCR
(QF-PCR) fluorescence assay for rapid diagnosingrnobhsome aneuploidy is a
quick screening test method of measuring and amgyan amount of amplified
DNA labeled with fluorescence by a DNA automatiasence analyzer after
amplifying short tandem repeats (STR) of the DNAttlare specific for each
chromosome and labeled with the fluorescence byuliptex PCR method. In
addition, in order to find a copy number changeheomosome microarray (CMA)
method is known for collecting and inspecting DN&gjgences mapped onto a glass
slide.

[0008] Meanwhile, with the development of a sequencindtetogy, as it
becomes possible to decode large-scale genomemiafion, genome analysis
methods based on a next-generation sequencing (G)ology are utilized even
in the field of prenatal diagnosis. In particuitirs known that cellular free DNA in
the plasma of pregnant women contains componentkeofetal origin (Lo et al.,
1997, Lancet 350, 485-487), and in cell free pla@N& (hereinafter, referred to as
“serum DNA”"), 5% to 20% originates from the fetalhd the remainder is often
formed of short DNA molecules (80 to 200 bp) of thaternal (Birch et al., 2005,
ClinChem 51, 312-320; Fan et al., 2010, ClinChem1259-1286).

[0009] Prenatal diagnosis methods for isolating the fe¢dls from the maternal
blood and analyzing chromosomes using these faet&reown. In general, since
the conditions having chromosome aneuploidy whish caused by excess
chromosomes or chromosome defects produce an indeatd a fetal DNA molecule
cluster in the detectable maternal free plasma DN#ethods of analyzing
chromosome abnormalities using the same have lmariaped.

[0010] In principle, if the cellular free DNA in the plasms not diluted by the
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maternal component, the excess chromosome thaesalmracteristics of T21 is
expected to produce more than 50% DNA moleculewetbifrom the chromosome
as compared to normal pregnancy. However, whesidenng a typical value of
10% for the components of the cellular free plagiheA of fetal origin, the resulting
imbalance is only 5%, or expected to be a relathaease in the number of
chromosome 21-derived fragments at a value of tddBpared to 1.00 for normal
pregnancy. In situations where the fetal compoménilasma DNA is smaller or
larger than the 10% value, the imbalance in thebamoef chromosome 21-derived
molecules within the cluster of molecules in theenaal plasma is correspondingly
smaller or larger.

[0011] Thus, the basis of this non-invasive diagnostititesbtaining nucleotide
sequence data for DNA molecules from the materdatnpa ('DNA sequence
analysis'). After partial or complete nucleotidsggence information is obtained
from individual DNA molecules, bioinformatics tedgnes need to be applied to
assign individual molecules to the chromosome patgd by the molecules most
simply by comparison with the reference human gen(sh

[0012] Considering that bioinformatic methods can be bdjiapplied to obtain
some nucleotide sequence data for a sufficientyelmumber of plasma DNAs and
assign a sufficiently large number of genes tochisomosome origin, statistical
methods may be applied to determine the presencabsence of chromosome
imbalances in a cluster of plasma DNA molecules lavhretaining statistical
reliability.

[0013] Up to now, in this diagnostic method, in order bdain a sequence having
a length enough to be assigned to a chromosomia thigreof, a large-scale parallel

DNA sequencing technique which generates high-tyualequence data that is
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relatively error-free (known as next-generation ussgping or second-generation
sequencing) was used.
[0014] This specific automated sequencing device genesatpsence data that is
substantially less than that normally requiredgeneral genomic sequencing. The
sequence data generated as such is characterifeghjbbgnt errors. Types of these
errors are various, but ‘insertion-deletion (intdé&) most common and is an error
caused by a sequencing device which delivers artimate excess base (insertion)
or a deleted base. In addition, it is difficult &ffectively sequence a short
homopolymer run (i.e., a run of several identicadds). In addition, the sequencing
error may also include “mismatch” in which the baseancorrectly assigned, and
tends to indicate various errors.
[0015] In addition, such a massive parallel sequencingdmsslvantages in that
the performed sequencing requires much time apdriermed with high quality in a
full-service genome sequencer, mainly lllumina HjSehich generates very large
data requiring expensive bioinformatics. In aduhifithe method of performing the
specific analysis varies depending on a kind dfdatvice genome sequencer, and
the execution time and the analysis process maydakeral weeks as a whole.
[0016]

SUMMARY OF THE INVENTION
[0017] In order to solve the problems of the relatedaartescribed above, the
present invention is not limited to a sequencingho@ by a specific automatic
sequencer and a normalization method thereof imela¢ed art, and an object of the
present invention is to provide a new method fotedeining chromosome
abnormalities which are able to use generated sequaformation and be applied

for both autosomes and sex-chromosomes.
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[0018]

[0019] In order to solve the above objects, an aspechefpresent invention
provides a method for determining chromosome abalities including:

[0020] a first step of extracting a unique read from segad sequencing data of
a target chromosome;

[0021] a second step of setting a threshold line for dateng chromosome
aneuploidy by linear discriminant analysis (LDA) thyiding and labeling normality
and aneuploidy of chromosome data pre-verifiedther normality and aneuploidy;
and

[0022] a third step of determining whether there is anadpl of the unique
read-target chromosome gene extracted in thediest by the threshold line set in
the second step.

[0023] In the method of determining the chromosome abnlitiesaaccording to
the present invention, in the second step of gpttie threshold line for determining
the aneuploidy, the normality and the aneuploidytltd chromosome data pre-
verified for the normality and the aneuploidy areidkd and labeled to be initially
learned by the LDA and a minimum value of the aht@dy chromosome data
among the pre-verified chromosome data is seteathtieshold value.

[0024] In the method of determining the chromosome abnlitiesaaccording to
the present invention, the LDA technique refersatdinear discriminant analysis
method and refers to a method of setting an inikieéshold value by analyzing the
pre-verified chromosome data and setting a minimeatue of the aneuploidy
chromosome data as the threshold line by additpraadalyzing the accumulated
samples.

[0025] In the method of determining the chromosome abnlitiesaaccording to



10

15

20

25

the present invention, in the step of determinirigeter there is the aneuploidy of
the new target chromosome gene according to therieriset by the LDA method,
the presence or absence of chromosome abnormastidstermined by setting a
range of a normal sample from the pre-verified olwsome data and setting a
minimum value of the aneuploidic data as the thokbhalue.

[0026] In the method for determining the chromosome ababties according
to the present invention, in the step of extracting unique read from the target
chromosome, the unique read which is divided in@)&b bin region and has the
GC content of 0.35 to 0.55 or less is extracted.

[0027] The method for determining the chromosome abnoti@slaccording to
the present invention further includes, after tinst fstep, a 1-1 step of calculating
UR(X) % (percentage of reads uniquely matched ¢bramosome X) and UR(y) %
(percentage of reads uniquely matched to a chromes¥) represented by the
following Formulas from the extracted unique read;

[0028] UR(X) % = Number of reads of chromosome X (chrXgtal number of
(autosomes) reads X 100

[0029] UR(Y) % = Number of reads of chromosome Y (chrYdtal number of
(autosomes) reads X 100

[0030] a 1-2 step of discriminating gender from the URX&)and the UR(y) %;
and

[0031] a 1-3 step of discriminating gender from the nunddeeads of the region
matched to a Y-specific region in the step of dmorating the gender from the
UR(x) % and the UR(y) %.

[0032] In the method for determining the chromosome ababties according

to the present invention, in the step of discrimimathe gender from the UR(X) %
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and the UR(y) %, the gender is discriminated fromntumber of reads in the region
(Table 1) matched to the Y-specific region whicltests only a pure chrY region by
selecting a pseudoautosomal region by comparing ahd chrY to remove a chrX
region.

[0033] In the method for determining the chromosome ababties according
to the present invention, the chromosome is at lelas chromosome selected from
the group consisting of chromosome 13, chromosorBe chromosome 21,
chromosome 3, chromosome 7, and chromosome 12,r@mokome X or a
chromosome Y.

[0034] In the method for determining the chromosome ababties according
to the present invention, it is possible to be edésl to whole autosomes when the
autosomes are targeted, and in the method for ety the chromosome
abnormalities according to the present inventioxangples of the chromosome
abnormalities include:

[0035] down syndrome (Trisomy 21), Edward syndrome (Trigob8), Patau
syndrome (Trisomy 13), Trisomy 9, Warkany syndrofieisomy 8), Cat Eye
syndrome (4 copies of chromosome 22), Trisomy 88, Taisomy 16.

[0036] Additionally or alternatively, the detection of @bnormality of genes,
chromosomes, or some of chromosomes, and the aopler may include detection
and/or diagnosis of a condition selected from theug consisting of: Wolf-
Hirschhorn syndrome (4p-), Cri du chat syndrome ) Sgilliams-Beuren syndrome
(7-), Jacobsen syndrome (11-), Miller-Dieker symdeo (17-), Smith-Magenis
syndrome (17-), 22ql 1.2 Deletion syndrome (alscown as Velocardiofacial
syndrome, DiGeorge syndrome, conotruncal anomatg fayndrome, congenital

thymic dysplasia, and Strong's syndrome), Angelsyamdrome (15-), and Prader-
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Willi syndrome (15-).

[0037] Additionally or alternatively, the detection of thebnormality of the
chromosome copy number may include detection andiamgnosis of a condition
selected from the group consisting of Turner symarqUIlrich-Turner syndrome or
single chromosome X), Klinefelter syndrome, 47 ,XXdf XXY syndrome,
48,XXXY syndrome, 49,XXXXY syndrome, Triple X symane, XXXX syndrome
(also referred to as tetrasomic X, quadruple X48XXXX), XXXXX syndrome
(also referred to as pentasomic X or 49,XXXXX), afidY syndrome.

[0038] In the method for determining the chromosome ababties according
to the present invention, since the threshold foredetermining the chromosome
aneuploidy is set by the LDA method from the ergtsequenced data, the more an
amount of sequenced data to be used, the higheraagcand sensitivity of the
determination, and as a result, the accuracy amsitsaty of the determination may
be continuously improved at the time of performthg method many times while
the data is continuously accumulated.

[0039] That is, in the method for determining the chronmesocabnormalities
according to the present invention, it is possiblperform the first to third steps for
determining the chromosome abnormalities N timeslewvbontinuously adding
sequenced data sequences. When a chromosomesddtatiihe time of the N-1-th
determination is referred to as Dn-1 and a chrommesdata used at the time of the
N-th determination is referred to as Dn, the deteation of the aneuploidy for the
chromosome data Dn used at the time of the N-tarahnation is a threshold value
derived from the chromosome data Dn-1 used atitine @f the N-1-th determination.
[0040] The threshold value is affected by a specific atgor, but a value close

to the aneuploidy is set to one value or the tholeshalue is set to two values, and as
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a result, the determination may also be flexiblpiaved.

[0041] In the method for determining the chromosome ababties according
to the present invention, the sequenced sequentz islaobtained by a next-
generation sequencing platform. It will be undaeost by those of ordinary skill in
the art that the method for obtaining the sequetat@ according to the present
invention is not limited to any specific technique.

[0042] The sequencing platform was discussed and revidwmed literatures
[Loman et al. (2012) Nature Biotechnology 30(5)4439]; [Quail et al. (2012)
BMC Genomics 13, 341]; [Liu et al. (2012) Journal Biomedicine and
Biotechnology 2012, 1-11]; and Meldrum et al. (20ClinBiochem Rev. 32(4): 177-
195]; and the sequencing platform reviewed from litezatures is included in the
present application by reference.

[0043] In the method for determining the chromosome ababties according
to the present invention, the next-generation segjug platform is selected from a
Roche 454 (i.e., Roche 454 GS FLX), a SOLID systeam Applied Biosystems
(i.e., SOLiIDv4), GAllx, HiSeq 2500 and MiSeq seqcers from Illlumina, Proton
and S5 sequencers of lon Torrent semiconductores®ing platforms from Life
Technologies, PacBio RS from Pacific Biosciences, 3730x| from Sanger.

[0044] In the method for determining the chromosome ababties according
to the present invention, the sequenced sequerteeiddabtained by a sequencing
platform including the use of a polymerase chaactien.

[0045] In the method for determining the chromosome ababties according
to the present invention, the sequenced sequerteeidabtained by a sequencing
platform including the use of sequencing by synthes

[0046] In the method for determining the chromosome ababties according

10
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to the present invention, the sequenced sequerteeidabtained by a sequencing
platform including the use of ions, for examplediogen ion release.

[0047] In the method for determining the chromosome ababties according
to the present invention, the sequenced sequerteeidabtained by a sequencing
platform including the use of a semiconductor-baseduencing method. The
advantage of the semiconductor-based sequencingpthét that the manufacturing
cost of devices, chips and reagents is low, theilesgng process is rapid (despite
off-set by emPCR) and the system can be extendrdt imay be somewhat limited
to a bead size used in the emPCR.

[0048] In the method for determining the chromosome ababties according
to the present invention, the sequenced sequerteeidabtained by a sequencing
platform including the use of a nanopore-basedesgjng method. The nanopore-
based method includes the use of organic-type ragsphat imitate conditions of a
cell membrane and a protein channel of living ¢dike a technique used by, for
example, Oxford Nanopore Technologies (e.g., Litee[Branton D, Bayley H, et
al. (2008). Nature Biotechnology 26 (10), 1146-1)53

[0049] In the method for determining the chromosome ababties according
to the present invention, the sequenced sequeriaesdabtained by an lon Torrent
platform from Life Technologies or MiSeq from llluna. A sequencing technique
by synthesis of Illumina(SBS) is currently succaksfand a next-generation
sequencing platform which is widely adopted worldevi A TruSeq technique
supports large-scale parallel sequencing using xafusve reversible terminator-
based method that enables its detection when &edage is included in a growing
DNA strand. A fluorescence-labeled terminatornemged by adding each dNTP

and then cleaved to allow introduction of the niease. Since all four reversible
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terminator-binding dNTPs exist during each sequenaycle, natural competition
minimizes introduction bias.

[0050] In the method for determining the chromosome ababties according
to the present invention, the sequenced sequerniaasdabtained by an lon Torrent
personal genome machine (lon Torrent PGM) from Tdehnologies.

[0051] In the method for determining the chromosome ababties according
to the present invention, the sequenced sequeriaedabtained by an lon Torrent
platform from Life Technologies, for example, lono#n and S5 having PI or PII
chips, and multiplex capable iteration based onit@aél derivative devices and
components thereof.

[0052] In an additional embodiment, the next-generatiaqueacing platform is
a personal genome machine (PGM), which is the lorreht personal genome
machine from Life Technologies. The lon Torrentide uses a strategy similar to
sequencing by synthesis(SBS), but detects signakhd release of hydrogen ions
according to the activity of a DNA polymerase dgrithe nucleotide introduction.
Essentially, the lon Torrent chip is a very semsitpH meter. Each ion chip
includes millions of ion-sensitive field effect nsistor (ISFET) sensors that allow
simultaneous detection of multiple sequencing reast The use of the ISFET
device is well known to those skilled in the ardanay be performed within a range
of a technique which may be used to obtain theesopidata required by the method
of the present invention. (Prodromakis et al. (J0[HEE Electron Device Letters
31(9), 1053-1055; Purushothaman et al. (2006) Ssread Actuators B 114, 964-
968; Toumazou and Cass (2007) Phil. Trans. R. 80c362, 1321-1328; WO
2008/107014 (from DNA Electronics Ltd); WO 2003/088 (from Toumazou); US

2010/0159461 (from DNA Electronics Ltd); each setuieg method is included in

12
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[0053] In the method for determining the chromosome ababties according
to the present invention, the sequenced sequernaasdaormalized or not. That is,
the method for determining the chromosome abnotm®slaccording to the present
invention is not limited to the sequencing meth@hd may determine the
chromosome abnormalities even in the case of panfigr or not standardization and
normalization of the sequenced sequence data.

[0054]

Advantageous Effects

[0055] The method for determining the chromosome abnotieslaccording to
the present invention is not limited to the sequanmethod and the normalization
method thereof by a specific automatic sequenciece in the related art. The
method can be usefully used for prenatal diagnmgigsing the generated sequence
information, being applied to autosomes and serfobsomes, and early
determining presence or absence of malformationtdudnormality of the number
of fetal autosomes and sex-chromosomes based @menercial application of a
non-invasive method because as the number of dsagnimcreases, accuracy and
sensitivity increase.

[0056] In the method according to the present inventidmernwmany sequencing
data and abnormality determination data therefermacumulated, it is possible to set
a precise threshold line by a linear discriminamalgsis (LDA) method, thereby
obtaining the sensitivity much higher than thatha conventional method.

[0057]

BRIEF DESCRIPTION OF THE DRAWINGS

13
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[0058] FIG. 1 is a graph showing an example of determirgegder as a Y-
specific region by protons with respect to 100 sas\pising a diagnostic method of
the present invention.

[0059] FIG. 2 is a graph showing an example of determiigjagder by a HiSeq
platform from lllumina Co., Ltd. with respect to 3@amples using the diagnostic
method of the present invention.

[0060] FIG. 3 is a graph showing a result of predictingiew sample after
learning by performing normalization with QDNAsesjng the diagnostic method of
the present invention.

[0061] FIG. 4 is a graph showing a result of predictingiew sample after
learning by performing normalization with HMMcopying the diagnostic method
of the present invention.

[0062] FIG. 5 is a graph showing a result of predictingiew sample after
learning using only a percentage of X and Y withoatmalization.

[0063] FIG. 6 is a graph showing a result of predictingiew sample after
learning by performing normalization with Deeptoaising GCBias by using the
diagnostic method of the present invention.

[0064] FIG. 7 is a graph showing a result of discrimingtinormality and
aneuploidic samples of chromosome 21 using thendstgc method of the present
invention. Here, N is a normal sample, T is anupladic sample, and ared T is a
sample in a threshold line.

[0065] FIG. 8 is a graph showing a result of discrimingtinormality and
aneuploidic samples of chromosome 18 using thendstgc method of the present
invention. Here, N is a normal sample, R is arupledic sample, and ared R is a

sample in a threshold line.
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[0066] FIG. 9 is a graph showing a result of discrimingtinormality and
aneuploidic samples of chromosome 13 using thendstgc method of the present
invention. Here, N is a normal sample, M is anuph@dic sample, and a red M is
a sample in a threshold line.

[0067] FIG. 10 is a graph simultaneously showing the dateation of
chromosomes 21 and 18 using the diagnostic methtiee resent invention. Here,
a horizontal axis is chr21, a vertical axis is &rlll is normal, white is aneuploidy
18, and pink is aneuploidy 21.

[0068] FIG. 11 is a graph showing a result of determinengeuploidy of
chromosome 3 using the diagnostic method of thegmteinvention. In QDNAseq,
an average of the normal samples is 7.551 and enage of the aneuploidic samples
is 7.615.

[0069] FIG. 12 is a graph showing aneuploidic sampleshobrmosome 7 using
the diagnostic method of the present invention.

[0070] FIG. 13 is a graph showing aneuploidic sampleshobmosome 12 using
the diagnostic method of the present invention.

[0071] FIGS. 14 to 16 are graphs showing a normal sampde XY, XYY,
XXX, and XO samples to determine chromosome anédyplosing the diagnostic
method of the present invention.

[0072] FIG, 15 is a graph for discriminating XXY from XYY.

[0073] FIG, 16 is a graph for discriminating XXY from XO.

[0074]

DESCRIPTION OF EXEMPLARY EMBODIMENTS

[0075] Hereinafter, the present invention will be desatibemore detail through

15
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Examples. These Examples are just to exemplifypii@sent invention, and it is
apparent to those skilled in the art that it is maerpreted that the scope of the
present invention is not limited to these Examples.

[0076] Unless otherwise defined, all technical and sdienterms used in this
specification have the same meaning as those coiymanderstood by those skilled
in the art. In general, the nomenclature used Hre experimental method
described below in this specification is well-knoamd commonly used in the art.
[0077]

[0078]

[0079] [Example 1] Discriminating male or female by extnag unique read

[0080] Plasma was extracted from the blood collected fitbeenmother, and
a library was prepared by extracting 30 ng or nadrefDNA from the plasma. And
both Life Tech and lllumina were combined with atapter. Thereafter, pooling
was performed by E-gel size selection using LifehTequipment, bead size selection
was performed using lllumina, and sequencing wa®peed by pooling.
[0081] Sequenced fastq files were sorted and PCR duplicatias removed to
extract unique reads. Only the perfectly matcheslds were sorted, and all the
regions in the sorted sequence were divided intd 30n regions and reads with a
GC content of 0.35 to 0.55 or less were extracted.
[0082] A percentage UR(X)% of free reads which are unigjmeatched with a
chromosome X and a percentage UR(y)% of free redmish are uniquely matched
with a chromosome Y represented by the followingitdas were obtained.
[0083] - UR(X) % = Number of reads of chromosome X (chfXgtal number of
(autosomes) reads X 100

[0084] - UR(Y) % = Number of reads of chromosome Y (chtYgtal number of

16
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(autosomes) reads X 100
[0085]

[0086]

of reads was calculated based on the Y-specifiemegnd then when the number of

As shown in Table 1 below, a Y-specific region vga$, and the number

reads was less than 2, it was determined as feamdlevhen the number of reads was

2 or more, it was determined as male.

[0087] In Table 1 below, the Y-specifi

c region is defireesla pure chrY region by

removing a chrX region after removing a pseudoautas region by comparing

chrX and chrY, and the Y-specific region

selectedadlows. The present invention

Is characterized in that it is possible to easibcdminate male and female by using

a method of counting the number of reads in a regmapped to the Y-specific

region.
[0088]

[0089] [Table 1]

Y-specific region

The same region as X

- chrY:1-10000chrY:10001-264952

chrY:2649521-59034049chrY: 5903405

D- chrX:60,001-2,699,520=chrY:10,00

02,649,520-

59373566 chrX:154,931,044=chrY:59,034,050-
59,363,566

[0090]

[0091] In FIG. 1 showing a case in which gender was meashy performing

initial learning using a LDA method according te thresent invention with respect

to 100 samples using proton and FIG. 2 showingsa @awhich gender is measured

with respect to 30 samples using Illumina, it candeen that although threshold

values determined by the LDA are different in eaake, male and female may be
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discriminated by mutually similar values.

[0092]

[0093] [Example 2] LDA learning using existing sequencitada

[0094] In the present invention, the data identified bg #tandard method is
initially learned using the LDA method, a minimunalwe of aneuploidic data is
extracted as a threshold value, and normal, anelypland threshold of a target
chromosome may be predicted from this.

[0095] Conventional methods such as Z-score and NCV winitha are typically
used, but various normalization algorithms (QDNAsSdlylMcopy, Deeptools, etc.)
for normalizing the entire data using low-depthedad@ve been introduced.

[0096] Referring to FIG. 3, which shows the result of nalization of the
sequencing data and obtaining a Z-score with a Q&#dAprogram using loess, it
can be seen that 5 red T (Trisomy) samples magdmified, and since normal and
aneuploidic samples are discriminated at 1.268&8Li2 able to be automatically set
as a threshold line by the LDA method.

[0097] In FIG. 4, which shows the result of normalizing NMopy and
calculating a Z-score, it can be seen that five TelTrisomy) samples can be
identified and there are two N (normal), but sinbe normal and aneuploidic
samples are clearly discriminated based on 1.44}, i$, able to be automatically set
as a threshold line by the LDA method.

[0098] In FIG. 6 which shows a result of normalizing o@{¢Bias, it can be seen
that since the normal and aneuploidic sampleslaeglg discriminated based on 5, 5
is able to be automatically set as a thresholddinthe LDA method.

[0099]

[00100] In addition, in the method for determining the chosome abnormalities

18
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of the present invention, it is possible to detmgnichromosome abnormalities
without performing a separate normalization procggh respect to the sequenced
data regardless of a specific platform.

[00101] In FIG. 5, it can be seen that data is learned bglyhe percentages of
UR.X and UR.Y without performing normalization aftgerforming basic
sequencing, and then even if a value (red V) obw sample value is inserted, a
normal black sample N and a black aneuploidic sanipére clearly discriminated
based on 1.4.

[00102] In FIG. 5, it can be seen that since there are myred T included in the
threshold line, in the case of the method for dweiteing the chromosome
abnormalities by the LDA technique according to gresent invention, a normal
sample and an aneuploidic sample may be clearlyridigated while performing
only a simple sorting sequence.

[00103] From this, in the case of the method for deterngntimle chromosome
abnormalities by the LDA technique according to glmesent invention, it can be
seen that the same result can be obtained withging the known normalization
algorithm or the Z-score.

[00104]

[00105] [Example 3] Determination of aneuploidy of autosame

[00106] <Example 3-1> Determination of aneuploidy of chr@mmes 21, 18, and

13
[00107] The cases of chr2l, chrl8 and chrl3 are discrimih&étom the data
confirmed by the existing standard method of Exanihland a minimum value of

the aneuploidic data is extracted as a threshdigevwasing the LDA method for each

of the chr21, chrl8 and chrl3 data, thereby predicand determining normal,
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aneuploidy, and threshold.

[00108] In the method of determining the chromosome abnltiesaaccording to
the present invention, that is, by performing tbgisg sequence using existing data,
performing normalization, and then setting a mimmvalue of the aneuploidic data
selected by the LDA method as a threshold valujlt® of determining aneuploidy
of chromosomes chr21, chrl8, and chrl3 based othtéghold value were shown in
FIGS. 7, 8, and 9.

[00109] In FIG. 7, it can be seen that it is possible ttedrine clearly aneuploidy
based on the threshold value of 4 in the case i¥l¢land to clearly discriminate a
normal (N) sample and an aneuploidy (T) sample feothreshold line based on a
red T (aneuploidy) sample.

[00110] In FIG. 8, it can be seen that it is possible tedrine clearly aneuploidy
based on the threshold value of 2.5 in the cashmi8, and to clearly discriminate a
normal (N) sample and an aneuploidy (T) sample feothreshold line based on a
red R (aneuploidy) sample.

[00111] InFIG. 9, it can be seen that it is possible tedrine clearly aneuploidy
based on the threshold value of 1.5 in the cashmi3, and to clearly discriminate a
normal (N) sample and an aneuploidy (T) sample feothreshold line based on a
red M (aneuploidy) sample.

[00112] Also, as shown in FIG. 10, it can be confirmed timathe method for
determining the chromosome abnormalities of thegmeinvention, chr21 and chrl8
may easily discriminate the samples showing anéadypkt the same time.

[00113]

[00114] [Example 3-2] Possibility of extension of autosomeiion

[00115] It has been confirmed that the method for detemgirthe chromosome
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abnormalities of the present invention is abledg@pplied not only to the most well-
known chr13, chrl8, and chr21, but also to othésssame abnormalities.

[00116]

First, Normalization was performed by a conventilpnased method from the three
chromosome sequencing data of chr3, chr7, and clAi@ z-score was calculated
by using the number of reads, and then resultstayen in FIG.11 to 13.

[00117] In FIG.11 to 13, it can be confirmed that the samt# is obtained by
defining a minimum number of reads by analyzing #meuploidic and normal
samples of chrl3, chrl8, and chr2l. When the cbsome abnormalities are
determined by the LDA according to the present mio@m with respect to the
chromosomes chr3, chr7, and chrl2 which are rangdselected by applying the
minimum read number, it was confirmed that the radrand the aneuploidy are
clearly discriminated as shown in chr3 (FIG. 1hy,7c(FIG. 12) and chrl2 (FIG. 13).
[00118] In FIG. 11, when an average value of normal samgfiesr3 is confirmed
by applying the loess algorithm provided by QDNAséqgis confirmed that the
average value is 7.55 and the maximum value is &®Bthus, the two values are
clearly discriminated from the minimum value of #reeuploidic sample of 7.62.
[00119] In FIG. 12, it can be seen that an average valubeohormal samples of
chr7 is 7.29 and an average value of the aneupla@@mples is 7.36 by applying
HMMcopy. It can be seen that even when the minimnuaiue is applied, all the
five samples are clearly discriminated from thenmaly and as a result, the target
chromosome of the method for determining the chsonee abnormalities of the
present invention can be extended to all chromosome

[00120] In FIG. 13, it can be seen that even in the casehaf2, when using

QDNAseq, the average of the normal samples is dr@l'the average value of the
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aneuploidic samples is 4.995, which are clearlgréisinated, and the two values are
discriminated with the distance from the maximunuga Even in the case of the

HMM copy, it can be seen that the average valuda@ihormal samples is 4.82, and
the average value of the aneuploidic samples B884.i8 which there is a difference

and a clear threshold line.

[00121]

[00122] It can be seen that in a total of six examplesde chromosomes (chrl3,

chrl8, and chr21) and chr3, chr7, and chrl2 am@rauPosomes, the normal and the
aneuploidic samples are clearly discriminated. aA®sult, it can be seen that it is
possible to extend the method for determining theomosome abnormalities

according to the present invention to all chromosem

[00123]

[00124] [Example 4] Determination of sex-chromosome abnditiea

[00125] With respect to 246 samples, UR.X and UR. Y incidaby the following
Formulas were obtained, and the results were smoWwIGS. 14 to 16.

[00126] UR(x) % = Number of reads of chromosome X (chrXgtal number of
(autosomes) reads X 100

[00127] UR(y) % = Number of reads of chromosome Y (chrYdtal number of
(autosomes) reads X 100

[00128]

[00129] In FIG. 14, the blue and pink portions are set lagshold lines to
discriminate normal and aneuploidic samples, amh@v the case of a male sample,
as shown in FIG. 15, when the value of UR.X is&.%nore, it is indicated as XXY,
and when the value of UR.X is less than 5.5, imaicated as XYY. In the case of a

female sample, as shown in FIG. 16, a white portioicates XO and data of 5.75 or
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more (red A) is determined as XXX.

[00130] In the case of the male sample, as shown in FIGnlthe case of XO, a
value of UR.X of 5.35 or less and UR. Y of 0.0Gess is set to XO, and a threshold
line is set along the sky blue line of XO.

[00131] When a lot of data is accumulated, more learningeidormed, so it is
possible to catch a more precise threshold lind, iais possible to obtain a much
higher accuracy than the related art because treshbld line can be caught
according to the data type.

[00132]

[00133] The results of determining chromosome abnormalifeautosomes and
sex-chromosomes by the method for determining th@nsosome abnormalities
according to present invention are shown in Tabbe@w. It can be seen that the
results verified by the existing known standardeskpental methods and the results
determined by the method for determining the chreonee abnormalities according
to present invention are the same as each other.

[00134]

[00135] [Table 2]

Male Female Total | APROmel
Abnormal  Trisomy 13 3 1 4 100%
Trisomy 18 3 5 8 100%
Trisomy 21 12 0 22| 100%
XY 1 XX 1
SCA 6  100%
XYY 1 X0 3
Total 131 1S 246  100%
[00136]
[00137] Industrial availability
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The method for determining the chromosome abnotieslaccording to the present
invention is not limited to the sequencing methodl ahe normalization method
thereof by a specific automatic sequencing devicéne related art. The method
can be usefully used for prenatal diagnosis by qudime generated sequence
information, being applied to autosomes and serfobsomes, and early
determining presence or absence of malformationtaduddnormality of the number
of fetal autosomes and sex-chromosomes based @mmercial application of a
non-invasive method because as the number of ds@gnmcreases, accuracy and
sensitivity increase.

[00138] In the method according to the present inventidmgmwmany sequencing
data and abnormality determination data theref@rmacumulated, it is possible to set
a precise threshold line by a linear discriminanélgsis (LDA) method, thereby
obtaining the sensitivity much higher than thathaf conventional method.

[00139]

24



10

15

20

What is claimed is:

1. A method for determining chromosome abnormaliti@sorising:

a first step of extracting a unique read from seqged sequencing data of a
target chromosome;

a second step of setting a threshold line for datéeng chromosome
aneuploidy by linear discriminant analysis (LDA) thyiding and labeling normality
and aneuploidy of chromosome data pre-verifiedtlier normality and aneuploidy;
and

a third step of determining whether there is anadpl of the unique read-
target chromosome gene extracted in the first biegphe threshold line set in the

second step.

2. The method for determining chromosome abnormaalibf claim 1,
wherein in the second step of performing initiadrleng by the LDA method by
discriminant-labeling the normality and the aneugpfo of the pre-verified
chromosome data and setting the threshold line determining chromosome
aneuploidy, a minimum value of the aneuploidy chbeome data among the pre-

verified chromosome data is set as the threshodd i

3. The method for determining chromosome abnormaalibf claim 1,

wherein in the step of extracting the unique relad,read which is divided into a 90

kb bin region and has the GC content of 0.35 t6 0rdess is extracted.
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4. The method for determining chromosome abnorraesliof claim 1,
wherein the chromosome is at least one chromosastexted from the group
consisting of chromosome 13, chromosome 18, chromes21, chromosome 3,

chromosome 7, and chromosome 12, a chromosomelmomosome Y.

5. The method for determining chromosome abnorrasliaf claim 1, further
comprising:

after the first step, a 1-1 step of calculating ¥)R¥o (percentage of reads
uniquely matched to a chromosome X) and UR(y) %cdgreage of reads uniquely
matched to a chromosome Y) represented by thewwnlp Formulas from the
extracted unique read;

UR(X) % = Number of reads of chromosome X (chrXptal number of
(autosomes) reads X 100

UR(Y) % = Number of reads of chromosome Y (chr¥viptal number of
(autosomes) reads X 100

a 1-2 step of discriminating gender from the URand the UR(y) %; and

a 1-3 step of discriminating gender from the numtfereads of the region
matched to a Y-specific region in the step of dmorating the gender from the

UR(x) % and the UR(y) %.

6. The method for determining chromosome abnormealibf claim 4,

wherein when the target chromosome is a chromosemehe chromosome

abnormalities are determined as XXX or XO.
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7. The method for determining chromosome abnormealibf claim 4,
wherein when the target chromosome is a chromosdmehe chromosome

abnormalities are determined as XXY or XYY.

8. The method for determining chromosome abnormealibf claim 1,

wherein the first to third steps are repeated Nedm

9. The method for determining chromosome abnormealibf claim 8,
wherein the determination of the aneuploidy forheomosome data Dn used at the
time of the N-th determination is a threshold valieeived from a chromosome data

Dn-1 used at the time of the N-1-th determination.

10. The method for determining chromosome abnoti@sliof any one of
claims 1 to 9, wherein the sequenced sequencadatdained by a next-generation

sequencing platform.

11. The method for determining chromosome abnotiasliof any one of
claims 1 to 9, wherein the sequenced sequenceislaihtained by a sequencing

platform including the use of a polymerase chaactien.

12. The method for determining chromosome abnoti@sliof any one of

claims 1 to 9, wherein the sequenced sequenceislaihtained by a sequencing

platform including the use of sequencing by synthes

27



10

15

20

13. The method for determining chromosome abnoti@sliof any one of
claims 1 to 9, wherein the sequenced sequenceislaihtained by a sequencing

platform including the use of ions, for examplediggen ion release.

14. The method for determining chromosome abnoti@sliof any one of
claims 1 to 9, wherein the sequenced sequenceislathtained by a sequencing

platform including the use of a semiconductor-bassgliencing method.

15. The method for determining chromosome abnoti@sliof any one of
claims 1 to 9, wherein the sequenced sequenceislaihtained by a sequencing

platform including the use of a nanopore-based aecjug method.

16. The method for determining chromosome abnotmsliof claim 10,
wherein the next-generation sequencing platforselscted from a Roche 454 (i.e.,
Roche 454 GS FLX), a SOLID system from Applied Bgiems (i.e., SOLIDv4),
GAlIx, HiSeq 2500 and MiSeq sequencers from llluailon Torrent semiconductor
sequencing platforms from Life Technologies, PadB® from Pacific Biosciences,

and 3730xI from Sanger.

17. The method for determining chromosome abnoti@sliof any one of

claims 1 to 9, wherein the sequenced sequenceisiafatained by an lon Torrent

platform from Life Technologies or MiSeq from Illuna.
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18. The method for determining chromosome abnoti@sliof any one of
claims 1 to 9, wherein the sequenced sequenceisiafatained by an lon Torrent

personal genome machine (lon Torrent PGM) from Tiéehnologies.

19. The method for determining chromosome abnoti@sliof any one of
claims 1 to 9, wherein the sequenced sequencagaktained by multiplex capable
iteration based on an lon Torrent platform fromeLifechnologies, lon Proton

having P1 or PII chips, S5 and its further derivatdevices and components thereof.

20. The method for determining chromosome abnotiegliof any one of

claims 1 to 9, wherein the sequenced sequencesdat@amalized or not.
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