AHaNN3 AaHHbIX CEKBEHMPOBAHUA
BHeKneTo4yHoun [1HK

LLlybuHa EKaTepmHa m.H.c. nabopaTopus MOSIEKYNAPHO-

reHeTUYeCcKUx metoaos «HaumoHanbHbIK MeaULUHCKUN

nccnenoBaTe/IbCKUN LEHTP aKyLepCcTBa, TMHEKO/IOTUN U
nepuHatonornm um. B.U.Kynakosa»



BHeKnetoyHaa AHK

Apoptotic bodies
Point mutations

Copy number
alterations

Rearrangements

Methylation
changes

Exosomal DNA

Maternal DNA

- Cell tree fetal DNA



Point mutations

Copy number
alterations

Rearrangements

Methylation
| changes

Exosomal DNA

Maternal DNA

. Cell free fetal DNA



HeunHBa3usBHbI npeHaTanbHbiM AAHK-cKpuHuHr (HUMC)

AHeynaoungusa — 4ncno
XPOMOCOM He KpaTHoe
ransiongHomy

(P CuHgpom [layHa —
&) NVLLHAS
'9/ 21 xpomocoma,

S
S 1.700-1000 pogos

CuHapom daBapaca — nmuwHAA 18
Xpomocoma, 1:6000-8000 pogos

CuHapom laTtay — amwHAA 13
Xxpomocoma, 1:10000-16000 pogos

PUCK Hann4yuA
aHeynionaumy
nnopga ysennymeaeTca
C BO3pacToOM maTepu

pUcK

BO3pacT

Kom6UHMpPOBaHHbIA CKPUHUHT 1-ro TpumecTpa
KOCBeHHble mapKepbl (Y3U + 6uoxumus)

LTI

BblCOKUM pUCK

BbiaBnaet He 6onee 80%
aHeynaonaum

Bonee 80%
NNOXKHOMONOXKUTENbHbIX
pPe3ynbTaTos

HeunHBa3uBHbI npeHaTanbHbi AHK-CKPpUHUHT
npamon aHanm3 AHK nnopga B KpoBU matepwm

Bbiasnaet po 99%
aHeynaouaunm

MeHee 10%
NNOXKHOMONOXKUTENbHbIX
pe3ynbTaToB



Noaxoabl K nposeaeHnto HUMNC

Maternal D‘h\;;y

Red blood cell

[

NOJIHOreHOMHbIN

Read count

+
Tag-counting approach

{CA‘nonw-M&e_shotgm wquonc-lg]
e S
Ey o
BNSN

[ Counting of aligned reads
across the genome

Chet ... Chei3 .., Chel1S .., Che2)
G+C% correction
+
[ Apply counting statisticsto |
| calulate genome representation |

ciDNA in maternal plasma

Folol DNA

NGS of total DNA present

Plasma
maternal DNA

Plasma

in maternal plasma for \ feral DNA

ancuploidy detection Ligation

~ T probe A

TapreTHbli Ligation

9
| | probe B
'b SNP-based approach | ¢ Non-SNP-based approach
;
Mulnplex PCR 1 mrgctmg pol)motphoc | ’L Selection of targeted reglons ‘
| SNPs on the chromosomes of interest | 4
Non-target locus Target locus

Adding locus-specific oligonucleotides
— LT Multiple

regions

[Co-amp“ﬁcalion of targeted |
Calculation of the distributions of reglons and sequencing |
fetal- and maternal-specific alleles
[Matfl Fotall
SNP1 21
SNP2 10 N
+ Sequencing

* Apply counting statistics to |
| calulate genome representation J

[ Apply counting statistics to
| calulate genome representation |

Nature Reviews | Genetics



3Tanbl aHanAu3a aaHHbiIX HAMNC

BbipaBHMBaHMe Ha pedepeHCHbIN FreHOM

dunbrpayma NUP-gynankaTos

[MoacyeT Konnuectsa puaos ana ¢parmeHToB GUKCUPOBAHHOWN ANNHDI
PunbTpayma HeyHUKaNbHbIX GparmeHToOB

GC-KoppeKuunAa

OI'IpE,EI,EfIEHVIE PUCKa Haan4yna aHeynjiomnaunu



BbipaBHUBaHMe Ha pedepeHCHbIN reHOM

Bwa, bowtie2, TMAP....

dunorpauyua NUP-aynnmnkaros

samtools rmdup, Picard ...

Moacuer Konnyecrsa puaos ana pparmeHToB GPUKCUPOBAHHOMU AJIUHDI
MQ>x, NM<y

PuUnbTpPaLMA HEYHUKANbHbIX PparmeHTOB

repeats/blacklists, «mannupyemocTb» yyacTka reHoma



GC-KoppeKkuua
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GC koppekuua (LOESS)

(depth)

). Desired
c(x curve

c(x)

Fit (or average)
curve

y'=y-c(x)
c(x) = f(x) - e(x)

" X
(GC%)



mean # reads

mean # reads
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GC content bias - raw Data
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GC content %

GC content bias - post LOESS correction
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GC content %




GC content (%)

GC Koppekuua (BecoBble KoapPpuumeHTbl)
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Fan et al. PloS One 2010
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HOpPMUPOBaHHOE NOKPbITUE ANA pedepeHcHbIX 06pa3LoB

CpaBHeHue HOPMUPOBAHHOTO NMOKPbLITUA ANA BCEX ayTocoM pedepeHCHbIX
06pa3LoB ¢ UCNO/Ib30BaHUEM Pa3/INUYHbIX cnoco60oB GC-KoppeKuuu.

E be3 GC Koppekuun

=
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NWHERHARA perpecckA
0e3 BeCOBLIX
Koap@uureHToB
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NWHERHEA perpeccka
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OnpepeneHne puUcKa HalMuMA aHeynaonaum

YchrN=UypyhrNref
O09%chrNref
%chrN — pona pparmeHTOB, NPUXOAALLAACSA HA UCCNEAYEMYIO XPOMOCOMY;

ZenrN =

HopohrNref cpeAHee 3HayeHMe [0AW  GPArMeHTOB, NPUXOAALLMXCA Ha

nccneayemyto Xpomocomy ana Habopa pedepeHcHbIX 06pasLoB;

OoychrNref — CTAaHAAPTHOE OTKAOHEeHME A0/M GParMeHTOB, MPUXOAALUMXCA Ha

nccneayemyto Xpomocomy ana Habopa pedepeHcHbIX 06pa3LoB.

|Z| > 3 — BbICOKMIA pUCK aHeynaonann

Mpobnembi:
CNV y Mambl — PUCK JIO}KHOMONOKUTEbHbIX U

NOXHOOTpPpUMUATENIbHbLIX PE3YNbTATOB
— 68% of data —»

951 of data \ BO3MOXHbI «pefiKue aHeynaouamm»

Vi 99.7% of data




Normalized chromosome value

NCV. = 278

j oy

Xj — PaCCYMTAHHOE OTHOIICHHE KOIMYECTBA (PPArMEHTOB IS XPOMOCOMBEI | K
KOJIMYECTBY (parMeHTOB IS «peepEHCHOM XPOMOCOMBI» B UCCICAYEMOM
oOpaz3iie;

[Lj CpEIHEE 3HAYEHNE OTHOIICHUM [l XPOMOCOMBI | B Pe(EPEHCHON BEIOOPKE
00pa3IoB,

0; — CTaHAAPTHOE OTKJIOHCHUE OTHOIICHUH JIJISI XpPOMOCOMBI | B pepepeHCHOM
BBIOOpKE 00pa3IoB.

Mpobnembi:
CNV y Mambl — PUCK JIO}KHOMONOKUTEbHbIX U
NNOXKHOOTPULLATENbHbIX PE3Yy/1bTAaTOB

BO3MOXKHbI «pegkune aHeyniongamm»

Sehnert et al. 2011
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Risk assessment trisomy 21
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percentage
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Wisecondor

Demultiplexing

i Sequencer Data |

. SOAP2

. Mapped Data

4

RETRO Filter

Filtered Data

A V4

GC-Correction

GC-Corrected Data

Select Reference Bins
(Normal Samples)

Target-Reference Bin Table

Straver et al. 2013

Classify Samples
(Test Samples)

Detected:
1) Aberrated Bins
2) Aberrated Regions
3) Aberrated Chromosomes




Wisecondor
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Frequency (%)

Ucnonb3oBaHne nHpopmaLmm o AJIMHE YTeHUM

y C 6
3~ / /
2 '« 10-bp periodicity ,.‘"\\\
L. A 143 ! \
' 133 152 ,»’"“\“ \
=
0- Lo et. al

T T : | Prenat Diag. 2010
50 100 150 200

Fragment size (bp)



Size-based Z-score

AFepn = P(i jjo)chrN - P(i jjg)f-'fffﬁﬁf

P(E ]50)cf1rN [dona pnaos Kopoye 150 n.H. Ha uccnegyemom xpomocome

dona pnaos kKopoye 150 n.H. Ha pePepeHCHbIX XPOMOCOMaXx
(Bce ayTocombl Kpome 13, 18, 21)

r ( <15 0) chrRef
AF chrN _sample — TME€AN AF chrN _ref

Z-SCOICcpN =
SD AF, chrN _ref

Yu et al. 2014



COFFEE

Assigning DNA fragments into bins along
chromosome 21 according to sizes

[ SHORT (<150 bp) LONG (>170 bp) \
Percentage o
of reads in - __ /
each bin (%)
1 2 3 N 1 2 3 N
\ Chr21 (200-kb bin) Chr21 (200-kb bin) j
f/— Paired Mann-Whitney rank-sum test )

across bins between short and long DNA
categories (i.e. P, v.s. P)

Trisomy: p-value < 0.001

\_ Euploidy: p-value 2 0.001 Y,

Sun et al. 2017



Frequency (%)

3.0

2.5 1

Size-based onpepeneHue ponu nnogosou AHK

—— Case 99633 (fetal %: 10%)
~—— Case 94884 (fetal %: 20%)
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Size ratio

Size ratio =

P(100 - 150)

P(163—169)
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T13
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T21

y = 0.064x + 0.5794
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OnpepeneHne HaMUYUA TOUEYHDbIX MyTaL UM

Mpobnembi:

 OwwnbKM ceKkBeHMPOBaHUA
* ToO4HOCTb NoAcyYeTa A0/ MYTAHTHbIX annenemn

e Allele dropout



OwunbKm cekBeHNPOoBaHUA/TOYHOCTb NoAcYeTa — MONIEKYNAPHbIE UHOEKCDI

S —
B R
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