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MeauunHckas reHomuka: onmucaHue Kypca

MnaH kypca

06.10

MexaHn3Mbl 1 4acTOTa BO3HUKHOBEHUSI MyTaLl,VII7I.

CprKTyprIe BapuaHTbl reHOMa U aHeynaounann

2. 13.10 [epegpaya myTauuii
3. 20.10 BapuaHTbl B NPOCTPaHCTBE [reHOB] 1 nx NocneacTens
4. 27.10 CemuHap: oT MyTauuu OO UHTEpNpeTaLmu
5. 03.11 BapwuanTbl Bo BpemeHu (1): HekoTOpble OCHOBbI MOMYNALMNOHHON FEHETUKM
6. 10.11 BapuanTsl Bo Bpemetu (Il): HekoTOpble OCHOBBI MOMYSILMOHHON FEHETUKM
7. 17.11 BapuaHTbl B MHAMBUAYYMAX 1N NOMNYAALMSIX
8. 24.11 MownoreHHble 3abonesatus (1): nouck reHos
9. 01.12 MowHoreHHble 3abonesatus (I1): anarHoctuka
10. 08.12 HekoTopbie OCHOBbI KONIMHYECTBEHHOW FeHETUKN
11. 15.12 KomnnekcHble (MynbTudbakTopHble) 3abonesaHus
12. 22,12 3aver
MpumeyaHus:

® 03.11 — npa3gHuYHbIli AeHb, CKopee Bcero, byaeT nepeHoC Ha Apyryto AaTy

® Konnoksuym (koHTposbHasi pabota) 6nuxe K koHuy, Hanpumep, 08.12

s K 3a4eTy HeO6XOp,I/IMO noAroTOBUTb NUCbMEHHbIN OTYeT no NpPpakTuKymy
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MeauunHcKas reHoMMKa: onMcaHue Kypca

MnaH kypca
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MeauunHckas reHomuka: onmucaHue Kypca

[MpumeyaHus

® BaxkHasi nHdopmauus: kodomo

® MeaunumHcKas reHOMUKa = MOJIEKY/ISIPHAsi FTEHETUKA + MOMYsSILMOHHAsS reHeTuKa +
MEAMLMHCKAs TeHeTUKa + CTaTUCTMYECKas TeHETUKA + reHeTunyeckas
anugemunonorus + buonndgopmatrnka = Het eanHoro y4ebHuka

® 3a pamkamu Kypca: UMMYHOJIOrUsl, NaToreHbl, MUKpobuom, Tepanusi,
pPefaKTNPOBaHNE FrEHOMA, . . .

® Prerequisites: &
e Cnaiigbl 4N CaMOCTOSATENBLHOrO U3ydeHus: @
® Bonpockl 1 3aga4n

L4 Onpe,qeneHma, BblBOAbI, OCHOBHbIE MOHATUSA, CMNCOK NNTEPATYPLI
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MeauunHcKas reHoMMKa: onMcaHue Kypca

VyebHnkn
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(2019) ISBN 978-0-815-34589-3.
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MeauunHckas reHomuka: onmucaHue Kypca

®opma a5t yyeTa noceLaemMocTu
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MeauunHcKas reHoMMKa: onMcaHue Kypca

Nekunsa 1

MexaHn3mbl 1 4acTOTa BO3HUKHOBEHUSA MyTaMMM.
CprKTyprIe BapWMaHTbl FTEHOMa 1 aHEynaounann
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Mnan nekuun

(1) MeaunumHckas reHoMuKa: onucaHue Kypca

(2) KapuoTtun n coctas reHoma desnoseka

(3) TouHOCTL pennMKayuy U HacToTa MyTaLiWii

(4) MyTauun de novo

(8) HdedbekTul B cucteme penapatuu

(6) CTpyKTypHble BAapMaHTbLI 1 BapUaHTBLI YMCTa KOMW
(@ Aneynnoungun

(8) NnakTusaums X-xpoMocombi

(9) BoiBogbl 1 nuTepaTypa
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MeauunHcKas reHoMMKa: onMcaHue Kypca

Prerequisites ans sToii nekuun &

® MuTto3 u pennunkauyus JHK
® DK30reHHble N SHAOreHHble MexaHu3Mbl nospexaerus JHK

® MexaHuambl pekombuHauuu u penapauun JHK
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Tae reHoma Yenoeeka

Vku/r)u/o’i/wo\ u Mt
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KapnoTun n cocTae reHoma uenoeeka

KapuoTtun yenoeeka @&
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KapuoTun n coctae reHoma yenoseka

KapuoTtun yenoeeka @&

® JdyxpomatuH (2.9 ['6) — yqacTkn sifepHOro reHoma, cogepxalymne bonbLuoe
KOJINYECTBO FEHOB U SIBASIOLYMECS TPAHCKPUMLMOHHO aKTUBHBIMY
® Tetepoxpomatut (0.2 [6) — nnoTHO ynoxenHast (komnakthast) JHK,

TPaHCKPUMLMOHHO HEaKTUBHas!, cofep)Kaluas bonbLIoe KONMYeCcTBO NOBTOPOB.
HaxoanTcs B LeHTpomepax 1 Tenomepax

® MeTaueHTprYecKkne XpOMOCOMbI — XPOMOCOMbI, Y KOTOPbIX LLEHTPOMEpPa Haxo4mTcs
NPUMEPHO NoCepeaunHe, UMEIOLLME NaeYn OANHAKOBOR AJMHbI

® AKpOUEHTPUYHECKME XPOMOCOMbI — aCCUMETPUYHbIE XPOMOCOMbI C NJe4amMmn pasHoli
ONNHbI
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KapuoTun n coctae reHoma yenoseka

TepMuHbl: Xxpomocombl @&
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KapuoTun n coctae reHoma yenoseka

MMonoeble xpomocombl @

a Pseudoautosomal
s region 1

Maleness gene SRY

Differential Centromere Differential
region of the | | region of the Y
X (X-linked | (Y-linked genes)
genes)

\
L - Pseudoautosomal
X region 2 Y

MKenwmnbr: XX, my>x4nHbl: XY
(Griffiths — Introduction to Genetic Analysis)

Bonpoc

Kak nepegatotcs xpomocombl X n Y?

= = - = = e
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Pedbepercbliii renom GRCh38.p13
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KapuoTun n coctae reHoma yenoseka

CocTaB reHoma 4yesioBeka

percentage
0 10 20 30 40 50 60 70 80 90 100
[ I I I I I I I I I ]

introns
protein-coding regions
= 8

GENES

LINEs SINEs
retroviral-like elements
DNA-only transposon ‘fossils’

MOBILE GENETIC ELEMENTS

non-repetitive DNA that is in

simple repeats — neither introns nor exons
segment duplications
It
REPEATED SEQUENCES UNIQUE SEQUENCES

Alberts — Essential Cell Biology

Element Transposition Structure Length Copy number MF ;aef:g’r: .
ORF1_ ORF2 (pol)

LINEs ———————77"y 1-5Kb  20,000-40,000 21%

SINEs Nonautonomous AAK 100-300 bp 1,500,000 13%
< transposase =

DNA e EEEES 2-3kb O

transposons 300,000 3%
« >

Nonautonomous P 80-3000 bp

Griffiths — Introduction to Genetic Analysis
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KapuoTun n coctae reHoma yenoseka

CocTaB reHoma yenoseka @

YuacTku dnnaa, % Onucanue
M6

Tenbr 1,200 37.5 VY4acTKH reHoMa, IJe MPOUCKOLUT TPaHCKPUIIIIUS

DK30HBI 48 1.5 Tpanckpubupyemble y4aCTKH I€HOMa, KOTOPBIE OCTa-
1orca B cocraBe PHK nocie cnnaiicunra

Hpyroe (urTpOHBDI, 1,152 36.0 Herpancnupyembre yuacTku kogupyiomeii k/ THK

UTR)

YHuKaJabHbIE 510 15.9

U peryasiTOpHbIE

I10CJIeIOBATEJIbHOCTH

JucneprupoBaHHbIE 1,400 43.8

TIOBTOPBI

LINE 640 20.0 ~850,000 [IMHHBIX OUCIEPIrUPOBAHHBIX IIOBTOPOB
(~7,000 m.H.). PeTpoTpaHCIO30HBI, 3a4acTyIO0 COLEep-
JKalllie OTKPBIThle PaMKU CYUTHLIBAHUS, KOAHUPYIOIIHE
MallMHepU o6paTHOH TPAaHCKPUILHUU. JacTo Haxo-
JSTCA B HEAKTUBHOM COCTOSIHUU

SINE, Alu nosropsl 420 13.1 ~1.5 MJIH KOPOTKHUX JHUCIHEPrUPOBAHHBIX IIOBTOPOB
(<500 n.1.). Perporpancnosonsl, cogepxxamue TPHK,
msaPHK, u pPHK, Tpancno3unusi KOTOpbIX 3aBUCUT OT
JAPYTuX MOOGHJIBHBIX 3JIEMEHTOB

LTR perporpacnoso- 250 7.8 Mob6usibHbIE 9JIEMEHTBI, COJleprKalllue JJIUHHbIE TEPMU-

HBI naabable nosropsl (LTR), Henocpeacrsenno dnanku-
pyIOlllie BHYTPEHHIOIO KOJMPYOILY 06/1acTh

JHK rTpancno3oHbl 90 2.8 Mob6unbuble snemenTsl 11 Kiacca, nepeaBuKeHHE KO-
Topbix npoucxoaut 3a cder JHK-unrepmenuaros

MukpocaresnTel 90 2.8 VY4acTKH B T€HOMHOM IIOCJIELOBATEIbLHOCTH, COAEpPKa-
e TaHJEeMHBbIE IOBTOPHI AauHOK 2—10 m.H.

Bcero 3,200 100

Jlekums 1. YacToTel MyTaumnii n CTPYKTYPHbIE BapuaHTbl
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Annotauus renos ENSEMBL GRCh38 v.99

Tun rena Tenpr % Omnucanue
(rpamn-
CKPHUIITHIL)
Benok-kogupyromue 19,968 32.9 I'enbl, comepkalnue OTKPBITYIO PAMKY CYUTBIBAHUS
TeHbI (153,197)
IlceBporens: 15,263 25.2 Tenbl, sIBISIONINECS] TOMOJIOTAMU K U3BECTHBIM GeJIOK-
KOJUPYIOUMM I'eHaM, OJHAKO COJIeprKalllie HHJIEJIbl CO
CABUI'OM paMKH CUUTBIBAHUSA I/I/I/L/ll/l CTOII-KOJIOHBbI, Ha-
pyuaimoue OTKPbITYIO PaAMKY CYUTbIBAHUSA
Henoxareepxkienubie 1,060 1.7 Heobxoauma sKcriepuMeHTabHAs BaJIUJAIHAsT
Penenroprr T-xrerox, 408 0.7 ITonBepraroTcsi coMaTHYECKOW peKoMOGuUHAIUU Imepes
MMMYHOTTI06YINHBI o
TpaHCKpuUIuei
Tenst PHK 23,977 39.5
aakPHK 16,880 Hekoaupyomue reasbr giaunoi > 200 m.H.
MmaPHK 1,910 ITpouneccunr npegmecreenankos MPHK
mukpoPHK 1,879 Manenskune PHK (~22 n.1.), narubupy6mune skcnpec-
cuio neaesoit MPHK
MmakPHK 942 ITocT-TpaHCKPUINIMOHHASL MOAUMUKALUA JAPYTHX TH-
nos PHK
Hpyroe 2,366 pPHK, TPHK, npyrue suasr PHK
Bcero 60,676
(227,818)
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KapuoTun u c

AnnoTaumusa renHos ENSEMBL GRCh38 v.99

Tae reHoma Yenoeeka

TTpumepHas Besok- PHK-
Xpomocoma JJIAHA, KOJMPYOIHe Konupytomue Ilcesgorenst
T.ILH LeHEBL LeHEBL

1 248,956 2,047 1,964 1,233
2 242,193 1,303 1,605 1,033
3 198,295 1,075 1,160 768
4 190,214 753 984 732
5 181,538 881 1,200 710
6 170,805 1,041 989 803
7 159,345 989 977 893
8 145,138 670 1,041 629
9 138,394 778 786 678
10 133,797 728 880 568
11 135,086 1,312 1,053 815
12 133,275 1,036 1,197 627
13 114,364 321 586 378
14 107,043 820 857 519
15 101,991 613 986 513
16 90,338 867 1,033 467
17 83,257 1,185 1,198 531
18 80,373 269 608 246
19 58,617 1,474 895 514
20 64,444 543 594 250
21 46,709 231 403 183
22 50,818 492 513 332
X 156,040 843 640 872
Y 57,227 63 108 392
MT 16.6 13 24

Jackson (2018) Essays Biochem
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KapuoTun n coctae reHoma yenoseka

MuToxoHapuasbHbli reHom @

® mtAOHK: konbuesasi monekyna AHK gnuvoii 16 659 n.H., s o
cocTosilwas n3 aByx Huteli; cogepxut H- n L-uenn;
aHanornyHa bakTtepuansHoii JHK

® CopepXXuTcs TOJIbKO B sifiLeKNeTKaxX, HacNeayeTcsl oT
MaTepu; B KaXXJO0I KieTke ~ 103 WTYK; CUJIBHO
reTeporeHHas

® 37 renos: 22 TPHK 4 2 pPHK + 13 kogupytowmx

® 13 nonnnenTuaoB SABASIOTCA 4acCTbiO
MUTOXOH/PUANLHOIO PErYISITOPHOrO KOMIIEKCa
(caxapa = AT®) BmecTe C siepHBIMU FeHaMm

® vmtdHK, ~aBToHOMHa, CBOIi reHeTU4eCcKuii Kog,
® Cron-kogoHbl: TAA, TAG, AGA, AGG

promoters and
direction of transcription

® MuToxoHgpuansHsie 3abonesanus: rpynna L -~
pa3Ho0BpasHbIX HAaCNEACTBEHHBIX aHOManuii ] omons [ ros oncuivgprasia: [ FA s
oKMCUTeNbHOro ocopunnpoBaHmns, NoOsBNSIOLNXCS
13-3a MyTaumii B MutoxoHapuansHoii (70%) unu
spepHoii (30%) AHK

T o0, (eolcation origins ang
0,0, direction of synthesis

® |isgectHO ~300 To4euHbix MyTaumnii 8 MTAHK,
BbI3bIBAKOLLMX pa3/indHblie 3abonesaHus
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KapnoTun n cocTae reHoma uenoeeka

BonesnetsopHble myTauun B MTAHK @&
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DiMauro (2017) — Mitochondrial Encephalomyopathies
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KapuoTun n coctae reHoma yenoseka

A propos: kak y3HaTb non obpasua ¢ nomousto NGS?

® CootHolleHue retepo3urot/romosurot Ha X xpomocome (Het/Hom):
Het/Hom < 0.8 = M, Het/Hom > 0.8 = XK; neonpegenentocts: 0.5-1.0

® Ten SRY (Sex-determining Region Y) — He copep>XUT NHTPOHOB, KOAMPYeT hakTop
pa3BUTUS CEMEHHUKOB, KOTOPbIVi MPUHUMAET y4acTue B pasBUTUM OpraHu3ma no
MY>XCKOMY TUMY Y MAEKOMUTAOLLNX

® [eH amenoreHuHa venoseka: AMELX n AMELY . lNMocnenosaTenbHOCTU KOPOTKUX
nned X n Y xpomocom cxoxm Ha 84%. B cynebHo-meanumHckoli npakTuke npu
onpegeneHnn nosioBoli NPUHALIEXHOCTN NCMONbL3YETCs BCTaBKa/aeneuns 6 n. H. B
nepsom uHTpoHe reHos AMELX n AMELY (Tzvetkov (2010) Pharmacogenomics)
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ToUHOCTE PennMKaLMM N HacToTa MyTaumi

/\/
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ToUHOCTE PennMKaLMM N HacToTa MyTaumi

VBennyeHnne yncna NOBTOPOB Npwn penankaunmn

1] 2 3 4 5 6 7 8 This DNA molecule *
(Ve ntn Y et e st Y antem W e, has eight copies of 12 3 4 5 6 7 8
| aCAG repeat.
T 2 8 910 1T 12 13
B3 The two strands 3 7 ~—
—=— separate... = A
4 6 B .. causing part of the template
strand to be replicated twice and
increasing the number of repeats
on the newly synthesized strand.
_ B.and 5
= replicate. <
B J @ The two strands of the new DNA
—==— molecule separate, ..
e -~

T2 3 4 5 %6 7 879 1011213

l ..and the strand with extra CAG
copies serves as a template
for replication

—
1 2 3 4 & /6 % 8 09 10 711 12 913
Mispaired
bases
1 2 3 4 5 6 7 8 9 1011 1213
i 7“ In ghe course of replication, a B3 The resulting DNA molecule
== hairpin forms on the newly contains five additional copies

| synthesized strand, of the CAG repeat.

Pierce — Genetics Essentials. Concepts and Connections

_ Jlekums 1. YacToTel MyTaumnii 1 CTPYKTYPHbIE BapuaHTbl 2025 24 / 69



To4HOCTE PeNMKALMM M YacTOTa MyTauuii

VBennyeHne 4ncna NOBTOPOB MpU penmKaLun

Newly synthesized strand 5* FEdd @ e (Vv 3°
LU E UL E Y ATGCCTGACT T T T TGCGAAGEY

il Newly synthesaed
strand loops out,.

5’ ACGGACTGA A 3’

A

IYACGGACTGAAAAEIN

y

Ef Template strand
loops out,...

EMTGCCTGACTTTTTGCGAARMERTGCCTGACT I TGCGAALY

...resulting in the
addition of one
nucleotide on the
new strand.

Y

/

...resulting in the
omission of one
nucleotide on the
new strand.

A
L ACGGACTGAAIAAACGCT TS IACGGACTGAAAACGCTTEY
EMTGCCTGACTTTTTGCGAARREEY TGCCTGACT'[I:I'TGCGAA 5’

13.13 Insertions and deletions may result from strand

slippage.

Pierce — Genetics Essentials. Concepts and Connections

[m] = =
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Tou4HOCTE pennMKaunm u YacToTa MyTaumia

YBenuyenne 4yncna NOBTOPOB N CBA3aHHbIE C HUM 3abonesaHus

Konunyectso konuii B nosTtope

3abonesanue MosTop Hopma 3abonesanue
CnunHanbHast n bynsbapHas mbiwedHass  CAG 11-33 40-62
aTpocbusi (6onesmb Kennegn)

CuHgpom nioMKoli X-XpoMOCoMbl CGG 6-54 50-1500
Cunppom SAkobcoHa CGG 11 100-1000
CnuHouepebennsipHas atakcus  CAG 4-44 21-130
(Heckonbko BUAOB)

AyTtocomHo pomuHaHTHas uepebpans- CAG 7-19 37-220
Hasi aTakcusi

MuoTtoHnyeckas guctpodpusi CTG 5-37 44-3000
BonesHb XaHTuHrroHa CAG 9-37 37-121
Atakcusa Ppugpelixa GAA 6-29 200-900
HenTtaTopybpo-nannungontoncosa atpo-  CAG 7-25 49-75
cus

Bonesnb VHdeppuxra-Jlynabopra CCCCGCCCCGCG 2-3 12-13

Pierce — Genetics Essentials. Concepts and Connections

3apgauva

HaiiguTe reHbl, cooTseTcTBytowme 3abonesaHusim, 8 6ase OMIM. J
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OMIM

OMIM®

YEARS . . . .
Online Mendelian Inheritance in Man®
I An Online Catalog of Human Genes and Genetic
Human Genetics Knowledge Disorders
for the World Updated February 12, 2021

genes, and n Q

Search OMIM for clinical features, phenotype

Dissected OMIM Morbid Map Scorecard (Updated February 12th,

2021) :
Class of phenotype Phenotype Gene *
Single gene disorders and traits 5,740 4,006
Susceptibility to complex disease or infection 694 499
“Nondiseases” 151 119
Somatic cell genetic disease 231 130

*Some genes may be counted more than once because mutations in a gene may cause more than one
phenotype and the phenotypes may be of different classes (e.g., activating somatic BRAF mutation
underlying cancer, 164757.0001. and germline BRAF mutation in Noonan syndrome, 164757.0022.)
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Tou4HOCTE pennMKaunm u YacToTa MyTaumia

OnpepneneHus

MyTtauun — cny4aiinble usmeHeHusi B nocnegosatenbHocTax JHK.

MyTauun aBnsSIOTCA NPUYNHON BCEl FEHETUYHECKOW N3MEHYMBOCTN YeNOBEKA U
reHeTu4ecknx 3abonesaHuii.

MexaHuambl myTaunii:
® CnoHTaHHble OWnBKK pennkalmmn
® DuporeHHble (cnoHTaHHble) nospexaeHus JHK: gesamuHuposaHue, genypuHusauns

® Dk3oreHHble (MHAyunpoBaHHble) nospexaernst AHK: pagnauns, sosgelicteue
XUMUYECKNMUN COEQNHEHNSIMIN

BapuaHtbl :=
® myTauun (HeAaBHME N3MEHEHUS)
® nonumopdunsmsl (3aKpenuancs B NONysiLum)

® |lesleHanpaB/IeHHO BbI3BaHHbIE NU3MEHEHNS
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Tou4HOCTE pennMKaunm u YacToTa MyTaumia

OnpepneneHus

OpHonykneotuatbie sapnantol (OHB): usmenerue ogHoro Hykneotnga AHK (90%):
® Tpansuumn (G>A, C>T)
® Tpanceepcun (G>G, A>T)
Kopotkue geneuunun: ynanenne neckonbkux (< 50 n. H.) Hykneotugos (6%):
® [leneuun yHUKanbHbIX NOCNEefOBaTENBHOCTENR
® CoKpallueHne KOJIM4ecTBa KOPOTKMX MOBTOPOB
KopoTtkue uHcepuun: ectaska Heckonbkux (< 50 n. H.) Hykneotugos (2%):
® BcTaBka yHUKaNbHbIX NOCNeA0BaTeNbHOCTEN
® VEenuyeHne KONMYECTBA KOPOTKMX NOBTOPOB
CTpyKTypHblE BapuaHTbl: U3MeHeHne nociefoBaTesnibHocTn ~ 1k6 n 6onee (2%):
® (CbHanaHCMpOBaHHbLIE: MHBEPCUW 1 TPAHCIOKaL MM

® HecbanaHcuposarHble (BapuaHtbl yncna konuii, CNV): TanaemHble n gucnepruposaHHble
NOBTOPbI, BCTaBKM, yaanewus (geneunn)

AHeyI'IJ'IOVI,D‘VISlZ HEBEpPHOE KOJINYECTBO LeNIbIX XPOMOCOM — HY/IJINCOMUSA, MOHOCOMUSA, TpUcomMuns
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To4HOCTE PeNMKALMM M YacTOTa MyTauuii

MexaHnsmbl obecneyeHuns TOHHOCTM peEnAnKaynmn

YacToTa BO3HUKHOBEHUA TOYEYHbIX MyTauuii:
1071° Ha oguH HykI€OTUA 33 OAHY PEMIMKALMNIO J

1. JHK-nonumepasa: 4actora ownbku ~ 107>

2. Cucrtema npygppugunra 3'-5' ybupaet 99% ownbok, = ee yactota owmnbkn ~ 1072

3. Komnnekc penapauun ybupaet n BocctaHasnusaet JJHK—dparmentsl okono
OLINGOYHO CMapeHHBIX HYKNEOTUAOB, YacToTa owmnbku ~ 1073

BASE SELECTION 104-10°

DNA REPLICATION FIDELITY 10-10

Fijalkowska (2012) FEMS Microbiology Rev
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To4HOCTE PeNMKALMM M YacTOTa MyTauuii

MexaHnsmbl obecneyeHuns TOHHOCTM peEnAnKaynmn

YacToTa BO3HUKHOBEHUSA TOYEYHbIX MyTaUMii:
1071° Ha oguH HyKIEOTUA 33 OAHY PEMINKALMNIO J

TABLE 6-1 ERROR RATES

US Postal Service on-time delivery of local 13 late deliveries per 100 parcels
first-class mail

Airline luggage system 1 lost bag per 200

A professional typist typing at 120 words 1 mistake per 250 characters
per minute

Driving a car in the United States 1 death per 10* people per year
DNA replication (without mismatch repair) 1 mistake per 107 nucleotides copied
DNA replication (including mismatch 1 mistake per 107 nuclectides copied
repair)

Alberts — Essential Cell Biology
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MyTauun de novo

j""W de_ nelo
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MyTtauuu de novo (AHM)

Mytauun de novo (OHM): Habatopaembie y peberka, HO He y POAMTENEl; BO3HNKAIOT B
KeTKax 3apoabiwesoii nuHun (germling); MoryT BbiTb BbIsSIBNIEHBI MYTEM CEKBEHUPOBaHUSA
TPOKM MaTb-OTeL-pebeHoK.

Konuuyecteo de novo OHB: ~40-80 y ka>xa0ro HOBOPOXXAEHHOTO.

N3menunBocTs Hactotel JHM: no Bcemy reHomy; B cembsix; B Kiactepax myTauuii (B
OfHOM MHAMBUAYYME) N B KFOPsSiYMX TOYKaX» MyTareHesa.

dakTopsbl, BAMAOWME Ha U3MeHeHne YacToTel JHM:

COCTaB NOCNEA0BATENBHOCTU 1 (PYHKLMOHANBHBITE KOHTEKCT
Bpems (timing) pennukauun: paHo/nosgHo
TPaHCKPUNLNOHHAS aKTUBHOCTb 1 COCTOSIHUE XPOMaTMHA
KOJINHECTBO MUTOTUYECKUX AeNneHunll kneTkn (Bo3pacT oTua)
BAUSIHUE NOBPEXAAOWMX haKTOpoB

adphekTUBHOCTL MexaHusamos penapauun JHK

KOJINYECTBO BPEMEHN MeXOY MUTOTUHECKUMU OENEHNAMN
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MyTauun de novo

YHacToTbl BO3HUKHOBeHUMS 1 konmyecTeo JHM

YacToTa BO3HUKHOBEHUA TOYEYHbIX MyTauuii:
1071° Ha oguH HykI€OTUA 33 OAHY PEMIMKALNIO

)

Yucno AHM: 1.20- 1072 na n.u. x 3.2 - 10°(gnuna renoma) x 2(aunnoug) = 77 )

Tun YacTtoTa Ha nokoneHue Yucno
1.20 x 107% Ha n.h.
OHB 44 - 82
1.66 x 1078%
MosTopbI AMHYKNEOTNAOB 1.20 x 10™* Ha nokyc -
Kogupytowme OHB - 1-2
-9
KopoTkue nngens (<50 n.H.) (1)22 ; 1'05?8?; 107" Ha n.h. 3-9
OnuHHble nuaensi 0.16 0.16
BapunaHTbl Yncna konnii 107% — 107 Ha nokyc 0.0154

tPalamara (2015) AJHG
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MyTauun de novo

Bpems nossnenuna AHM n mozanunsm
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Alberts — Essential Cell Biology
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MyTauun de novo

MpouncxoxaeHne AHM: maTepuHckue n oTLOBCKUE

Primordial germ cell
mitoses (~22)

Fetal development
'

Adulthood

No more cell divisions

Ovulation occurs each month
from puberty to menopause Mitoses

T
]
i
i
i
i
i
i
;
i (-190)

<O

i
Age 20 years

Egg

Mitoses
(~650)

i
i
i
genomic regio '

Age 40 years
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12 DNMs ‘ 40 DNMs
M ernal

al

Goriely (2016) Nat Genet
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MyTtauuu de novo (AHM)

MartepuHckue n oTyosckue

50 Genic ”
—— Intergenic % e L .
+1-3 HM Ha oguH rog Bo3pacTa oTLa Ha ot .
MOMEHT 3a4aTus. -!i s :
8
+0.24 IHM Ha ogwnH rog BospacTa MaTepu Ha 2
MomeHT 3a4aTusi (noepexgerne JHK, g
NPON30OLLEALLIEE HE BO BPEMS PenmkKaumnm). E
-
~ 80% Bcex JHM npuxoasaT oT oTua pebeHka.
5.
SdbchekT obnagaer 60bLLION N3MEHYNBOCTbIO B B & % =
MexXay CEMbAMMN. Paternal age

Francioli (2015) Nat Gene
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Cnektp AHM

TpaHusuyuu:
® C:G>T:A, pesamunuposarue 5-metun-C n C: 40%

® T:A>C:G, npnynHa HenssecTHa: 25%

CpG cocTasnsoT ~ 1% reHoma, Tak uyto u B He-CpG yuyacTkax; 0fHAKO, TpaH3NLUN B
CpG nponcxogst B ~ 18x pa3 4vawe yYem B He-CpG yyacTkax.

Tpanceepcuu:

e G:C>T:A: 10%
G:C>C:G: 10%
* AT>C:G: < 8%
e AT>T:A: < 8%

Tpaxceepcun nponcxogst B ~ 1.5x pa3 vawe B CpG caiitax.

Ohno (2019) Genes & Genet Systems
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Cnektp AHM
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Cnektp AHM
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MopaTBepXXAeHHbIE MyTaLMOHHbIE CUrHAaTYpLl 06pasLoB paka Yenoseka. Kaxpaas curHaTtypa
NPeACTaBNeHa B COOTBETCTBUN C knaccudbukaumeil Ha 96 3aMeH, ONpefeneHHbIX KNAaccoM camoii
3aMeHbl 11 KOHTEKCTOM NOCNEAOBATENLHOCTY BOKPYr MyTMPOBABLLErO OCHOBAHMS.
Alexandrov (2013) Nature
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Denovo-db v.1.6.1

denovo -
db

’ de
Variant Counts % Variants: 415, 415
--------------------- Samples: 11,518
c>T 79,116 19.0 Genes: 17,431
G>A 79,016 19.0 Sites: 270,506
A>G 47,666 11.5
T>C 47,584 11.5 Missense: 20,815
C>G 17,431 4,2 Pred. Damaging: ~75%
G>C 17’ 154 4.1 Site occurrence in denovo-db
C>A 15,719 3.8 200000
G>T 15,234 3.7

175000
A>C 12,744 3.1

150000
T>G 12,464 3.0

125000
T>A 11,637 2.8 100000
A>T 11,482 2.8 25000
T>TA 739 0.2 000
CT>C 737 0.2

25000
Total 415,515 S S .

http://denovo-db.gs.washington.edu/denovo-db/index. jsp

_ Jlekums 1. YacToTel MyTaumnii n CTPYKTYPHbIE BapuaHTbl 2025 41 / 69


http://denovo-db.gs.washington.edu/denovo-db/index.jsp

OHM v 3aboneBanuns yenoseka

® IHM kpaiiHe peaku NOOJMHOYKE, HO 3HAYUMbI B LIEJIOM; SIBASIIOTCSA NPUYUNHOIN
60-75% Bcex cnopagnyeckux ciyyaes 3abonesaHuli

® Bonee 6one3HETBOPHBI, YeM HaC/lIeACTBEHHbIE MyTauun, 3bdekT 3aBUCUT OT
BPEMEH MNOsIBAEHUS

® Taxenble getckue 3abonesaHus B nonynsuusix 6e3 nHbpuguHra: cnopaguyeckue
C/ly4aun CMHAPOMOB NopokoB paseuTusi (cuHgpomsl LLnnua, Kabyku,
BopuHra-Onuua), HapyLweHus pasBUTMS HEPBHOI cucTeMbl (CepbesHble Ciydan
YMCTBEHHOI OTCTaNoCTLn), NOPOKK CepaLa.

® Heeponorudeckue n ncuxvarpuyeckue 3abonesaHusi, pa3BMBalOLLMECS BO
B3pOCnOM Bo3pacTe: bonesHb [apknHcoHa, 6OKOBOI aMNOTPOOUYECKIIA CKIepos,
W30 pernsi, anusencusi, CMHAPOM TypeTTa, pacCTpPOACTBa ayTUCTUHECKOrO
crekTpa 1 bunonsipHoe paccTpoiicTeo.
Mpumep: 8 10% cnyuaes wunsocpeHnn Habaogancb BapnaHTbl Yncna Konuii de
novo, npotue 1.3% y koHTponeii

® HacnepcrsenHbie hopmbl paka: cuHgpom Jln-Ppaymenn (TP53), cemeiinbiii
afeHoOMaTo3HbIl nonunos, ~ 7% HecomaTnyeckux mytauuii seastotcs AHM.
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YacTtoTa BO3HUKHOBEHUSI MyTaLmii @

S: mutation rate per nucleotide per cell division

K: the average number of germline cell divisions per generation, from zygote
to zygote (~30 in females, ~60—-500 in males)

N: genome size

Mutation rate per genome: SXKxXN

~107"° per nucleotide per cell division (or ~1078 per generation, because there
are ~100 cell divisions and rounds of DNA replication per human generation
= ~100 de novo mutations in a newborn

1) ~1% of all newborns being affected by a serious disease due to a de novo
mutation. If the mutation rate were 100 times higher, 1078 per cell division, we
would immediately go extinct.

2) 10" cells in human body = total number of somatic mutations in each
person ?

Crumbling Genome: The Impact of Deleterious Mutations on Humans, First Edition. Alexey S. Kondrashov.
© 2017 John Wiley & Sons, Inc. Published 2017 by John Wiley & Sons, Inc.
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MyTauun de novo

YacTtoTa BO3HUKHOBEHUSI MyTaLmii @

Genes Genet. Syst. (2019) 94, p. 13-22

Spontaneous de novo germline mutations in humans and
mice: rates, spectra, causes and consequences

Mizuki Ohno™

The human body consists of approximately 10' cells and undergoes
approximately 10'¢ cell divisions in a lifetime, resulting in over 10'S
cumulative mutations per individual (Frank, 2014).

If 10° stem cells in intestinal tissue generate transient daughter cells once
a week with a mutation rate of approximately 10~ per nucleotide per cell
division, the intestinal epithelium of a 60-year-old human would have
accumulated more than 10° independent mutations. Thus, nearly every
genomic site is likely to be mutated in at least one cell in this organ
(Lynch, 2010a, 2010b).
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MyTauun de novo

Yactora myTtauuii B bone3HeTBOpPHbIX reHax @

Babosiesanue MIM Kon-o wmyTanmit  na TIpusHaku ¥ CUMIOTOMBI (deHoTHm)
MHJLITHOH raMeTr
Cuenjienabie ¢ X-XpPOMOCOMOI

Mpleanas AucTpodut 310200 40-105 Mpimeanan arpodun

Homena

Temodunus A 306700 30-60 CunbHble HapylLI€HUs] CBEPTbHIBAE-
MOCTH KPOBHM

Temodbunua B 306900 0.5-10 Jlerkue HApyIIEHHs CBEPTHIBAEMO-

CTH KPOBM

Ay TOCOMINO- AOMMHANTHIIC

Axonaponsasust 100800 10 Ouenp HU3KUI pocT

Aunpugus 106200 2.6 Orcyrersne panysKHoii 060a0UKH
riasa

Bosesub enTUHrTOHA 143100 <1 HekoHTpoJIMpyeMble JIBUYKEHUS,
M3MEeHEeHUs XapaKTepa

Cunapom Mapdana 154700 4-6 JTMHHbIE  KOHEWIHOCTH, TOHKHE
CTEHKH COCYIOB

Heiipocdbubpomaros 1 162200 40-100 KopuuHeBble nATHA HA KOXKe, 7006-

Tuna POKaYeCTBEHHBIE OMyXOJH IOJ KO-
xeit

Hecosepuennblii ocTo- 166200 10 Jlomkue KocTH

renes

ITonMMKUCTO3 MOYeK 600666 60-120 Jo6pokayecTBeHHBIEe OGpasoBaHUs
B MoYKax

Perunobiacroma 180200 5-12 3yioKavecTBEHHAA OIYyXOJIb CeTdaT-
KH

Lewis — Human genetics. Concepts and applications

3apgava

Hatigute revbl 3abonesanunii 8 OMIM; obbscHuTe pasHuuy B konudectse JHM

= v = e

_ Jlekums 1. YacToTel MyTaumnii n CTPYKTYPHbIE BapuaHTbl 2025 45 [/ 69



B cMcTeme penapauunu

p@nﬁ{"‘"&“” QHK
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HecbekTel B cucTeme penapauun

3abonesanusi, BbizBaHHbIE AechekTamu B cucteme penapauun JHK @&

3abosieBanue

Cumnromer

Tenermieckne medberTon

KcepomepmMa mnurMeHT-
Has

Cunnpom Kokkeiina

TpuxormomucTpodms

Hacunencrsenunrii nero-
JIMIIO3HBIN paK TOJCTOMI
KUK K

Anemus PaHKOHKU

Araxcusi-
Te/leaHTMSKTA3UA

Korka B msiTHaX, MOXOXKMX Ha BECHYIIKHM, UyB-
CTBUTEJIBHOCTH K COJTHEYHOMY CBETY, Ipejpac-
IIOJIOYXKEHHOCTh K PaKy KOMXH

Kap/iMKOBOCTH, UyBCTBUTEJIBHOCTL K COJIHEM-
HOMY CBETY, MPEXKJAEBPEMEHHOE CTapeHue, Iy~
XOTa, yMCTBEHHAs OTCTAJIOCTh

JIoMKHe BOJIOCHI, KOYKHDBIE AHOMAJHM, HU3KHil
POCT, XapaKTepPHbIE YepPThl JIHUIA
IIpenpacno/ioKeHHOCTh K PaKy TOJICTON KHII-
KH

TToBBIIEHHAR MUIMEHTAIMA KOXKH, AHOMAJHU
KocTeii, cepjua u TOUex,
HOCTH K JefiKemuu
JlebeKThI B KOOPAMHAUMM, Cy>KEHHBIE KDPOBE-
HOCHBIE COCY/IBI B KOME W IJIa3aX, HMMYHOMe-
bUIUTLI, YyBCTBUTEALHOCTH K MOHU3UPYIOMIE
paguanuu NpeipaclolOXKEHHOCTb K PaKy

TPePacoIOXeH-

TledexThl SKCUMSHOHHAA pernapa-
LM HYKJIEOTHIOB
JledbeKThl SKCIU3UOHHAA penapa-
LU HYKJICOTUAOB
JledbexTnl SKCHU3MOHHAT penapa-

LM HyKJIEOTHIOB
Hedexrpr B penapauun omunbodHO
CHApEeHHBIX HYKJIEOTHIOB

TIpe/IoNIOKUTENBHO — PasBUBACTCH
u3-3a 1edEKTOB B penapann Kpoc-
caunkunra

IledbexT B OBHAPYIKEHUH MOBpe-
saennit THK n orsere Ha Hux

Cungpom JIu- IlpenpacnoyiozXKeHHOCTh K paKy MHOXKeCTBa HedexTpl B oTBeTe Ha INOBPEXKe-
DpaymMeHn pas3JIMYHbIX TKaHei uue JHK
Pierce — Genetics Essentials. Concepts and Connections
3apgauva

HaliguTe reHbl, cooTBeTcTBytowme 3abonesannsam, B 6aze OMIM.
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HedbekTel B cucteme penapauun

3abonesanusi, BbizBaHHbIE AechekTamu B cucteme penapauun JHK @&

Location Phenotype

17p13.1 Li-Fraumeni

syndrome

Phenotype Phenotype Gene/Locus
MiM mapping MM
number Inheritance key Gene/Locus number
151623 AD 3 TP53 191170

® Cunagpom JIn-®dpaymenun — peakoe ayTOCOMHO-JOMUHAHTHOE HACNELCTBEHHOE
3aboneBaHne, HOCMTENN KOTOPOro UMEIOT NPEeAPaCcnONIOXEHHOCTb K Pa3BUTMIO paka.

® Puck pa3sutus noboro nHeasmeHoro paka (kpome paka koxu): ~ 50% k 30 rogam
(npotus 1% y Hacenenns B uenom) u ~ 90% k 70 rogam.

® CuHApPOM CBsi3aH C repMUHabHOI MyTaLmeldl B reHe-oHkocynpeccope TP53,
KOAUPYHIOLLEM TPaHCKPUMNUMOHHBIA dhakTop P53, koTOpbIi B HOpMe y4acTByeT B
KOHTpPOJIE fe/IeHNst U pocTa KAeTOK. TP53 0bbI4HO 3KCMPEeCcCUpYeTCst Npu HanM4mm
KNETOYHOro cTpecca, Hanpumep, npu nospexaeHun JHK, Takum obpasom
OCTaHaBANBash KNETOYHbIV LuKkA Ans yqactust B penapauyun JHK (ecnn sTo
BO3MOXXHO) MJIN BbI30BE anonTo3a B Cyyae HeobpaTumoro nospexgerus JHK.
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HecbekTel B cucTeme penapauun

3abonesanusi, BbizBaHHbIE AechekTamu B cucteme penapauun JHK @&

MurmeHTHas kcepoaepmMmus — pefkoe
ayTOCOMHO-peLeccuBHoe 3abonesaHue, BKItOYatoLLee B
cebsi aHOMasbHYI0 NMUTMEHTALMIO KOXU U BbICOKYIO
YYBCTBUTENIbHOCTb K COJIHEYHOMY CBETY.

Jltogm ¢ 3Tum 3aboneBaHNEM TaKXKe UMEIOT CUIbHYIO
nNpeapacnonoXeHHOCTb K paky KOXW, C HacTOTOA
BcTpedaemocTu B 1,000-2,000 pas bonblie, yem y
300POBbIX JIIOAEN.

Knetkn 6onbwinHcTBa BOABHBIX NUFMEHTHO
KcepofepMunein nmetoT fedeKTbl SKCUU3NOHHOA
penapaunm HykKneoTnanos = MHO>XEeCTBO AMMPNMNAONHOBbLIX
aumepoBs (nosBuBLLMXCS U3-3a YP-n3nyyeHus conHua)
OCTalOTCA HEWCNPAB/EHHBIMU, BCIEACTBME YEro MOryT

Pierce — Genetics Essentials.
NPUBECTN K paKy. Concepts and Connections
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CTPYKTYPHbIE BAPMAaHTBI M BApPUAHTBI YMcaa Konui

CTpyKTypHble BapnaHTl

CTpykTypHble BapuaHTbl (XPOMOCOMHbIE NEPECTPOIKMN): NSMEHEHUS
nocneaoBaTenbHOCTU > 1k6 AANHOIA.

® (CbHanaHcMpoBaHHbIE: NHBEPCUU U TPaHCAOKaLMN

® Hecbanancuposarubie (CNV, BapuaHTtel uncna konuin): TaHaemHble 1
AUCNEPrMPOBaHHbIE AYNANKALUN, SeNeunn, NHCEpLUN

MexaHun3msi:
® PekombuHauusi: HeannenbHas romonorndHas pekombuauns (NAHR)

® HepennnkaTuBHbie: penapayusi HErOMONIOrNYHO coefunHerHbix koHuos (NHEJ)
PennnkaTtusHble:

® OcTaHoBKa BWJIKM pennukauum n usmenerue matpuubl (FoSTeS)
® OnocpefoBaHHasi MUKPOrOMOJIOTUENR U UHAYLMPOBAHHAA PaspbiBaMuU penanKkaLuus
(MMBIR)

® Perpotpatcnosuuymn (LINEL, Alu-nosTopsi)
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HecbanancnpoBaHHble cTpykTypHble BapuatTel (CNV)

Tandem duplication

BCDE B CCDE

Variable Number of Tandem Repeats

BCDDE — BCDDDE

Dispersed duplication

BCDE BCDEZC
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CTpYKTYpHBIE BapnaHTbI U Bapw

HecbanancupoanHbie cTpykTypHble BapuanTsl (CNV)

Insertion

BCDE BCGDE

Repeat insertion

DBDCE — DBDCDE

Deletion

BCDE B E
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CTpYKTYpHBIE BapnaHTbI U Bapw

CbanaHcmpoBaHHble CTPYKTYPHbIE BapMaHTbI

Inversion

BCDE BAOE

Inter-chromosomal franslocation (CTX)

BCDE BCcKILM
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CTPyKTypHBIC BapNaHTLI W BAPNAHTLI YNCAa KOMWI

XpOMOCOMHbIE NepecTpoiikn n 3abosiesaHus

Cancer by somatic translocation
() Relocation of an oncogene next to a novel regulatory element: Burkitt lymphoma
Reg"®

myc
cnre Normal Translocation
Translocation chromosome 9 %22)
Rege PO g Philadelphia
Chr14 crmosome 22 chromosome
Reg® MYC
Translocation
—

(b) Formation of a hybrid oncogene: chronic myologenous leukemia

ABL " 22qi12
chrg S B
Translocation
break point
Chr22
BCR1

Hybrid oncogene -
NEONC009NE Sqaa 1
(A8L)

Griffiths — Introduction to Genetic Analysis

(a) MpoTtooHkoren MYC: Td, y4acTByeT KNETOHHOM LMKJE, anonTo3e U TpaHcopmaLuum
knetok. (b) MpotooHkoren ABL: npoTenHkuHasa, yHacTBYIOWAs B CUTHAAbHOM MyTu
knetouHoli nponudepauun. Mmbpnarbii 6enok BCR1-ABL obnagaet noctosiHHOM
KWHA3HOI aKTUBHOCTbIO BHE 3aBUCHMOCTY OT HANNYMS NWHULMUPYIOLLEro CUrHana.
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AHeyI'IHOVI,D,MflI HEBEPHOE KOJINHECTBO LEJIbIX XPOMOCOM: HYIJIMCOMUA, MOHOCOMUA,

TpucomMuna n T.4.

® PesynbTat owunbok npu Meiiose (ramertoreHes) uam muTtose (COMaTUHECKOE feneHune
npy paHHeM 3MOPUOHaNBLHOM PasBUTUN)

® Owubkn npy MUTO3e MOTYT MPUBOANTL K MO3aULMU3MYy: MOSIBJEHUIO Y 3MOprioHa
ABYX KapuoOTUMMUYECKN Pa3fINYHbIX JUHWUA KNETOK

® OcHoBHas Mpu4KHa CrOHTaHHbIX abopTos (~ 30% oT Bcex 3a4aTnii)

® Buisieasitotes y ~ 0.3 — 0.6% HOBOpOXAEHHbIX

Haseaxne

KapunoTtun

YactoTa BCTpeyaemocTun

Cunpgpom TepHepa
Cungpom Knaiindenstepa

Tpuncomus no X-xpomocome
Cunpgpom [ayHa

Cungpom Dasapaca
Cungpom MMaTtay

Tpucomusi no 8 xpomocome

X0 (MoHocomusi no X xpomo-
COME Y XKEHLUMH)
XXY  (XXXY,
XXYY)

XXX

Tpucomusi no 21 xpomocome
Tpucomusi no 18 xpomocome
Tpucomus no 13 xpomocome
Tpucomusi no 8 xpomocome

XXXXY,

1:2000-1:2500

1:1000

1:1000

1:1100

1:6000
1:7000-1:14000
1:25000-1:50000

Jlekums 1. YacToTel MyTaumnii n CTPYKTYPHbIE BapuaHTbl
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Aneynnouaun

Mpumepsi

Characteri

Short stature

Low hairline

Shield-shaped

Shortened
metacarpal IV

Small

ey

\& N
tingernails—‘l : Al T
A

P

thorax
Widely spaced »"7':.
nipples

A

s of Turner syndrome (XO)

Characterislic
facial features

Fold of skin
Constriction
of aorta

Poor breast
development

Elbow
deformity

= Rudimentary
ovaries

Gonadal streak
(underdeveloped
gonadal
structures)

™ No menstruation

Jlekums 1. YacToTel MyTaumnii 1 CTPYKTYPHbIE BapuaHTbl

Characteristics of Down

syndrome (trisomy 21)

Growth failure
Mental retardation

Flat back of head ——
Abnormal ears —— =

[Broad flat face
_ . Slanting eyes
— | Epicanthic eyefold
| Short nose

/1‘?‘ - Short and

Many "loops® — - broad hands
on fingertips /; [Small and
Palm crease - } arched palate
y Big, wrinkled
Special skin tongue
ridge patterns Dental anomalies

Unilateral or bilateral
absence of one rib .
Congenital heart

Intestinal blockage disease

Umbilical hernia Enlarged colon

Abnormal pelvis
Big toes widely

Diminished muscle tone spaced

Griffiths— Introduction to Genetic Analysis
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Mpumepsbr @&

Estimated
incidence
among
Aneuploidy Common name life-births Symptoms can include
Trisomy 13 Patau syndrome Approximately Severe intellectual disability, heart defects, brain or spinal cord abnormalities, small or poorly
1:16000 developed eyes, extra fingers or toes, cleft lip and palate, weak muscle tone
Trisomy 18 Edwards syndrome  Approximately Intrauterine growth retardation, low birth weight, heart defects and abnormalities of other
1:5000 organs, small, abnormally shaped head, small jaw and mouth, clenched fists, severe
intellectual disability
Trisomy 21 Down syndrome Approximately Mild to moderate intellectual disability, characteristic facial appearance, weak muscle tone,
1:800 heart defects, digestive abnomalities, hypothyroidism, increased risk of hearing and vision
problems, leukaemia, Alzheimer’s disease
Trisomy X Triple X syndrome Approximately Increased height, increased risk of learning disabilities, delayed development of speach,
1:1000 language and motor skills, weak muscle tone, behavioural and emotional difficulties, seizures,
kidney abnormalities
47 XYY Approximately Increased height, increased risk of learning disabilities, delayed development of speech,
1:1000 language, and motor skills, weak muscle tone, hand tremors, seizures, asthma, scoliosis,
behavioural and emotional difficulties
47 XXY Klinefelter 1:500 to 1:1000 Small testes, low testosterone levels, delayed and incomplete puberty, breast enlargement,
syndrome reduced facial and body hair, infertility, increased height, increased risk of breast cancer,
learning disabilities, delayed speech and language development
48 XXXY Approximately Small testes, low testosterone levels, delayed and incomplete puberty, breast enlargement,

1:18000 to 1:40000 reduced facial and body hair, infertility, increased height, tremors, dental problems, peripheral
vascular disease, deep vein thrombosis, asthma, type 2 diabetes, seizures, heart defects,
delayed speech and language development, learning disabilities

45X Turner syndrome Approximately Short stature, early loss of ovarian function, infertility, absence of puberty, webbing of the
1:2500 neck, skeletal abnormalities, kidney problems, heart defects

Jackson (2018) (Essays in Biochemistry)
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Cungpom [ayHa: Tpucomus no 21 xpomocome
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Older mothers are more —
likely to give birth to a
Vchi\d with Down syndrome... |

— One in I
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...than are
younger mothers.
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One in
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Pierce — Genetics Essentials. Concepts and Connections
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PobepTcoHoBCKas TpaHcioKaLus

B The short arm of one
acrocentric chromosome...

[

4 ﬂ ..is exchanged with the
Break <—__ = long arm of another,...
points *f—"—\

Robertsonian
translocation

Metacentric l ﬁﬁ:{i’ea‘:ﬁa'ﬁ?; .
chromosome ___Mmetacentric chromosome. .

3 ...and a fragment that often
Fragment — fails to segregate and is lost

Pierce — Genetics Essentials. Concepts and Connections

PobeprcoHoBckas TpaHcnokaums (~1/1000 HOBOPOXAEHHbIX): aKpOLEHTpUHeCKne
xpomocombi (13, 14, 15, 21). OgHa n3 npuunt (~1-3%) my>xxckoro becrnogusi.
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WNhakTueayms X-xpomocomel

MHWJM&'J) X/,Ypﬂ,,a M
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MNhakTueaums X-xpomMocomel

MHakTuBaumnsa X-xpoMocombl: ogHa 13 gBYyX X-XPOMOCOM
KOHZEHCMPOBaHa B KaXXJOW KJeTKe 3MOPUOHa XKEHCKOro
nosa.

® [lpoucxofuT Ha paHHUX CTAAWUAX PasBUTUS
® CnyvaiiHa B pasHbIX KJeTKax

® CoxpaHsieTcsi Npu NOCNEAYIOLUNX SENEHNAX KIETKM,
HO He MeXJy NMOKOJIEHUSIMI

® TKaHU XEHCKOro OpraHm3ma MnoxoXu Ha JIOCKYTHOe
OfesifIo, B KOTOPOM B MOJIOBUHE C/ly4aeB
MHAKTUBNPOBaHA MATEPUHCKasi, a B MOJIOBUHE
Cny4aeB — OTLIOBCKAsi XpPOMOCOMa

® HakTuBaums X-xpomocombl obecnevnsaert
cpaBHUMble ypoBHYU 3kcnpeccumn ~1,500 reHos,
HaxofAWMXCst Ha X-XpPOMOCOME, Y MY>HUH U
MKEHLLMH
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BbiBogs! M nuTepaTypa

Cyp,b6a 1 maH NPVXKNBLUNXCA HENOBEHECKUX 3UTOT

1,000,000
conceptions

A Y
850,000 150,000
live births spontaneous abortions
¢ l \i
833,000 17,000 75,000
children perinatal deaths chromosome abnormalities
i 39,000 trisomics
5165 (3,510 trisomy 21)
chromosome abnormalities
13,500 XO

Griffiths — Introduction to Genetic Analysi
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BbiBogs! M nuTepaTypa

Cyp,b6a 1 maH NPVXKNBLUNXCA HENOBEHECKUX 3UTOT

| 1,849 sex chromosome ~C 1,427 males 12,750 triploids
aneuploids 422 females
4,500 tetraploids

42 trisomy 13
B :r,i;gg];itosomal< 100 trisomy 18 5,250 others
1,041 trisomy 21

758 balanced
— Robertsonian
translocations

758 balanced
— reciprocal
translocations

— 117 inversions

| 500 unbalanced
structural aberrations

Griffiths — Introduction to Genetic Analysi
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Beisoakl n nuTepaTypa

BeiBoabi

® Heckonbko MexaHU3MOB 0becneynBatoT BbICOKYIO TOHHOCTL penaukauun JHK,
BKJIto4ast BbIGOp HykneoTnaos, npoeepky (proofreading) u penapauuto HeBepHO
CMapeHHbIX HYKJ1eOTUOB.

® HecmoTpsi Ha 3TO, MyTaLuMK NOSIBASIKOTCS BBUAY CMOHTaHHbIX OWMBOK pennukauuu, a
Takxe AeliCTBUS SHAOrEHHbIX N 3K30reHHbIx hakTopos nospexaeHus JHK

® YactoTa BOSHUKHOBEHUS MyTaLMii y YENOBEKA SIBASIETCS KOMMPOMUCCOM MEXAY
BbIMUPAHNEM 1 HEOBXOANMOCTbLIO 3BOJIIOLNOHHBIX N3MEHEHNT

® CyuecTBYIOT pasaunyHble BUAbI MyTauuii de novo: ofHYyKNeOTUAHbIE BapuaHTbl,
CTPYKTYpPHbIE BAPUAHTblI U aHeynJaoungnn. VIX 4aCTOTbl BO3HUKHOBEHNA U
NOC/NIEACTBUS CUJIBHO Pa3/INyatoTCs.
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Beisoakl n nuTepaTypa
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