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Mnan nekuun

(1) Pasrosecue Xapau-Baiin6epra
(2) Cayuaiinbiii apeiid B oTcyTCTBME MyTaUMii
(3) DdbdbekTuBHbING pasmep nonyasLmm

@ Cny4aiiHblin gpeiic u myTaumm
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PasHosecne Xapaun-Baiinbepra (1908)

MNokonenue N: fa=p,fa=q,p+qg=1
Mokonenne N + 1: Fap = p?, Fa, = 2pq, Faz = ¢°
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PaeHoBecne Xapaun-Baiinbepra

PasHosecne Xapau-Baiinbepra

MNokonenne N: fa=p,fa=q,p+qg=1
Mokonenne N + 1: Fap = p?, Fa, = 2pq, Faz = ¢° J
Cnepacteus:

1. l‘laCTOTbI annenem He MeHHIOTCﬂ
p'=fa=Fap+ 4 P =p’+pg=p

2. YacToTbl paBHoBecusi Xapgu-Balinbepra gocturatotcsi He bonee, yem 3a gBa
MOKOJIEHUS

Bbieegute yactoThl annenein B nokoneHun N + 1

3apgayva J
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PasHoeecne Xapau-Baiinbepra

PasHoBecne Xapgu-Baiinbepra

Mpeanonoxexus:

¢ [lnnnongHsle OpraH3Mbl C MNONOBLIM Pa3MHOXEHNEM U CITyHaliHbIM
(He-BbIBOPOUHBIM) CKpeLLMBaHMEM

® OauHaAKOBbIE HACTOTbI ajUleNell Y MY»XCKUX U XXEHCKMX 0cobeit
® HenepekpblBatoLmecs NoKoNeHns

® BuannenbHble (ayTOCOMHbIE) NOKYChI

® BeckoHeuyHblii pasmep nonynsiyuu

® OTcyTCTBYET N3MEHEHWNE HaCTOT ajuieneil 3a CHET MUrpaLuKn, eCTECTBEHHOrO oTOopa
nAn myTaumi

® Het owmnbok reHoTUNMPOBaHMs
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PaeHoBecne Xapaun-Baiinbepra

PasHosecne Xapan-Baiinbepra

Ectb nn cmbicn B paBHosecun Xapawn-Baiinbepra ¢ Takum KosmyecTeom
npeanonoxennii? Ja:

® QOcHoBa gnsi bonee peanncCTUYHbIX MOgenein

® Mogenb Xapau-Baiinbepra pasgensiet )KU3HeHHbIT LnK
Ha [Ba WHTepBafa: raMeTbl — 3UroTbl — B3POC/IbIE

ocobu
Random
Diploid  setection. Diploid  Meiosis  Haploid  Mutation.  Haploid  union Diploid
Newborns Adults Gametes Gametes Newborns

Selection, drift and mutation Hardy-Weinberg
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PaeHoBecne Xapaun-Baiinbepra

PasHosecne Xapau-Baiinbepra

MpoBepka Ha paBHoBecne Xapau-Baiinbepra:

df =n—k—1, roe n = 3 — KoIn4ecTBO KNaccos, a k = 1 — KOANYECTBO HE3ABUCUMbIX

(O —EZ/E

2
napamertpos. x> = 3. @
Observed Expected
Genotype Number (O) Number (E)
AA 90 83.2
Aa 28 41.6
aa 12 52

0.5558
4.4462
8.8923

After performing the calculations in this table, we get a chi-square (x?) statistic of

%2 = 0.5558 + 4.4462 + 8.8923 = 13.8943

This value is much larger than the critical value of 3.841, so we reject the hypothesis

of Hardy-Weinberg equilibrium.

Relethford — Human Population Genetics

3apaya

I'Ipo,u.enaﬁTe 3TN pacCHeTbl CaMOCTOATENIbHO
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PasHosecne Xapau-Baiinbepra

PasHosecne Xapau-Baiinbepra

Hardy-Weinberg Equilibrium in the Large Scale Genomic Sequencing Era

Nikita Abramovs, 2 Andrew Brass, () May Tassabehiji
doi: https://doi.org/10.1101/859462
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Cnyuaiineiii apeiich B oTcyTcTBME MyTaLUiA
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CnyuaiiHeiii apeiich B oTcyTcTBME MyTauui

Ce}'leKLI'I/IOHI/ICTbI n HeVITpaﬂVICTbI

Cenekuuonuctsl (prerequisites):

® [loHmxatowme NpUCNocobaeHHOCTL anienm ygansaTcs otbopom,
nosbiwatowme — [bbicTpo] ukcnpytotes oT6opoMm.

® llctouHukom nonumopcpusma reHoma siBnsieTcs banancupytowmnii otbop.

Heiitpanucro!:

® BonbwmnHcTBo 3ameH (cprkcaunii) npoucxogsT us-3a ciydaiivoro apeiida, a He
M3-3a MyTauuii, NOBbIWAOWMX NPUCTOCOBNEHHOCTD.

® llcTouHnkom nonumopdrama reHoma SIBASETCS CayHaliHbii gperigh [noutu]
HelTpanbHbIX annenein.
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Cnyyaiinbiii gpelich

Mpeanonoxenuns (PainT-®uwep, 1930):

¢ [lunnongHsle OpraHN3Mbl C MNONOBLIM Pa3MHOXEHNEM U CITyHaliHbIM
(He-BbIBOPOUHBIM) CKpeLLMBaHMEM

® OfuMHaAKOBbIE HACTOTbI ajUlenell Y MY»XCKUX U XXEHCKUX 0cobeit

® He nepekpbiBatoLnecst NOKONEHUS

® BuannenbHble (ayTOCOMHbIE) NOKYChI

® Pasmep-romyastmnn-beckotedtbtit

® OTcyTCTBYET M3MeHeHMe HacTOT ajieneli 3a CHeT MUrpauun, ecTecTBeHHOro otbopa
nnn myTaumi

® Het owmnbok reHoTUNMPOBaHMS
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Cnyvaiinbili gpelich

KoHeuHbili pasmep nonynsiuun = BapuabenbHocTb Bbibopkn = PykTyaumm HacToT
annenein = Cnyvaiinbili gpeiid

Sample
2N gametes

N % N
individuals )”> _gametes individuals
Po Po Pq

Po, P1: HacTOTbl annensi, k — 4MCno Konwii annens
P(k) = (2% k(1 — po)
E(Ap|p) = E(k/2N —p|p) =0
Var(Ap|p) = Var(k/2N — p|p) = p(1 — p)/2N Cuna ppeiicha: ~ 1/2N

o
> (_gametes
P1

Boisegute a1 popmynibl

3apava J
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Cnyvaiinbili gpelich
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Hartl & Clark — Principles of population genetics
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iich B oTcyTcTEME MyTaLM

WiHBIl ppei
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Cnyvaiinbili gpelich

KoHeuHas Touka gpeiidba: notepst unu dukcauyus annens: P(F |p) =p
I 1—

CpeaHee Bpemsi go cukcaunu: te(p) = —4N(Tp)ln(1 -p)

Cpeanee Bpems go notepu: t(p) = —4N(:2;)In(p)

CpenHee BpeMs CylLleCTBOBaHME annens:
#p) = p x T (p) + (1 — p) x Fu(p) = —4N[(1 — p)in(1 — p) + pin(p)]
3apaya
1. Mpu kakoM p BpeMSs CyLLECTBOBAHUS affens MakCUMasbHO U YEMY OHO PaBHO?

2. Ougenure te(p) npn p — 0.
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Cnywaiineiii Apeiich B oTcyTcTBUE MyTaumii

«3a4emM 3TO HyXXHO?>»

namre ARTICLES
genetlc S https://doi.org/10.1038/541588-018-0167-z

Predicting the clinical impact of human mutation
with deep neural networks

Laksshman Sundaram©'%*%, Hong Gao'®, Samskruthi Reddy Padigepati©'?, Jeremy F. McRae®",
Yanjun Li©®3, Jack A, Kosmicki*, Nondas Fritzilas', J6rg Hakenberg ©', Anindita Dutta', John Shon’,
Jinbo Xu®, Serafim Batzloglou', Xiaolin Li®* and Kyle Kai-How Farh®™

Millions u' human genomes and exomes have been sequenced, but their clinical applications remain limited due to the diffi-
culty of from benign genetic variation. Here we demonshale that common mlssense
variants in other primate species are Iargely clinically benign in human, enabling to be

identified by the process of elimination. Using hundreds of thousands of common variants from population sequencing of six
non-human primate species, we train a deep neural network that identifies pathogenic mutations In rare disease patients with
88% accuracy and enables the discovery of 14 new candidate genes in i disability af

Cataloging common variation from additi ate species would improve interpretation for mlllluns of variants of uncertain
significance, further advancing the y of human genome sequencing.

Outside of modern human populations. chimpanzees comprise the next closest extant species, and share
99.4% amino acid sequence identity'%. The near-identity of protein-coding sequence in humans and
chimpanzees suggests that purifying selection operating on chimpanzee protein-coding variants might also
model the consequences on fitness of human mutations that are identical-by-state. Because the mean time
for neutral polymorphisms to persist in the ancestral human lineage (~4N,, generations) is a fraction of the
species’ divergence time (~6 mya)!!. naturally occurring chimpanzee variation explores mutational space
that is largely non-overlapping except by chance, aside from rare instances of haplotypes maintained by
balancing selection! 213, If polymorphisms that are identical-by-state similarly affect fitness in the two
species, the presence of a variant at high allele frequencies in chimpanzee populations should indicate
benign consequence in human, expanding the catalog of known variants whose benign consequence has
been established by purifying selection.
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Cnywaiineiii Apeiich B oTcyTcTBUE MyTaumii

Cnyvaiinbili gpelich u reHeTMYeckas USMEHYMBOCTb

FETep03VIFOTHOCTbI BEPOATHOCTb TOro, 4TO MHANBUAYYM ABNAETCA reTe€PO3NTroTHbLIM No

nokycy: H =2pq

V6biBaHME reTepo3nroTHOCTU 3a CYET CrydaiiHoro apeiida:
Ht+1 ~ Ht — Hf/2N = Ht = Ho(]. — 1/2N)t Cuna p,pe|7|d,)a: ~ 1/2/\/

V6biBaHMe reTepo3nNroTHOCTI NPOUCXOAUT MeAeHHO (Ho HeobpaTumo!):
Hy = Ho/2: t =~ 2NIn(2) gna N> 1
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SchchexTmrHLIR pasmep nonynauMM

People living on Earth

7,849,058,679

All on this page, one by one

watch as we increase
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ScbchekTuBHEIG pasmep nonynsuum

DbhekTUBHbLIN pa3mep NonyasLUm

OdekTrBHLIV pa3mep NONyNsLMM B Ciayvae peasibHOW MONyAsiLnm — KOJINHECTBO
NHANBNAYYMOB B TEOPETUYECKN MAEANBHOW NONyNsumMmM, Aasi KOTOPbIX CKJia CyYaiiHoOro

npeiicba bynet Takoli e, kak n B peansHoin nonynauuu (Hartl & Clark, Principles of
population genetics)

.11
® dDaykTyaunusi pasmepos NonyasLnn: N — t(No + N1 + ...+

=)
< 4N, N,
® PasnocTb 4ucna ocobeii oboux nonos: N = ﬁ
m+Nr
® Bapuauusi 4ncna noTomkoB: o, & — CpefHee N SUCNEPCUS KOJMYECTBA NOTOMKOB
N N-1

¢~ (@Z/9+(ETD

® PaspeneHuve Ha cy6nonynﬂu,vw|: d cybnonynsiynii pasmepa N; m — cnna murpauun
Ne = Nd(1+ z7-)

3agava

OueHuTe BaUsiHUE «ByTbINOYHOrO ropasbiwkay (dayktyaumn pasmepa) Ha Ne J
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ScpchexTmrHEI pasmep nonynauMM

PacceneHue yenosevectsa un (<6yTbIJ10‘-IHbIe rOpAbIWKN»

B nccneposanumn oueHnan 3beKTUBHBI pa3Mep NPefKOBOV MOMYAALNN KaK

12,800-14,400, c 5-10 kpaTHbIM 3pheKTOM BYTLINOHHOrO ropbILLKa NPUMEPHO
50,000-65,000 net Hasag (Henn et al (2012) PNAS)
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SchchexTmrHLIR pasmep nonynauMM

PacceneHve yenosevectsa 1 <(6yTbIJ10‘-IHbIe FOpPAbILLKN»>

lo o ':‘:

° D)
@Genetic Diversity

Henn et al (2012) PNAS
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Paccenenne 4enosevecTsa u <(6yTbIJ'IOL|HbIe FOpPAbILLKN»>

Recombination Gives a New Insight in the Effective
Population Size and the History of the Old World Human

Populations  Mele et al (2011) Mol Biol Evol
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n MmyTaunm
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Cnywaiineii gpeiich n myTauun

Cnyvaiinbili gpelich v myTauum

HelitpansHas teopus (Kumypa, 1968): 601bWMHCTBO MyTaumii CeNeKTUBHO
HeliTpasibHO; Y4acToTa UX asJieNein onpenensieTcss cayyaliHeiM gpeiichom.

2N ramet = 2Ny myTaumii B KaXXAOM MOKONEHUW, TAE (L — YUCNO MyTauuii Ha 1 ramety
Ha 1 nokonexne.

YacToTta kaxpgoii mytaunu po = 1/2N = Pry = 1/2N (cm. Bbiwe)

YacroTta dpukcauun HeiiTpansHeix mytaunii: k = 2Np X Pry = p
CpepHee Bpemsi pukcauum, npu dukcayun: te(p) = 4Ne pns p ~ 0 J
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Cnywaiineii gpeiich n myTauun

Cnyuyaiinbii gpeiid n myTayuu

— 4N, | ; |

Allele frequency

0 f\[\\[\.r\

Time

Hartl & Clark — Principles of population genetics

YacroTta dukcauun HeiitpansHoix mytaunii: k = 2Np X Pry = p
CpepHee Bpemsi pukcauum, npu dukcayun: te(p) = 4Ne gns p ~ 0

= i - = = e
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Cnywaiineii gpeiich n myTauun

Cnyuyaiinbii gpeiid n myTayuu

Mogenb beckoHe4HOro Yncna annenei: Kaxk4asi MyTauns CO34aeT HOBbIA ansenb B

nonynsaynn.

leTeposurotTHocTb

H =

rpe 0 = 4Ney /] 6es BbiBOga

Proportion of genotypes in a population

1.0
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Heterozygosity
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Value of 4Nu

Hartl & Clark — Principles of population genetics
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Cnywaiineii gpeiich n myTauun

Cnyuyaiinbii gpeiid n myTayuu

Mogenb BeckoHevHOro Yncna annenei: Kakgas MyTauns CO34aeT HOBbIA ansenb B
nonynsiuny

leteposurotHocTs H = %, roe 0 = 4N.p J

Ne: acbcbekTuBHbIn pasmep nonynsuyum, ~10,000
[: YacToTa MyTaumii Ha 1 calit Ha 1 nokoneHwue, ~ 1.2 - 1078

0=4-10*-12-10"8~5.10"*
0 < 1= H=~0=1/2000
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MyTauun

Cnyuyaiinbii gpeiid n myTayuu

HeiitpanbHas (Motoo Kumypa) n noutu neiitpanshas (Tomoko Ota) Teopus
mosiekynsipHoi asontouun (1960-1970):

® llcTo4HrKkoM nonumMopdusma reHoma sIBASIeTCst CyyaiiHbiil apeiid [no4Tn]
HeliTpanibHbIX anneneli, a He banaHcupytowmnia oTbop.

® BonbwmnHCTBO 3aMeH (brkcaLunii) NponcxogsaT n3-3a ciydaiHoro gpeiida, a He
13-3a MyTauuii, NOBbLILLAKOLNX NMPUCIOCOBNEHHOCTD.

L4 OTCyTCTByIOUJ,I/Ie 3aM€Hbl 3BOJIIOLNOHHO 3anpeLleHbl.

T R - FR—
A1_Human/1-395 ACACAAAAGTGGAAAAC [ ] cTTeCAt
A1_Macaque/1-452 ACACAAAAGTGGAAAAC CTTECAC
A1_Mouse_lemur/1-402  ACACAAAAGTGGAAAGC ] TecC cTT c‘c;\c
A1_Squirrel/1-371 ACACAAAAGTGGAAAAC SCTGM ’ c-TgcAc

A1_Nouse/1-320 ACACCAAAGTGOAAAAC ! BaBeTcTe CTCCAGE
A1_Rabbit/1-418 AAACAAAAGTGGAAAGC ETACAA CTCCAAC
A1_Cat/1-399 ACACAAAAGTGGAAAAC CTGTGA CTCCAG,
A1_Amadillo/1-400 « cchOA 3 CCcCCACE

A1 Tosmanian_deil/1-95 i ccubc cTcEAc
A1_Opossum/1-424 AAACAAAAG TGGAAAS  TGlC ccAGT CTCCACT
A1_Platypus/1-137 GTTTﬂATCTT AG T G i CccToTC
A1_Chicken/1-206 THGTG T Al [ACAAAGGC
A1_Flycatcher/1-76 TACTGTA ( ACAAAG £
A1_Anole_lizard/1-294
A1_Coelacanth/1-296

Consensus

_ Jekums 3. MonynsiumoHHas reHeTuka, 4.1 2024 20 / 29



	
	Равновесие Харди-Вайнберга
	Случайный дрейф в отсутствие мутаций
	Эффективный размер популяции
	Случайный дрейф и мутации

