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EcTecTBeHHbI oTbop

OnpepneneHus

EctecTBeHHbIfi 0TOOP — pasnuyHoOe BbIXUBAHWE 1 BOCMPOU3BOACTBO UHAVNBUAYYMOB,
npouncxogsiee bnarogapst pasnuuusam eHoTHNoB.

EcTtectBeHHbIN OT60p MEHAET H4acCToTy annenei:

One generation

MpucnocobneHHoCTb — cNOCOBHOCTL MHAMBUAYYMA NEpefaTh CBOW anfenu =2
BbKNBAEMOCTb [+ PpepTuibHOCTL + BpeMsi pasBUTUS + CMOCOBHOCTL HalTu napy + ...]

BpeaHble annenu ymeHbLIalOT NpUcnocobieHHoCTb (# naToreHHble, U
6onesHeTBOPHbBIE)

Gillespie —Population genetics. A concise guide
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EcTecTBeHHbIl oTbop

AbcontoTHast n OTHOCUTENbHASNA I'IpI/ICI'IOCO6)1€HHOCTb

T'enoTun Bcero

ITokonenune t — 1 AA Aa aa
Yacrora oo
orGopa P 2pq 7’ 1=p"+2pq+q°
IIpucmnocobienHOCTH wii >0 wi2>0 we >0 Beposrnocrs, aoxms

JIO perip. Bo3pacTa
(BBKMBAEMOCTD )
ITocne or6opa p*wii 2pqwiz  GPwa W = p°wi1 + 2pqwiz + G° w2z
Hopwmanuzosanubie ”2%’“ 2”‘%"’12 qziw"zz wir > 0, wi2 > 0,wap >0
3HAYCHUST

2
/ _ p~wiitpqwiz
p=—%_"
! _ pqwiz+q°waz
q = w

ITokonenue t

Ap — Pq[P(Wn—lel-i-q(le—sz)] J

3apaya
Boisegute chopmyny ana Ap J

Hartl & Clark — Princinlec of noanilation o'pnpflrc
O Soza 8731

Jekuyns 4. MonynsiumoHHas reHeTMKa, 4.



EcTecTBeHHbIl oTbop

AbconoTHast N OTHOCKTENbHAS I'IpVICI'IOCO6J1€HHOCTb

Tenorun A1 Ar A1 Az AxAz2
BrepxkuBaemocTs

(mpucnocoGiieHHOCTB) W1 w12 w22
OTrHOocHUTeIbHAS

MIPUCTIOCOOJIEHHOCTD 1 wiz/wi1 waz /Wit
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EcTecTBeHHbIl oTbop

AbcontoTHast n OTHOCUTENbHASNA I'IpI/ICI'IOCO6)1€HHOCTb

Tenorun A1 Ar A1 Az AxAz2
BrepxkuBaemocTs

(mpucnocoGiieHHOCTB) W1 w12 w22
OTrHOocHUTeIbHAS

MIPUCTIOCOOJIEHHOCTD 1 wiz/wi1 waz /Wit
OrHOCHUTEIbHAS

[IPUCITOCOOJIEHHOCTDb 1 1—hs 1-s

rae 0 < s <1 - kosaddunmueHt ordopa,
h — a3ddeKkT reTrepo3uUroTHOCTH, OIPEIEIISIONINI CTENEeHb JOMUHAHTHOCTH

h=0 A1 TOMUHAHTHBIN, Az PerecCUBHBIN 1,1,1—s
h=1 A1 peneccuBHbBIN, Az JOMUHAHTHBINA 1,1-s,1—5
O<h<1 Henosnroe nomuampoBanue
h=1/2 A ppnrusHOCTD 1,1-5/2,1—5s
h<0 CeepxgomunanTHOCTH (overdominance)
h>1 OcJiabieHHoe JIOMIHUPOBAHKE

3agava

Monyuute pesynbTtaThl gns cayvaes h < 0,h > 1
_ Jlekums 4. MonynsiumoHHas reHeTmka, 4.2 2024 6 / 31



EcTecTBeHHbIl oTbop

AbBcontoTHas 1 OTHOCUTEbHAA I'IpVICI'IOCO6J1€HHOCTb

Ap = palp(wis —wa2)+q(wiz —w22)]

w

Mepexons k oTHocuTeNbHON NpUcnocobneHHocTn: wia/wip =1 — hs,wao/wis =1 —s
__ pgs[ph+q(1—h)]
Ap = "

W = 1—2pghs — ¢°s

3apaya
Monyunte 3Ty dbopmyny J

Gillespie — Population genetics. A concise guide
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EcTecTBeHHbIl oTbop

EctectBenHbIn 0T6OP

1. HanpasnenHbiii (gBnxywmii) {nonoxuTtenbHbIi; OTPULATENbHBIA, UK
oumnwaiowwmii} otbop

Peueccushbili annens: wit = Liwio =1l wo=1—5//wip =1
JomunanTHbeIl annenb: wir = Liwio =1 —s,woo =1—5 //wio = wa
HenonHoe gomuHnposaHume:

wii = 1, win :1—hS,W22:1—S,0< h < 1//W11 > Wi2 > Wa2

3apgava
Monyuute 311 cbopmynbl J

2. Banancupytowmin ot6op
CeepxgoMuHaHTHOCTL: W1 = 1, wip =1 — hs,wap = 1 — s, h < 0//wa2 > wiz, wao

3. PaspoiBatowmii otbop
OcnabneHHas JOMUHAHTHOCTL: Wi1 = L,wio =1 —hs,wao =1—s5,h>1

3agava

KakoBbl gonyctumble 3HaveHus h? J

_ Jlekuyms 4. MonynsiumoHHas reHeTuka, 4.2 2024 8 /31



EcTecTBeHHbIl oTbop

HanpasneHnHbliii otbop

HanpagneHnHblii 0T6Op NPOTUB peLeccMBHOro annens: wiz — Wiz = 1L, wey =1 —s.

05~ o ‘
Ap— pqs[ph + q(1 — h)]

0.4

0.3 9"

w

0.2

Allele frequency (q)

0.1 7

Generation

Relethford — Human Population Genetics
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EcTecTBeHHbIl oTbop

HanpasneHnHbliii otbop

HanpagneHnHblii 0oT6Op NPOTVB AOMUHAHTHOrO annens: wix = 1, wia = wap = 1 — 5.

Allele frequency (q)

1.0 : Ap — pgs[ph + q(1 — h)] !
| s=02 : P= w i
0.8 !
§ : E w =1 —2pghs — ¢*s ;
0694 \ “s=04 S
I _szq
044 1 ¢ Ag = T st s
i \ — S+ p°s
\ .
0.2 \‘
1 \s=06
OO T ~ T T T T T T I T 1
0 20 40 60 80 100

Generation

Relethford — Human Population Genetics
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EcTecTBeHHbIl oTbop

HanpasneHnHbliii otbop

HanpaeneHHbili 0T6Op NPOTMB KOAOMMUHAHTHOrO aniens:
wit =1, w12 =1—5/2,= war =1 — s // HenonHoe foMUHMPOBaHNeE.

G

> W= 1—2pghs — ¢°s

S o34 \ 1

3

o

o

8 Ng— ZPa/?

< 1 — sq
T 1 T 1
80 100

Generation

Relethford — Human Population Genetics

2024 11 / 31
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EcTecTBeHHbIl oTbop

HanpasneHnHbliii otbop

HanpaeneHHblli oT6op NpoTuB reTeposnroTsl:
ocniabseHHast JOMUHAHTHOCTb.

W11:17W12:1—S,:W22:1//

1.0 7
5 081"
> | .
S 06+
2
O
(0]
£ 0.4
o
3 i
< 0.2- ~~
0.0 I e
0 10 20 30

Generation

Relethford — Human Population Genetics
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EcTecTBeHHbIl oTbop

Banancupytowuii otbop

Banancupyrownii otbop reteposnrotsl: wi1 =1, wio =1 — hs,=wn =1,h<0//
CBEPXAOMUHAHTHOCTb.

0.03 l T T T
ngs|ph + q(1 — h 0.02 .
Capt 1s[p 4 )] :
1 w | Ap 001 -
. w=1—2pghs — ¢*s 0f
77777777777777777777777777777777777 ! _0.01 I L 1 L 1

0 02 04 06 08 1
P
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EcTecTBeHHbIl oTbop

Banancupytowuii otbop

Banancupytownii otbop reteposnrotsl: wiy = 1, wio =1 — hs,=wn =1,h<0//

CBEPXAOMUHAHTHOCTb.
10- 0.03 ——1—1—
1 002 F i
= 087" Initial allele Awp 001 ]
—~ frequency = 0.9
g :
g \ 0
g 0I6 i 1 H 1 |
J -0.01
8 0 02 04 06 08 1
= 0.4 P
w -
© 4 e
< — A~
02 Initial allele p= D=1
l frequency = 0.1 2h—1
0.0 T T T T T T T T T T T |
0 10 20 30 40 50 60
Generation
3apava
Monyunte p J
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EcTecTBeHHbIl oTbop

Banancupytowmii otbop: cnyyaii Mmykosucuymgosa @

BOX 3.7 SELECTION IN FAVOR OF HETEROZYGOTES FOR CYSTIC FIBROSIS

For CF, the disease frequency in Denmark is about one in 2000 births.

Phenotypes: Unaffected Affected I
Genotypes: AA Aa aa |
Frequencies: p? 2pq g% =1/2000

g*is 5x 107% therefore g = 0.022 and p = 1 - g =0.978.

p/q=0.978/0.022 = 43.72 = 53/5.

If 52 = 1 (affected homozygotes never reproduce), s; = 0.023.

The present CF gene frequency will be maintained, even without fresh mutations, if Aa
heterozygotes have on average 2.3% more surviving children than AA homozygotes.

Strachan, Read — Human Molecular Genetics

3agava

BobipasuTe adhpekT retepo3urotHocTu h kak hyHKLMIO OT P, NOATBEPAUTE OLLEHKY BbILIJe.J
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EcTecTBeHHbI oTbop

Banancupytowuii otbop: cny4aii S-remornobura @&

The most thoroughly studied example of overdominance is the sickle-cell
hemoglobin polymorphism found in many human populations in Africa. Hemo-
globin, the oxygen-carrying red protein found in red blood cells, is a tetramer
composed of two alpha chains and two beta chains. In native West and Central
African populations, the S allele of beta hemoglobin reaches a frequency as high
as 0.3 in some areas. The more common A allele is found at very high frequency
in most other areas of the world. The two alleles differ only in that the S allele
has a glutamic acid at its sixth amino position while the A allele has a valine.
The glutamic acid causes the hemoglobin to form crystal aggregates under low
partial pressures of oxygen, as occur, for example, in the capillaries. As a result,
S8 homozygotes suffer from sickle-cell anemia, a disease that is often fatal.

The S allele could not have reached a frequency of 0.3 unless AS heterozy-
gotes are more fit than AA homozygotes. This is precisely the case in regions
where malaria is endemic, for there the heterozygotes are somewhat resistant
to severe forms of malaria. The resistance is due to the sickling phenomena,
which makes red blood cells less suitable for Plasmedium falciparum. In an
old study from 1961, it was shown that the viability of AS relative to AA is
1.176 in regions with malaria. Assuming that the fitness of 55 is zero (s = 1),
h = —0.176. Plugging this into Equation 3.4 gives = 0.87 or § = 0.13 for the
§ allele, which is nestled right in the middle of allele frequencies in regions with
endemic malaria.

Gillespie — Population genetics. A concise guide
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EcTecTBeHHbIl oTbop

Banancupytowmii otbop: cnyyaii S-remornobura @&

HbS allele frequency (%) ¢ .
1 0-051 - .
0 052-202

1 2,03 - 4.04

= 4.05-6.06

= 6.07 - B.08 J

= §.09 - 9.60

- 961 -11.11

- 11.12-1263

- 1264 - 14.65

. 14.66 - 18.18

FIGURE 14.2

The global distribution of the sickle-cell allele.
From Piel, F.B., Patil, A.P., Howes, R.E., Nyangiri, O.A., Gething, P.W., Williams, T.N., et al., 2010. Global distribution o
sickle cell gene and geographical confirmation of the malaria hypothesis. Nature Communications 1, 104—.
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EcTecTBeHHbIl oTbop

I3menenmne npucnocobneHHocT co BpemeHem

Ap = EhtaA=hl 5 — 1 _ 2pgsh — ¢?

Cbtoan Paiit: Ap = 2va’?p) dﬁ‘;,(ap) J

Yto npoucxoput ¢ w(p)?

«EcTecTBeHHbIli 0TOOp BCerga CTPeMUTCS YBENMYNUTL CPEAHION MPUCNOCObNEeHHOCTb
NONyASILUN U CKOPOCTb 3TOMO MPOMNOPLUOHANBbHA BEANYUHE FEHETUYECKON
BapuabenbHoCcTU >

Gillespie — Population genetics. A concise guide

_ Jlekuyms 4. MonynsiumoHHas reHeTuka, 4.2 2024 18 / 31



My TaLnoHHO-ceneKUNOHHOe paBHOBeCHe

BanaHc myTauuii n otbopa

® MHOXeCTBO HOBbIX ajienieli BpefHbl 1 He MOJHOCTLIO AOMUHAHTHbI.
® OHy NOSIBASIOTCS B MOMY/ISILMN 33 CYET MYTaLMM U NCHE3AIOT 3a CYeT
oTpuuaTensHoro otéopa. A;1(p ~ 1) £ Ax(q ~ 0)
® BanaHc: CKOpPOCTb MOsIB/IEHNS] MYTaLMii PaBHSIETCS CKOPOCTU UX NOTEPN M3-3a
oTbopa.
Amutp=—pp = —p

_ paslphtq(1—h)]
Aselp — 1-2pghs—q3s th

Amutp + AseIP =0

2024
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My TaLnoHHO-ceneKUNOHHOe paBHOBeCHe

BanaHc myTauuii n otbopa

® MHOXeCTBO HOBbIX ajienieli BpefHbl 1 He MOJHOCTLIO AOMUHAHTHbI.
® OHy NOSIBASIOTCS B MOMY/ISILMN 33 CYET MYTaLMM U NCHE3AIOT 3a CYeT
oTpuuaTensHoro otéopa. A;1(p ~ 1) £ Ax(q ~ 0)
® BanaHc: CKOpPOCTb MOsIB/IEHNS] MYTaLMii PaBHSIETCS CKOPOCTU UX NOTEPN M3-3a
oTbopa.
Amutp=—pp = —p

_ paslphtq(1—h)]
Aselp — 1-2pghs—q3s th

Amutp + AseIP =0

CunbHbii 3adhdhekT — ManeHbkas HacToTa

3apaya J

Monyunte § pnsi peLeccmBHOro annens

Gillespie — Population genetics. A concise guide
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MonoxuTtensHelii oTbop Ha choHe ppeiicha

Cnyvaiinbili gpelich v 6naronpuaTHbIli annenb

OTbop B KOHEUHbIX NONynsLMsix o4eHb cnab ansa anneneii de novo.

Hosbili annens: Ap~ (1+s)p—p =sp=5s/2N < 1/2N (gpeiic), kpome cnyyaes
s~1

s}

Pe(p) = :%ZX:, ecam h=1/2
Pr(p) = £=%5%. Pr ~secm s~ un 2Ns > 1

_ Jlekuyms 4. MonynsiumoHHas reHeTmka, 4.2 2024 20 / 31



MonoxuTtensHelii oTbop Ha choHe ppeiicha

Cnyvaiinbili gpelich v 6naronpuaTHbIli annenb

OTbop B KOHEUHbIX NONynsLusix o4eHb cnab ansa anneneii de novo
Hosbili annens: Ap~ (1+s)p—p =sp=5s/2N < 1/2N (gpeiic), kpome cnyyaes

_—2Nsp
L e,st ,ecam h

1/2

s~1
Pe(p) = =%
Pe(p) = ﬁ Pr~secnusa n2Ns>1
® Camble bnaronpusiTHble anienm TepsaoTes
® ApanTuBHas 3BostOLMS Cy4alina
3apgava
Monyunte Pr pns cnydas s,2Ns ~ 0 J
Gillespie — Population genetics. A concise guide
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MonoxuTensHeiii oT6op Ha chone apeiicha

MMpuMepbl SIOKaNbLHOM aganTaumm Yenoseka @

SLC24A5 = MCM6

SLC45A2 g 3
TYR
MCIR

Polygenic_n.

0

CPTIA
LRP5

THADA
PRKGI

EGLNI1
EPAS1

, FADS loci

ﬁAMYl ?

I

VAV3
ARNT2 ,\"
THRE %
.__QEDARI
APOLL .\f-
|

CISH '/“}\)ACMG
DOCK3
STATS
HESX1 CREBRF
POUIFI G6PD ~—®

HBB

GYPA

GYPB

GYPC
Key

w @

Lactase persistence Height Arctic environment High-fat diet Thick hair Starchy food
S ()
Skin pigmentation High altitude Trypanosome resistance Malaria Toxic arsenic-rich environments Increased BMI
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MonoxuntensHelii oT6op Ha choHe ape

ﬂpmmepbl JIOKaNbHOIA afanTayunnm 4enaoBeEKa

Years 7mil  Gmil  Smil 2mil 1 mil 300000 200000 100000 50000
before 2, ) ! 'm h ! h 1 Bonobo
t SIV resist:
present \ | o Common
L A\ . S— Africa
= Asia Human
E Europe
Years 80000 70000 60000 50000 40000 30000 20000 10000 5000
| h | I I I I ) |
ri ! = Africa
present
_acMalariaresistance _ Trypanosomiasis (| Lactose __Hemoglobin in
A plasmoatum wvax > resistance [ tolerance™ A — malaria
(DARC39) (APOL1) ey~ Plasmodium faiciparum
\ (HB-S, HB-E)
| n W Asia
@ Hair/sweat High alttude*
(EDAR) (EPAST, EGLN1, etal)
& - —
Pigment s
(SLC2475, SLC42A2)
| gy . | Europe
aLacmse tolerance
FIGURE 14.4

A portrayal of human evolution in a combined species and intraspecific population phylogenetic tree. Various
points on the human “branches” indicate the estimated times at which various positively selected human adap-
tations arose.

From Vitti, J.J., Cho, M.K., Tishkoff, S.A., Sabeti, P.C., 2012. Human ry ics: ethical

and interpretive issues.

Trends in Genetics 28, 137—145.
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Bpeanbie, cnaboepeaHsie u HeliTpansHele annenn

Cnyvaiinbili gpelic v BpeaHbIii annenb

MoxeT nu BpefHbIli annenb 3apUKCUPOBaTLCA B NONYAALUN KOHEYHOro pa3mepa?
2Nsq
e —1

Pr(q) =1-Pr(1 - q) = S

Pr(1/2N) = mge— Pr = ecin 2Ns > 1

_ Jlekuyms 4. MonynsiumoHHas reHeTuka, 4.2 2024 23 / 31



Bpeanbie, cnaboepeaHsie u HeliTpansHele annenn

Cnyvaiinbili gpelic v BpeaHbIii annenb

MoxeT nu BpefHbIli annenb 3apUKCUPOBaTLCA B NONYAALUN KOHEYHOro pa3mepa?
2Nsq
e —1

Pr(q) =1-Pr(1 - q) = S

Pr(1/2N) = mge— Pr = ecin 2Ns > 1

YactoTta dmkcaunn BpegHoro annens:
k = 2NuPe(1/2N) = 28us

e2Ns _1

3agava
® [lonyyute Pr pns s — 0.

® [lonyyute k ana s — 0.

Gillespie — Population genetics. A concise guide
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Bpeanbie, cnaboepeaHsie u HeliTpansHele annenn

CnabospegHble Vs HeliTpasibHble MyTaLuu

MyTaunm MO>XXHO OTHECTU K TPEM OCHOBHbLIM KaTeropusim:
® logBepxeHHbie 0T6OPY (MONOKMTENBHOMY WM OTPULATENBHOMY;
® HelitpanbHble (He umetowme acbcpekta Ha NpUCnocobneHHoCTb;

® MyTauuu ¢ MasieHbkuMK koadduuymentTamn otbopa, Takum obpasom Beayliee cebsi
KaK HeliTpanbHble B Masibix nonynsumsix (rae oMuHupytoT adbdbexTsl gpelicha) unu
noaBep>KeHHble 0TOOPY B Bonblunx nonynsuusx, rae BosobnagatoT apdekTbl
oTbopa.

Meyer, Diogo, and Eugene E. Harris. "Selection Operating on Protein-coding Genes in
the Human Genome." elS

_ Jlekums 4. MonynsiumoHHas reHeTmka, 4.2 2024 24 / 31



Bpeanbie, cnaboepeaHsie u HeliTpansHele annenn

CnabospefHble Vs HeliTpasibHble MyTaLun

Most Rare Missense Alleles Are Deleterious in Humans:
Implications for Complex Disease and Association Studies

Gregory V. Kryukov, Len A. Pennacchio, and Shamil R. Sunyacv

The American Journal of Human Genetics  Volume 80  April 2007

Strongly Mildly Effectively
detrimental deleterious neutral

— N

0.003 ... 0.001

We combined analysis of mutations causing human Mendelian diseases, of

human-chimpanzee divergence, and of systematic data on human genetic variation and

. estimated that >50% of de novo missense mutations in an average human gene and
70% of missense SNPs detected only once among 1,500 chromosomes are mildly
deleterious. Such mildly deleterious mutations are associated with selection coefficients

within a surprisingly narrow range of 0.001-0.003.

_ Jlekums 4. MonynsiumoHHas reHeTmka, 4.2
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Bpeanbie, cnaboepeaHsie u HeliTpansHele annenn

Estimating the selective effects of heterozygous
protein-truncating variants from human exome data

Christopher A Cassal2%, Donate Weghorn"g, Daniel ] Balick!, Daniel M Jordan>?, David Nusinow!,

Kaitlin E Samocha**, Anne O’Donnell-Luria®6, Daniel G MacArthur>4, Mark ] Daly>4, David R Beier”8 &
i aevh2

Shamil R Sunyaev VOLUME 49 | NUMBER 5 | MAY 2017 NATURE GENETICS

60 |

Mode: Sjer &= 0.005
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BpeaHeie, cnabospeaHbie n HeliTpanbHbie annenn

BepositHocTu chukcauum ans scex anneneii @&

—o—s=1%
—a—5=0.1%
—A—s=0.01%
—6—5 =0.001%
——5 =-0.001%
—&—s=-0.01%
=5 =-0.1%

—o—s5s=-1%

Probability of reaching fixation

N.=10000

0.2 0.4 0.6 0.8 1

Current frequency

Thomas, Paul D (July 2008) Single Nucleotide Polymorphisms in Human
Disease and Evolution: Phylogenies and Genealogies. In: Encyclopedia of
Life Sciences (ELS). John Wiley & Sons, Ltd: Chichester.

DOI: 10.1002/9780470015902.20020763
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MyTtauunm, otbop u apelich

Mutation: u
’ ~
k — ,U l’, \\\ (j ~ /J’
= e ~ ~
L hs

'~
\\

Drift: ~IP2Ne --------- Selection: ~pqs

Svs 1/2N., common/rare

The interaction of drift and selection is more complex than that of
mutation and drift because the strength of selection changes with the
frequency of the allele. (Recall the factor pq in A_p or examine Figure
3.3.) Natural selection is always a very weak force for rare alleles and,
if s » 1/(2N), is a much stronger force than drift for common alleles.
Thus, the dynamics of rare alleles should be influenced by both drift
and selection, while the dynamics of common alleles should be
determined mainly by natural selection (again, if s » 1/(2N)).

Gillespie — Population genetics. A concise guide
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Bpeanbie, cnaboepeaHsie u HeliTpansHele annenn

BoiBoabl

Y10 MeHsieT yacToThl anneneii/reHoTunos?
® MyTauun: nosiBiieHe HOBbLIX asfeseil B NONysiLmn
® Cnyuvaiinbiin gpeiidy: BoibopoYHas Bapuauns nepeaaBaeMbix anienei
® Ot6op: pasnnyHbie BEPOSITHOCTN BbDKUBAHMUS/Pa3MHOXEHUSI B 3aBUCUMOCTN OT

reHoTunos
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BeiBoabi

® PagHoBecue Xapp,m—BaﬁH6epra OMUCbLIBAET KaK 3UTOThbl NOABAKOTCA U3 FAMET.

® CnyuaiiHblii gpeiicp cnocobcTByeT notepe uan pukcaumm anneneil n ymeHbLiaeTt
reTepo3nroTHOCTb.

® HeiliTpanbHas Teopusi yTBEPXKAAET, YTO DONBLUMHCTBO BHYTPU- 1 MEXAYBNAOBbIX
N3MEHEHMNIT NPONCXOASIT N3-32 OTPULATENILHOrO OTOOpa 1 ciy4vaiiHoro gpeida.

® EcrtecTBeHHbI 0TOOP MeHsieT YacToTbl anneneil. OH BCeraa yBenmunBaeT CpesHon
NpMcnocobieHHOCTb CO CKOPOCTbIO, MPOMOPLUOHANLHON FEHETUYECKOR Bapuauui.

® BoMbLIMHCTBO HOBLIX anneneld BpeaHbl U HE NOMAHOCTHIO AOMUHAHTHBLI. OHu
NOSIBASIIOTCS 33 CHET MyTauuil U NOABEPXKEHbI OTpULATENLHOMY oTbopy (banaHc
MyTauuin u otbopa).

® B koHe4vHOI nonynsiuuu, HoBble BaaronpusiTHbie MyTauun obbIYHO NCYE3AIOT 3a CYET
cay4aiiHoro gpeiicdha. C Apyroii CTOpoHbI, BpefHble anienn MoryT 3acpukcrupoBaThCs.
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