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Npend, MoneKkynsapHble Yacbl, ABUXKYLLMM OTOOP No
MOHO- 1 MOJIMTEHHbIM NPU3HAKAM



Ecnn Fst=0,

* T.e. COOTHOLWIEHMe 4YacToT reHOTUNOoB B NONyNALNU
OHO3Ha4YHO onpeaenAeTca YacToTaMun aaienen u
COOTBETCTBYET YpaBHEeHUIO Xapan-BanHbepra

p2+2pq+q°

* TO B TaKOM nonynaumm

HeT nsbupatenbHoOro ckpelwmBaHua (naHMmKcunA)

He BO3HMKAOT MyTauuMi

HeT meonTuyeckoro apansa (pacxoxkaeHne Xxpomocom y reteposuror 1:1)
HeT murpaumuii (n3onmnpoBaHHas nonynaums)

Het apenda (beckoHe4yHaa YNCIEHHOCTb)
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Npend reHoB - cny4yamHble N HEHANPaBAEHHbIe
N3MEHEHMA YaCTOT asiIe/ien U3 NOKONEHNA B MOKOJIEHUE

Tabamua 23.6. 3ddext cnysadinoro gpeita reHOB U3 OHOIO IOKQJACHHMS B APYyroe

Pasbpoc p,

YUCAEHHOCTh Yucno Bapuanca %];arc};i}ar{%;}:a? OXHAaeMbIH ¢ 95%,
monynsuuu (N)  ramer (2N) (I/PW—EN} {paefozﬂ'moc‘rhm]
! + 2 cT. OTKJL

Crnyuaii 1
p=qg=0,5
5 10 0,025 0,16 0,18-0,82
50 100 0,0025 0,05 0,40-0,60
500 1000 0,00025 0,016 0,468-0,532
Cnyuaii 2
p=03; gq=07
5 10 0,021 0,145 0,01-0,59
50 100 0,0021 0,046 0,208-0,392

500 1000 0,00021 0,0145 0,271-0,329




Npend reHoB - cly4anHble N HEHaNpaB/ieHHbIe
N3MEHEHUA YaCTOT aNNesien N3 NOKOJIEHUA B MOKOJIEHUE,

KOTOpble TeM CUbHee, YeM MeHblue 3hbEeKTUBHAA YNCAEHHOCTb pag, 2N
Zinite Po ations (1-5) -5 Fitness Migration? Mutation Rate Bottle Neck?
o ; - AAi AAz ARA: Two General Models A== Az A <= As

A Ganarations

Start BN Pop.
N R R Island/Source-sink R I_HEm:LI

3 Fixed Mean Generations to

1007 1 i Fixation = 24.67
0.90 'I If' :‘-' — Infinte Population
= 0.80 : v |I e
:_-,' |;V I| f) /\'WL. !Illl [} Lost
0 PR
Z osof Ll Population 2 Lost
< 0.50 .an Ill Ih' l\ il
g 0.40 I":‘"ﬂ | ,"'! i,l | )| h‘ l{ Population 3 Fixed
g VLIV Ik
o y \ l \'l A Population 4 Fixed
T A
0.10 \'/J y FPopulation 5 Fixed
0.00 5 20 20 20 150 200 2 LOSt Mean Generations to Loss
=352
Generations

http://www.radford.edu/~rsheehy/Gen_flash/popgen/



Apend reHoB - ciy4arHble U HEHAMNPaBAEHHbIe
N3MEHEHMA YACTOT aNNenem n3 NOKOIEHMA B NOKOJIEHME,
KOTOpble TeEM CUNbHEE, YeM MeHbLLe 3OPEeKTUBHAA YNCNEHHOCTb

3 Fixed Mean Generations to

/J { Fixation = 24.67

0.80 ,i, ﬂ J‘ : m } Infinte Population
= 0.80 |f}
% 070 WUI "'IJ ‘le Population 1 Lost
< 0.60 lﬂll l\ RWJMN WUHH Population 2 Lost
-E 0.50 ]‘I HI
go_m i T'{,.}ml \Uh'l" l\ Population 3 Fixed
= W
g 0% Ly \ l V‘ A Population 4 Fixed
L 020 L

| Tl
0.10 i \ Population 5 Fixed
0.00 i - 0 20 70 pe 200 2 LOst Mean Generations to Loss

0 Fixec
1.00
0.90 Infinte Population
—= 0.80
= Population 1
@ 0.70
g A \.4-1/\:/__,' S ’__,,,_,—JM—\\_.‘ \_\M“’-/ opulation
. — ™ i 4
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L 020
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[pend Bceraga (paHo MM Nno34HO)
KOH4YyaeTca PUKcaumen ogHoro annena u
YTPaTOWN ApPYroro

B KaxKgom nokoneHnn apend ysoauT B
NOOYI0 CTOPOHY

Ho pegkunin annenb nmeet 6osblLUe WAHCOB
ynactb B 0, ayacTtbin B 1

N3 0unlapendoBatb HEKYAA

BepoATHOCTb ans1ena paHo nam Nno3aHo
3adPUKCUPOBATLCA PaBHA €ro 4yacroTe B
ANAaHHbIK MOMEHT




BeposTHOCTb punKcaumum (paHo nam no3gHo)
paBHa UCXOAHOW YacToTe ansens

.  Pop. Si 25 # of Populati 1-5 100 Fitness Migration? Mutation Rate
Finke Fop.  Pop. Seze pulatons (1-8) [ 100 | AAi AhAs Ahz | TwoGemeralModels  [As=> AzAs <= Ag
Initial Frequency of A allele (0.1 )| Number of Generations| 500 |[[ 1 |[ 1 ][ 1 | IskndSourcessink Lo [ o ] E

9 Fixe
1.00
0.90 ! rnllﬂ-w
0.80
0.70 JH M ”J
"5 | Nig
0.50 | ! il
040 HiN W
. " \
0.20 H
.10 "l.lr'l L|||L
nmn 100 200 200 400 =0 91 Lost

Generations
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[pend reHOB B NPOCTPAHCTBE:
b deKT ocHoBaTeNA

MarepuHcKas nomysuus
p(B)=0,50

p(B)=0.25
HO‘ICPHHC NONMYJIAIHHA



JdPeKT ocHoBaTeNA

A 4 .6 .45

B, AB 15 .5 .15
Rh- .15 A1 .15
MN .5 42 .5

N 2 .14 .20



JdPeKT ocHoBaTeNA




[pend reHOB BO BpEMEHMU:
b PeKT OYTbINNOYHOIO ropbilLKa

13 14,
1
_1111 ‘1

g 1




Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

bottleneck:
catastrophic
reduction

in population

original chance new population
population survivors



Opend reHos
P PeKT 6yTbINOYHOIO rop/ibiLKa

0 Fixed
1.00
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Human Bottleneck

* The human population is
thought to have gone through
a population bottleneck about
100,000 years ago. There is
more genetic variation among
chimpanzees living within 30
miles of each other in central
Africa than there is in the entire
human species.

* The tree represents mutational
differences in mitochondrial
DNA for various members of
the Great Apes (including
humans).




[pend B 3BONOLUNN HENOBEYECTBA

«—— Phase I: Modern Human Origins 200 Kya

<«—— Phase |I: Population Divergencs 150 Kya

«—— Phasae |lI: Migration out of Africa 100 Kya

30-50 Kya

15-30 Kya

. ez
North East Middle East Asia Americas Australia/
Africa Europe Melanesia
p——— Sub-Saharan Africans 1 } Non-Africans ———

Current Biclogy



Single strong Serial bottlenecks Recent explosive
bottleneck across a geographical population growth
out of Africa range
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Npend n HakonneHmne BpeaHbIX MyTaLMnen
(S R ST e
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[pend n cHMeHne pasHoobpasma
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[lpend n monekynapHble Yachbl



[Npend Bceraa (paHO M NO3AHO) KOHYAETCH
dUKcaumen ogHoro annens u ytpatou

APYyroro

* BepoATHOCTb annens paHo U NO34HO
3adUMKCUPOBATLCA paBHA €ro YyacrtoTe B
ANAaHHbIN MOMEHT




BeposTHOCTb punKcaumum (paHo nam no3gHo)
paBHa UCXOAHOW YacToTe ansens

.  Pop. Si 25 # of Populati 1-5 100 Fitness Migration? Mutation Rate
Finke Fop.  Pop. Seze pulatons (1-8) [ 100 | AAi AhAs Ahz | TwoGemeralModels  [As=> AzAs <= Ag
Initial Frequency of A allele (0.1 )| Number of Generations| 500 |[[ 1 |[ 1 ][ 1 | IskndSourcessink Lo [ o ] E
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BeposaTHOCTb PUKCAUUM HENTPANbHbBIX MyTaLLMI
N MONEKYNAPHbIE Yacbl

 MyTauma BO3HUKAET C YaCTOTON V

e Konn4yecTtBO HOBbIX MyTaLMM B JaHHOM reHe B
AJAHHOM NoKoneHuu = 2Ne * v

e Yactota HoBOM myTaumm = 2Ne *v /2Ne
* BeposTHOCTb duKcauum = 2Ne* v /2Ne = v

* BepoATHOCTb GUKCALMM HOBOW MyTaLUM B AAHHOM
reHe He 3aBUCUT OT YMucieHHocTn nonynauum!ll



[peid reHOB N MONEKYNAPHbIE Yachbl

* BeposaTHOCTb dUKCALMMN HENTPASIbHbBIX MYyTaLLMM

— 3aBUCUT OT YaCTOTbl X BO3SHNKHOBEHUA

— He 3aBMCUT OT pasmepa Nonynaumni

— MaJible nonynaunm Aonro xayT,

HO BbICTPO PUKCUpPYIOT
— 6onblire nonynauumM HeJ0Nro KAYT
HO MeasIeHHO PUKCUPYIOT



[peind reHOB U MOJIEKYNAPHbIE Yacbl

BepoATHOCTb PUKCAUUU HENTPANbHbIX
MYyTauMN 3aBUCUT OT YaCTOTbl UX i
BO3HWKHOBEHMUA Pk

o BupoobpasosaHue 1
YaCTOTa BO3HMKHOBEHNA MyTauMMN NOCTOAHHA : -

/-

ANA onpeaeneHHoro IoKyca

MNO3TOMY M CKOPOCTb GUKCaALUM MYyTaLMN
MNOCTOAAHHA

NO3TOMY KOZIMYECTBO PA3/IMYHbIX MyTaL UM
3aPUKCUPOBAHHbIX Y Pa3HbIX BUAOB MOXKET
CNYKUTb MEPOI BPEMEHU UX ANBEPreHUUmn

A B C D4

22 21 BuaoobpasosaHue 2
22 |21 A 1/)*

3 A B C D




MoneKynapHble Yyachbl

D =2vt L
t=D/2v

l\"‘

D — 40N HENTPANbHbLIX PAa3NNUMKA MeXAay ABYMA
BMOAMWU Ha onpegeneHHyo NocneaoBaTelbHOCTb
OHK

V —4acToTa MyTauuu

t —uncno nokoneHnn ot nocneaHero obuiero npep,

3TUX ABYX BUAOB

(I‘IOKOI‘IEHMG = I'O,EI,) BuaoobpasoBaHue 2

A B C D




[nsepreHuUmsa No D = 2vt

t=D/2v
ncesaereHy
v=1x107/n.o./nokonenune(roa)
1x10°/1000 n.o./roa
1 myTtauma /1000 n.o./3a 10° net

Time

150 pa3nnyumm Ha 1000 n.o. mexay
4eNO0BEKOM U 1IEMYPOM

2t= 150 x 10° net
t=75 x 10° neT oo obLero npeaKa



Npend reHoB N MOJIEKYNAPHDbIE YaCbl
(opTONOrnYHbIE TEHDI)
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Npend reHoB N MOJIEKYNAPHDbIE YaCbl
(mapanornyHbie reHobl)

Time

100

50

Carp  Platypus  Shark

Yncno aMMHOKUCNOTHbBIX 3aMeH mexay anbda- u 6eta rnobmHom
Anbda- beTa-

rMmoouH rnmobuH



Npend reHoB U MONEKYNAPHbIE YaCbl
Bbibop MHOOPMATUBHOIO MapKepa
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MonekynapHble Yacbl U
Na1eOHTONI0TUA

Era Myr ago Fossil time  Molecular time

/ Humans versus chimpanzees (Pan), 5.4 Myr ago 1 ‘

1

10 sx  Humans versus gorillas (Gorilia), 6.4 Myr ago h
\\’\ Humans versus orangutans (Pongo), 11.3 Myr agov
20 "‘"_\"_"s Humans versus gibbons (Hylobates), 14.9 Myr ago 1f/
g 30 Cattle (Bos) versus sheep (Owvis) and goats (Capra), 19.6 Myr agoh
g Hominoid primates (Homo) versus Old World monkeys (Papio, Macaca), 23.3 Myr ago l ﬁ,
40 \ __— Cats (Felis) versus dogs (Canis), 46 Myr ago h h
Ead
Cattle (Bos) versus pigs (Sus), 65 Myr ago ”
50
/ Cattle versus Carnivores (Felis, Canis) versus horses (Equus), 82-83 Myr ago ” x
60 \ / Primates versus rabbits (Oryctolagus), 88-90 Myr ago ﬁ b
Chickens or turkeys (Meleagris) versus ducks (Anas), 90 Myr ago q ’ i
% Primates versus cattle (Bos), 90-98 Myr ago
80 Placental mammals (Homo) versus marsuplals (Didelphis), 173 Myr ago a h_
i Birds (Gallus) versus closest living reptiles (crocodilian, turtle), 228 Myr ago ’ * ‘
é’ * Living reptiles versus mammals (calibration), 310 Myr ago
100 Amniotes (reptiles and mammals) versus amphibians (Xenopus), 360 Myr ago
\ Tetrapods (amniotes, amphiblans) versus ray-finned fishes (Danio, Fugu), 450 Myr ago
o M Tetrapods and bony fishes versus cartilaginous fishes (sharks, rays), 528 Myr ago
300 Jawed vertebrates versus jawless vertebrates (Petromyzon), 564 Myr ago <’ [OSS
Plectomycete fungi (Aspergilius) versus pyrenomycete fungi (Neurospora), 670 Myr ago ? *
400 Vascular plants (Arabidopsis) versus mosses (Physcomitrella), 703 Myr ago # *
500 Vertebrates versus cephalochordates (Branchiostoma), 751 Myr ago » \
Pathogenic yeast (Candida) versus bakers' yeast (Saccharomyces), 841 Myr ago ,-'PG ~
600 Vertebrates versus arthropods (Drosophila), 993 Myr ago ,f
700 Land plants (Arabidopsis) versus chlorophytan green algae (Chlamydomonas), 1061 Myr ago ? *
Hemiascomycetan fungl {Saccharomyces) vs. filamentous ascomycetan fungi (Aspergillus), 1085 Myr ago ~
§ 800 Ascomycotan and basidiomycotan fungi versus mucoralean fungi, 1107 Myr ago ?
_“E 900 Fisslon yeast (Schizosaccharomyces) versus bakers' yeast (Saccharomyces), 1144 Myr ago ‘
Q Vertebrates versus nematodes (Caenorhabditis), 1177 Myr ago %
1000 Ascomycotan fungi versus basidiomycotan fungi, 1208 Myr ago . T
_— &K Animals versus plants versus fungl, 1576 Myr ago M #
><h\\ Diplomonad protists (Giardia) versus other eukaryotes, 2230 Myr ago 2
§ 3000 ~\\‘\“— Cyanobacteria (Synechocystis) versus other eubacteria (Escherichia), 2560 Myr ago ) .\
;:; | N Origin of eukaryotes, 2730 Myr ago
I 4000

" Early divergence among prokaryates, 3970 Myr ago




[Npend reHoB

BAVXKHWMI pe3ynbTaT — C/lydaHble U HEHAMNpPaB/IEHHbIE
M3MEHEHWA YaCTOT aNNenem n3 NOKOJIEHMSA B NOKOJIEHME,
KOTOpble TEM CUNbHEE, YeM MeHbLUe 3OPEKTUBHAA YNC/IEHHOCTb
KoHeuHbIN pe3ynbTaT — PMKCauMa ogHOro annens.

YMeHbLUEHME FTeHETUYECKOM U3meHUYMBoCcTn BHYTPU

nonynauMn n ysennyeHune pasanuunm MEXIY nonynaymamm.




Npend n otbop



Npend n otbop
MopagenupoBaHue Ha nonyaAauUnax Apo30Ppunbl

* Ycnosua onbiTa

— 100 nonynauymin no 4 camuya 4
CaMKM

— WcxopHana yactota annens bw
=0.5

— B KaX40M NOKOJIEHUU CNYY4aANHO
BbIOMpann B KayecTtse
poauTenen no 4 camua 4 camku

— Y HOcuTenem bw CHUXeHa
NPMCNOCOBNEHHOCTb

*  Yepes 20 noKoNeHU bw 6bin
yTpayeH B 13 nonynaymsx,
duKcmpoBaH B 30, ocTanbHble UMENU
pa3Hble YacToTbl bw

Frequency of bw”> alleles



OTHOCUTENbHAA NPUCNOCOBNEHHOCTb
reHoTuna

* cpeagHee 4UNCNAo BbIXKNUBLUNX MOTOMKOB
AdHHOIo reHoTuna no CpaBHeHMO CO CpeaHNM
YNC/TIOM BbIKBLLUUX MOTOMKOB JZiydLlero
reHoTUuMa.




EctectBEHHbIN OTOOP
OTHOCKTEeNIbHasA NPMUCNocobaeHHOCTb W

neara |w [
70 1 0 25 50

Kilometers
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OTbop N Apend
F - npncnocobneHHoOCTb
S=W,, — W,, - KOadounumneHT otbopa
s>0 — nonesHaA myTtayuA
S<0 — BpeaHaa myTtauma

1/Ne>>Isl — nouTn HerTpanbHanA sBoNtOLMS,
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Ecnn Fst=0,

* T.e. COOTHOLWIEHMe 4YacToT reHOTUNOoB B NONyNALNU
OHO3Ha4YHO onpeaenAeTca YacToTaMun aaienen u
COOTBETCTBYET YpaBHEeHUIO Xapan-BanHbepra

p2+2pq+q°

* TO B TaKOM nonynaumm

HeT nsbupatenbHoOro ckpelwmBaHua (naHMmKcunA)

He BO3HMKAOT MyTauuMi

HeT meonTuyeckoro apansa (pacxoxkaeHne Xxpomocom y reteposuror 1:1)
HeT murpaumuii (n3onmnpoBaHHas nonynaums)

HeT apelida (beckoHe4yHan YNC/IEHHOCTD)

HeT oT60pa (paBHas npncnocob6aeHHOCTb)



OTb0p



OTHOCUTENbHAA NPUCNOCOBNEHHOCTb
reHoTuna

* cpeagHee 4UNCNAo BbIXKNUBLUNX MOTOMKOB
AdHHOIo reHoTuna no CpaBHeHMO CO CpeaHNM
YNC/TIOM BbIKBLLUUX MOTOMKOB JZiydLlero
reHoTUuMa.
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OTHOCKTE/IbHasA NPMcnocobaeHHOoCTb
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BAVXKHMIN pe3ynbTaT — CHUXKEHME YACTOTb!
KoHeuyHbIn pe3ynbTaT — yTpaTta annena, Ho OYEHb meaneHHo
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OT60p Ha CNOCOBHOCTb NepeBapPmMBaTb JIAKTO3Y
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[1BMXKYLWLMMN OTOOP NO NOJAUTEHHbIM
NPU3HaKam



Figure 13A.2 The beak depth of a ground finch varies from
generation to generation, according to the weather

Copyright © The McGrawHill Companies, Inc. Permesion rmquired for reproduction or display.
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OT60p NO NOAUFEHHbIM NPU3HAKAM
(cm. nogpobHOCTM NPO HacneayeEMOCTb B NeKLUUN 2)
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HacneayemocTb

* 33aBUCUT OT rEHETUYECKON UCTOPUU
— HEeWUTPaNbHOCTb
— cTabunusupyrouwmm otbop
— ABUXYLLMM OTOOP
— UHOPUANHT
e 33aBUCUT OT BHELLHEN cpeapbl
— OflHOPOAHaA
— pa3Hdoobpa3Has



Teopema Puwepa

 CKOpOCTb yBENNYEHUNA CpeaHeN
npucrnocob/s1eHHOCTM NoNyASaUUM NPAMO
NponopLuUMOHanbHa aaaNTUBHOMN AUCMEPCUU
no npmucnocobseHHocTn (HacneayemocTu)



[BuXKyLWwmnim otbop BeaeT K obeaHEeHUO
reHeT4eCcKom M3IMeH4YnBOCTU

- Mepa reHeTU4YecKoro pasHoobpasus
nocnenoBate/ibHOCTEMN

- cpeaHAA A0NS HecoBnageHUin nNpu NonapHoOm
cpaBHeHUn N nocnenoBaTeNnbHOCTEN

AGC TAT ATT CAT CACGGG TT } 7
AGT TAT ATT CACCACGGATT 3

} 0
AGC TAT ATT CAT CACGGG TT 3.
n=(3+3+0)/3=2

T Ha nocnepoBaTenbHOCTb = 2/20= 10%




Hun3Kkaa retepo3mnroTHOCTb B HEHGONbLLIOM panoHe C
BbICOKOW peKoOMbUHauunen
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Hun3Kkoe niB panoHe oTbopa
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Fig. 4. Genetics of the gloving pigmentation pattern in the Birman cat. The
paws of the Birman breed (Top Left) are distinguished by white gloving. The
average nucleotide diversity adjacent to KIT was low (Top Right). Sequencing
experiments identified two adjacent missense mutations within exon 6 of
KIT that were concordant with the gloving pattern in Birman cats (Bottom).
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* dN/dS=1 - HeuUTpanbHasa aBoONOLMS
« dN/dS <1 — ctabunusmnpytowinm, o4mLlatonm oToop

* dN/dS > 1 — no3nTNBHLIN, OBUXYLLUKA OTOOP



OTHOLWEHNE HECMHOHUMMNYECKMX 3aMEH K CUHOHUMUNYECKUM
KaK namepurtenb otbopa

3ameTtbte — Ka/Ks

3TO Apyroe Ha3BaHue
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KalKs ratio
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Figure 3. MARK1 as an autism susceptibility candidate gene.
Ka/Ks ratio of the 38 genes of the chromosomal locus 1g41 associated with

susceptibility to autism.
Hum. Mol. Genet. (2008) 17(16):



Tect Mak[loHanbaa-KpentmaHa

Mexay BHyTpu

r acH thlr add car
arc act Thir aad ceT

Species 1 ATG AQT TICT AQC CGT HC A B
arc adr Ticr adal ceT

Species 2 TG AQ] T AJ] CGT c C D

e Ecnu Bce Hc pa3nnuma HenTpanbHbl, To A/C =B/D

e Ecnun HeKoTopble HC pas3nnuus mexay suaamm 6biau
nonesHbl, A/C >B/D
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OTb60op B NONb3Y reTepo3mnroT
CepnoBUAHO-KNETOYHaAA aHEMUA

CK aHemuA
CK aHemusd
q(a) = 1-w(AA) q(a)= 1-0.85 =0.136
(1-w(aa)) + (1-(w(AA)) (1-0.05) +(1-0.85)

PaBHOBeCHada 4YacToTa
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Ctabunmsunpytowmnim otbop
npPpoTnB rOMO3NroT
cepnosnaHoO-K/1€eTo4HaA aHeEMUA

Frequency of Sickle Cell allele Malaria distrib ution before 1930
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[An3pynTUBHbBIN OTOOP

« OT60p B pa3HbIXx HanpasaeHuax 8 OAHOU
nonynauum nNpm COXpaHeHMN BO3MOKHOCTH
NAaHMUKCUN

* BO3MOXHble pe3ynbTaThbl:
— HeycTon4ymBoe noagepaHme noanmmopPpmsama
— 3/IMMUHALMA peaKoro Knacca
— BO3HUKHOBeEHWNE aCCOPTaTUBHOCTU B CMNapUBaHNU

— BO3HNUKHOBEHMUE peﬂpO,ﬂ,yKTMBHOVI N3014AUUN
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[An3pynTUBHbBIN OTOOP

DISRUPTIVE SELECTION

SELECTIVE PRESSURE
Medium-size fish get outcom-
} peted for territory by larger
Population fish. Smaller fish are able to Evolved
before sneak in and fertilize eggs | Population

selection before being detected.

|1

Smaller Larger
Relative size of male Coho salmon

Proportion of individuals in population

Figure 8-28
What Is Life? A Guide to Biology
© 2010 W.H.Freeman and Company
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BAVXKHMIW pe3ynbTaT — HEXBATKA retepo3unroT
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[An3pynTUBHbBIN OTOOP

« OT60p B pa3HbIXx HanpasaeHuax 8 OAHOU
nonynauum nNpm COXpaHeHMN BO3MOKHOCTH
NAaHMUKCUN

* BO3MOXHble pe3ynbTaThbl:
— nogaepaHme nonmmopdunsma
— 3/IMMMHAUMNA peaKoro Ksacca
— BO3HUKHOBeEHWE aCCOPTaTUBHOCTU B CMMapUBaHNU

— BO3HNUKHOBEHMUE peﬂpO,ﬂ,yKTMBHOVI N3014AUUN



HeraTMBHbIXM YaCTOTHO-3aBUCUMbBIU
oTbop

* MpenmyuwecTtsom 061aaatoT pegkue

reHoTunbl

Frequency of lefi-jawed individuals

1.0

=
mn

B2 B4 "B "HBE hei]
Sample vear



CaMoOHecoBMEeCTMMOCTb Y pacTeEHUMN:
Peakni annenb HECOBMECTUMOCTM NPENATCTBYET UHOPUAUHTY.
YacTbi annenb HECOBMECTMMOCTU BeAET K BbIMUPAHUIO
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BMpbeI rpunna: Ha 4acrtble aHTUureHbl eCtb UMMYHWUTET, Ha PeEAKNE —
HeT.

Neuraminidase .~ Hemagglutinin

Influenza Virus

http://upload.wikimedia.org/wikipedia/en/c/ca/Antigenic_drift_vs_shift.pn
g
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