SBOAIOLLANA

Busses Huknta Cepreesuny, ctyaeHT 3 Kypca Kad.
6uoxmmmn buoaoruveckoro pakyabteta MY num. M.B.

/A\oMoHocoBa



Y10 Takoe a3BoAloumUA?



[1pobAaembl GuoAorum:

® BO3HMKHOBEHME CAOXKHBIX CUCTEM,
6uopasHoobpasums, nporpecca

® OrpomMHoe pasHoobpasune o6beKTOB
® [1pnMynHa aAaNnTUPOBAHHOCTM

® [pnunHa cxoacTBa (TPaHCAALMUSA OYEHD
KOHCEpPBaTMBHA)

® HeaocTaTo4Has cBA3b C APYTMMHU
HayKamu



‘ Blology Make

Sense Excepf '
the nght of




® DOBoAoums ( AaT. evolutio -
«Pa3BEPTbIBAHMEY): OTKPbITUE CKPbITbIX
CBOUCTB




DBOAIOLLMA — U3MEHEHMEe CUCTEMbI BO
BPEMEHMU

BbuoAormueckasn aBoAloLUsA
eCTeCTBEHHbIU MPoLEeCcC pPa3BUTUSA XKUBOU
NMPUPOAbI, COMPOBOXXAAIOLLMNCS USMEHEHUEM
reHeTMYECKOro COCTaBa MOMYASLUM,
dbopMUpoOBaHMEM

aAanTauui, BUAOOOpa3oBaHUEM U BbIMMPAHMU
eM BUAOB, Npeobpa3oBaHMEM

aKocucTeM U buocoepsl B Lieaom. (wikipedia)



® buoAormueckasn 9BOAIOLLMA.

> Descent with modification — obwHoOCTb
NMPOUCXOXKAEHUS, COMPOBOXKAAEMAS
mMoaudukaumen (AapBuH)

> HacAeAyeMbie M3amMeHeHUA CBOMCTB rpymnn
OpraHM3MoB (MonyAsiuuKn) B psiAY NOKOAEHMM

> I3aMeHeHMe 4acToT aAAeAer B MONYyASLUU



[IpobAembl 3BOAIOLMMU:

® HeBO3MOXKHOCTb BCEOXBATbIBAOLLUX
3KCNEPUMEHTOB

® KocBeHHOCTb MCTOPUYECKUX PEKOHCTPYKLMM
® BboAbluas poAb CAYyHaMHOCTU B 3BOAIOLLMMU
® HeyHunBepcaAbHOCTb BUOAOIMHECKMX 3aKOHOB

® OTHoleHUe K peAurnu, obLLecTBeHHbIE
ybexxaeHus

® OrTcyTcTBME CBSI3U C APYTMMM HayKamu

> KoHuenuusa rAo6aabHOro 3BOAIOLIMOHM3MA: BCE
cuctembl (buoaornveckue, xummnveckue, dusmnyeckue,
A3bIKoBble, PUArOCOPCKUe, ObLLeCTBEHHDIE)
3BOAIOLLUOHUPYIOT
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Figure 4-4 Complementary base pairs
in the DNA double helix. The shapes
and chemical structures of the bases
allow hydrogen bonds to form efficiently
only between A and T and between G

and C, because atoms that are able to
form hydrogen bonds (see Panel 2-3,

pp. 94-95) can then be brought close
together without distorting the double helix
As indicated, two hydrogen bonds form
between A and T, while three form betwee
G and C. The bases can pair in this way
only if the two polynucleotide chains that
contain them are antiparallel to each other.

(Alberts et al., 2015)
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® MyTtauua — ctabuabHoe,
ANCKPETHOE U3MEHEHME
HaCAEACTBEHHOIO
MaTepuaAa

£ 1 » MyTtauum He Bceraa
TSP NPUBOAAT K M3MEHEHUIO
deHoTMNa, BeAKa MAU
aKTMBHOM YacTh PHK

U~ ox FE 2» MyTtauum — «moTop

- (;{;-np‘eseH;auMM LUMAO‘B;E.C.) - SBOAIOLIMNMND) C OAHOIZ
CTOPOHbI U Pa3pyLINTEAD
MeXaHM3MOB C ApYrou



PanToBCKMM peXXMM 3BOAIOLL UM
(NnouTH HeUTpaAbHas
3BOAIOLLMSA)



(INoyTHn) HenTpaAbHaa Teopus

MOAEKYASAPHOU 3BOAIOLUMK

® OCHOBHOM BKAaA B reHHoe pa3Hoobpasue
BHOCAT MOYTU HEUTPaAbHble MyTaLLMU

® YaaaeHWe BpeAHbIX MyTaL UM
npeobAasaeT Haa ¢UKcaLmer NOAE3HbIX
(cTabuaunsupytowmm otbop Haa
ABUXKYLLMM)

® CKopoCTb 3aMeHbl HYKAEOTMAOB
NOCTOSAAHHA B CEMEMNCTBaX reHOB

® [loyTn HenTpaAbHble MyTaL MU CO3AQLOT
NyA BapuaLmu, KOTOPbIKM MOXKET B
AQAbHENLLEM UCMOAb30BaTbCA 3BOAIOLLIUEN

® | mytauma Ha 100 Kb 3a | 000 000 AeT
(Alberts er al., 2015)

MoTo Knmypa



" 3ameHbl B Pa3HbIX reHax

TABLE 10.3 Rates of synonymous and replacement (nonsynonymous) substi-
tutions in some protein-coding genes, calculated from the divergence
between humans and several rodent species

Number of

base pairs
Gene compared Replacement rate? Synonymous rate’
Histone 3 135 0.00 + 0.00 452 + 0.87
Histone 4 102 0.00 + (.00 3.94 + 0.8]
Ribosomal protein 517 134 0.06 + (.04 2.69 = 0.53
Actin o 376 0.01 + 0.04 292 = (0.34
Insulin 51 0.20 £ 0.10 3.03 =£1.02
Insulin C peptide 31 1.07 + (.37 478 £ 2.14
at-globin 141 (.56 + (.11 4.38 + 0.77
-globin 146 0.78 + (.14 2.58 + 0.49
Immunoglobulin ¥ 106 2.03 = 0.30 5.56 = 1.18
Interferon vy 136 3.06 + 037 5.50 =145
Glyceraldehyde-3-phos- 332 0.20 = 0.04 2.30 = 0.30

phate dehydrogenase

Lactate dehvdrogenase A 331 0.19 = 0.04 4.06 = 049

Sonrce: From Li 1997

The rate is the number of substitutions per base pair per 10" years. A divergence time of 80 million (8 x 107)
years between humans and rodents is assumed. Note that replacement rates vary far more than synony
mous rates,

(Futuyama, 2005)



MpucnocobneHHoCTb, n3mepaemas

[ lyA HEMTpaAbHbIX MyTaLM
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ponen pubo3MMoB, KOTOPbIM YAanoch
pa3pesarb cybcTpar
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[MokoneHus

Up:tcm')cm.iwmec‘ nonyrauui A (cepuie kpyxku), B (cBerno-ceprie)

u WT (uepume) x woeomy cybempamy. Ilo zopusonmansmosi ocu — no-

KQICHHKA, NO 8€P!71 UKATBHOH

-~ NPUCNOCOORERHOCM S, HIMEPAEMAR OQTEH
NPUCIOCOBRERHOCTMS, UIMEPREMAR OaTEs

pr6Go3uMO6, KOMOPLLM yoarocs paspesams cwfcmp.zm. ITo pucynxy

u3 Hayden et al., 2011.

(Mapkos, 2015)

nonyAasumm pubosmmos
oTbupaAmuch no
3PPEKTUBHOCTHU
paspe3aHusl HETUMMUYHOIO
cybcTpara.

B nonyAaumsx A, B
(cepble U CBETAO-Cepble
KPY>KKM)NpEeABapUTEAbHO
CO3AaHO paszHoobpasue
HeMUTpaAbHbIX MyTaL N



Apend reHoB — cAyvalHble U3MEHEHMUS
YaCTOT AaAAEAEN B MOMNYAALUM
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A Figure 23.8 Genetic drift. This small wildflower population has a stable size of ten plants.
Suppose that by chance only five plants {those in white boxes) of generation 1 produce fertile
offspring. This could occur, for example, if only those plants happened to grow in a location that
provided enough nutrients to support the production of offspring. Again by chance, only two plants
of generation 2 leave fertile offspring. As a result, by chance alone, the frequency of the C** allele first
increases in generation 2, then falls to zero in generation 3

(Campbell, 2009)



Initially (time 0} the population ] Maost of the copies become
| has 15 copies of gene A. ) extinct over several generations.
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D¢PPeKT BYTbIAOYHOIO FOPAbILLKA

3 " & o
Original » Bottlenecking » OUrviving
population event population

N, >> N,

(Campbell, 2009)



DPdEKT OCHOBATEAS

® OD¢PdeKT ocHOBaTEAA
— SIBA€HUE CHUXKEHUS U
cMeLLeHUs
reHeTUYEeCKoro
pasHoobpasusa npwm
3aCEA€HMU MAAbIM
KOAMYECTBOM
NpeACTaBUTEAEN
PacCMaTpMBaEMOro BMAA
HOBOM reorpaduyeckom (wikipedia)
TEpPpPUTOPUM.




AapBMHOBCKHUH pEXXUM
3BOAIOLMM (€CTEeCTBEHHbIU
oTb60p)



® EcTtecTBEeHHbIM O0TOOp —

npenmyeCTtBeHHOE Bb>KNUBaAaHUE U

PasMHOXXeHMe boAaee NpMCNOCOBAEHHbIX
ocobemn.

— CTAaTUCTUYHECKOE pa3AUYHNE B Pa3MHOXKEHNA

MeXAY OpraHM3mMaMu (reHaMm, NONYASILUSAMM)
(Futuyama, 2005)

® «Kaaccuueckum» EO aencrteyet Ha ypoBHe
MHAMBUAYMOB, HO 3BOAIOLLUOHHbIE U3MEHEHMUS
NPOSIBASIIOTCS HA YPOBHE MOMYASILUM.

® OoddpekTmBHOocTb EO npsmo nponopunoHaAbHa
3P PEKTUBHOMY pa3Mepy MonyAsLmm



® ApanTauma — UsMeHeHue
XapaKTEPUCTUKU OpPraHU3Ma,
NoBbILIAOLWAA YCreX B Pa3MHOXEHMU U
BbI)XMBaHUU

® NpncnocobAeHHOCTDb =
PEMPOAYKTUBHbIN yCrex:

«BbIXXMBAHUE — MPEANOCHIAKA K
pasamHoxeHuio» (Futuyama, 2005)



selection OF vs. selection FOR

Figure 11.5 Achild’s tov that
selects small balls, which drop
through smaller and smaller holes
from top to bottom. In this case
there is selection of red balls, which
happen to be the smallest, but
selection is for small size. (After
Sober 1984.)

(Futuyama, 2005)



KoHuenuus aAanTUBHbIX
AaHALAPTOB
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® BepTHMKaAbHasa ocb: NpUCNOCOBAEHHOCTD

® NopusoHTaAbHbIE OCH: paKTOPpbI

® t = const



NPUCNOCOBNEHHOCTD

® NMyHKTUPHas
AMHUS — BbICOKOE
3HavYeHue Ne

® CriAOLLUHAA AUHUS
— HU3KOoe
3HavYeHue Ne

KyHuH, 2014)

® EO moxxeT ABUraTb NONYASLUIO TOABKO K
yBEAUUYEHMUIO MPUCNOCOOBAEHHOCTH

® lNepeckoK MeXxAy NUKaMU: Apend, Tara,
MaKpoOMyTaLum



ABvxKywmm otbop

® ®opma EO, caBuraiowan cpeaHue u
KpaMHUe 3Ha4YeHUs NMPU3HAKOB Y
NONyAsLUU B OAHY U3 CTOPOH.
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yacToTa ocobew

/N crapbin HOBbIU
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3Ha4Y€HUE MNMPU3HAKa



' [Nonyasuusa sceraa
CTPEMUTCA K
AAANTUBHOMY MUKY, HO
HUKOrAQ HE AOCTUTHET

0
-
@)

) «FOHKa
BOOPY>XXEHUMD) MEXKAY
2 BUAAMU — FMNOTE3A
KpacHoM KopoAeBbl

Morphological Trait 2

Morphological Trait 1



CTtabuamsmpytowum otbop

® ¢opma EO, npm KoTopom ero aencteme
HanpaBA€HO NPOTUB ocobel, MMeKoLLLMX
KpauHMe OTKAOHEHUSA OT CpeAHEN
HOPMbI, B MOAb3Y ocober co cpeAHeM
BbIPaXXE€HHOCTbIO MPU3HaKa.

YyacTtoTa ocobemn
N
ﬁ

3Ha4YeHue rNpum3Haka




AMN3pynTMBHbBIN (pa3pbiBatoLLUM)

oTbop

® ¢dopma EO , npu koTopoit ycaoBus
OAaronpusaTCTBYIOT ABYM MAU HECKOABKUM
KPaMHMM BapuaHTaM (HanpaBAEHUSAM)
M3MEHYMBOCTU, HO He BAaronpusaTCTBYIOT
MPOMEXXYTOYHOMY, CPEAHEMY COCTOSIHUIO
npusHaka. B pe3yAbTaTe MOXKeT MosBUTbCS
HECKOAbKO HOBbIX $POPM U3 OAHOM UCXOAHOM

YacToTa ocobem @

AAAA

®)

3Ha4Ye€HUeE Npmn3Haka



[ToroBoM oTbOpP
® EO Ha ycnex B pasMHOXXeHUM.

® Ba)kHbIM KOMMOHEHTOM SIBASIETCS
NPUBAEKATEABHOCTb AASl OCObOeM
NPOTUBOMOAOXKHOIO MOAA.

s ~
’

A Figure 23.15 Sexual dimorphism and sexual selection.

Peacocks (above left) and peahens (above right) show extreme sexual (Campbell, 2009)
dimorphism. There is intrasexual selection between competing males,

followed by intersexual selection when the females choose among the

showiest males.



® B OTCYTCTBME
XULLHUKOB YMUCAO
NATEH Y FYNMNU POCAO
(noAoBomn oTbOP)

® npu NOSIBAEHMMU
«CUABHOTO»
XULLMHKA - MaAQAO
(ABVMXKYLLUIM OTOOP)
® NpU NOSIBAEHUM
.

s . KCAQBOro» XULLHMKA
e o s 1 opilon e st s v Spesd o L3 1L ILLIAO HA MAQTO

and some were left free of pr dators (controls).

(Futuyama, 2005)
i'iQUI'G11.10 Evolution of male colo patte y menta Arwl”.l]’?n'l-

mainly on juvenile guppies (R

A TLIFIgY nas
imbers of spots were counted after 4 and 10 generations. The vertic S meast

..‘1 fation among males. (Atter Endler 1980; photo courtesy ' ':.m“«- I iA; »It -.;-‘-lln”-‘ ~ (CT&6MAM3MP)’|‘OLL|.M ﬁ
oTbop)



KuH-ot60p

>KepTBys 6AaronoAyumem cebs, nomoraem
OpraHu3MaMm, MMEIOLLLUM C HaMU BbICOKOE POACTBO
(4acTb CBOMX K€ FeHOB)




DOBOAIOLIMS KaK pEMECAEHHV

¢...OAHaKo, eCAM OYEeHb XO4YEeTCA MOoUrpaTh B
CPaBHEHMUSA, TO MOXKHO CKa3aTb, YTO
ecTecTBeHHbIM OTOOp paboTaeT He Kak
nsobpetateAb AU MHXXeHep. OH paboTaeT Kak
AMNAETAHT — MacTep Ha BCE PYKMU, KOTOPbIM He
3HaeT TOYHO, YTO OH cobupaeTcs cO3AaTh, U
NMPY 3TOM MCMOAB3YET BCE, YTO MOABEPHETCS
MOA PYKY...; KOpO4e, OH AEMCTBYET KaK TOT
MacCTEepOBOM, KOTOPbIA UCMOAB3YET BCE, YTO
eCTb B €ro pacrnopsiXXeHMn, YToObl CAEAaTb XOTk
4YTO-TO, AMLWb Bbl paboTaroy - Jacob, 1977
(umnT. no KyHuny, 2014)

CHuMaeTcs «npobAaeMa HepeAyLMpYEMOM
CAOXKHOCTU

BbiTekaeT HenpeACKasyeMoCTb 3BOAIOLIUU U €€
6AM3OPYKOCTb



(no mat. kKadeapbl 300A0rMM No3BOHOYHbIX MIY, 2015)

DOBOAIOLLUS

CPEAHEIO YXa MAeKonuTalome

CAYXOBbl€ KOCTO4KHU

YyellynyaTasi KOCTb

rMOMaHAUOGYAspe

CTPEMeYKOo

A

KBaApPaTHaA KOCTb

—>

—
pPbiObI

3ybHas KOoCTb

ampubum

XPALUEBbIE HEAIOCTH COYAEHOBHas KOCTb



AaMapKOBCKUU peXKMm
3BOAIOLMU (NPUMOBpEeTEHHDIE
NMPU3HaKMK)



[IpnobpeTeHHbIM NpU3HaK

® DaKTOpbl OKpY>KatoLen CpeAbl Bbi3bIBAlOT
M3MEHEHMe reHoMa

® MyTauum 3aTparmMBaloT KOHKpPETHbIN reH
MAM TPYMMbl FrEHOB

® MHAYyuMpOBaHHbIE U3MEHEHMS
obecneymBaloT aAaNTaALMIO K
NepBOHAYaAbHO NPUYMHHOMY GaKTOPY

(no KyHuny, 2014)



[ OpM30OHTAABHbBIM NEpPEHOC FreHOoB

antibiotic

sensilive
bacteria

Transformed bacteria
are antibiotic resistant

~ (wikipedia)
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’f COBpEMEHHbIE reHOMbI
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./ OAHOBPEMEHHO

./ CYUecTBOBaBwWwMe
NpeaKoBbIe reHOMbI

..........................

“BEPTUKaNbHOE»
l HacnegoBsaxune

«TOPU3OHTANbHbIN»
=== o6MeH

Puc. 5-6. CeteBoe mpeicTaBienme 3BoTIOLUK IPOKapHoT ‘

(KyHuH, 2014)
® He BCErAa aAanTUBHbI U UAYT B CI'IeLI,M(i)W-'IHble AOKYCbl

® bakTtepuun, Apxeun, Npotuctsl



z Knerka npuoGpeTaeT
NETKA CAYY4ARHO BLUKWBAET  YCTORYMBOCT ary
(KyHuH, 2014) ! YeToRHeocTs K (ary

CRISPR-Cas

Cuctema apanTUBHOIO
MMMYHMUTETA NPOTUB BUPYCOB
y baKkTepui 1 apxen

Kier<a ¢ cuciemon

CRISPR-Cas
ATaka JHK chara ATaka thara aTpaKeHa
— DNA virus W3BECTHLIM (roM  CEHAPYKM3AETCA CMCTEMOW
VA | LAY
lclgavage of CRISPR locus double-
T ———m = stend Bcrpausaer
: ‘—) repeat sequences ltranscription ‘cl;;ve d
dparmeHTbI
S5’ o - 3’ N e .
T s — pre-crRNA < v
SN T . BUMPYCHOM
quences acquire - tein | Processing
from previous infections as protein
| | SN e e AHK B reHom
CRISPR locus in bacterial —
genome CrRNAs
STEP 1: short viral DNA sequence STEP 2: RNA is transcribed from STEP 3: small crRNA in
is integrated into CRISPR locus CRISPR locus, processed, and complex with Cas seeks
bound to Cas protein out and destroys viral
sequences

(Alberts et al., 2015)



OnureHeTUKa

® SnUreHeTUKa — reHeTUKa BHe
nocaepoBaTeAbHocTen AHK.

® [lepeaaya NoOCAEAYIOLLMM AMHUAM KAETOK
npnobpeTeHHbIX NpusHakos (PHK,
NMPUOHbI, MUTOXOHAPUU, TMCTOHOBBIN KOA)

® 3apoabiweBas AMHUS: piRNA



PHK-nHTepdepeHumsa: siRNA

double-stranded RNA

ONE STRAND DEGRADED

Argonaute and
other proteins 3

5’ RISC

extensive match less extensive match

L IO A AAAA

RISC released for reuse

AAAAA

A
l “SLICING”
® I, A A AAA
are B
pra— e
ADP -
 J
2

RAPID mRNA DEGRADATION

mRNA \lmm-’
@

RAPID TRANSLATIONAL REPRESSION
EVENTUAL DEGRADATION OF mRNA

(Alberts et al., 2015, c usm.)

AAAAA

Y pacteHun PHK moxerT
TPaHCMOPTMPOBATbLCS K
APYTUM KAETKaM,
nepeaaBas
npnobpeTeHHyto
YCTOMYUBOCTb K BUPYyCaM



Pe>XMbl 3BOAIOLLUM



Cxema 3BOAIOLMK B pasHbIX

peXXumax
(hakTopb! CPeAb @

l JIAMAPKOBCKNI
MeXaHu3m PEXXUM

HanpasJieHns MyTauui

1 (KyHuH, 2014)
noneatble Myrayn = SR m - u SEEEEDED™ ananTupoBattbii OpraHuaM

JIAPBUHOBCKUI
PEXUM

CNyyanHblit MyTareHes

& nonesHbie MyTauuun
cnysaittbie Myrauud o D EEDEID= wep-u FEDEEDIED= 3advkcuposarsi 0T60pOM;

alanTUpPOBaHHbIi OPraHU3Mm

PANTOBCKIA
PEXXUM

C/ly4anHbli MyTareHes cnyyaitHas gukcauus

l l nonesHble MyTauuu

- 3ahMKCUPOBaHbI
cnysaitrbie myragen » HEDEIDEID= w=lp-u EEDEEDEED= cnyaivocToi;

aflanTUPOBaHHbIA OpraHuam

Puc. 9-1. JlaMapKOBCKHii, 1apBUHOBCKHH 1 pPalTOBCKUI PEXUMBI IBOJIOLIMH.
3aumcrBoBano u3 Koonin and Wolf, 2009b



AaBAeHUe cpeapl

CTpYKTypa 3BOAIOLLMOHHOIO
npotecca (u3 KyHuHa, 2014)

AAMapKOBCKUM
PEXUM

AQPBUHOBCKUMU

- - EXUM
pPanNTOBCKUU P

PEXUM

Pasmep nonyasumm x otbop
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