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PaccmaTpusaetca beckoHeyHo bonblasa nonynauma ranNonaHbIX UHAUMBUAOB C FEHOMOM
OUKCMpoBaHHOM ANUHbI N, KOTOPbIM KOAUPYETCA B ABOMYHbIMKM NOCNEA0BaTENLHOCTAMM B andasute
{0,1}. Takum 06pa3om, Bo3MOHbI 2V pasnuyHbIX NocneaoBaTeNbHOCTEMN.

Npu N = 4 npocTpaHcTeo u3 2% nocneposatensHocTel UmeeT BUA;

0000], [0001], [0010], [0011],
0100], [0101], [o0110], [0111],
1000], [1001], [1010], [1011],
1100], [1101], [1110], [1111].
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Mogaenb KBa3nMBMA0B ONUCLIBAET NPOLECC 3BOMOLUN NOA, AeACTBUEM ABYX CUN: MyTaLUK U
otbopa.

O160p MOXKeT bbITb ONMCaH AMaroHaAbHOM MaTpULEen NprucnocobneHHoCTeN:

W = diag(wy, ..., w;),
NPW 3TOM MYTaLUM ONUCLIBAKOTCA ABAXAbI CTOXaCTUYECKON MaTpULLeH:

Q= [qif ]le'
rAe g;j — BepPOATHOCTb NONYY4EHUA MAaKPOMOEKY bl TUMA j MPWU pennuKauum Tuna i:
_ N—d;; d;

qij =q" (1 —-q),
rAe q — BepoATHOCTb 6e30WMBOYHOM KONMPOBAaHWUA OAHOIO HYKNeoTUAQ, d;; — paccToaHue
XaMMUHIa mexay i 1 j nocnegosaTeNbHOCTAMM.
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Myctb n;(t) — KoAMYECTBO NOCNEA0BATENLHOCTE TUNA j B MOMEHT BpemeHu t 8 nonynauun. Mcnonbsys
0603HaYeHns npeaplayLmMX ClanaoB:

l
7 pr— 1 — N
nj _quiwini!j_lle’Z B
i=1
o n;(t
Mepexoas K OTHOCUTE/IbHBIM YUCNEHHOCTAM NOC/NeA0BATENbHOCTEN , P (t) = i )/E-ni(t)' NOAYYUM:
L
l
. _ o N
pj = Z%W;'Pi -w®pj,j=1,..,2".
i=1
B maTtpuuHoOM popme:

p = QWp—w(t)p,
roe w(t) — cpeaHas NnpMcnocobAeHHOCTb B NONYAALUKM, TO eCTb

[
W) = ) wip;(t) =w - p().
j=1
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MonoxeHne paBHOBECKA B CUCTEME YPABHEHUIA MOAENM KBAa3MBUA0B ONpeaensieTcs us

ypaBHeHuUA:
QWp = wp.

Mmeem 3apa4vy Ha cobcTBeHHble 3HadyeHmnAa matpuubl QW. U3 Teopembl PpobeHnyca-lNeppoHa
cnepyert, 4To Bcerga cyuiectsyet peweHue: w > 0 — rnasHoe cobcTBeHHoe 3HaYeHeup > 0 —
COOTBETCTBYIOWMN COBCTBEHHDbIN BEKTOP. Kpome TOro, 3To NON0XKEHUE paBHOBECUA ABNAETCA

dCMMNTOTUYECKHU VCTOﬁH MBbIM.

BeKkTOp p Ha3sbiBaeTCA KBA3UBUOOM B TEOPUM DMreHa.




| — pacctosaHme XammuHra ot onopHoi nocnegosarensHoctu S, = (0, ..., 0).
Ecnm P;(t) —oTHOCMTENbHAA YUCNEHHOCTb Knacca XammuHra | B nonynaumm, Toraa 38010UMOHHYIO

AWHAMWUKY ONUCbIBAET CMCTEeMA YPaBHEHUN:

dP,
T PN(m;y —p) + u(N=1+ 1Py +u(l +1)Pyq — PlZmng,
l

U — UHTEHCUMBHOCTbE MyTauWuKU, Mm,; — I'I['Z)I."'ICI'I('Z)'CC'.IG.J”'IEl-lHlZl'CTI:-a‘|I COOTBETCTBYHOLWAA KNnaccy X3MMMUHra c HOMEpPpOM L.

AN
The INTRODUCTION

neutral theory

J. F. Crow and M. Kimura, An Introduction to Population Genetics Theory (Harper Row,
NY, 1970).




OcHOBHble NpeanoNOXKeHUA:

» CMMMeTpUYHOCTb naHawadTa npucnocobaeHHOCTH, TO eCTb BCe NocAea0BaTelbHOCTU C OAMHAKOBbLIM
KO/IMYECTBOM MyTaL M1 (3nemeHTbl, paBHble 1) MMetoT oiHaKoBYo npucnocobneHHocTb. Mo3uyuu, B
KOTOPbIX NPOUCXOAUT MyTaLMA, B TaKoM nocTaHosKe HecyuwecTeeHHbl: [0010] u [0100] He oTanyatoTcs.

» Takum obpasom, B cucteme N + 1 knacca XammuHra 8 cayvyae CMMMETPUMYHOro naHawadta BMecTo 2N
pa3HbIX TUMNOB MaKPOMONEKY.

» B moaenu diireHa MCnonb30BanUCh BEPOATHOCTU MyTaLMK, Toraa Kak 8 moaenu Kpoy-Kumypsbl yaobHee
MCNONb30BaTb MHTEHCUMBHOCTU: YNCN0 MyTaL M1 HA OAWH HYKNEOTUA, B eAUHULY BPEMEHM.

B paHHOWM mopenun otbop moxKeT bbITb NpeAcTaB/eH AMaroHaibHOW MaTpULLEN:
M —_ diag(mu; ana g MN),
rae m; — NpUcnocobNeHHOCTb B j-M Knacce XaMMuUHra.




MyTauma 8 JaHHOM MoAeNn BBOAUTCA MaTpuLen {I; j} — WHTE@HCMBHOCTW MyTaLlMM M3 Knacca XaMMUHra c
HOMepOM j B [, KOTOpaA MMeeT BUA,:

—N 1 0 0 0
N —N 2 0 0
0o N-1 -—-N 3 0
M = (pi;) =pQ =p | 0 0 N-2 -N 0 1,
0 0 2 —-N N
00 0 1 -N

[ — WNHTEHCMBHOCTb MYTaLIMM OIHOTO HYKNEOTU/AA B €ANHNLLY BPEMEHM.
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Myctb p(t) — OTHOCUTENIbHbBIE YACNIEHHOCTM KNaccoB XaMMMHIa B NONYAALMM, TOFAa CUAbl MyTaLum
n otbopa, AencTeyoWmMe NapannenbHo, AaT 3BONOLUOHHYIO ANHAMMUKY:

p(t) = (M + uQ)p(t) — m()p(o),
rAe cpeaHAa NpucnocobneHHoCTb:

N
@ =m-p@©) = ) mp(©).
i=0

Ref: Baake and Gabriel, Annual Reviews of Computational Physics VII, 1999: 203-264

Ref: Crow and Kimura. An introduction to population genetics theory, 1970
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AcMMNTOTMYECKOe NOBeAeHUE MOAENU KBAa3MBMAOB onpeaensaeTca pasHosecnem p = lim p(t), agnatowmmen

t—=oo

peweHunem 3agay4u Ha cobcTBEHHbIe 3HaYeHUA:

(M + pQ)p = mp,
rae
N
m=m-p =Zmipi-
=0
U3 Teopembl ®pobeHunyca-lMeppoHa cnepyeT, YTo CywecTByeT eguHCTBeHHOe peweHne p > 0 — npasbli

cobcTeeHHbIN BeKkTop matpuubl (M + 1Q), KOTOpPbLI COOTBETCTBYET MaKCMMaIbHOMY BeLLLeCTBEHHOMY
cobcTBEeHHOMY 3HaYeHu A = m.

BeKTop p cooTBeTCTBYET KBa3MBMAay Teopumn JreHa n ABnaeTca rMobanbHO aCUMMNTOTUYECKM YCTOMYMBBIM.
B moaenu uccnenyetca 3aBUCMMOCTb NapamMeTpoB M U P OT naHgwadra npucnocobneHHoct M u

UHTEHCUMBHOCTU MyTauMi i, noaTomy ByaeT ncnonb3zosaHo obosHavenme m = m(u) v p = p(p) ansa
cpeaHen NnpucnocobneHHOCTU U NONOXKEHUA PAaBHOBECUSA.




relative
population
number

el
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Fig. 4.5 The error threshold (Swetina & Schuster, 1982). d is the number of differences
between a particular sequence and the ‘master’ sequence that has the highest fitness. Thus
the curve for d = 3 is the proportion of seguences differing from the master by exactly three
mutations. In this simulation, the sequence was of 50 sites, each occupied by one of two
kinds of base. The fitnesses of all sequences other than the master were equal. Beyond the
threshold, all sequences were equally freguent. Since the numbers of sequences with d =
23 and d = 27, for example, are the same, the freguencies of the two classes were also
equal, as shown here.
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Figure 13: Error thresholds on different model landscapes. The three
figures are enlargemonts of the plots from i Ggure 120 Stationary concentrations
of mtaat elasses, §i(p), areshown for Lhe siegle peak laodscape (uppes pact), the
byparbolic lnslseape (maddle pact), ancd the step-linear baslsaspe (lower part; soc
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