[MNocmaTpa eBonyLujy Kao NPOMEHe y reHeTUYKOM M3rneny nonynauuje

AKO cxBaTUMO 3OPYKEHO OefioBaHe cuna Koje
Merajy JopekBeHUuje TreHa Yy nonynaumju,
npatehn 1o Kpo3 HM3 reHepaumja MOXEMO [JA
PASYMEMO [OYIOPOYHE EBOJIYUNOHE
NMPUMEHE.
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[TonynaumoHa reHeTMka obyxBaTa aHanuM3y WHTepakuuja uamehny npeaBuAUBUX
“OemepmuHucmuykux” 1N HenpeaBMAUBUX, CIyYajHUX  (Cmoxacmuykux)
eBOJTyLIMOHUX npoLeca.

MNpeaoBnausBu “0demepmMuHUCMUYKU" — NUHEAPHU NPUTUCAK.
[ypa opekBeHUUjy anenay jeqHoMm npasuy

- MyTaunje
- Mvrpaumja,ogqHOCHO NPOTOK reHa
- CeneKkuu;
AetepmuHmcTike cine mory f/lijc?ﬂ:lqlig nomepare (meiotic drive)
Aa Aenyjy 3ajefHo, uin JeaHe O6nuk cenekuuje HejeaHaKuUM
NpoTUB APYrunx. npeHoLLEeH-eM NojeauHUX anena y Mejosmw.
MeHgen, cny4yajHO pasunaxene, cebuyHu
reHn  Kojucy  dpaBopmsoBaHn  6OrbMM
NpeXunBrbaBar-EM.
- KoHTponucanHa onnogkwa (Takohe o6nuk
cenekuunje)

Henpeasuaueu, cny4ajHu (crmoxacmuyku) — HENVHEaPHW NpuUTmUcak
CrnyyajHO y30pKkoBaw-€ reHa u/vnm reHoTUnoBa,
y Manum nonynauwjama, Koje [[osoau [0
reHeTu4Ykor “gpudpta’ Tj. CryyajHUX npoMeHa
y4yecTanocTu anesna Kpo3 reHepauuje.
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ABSTRACT Muolecular population genetics aims to explain genetic variation and molecular evolution from population genetics
principles. The field was born 50 years ago with the first measures of genetic vanation in allozyme lodi, continued with the nucleotide
sequencing era, and is currently in the era of population genomics. During this period, molecular population genetics has been
revolutionized by progress in data acquisition and theoretical developments. The conceptual elegance of the neutral theory of
molecular evolution or the footprint carved by natural selection on the patterns of genetic variation are two examples of the vast
number of inspiring findings of population genetics research. Since the inception of the field, Orosophila has been the prominent
model species: molecular variation in populations was first described in Drosophila and most of the population genetics hypotheses
were tested in Drosophila spedes. In this review, we describe the main concepts, methods, and landmarks of molecular population
genetics, using the Drosophila model as a reference. We describe the different genetic data sets made available by advances in
molecular technologies, and the theoretical developments fostered by these data. Finally, we review the results and new insights
provided by the population genomics approach, and condude by enumerating challenges and new lines of inguiry posed by in-
creasingly large population scale sequence data.

KEYWORDS Drosophila; molecular population genetics; population genomics; neutral theory, distribution of fitness effects; genetic draft; linked
selection; Hill-Rabertson interference; population multi-omics; FlyBook
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lNonynauuja — ckyn nHanBUAya Ucte BpcTe, Ha oapeheHOM
npocTopy, y oapeljeHOM BpeMeHy, y CUCTEMY
cnobonHe onnogmwe*.

UHanBuaye umHe melycoOHO 3aBUCHY 3ajegHuUy U aerne 3ajegHUYKe reHeTudKe
uHdopmauumje.



NNoaHa — CUCTEM T CBAKN KEHCKN rameT
MMa jeAHaKy LuaHCy pa 6yp.e

onnof]el-l on 6uno: KOI' MyLI.IKOI'
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Some Mathematical Models from Population Genetics

Alison Etheridge
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T o SOME MATHEMATICAL MODELS OF POPULATION GENETICS

Mathematical Models in Population Genetics
Part 4. Population Genetics Book Title

SAMUEL KARLIN, The Weizmann Institute of Science, Israel, and
Stanford University, California

Introduction. Theoretical population genetics and mathematical genetics is the
study of temporal and spatial changes of frequencies of types (e.g., genes, genotypes,
gametes, etc.) in populations subject to various ecological and genetic influences.

Two general opposite tendencies operate on natural population: (i) propensity
for adaptability and persi of specific types favorable to a given environment,
and (ii) necessity for populations to maintain potential for variation to cope with
situations of changing environments.

The use of mathematics in studying genetic systems is as old as the subject of
genetics itself. From the rediscovery of Mendel’s work at the beginning of this
century it did not take long for the Hardy-Weinberg law (1908)* on the constancy of
gene frequency over time to be enunciated. Between 1915 and 1950 mathematical
genetics was pioneered and dominated by the names of R. A. Fisher, §. Wright, and
J. B. 8. Haldane.

The challenge to understand the role of such genetic and ecological factors as
e P P 0 " mutation and migration rates, the varied manifestations of natural selection, the
<0Ns, LI n I n e effects of population behavior and mating patterns, the relevance of recombination,
etc., motivated these men to formulate a vast hierarchy of mathematical models
describing many facets of population genetic phenomena. Relatively few of these
models have as yet yielded to complete analysis.

Haldane, in his famous series of papers in the Proceedings of the Cambridge
Philosophical Society in the 1920, set forth a variety of simple mathematical
- analyses concerned with the way natural selection might be supposed to act. In
2 l"ld [d I llo n particular, he indicated how evolutionary forces such as viability selection, mutation,
migration, and sex-linkage could be quantified and brought into these models.
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[TowTo eBoOnyunja Mera reHeTUYKU u3srnen nornyrnaunje TOKOM BpemMeHa, OCHOBHMU
NpuCTyn MoAenoBawa je Aa ce npeasuage dopekBeHunje anena u reHotunosa y
cnenehoj reHepaunju:

(Pt )

LUTO je pe3yntaT AenoBaka cuna Ha Te arienHe y4ecTtaHoCTU Y cafallHb0j reHepaunju
(P
N 3aCHMBA Ce HadesroBaky cuna Ha y4ecTaHOCT anerna y NpeTxoaHoj reHepauuju
(Py.1)
Tako ga esonyumja y TOKy je uamehy nperxoaHe u cnegehe reHepauumje
Pi, > €BOJyIHja Yy TOKY-> P,

OBO je nojedHOCTaBIbLEH XUBOTHU LMKIYC, Ide reHOTUNoBM NpoM3BoaE rameTe, OBU
ce yKpLTajy u popmmnpajy HoBe reHoTUNnoBe.

OaHoc wu3mehy ¢pekBeHuuje reHa (anemna) u ¢pekBeHUMje reHOTMNOBA
AehmHuwe BepoBaTHohy kKojom he nojeaMHM rametTm pa ce cnoje, Aajyhu
reHoOTUMNoBe.



EHrneckm matematmyap Hardy n Hemadkm ¢usmuap Weinberg cy 1908. roauHe,
HEe3aBUCHMM PagoOM MOCTaBUAM TEOPUjY O MaTeMaTUUYKOM ogHocy uamehy ppekBeHUM]a
anena v ppeKBeHUMja reHOTMNOBA Yy Nonynaynju

e e a a

=

Godfrey H. Hardy (1877 —1947) Wilhelm Weinberg (1862 ~1937)

[NonasHu pagoBuM 3a yCnocTaBibakbe 3aKOHUTOCTU Y BENMKOj Nonynaunjy cy ounu:

Weinberg, W., 1908 Aceber den Nachweis der Vererbung beim Menschen. Jahresh. Wuertt.
Ver. vaterl. Natkd. 64:369-382.
Hardy, G. H., 1908 Mendelian proportions in a mixed population. Science 28:49-50


http://en.wikipedia.org/wiki/File:Ghhardy@72.jpg

Ha oBaj HauMH Mory pa ce npeaBuae rnpomeHe y (ppekBeHUUjU reHa U
reHoTunoBa y cnegehum reHepauunjama.

[NlosHaBake nonynauuoHe reHeTMKe BaXHO 3a Mnpouec onJfieMewbuBawa
opraHu3ama, jep npumersyjyhu pasHe mertoae cernekumje mory ga ce yopsajy
€BOJTyLiMOHe NMpOMeHe y nonynauuvjama.
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nHANBUAya Koje YnmHe nonyrauu

€HEeTN4YKa KOHCTUTYLIN]
reHckn c¢goHp (gene pool) cBu reHn y nony

Onno KOM BpeMeHy.

f[eHOTUNOBMU
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[1Ba anena 2N anena y nonynaumnju

[Monynaumnja og N nHgmneuaya

[Tonynaumnja ce kapaktepuile ppekBeHUNjomMm anesna 1 ppeKBeHLUjoM reHoTMNoBa.

[Monynaumnja og 2N = 100 nHgmneuaya

Ako y H0j uma 25AA,50Aa n 25aa, ppekBeHUMje reHOTUNOBA CY:

f(AA) = 0.25
Monynaumja og 2N = 100 wHameugya uma 2 x 100 = 200 anena, jep cy f(Aa) = 0.50
UHAMBUOYeE aunnongHe £ _

aa) = 0.25

PpekBeHUNje nojeanHavyHuX anena:
f(A) = (25+25+50) / 200 = 0.5. f(a) = (25+25+50) / 200 = 0.5.



PpeKkBeHUMNja reHa:

p+q=1(reHcku cooHA)

P°AA + 2pgAa+glaa=1

Hardy-Weinberg (1908)




N3payyHaBawe bpeKBeHLMje reHa U reHoTUNnoBa:

[Ba reHa, uHTepmeaujepHo HacnehjuBamwe (A=a):

P°AA + 2pgAa + glaa=1

A — p = D+H/2 = p%+2pQg/2 = p?+pQ
a — (= R+H/2 = g%+2pg/2 = g%+pQq

[lBa reHa, AOMMHaAHTHO-peLecUBHO HacnehuBamwe (A>a):

P°AA + 2pgAa + g%aa = 1“ ((

A—p=1-¢ .
a —q=\g?



PaBHOTeXa nonynauuje:

NMonynauuja je y paBHOTEXU Kapa cy (ppeKBeHUUje reHa u
reHoTMnoBa HernpomMerweHe (KOHCTaHTHe).

l. p°’AA + 2pgAa + g?aa=1

A— p =D+H/2
a—— q=R+H/2

p q
p p pq
q pq q°

Il. p?AA + 2pgAa + g?aa=1

| =11 => NONYNALUWJA | Y PABHOTEXWU

| # 11 =>NONYNALUWJA | HUJE Y PABHOTEXU



Tpu reHa, myntunnum anenusam (A=B>0):

A—p
B —¢
O —r

p+q+r=1

P°AA + 2prAO + 2pgAB + g°BB+2qrBO + r°O0 =1
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