Genetika populaci
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Versuche iiber Pflanzen-Hybriden.

Gragor Mendal
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Mendelovo zobechéni genotypovych $tépnych poméra
pri opakovaném samooplozeni monohybrida Aa

vV pomeru:

Generace A Aa a A : Aa : a
1 1 2 1 1 : 2 : 1
2 6 4 6 3 ¢ 2 3

Dalsi generace?



Mendelovo zobecnéni genotypovych $tépnych poméri
pri opakovaném samooplozeni monohybrida Aa

vV pomeru:
Generace A Aa a A : Aa : a
| | 2 | | 2 1
2 6 4 6 3 2 3
3 28 g8 28 7 2 7
4 120 16 120 15 2 15
5 496 32 496 31 : 2 : 31
n 20-1 2 . 2n-]

,,V desaté generaci napt. 2"-1 = 1023. Je proto mezi 2048
rostlinami, které vzejdou z této generace, 1023 s konstantnim
znakem dominantnim a 1023 s recesivnim a jen dva hybridy.*



Mendel, G.: Versuche iiber Pflanzenhybriden. Verhandlungen des
naturforschenden Vereines in Briinn, Bd. IV fiir das Jahr 1865,
Abbhandlungen, 3-47, 1866

"uezWei differirende Merkmale. Diese Reihe wird bekanntlich
durch den Ausdruck: A + 2 Aa + a bezeichnet, wobei A und a die
Formen mit den konstant differirenden Merkmalen und Ag die
Hybrid-Gestalt beider bedeuten.”

(".......series of each pair of differentiating characters. This series is
represented by the expression A + 2Aa + a, in which A and a signify
the forms with constant differentiating characters, and Aa the hybrid
form of both.” ransl. Peters, 1959)
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“..wird es nach den Regeln der Wahrscheinlichkeit im
Durchschnitte vieler Fille immer geschehen, dass sich jede
Pollenform A und a gleich oft mit jeder Keimzellform A und «a
vereinigt........ Das Ergebniss der Befruchtung...

A a8
o A ta

("According, however, to the law of probability, it will always
happen, on the average of many cases, that each pollen form, A and
a, will unite equally often with with cach egg cell form A and a,
. The resnlts of the fertilization.,." trunsl. Peters, 1050)

"... Nimmt man durchschnittlich fiir alle Pflanzen in allen
Generationen eine gleich grosse Fruchtharkeit an, ...."
e —
(" an average equality of fertility in all plants in all generations be
assumed,... " transl. Peters, 1939
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School of Eecnomics and Political Seience, to
which he was appointsd in 1802, retoina tha
readership: in geography, to which, under its
then title, ha wos appointed in 1202,

- DISOTESION AND CORRESPONDENCE
MENDELIAN PROSORTIONG IN A MIXZD POPULATION

~ To rom Eprron of Sommwdn: L am reluctant
to intrude in & disoussion concerning maftara

of which I kave to ezpert kmowledge, and L

ghonld have expectad thea very Riim;ﬂn paint
which I wish to make 4o have been familiar
to biclegistz, However, some remarks of Mr
Tdny Tule, 4o which Mr, B, O, Punnett has
called my attertion, suggest that it may still
bo werth making,

In the Proceedings of the Royal Sociely of
Medicing (Yol I, p. 185) Mz Yule ia ze-
ported ta hawa suggeated, aa a eriticiem of tha
" Mendelisn position, that if brachydactyly ia

dominent “in the course of tims ome would

expect, im the abgence of counterscting
factors, to get three beschydeectylous persons
to one nuroel™

Tt ia not difeuld to prove, however, that
such an expectation would be quites ground-
less.  Buppoas that e is a poir of Mendalian
charaeizrs, 4 being domingat, and that in any
given genesalion the numwbers of pure demi-
nants (443, heterorypgates {Ada), and para
recessives (o) are as piqie  Finally, sup-
pusa thet the numbers gre faicly larze, go that
the mating mey bo regarded as randem, that
tha sexes ara ovenly dizeributed among the
threo varicties, and that all sze squally fertile.

A little mathematics of the multiplication-

tabla typa is enovpgh to show thet in the next
_ geparation the numberz will ba as

(@il dglig-d-rifg i

OF B @,z 91 ¢, sax.

The interesting question is—in what oir-
teatances will this dislribotion be e s
a3 that in tha generstion before? Tt is easy
to 2ee that tha mondition for-thisia—g = pps
And sines i =y, whalover the wolues of
Pr g and  may be, the distribution will in
O caEg continue unchenged efter tha second
Eeneraticn,

- 1
Ly gt g

Suppose, to.takd & definite instance, that A

ia brackydactyly, and that wo ctart from &
populetion of pute brechydactylovs and pure: -
normal persons, eay in the ratio of 1:10,000. .

Then p=1, g=10, r=10,000"_and P 1:'.""

,=10,000, r=100,000,000. If brachy-

dactyly is dominant, the properiion of brachy- -

dacft?]n':m persons in tha sepond gfmnrnﬁnn in
20,001 100,020,001, or precticslly 2:10,000,
twice that in the first generstion; and this
proportion will afterwards have no tendeney
whatever to inerease, If, on the ather hand,
brachydactyly were recessive, the propartiom
in the second generaticn would be I: 100,080,
001, or practically 1: 100,000,000, and this pro-
portion wonld afterwards heave no tendency to
decrasse.

In & word, thera is not the slightest founda-
tian for tha ides that o dominsnt charastes
ahould shew & tandeney 1o sprezd over a whols
populstion, or thet & recessive should tend to
dis put.

I ought perhaps to add = few words en
the efect of the smell deviations from the
theoretical preportions which will, of course,
coeeur in every generatfor.  Such a distribu-
tion ma pyt2g i1, which satisfies the econdi-
tion g '=pr, we mav call a sfabla distribu-
tion. In actuel feet we shall chtain in the
secund weaemlion net o1 2,17, but a slightly
diferent distribution o290 which i3 not
"stable” Thia chould, according to theory,
giva ws Do the Wied peoersiion o “slable™
diatribution p,:2q,:r, alzo differing glightly
from pr2g:r; and so-cn. The sense in
which the distribution 1y 2,00y is “stable?
i this, that if wo allew for the sfect of casnel
deviations in saay eubsequent generation, we
should, according to theory, obiain at tho next
generation a new “stable™ distribution dif-
fering but alightly from tha original distrilu-
tiam,

I lave, of course, considered only the

-very eimplest hypotheses possible. . Hypatheses

other thet that of purely random wating will
give diferent results, end, of course, if, as
appears *o bo the case sometimes, the choz-
aoter in net independent of that of sex, or

Obhajoba mendelismu
brachydaktylie s ¢etnosti 3/4?

Jin¢ oznaceni genotypovych Cetnosti
AA:Aa:aa

p:2q:r

Podminky platnosti:
- velka pocetnost
- ndhodné oplozeni
- autozomalni gen
(stejn€ variety u obou pohlavi)
- nepusobi selekce (stejna fertilita)

Definice rovnovahy:
q’ =pr
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has an influenes on fertility; the whola ques-
tion ey Lo greatly complicated.  But auch
complications seem 1o ba ierelevant Lo iha
simple fsue raifed by Mr Yule's remarks.
4. H. Hauoy
Tursrey CoLrrar, CAMBRIDOE,
April &5, 1908

F. 8. I nndaratand from Mr. Punnett “haet
he has submilied the aubatance of what T have
said nkove to Mr, Yulo, and that the latter
would aceept it es r satiafactory nnewes to tha
diffirnilly 1hat ha =ai=ed.  Thae “..-I,u'-_-.:_]{{; P oof
the partienlar ratio 1:2:1 8 recognized by
FProfecoor Farl Peamen {FPhi, Trans. Roy.
Hee. CA), vol. 208, po G0,

PURE GULTUREI FOR LEGUME [NODULATION

I the 1007 Tieport of Lhe Biclogiat of the
Horvth Carolion Agricultural Experiment Stu-
tion, Trr. B T Stevens und Mr. T 0L Templa
=ennrh snene work npon e lboeos of the nedale.
forming crganisms of legumes. The eullures
uaml were pbtoined from the Uniced Phates
Departmest of Ag-ieolture. The investign-
tors hwve preseobsl eir dieln in such a man-
ner that tho value of cure colturea for in-
oelating legumes appears questionable wnd
their concludiong smphasize their aibitode of
disepprovel. In esrefully reviewinog theis we-
port, a very bried outling of which B ired
in Briewcz, Vel 26, 1007, p, 511, T have Heen
impresaed with the Taet thet the |
deaws by the ceensl reader would elmeat oor-
tainly he vwewncrontebly aztagsnivlio ta the
use of pure cultures for inoeuluting lesom e,
Tha investigators’
o enltuzes supplied by this departwent ars

e

obiecticcas fo Lk . El
I.':\.'JI\.:”J' uz [

A cnnsiderable number of he oulbures
Lermetienlly senled mmoglaas wors sterila ot tka
dme {hey were examined by Tr, Stevans and
Mr. Temnple.  The mizeonception in regard
3 the winhility of cultures distributad Ly the
Zepartment ot the p1'9r=or.t. timn could lipwve
Ty prevented by the insertion of o foot
rote exploining that sinea July, 1906, amall
bottles with wux seels have Lesno subsliials]
for ewall tubes hormetically sesled in the
Quene wf o Blagt lamm. T is sororisineg to

8. Yo, XEVIIT 3

me that four oub of seven of the olf
cultues sxamined by Dr, Stovens ahoulc
becn eterile, as my own investigntions
vious to sdepting this methed for dis
tivn indiented that about ome helf of or
cent. el the cultures sealed in this w
roctine wark would bo infured or ctre
by the heot of sealing.  The law of o
must perhaps Lo invelked to caplsfx U
erapaney in oonr fgures, It most bo o
Lvend, huvwesyer, thut the enlzieres spoken
thia Hime ace Lhe oli-stxle liguid enltures
thut the eultures distributed since Tuly,
era nol open to eriticism of this sorcl,

It is anreprisiog to mo alse ta learn
during the multiplisatisn peried condoet
the practical mouznner eutlized for nae o
farm such grest eoniominetion sheold
becomme menifest.  Two pears ago T had
enreplea of thess groee ealtures propare
tha furm seturned o ma by farmess in
ana parte of the coundey for wanminntio
sample baing taken and mniled to me s
Lima b coltors wea npplied b the
Thia, of course, allowed for groater de
ment of contumizations than would
taken placa at the Lime *hs eulture wa
plied to the eead,  Evan with this hao
shout two per cent. of the o:llures Tec
from the farmers were apparently pure
if contumineted tha enrtaminalion wee
dently very alight indesd.  Ahaut sixi
cent wers r_\-n‘-\Iuer_ﬂr/_h-j, but nos cmeon
a0, it being ensy in el of theee casea
lota lumge numbers of Peeadsmonosy 1
ealz.  The ramainder wero in rather bad
dition, althoogh T deubt if ten per cer
the entira number reonived wera a0 serd
contaminaled a3 to ba worthloeaa,

Tha deseription of the pot expariments
dueted by Dr. Btevena and Mr, Temp
wonfusing.  Tn tha first plaes, the steril
af anil by heoting is well kuewn 4o injur

eil zerinusly,_end, ragardloce of the oont
of tha nodule-forming bactesin Tntrodie:
b oan open question whullos suil slerilin
heativg would allom vodula formetion

4 normal bactericlogio dora and normal
eonditiona generally had boon resstakli
It s imnoeaibla o determina whether



Hardy 1908 Soucasna interpretace

p, I .... Cetnosti (pocty) homozygoti D, q .... alelové Cetnosti
g .... polovina Cetnosti (poctu) heterozygoti

Pfi rovnovaze: g° = pr DOKAZTE pro libovolné p, q!
q =P



Hardy 1908

Soucasna interpretace

p, I .... Cetnosti (pocty) homozygoti D, q .... alelové Cetnosti
g .... polovina Cetnosti (poctu) heterozygoti

Pfi rovnovaze: g° = pr DOKAZTE pro libovolné p,q!

Napt.p=0,4 q=0,6

Genotypove Cetnosti: AA =0,16

Aa=048

aa= 0,36

plati, Ze 0,24 . 0,24 = 0,16 . 0,367
0,0576 = 0,0576

polovina heterozygott



Hardy, 1908:
.... In any given generation the numbers of pure dominants (44), heterozygotes
(Aa), and pure recessives (aa) are as p:2¢q:r. ....... A little mathematics of
the multiplication-table type is enough to show that in the next generation the
numbers will be as

(p+q)°:2(p+q)(q+1r):(q+1)*
or as p,:2q,:r,, say.

Suppose, to take a definitive instance, that A4 is brachydactyly, and that

we start from a population of pure brachydactylous and pure normal persons,
say in the ratio of 1:10,000. Then p=1, ¢=0, =10,000 and p,=1, ¢,=10,000,
r,;=100,000,000. If brachydactyly is dominant, the proportion of brachydactylous
persons in the second generation is 20,001:100,020,001, or practically 2:10,000,
twice that in the first generation; and this proportion will afterwards have

no tendency whatever to increase.

Vysvétlete!



Hardy, 1908:
.... In any given generation the numbers of pure dominants (44), heterozygotes
(Aa), and pure recessives (aa) are as p:2¢q:r. ....... A little mathematics of
the multiplication-table type is enough to show that in the next generation the
numbers will be as

(p+q)°:2(p+q)(q+1r):(q+1)*
or as p,:2q,:r,, say.

Suppose, to take a definitive instance, that A4 is brachydactyly, and that

we start from a population of pure brachydactylous and pure normal persons,
say in the ratio of 1:10,000. Then p=1, ¢=0, =10,000 and p,=1, ¢,=10,000,
r,;=100,000,000. If brachydactyly is dominant, the proportion of brachydactylous
persons in the second generation is 20,001:100,020,001, or practically 2:10,000,
twice that in the first generation; and this proportion will afterwards have

no tendency whatever to increase.

p(AA4) =1 p,=(tq)=1 postiZeni
2¢q (Aa) =0 2q,=2(ptq)(q+tr) =2 x (1) x 10.000 = 20.000 postiZzeni
r(aa) =10.000 r, = (q+r)* =10.000%2 = 100.000.000 zdravi

20.001 postizenych : 100.020.001 vSech, tj. asi 2 : 10.000



Hardy, 1908:
.... In any given generation the numbers of pure dominants (44), heterozygotes
(Aa), and pure recessives (aa) are as p:2¢q:r. ....... A little mathematics of
the multiplication-table type is enough to show that in the next generation the
numbers will be as

(p+q)°:2(p+q)(q+1r):(q+1)*
or as p,:2q,:r,, say.

Suppose, to take a definitive instance, that A4 is brachydactyly, and that

we start from a population of pure brachydactylous and pure normal persons,
say in the ratio of 1:10,000. Then p=1, ¢=0, =10,000 and p,=1, ¢,=10,000,
r,=100,000,000. ...........

If, on the other hand, brachydactyly were recessive, the proportion in the second
generation would be 1:100,020,001, or practically 1:100,000,000, and this
proportion would afterwards have no tendency to decrease.

Vysvétlete!



Hardy, 1908:
.... In any given generation the numbers of pure dominants (44), heterozygotes
(Aa), and pure recessives (aa) are as p:2¢q:r. ....... A little mathematics of
the multiplication-table type is enough to show that in the next generation the
numbers will be as

(p+q)°:2(p+q)(q+1r):(q+1)*
or as p,:2q,:r,, say.

Suppose, to take a definitive instance, that A4 is brachydactyly, and that

we start from a population of pure brachydactylous and pure normal persons,
say in the ratio of 1:10,000. Then p=1, ¢=0, =10,000 and p,=1, ¢,=10,000,
r,=100,000,000. ...........

If, on the other hand, brachydactyly were recessive, the proportion in the second
generation would be 1:100,020,001, or practically 1:100,000,000, and this
proportion would afterwards have no tendency to decrease.

p(AA4) =10.000 p; = (p+q)? =100.000.000 zdravi
2q (Aa) =0 2q,=2(ptq)(q+r) =2 x10.000 x 1 =20.000 zdravi
r(aa) =1 r,=(q+r)’=1=1 postiZeni

1 postizeny : 100.020.001 vSech, tj. asi 1 : 100.000.000



1908 George H. Hardy
Wilhelm Weinberg

1918 - 1950 Sewall Wright R. A. Fisher J. B. S. Haldane




Ronald A. Fisher

mendelisté vs. biometrici

Bateson Pearson
Punnett Weldon

Fisher 1916: ,, The correlation between relatives on the supposition of Mendelian inheritance*

1922: Fishertiv fundamentalni teorém: ,, The rate of increase in fitness of any organism
at any time 1s equal to its genetic variance in fitness at that time*

1930: ,,The Genetical Theory of Natural Selection*



Pravdépodobnost vyskytu genotypii/fenotypii v potomstvu kriZeni Aa x Aa

Pravidlo adice: rodice: Aa x Aa, potomci: 1/4 A4+ 1/2 Aa+ 1/4 aa
P(A-)=1/4 AA+1/2 Aa=3/4

Pravidlo multiplikace:

Moznosti Poradi narozeni Pravdépodobnost
1 2 3

1 A- A- A- 3/4x3/4x3/4=27/64
2 A- A- aa 3/4x3/4x1/4=9/64
3 A- aa A- 3/4x1/4x3/4=9/64
4 aa A- A- 1/4 x 3/4 x 3/4 =9/64
5 A- aa aa 3/4x1/4x1/4=3/64
6 aa A- aa 1/4 x 3/4 x 1/4 = 3/64
7 aa aa A- 1/4x1/4 x 3/4 =3/64
8 aa aa aa 1/4x1/4x1/4=1/64



Pravidlo adice :
pravdépodobnost spoleéného vyskytu vzajemné se vylucujicich jevu.

Pravidlo multiplikace:
pravdépodobnost spole¢ného vyskytu vzajemné nezavislych jevu.

Binomialni distribuce:

opakované pokusy s konstantnimi pravdépodobnostmi.

Je-li pravdépodobnost vyskytu jevu A p a pravdépodobnost vyskytu
alternativniho jevu B ¢, pak pravdépodobnost, Ze se v n pokusech bude
jev A vyskytovat r krat a jev B n-r krat je

[n!/r! (n-r)!] (p" q ")
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monomorfismus

Elektroforéza

polymorfismus

8 homozygotu F/F
2 homozygoti S/S
6 heterozygotu F/S




Vypocet alelovych ¢etnosti:

a) z poctu genotypi (fenotypti)

Genotyp/fenotyp MM MN NN celkem
Pocet jedincu 36 48 16 100
Pocet alel M 72 48 0 120
Pocet alel V 0 48 32 80
Celkovy pocet alel 72 96 32 200

Cetnost alely M v populaci: 120 /200 = 0,6
Cetnost alely V v populaci: 80 /200 = 0,4



Vypocet alelovych Cetnosti:

b) z Cetnosti genotypii (fenotypii)

Genotyp/fenotyp MM MN NN celkem
Cetnosti genotypu 0,36 0,48 0,16 1,00

Cetnost alely M v populaci: 0,36 + % (0,48) = 0,6
Cetnost alely N v populaci: 0,16 + Y (0,48) =04



Cetnosti alel M a Nv riiznych populacich

Genotypové Cetnosti (%) |Alelové Cetnosti
Populace MM MN NN M N
Eskymaci (Gronsko) 83.48 15,64 0,88 0,913 0,087
U.S. indiani 60,00 35,12 4,88 0,776 0,224
U.S. bélosi 29.16 49,38 21,26 0,540 0,460
U.S. Cernosi 28.42 49,64 21.94 0,532 0,468
Japonci 17,86 50,20 31,94 0,430 0,570
AustralSti domorodci 3.00 29.60 67.40 0,178 0,822




Vyskyt nékterych dédi¢nych onemocnéni v riiznych populacich

Onemocnéni Populace Cetnost
na 1000
narozenvch

Huntingtonova chorea Tasmanci 017

Japonci 0.03

porphyria variegata bili Jihoafri¢ané 3.0

Severoevropané 0.01
cysticka fibroza Severoevropané 04-0.5
orientalci 0.01
Tay-Sachsova choroba Ashkenazi Zidé 0.17-0.4
$panéKti a portugaliti Zidé a 0,001 —
krest’ané 0.003
talasémie stifredozemci a orientalci 10-20
Severoevropané 0
srpkovita anémie ¢erni Afri¢ané 10 -20
ostatni 0




Cetnosti genotypii na lokusu Lap-5 v populaci Drosophila willistoni

Genotyp Pocet Cetnost
98/98 2 0,004
100/100 172 0,344
103/103 54 0,108
98/100 38 0,076
98/103 20 0,040
100/103 214 0,428

Celkem 500 1,000



Mira genetické variability - polymorfismus populace

Priklad u urcitého organismu: 12 lokusu monomorfnich
18 lokustu polymorfnich
celkem 30 lokusu

Kvantitativni vyjadreni polymorfismu této populace:
18/30 = 0,60

Kvantitativni vyjadreni polymorfismu daného organismu z vice populaci:

Polymorfismus jednotlivych populaci: 18/30 = 0,60

15/30 = 0,50
16/30 = 0,53
14/30 = 0,47

Prumérny polymorfismus ze ¢tyr populaci:
(0,60 + 0,50 + 0,53 + 0,47) / = 0,525

Nedostatky: 3 alely (0,5 0,4 0,1), 2 alely (0,95 0,5), 10 alel (10 krat 0,1)
vSechny ti'i populace hodnoceny bez rozdilu jako polymorfni



Mira genetické variability - heterozygotnost populace

Vypocet oCekavané heterozygotnosti (Ctyfti alely urcitého genu s Cetnostmi p,, p,, p; p,):

1-(p/ +p’+ps +p/

Priklad:
p, =050 p,= 030 p,=0,10 p,=0,10

ocekadvana heterozygotnost = 1 - ( 0,50°+ 0,30°+ 0,10°+ 0,10°) = 0,64

Prumérna heterozygotnost populace (z vice lokusu):
(0,25+0,42+0,09+0,00)/4 = 0,19

Lokus 1: 25 heterozygotnich jedincii ze 100 25/100 = 0,25
Lokus 2: 42 - 0,42

29 29

Lokus 3: 9 - 0,09

29 29

Lokus 4: 0 - 0,00

29 29



UKol:

mame dvé rizné populace

kazda z nich ma 10 jedincu

ob€ maji alelové cetnosti stejné: p ,1y=0,5 Pz =0,3 p 43=0,1 p44=0,1

zapiSte genotypy jedincii ve dvou ruznych populacich tak, aby v prvni
populaci nebyli Zadni heterozygoti a ve druhé naopak byli pouze heterozygoti




Hodnoty heterozygotnosti u 20 (ze 71) lokusii v populaci Evropant

Lokus enzym heterozygotnost
Acph kysela fosfataza 0,52
Pgm-1 fosfoglukomutaza - 1 0,36
Pgm-2 fosfoglukomutaza - 2 0,38
Adk adenylatkinaza 0,09
Pept-A peptidaza - A 0,37
Pept-C peptidaza - C 0,02
Pept-D peptidaza - D 0,02
Adn adenosindesaminaza 0,11
6 Pgdh 6-fosfoglukonatdehydrogenaza 0,05
Aph kysela fosfataza 0,53
Amy amylaza 0,09
Gpt alaninaminotransferaza 0,50
Got asparataminotransferaza 0,03
Gput galaktozo-1-fosfat-uridyltransferaza 0,11
Adh-2 alkoholdehydrogenaza - 2 0,07
Adh-3 alkoholdehydrogenaza - 3 0,48
Peps pepsinogen 0,47
Ace acetylcholinesteraza 0,23
Me dehydrogenaza kys. JableCné 0,30
Hk hexokinaza 0,05
4,78

Prumérna heterozygotnost: 4,78 / 71 = 0,067



Cetnost alel, heterozygotnost a polymorfismus na nékterych lokusech Phoronopsis viridis

Lokus Cetnost alel (pruhy na elfo) heterozygotnost  polymortf.
1 2 3 4 5 6 pozor. ocek. 95% Krit.
Acph-1 0,995 0,005 0,010 0,010 ne
Acph-2 0,009 0,066 0,882 0,014 0,005 0,024 0,160 0,217 ano
Adk-1 0,472 0,528 0,224 0,496 ano
Est-2 0,008 0,992 0,017 0,017 ne
Est-3 0,076 0,924 0,151 0,140 ano
Est-5 0,483 0,396 0,122 0,443 0,596 ano
Est-6 0,010 0,979 0,012 0,025 0,041 ne
0,072 0,094




Lokusy s vétSim pocCtem alel nemusi nutné vykazovat vétsi heterozygotnost

Vypoctéte ocekavanou heterozygotnost
1. na lokusu se dvéma alelami, p=0,5 ¢=0,5

2. na lokusu s péti alelami, p=0,8 q=0,05 r=0,05 s=0,05 t=0,05

4
r

Reseni:
1.H= 1-(0,25+ 0,25) = 0,50

2.H=1-(0,64 + 0,0025 + 0,0025 + 0,0025 + 0,0025) =1 - 0,65 = 0,35




Odhady polymorfismu a heterozygotnosti u riznych skupin organismu

polymorfismus

0,60 ==
0,50 =

- drozofila (43)

- — - —

0,40 bezobratli (27, kromé hmyzu) —, & L

- bezobratli (93

{ ovek (711 OkllSlol)\ # <— hmyz (23, kromé drozofily)
0,30 . " & «— obojZivelnici (13)

— plazi (17) &

%
rostliny (15)

~
-1
0,20 ptici (7)\‘.l- <—  obratlovci (135)
{ * «— ryby (51)

0,10 savci (46)

| ) | L | g i L L L .
0,04 0,06 0,08 0,10 0,12 0,14 0,16 0,18 0,20

heterozygotnost



Variabilni nukleotidova mista v sekvencich lokusu pro alkoholdehydrogenazu
u Drosophila melanogaster. Carky oznacuji nukleotidy identické s konsensus
sekvenci, hvézdiCky mista inzerci a deleci.

Sekvence 5° Intron Exon Intr. Exon Intron Exon 3’
1 2 2 3 3 4

Kons. CCG CAATATGG*C*G C T AC CCCC GGAAT CTCCACTAG A*C AGC*C*T™
Wa-S =--- - - AT----- - = == TT-A CA-TA AC--- -- = = = oo oo oo oo *
FI-1S = C - mmem e e meeee m = - TT-A CA-TA AC--- - - = s me mm e ma ¥
Af-S - = e mm mmee- mmmmss = = e = mmm s = mmmm = mmmm= = =A - - T¥-1A-
Ja-S (e - G-- - e - T-T-CAC4- ----T---
FI-F (O - G-- - - -2 --GTCTCC- C4- ---- -=-=--




e Cummie W E n -.n :

Odhad polymorfismu a heterozygotnosti na arovni nukleotidu

(polymorfismus délky restrikénich fragmenti, RFLP)

P.=¢c-n(m-Kk)/jc

H .=nc-2 ¢?/jc(n-1)

nuc

.. poCet studovanych homolognich molekul DNA

.. poCet molekul, ve kterych dochazi ke Stépeni v restrik¢nim misté i

. suma ¢; tj. soucet vSech stépenych molekul na v§ech mistech

... pocet restrikCnich mist, ktera se nachazeji alespon u jedné molekuly

.. pocet restrikCnich mist, ktera nejsou alespon u jedné molekuly Stépena
.. poCet nukleotida v restrik¢nim misté
.. Cislo oznacujici konkrétni restrik¢ni misto



muzi

Nahodna tvorba paru

Zeny
MM MN NN
0,292 0,496 0,213
MM 0,292 x 0,292 =
0.292 0,085 0,145 0,062
MN
0.496 0,145 0,246 0,106
NN
0213 0,062 0,106 0,045

Soucet vSech Cetnosti je roven jedné




Znazornéni Hardyho — Weinbergova principu
Cetnosti genotypti: A4 =P, Aa=Q, aa=R

K¥izeni Cetnost ki‘iZeni Genotypové Cetnosti potomstva
AA Aa aa
AA x AA P2 1 0 0
AA X Aa 2PQ 1 1 0
AA X aa 2PR 0 1 0
Aa x Aa Q2 A A Y
Aa X aa 2QR 0 1 1
aa x aa R2 0 0 1
P Q R

Dalsi generace celkové:

P'= P2+ 2PQ/2 + Q¥4 = (P + Q/2) 2 = p?

Q'=2PQ/2 +2PR + Q%2 +2QR/2=2 (P + Q/2) (R + Q/2) = 2pq
R'=Q%4+2QR/2+R?*=(R + Q/2)*=¢?



Hardyho — Weinbergovy Cetnosti
jsou vysledkem nahodného spojovani dvou gamet:

spermie

A (p) a(q)
- A (p) AA (p?) Aa (pq)
vajicka
a(q) Aa (pq) aa (q°)

Cetnosti v potomstvu: AA4: P'=p?

Aa: Q'=pq + pq=2pq
aa: R'=¢°

p=p’+%(2pqg) =p°+pq=p (p+q) =p



Hardyho Weinberguv zikon

Vztah mezi genotypovymi a alelovymi ¢etnostmi

cetmnost
0,5 L4
‘f;'ﬂ !

‘g- ﬂ‘,t

¥

=]

E d'" .

L)

+ 03

g

N 02

0,5
cetnost v



Pouziti HW principu: testovani HW poméru

Priklad:

AA Aa aa Celkem
Pocet jedincii v populaci: 80 80 40 200
Cetnosti genotypii: 0,4 0,4 0,2

Alelové Cetnosti: p=0,6 ¢=04

HW pomér genotypu: 0,36 0,48 0,16

HW pocet genotypii: 72 96 32

Shodu poctu jedincu v populaci s poctem jedinci odpovidajicim HW poméru
testujeme pomoci testu >



Pouziti HW principu: odhad Cetnosti heterozygotu

Priklad (uplna dominance):

Pocty jedinciu (fenotypu): AA + Aa =75 aa =25
Cetnosti jedinct (fenotypi): A4 + Aa =0,75 aa = 0,25

ReSeni: ¢>=0,25 wmmp ¢=0,5 wmmp 2pg=0,50



Pouziti HW principu: odhad Cetnosti heterozygotii

Konkrétni priklad: albinismus

1 albin / 10.000 jedincii  ¢2>=0,0001 wmmmp ¢=0,01 p=0,99

ReSeni: A4 = p?= 0,992 = 0,98
Aa=2pg=2x0,99 x 0,01 =0,0198

Konkrétni priklad: alkaptonurie

1 postiZeny / 1 milion jedincd  ¢?=0,000.001 =) ¢ = 0,001 p= 0,999
ReSeni: A4 = p?=0,9992 = 0,998

Aa=2pqg=2x0,999 x 0,001 = 0,002

Podil recesivnich alel u heterozygotii a homozygoti

u heterozygotu ¥ 2pq, u homozygotii ¢° w=mp pg/q° =) n/g,
albinismus: p/g =99 alkaptonurie: p/q = 999



Udinnost tiplné selekce proti recesivnim homozygotiim
Cas (t) potrebny na zménu puvodni alelové cetnosti (¢,) na Cetnost ¢,

t=1/g,— 1/q,

Priklad: z ¢ = 0,01 na 0,001 t =900 generaci
q = 0,01 na 0,0001 t=9.900 generaci

ZvySeni Cetnosti Skodlivé recesivni alely v populaci pri 1éCeni recesivnich
homozygotu

Priklad: PKU ¢ = 0,006
za jednu generaci: ¢, = q + ¢’ = 0,006 + 0,000.036 = 0,006.036




Snyderovy podily

snatky déti
typ pocet ~chutnac¢“ ,nechutnac¢“ celkem
ch x ch 425 929 130 1059
chxn 289 483 278 761
nxn 86 5 218 223

800 1417 626 2043




Snyderovy podily - odvozeni

snatky Cetnost déti 7
typ

genotypy Cetnosti snatku (alel.c.)

ch x ch:

TTx IT p’xp? = p? 0

TTx Tt 2 (p° X 2pq) = 4p’q 0

Ttx Tt 2pqx2pq =  4piq? Dq’

2,2

p(1+gy i

ch x n:

TT x tt 2(p’xq?) = 2p%¢? 0

Ttx tt 22pgxq®) = Apg’ 2pq’
2pq’(1+q) 2pq?

S, =¢q/(+q) S, =¢*/ (1+¢)?



HW cCetnosti pro tri alely

spermie

Al(p,) A2(p,) A3(p;)
Al(p,) AlAl AlA2 AlA3
PiXp; |PiXPy |P;XPD;
vajicka AZ(]?Q A]AZ A2A2 A2A3
Pi1XPDP; P2XPr  |PrXPs
A3(p;) AlA3 A2A3 A3A3
Pi1XD3 PrAP3 P3X D3
Cetnosti v potomstvu:  AIAI: p A2A42: p)’
AIA2: 2pp, A2A43: 2pp;
AIA3: 2pp, A3A43:py




Nazorné vyjadreni vztahu mezi alelovymi, genotypovymi a
fenotypovymi Cetnostmi u krevnich skupin AB0

p@)  q@ r (i)
p @) ,
pr A: p*+ 2pr

B: ¢’ + 2qr

q(I%) v
AB: 2pq
0: r?

r(i

@) p




Priklad vypoctu alelovych cetnosti — krevni skupiny AB0

Zadani:
Cetnost fenotypi v populaci: A 0,45 B 0,13 AB0,06 00,36

Cetnost alely i = p, p£=0,36 p,=0,6

Genotypova ¢etnost B+0=p,>+ 2p,p.+ p.’=(p, +p;)* =0,13 + 0,36 = 0,49
p:tp;=07 p,+0,6=07 p,=0,1

p,=1-(p,+py)=1-0,1-0,6=0,3



Priklad vypoctu rovnovaznych genotypovych Cetnosti
pri mnohonasobném alelismu

Obecné:

n alel s cetnostmi p, p, D3y ooy P

n

prtp,tps;,t...tp, =1

Cetnosti genotypii p¥i rovnovaze: (p ;TP tps,t...+p)?

Priklad: 108 jedincu D. persimilis - nalezeny tyto Cetnosti alel

genu pro xantindehydrogenazu:
Xdhl =0,08 Xdh2=0,21 Xdh3=0,62 Xdh4=10,09

Reseni: Xdh1 Xdhl = 0,082= 0,0064
Xdhl Xdh2 =2 x 0,08 x 0,21 = 0,0336
apod.




HW distribuce genotypu pro mnohonasobny alelismus

A, A, ce A,

DPis Do D
A; py P1t2A1A1 PPy A A, Pi: P A1 A,
A, py PPy A A, pZtZAZAZ Py PAz A,
An pnt plt pnt AIAn p2tpnt AZAn pntz AnAn

Cetnost alel v t+1:p,(t+1) = P12t P Dot PiD3t oo TP 1P =
=Pyt Pat P3it o T Pu) = Pis



Oddélené pohlavi - riizné alelové Cetnosti - Bruceho distribuce genotypu

Pary Cetnost Genotypova cetnost v potomstvu
samci X samice AA Aa aa
AA x AA P_P. P Pr
AA x Aa P Qy 172P,, Qg 172 P, Qy,
AA x aa PRy PRy
Aa x AA Q.. Ps 172 QP 172 QP
Aa x Aa Qe O 1/4 Qpy Qy 172 Qpy Qe 1/4 Q¢ Qg
Aa x aa Q. Ry 172 Q¢ Ry 172 Q¢ Ry
aa x AA R_P, Ry P
aa x Aa R, Qg 172 Ry, Qy, 1/2R, Qg
aa X aa R, Ry R Ry

Pmt Pft + Pmt th + Pmt th + th Pft + th th + th th + Rmt Pft + Rmt th + Rmt th = (Pmt + th + Rmt) (Pft + th + th ) =1

P =P Pt 172P , Qp + 172 QP +1/4 Q Q=P (P +1/2 Qg ) + 172 Qp (P + 172 Qg )=
= (Pt 12Q, ) P +1/2Qg) =p,, Py

Qi1 =Pt 9s T At P

Rt+1 = qmt qft



Bruceho poméry genotypi (panmixie)

1. p,, # p; , genotypové Cetnosti samci a samic se liSi
v generaci t+1 Bruceho pomeér p,p.:p,.4q.:% 4,054 9ulls
Pect =Pl Y V2 Pully ™ Qudp) = Pudlpi ¥ Pt Pl ) | 2=

=[pmt(pft+ qft) +pft(pmt+ qmt) ] /2= (pmt+pft) /2 =p—t

v generaci t+2 HW pomér

2.p,, =Py > genotypoveé cetnosti samcu a samic se lisi

v generaci t+1 HW pomér




Bruceho poméry - rozsireni na krizeni dvou populaci, p, = p,

A

F1 - Bruceho pomér pypy: p gy 4Py 94y

F2 - HW pomér p’:2pq : ¢° pP=pxt+py/2

o—~@

< <

P=p2/4+pypy/2+pild=(py+py)2ia=[py+py) 21*=p°

Pxyi= Pxytt 1/2 Qxy = (Pt Py /12 + 172 [(Qx + Qyy) 2] =
=Pyt 172Qx)/2 + (Py + 172Qy )2 = (px +py) 12=p

VHWR: (Py+Py) 2= (p’+py’ )2 # (px tpy 12




Geny vazané na pohlavi - Cetnosti genotypu u samcu a samic (typ savci)

spermie
X4 (p) Xa (9) Y
XA (p) | XA XA (p) XA4 Xa (pq) XAY (p)
vajicka
Xa (q) | X4 Xa (pq) Xa Xa (q°) Xa Y (q)

Genotypové Cetnosti v potomstvu:
samci A:p
a q
samice AA: p?
Aa: 2pq
aa: q°




Ustaveni rovnovahy pro gen vazany na pohlavi
(ruzné Cetnosti alel u samciu a samic)

generace t
samci samice
Cetnosti genotypii P.: R, Pp: Qn: Ry
Cetnosti alel P = Py D= Py T 172 Qy
G = Rine 9= R+ 1/2 Qg
generace t+1
Cetnosti genotypii Prertt R Py Qperq b Ry
pft . qft pmtpft . pmtqft+qmtpﬁ . qmtqft
Cetnosti alel Pme1=DPj D1 = (pmt+pﬁ ) /2 =17t

D1 = s 9ie1= et 45) 12 =1,



Ustaveni rovnovahy pro gen vazany na pohlavi
(riuzné Cetnosti alel u samcu a samic)

Vyjadreni nerovnovahy:
di =D - Py

diry = Puei “Pp+1= Pp~ (pmt+pft ) /2= (ZPﬁ'Pmt'Pﬁ ) /2= (Pﬁ' l/met-I/prt) =
=1/2pﬁ- 12 p,.= Dy~ Put) 2=-1/2 d,

d,=(-12d,,)=(1/4d,)
d,, = =(-1/8 d,)

d,, = = (-1/2 )" d,



Ustaveni rovnovahy v populaci pro gen vazany na pohlavi

Provnov. = (zpf+pm) /3



Nahodna kombinace alel dvou genii -
oCekavané Cetnosti gamet pri vazbové rovnovaze

alely na lokusu A

alely na lokusu B

Al (p) A2 (p,)
BI (q;) Al BI (p; q;) A2 BI (p,q,)
A2 B2 (p,q,)

B2 (q,) Al B2 (p,q,)

Cetnost typa gamet pii vazbové rovnovaze: A1 BI: (p, q,)
Al B2: (p,q,)
A2 BI: (p,q,)
A2 B2: (p,q,)




Cetnosti gamet (genotypové ¢etnosti gamet)
pri vazbové rovnovaze

Al BI Pu=riq;
Al B2 Piu= P14,
A2 BI Pyi= P24,
A2 B2 Py»= P29,
Cetnosti alel: ~ p,, =P, P,
P2 = Paye Poy
91 =Pric Pare Pt P TPyt Pp=1




Cetnosti genotypii vzniklé nahodnym parovanim gamet, generace t

AlAl AlA2 A2A42 Celkem

BIBlI |41B1.A1B1| AIBI. A2BI
A2BI1. AIBI
P, 2P,;;. P, P,/ (P, +P,, )’ =q,;’

BIB2 | 2P, P, 2P Pyt 2P )Py, | 2Py Py, | 2(Py Py )(Pry+P5,) =244

B2B2 |P,; 2P P, P,y (PP, ) =5

Celkem|(P 7P, )?| 2(P P 1) (Py+Py) | (Py+Py )% 1

=P =2D 1 =P




Odvozeni Cetnosti gamet v generaci t+1

Genotyp Cetnost gamety v t+1 (cis i trans)
AIBI AIB2 A2B1 A2B2

AIBI/AIBI P, 1

AIBI/AIB2 2P,.P,, 1/2 1/2

AIBI1/A2B1 PP o 1/2 1/2

AIB1/A2B2 2P,.P,, (1-r)/2 | r/2 r/2 (1-r)/2

AIB2/A1B2 P,,? 1

AIB2/42B1  2P.,P,, r/2 (1-r)/2 | (1-r)/2 | r/2

AIB2/42B2  2P,P,, 1/2 1/2

A2B1/A2B1  P,;? 1

A2B1/A2B2  2P,,P,, 1/2 1/2

A2B2/A2B2  P,,? 1




Odvozeni ¢etnosti gamet v generaci t+1 - pokracovani

Cetnost gamet A1B1 v generaci t+1:

P =Pyl + P PL+P P, +(1-r)P Pytr PP, =
=P (P TP+ Py +Py) —1 (P Py, -P,Py) =
=P — 1 (P Py - PPy ) =Py -1 d

Podobné Cetnost gamet A/B2 v generaci t+1:

Py = PPt 1 PPy + P2 +(1-0)P Py 41 PPy, =
=P, (P + P+ Py + Pp) +1r (P Py, - PyPy ) =
=Pyt r (P Py, - PPy ) =P +1rd,

Pyies1 = Poy T ¥ (P Py - PPy ) =Pyt rd;

Pyrs1 = Py~ 1 (P Py - P1pPy) =Py -1 d;



Odvozeni podminek vazbové rovnovahy,d .. =0

dirr = Priea Pozerr = Praerr Porenn =
=Py - rd)(Pyy-rd;) - (P +rdy) Py +rd) =
= Py1¢ Poge = Prag Poge - Py vdg - Py vd - Py, rd; - Py rd + (rd)? - (rdy)* =
=d¢-rdi(Pyy+ Py + Py + Py ) =
=d,-rd,=(1-r) d,

dy.y =(1-1) dyy; = (1-1) (1-1) d,= (1-1)* d,

d.,=(1-r)" d,



Odvozeni Cetnosti gamet pri vazboveé rovnovaze

Piie = Piie Piie T Prae T Pre T Py ) =
_ 2
o l)lle + l)lle l)12e + l)lle l)21e + l)lle P22e

/

Pfi rovnovaze: P, P,,. =P, P,

Pre=Pre T Pre Prae ¥ Prie Poge + Py Py =
= P11e(Prie T Prae ) T Py (P T Pppe ) =
=(Pr1e T Prae) (Pre t Pye) =
— P14

P =P19;
21e P29
2e P29

~ =~



Rovnovazné genotypové Cetnosti na dvou lokusech =
= nasobek rovnovaznych genotypovych ¢etnosti na jednotlivych lokusech

AlAl Al1A2 A2A2 celkem
B1B1 P4 2p.p, 4/ ) 2 TH q°
B1B2 2p/’ 4,9, 4pp;:9:4, 2py 4.4, 29,9,
B2B2 P4y 2p.p,9q5° P9y q;°
Celkem pr 2p.p; py 1




Odhad rovnovazného stavu populace (odhad hodnoty d.)

Diilkaz, Ze rozdil mezi odhadnutou cetnosti gamet (P,,,) a jejich
ocekavanou rovnovaznou cetnosti (p,q,) je méritkem nerovnovahy (d,):

Prri=pP2q; =Py~ (P T Ppy) (Prye TPy ) =
= P22t - P12t P21t - P12t P22t - P21t P22t - P22t2 =
=Py (1-Pp-Pyi- Py ) - Py Poy =

= P11¢Pase - Prac Pore = 4



Zadani:

Jak rychle je dosazeno vazbové rovnovahy?

dvé populace X a Y s podilem rekombinace r

alelové Cetnosti v populaci X: p, =0,6 p,=0,4
alelové Cetnosti v populaci Y: p,=0,2 p,=0,8

q,=0,3 q,=0,7
q,=0,5 ¢,=05

Genotyp  Cetnost gamety

XY AB Ab aB ab
AB/AB 0,018 0,018
AB/Ab 0,060 0,030 0,030
AB/aB 0,084 0,042 0,042
AB/ab 0,100 0,05-0,05r  0,05r 0,05r 0,05-0,05r
Ab/Ab 0,042 0,042
Ab/aB 0,180 0,09r 0,09-0,09r  0,09-0,09r 0,09r
Ab/ab 0,196 0,098 0,098
aB/aB 0,048 0,048
aB/ab 0,160 0,080 0,080
ab/ab 0,112 0,112

0,14+0,04r 0,26-0,04r 0,26-0,04r 0,34+0,04r



Jak rychle je dosazeno vazbové rovnovahy?

pokracovani
Cetnosti gamet v generaci t: Py | P,, P,,
populace X 0,18 0,42 0,12 0,28
populace Y 0,10 0,10 0,40 0,40
Odvozeni genotypovych Cetnosti:
X
Py P, P Py
0,18 0,42 0,12 0,28
P,,0,10 AB/AB AB/Ab AB/aB
0,018 0,042 0,012
Y P,,0,10 Ab/AB
0,018
P,,0,40 aB/AB
0,072
P,, 0,40
Cetnosti alel v t+1: p; =0,14+0,04r+0,26-0,04r = 0,4 p,=0,6

q,=0,4

q,=0,6



Jak rychle je dosazeno vazbové rovnovahy?
pokracovani

Rovnovazné Cetnosti gamet ve spolecné populaci:

Plle P12e P21e P22e
P-4 P-4 P-4 P24
0.4.04 0,4.0,6 0,6 . 0.4 0,6.0,6

0,16 0,24 0,24 0,36



Genotypové Cetnosti pri samooplozeni

Vychozi generace: H=1
AA Aa aa
1. generace: 1/4 1/2 1/4
2. generace: (V4. D)+(%. %) 72. 12 (Ya. 1)+(Ya . %)
3/8 2/8 3/8
3. generace: 7/16 2/16 7/16
n-ta generace: 20-1 2 20-1

Alelova Cetnost: g. 0: p=P+%2H=0+1/2 =0,5
g l:p=P+%H=14+1/2 .1/2=0,5
g 2:p=P+%H=3/8+1/2.2/8=0,5




Kvantitativni vyjadreni vlivu inbridingu

Ukol: vypoététe F pro tii generace samooplozeni z pfedchozi tabulky

l.g. 1/4:1/2:1/4

2.g. 3/8:1/4:3/8
3.2.7/16 : 1/8 : 7/16

Reseni:
1. generace: F=(0,5-0,5)/0,5=0
2. generace: F=(0,5-0,25)/0,5=0,5
3. generace: F=(0,5-0,125)/0,5=0,75




Genotypove Cetnostl v inbredni populaci s koeficientem inbridingu F

Cetnost heterozygoti (H):
(H-H)/H,=F
(H-H)=H,F
H=H,-H,F
H=H,(1-F)
H=2pg(1-F)
H=2pq -2pq F

P=p?+pq F
H=2pq -2pq F
Q=¢° +pq F

Cetnost homozygoti (P):
p=P+1/2H
P=p-1/2H
P=p-1/2[2pq(1-F)]
P=p-[2pq(1-F) /2]
P=p-pqd-F)
P=p-p(d-p)(1-F)
P=p—(p-p’)1-F)
P=p-p+p’+pF-p°F
P=p°’A-F)+pF
P=p’-p’F+pF

P=p’ +p F (1-p)

P=p’ tpq F




AIAI homozygot, autozygot

AIAI homozygot, alozygot
@ /
(AD

KAIAZ heterozygot, alozygot



Genotypové Cetnosti pri inbridingu

Cetnost v populaci

pri koef. inbridingu F priF=20 priF=1
(nahodné oplozeni) ( samooplozeni)
Genotyp
AA p’(-F) + pF r’ p
Aa 2pq (1-F) 2pq 0
aa ¢ (1-F)  + ¢F 9 q
alozygotni autozygotni
geny geny

Dvé definice F jsou ekvivalentni:
¢ (A-F)+ gF = ¢*-¢F+qF=¢’+qF(1-q) = ¢°+pgF

wautozygotni* definice »heterozygotni* definice




Schema kriZeni k vybéru jednotlivych chromozomi u drozofily

divoky typ Cy/Pm
— —
| krizeni a vybér jednotlivych Curly
samecci samicky v1. o
samecku v potomstvu
—
—
| EE— zpétné krizeni samecku Curly a
X I v potomstvu vybér heterozygotnich
/ \ samecki a samicek
— —
— —
— — — —
I I <
samecci / \samiéky sameé‘ci/ l W
I ——— B T
] IS s S

K¥iZeni heterozygotii stejného kmene a zjisténi
podilu potomkii s rovnymi kiidly

oCekavame 2/3 Curly 1/3 rovna kridla

K¥iZeni heterozygotii riznych kmenu a zjiSténi
podilu potomkt s rovnymi kiidly

oCekavame 2/3 Curly 1/3 rovna k¥r.
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Vyjadreni Skodlivosti pribuzenskych snatku

Cetnost recesivnich homozygoti
u pribuzenskych sinatku ku snatkium nepribuzenskym:

l4° (1-\F)A + qF] / qz/
pro krizeni bratranec x sestrenice (F = 1/16):
[¢° (1-1/16) + ¢ 1/16] / ¢°=
=(1-1/16) + (1/16) / q =
=0,9375 + 0,0625 /g = (prigq=0,01)=7,19

tj. asi 7 x zvySené riziko



ZjednoduSena forma znazornéni rodokmeni pro vypocet koeficientu inbridingu

(4, A
: (¢ ] (c

zjednoduSeny rodokmen klasicky rodokmen



Odvozeni vypoctu koeficientu inbridingu F z rodokmenu

o

- 65,79

F,=(1/2)° (1+F,)




Rodokmen K¥iZeni bratranec x sestrenice pro vypocet koeficientu inbridingu

F=(1/2)5 + (1/2)5 = 1/16

F, =3 (1/2)i 1+F,)

Koeficient piibuznosti r = 2F r=2x1/16=1/8




Koeficient inbridingu pri samooplozeni

F.=1/2)! 1+F,,)

172 (1+F,,)

t-1

—

()

Panmikticky index: (1 - F))

1-F,=1-(1/2) (1+F,,)
1-F,=1-12-12F,,
1-F,=(1/2)(1-F,)

Obecné:
1-F,=1/2)(1-F,)

Kdyz F,= 0, samooplozeni:

Generace 1-F F
1 1/2 1/2
2 1/4 3/4
3 1/8 7/8
4 1/16 15/16




Sily, které méni alelové Cetnosti

systematické disperzivni
migrace nahodny geneticky posun
mutace

r 4

vybeér



Nahodny posun genti

Velikost populace Variance Smérodatna odchylka Rozptyl alel.Cetnosti

N pq/2N (pq/2N)12 pt2s (rozdil)
p=49=0,5
5 0,025 0,16 0,18 — 0,82 (0,64)
500 0,00025 0,016 0,468 — 0,532 (0,064)
p=03 q=0,7
5 0,021 0,145 0,01 - 0,59 (0,58)

500 0,00021 0,0145 0,271 - 0,329 (0,058)




Nahodny geneticky posun

Pravdépodobnost, Ze vzorek populace s N jedinci obsahuje i alel A s Cetnosti p:

2N) !

pi q 2N-i
it 2N —i)!



Zména alelové Cetnosti nahodnym genetickym posunem
po dobu 19 generaci u 24 malych populaci s efektivni velikosti N=9
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19 generaci nahodného genetického posunu ve 107 subpopulacich Drosophila melanogaster.
V pocatecni generaci méla kazda subpopulace 16 heterozygota bw”’ /bw a byla v kazdé

dalSi generaci udrzovana na konstantni velikosti o0 16 jedincich nahodnym vybérem
8 pari jako rodicu.

0

Mumber of populations

Mumber af b alleles



Extrémni priklad disledka genetického driftu




Rozdéleni populace na subpopulace




Rozdéleni populace na subpopulace
a jeho vliv na genetickou strukturu populaci

H, prumérna heterozygotnost jedincu v populacich
H; ocfekavana heterozygotnost v subpopulacich s naAhodnym oplozenim 2p, q;

H,; ocCekavana heterozygotnost v populaci s nahodnym oplozenim 2p,q,
DPos 4y - prumérna alelova cetnost subpopulaci

Koeficient inbridingu vyjadreny jako redukce heterozygotnosti

Redukce H jedince podminéna nenahodnym oplozenim v dané subpopulaci
Fis = (Hg—H;)/Hg

Redukce H subpopulace jedince podminéna podrozdélenim populace (driftem)
Fgr = (H—Hg) /Hy

Redukce H jedince relativné k celé populaci
Fir = (Hp—H;) /Hy




Priklad na vypocet F — fixacniho indexu

O @ G .

Subpopulace 1 az 40: p =1 p=0,49 p=0,83 p=091

Pozorovana heterozygotnost subpopul. 1 az 40: H=0 H=0,17 H=0,06 H=0,06

Vypoctéte prumérnou pozorovanou heterozygotnost jedincu H;

H,=[(40) (0) + 0,17 + 0,06 + 0,06 ] / 43 = 0,0067

Vypoctéte prumérnou ocekavanou heterozygotnost v subpopulacich Hg
H¢=[(40) (0) + 2 (0,49) (0,51) + 2 (0,83) (0,17) +2 (0,91) (0,09) ] / 43 = 0,022
Vypoctéte prumérnou ocekavanou heterozygotnost v populaci H;

Primérna alelova &etnost: p = [(40)(1) + 0,49 + 0,83 + 0,91] / 43 = 0,9821

H, = 2 (0,9821) (0,0179) = 0,0352



Priklad na vypocet F — fixa¢niho indexu (koeficientu inbridingu)

H,=0,0067 Hg=0,022 H,=0,0352

Fs = (Hg— H,) / Hg = (0,022 — 0,0067) / 0,022 = 0,70

Koeficient inbridingu zpisobeny nenahodnym oplozenim v subpopulacich

Fy; = (H— Hy) / H, = (0,0352 — 0,022) / 0,0352 = 0,38

Koeficient inbridingu zpusobeny rozdélenim na subpopulace, tj. driftem

F,; = (H;— H,) /H, = (0,0352 — 0,0067) / 0,0352 = 0,81

Koeficient inbridingu zpusobeny kombinovanym vlivem nenahodného
oplozeni a driftem




Celkova heterozygotnost (H), prumérna heterozygotnost subpopulaci (Hy)
a fixacni index (Fy;) u ruznych organismu

Organismus pocet pocet H, Hg For
populaci lokusu

Clovék (hlavni rasy) 3 35 0,130 0,121 0,069
Clovék

(vesnice indianu Yonomama) 37 15 0,039 0,036 0,077
Mus musculus 4 40 0,097 0,086 0,113
Dipodomys ordii 9 18 0,037 0,012 0,676
Drosophila equinoxialis 5 27 0,201 0,179 0,109

Lycopodium lucidulum 4 13 0,071 0,051 0,282




Zvyseni fixa¢niho indexu driftem

generace t-1

generace t

F, =1/2N +(1-12N) F,,
1-F, =1-12N-(1-12N) F,
1-F, =(1-12N)(1-F,,)

Reseni:
1-F, =(1-12N)t(1 -F,)

Kdyz F,=0

F, = 1-(1-12N)t

N N\ /
Pravdépodobnost  1/2N 1-1/2N
Koef. inbridingu 1 F 4

Celkovy F, = 1/2N + (1-12N) F




Priklad na vypocet F,

F, = 1-(-1/2N)!

Zadani: z velké populace mySi se oddélilo 20 jedincii, které se dale mnozily
ve stejném poctu po dobu 30 generaci

t=30, N =20, F, = 0 (nahodné¢ oplozeni: F;; = F¢)

ResSeni:

F, = 1—(1 - 1/40)%

F, = 0,532



Efektivni velikost populace N,

Proménliva pocetnost populace z generace na generaci:
Harmonicky primér 1/N_ = (1/t) (1/N; + 1/N, + ... + 1/N))

Priklad: N, =1000 N,=10 N,=1000
Reseni: 1/N, = (1/3) (1/1 000 + 1/10 + 1/1 000) = 0,034
N, = 1/0,034 = 29,4

Priumérny skutecCny pocet jedincu na generaci =2 010 : 3 =670




Efektivni velikost populace N,

Nestejny pocet jedincu u dvou pohlavi:
Samci N_, samice N, aktualni pocetnost populace N, =N_ + N,

N,=4N_. N,/N,
Priklad: pocet samcu = 1/10 poctu samic, tj. N_ = 0,1 N;
Reseni: aktualni po¢et N, =0,1 N, + N, =1,1 N,

efektivni pocet N, =(4.0,1 N; . N;) /1,1 N;
=(0,4N; .N;) /1,1 N;
=N;(0,4/1,1)
=0,36 N;
=0,36 (N,/1,1)
= (0,36 /1,1) N,
=0,33 N,

tzn. N, je pouze 1/3 N,




Efekt zakladatele v laboratornich populacich D. melanogaster
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Spontanni rychlost vzniku genovych mutaci u riznych organismu

Organismus Gen Mutacni rychlost
na generaci

Bakteriofag rozmezi hostitele 2,5x 107
Escherichia coli ~ fagova rezistence 2,0x 108
Zea mays R (Cervené zbarveni semen) 2,9 x 10

Y (zluté zbarveni semen) 2,0x 10

D. melanogaster  letalita 2,6 x 10




Odhady porodni frekvence, mutac¢ni rychlosti a
adaptivni hodnoty u nékterych autozomalné
dominantnich chorob ¢lovéka

Onemocnéni porodni mutacni adaptivni
frekvence rychlost hodnota
na 10° gamet

neurofibromatoza 1/30 000 100 0.4
Marfaniv syndrom 1/66 000 5 0.4
achondroplazie 1/26 000 14 0,2
Huntingtonova ch. 1/18 000 S 0,8

myositis ossificans 1/500 000 1 0,01



Zmény alelovych Cetnosti vlivem mutace (1)

P1=DPo— MWpy=py (1- 1)
pP,=pr—w,;=p; (1- 1

A——> a

Do

L

=py1-pwWA-p=p,dA- p)?

p,=py (1 - p)t

99 p;=py e

Ap,=p—p.=py 1- W-p, (A - p)tt=
=p, - WiA-p-p,A- W=
=p,1- W-'A- p-1)
=py - W p) =
=Pp; (- W=
— = WP




Rychlost zmény Cetnosti alely 4 (p) mutacemi
pri rychlosti vzniku mutaci m=1,0 x 10~

)
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Zmény alelovych Cetnosti vlivem mutace (u) priklady

Pi=Dpe™
Pr.: p=10-, t=10.000, p,=1, pakp, = 0,904

t=logp,/log p,(1-p)

Pi.: p=105 p,=1  p,=0,99 pakt=1.000 Ap=0,01
Py=0,5 p,=049 t=2.000 Ap=0,01
Py=0,10 p,=0,09 t=10.000 Ap=0,01



Zmény alelovych cetnosti vlivem obousmérnych mutaci (p, v)

u P1=Dyg— WPy T VY,

A . __a p=(vip+v)+@y—v/p+v)(l-—p-v)
v

Do o

Ap; =p;—DPy =Pg— WPyt Vqy) —Py =Vqy — 1Py

Rovnovaha: Ap =0
Hp =vq
w=v({d-p)

p=v/n+v rovnovazna Cetnost alely 4




Zmény alelovych ¢etnosti pri primych a zpétnych mutacich
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Migrace — jednosmérny tok genu

A=P
recipientni donorova p;=p,(1-m)+Pm=
=po—m (p,—P)
Ap=p;-py=

=po—m (p,—P)-p,=
=-—m (p,— P)



Migrace — jednosmérny tok genu

Rychlost zmén alelové Cetnosti

Pi= py—m(p,—P)
pi—P=p,—m(p,-P)-P= p,=(1-m)t(p~P)+P
=p,—-mp,tm P —P=
=py(1-m) — P (1-m) = (1-m)t= (p,— P) /(p,~P)
={-m) (p,~P)

p;—P=(0-m)*(p,~P)
p,—P=(0-m)'(p,~P)




Migrace — obousmérny tok genu

m=v,

p,=A-m)'(p-p)+p
=038 p=0,2

i Y p=(px+py /2
m=0,1

Co se stane po 10 generacich migrace? B
Populace X: p,=08 t=10 m=01 p=(0,8+0,2)/2=0,5
p,=00-010)1(0,8-0,5)+0,5=0,605

PopulaceY: p,=0,2 t=10 m=0,1 p=(0,8+0,2)/2=0,5
P10 = (1 - 0910)10( 092 _ 095 ) + 0,5 = 0,395



Zmény alelovych Cetnosti v péti populacich, mezi nimiz dochazi k migraci
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Preruseni izolace — Wahlunduv princip

& L 00
05 e,
@
@O 05 S
= 0,16

£=0,16+0)/2=008 aa=0
\‘ gg

Fuze a nahodné oplozeni: alelova ¢etnost ¢ = (0,162 + 012) /2 =0,4/2=0,2
Cetnost homozygotii g2 = 0,22 = 0,04



Selekce proti gametam

Gamety Al A2 celkem
Puvodni Cetnost Py q, 1
Adaptivni hodnota (w) 1 1-—s
Cetnost po jedné
generaci selekce Py q,(1—59) Potq,(1 —8)=
=Pt qy — 49 s=1-5¢q,
Relativni ¢etnost P q,(1—5)
1
1-s g, 1-s g,

Dukaz, ze soucet relativnich Cetnosti je roven jedne:
Py 1-s q4) + gy —9)/ 1-s q,] = (Pt gy -8 q,) / (A-s qy) =(A-s q,) / (1-5¢,) =1



Selekce proti zygotam — vypocet adaptivni hodnoty w

genotyp celkem
AIAI AIA2 A2A2
Pocet zygot v 1. generaci 40 50 10 100
Pocet zygot v 2. generaci 80 90 10 180
Prumérny pocet potomku
na jedince ve 2. generaci 80/40=2 90/50=1,8 10/10=1
Adaptivni hodnota 2/2=1 1,8/2=0,9 1/2=0,5
Jiny priklad:
Pocet zygot v 1. generaci 40 50 10 100
Pocet zygot v 2. generaci 40 45 5 90
Adaptivni hodnota 1 0,9 0,5




Adaptivni hodnota = vitalita x fertilita (w=v.f)

Komponenty adaptivni Genotyp

hodnoty AIAI AIA2 A2A42
Zivotnost 1 0,9 0,5
Plodnost 1 1 1
Celkova adaptivni hodnota 1 0,9 0,5
Zivotnost 1 1 1
Plodnost 1 0,9 0,5

Celkova adaptivni hodnota 1 0,9 0,5




Biston betularia




Selekce proti recesivni alele, tj. proti recesivnim homozygotium

Genotyp AA Aa aa Celkem Cetnost alely a
PocatecCni Cetnosti
genotypi P’ 2pq 9’ 1 q
Adaptivni hodnota 1 1 1-s
Prispévek do gen.
fondu nasledujici
generace p? 2pq q° (1-s) (1-s4?)
Relativni ¢etnosti  p? 2pq q° (1-s) q -sq* **
1= 9~
(I-s¢)  (I1-s¢>)  (1-s4°) 1-s4?

“(p*+2pqt ¢ - q%) [ (A-sq°) = (1-sq?) / (1-s¢*) = 1
** g, =g’ (A-s) / (1-sq®)] +|pq / (A1-sq*)| = (pq + ¢° - sq*) / (1-s¢*) =
=[q (ptq) - sq*1 / (1-sq*) = (q - sq*) / (1-sq?)



Zmény alelovych a genotypovych Cetnosti

pri pusobeni vybéru (s=1,0) proti recesivni alele,

pri pocatecnich alelovych cetnostech p=¢=0,5

Generace

A UN A WIN=O

10
20
40
70
100

4

0,50
0,67
0,75
0,80
0,83
0,86
0,88
0,91
0,95
0,98
0,99
0,99

q

0,50
0,33
0,25
0,20
0,17
0,14
0,12
0,09
0,05
0,02
0,01
0,01

2
p

0,25
0,44
0,56
0,64
0,69
0,73
0,77
0,84
0,91
0,95
0,98
0.98

0,25
0,12
0,06
0,04
0,03
0,02
0,01
0,01

<0,01

<0,01
<0,01
<0,01



Zmény v Cetnosti alely pri ruzném koeficientu vybéru (s)
a ruznych pocatec¢nich alelovych cetnostech (q)
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Selekce proti recesivnim homozygotum —
zména Cetnosti alely po jedné generaci selekce

Aq=q;,—q=1(q-s9)/(A-sq*)] — q = |q — sq*— g (1-sq?)] / (1-s¢?)

= [q —sq°— q + sq°)] | (1-sq®) = [sq* (1- q)] / (1-sq°) = - spq® | 1-sq°

Pr. s=0,2
q: 0,99 0,50 0,01
A gq: -0,00244 -0,0263 -0,0000198




Selekce proti recesivnim homozygotum —

pocCet generaci potirebny Kk urcité zméné alelové Cetnosti ¢

Pr.:

q

0,9999
0,9990
0,9900
0,5000
0,0200
0,0100
0,0010

s =0,1

q;

0,9990
0,9900
0,5000
0,0200
0,0100
0,0010
0,0001

pocet generacit ¢- g,

230

232

559

S 198

S 070
90 231
900 230

0,0009
0,0090
0,4900
0,4800
0,0100
0,0090
0,0009




Selekce proti obéma homozygotiim (superdominance)

Genotyp AA Aa aa Celkem Cetnost alely a
PocateCni Cetnosti

genotypi P’ 2pq 9’ 1 q
Adaptivni hodnota 1-s 1 1-t

Prispévek do gen.
fondu nasledujici
generace p? (1-s) 2pq q’ (1-t) 1-sp>-tq?

Relativni Cetnosti  p? (1-8) 2pq g (1-t) 1

1-sp?-tq> 1-sp>-tq> 1-sp>*-tq?

Rovnovaha:sp=tg
Rovnovazné hodnoty: p =t/ (s+t), ¢g=s/(s+t)




Zmény Cetnosti alely (Ag) pri riznych hodnotach ¢ a selek¢nim znevyhodnéni
obou homozygotu (s=0,15 , t=0,35)

Aq_ .
0,02

; |
ta
0 i ‘ ., il
L™ .'

PR ST 1
0,02
0,04 ‘ =

-0,06'* _ 2 :
0 015 0,30 0,50 1,0 ¢




Srpkovita anémie - normalni a srpkovité krvinky




Obecny model selekce

Generace t-1 Genotyp Celkem
AA Aa aa
Cetnost pied selekci p? 2pq q° pPt2pg+q¢’=1
Adaptivni hodnota W44 W4, W,
Cetnost po selekci PPw,, 2pqwW,, ¢wW,, W=p’W, 2pqw,tq’w,,
Relativni ¢etnosti P’wW, 2pqw,, q°w,,
w w W

Alelové &etnosti v generacit: p,=(p*w,, +pqw,)/w =p[pw,, +qw, )] /W

4,=(FW,, *PgW) I W =qqW,, +p W)/ W



Adaptivni hodnoty alel

WA =P W T qWy, Pi=D (W_A / W)

Wa = 4q Waa+p WAa




Rychlost zmén alelové Cetnosti

Ap=p,—P=@PW4/ W) -p=@PW—pW) /W=p (W, —W) /W

Obecna rovnice pro zménu alelové Cetnosti podminénou vybérem:

Ap=1Ipqg(W—w,)1/w



Uplna selekce proti recesivnimu homozygotu —
pocCet generaci potirebny Kk urcité zméné alelové Cetnosti

Genotypy: AA Aa  aa
Adaptivni hodnoty: 1 1 0

@ =pwWytqw,=p1)+qd)=1
w,=pwy,tqw,=p@1)+tq0)=p

W =p2 WAA+ zpq Waa T qZ Waa =P v_VA T q v_Va 4 (1) T q (p) =p(1+q)
g, =q(w,/wW)y=qIp/p(A+q)l =¢q/1+q
q, =q/1+tgq

t=(q-9)/q9q9,=1/q,—1/q



Spoluptusobeni mutace a selekce

Rovnovaha:
Ag (pri mutaci) = Ag (pri selekci)
AA Aa aa
. Bez dominance: w= 1 1-s/2  1-s q=2u/s
. Dominance: 1 1 1-s g = (u/s)?
. Dominance: 1-s 1-s 1 q(1-q) = v/s
. Superdominance: 1-s 1 1-t




Spoluptuisobeni mutace a selekce proti recesivnim homozygotim

Priklad: p = 10"
s = 0,01 0,1 0,5

rovnovazné ¢ 0,03 0,01 0,0045

rovnovazné g’ 0,0009 0,0001 2.10°




	pt = (1-m)t ( p0– p ) + p

