Lecture 2. Genetic variation. Allele and genotype frequencies. Random
mating and Hardy-Weinberg equilibrium.

1.1 Genetic variation

Two measures of genetic variation

Polymorphism — proportion of polymorphic genes
with most common allele frequency p << (.95

Heterozygosity — proportion of heterozygous genes

in an average individual

Ex 1: numerical example

Next table gives an example of a sample of
four individuals with Pm = 0.3, and H = (0.1

Assignment

1) explain the meaning of the ratio [’:—f“
2) using the same format suggest two other samples

with Pm — 01, H —01land Pm — 10 . H — 0

Genes [ 1% 2 3% 4 5 6 7 & 9 10¢ Hind
Ind. 1)+ + 4+ + 4+ + + + + +
+ + 4+ + + | m
Ind 2| + + + + + + + + -+
d b b ko ok ok |01
Tud. 3 + + 4+ 4+ 4+ 4+ + + +
+ + o+ o+ 0.2
Ind. 4| + + 4+ o+ b
b R 0
H 05 0 025 0 0 0 0 0 0 025|H =01

Ex 2: allozyme polymorphisms
Fig 2.9, p. 55 14 to 71 genes (mostly == 20) in 243 species
overall # + s Pm — 026 + 0.15, H — 0.07 + .05
Drogophila species - most polymorphic group
mammals - least variable
cheetah almost monomorphic

v o(x — x)°

I § n—1 =1

Ex 3: nuclear DNA polymorphisms
Aleohaol dehydrogenase (Adh) in Donelanogaster
Fig 2.10, p. 58 93 out of 113 alleles
Only two 2 allozymes due to a single
nongynonimous mutation at amino acid number 193
slow allozyme Adh-5. AAG — Lysine,
fast allozvme Adh-F: ACG — Threonine

fast allele is more active and expressed



1.2 Allele and genotype frequencies

one locug two allele model of a diploid population
Diploid population size N

senotype counts Naa+ Nag + Naw = N
Haploid population size 2V

allele counts (2N 44 + N )+ (2N + Nag) — 2N

Genotyvpe frequencies
Nag No N
il [ENE]

D+H+R 1

Allele frequencies
9 z.x',z,;.x', D Z—f g z.x'ﬂz}.x', o %
p+g =1

D—p +pgF R~ +pgF. H = 2pg(l — F)
inbreeding coefficient ' — 1 — 5=

Sample fregquencies
Sample counts in a random sample of i individuals
multinomial model: (144, 140, 10a) € Mn(n: D, H, 1)
(_3e130t~__.-' pe frealueucin:—ﬁ augd estimated standard errors
D =a g e o I

n_ : notT __n P
< (=0 o [ H{1-H) . [T =)
s 1IIII n—1 *°H 1IIII n—1 "0 1IIII fi— 1
Allele frequencies
. Ingatng, = LI T
P dn ! dn :
1'\-\'.".[ LP‘_.I 2IL|'-1+I_-'I: ':"‘;,l 'ﬁl'_l' I'l'IIJ“-l"l + .I___ul: I_ l u,l.h'j'

Ex 5: CCR5 gene

Human chemokine receptor gene
two alleles: A — no deletion, a — A32 deletion
genotype aa is resistant to HIV-1

Paris sample: n — 294, electrophoresis results

Band A {long)
Band a (short)
Sample counts | 61 [224 ] 6
Genalype Aa [ AA |

D2 076 H 022 R 0.02
sp = 0,025, s = 0.024, 555 = 0.008
p— 087, ¢~ 013, F =003, s; — 5, — 0.014
Basques sample: n — 111, g = 0.018, 5; — 0.009

population founded 18000 vears ago by a few imm.



1.3 Random mating and HWE
Dynamics of population frequencies over generations:
(D, Hy, Rn:ﬁ' — (D, Hy, R::ﬁ' —+ (D, Hs, R_ B
Hardy-Weinberg principle
for given py whatever are ( Dy, Hy, Ry) we get
Dy = py, Hy = 2pogo, By =g, v = po, ¢i = qo

offspring inherit genes, not genotypes

H-W Equilibrium: D — p*. H — 2pq. R — ¢

Hardy-Weinberg assumptions
1. diploid organisms
2. non-overlapping generations
3. effectively infinite population size N = oo
4. random mating — panmixia
3. equal allele frequencies in the sexes
fi. no mutation, 7. no selection, & no migration

Chi-square test of HWE
Test Hy: HWE using statistic X~

f \2
{ohs—oxp)

-
Lells =

Asvmptotic null distribution X~ € ‘('fl.lr
df — number of phenotypes — number of alleles
when df —1 use normal distribution table

Ex 6: RFLP
Expected (under HWE) genotype frequences
Dy — p* = 0375, Hy — 2pg — 0.475, Ry — ¢° — 0.150
Cells AN A A Tt al
Observed counts | 28 130 32 i = 250
Expected counts | 93.6 | 118.7 | 37.6 | w = 230
(obs — exp)®/exp [0.335 [ 1.076 [ 0.834 [ X7 = 225

P-value of the test: since df — 3 -2 — 1
P(X* =z 2.25) = P(|vVX?| = 1.5)
~ 2(1 — @i(1.5)) = 0.134, accept H,




Chi-square test and inbreeding coefficient: X* — n -

Ex 5: CCRS5 gene

Paris sample
X% =294 - (0.03)* = 0.26, df — 1, accept HWE

Estimation under HWE

Ningle gene recessive disease:
two phenotypes and two alleles, df — 2 — 2 — ()

cannot test HWE from phenotypes

. . . - . 11 I
Assuming HWE use estimate g V'R with 85 =\ —/——

Ex T: eystic fibrosis
CFTR gene, two alleles: normal A. mutant «
aa causes a severe condition, Caucasian I ST
Assuming HWE for Caucasians
g—R—002and H —2.0.02-0.98 — &

n

Carriers to affected ratio & — £ ~ 2

T’r'opé_‘l;;éltiuu of error ll_lﬂthﬂd _
f(R) = f(R)+ f(R)(R— R)+ Lf"(R)(R— R)®
E(f(R)) = fiR)+ Lf"(R) Var(R)

If f(x) = \/z. then E(§) = E(VR) = vR — LR-328LA

Var(g) = E(R) — (E(§))? = L2
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