calculation
Calculation about mendel gene inherit

1. Calculating genotype frequency

Number with genotype CC: 102

Number with genotype CT: 56

Number with genotype TT: 9

These genotype numbers are converted into genotype frequencies simply by dividing the
observed number of each genotype by the total sample size; that is:

2. Gene pool

defined by SNP

Number with genotype CC: 102
Number with genotype CT: 56
Number with genotype TT: 9

3. Gamete
Another definition of gene pool
e CT T
Deme
0.61 1 0.335 0.0.54
Meiosis 1 U7} 7] 1
Gene & I
0.222=":(0.335)
Pool 0.778=1(0.661) + 12(0.335) +1(0.054)
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4. meiotic transition probabilities

FRIgEMNE—TZEENME, HERENAaAa, EEEELT, T MIETBRD ™%
POMECFRERBRERSFN. A, WRMMIKRZEEFEENATE (B, w7
URZBEREARRNTE0%) , BARXTMEFEAANaalc FRIBRERM =S T 7 EAa

aAFCF RV,
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tAaAa—AA=0.3
tAaAa—aa=0.3
tAaAa—Aa=0.2
tAaAa—aA=0.2

5. Genotype frequencies

can predict genotype frequency from allele frequency
6. Application of HWE (¥ E iz RAY B
AR disease(allele recessive)

When the disease-causing allele frequency q approaches 0, and the normal allele
frequency p approaches 1
carrier frequency 4% F 2q

AD disease(allele recessive)

Q2: The frequency of individuals affected with osteogenesis imperfect (an AD disease)
is 1in 10000 in Denmark. Calculate the disease-causing allele frequency.



Testing whether the condition fits HWE

Q3: Genotype frequencies of MN blood group are based on a sample of 1066 Chukchi
individuals, a native people of eastern Siberia (Roychoudhury and Nei 1988). Test
whether this population is under the null hypotheses of HWE.

Genotype Observed

MM 165
MN 562
NN 339

7. Heterozygous advantage
BE*0relative fitness, BB KA FERIITRAVECF IR

Genotype Relative fithess

AR/AR 0.65
ST/ST 0.50
AR/ST 1.00

8. Mutation balance

AMREZEITERTFEENIER THmutation rate

Q5: Duchenne muscular dystrophy: an X-linked recessive trait. Lethal in hemizygous
males and recessive homozygous females. At equilibrium for a population, what is the
rate of new mutations that alter the disease-causing allele?

Mutation-selection Balance

At equilibrium, the frequency of a mutant allele in a population is a balance of the
intensity of natural selection against the allele

the rate of elimination of deleterious alleles by natural selection (s)
the rate at which new mutant alleles are generated ().

MBREXHENEG TIAR T RTFE, IBAERMRZRET (ZAUE2uBETFER
HERMUNEE KallelesT1, EnFBphenotype i, FRlA2uX R ZRTRNIEHZ
AIMEK)

2pu = 2sq>

2p = 2sp

Recombination frequency

recombination frequency (or fraction) is 6



From 01to 0.5
0: no recombination at all, the distance is too close

0.5: distance high
Linkage disequilibrium

is the non-random association of alleles at closely linked loci in a given population. F™
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MR T EERTEMILEE, A
P(A) x P(B)! = P(AB)
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calculation about multifactorial inheritance

Simple additive polygenic model
BTEREHANSMIERN, mEHamE

(A) one locus (B) two loci
Aa
AAbb
AaBb
2 2 aabB
5 5
g 3 Aabb AABb
g a3 M 3 aaBb AaBB
aabb AABB
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(C) three loci (D) many loci
AABbce
AAbbCe

AAbbec AaBBcc aaBBCC
AaBbcc aaBBCc AAbbCC
AabbCc AabbCC AABBcc
aaBBcc aaBbCC AaBbCC
aaBbCc AaBbCc AaBBCc

Aabbce aabbCC AABbCc AABBCe
aaBbcc AABbCC
aabbcC AaBBCC
aabbce AABBCC _

70 80 90 100 110 120 130 70 80 90 100 110 120 130

frequency
frequency

Liability threshold model

Follows the principle of simple additive polygenic model
But qualitative, set a threshold

Lower than the threshold, nothing happens

Higher than the threshold, disease



Threshold

Affected

Number of individuals

Liability

Risk ratio

the frequency of the trait in relatives

"~ the frequency of the general population

Variance in a phenotype

Va = additive genetic variance
b Loeserd ol Vp = deviation due to dominance and epistasis
L= \,.,r_T : E l_\-" Vg = environmental variance
Measurement Vi = miteraction varmnce

+Covee + Vi V¢ =VatVp

Covgg = covariance of genetics and environment
Heritability
A — T EENMERNZEEHREZDAINARTERNZES (EREfactorfItE)
2 _
h* =Vg/V,

V_GRRERA, V_p2X1TXRE S variance
After Twin studies

the disease concordance can be used as the importance of genetic factor(5tt)

h?* =2 x (Cuz — Cpz)



Concordance Rate

Trait or Disease MZ twins DZ twins Heritability
Alcoholism 0.6 0.3 0.6

Autism 0.92 0.2 >1

Cleft lip/palate 0.38 0.08 0.6

Diabetes, type 1 0.35-0.5 0.05-0.1 0.6-0.8
Diabetes, type 2 0.7-0.9 0.25-0.4 0.9-1.0
Measles 0.95 0.87 0.16
Schizophrenia 0.47 0.12 0.7

Odds ratio
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odds ratio
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if odds ratio > 1: the genetic can improve the disease(positive relation)
If odds ratio < 1: the genetic can protect the disease(protective)



