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Parental genotype RRYY

Gamets RY

F1 generation RrYy

v
Haploid gametes

RRYY RRYY RRYY

RrYy rrYY rrYy

1900 20
Sir Archibald Garrod allele

genetic linkage



Hardy-Weinberg Equilibrium

20 1
Hardy  Weinberg 2
genotype mating
Hardy-Weinberg theory allele A a P q
ptq=1 ,genotype AA, Aa, aa p% 2pq, g
penetrance
400 1
q = 1/400 = 1/20
2pq = 2 (19/20)(1/20) = 0.095 9.5%
B allele frequency (q) = 1/100
p= 1-1/100=99/100
q2 + 2pq = (1/100)2 + 2(99/100)(1/100) = 0.0199
1000 20
(penetrance)
1000 16 allele p 0.99

P=0.99, thenq=0.01

Penetrance x (g2 + 2pg) = 0.016

g2+ 2pq = 0.0199

therefore, penetrance = 0.804
80.4
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locus pl6 locus

9p21 100
2 allele
allele 1 polymorphic
polymorphism heterogeneity
H=1.0- >pi?
P: allele
2 1,2 2 allele genotype
11, 12,22 3
2 allele genotype
genotype 11 12 22 total
35 330 635 1,000

1. 1,000 (2,000 chromosome) allele 1

2. Hardy-Weinberg equilibrium genotype count
3. Homozygotes (genotype 12) genotype 22
(@D genotype
2 allele 1
) genotype Hardy-Weinberg
equilibrium
4. genotype Allele 1 homozygous
7 6 20
(1) 20 genotype 20
@

1.(35 + 35 + 330)72000 = 0.2

2. p=0.2, g=0.8
p? = 0.04, 2pg = 0.2 x 0.8 = 0.32, ¢g®> = 0.64

genotype 11 12 22 total
40 320 640 1,000

3.

€D)

genotype 11 12 22 total
35 165 800 1,000
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(2)(35 + 35 + 165)/1,000 = 0.1175
(3) (Observed — Expected)?/Expected >> y?

H W
4 (L
genotype 11 12 22 total
20 5 330 635 970
@ 20
1953 (DNA)
3 Tjio & Levan 46
DNA Nucleosome fiber %
solenodd

Interphase nucleus
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Exon Intron Exon Intron

DNA

Transcription

Primary mRNA

Processing
Mature mRNA cap AAAAAA
Nucleus
Cytoplasm
Translation
Protein
Exonl exon2 exon3 exon4 exon5
250bp 84bp 22.8kb 56bp 10.6kb  157bp 2019bp
Exon: coding region;
Intron: non-coding region; exon mMRNA
variation
Promoter:
Polymorphism
polymorphism
Exon promoter
polymorphism
polymorphism 546
A546H
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Single Nucleotide Polymorphism (SNP;

)

1kb 300 SNPs
SNPs

SNP

2 allele 2

Sequence AAGGCGTACT  AAGGGGTACT
Allele 1 2
Frequency 0.7 0.3

Heterogeneity: Het = 1 - 5 (0.6° + 0.4%) =0.48

Variable Number of Tandem Repeats (VNTRs) or Microsatellites

Intron (10°bp )
allele 1: ... .TACTGGTCCAATACACACACAGGTCCCCGTAA....... . (AOY4
allele 2: ... .TACTGGTCCAATACACACACACAGGTCCCCGTAA........ . (AO)5
allele 3: ... .TACTGGTCCAATACACACACACACAGGTCCCCGTAA........ . (AC)6
allele 4: ... .TACTGGTCCAATACACACACACACACAGGTCCCCGTAA........ . (AD)7
allele

linkage analysis

tri-nucleotide repeats
Huntington

Genetic marker DNA

1. Systematic genome screen

2. Linkage analysis in families
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3. Linkage disequibulium
a. Population bases association analysis
b. Family based association analysis

heterozygosity  0.75

Microsatellite SNPs
Microsatellite 1 heterogeneity 0.7
SNPs 2
heterogeneity 0.7 Microsatellite

14




allele
>
Al B
Al B1 n— X _
ﬁg Eg A2 Bzx Al B2 Al x

100 cM

Al

A2

A2

B1

B1

B2

25% 25% 25% 25% 95% 5%
100 100cMorgen,
5cMorgen 1 1 305cM
22 81cM
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(A, B, C, D)

: 0.2086
: 0.1296
: 0.0906
: 0.1067
: 0.1967

(a) Haldane map function

TCOOwW>
[
W>X>OOw

(b)
(c)A D

A-B, B-C, C-D, C-A, D-B

map distance

Haldane map function: X

XA — B = - 1/2In(1l — 0.2086) = 0.27M =
xB — C = - 1/2In(1l — 0.1296) = 0.15M =
XxC — D = - 1/2In(1 — 0.0906) = 0.10M =
xC — A= - 1/2In(1 — 0.1067) = 0.12M =
xD — B = - 1/2In(1l — 0.1967) = 0.25M =

XB-C + xC-D = 15cM + 10cM = 25cM = xD-B

B, C, D B-C-D D-C-B
XC-A < XA-B XB-C < XA-B
B-C-D-A
A-D-C-B XC-A xA-D xC-D
XA-D = XC-A — xC-D = 12cM — 10cM = 2cM

- 1/2In(1 - d), d < 0.5

27¢cM
15cM
10cM
12cM
25cM

A-D-C-B
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10 1

15 2
15
2
As=Ks/K
K: S
Ks: S cf. Kg:
As =1,
As>1 As>1
A S A
S AS
AS
Cystic fibrosis Recessive 0.25/0.0004 500
Huntington disease Dominant 0.5 /7 0.0001 = 5,000
Mulltiple sclerosis Complex 20 - 30
Osteo-arthritis Complex 4 - 6
Alzheimer disease Complex 4 -5
Type 1 diabetes Complex 15
AS
M 2 allele share
2 AS 0, 1, or 2 allele share
ro Exactly 1 allele share
2 Ao Possible 1 allele share
3 A3 Possible 1 allele share
AMSAS> AL > Ao > s
30 2
2 4
AM = AS

17



rAs = 3.0

S 30
1. S prevalence
2. S
3. 200 S
AS 2.0 200
1

As=3.0,Ks=0.3 K=0.1 10%

2.

)
AS 1.0 AS

AS 3.0

3.0

200

3.0

AS

OO w>

Non-penetrant
Genetic heterogeneity

- Phenocopy

Variable expressivity

>

Non-penetrant:

non-penetrant

. Genetic heterogeneity:

. Phenocopy:
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D. Variable expressivity:

fibrillin
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Sp—

1:1

Linkage analysis

)ﬁ_

1:1

— 4

1:2

polymorphic marker

1l

11:7

1 |
(. —e - ]
1i:1 1i:2 1i:3 11:4
1
(| ]
v:1 v:2
11:7 2/3 7/9 6/6 8/15 4/8 1/4  8/14
11:8 2/3 6/7 2/3 7/11 3/9 13/13 7/13
111:1 2/6 7/7 3/6 7/9  5/10 4/6  5/9
111:2 2/3 7/7 4/6 10/15 8/10 1/4  4/8
111:4 3/3 7/7 2/6 11/15 3/8 1/13 7/8
111:5 2/3 6/7 3/6 7/15 8/9 1/13 8/13
111:6 3/3 7/7 2/6 11/15 3/8 1/13 7/8
111:7 3/3 7/7 2/6 11/15 3/8 1/13 7/8
111:8 2/2 6/9 3/6 7/8  4/9 4/13 13/14
IVv:2 3/6 7/7 3/6 7/15 5/8 1/6  5/8
haplotype
1:1,
haplotype

1:2

11:5

11:6

-7

1:8
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I
1:

11:3
11:4
Ii:
Ii:
Ii:
Ii:
1i:
1i:
1i:
1i:
1v:2

1

o N

O~NO O WNE

8 4 4 14

15 8 1 8

7 6 13 6

158 1 8

8 4 4 14 Father

11 3 13 7

7565

10 10 4 4 Father

76 13 6

15 8 1 8 Father

) 76 15 8 1 8 Father
6 15 8 1 8 Father

6 15 8 1 8 Father
6 8
3

ODOWPrArONOIOOOWOO

(

4 4 14 Father
R 7 5 6 5 Father

NONNWNWNNNO©NWN©

2
3
2
3
2
3
2
2
2
3
2
3
3
2
6

WNWWWWWWONWXN XX

~
NONSNNNSNNNONXN X X

NOOWWO X b XX

X 10 6 O

X X X X

10 10 4 4

X 10 6 9

15 8 1 8 Mother
7 9 13 13
910 4 9

15 8 1 8 Mother
15 R 10 6 9
13 13 7 Mother

) 6 37 9 13 13 Mother

ODWNN

11 3 13 7 Mother
11 3 13 7 Mother
7 9 13 13 Mother
15 8 1 8 Mother

3 7 6 15 haplatype

_>

Linkage
Mas Lod >= 3.0

Maximum Lod Score

linkage
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2 SNPs

Polymorphism A

Controls Cases
Genotype 1/1 42 79
Genotype 1/2 89 109
Genotype 2/2 54 22
Total 185 210
Polymorphism B

Controls Cases
Genotype 1/1 10 25
Genotype 1/2 66 78
Genotype 2/2 109 107
Total 185 210

1. case control allele

2. polymorphism

3.

1

Polymorphism A

allele cases control

1 267 173

2 153 197

total 420 370

2 exposure

Case-control study, Odds ratio

3
. cci 267 153 173 197
Proportion
| Exposed Unexposed | Total Exposed
_________________ g S S
Cases | 267 153 | 420 0.6357
Controls | 173 197 | 370 0.4676
_________________ g S
Total | 440 350 | 790 0.5570

I
| Point estimate | [95% Conf. Interval]
|- T

Odds ratio | 1.987193 | 1.494835 2.641722 (Cornfield)
Attr. frac. ex. | -4967775 | -3310298 .6214591 (Cornfield)
Attr. frac. pop | -3158086 |

e
chi2(1) = 22.54 Pr>chi2 = 0.0000

Polymorphism B

22




allele cases control

1 126 86
2 294 284
total 420 370
. cci 126 294 86 284
Proportion
| Exposed Unexposed | Total Exposed
_________________ ey S
Cases | 126 294 | 420 0.3000
Controls | 86 284 | 370 0.2324
_________________ e e
Total | 212 578 | 790 0.2684
I I
| Point estimate | [95% Conf. Interval]
|--—————— R
Odds ratio | 1.415282 | 1.02934 1.945867 (Cornfield)
Attr. frac. ex. | .2934272 | -0285033 .4860902 (Cornfield)
Attr. frac. pop | .0880282 |
e
chi2(1) = 4_.57 Pr>chi2 = 0.0325

Polymorphism A° OR 1.987 Polymorphism B OR 1.415
2



	Single Nucleotide Polymorphism (SNP; アメリカでは‘スニップ’と発音する)
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