.

Heritability in humans: MZ twins
= 2

: Iy At 1
Mean each pair = z;

Each individual = z;

0,2 - 0,2
Total mean sq =X 2(z;-2)* = o2 M= bizw
= Oy
T
Within pairs mean sq = X 2(z;-z)* =¢,2
N
Between pairs mean sq =2 X(z; - z?  =gy?
N-1

NO progeny as extreme as diploid hybrid

Growth (log c.f.u. mi-

ezmS288c ) caYJM145 (i) wmRyk

Three mutant genes

From pathogenic strain

From pathogenic strain From pathogenic strain

3
:, /;

4"MKT1 END3 ROH2

Alleles from the
same strain at
different genes/loci
can have different
effects.

Growth (log c.fu. mi) o

COYFG1-145/A
YFG1-288/A

Linked mutations of opposite effect

Lab

Very unlikely

Why is distribution of progeny so skewed?

Dissecting the architecture of a
quantitative trait locus in yeast
s St s oo . it
il Sy, e Gt o . Wi

200 300

proportion of progeny

100

AN
4

Scora igh temperturs growth N\

Lab par‘em Pathogenic parent Diploid hybrid

Why is distribution of progeny so skewed?

Hypothesis:
interaction between
loci (see problem
set)




Golden mutation

Fine-mapping

W,

slc24a5 mRNA

J K
o)

Inject into golden larvae

No truncation in humans, but...

z-fish FLPSLEYILLLGLSQDVAGATIMA SSAPERVTIFLGY
medaka D msu:'x-Lsnsquvmun.uﬂcss;\pnﬂvﬂm
fugu D rusu:'x-LsLsqumun-mﬂcssuzﬂvrﬂrL
stickleback SonyEEEVEsOR GLSQDVAGATHQHGSSUE!VT:FL
Xenopus TES GLSQDVAGAT: SSAPEQUIYFLGS
chicken 81, GLSQDVAGATMA
dog FLPSLER I eLGLSQDVAGATEMAGS SAPEIVTRFL.O
cow FLESLER T GLSQDVAGATMANGS SAPERVIAFL]
mouse Y FLpS Lt S L.GLSQDVAGATFMAGS SAPE]
rat b riosueti e cLsoovaGATRANGs sAPEvTFL])
rabbit rresLE LS oDVAGATRAGs sAPEvTiFLG)
ch FLPSLENTESRT
human (6) FLPSLEN T e GLSQDVAGATRUANGS SAPESVIFL
human (A) rpsLecLsoovacErnalics sapeivilirial

No other species have the Thr allele: what does this mean?
Could be deleterious, just an accidental mutation.
Could be advantageous for some humans, no other species.

Correlates with human differences

5

4 AA

3

2

| halln
AG

Note that this is

not linkage %
analysis. 510
Individuals are 3 .
unrelated. 5

20 GG

0
A Melanin index

Genetic association studies

What is a haplotype?

1
Originalchromosome. ((mm ACTGACTOA: mmmmm GCITACOTTG mmmm TAGTACGAY s AGKTCOGTAN e |

Fig. 1125




What is a haplotype?

TACG:

GTAA —

1
Originalchromosome. ((mm ACTGACTOA: mmmmm GCITACOTTG mmmm TAGTACGAY s AGKTCOGTAN e |

Fig. 1125

What is a haplotype?

‘Copyright © The McGrawHill Companies, Inc. Permission reauired for reproduction or display
(a) Formation of haplotypes over evolutionary time

| 5000 base pairs |
7 1

One pathway of divergence .
o ACGGACTGAC s CCTTACGTTG mummmmm TACTACGCAT s ATATCGGTAA s

o ACTGACTGAC e CC!

Original chromosome

1
m ACTOACTGAG mmmm COTTACGTTG s TACTACGOAT s AGATGGGTAS e |

Fig. 1125

What is a haplotype?

‘Copyright © The McGrawHill Companies, Inc. Permission reauired for reproduction or display
(a) Formation of haplotypes over evolutionary time

| 5000 base pairs |
\ 7 1

COTTG s TACTACGCAT s ATATCGGTAA s

I
ne pathway of divergen:
One pathway of divergence JR A,

—ACTGACTGAC

COTTG s TACTACGCAT s ATATCGGTAA s

T
Original chromosome (_ ACTGACTGAC mmmmmmmm CCTTACGTTG s TACTACGCAT s AGATCGGTAA s

—ACTGACTGAC e CCTTACGTTG s TACTAGGCAT s AGATCGGTAA s

—ACTGACTGAC G —TACTAGGCAT e AGATCGGTAA

—ACTGACTGAC
Another pathway of divergence

TACGTTG mmmmmmm TACTAGGCAT mummmmm AGATCGGCAA mamm

Fig. 1125

What is a haplotype?

yright © The McGraw-Hill Companies, Inc. Permission required fo reproduction o display.

Cop
(a) Formation of haplotypes over evolutionary time

| 5000 base pairs |
I 7 \ 7 7 1

— ACGGACTGAC mmmmmm CCTTACGTTG mummmm TAC ATATCGGTAA mmmmm

One pathway of divergence

— ACTGACTGAC s CCTTACGTTG mummmm TACTACGCAT s ATATCGGTA s

Original chromosome

.

—ACTGACTGAC e CCTTACGTTG s TACTAGGCAT s AGATCGGTAA s

C —CCATACGTTG mmm TACTAGGCAT e AGATCGGTAA

 ACTGACTGAC mmmmmmm CCATACGTTG mmmmmm TACTAGGCAT mmmmmm AGATCGGCAA s
Another pathway of divergence

(b) Comparison of two final haplotypes with a compilation of five SNPs spread over 5000 base pairs

Haplotype 1 —ACGGACTGAC mummmm CCTTA
|

Haplotype 2 —ACTGACTGAC s COATAS

Fig. 1125

GTTG s TACTACGCAT s ATATCGGTAA s

—TACTAGGCAT mumm AGAT

Association mapping (qualitative)

Copyright ¢
(a) New mutation (M) in
ancestral population

Fig. 1126

Association mapping (qualitative)

Copyright © The McGraw-Hill Compar

(a) New mutation (M) in (b) Three regions
ancestral population of haplotypes
AlB|C
I
40
—_—

Fig. 1126




Association map

ping (qualitative)

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

(a) New mutation (M) in
ancestral population

(b) Three regions  (c)
of haplotypes

AlB|C

M

Fig. 1126

Collect DNA samples
from rare individuals with
disease and a control group
containing an equal number
without disease

Association map

ping (qualitative)

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

(a) New mutation (M) in
ancestral population

(b) Three regions  (c)
of haplotypes

AlB|C

M

Collect DNA samples
from rare individuals with
disease and a control group
containing an equal number
without disease

Disease group ~ —

Al B|C

Control group

Fig. 1126

Association map

ping (qualitative)

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

(a) New mutation (M) in
ancestral population

(b) Three regions  (c)
of haplotypes

AlB|C

M

Collect DNA samples
from rare individuals with
disease and a control group
containing an equal number
without disease

Disease group ~ —

Compare frequency of each
haplotype from each region
between the disease group

and the control group: The

Al B |C

Control group

only significant difference is
in the blue haplotype of
region B, which exhibits a
much higher frequency in
the disease group.

Fig. 1126

Association map

ping (qualitative)

Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.

(a) New mutation (M) in
ancestral population

(b) Three regions  (c)
of haplotypes

AlB|C

M

Collect DNA samples
from rare individuals with
disease and a control group
containing an equal number
without disease

Disease group ~ —

Only have

markers, not true

Al B|C

Control group

o underlying
disease mutation

(duh)
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1
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Fig. 1126
Linkage disequilibrium
| . o ?;o[? 0 @ min
Marker alleles ||t |
appear together
in disease I—Hj]:—‘—'

population more
than you would
expect
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'POPULATIONS: HUMAN EVOLUTION
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Association mapping (qualitative)

Disease group

In association, we don’t
calculate a recombination
fraction; we aren’t counting \ﬁ
recombinants. Control group
 —

Association mapping (qualitative)

Disease group

M

In association, we don’t
calculate a recombination

fraction; we aren’t counting \ﬁ/
recombinants. Each Control group
individual could represent a (———
different number of

generations (and recomb)

since mutation arose. \

The association revolution

Genome-wide association study of 14,000
cases of seven common diseases and
3,000 shared controls

A Common Allele on Chromosome 9
Associated with Coronary
Heart Disease

nsortium*

+wide association (GWA) studies represent a powerful approach to the

7 major
" trols. Case-control comparisons identified 24 independent association signals at
ronary artery disease, 9 in Crohn's disease, 3in theumatoid arthritis, 7in tvpe 1
diabetes and3 disb ndi A Whole-G iati
signals reflect genine susceptibilty effects. We observed associa "

Study of Major

i Rt 2 for Host Control of HIV-

abserved at most loci dentiled. This study thus represents a thor
A Common Variant on Chromosome  se of a shared control group represent
921 Affects the Risk of iihas generated a genome-wide genaty
Myocardial Infarction oy A Genome-Wide Association Study
5. We anticip Identifies /L23R as an Inflammatory . widely available to other
powerful res Bowel Disease Gene

Get markers by (re-)sequencing

Density of
ide

Insertion
deletion s (bp)

ol

Hisanor Hay
Yusuke Na

Gene-hased SNP discovery as part of the Japanese Millennium Genome
Project: identification of 190562 genetic variations in the human genome

Association scan, qualitative

Table 1. Association of rs3773472 with knee osteoarthritis in the genome-wide analysis

Case Control
Genotype Genotype
Population CC | CG |GG |Sum Allele G frequency CC |CG |GG |Sum Allele G frequency P value for allele frequency
Seth s2 37 s |94 0250 259 27977 615 0352 0.0059
s 324|272 |50 | 646 |0.288 240 314 |74 628 | 0368 0.000017
Set A+B combined | 376 | 309 |55 | 740 0.283 499 593|151 1243 0360 0.00000065

/

osteoarthritis controls

x*test C’s 141 797
G’s 47 433

Common variants in DVWA on chromosome 3p24.3 are
d pribility to

Fine-mapping

8 ° ®SetA
= 7 e ®SetB
=] 6
©
3 ° 4 .

Q 4 ° °
.
N o3 ..
= (]
D
8 21 e%, R
T 1 . e ® )
0 ol od . % N s
153 T 15.25 15.2 15.15
377472

Chromosome 3 position (Mb)

SH3BP5 CAPN7 DVWA

Common variants in DVWA on chromosome 3p24.3 are
h




Beginnings of molecular confirmation

Absorbance at 655 nm
0 0.2 0.4 0.6 0.8 1
DVWAY-C |
DVIWA N-Y _/ =
DVWA Y-Y |

DVWA N-C | —

Tubulin
Coniro! | — o-

Noncoaled e m

Common variants in DVWA on chromosome 3p24.3 are
sociated with susceptibility to knee osteoarthritis

Beginnings of molecular confirmation

coding
— polymorphisms
Absorbance at 655 nm
v o 02 0.4 06 0.8 1
DVWA Y-C |
DVWA N-Y |
DVWAY-Y | —

DVWA N-C | —

Tubulin
Coniro! | — o-

Noncoaled e m

“ommon variants in DVWA on chromosome 3p24.3 are
sociated with susceptibility to knee osteoarthritis

Another example: qualitative

Table 1] Associ G with carly in French and UK myasthenia gravis patients
G allele Genotype. AGGG/AR
Populaton Growp N Freuency _OddsraioGs%Ch___ Pualue A G o6 Oads ratio G%C)___ Prvalve
France Pia 023 235(131-423) 00049 27 23 o 33(167-652) 00008
Pur on 104 2 2
c o1 120 28 3
United Kingdom Pq 021 201(104-387) 0029 2 15 2 208 (0.98-44) 0044
wra o1 & 12 5
c o1 8 23 1
Combined P 02 219141339 000048 56 38 2 266 (16-4.41) 000015
Purg o1 191 3 7
C: on 205 4
e paients with el onet of myastheria v, deined by ¢ at the omsat 2y ncludng
ape2) yrin UK pat Juding 10patints o s8¢ 18). Py theee quarties of the distrib Odds ratios were
The exact Pvalues cohort tested two
peaxi0 % 227,95%C1

14-3.69, for GG versus A genotypes, 55, 95% CL196-13.6).

Another example: qualitative

Early onset

Table 1| Associ f G with early in French and UK myasthenia gravis patients
G alele Genotype AGIGG/AR
Population o/ N Freqvency _Ods mio G Ch__ Poale A A6 GG OMsratoGeCh ___ Paalue
France 023 235131423 00089 27 23 0 33(167652) 00008
o1l 104 2 2
c 011 120 2 3
United Kingdom Piq 021 200.04-387) 0029 % 1 2 208098-44) 0044
o1 8 12 5
c 011 8 23 1
Combined P 022 219(141-339) 000048 56 38 2 266(16-441) 000015
Pura 011 19 36 7
011 205 51 4
e patients with ey onsatofmyasthenia grav, dened by 3 o theonsel 2 eciuding &
a5 21, 20 <18 yrin UK fuding 10patientsof ¢ 1) Pury thee quarties ofthe disrb Odis ratos were
The exact Polues chort
bl pmaxios 227,95%C1

14-3.69, for GG versus A genotypes, 55, 95% CL196-13.6).

An IRF8-binding promoter variant and AIRE control
CHRNAT promiscuous expression in thymus
Mot G, Rihard Tauber?, Cloe Vandidonck!, Xy Ke', Mot L Strauss',Francs Pgan?’,

Francisco € Baall, Bruno Eymard’, Civistine Tranchant’, Philipe Gaidos", Angela Vincent’, Nick Wilkox’,
Didd Beeson’, Bruno Kyewsk? & HetJean Garchon'

£y
. 2%
An IRF8-binding promoter variant and AIRE control 5§
CHRNAT promiscuous expression in thymus > 5
Mattheu Giraud' Richar Tauber?, Clke Vandidonc’, Xt Ke', Matteu L Strauss' Franco Paganf’, i H
Fanccs € barah, runa Eymare s Toanchant’ s Gofis, Anila Vincen, Nek WASY. H
D Beeson’ Bruno yawekr & Hereean Garchon 35
Normal onset
Table 1| i th in French and UK myasthenia gravis patients
Galee Genotype AGTGG/AR
Popultion Group Freqvency _Odds mio G5 Ch___ Poaue 0 G S Towmes e
France 023 235013142 000 27 % 0 33(167-652 00008
o1 0 2
o1 0 2 3
Urited Kingdom Pug 021 2010104387 0029 » 1 2 208098-4) 0044
o1l & 12 5
¢ o1 8 23 1
Combined  Pig 022 219041339 000048 s 38 2 266 (16-441) 000015
Pura o1l w1 3% 7
e o1l 25 4
i cary orse of myasthenia 72w, e by a5 3 he omet T ecudng §
181 n UK patents incoding 10patietsof 5 18) P e cuartics of the iy Odds ratics were
The xactPasoe: cahon st o
a0 227,95t

14-3.69, for GG versus A genotypes, 55, 95% CL196-13.6).

An IRF8-binding promoter variant and AIRE control
CHRNAT promiscuous expression in thymus
Mot G’ Rchad Tabr, Cloe Vandiedook, Xy Ke' Matheu vk Stss', Franc Pagné’,

Francisco £ Barall, runo Eymare’, Cvstine Tranchant Philope Gaidos’, Angea Vincen’, Nick Wilkox’.
Didd Beeson’, Bruno Kyewsk? & HotJean Garchon'

A promoter SNP (at last)

G A
P
-3315 [0 A |
P2 G
P3 d 3 P
Pa
c* A
pGL3 w—.—.—u—- Luc
012345678 Tuc

Relative luciferase activity

An IRF8-binding promoter variant and AIRE control
CHRNAT promiscuous expression in thymus
Mot G, Richard Tauber?, Cloe Vandidonck, Xy Ke', Mot L Strauss',Francs Pgan?’,

Francisco €. Barall, runo Eymare’, Cvstine Tranchant Philope Gaidos’, Angea Vincen’, Nick Wilkox’.
Didd Beeson’, Bruno Kyewsk? & HetJean Garchon'




Quantitative test for association
4 | | AA
’ ‘ AG
20 ‘ GG

28 - 14 24

Number of individuals

14 0 +
A Melanin index

Association scan, quantitative
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Rice yield: start with linkage

Nipponbare x Kasalath
94BC3F2-7 '

F1.)

v

F2

Narrow down by backcross

[

NIL(gSW5)

oo C

205664 60N

i

asws
Loglikelihood value = 18.4
variance explained = 38.5%

Transgenic test
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Association across 100
cultivars (quant)
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Grain widih

Association across 100
cultivars (quant)

700 pinols
. § Conclude that

9 g | these alleles are

H

s00piels| & 2 common across

L} many cultivars, not

§ justin linkage
P e ndcall  Nippontare Cross.

" e oo

GSW5 haplotype

Association vs. linkage

Disease group
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0 Unusual phenotype . Normal phenotype

—— (six Imgers perhand)  (five fingers permmm
—u_

—m

{ M

|
AlB[C

MI----------
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Association vs. linkage

Disease group
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= Tewen

Association vs. linkage

Disease group

[
. (six Imgers perhand)  (five fingers per | mmm

‘ o Unusual phenotyy

==/

Unrelated C" I8]c Moo aaoaasa oo Related
ontrol grou . )
individuals ,—" "~ Mem— = - individuals
(—= Genotype for marker
(usually)

A —

Extreme of linkage study is one large family; less
likely that phenotype has multiple genetic causes
(locus heterogeneity).

Unrelated C" “? ¢ Mim=o--———--— Related
individuals ,—" "~ Mem— = - individuals
( lly) (—= Genotype for marker
usually’

\ =/

Association vs. linkage

Disease group
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‘ —— (six Imgers perhand)  (five fingers permmm

==/

Unrelated C" |8]c Moo aaoaasa oo Related
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(——= Genotype for marker
Strong, easy to detect
\ -/

Association vs. linkage

Disease group

/_ M N\ e S——
0 Unusual phenotype . Normal phenotype

‘ —— (six Imgers perhand)  (five fingers permmm

= Tewes

Unrelated ~ * l'sfc Wie=a===ea- Related
ontrol group ey
individuals — Mo- - - individuals
Genotype for marker

Strong, easy to detect,
but rare in population




Association vs. linkage

Disease group

[(—A— Unusual phenotype ~ Normal phenotype

(six fingers per hand)  (five fingers per hand)
TI777177 \

Menom om o om o = = == = Re|ated

M2 = - individuals

N
Unrelated "' ®

Control group

o ™

individuals -

Genotype for marker

‘ Strong, easy to detect,
—) but rare in populat_ion;
may not be reflective of
common disease.

Association vs. linkage

Disease group
o \ Unusual phenotype Normal phenotype
— (six fingers per hand)  (five fingers per hand)
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M )
S ITTTTTTT
AlB[C '
Menem om om = == o = = = Related

Unrelated :
. . ontrol grouj . .
individuals ,—"~ "~ e = = individuals

m

Genotype for marker

‘ Strong, easy to detect,
—) but rare in population;
may not be reflective of
common disease.
Also, hard to collect family
data.

Association vs. linkage

Disease group

TR .
o \ Unusual phenot

—_— ‘ (six fingers per hand)

five fingers pe
N (five fingers p
M

e e heree
T— «W\
\ﬁ/’ JJHH

Moo e===----- Related
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. . ontrol grouj . .
individuals ,—" "~ e = = individuals

\ Genotype for marker

‘ Strong, easy to detect,
—) but rare in population;
may not be reflective of
common disease.

Also, hard to collect family
data.

Common but weak
effects

Association vs. linkage

Disease group
T

— ‘ (six fingers per hand) ~ (five fingers per hand)

M
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\ﬁ/’ JJHH
Mmoo =e=---- Related

Unrelated :
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individuals ,—" "~ e = = individuals

\ Genotype for marker

‘ Strong, easy to detect,
—) but rare in population;
may not be reflective of
common disease.

Also, hard to collect family
data.

Common but weak
effects; need 1000’s
of samples to detect

Association vs. linkage

Disease group

N e e P
& \ Unusual phenotype  Normal phenotype
— ‘ (six fingers per hand) ~ (five fingers per hand)

A O

\ﬁ/’ JJHH
Mmoo = == Related

Unrelated :
. . ontrol grouj . .
individuals ,—"~ "~ e = = individuals

\ Genotype for marker

‘ Strong, easy to detect,
—) but rare in population;
may not be reflective of
common disease.

Also, hard to collect family
data.

Common but weak
effects; need 1000’s
of samples to detect.
If no common cause,
can fail.

Another key feature of
association mapping:
resolution




Association vs. linkage

Disease group

many
recombinations
have happened \——

since common AlB]C
ancestor; X Control group
shared region -
is small; no

signal for

distant markers

Association vs. linkage

Disease group

Association vs. linkage

Disease group

[ v or

»
M = = :

many . 7 S

recombinations " Ty e

have happened \T

since common ATBC l

ancestor;

shared region

is small; no Reggant chromaids - A

signal for ] por +

distant markers v pr b

L b b

So you need very high density
of markers to get signal in an

association study, but you get
very high spatial resolution.

small
number of

generations;

individuals
share big
chunks of
genome;
can get
signal at
distant
markers

v »
M o = 3 smaltl) .
many M v o »  number o
- M — o
recombinations N vy o v generations;
have happened e M individuals
since common ATBC l share big
ancestor; chunks of
shared region genome;
is small: no Regglantchromaids ., canget
signal for V9 or b signal at
distant markers —_ N distant
" markers
Association vs. linkage
Disease group
Y w or »
M P & ,  small
many N o pr =& Numberof
recombinations m vz B »_ generations;
have happened e M individuals
since common ATBC l share big
ancestor; chunks of
shared region genome;
is small: no Regglantchromaids .,  canget
signal for V9 or b signal at
distant markers —_ N distant
= i 2 markers

In the “old days” of sparse
markers, linkage analysis was
the best strategy.

But there is a pitfall of

association tests: “population

structure”

Diabetes in Native Americans

Home

CommunITY

HisTory &
CULTURE

Economic
DEVELOPMENT

ENTERPRISES

EMPLOYMENT

Finm~Mar‘icoPa Indian Community

10005 East Osbom Road - Scottsdale, Arizona 85256 - 480.850.8000
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Diabetes in Native Americans

DIABETES MELLITUS IN
AMERICAN (PIMA) INDIANS

Pgrer H. BENNETT
Txomas A. BurcH*
Max MrLier{
Southwestern Field Studies Section, Epidemiology and
Field Studies Branch, National Institute of Arthritis
and Metabolic Diseases, Phaenix, Arizona

Sum The prevalence of diabetes mellitus

ATy among the Pima Indians, who live in a
hot desert environment in Arizona, U.S.A., has been

by means of

tive CDnvcnnonll criteria the
among those aged 35 years and
over. Freques butions of the two-hour post-
carbohydrate-load plasma-glucose levels were clearly
bimodal above 35 years of age. The findings indicate
that the Pima Indians have the highest prevalence of
diabetes mellitus yet recorded, and that in this popula-
tion normal and hyperglycemic groups may be logi-
cally separated on the basis of the bimodality of the
frequency distributions of two-hour post-load glucose

levels. (1971)

Diabetes in Native Americans

DIABETES MELLITUS IN
AMERICAN (PIMA) INDIANS
Pgrer H. BENNETT
Txomas A. BurcH*

Max Micert Family studies
Southwestern Field Studies Section, Epidemiology and . s
Field Studies Branch, National Institute of Arthritis indicate it is at

and Metabolic Diseases, Phaenix, Arizona

least partly
Sum: The prevalence of diabetes mellitus .
™ary  among the Pima Indians, who liveina  genetic, not
hot dser( environment in Anzom, U S.A., Ims been .
‘mesns of gl environmental.
ive conventional criteria the
prevalence was among those aged 35 years and
over. Freque utions of the two-hour post~
carbohydrate-load plasma-glucose levels were clearly
bimodal above 35 years of age. The findings indicate
that the Pima Indians have the highest prevalence of
diabetes mellitus yet recorded, and that in this popula-
tion normal and hyperglycemic groups may be logi-
cally separated on the basis of the bimodality of the
frequency distributions of two-hour post-load glucose

levels. (1971)

tests.  Using

Association mapping causal loci

Typed IgG heavy chains with protein assay.
Phenotypes can serve as markers too...

Gn51314 and Type 2 Diabetes Mellitus: An Association in
American Indians with Genetic Admixture

Willam C. Knowler," Robert C. Willams.'t David J. Pectitt,” and Arthur G. Steinberg§

Association mapping causal loci

Typed IgG heavy chains with protein assay.
Phenotypes can serve as markers too...

(Multiple proteins from chr 14 region: haplotype)

Gn51314 and Type 2 Diabetes Mellitus: An Association in
American Indians with Genetic Admixture

Willam C. Knowler," Robert C. Willams.'t David J. Pectitt,” and Arthur G. Steinberg§

Association mapping causal loci

Association Between Diabetes and the Haplotype
Gm?%1314 Among Residents of the Gila River Indian
Community—No Restrictions on Age or Fraction of
Indian Heritage

pEmeERTET No. of Subjects  No. (%) with Diabetes
Present 293 23 (8)
Absent 4,627 1,343 (29)

£ Diabetes was inversely associated with the haplotype
(.m' 5 51 = 616, df = 1, P<.001). Pevaence ratio - 037
(95% confidence interval = 0.18-0.40),

Gn51314 and Type 2 Diabetes Mellitus: An Association in
American Indians with Genetic Admixture

Willam C. Knowler," Robert C. Willams.'t David J. Pectitt,” and Arthur G. Steinberg§

Association mapping causal loci

Association Between Diabetes and the Haplotype

Gm?51314 Among Residents of the Gila River Indian

Community—No Resricions on Age or Fracton of diabetes |control

Indian Heritage

GmbS11 No. of Subjects _ No. (%) with Diabetes | (G ppy 23 270

Absent 4,627 1,343 (29)

Present 293 23(8)
no Gm [1343 3284

Nore. —Diabetes was inversely associated with the haplorype
(.m”'“‘*l‘:s 6y df = 1;P<.001). =02

(95% confidence interval = 0.18-0.40)

Gn51314 and Type 2 Diabetes Mellitus: An Association in
American Indians with Genetic Admixture

Willam C. Knowler," Robert C. Willams.'t David J. Pectitt,” and Arthur G. Steinberg§
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Association mapping causal loci

Association Between Diabetes and the Haplotype

prliitosico luvorindpbrigelinkopry diabetes | control

Indian Heritage

Gmhs11 No. of Subjects _ No. (%) with Diabetes | (G ppy 23 270

Present 293 23(8)

Nsent 467 1,343 (29) no Gm [1343 3284

Nore. - Diabetes was inversely associated with the haplotype
7

=o.

(95% confdence TEErval

Gn51314 and Type 2 Diabetes Mellitus: An Association in
American Indians with Genetic Admixture

Willam C. Knowler," Robert C. Willams.'t David J. Pectitt,” and Arthur G. Steinberg§

Association mapping causal loci

“Gm is protective against diabetes?”

Association Between Diabetes and the Haplotype

prliitosico luvorindpbrlylinkopry diabetes | control

Indian Heritage

Gmhs11 No. of Subjects _ No. (%) with Diabetes | (G ppy 23 270

Present 293 23(8)

Nsent 467 1,343 (29) no Gm [1343 3284

Nore. - Diabetes was inversely associated with the haplotype
G414 | =027

(95% confdence THEErval

Gn51314 and Type 2 Diabetes Mellitus: An Association in
American Indians with Genetic Admixture

Willam C. Knowler," Robert C. Willams.'t David J. Pectitt,” and Arthur G. Steinberg§

Association mapping causal loci
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Age (Years)
Figure | Prevalence of diabetes by age and the presence of

the haplotype Grr'* /%1 among residents of the Gila River Indian
Community

Self-identified heritage

Dlstribution of G4 Haplotype Frequencies According to Indian Heritage in
Rasidents of the Gila River hndian Community

Inoux Hewmace
No. or GuhSIH
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Distribution of G- Haplotype Frequencies According to Indian Heritage in
Rasidents of the Gils River Indian Community
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Self-identified heritage

Most “full heritage”
members don’t have
the haplotype

Dlstribution of G4 Haplotype Frequencies According to Indian Heritage in
Rasidents of the Gila River hndian Community

Inoux Hewmace
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; e
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The few without N.A.
heritage are much
more likely to have
the haplotype
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Gm haplotype is very rare in
self-identified 100% Pima
members.

Gm haplotype is very rare in
self-identified 100% Pima
members.

Gm is a marker for Caucasian ancestry.

Association and admixture
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Association and admixture
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Association and admixture

40 ) Gm doesn’t look like it has
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Association and admixture
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Association and admixture
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30 Caucasian ancestry is
2 associated with Gm haplotype.
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Association and admixture

404

30 Caucasian ancestry is
2 associated with Gm haplotype.
£.0- Caucasian ancestry is
H associated with lower diabetes
e risk.
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In a genetically random sample

If disease is more prevalent in population A than B,
will find more A’s in cases than controls.

In a genetically random sample

If disease is more prevalent in population A than B,
will find more A’s in cases than controls.

Will find more A-specific alleles in cases than
controls.
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In a genetically random sample

If disease is more prevalent in population A than B,
will find more A’s in cases than controls.

Will find more A-specific alleles in cases than
controls.

Will mistakenly conclude that these population-
specific loci are causative for disease.
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