
CS262%03(03(2015%
Daniel%Newburger%

IBD%Mapping%for%the%Discovery%of%
Novel%SuscepCbility%Loci%in%Large%

Disease%Cohorts%



The%burden%of%complex%disease%

Environment%GeneCcs%

Complex%CondiCon:%A%condiCon%
caused%by%the%interacCon%of%mulCple%
genes%and%environmental%factors.%
Examples%of%complex%condiCons,%
which%are%also%called%mulCfactorial%
diseases,%are%cancer%and%heart%
disease.%

Heritability:%The%proporCon%of%
interindividual%differences%
(variance)%in%a%trait%that%is%the%
result%of%geneCc%factors%

DefiniCons%from%Manolio,%NEJM%2010%



The%burden%of%complex%disease%–%Crohn’s%Disease%

Environment%GeneCcs%

hZp://cpmc.coriell.org/v/Report/Demo/Crohns/DemoSteve%



AssociaCon%studies%provide%a%first%step%towards%
understanding%and%treaCng%complex%disease%

hZp://www.mpg.de/10680/Modern_psychiatry%



AssociaCon%studies%provide%a%first%step%towards%
understanding%and%treaCng%complex%disease%

NHGRI%GWAS%Catalog.%Welter%et%al.,%NAR%2013%



AssociaCon%studies%provide%a%first%step%towards%
understanding%and%treaCng%complex%disease%

McCarthy%et%al.,%%Nature%Reviews%GeneCcs%2008%



Genomic%landscape%of%complex%diseases%

NHGRI%GWAS%Catalog.%Welter%et%al.,%NAR%2013%

As%of%2012,%more%than%140%studies%with%%
10,000%or%more%individuals%

Visscher%et%al.,%%AJHG%2012%



Missing%heritability%

Manolio%et%al.,%Nature%2009%



Missing%heritability%

Manolio%et%al.,%Nature%2009%

Discoverable%
%by%GWAS%



Missing%heritability%

Manolio%et%al.,%Nature%2009%

Missing%
variants?%



Missing%heritability%

Manolio%et%al.,%Nature%2009%

Missing%
variants?%

This%is%where%IBD%Mapping%
has%the%greatest%uClity%



Case%(i.e.%paCents)% Control%(i.e.%healthy%individuals)%

Standard%GWAS%Significance%TesCng%

Genotype%1M%
loci%simultaneously%

SNP%X%
G/A%

How%do%associaCon%mapping%studies%work?%
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G%

A%

Allele%does%not%confer%disease%risk%

Case%Alleles%

64%GG%
32%GA%
%%4%AA%

SNP%X%



Case%(i.e.%paCents)% Control%(i.e.%healthy%individuals)%

Standard%GWAS%Significance%TesCng%

Genotype%1M%
loci%simultaneously%

G/A%

How%do%associaCon%mapping%studies%work?%

G%

A%

Allele%does%not%confer%disease%risk%

Control%Alleles%

63%GG%
32%GA%
%%5%AA%

Case%Alleles%

64%GG%
32%GA%
%%4%AA%

64% 32% 4%

63% 32% 5%

Test%for%significance%

Chi(square%p%≈%0.90%

SNP%X%



36%CC%
48%CT%
16%TT%

Case%(i.e.%paCents)% Control%(i.e.%healthy%individuals)%

Standard%GWAS%Significance%TesCng%

Genotype%1M%
loci%simultaneously%

How%do%associaCon%mapping%studies%work?%

C%

T%

Allele%does%confer%disease%risk%

Case%Alleles% Control%Alleles%

49%CC%
42%CT%
%%9%TT%

36% 48% 16%

49% 42% %%9%

Test%for%significance%

Chi(square%p%≈%0.01%

C/T%
SNP%Y%



Case%(i.e.%paCents)% Control%(i.e.%healthy%individuals)%

Standard%GWAS%Significance%TesCng%

Genotype%1M%
loci%simultaneously%

How%do%associaCon%mapping%studies%work?%

Welcome%Trust%Case%Control%ConsorCum,%Nature%2007%



Linkage%disequilibrium%allows%indirect%associaCons%

IniCal%%
GeneraCon%

GeneraCon%1%

GeneraCon%2%

RecombinaCon%

Linkage%

Adapted%from%Bush%and%Moore,%PLoS%Comp%Bio%2012%



IniCal%%
GeneraCon%

GeneraCon%1%

GeneraCon%2%

RecombinaCon%

Linkage%

Adapted%from%Bush%and%Moore,%PLoS%Comp%Bio%2012% Hirschhorn%and%Daly,%Nature%Reviews%GeneCcs%2005%

Linkage%disequilibrium%allows%indirect%associaCons%



36%CC%
48%CT%
16%TT%

Case%(i.e.%paCents)% Control%(i.e.%healthy%individuals)%

Standard%GWAS%Significance%TesCng%

Genotype%1M%
loci%simultaneously%
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Case%(i.e.%paCents)% Control%(i.e.%healthy%individuals)%

Standard%GWAS%Significance%TesCng%

Genotype%1M%
loci%simultaneously%

How%do%associaCon%mapping%studies%work?%

Welcome%Trust%Case%Control%ConsorCum,%Nature%2007%



Why%do%we%use%idenCty%by%descent%mapping?%

•  TradiConal%GWAS%approaches%no%longer%work%in%a%
scenario%with%recent%(i.e.%rare)%causal%variants.%

•  However,%in%a%scenario%where%there%are%mulCple%
rare%variants%of%intermediate%effect%size%at%a%geneCc%
locus,%we%can%use%IBD%mapping%in%place%of%the%
previously%shown%approaches.%



Standard%GWAS%fails%for%rare%variant%diseases%

T/C%
T%

C%

Causal%
variant%

SNP%

Z%



Why%do%we%use%idenCty%by%descent%mapping?%

T%
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Why%do%we%use%idenCty%by%descent%mapping?%

T%

C%

Causal%
locus%

case%
control%

T/C%
SNP%

T/C%
SNP%A% B% C% D%E% F%

Causal%Locus%

A% C%

B%F% D% E%

64% 32% 4%

63% 32% 5%

Significance%tesCng%

Chi(square%p%≈%0.90%

case%

control%

TT% CT% CC%

SNP%frequency%tests%do%not%idenCty%the%indirect%associaCon%



N Generations 

IBD region 

Expected%length%of%%
An%IBD%region%

MeioCc%
RecombinaCon%

What%is%idenCty%by%descent%(IBD)?%



Why%do%we%use%idenCty%by%descent%mapping?%
Block%
%

Causal%
Locus%

case%
control%

IBD%Mapping%

A% C%

B%F% D% E%

T/C%
SNP%A% B% C% D%E% F%

Causal%Locus%



IdenCty%by%descent%mapping%captures%rare%variant%loci%
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Block%
%

Causal%
Loci%

case%
control%

IBD%Mapping%

case%

control%

Perform%
pairwise%
IBD%
detecCon%

case%

control%

Lin%et%al.,%PLOS%ONE%2013%

IdenCty%by%descent%mapping%captures%rare%variant%loci%
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Block%
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control%
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IdenCty%by%descent%mapping%captures%rare%variant%loci%
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Why%doesn’t%everyone%use%IBD%mapping?%

Accuracy% Speed%

FastIBD%

IBD%DetecCon%

GraphIBD%

IBD%Mapping% Cohort%size%

+% <10K%

GERMLINE% GraphIBD%+% Insufficient%
accuracy%

SpeeDB%&%
Parente2%

GraphIBD%+% >30K%

(upwards%of%2%
orders%of%%
magnitude%
speed%
increase)%
%



Parente2%and%SpeeDB%present%an%opportunity%for%applying%IBD%
Mapping%to%large%disease%cohorts%



Parente2%and%SpeeDB%present%an%opportunity%for%applying%IBD%
Mapping%to%large%disease%cohorts%



Parente2%performs%fast%and%accurate%IBD%
detecCon%

RELATED% NON-RELATED%

Non(IBD%individuals%

IBD region 

IBD region? 
h2%h1%

g%

h4%h3%

g’%

Non(IBD%individuals%



Parente2%performs%fast%and%accurate%IBD%
detecCon%

RELATED% NON-RELATED%

IBD%individuals%Non(IBD%individuals%

IBD region 

IBD region? 



Parente2%performs%fast%and%accurate%IBD%
detecCon%

RELATED% NON-RELATED%

IBD%individuals%Non(IBD%individuals%

IBD region 

IBD region? 



Parente2%performs%fast%and%accurate%IBD%
detecCon%

RELATED% NON-RELATED%

IBD%individuals%Non(IBD%individuals%

IBD region 

IBD region? 



Parente2%performs%fast%and%accurate%IBD%
detecCon%

RELATED% NON-RELATED%

IBD%individuals%Non(IBD%individuals%

IBD region 

IBD region? 

Unrelated)individuals)

Related)individuals)



SpeeDB%efficiently%filters%candidate%IBD%
regions%

IBD region? 

I1% I2%
SNV$ I1$$geno$ I2$$geno$ IBD?$

s1%
s2%
s3%
s4%
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SpeeDB%efficiently%filters%candidate%IBD%
regions%
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SpeeDB%efficiently%filters%candidate%IBD%
regions%

IBD region? 

I1% I2%

A%A%

SNV$ I1$$geno$ I2$$geno$ IBD?$

s1% AA% AA% compaCble%

s2% AT% AA% compaCble%

s3% AT% AT% compaCble%

s4%



SpeeDB%efficiently%filters%candidate%IBD%
regions%

IBD region? 

I1% I2%
SNV$ I1$$geno$ I2$$geno$ IBD?$

s1% AA% AA% Maybe%

s2% AT% AA% Maybe%

s3% AT% AT% Maybe%

s4% AA% TT%

SNV$ I1$$geno$ I2$$geno$ IBD?$

s1% AA% AA% compaCble%

s2% AT% AA% compaCble%

s3% AT% AT% compaCble%

s4% AA% TT%



SpeeDB%efficiently%filters%candidate%IBD%
regions%

IBD region? 

I1% I2%

T%A%

SNV$ I1$$geno$ I2$$geno$ IBD?$

s1% AA% AA% compaCble%

s2% AT% AA% compaCble%

s3% AT% AT% compaCble%

s4% AA% TT% conflict%



SpeeDB%efficiently%filters%candidate%IBD%
regions%

IBD region? 

I1% I2%

T%A%

SNV$ I1$$geno$ I2$$geno$ IBD?$

s1% AA% AA% compaCble%

s2% AT% AA% compaCble%

s3% AT% AT% compaCble%

s4% AA% TT% conflict%



Training$

Control%
Subset%

Phase%with%
HAPI(UR%

Correct%missing%
data%

Train%
Parente%

IBD%DetecCon%Pipeline%

1000%%
individuals%
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Correct%missing%
data%
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Parente%

1000%%
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IBD%DetecCon%Pipeline%



Training$ Test$

Control%
Subset%

Phase%with%
HAPI(UR%

Correct%missing%
data%

Train%Parente%
on%haplotypes%

Cohort%minus%
training%controls%

Correct%missing%
data%

Filter%IBD%candidates%
with%SpeeDB%

Parente%Inference%
on%genotypes%

Analyze!%

IBD%DetecCon%Pipeline%



Cohort%.geno%

ParCCon%(3)%

1.geno% 2.geno%

3.geno%

SpeeDB%

1.dbs%

2.dbs%

3.dbs%

1.query%

2.query%

3.query%

1_1%

1_2%

1_3%

2_2%

2_3%

3_3%

IBD%DetecCon%Pipeline%–%SpeeDB%and%Parente%Parallelism%
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1.geno% 2.geno%

3.geno%

1.dbs%

2.dbs%

3.dbs%

SpeeDB%

1.query%

2.query%

3.query%

1_1.ibd%

1_2.ibd$

1_3.ibd%

2_2.ibd%

2_3.ibd%

3_3.ibd%

Parente2%
1_1%

1_2%

1_3%

2_2%

2_3%

3_3%

IBD%DetecCon%Pipeline%–%SpeeDB%and%Parente%Parallelism%



As%of%2012,%more%than%140%studies%with%%
10,000%or%more%individuals%

Next%steps%


