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GWAS: population
stratification using IBS
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GWAS data

Sample Ascertainment Genotype Detail Alleles
) Individual Chrom. A AA AG GIG A G
ss# Population Group sample Cnt. Source — HWP -
55118732970 YRI 2 1G 1.000 1.000
! . rs4915728 61574202
5137962797 ENSEMBL Watson 2 G 1.000 1.000 rs6693597 61582546
1 1
5138026048 ENSEMBL Venter 2 G 1.000 1.000
1 1
k5163434191 YRI Sub-Saharan African 2 G 1.000 1.000
1 1 [
5164323830 CEU European 2 G 1.000 1.000 rs334707 6161‘)‘)?6
, , rs334701 61619056
55166587487 PGP 2 1G 1.000 1.000 rs334713 61622287
1 1 LR
55108514210 BUSHMAN POP2 1 G 1.000 1.000 - rs334712 61622755
) ] = NCBI  Resources
BANTU 1 G 1.000 1.000
213409404  pilot 1 YRI | e panel 118 AF I 0.907 0093I dbSNP = l|rs3748543
5S. Dl OW_Coverage pane . . P
- Save search Limits  Advanced
5230552416 pilot 1 CEU low coverage panel 120 AF 0.950 0.050
'] Display Settings:
5238243769 pilot 1 CHE+JPT low coverage panel 120 AF 0.933 0.087
n ™ rs3748543 [Homo sapiens]
5543879764 HapMap-CEU European 226 G 0.903 0.087 1.000 0.951 0.049 1
- ] . . e e ey e - P,
HapMap-HCB Asian 86 16 0.884 0.093 0.023 0.100 0.930 0.070 ARRGRGTRAGAIGRCATCIGICICTT [A/G] TACATITGEIATCICTGRIGCCETA
- ]
HapMap-JPT Asian 172 IG 0.919 0.081 1.000 0.959 0.041 BN MapView | [ Geneview [SSEViEN" |
) - N MAFMinor&lleieCount: C=0.0536'125
HapMap-YRI Sub-Saharan African 228 16 0.814 0.186 0.655 0.907 0.093 HGVS Names: [ NC_000001.10:9.61555389G=T | [ NG_011787 1:0.58044G=T | [ NM_001134673 310 555+41637C=T | [ nnd_
— = s g razeaz S T P L T Oy RSP
HAPMAP-ASW ag G 0.816 0.184 1.000 0.908 0.092 i J 400
_ — = 1 rs334668 0 61674963
HAPMAP-CHE Asian a2 1G 0.829 0171 — 1.000 0.915 0.085. 1 T‘S332819 0 61678557
HAPMAP-CHD 170 G 0.953 0.047 1.000 0.975 0.024 1 rs333151 0 61678783
= | il rs332818 0 61679283
HAPMAP-GIH 176 1G 0.818 0.182 0.752 0.909 0.091- 1 rs333149 0 61680057
— LRE [
HAPMAP-LWK 180 16 0.744 0.222 0.033 0.343 0.856 0.144 1 rs12565339 0 61680951
— - 1 rs11207714 0 61681474
HAPMAP-MEX 100 G 0.900 0.100 1.000 0.950 0.050 1 rs333146 o 61681500
- 1 c
HAPMAP-MKK 284 G 0.620 0.310 0.070 0.200 0.775 0.225 1 rs333142 0 61684005
— - 1 rsl12734797 0 61684518
HAPMAP-TSI 176 G 0.920 0.080 1.000 0.960 0.040 1 rs7515011 0 61692175
- 1 C
5566403709 HapMap-CEU European 118 G 0.915 0.085 1.000 0.958 0.042 1 rs6678065 0 61694210
- . 1 rs17377253 0 61704202
HapMap-HCB Agian a0 G 0.829 0.089 0.022 0.100 0.933 0.067 1 rs6669982 0 61704221
- - 405
HapMap-JPT Asian 90 IG 0.239 0.111 1.000 0.944 0.056 1 rs/540527 0 61706073
- . 1 rs186742 0 61709971
HapMap-YRI Sub-Saharan African 120 G 0.833 0.167 1.000 0.917 0.083 1 rs17121858 0 61712185
— = O A [ =
5576155077 ICMHP 6§ G 1.000 1.000 6171§6§°
, , . 61725652
5507941075 J_Craig Venter 2 16 1.000 1.000 map flle W|th SNP 61728597
' ' ooy 61731440




GWAS data

. number of
label population sample
samples
ASW  African ancestry in Southwest USA 90

Utah residents with Northern and
CEU Western European ancestry from the 180
CEPH collection

CHB Han Chinese in Beijing, China 90
CHD Chinese in Metropolitan Denver, 100
Colorado
GIH Gujarati Indians in Houston, Texas 100
JPT Japanese in Tokyo, Japan 91
LWK Luhya in Webuye, Kenya 100
MEX E\:flael)i(%:?r?iaancestry in Los Angeles, 90
MKK Maasai in Kinyawa, Kenya 180
TSI Toscans in Italy 100

YRI Yoruba in Ibadan, Nigeria 180
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general workflow in GWAS

Study Design

v

Data <-- Cases
\J/ Data

-->| Data Process E

ontrols

v

~--1 Analyses [ ---
\]/ Batch effects Relationship — related/outlier, etc.
r= =) Data QC

Genotyping technical issues Sample duplication/contamination

Data Process

Summary Sex confirmation HWE, MAF, etc.

Autosomal heterozygosity rate Non-random genotype missing

Report

------- Analyses

Population Stratification

Association Tests <---

“--> Corrections, etc.

Reports




population-based GWAS

e Population-based GWAS will yield spurious association test results if
population confounding factors are not eliminated.

* Allelic frequency of a locus in genome could be significantly
different among individuals representing distant different
populations.

e Stratification of population structure within the data (e.g. between
cases and controls or within cases/controls) is crucial.

e Detection and removal of relatedness or outlier in the sample are
another vital step.

e Using IBS to estimate IBD from dense SNP data set can achieve the
above goal.

e What are IBS and IBD?



a review of molecular biology

Genes contain
instructions
for making
proteins

The Nucleotides of DNA @ nitrogenous base, a sugar and a phosphate

KT NS 1 " + ; ‘. Mo H /! (, H, H—H
p i £4 P " W
Proteins act alone : e o nr."’:j\): on »4:[1,5 .- i) s oH "—{ji"

: : S | 9 Ly Gboeen N L -bo-cn,
or in complexes fo " e v y G-0-5 iy A 5 Q“I_“O e
perform many cellular N , 1 I 0l
functions Adenine Guanine Thymine Cytosine
A G - T c
U.S. DEPARTMENT OF ENERGY Purines Pyrimidines

= Sugar-phosphate
backbone

Adenine pairs with Thymine because they make two hydrogen bonds.
Guanine pairs with Cytosine because they make three hydrogen bonds.



Gamete — a haploid cell during meiosis

mother father
@ @ diploid cells
meiosis
G
haploid gametes
fertilization

a diploid zygote
(child)



a review of molecular biology

Template
strand

The Nucleotides of DNA @ nitrogenous base, a sugar and a phosphate

r n
&}%lij?:(i .i.w,"{ :ﬂ W .:ME:J

Adenine Guamne Tlmmne Qnmme

Pyrimidines

As in DNA replication, DNA is read from 3'UTR =
5'UTR during transcription. Meanwhile, the
complementary RNA is created from the 5'UTR - o\ o a o .
3'UTR direction. Although DNA is arranged as two j - Qe 5 ﬁ 0
antiparallel strands in a double helix, only one of the Phones e actmong ﬁ:(l;,i,
two DNA strands, called the template strand, is used '
for transcription. This is because RNA is only single- °

stranded, as opposed to double-stranded DNA. The A Al
other DNA strand is called the coding (lagging) strand, 3, e e
because its sequence is the same as the newly created Adenine pairs with Thymine because they make two hydrogen bonds. Tij G *

. . . . Guanine pairs with Cytosine because they make three hydrogen bonds.
RNA transcript (except for the substitution of uracil for " i
thymine).

Reference “Transcription (genetics)” - http://en.wikipedia.org/wiki/Transcription_(genetics)



IBS Methods in linkage analysis

Tracing Chromosomes

Ol

| Ok
YK X .
0 0k )0
Segregation pattern for ‘ Cb

chromosome carrying
.3l

disease alleles
[1]2]

eO 00

[l ElE
Segregation of a ;

(=]

specific marker near
the disease locus

Reference Goncalo Abecasis's Lecture Notes, Biostat 666, “IBS Methods for Affected Pairs Linkage”



IBS and IBD

IBS — Identity By State
O e At alocus, two individuals have

the same allele(s).

IBD — Identity By Descent
e At alocus, two individuals have

ma Ba HE @E mE EE the same allele(s), and the allele(s)
was “copied” from the same
IBS = 2 IBS = 1 BS = 0 parents/ancestry.
IBD =2 IBD=1 IBD=0

Distinction of IBD and IBS
e Alleles that have identical
nucleotide sequences but have

Afe T AA, ARy 1 AA, descended from dierent ancestors
— in the reference population are IBS
AA AA, AA, AA but not IBD.
1733 1 1 1Py . :
\ / N Alleles that are IBD are necessarily

IBS provided there is no mutation
of the inherited allele.

Refe FENCE Goncalo Abecasis's Lecture Notes, Biostat 666, “IBS Methods for Affected Pairs Linkage”



IBS Methods in linkage analysis

Test for Independence

L [NIBS:,- —E(N]BS:,-)]Z (general test, for sibling pairs)
Yoy =2,
E(N ;)

i

[NIBS:O = BNy )]2 i [N]BS>0 —E(N . )]2 (grouping often

preferable for

BN e i) E(N s5.5) other relatives)

2
Aar =

Assuming all counts are relatively large

If counts are small, use binomial or trinomial
distribution

Modeling IBS Sharing

For any relative pair, calculate:
Probability of IBD sharing

*0,1o0r2alleles

Conditional probability of IBS sharing

* 0,1, 2 alleles

IBS sharing >= IBD sharing
* Why?

Reference Goncalo Abecasis's Lecture Notes, Biostat 666, “IBS Methods for Affected Pairs Linkage”



IBS Methods in linkage analysis

IBD Glossary:
The underlying sharing of chromosomes Unilineal descent
segregating within a family Descent links are traced only through ancestors

of one gender.

Siblings share 0, 1 or 2 alleles

* Probabilities ¥, ¥ and % Kinship _ -
Culturally defined relationships between

individuals, usually based on marriage, descent,
etc.

Unilineal relatives share 0 or 1 alleles
“ Probability of sharing is kinship coefficient ¢ *4

Kinship coefficient &

a measurement of relatedness between two

individuals. It’s useful predictors of covariance
P(Marker GeHOtypellBD State) and correlation between relatives.

The probability that 2 alleles are IBD is defined

Relative IBD to be coefficient of coancestry or kinship
I II 0 1 > .. :
PR B P — o - 5 coefficient and is often represented as 6.
(a,a) (b.c) 2p,.2p1,PL- 0 0
813 ((2‘3 4§ﬂzpl’;) . I?P 8 In non-inbred pedigrees, kinship coefficients can
- - a PbPe aPbPe . ey
(a.a) (a.b) 2pagph DaDb 0 be derived from IBD probabilities:
(a,b) (a,b) 4}:,1211)1,2 (p;.pbzﬁ?fn,) 2papy
(a"a) (aaa) pﬂ- pﬂ- pﬂﬂ 1 1
¢=-P(IBD =1)+=-P(IBD = 2)
Prior Probability Vs Vs s 4 2

Refe FENCE Goncalo Abecasis's Lecture Notes, Biostat 666, “IBS Methods for Affected Pairs Linkage”



IBS Methods in linkage analysis

P(IBS = i | IBD = j)

P(IBS =2|IBD=0)=2> pipi+> p/ P(IBS=2|IBD=2)=1
i " P(IBS=1|1BD=2)=0
P(IBS=0|IBD=2)=0

PUBS =1|IBD=0)=4> plp,(~p,—p,)+4> p (1-p,)

i#] i

P(IBS=2[IBD=1)=> p;

P(IBS=0[IBD=0)=) p,p,(1=p,=p) +) p/(1-p)’ - o

Zj / J Z P(IBS—IlIBD—l)—Zp,pJ.
#J

P(IBS =2|IBD=0)=2> p’p>+> p! P(IBS=0|IBD=1)=0

i®] i

PUBS =1|IBD=0)=4Y p3p (1-p,~p)+43 p}(1-p,)
i i

PUBS=0[IBD=0)=> p,p,(1=p,—p,) +>. pi(1-p,)’
iz i

Refe FENCE Goncalo Abecasis's Lecture Notes, Biostat 666, “IBS Methods for Affected Pairs Linkage”



IBD, IBS and coalescence

Ancestor Ancestral ‘G’ allele at a

given locus

Mutation event changing
the ‘G’ allele toa ‘T’

Base population used for

@@ @D the estimation of IBD
B1 \ B2 B3 B4 \ coefficients
Current, observed,
(G population of chromosome
Cl C2 Cc3 c4 Cc5 segments in five individuals

The figure depicts an ancestral allele at a locus, representing the point of coalescence for alleles in the
current population (C1-C5). At the point of coalescence (the most recent common ancestor) this locus carries
a copy of a G allele that is subject to a mutation event (G->T,; lightning symbol) leading to a G/T
polymorphism.

IBD at the polymorphic locus among individuals (C1—C5) can be defined with respect to a base population
(B1-B4) in which individuals are assumed to be unrelated (shown by the differently coloured chromosome
segments). Then the G alleles in C1, C2 and C3 are IBD to each other as all three descend from the G allele in
B1. The T alleles in C4 and C5 are IBS but not IBD as they descend from different alleles in the base
population.

The whole chromosome segments C1 and C2 are IBD because they descend from a common ancestor (B1)
without recombination, but chromosome segment C3 is not IBD to C1 and C2.

Reference Powell, JE, Visscher, PM, and Goddard, ME, Nature Reviews | GENETICS, vol 11, Nov. 2010, pp800-5



IBS Methods in GWAS
O

PROEN
?
\

~
~
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~
LN
~

O O O
¢e 0009

L_j__J

IBS =2 IBS =1 IBS=0
IBD =2
\ J

Y

IBS=1

IBD=0Oor1

-
-
-
-
-
,;
P
-

-
-
-

Y
IBS=2
IBD=0orlor2

Reference the diagram was modified and based on Gongalo Abecasis's Lecture Notes, Biostat 666



IBS Methods in GWAS

Short Communication

Using a Panel of Frequency-unknown Single
Nucleotide Polymorphisms

W.-C. Lee*

doi: 10.1046/j.1529-8817.2003.00063.x

Testing the Genetic Relation Between Two Individuals

Graduate Institute of Epidemiology, College of Public Health, National Taiwan UhiyasitsTas

Summary

method does not require information about the allele frequencies, and
RO R (R [ S ———

PR P

RE P o R T slecular Biology, Johns Hopkins School of Medicine, Baltimore, Maryland, United States of America, 4 Department of Neurology,

Inference of Relationships in Population Data Using
Identity-by-Descent and Identity-by-State

The author proposes a method to test the genetic relation between twd Eric L. stevens'®, Greg Heckenberg?®, Elisha D. O. Roberson'®’, Joseph D. Baugher®, Thomas J.
Downey?, Jonathan Pevsner

1,2,4,54

<ins School of Medicine, Baltimore, Maryland, United States of America, 2 Partek, 5t. Louis, Missouri, United States of America,

er Institute, Baltimore, Maryland, United States of America, 5 Depanment of Neuroscience, Johns Hopkins School of Medicine,

PLINK: A Tool Set for Whole-Genome Association
and Population-Based Linkage Analyses

sopulation-based datasets that samples are annotated accurately whether they correspond to

Shaun Purcell, Benjamin Neale, Kathe Todd-Brown, Lori Thomas, Manuel A. R. Ferreira, atn: 3 4 LONT L
ated individuals. These annotations are key for a broad range of genetics applications. While

David Bender, Julian Maller, Pamela Sklar, Paul 1. W. de Bakker, Mark J. Daly, and Pak C. Sham

Whole-genome association studies (WGAS) bring new computational, as well as analytic, challenges to researchers. Many
existing genetic-analysis tools are not designed to handle such large data sets in a convenient manner and do not
necessarily exploit the new opportunities that whole-genome data bring. To address these issues, we developed PLINK,
an open-source C/C++ WGAS tool set. With PLINK, large data sets comprising hundreds of thousands of markers genotyped
for thousands of individuals can be rapidly manipulated and analyzed in their entirety. As well as providing tools to
make the basic analytic steps computationally efficient, PLINK also supports some novel approaches to whole-genome
data that take advantage of whole-genome coverage. We introduce PLINK and describe the five main domains of function:
data management, summary statistics, population stratification, association analysis, and identity-by-descent estimation.
In particular, we focus on the estimation and use of identity-by-state and identity-by-descent information in the context
of population-based whole-genome studies. This information can be used to detect and correct for population stratification
and to identify extended chromosomal segments that are shared identical by descent between very distantly related
individuals. Analysis of the patterns of segmental sharing has the potential to map disease loci that contain multiple
rare variants in a population-based linkage analysis.

to assess relatedness that involve estimates of identity-by-descent (IBD) and/or identity-by-

ortions, we developed a novel approach that estimates IBDO, 1, and 2 based on observed IBS
ibined with genome-wide IBS information, it provides an intuitive and practical graphical
to analyze datasets with thousands of samples without prior information about relatedness
itypes. We applied the method to a commonly used Human Variation Panel consisting of 400
uals. Surprisingly, we identified identical, parent-child, and full-sibling relationships and
wo instances non-sibling pairs of individuals in these pedigrees had unexpected IBD2 levels, as
omozygosity, implying inbreeding. This combined method allowed us to distinguish related
3 atypical heterozygosity rates and determine which individuals were outliers with respect to
Additionally, it becomes increasingly difficult to identify distant relatedness using genome-
owever, our IBD method further identified distant relatedness between individuals within
the presence of megabase-scale regions lacking IBS0 across individual chromosomes. We
against the hidden Markov model of a leading software package (PLINK), showing improved
dividuals, and we validated it using a known pedigree from a clinical study. The application of
: genome-wide association, linkage, heterozygosity, and other population genomics studies
ata.

Citation: Stevens EL, Heckenberg G, Roberson EDO, Baugher JD, Downey TJ, et al. (2011) Inference of Relationships in Population Data Using Identity-by-Descent
and Identity-by-State. PLoS Genet 7(9): e1002287. doit10.1371/journal.pgen.1002287
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Testing the Genetic Relation Between Two Individuals
Using a Panel of Frequency-unknown Single
Nucleotide Polymorphisms

W.-C. Lee*
Graduate Institute of Epidemiology, College of Public Health, National Taiwan University, Taiwan

Summary

The author proposes a method to test the genetic relation between two individuals using a panel of SNPs. The
method does not require information about the allele frequencies, and as such it can be used to test any pair of
individuals from any population(s).

IBS Methods in GWAS

Testing 3 possibilities of relationship between 2

individuals being

1) from the same random-mating population
and genetically unrelated (H,)

2) genetically related (H,,)

3) from different random mating populations

(Hgo)

At a locus for a SNP, the ‘discordant homozygotes’ (Dh, e.g. AA vs BB) and the ‘concordant heterozygotes’
(Ch, AB vs AB), the conditional probabilities for concordance under H, are

7, = Pr(Ch)/[Pr(Ch) + Pr(Dh)] = 4p?q}/(4p7q} + 2p}q]) = 2/3

The probabilities are equal for each and every locus and do not depend on allele frequency p, (or g;=1 - p,).

Thus, the test statistic T, has
EM0(T,)=2/3,

where Ty = m~ 'Y X;,i = 1,2,...,m(m<n),X; = 1 for Chor 0 for Dh.

And, Pr(Ch) = 2 Pr(Dh), or IBS2* = 2 x IBSO.

Var(T;) = m-2. Y Var'™(X;) = 2/(9m). And the

i=1
statistic, Z; = (1} — 2/3)//2/(9m), 1s asymptotically

the standard normal distribution under H,.

REfe FENCE Lee W (2003). Ann Hum Genet. Pp 618-619.

One constraint PLINK applies is called the “pairwise
population concordance” (PPC) test, similar to a method
used by Lee,"” such that for any putative new cluster, all
pairs of individuals pass this test. For a given pair, we
expect to see autosomal SNPs with two copies of each
allele occur in a 2:1 ratio of IBS 2 [Aa,Aa} to IBS 0 {AA,aa}
SNP pairs if both members of the pair come from the same
random-matine nonulation FEor SNPs selected far enonioh




Short Communication doi: 10.1046/].1529-8817.2003.00063.x

Testing the Genetic Relation Between Two Individuals
Using a Panel of Frequency-unknown Single
Nucleotide Polymorphisms

W.-C. Lee*
Graduate Institute of Epidemiology, College of Public Health, National Taiwan University, Taiwan

Summary

The author proposes a method to test the genetic relation between two individuals using a panel of SNPs. The
method does not require information about the allele frequencies, and as such it can be used to test any pair of

individuals from any population(s).

3. To relax the assumption of linkage equilibrium

between the SNP markers, we first select a total of

J widely spaced (and thus independent) ‘localities’

along the genome (indexed by j). Next, we type #;
SNP markers at/around each locality. The informative
markers in the jth locality are indexed by i, i =1, ...,
m;(m; < n;). Let X; be the indicator function for
the ith informative marker in the jth locality, with
value defined as before. Let D; = Z;n;(Xﬁ — 2/3).
As before, E™(D;) = 0. Since D;s are independent
ot one another, we have VarHU(Zf;:] D;/]) =

Z§:1 Var'(D;) /] ? ~ ZJ}:1 DJZ/_}'2 Hence, the
statistic, Z, = ZJ;:1 D;/,/ Z§:1 D7, is asymptotically

the standard normal distribution under Hy.

REfe Fence Leew (2003). Ann Hum Genet. Pp 618-619.

IBS Methods in GWAS

1. Undehe conditional concordance probabilities
are " = (4kop?q? + kipiqi + 2kopigi)/ (4koplq; +
kipig: + 2kopiq; + 2kopiqi) = [2ky + 2¥ -
(g "1/13ko + 29 - (pig)~ 'K 2/3)where ko, ki,
and k, denote, respectively, the probabilities of 0, 1, and
2 genes identical by decent (IBD) (ko + k; + ky = 1),
and the ¥ = ky/4 + k»/2 is the ‘kinship coefticient’
between the two individuals (Thompson, 1986). Since

the probabilities are greater than or equal to the null
value of 2/3 (equality holds when ky = 1 or equiva-
lently ¥ = 0), one can perform a one-sided test based

on Z; for concordance excess to test Hy against H,;.

2. Undee have 70 * = 4piplq.q!/[4pipiq.a] +

PP’ + (2l = 2/13 + (i — p))’
: (2p,-p;fq,-ql.')_] vhere the p; and the p! (¢, =
1 — piiql =1 — p!) represent the allele frequencies

in the two source populations. This time, the proba-
bilities are in the opposite direction from null (equal-
ity holds when p; = p!). Thus, a one-sided test for
concordance deficiency can be used to test Hy against
H,.



“pairwise population concordance” (PPC) test

e PPC assumes that in a random-mating population, for a given pair of
autosomal SNPs, the ratio IBS2 (Aa, Aa) over IBSO (AA, aa) = 2:1

e For SNPs selected far enough apart to be approximately independent
(e.g. 500 kb), a test of binomial proportion can suggest concordant or
discordant ancestry for each pair of individuals in the test.

e A pair from different populations is expected to show relatively more
IBSO SNPs; a one-sided test for the departure from a 2:1 ratio is given by
the normal approximation to the binomial: (L is the total number of
informative, independent SNP pairs and L, is the IBS2 subset)

L, _2

L 3
Z=—r— .

b 1 1

| _ _

V3*3*]

 Athreshold, e.g. 1e-3, of testing significance provides the clustering
criterion.

Reference Purcell, S, et al. “PLINK”, Am. J. Human Genetics, Vol 81., pp 559-75 (Sept 2007)



population stratification in PLINK

* PLINK is one of the most powerful tools for GWAS
e PLINK deals with the confounding effect in the
population-based GWAS data sets
¢ Population stratification
= Heterogeneity in cases
= Heterogeneity in cases with controls
*¢ Non-random genotyping failure
e PLINK uses approach of a population-based linkage
analyses by estimating IBD (segment) between
seemingly unrelated individuals.

Reference Purcell, S, et al. “PLINK”, Am. J. Human Genetics, Vol 81., pp 559-75 (Sept 2007)



(& pUINK: TROIE genee dota
Fille Edit View Favorites Tools
% @ Convert v [ Select
x Google | plink
® PUF documentation

3. Download and general notes

Stable download
Development code
General notes

MS-DOS notes
Unix/Linux notes
Compilation

Using the command line
Viewing output files
Version history

4. Command reference table

®  List of options
® List of output files
# Under development

5. Basic usage/data formats

Running PLINK
PED files

MAP files
Transposed filesets
Long-format filesets
Binary PED files

Alternate phenotypes
Covariate files

Cluster files
Set files

PLINK

Linux version
[

P NODE: * * * dgscs08 ** =

15cs08: fhome /ryustest:32 ¥ 1s -1h “/bin/plink
—————— 1 ryu adusers 5.6M Feb 23 2012 /home/ryu/bin/plink#
dgscs08: /home/ry

5§ Share

- search - More 3> |7 Robertvu - &, -

‘

-1 Windows version
U Running under CMD window

PLINK is now available for free download. Below are links to ZIP files containing binaries compilied on various platforms as
well as the C/C++ source code. Linux/Unix users should download the source code and compile (see notes below).

These downloads also contain a version of gPLINK, an (optional) GUI for PLINK. Please see these pages for
use of gPLINK.
c:sbin>dir plink.exe

Uolume in drive C has no label.

This release is considered a stable release, although please remember that we cannot gug Uolume Serial Number is 8E37-313@

just like most computer programs, does not contain bugs...
Directory of c:xhbin

i i 18,30,/2089 09:52 PM 5,283,960 plink.exe
 Platform File | Version i File<s) 5,283,960 hytes
|Linux (x86_64) plink-1.07-x86_64.zip  [v1.07 O Dirdsy  SE030HRHR ifies free
|Linux (i686) plink-1.07-i686.zip [v1.07
|Ms-Dos plink-1.07-dos zip [v1.07 (to be posted later today, 30-Oct)

|Apple Mac (PPC)
|Apple Mac (Intel)
|C/C++ source (.zip)

plink-1.07-mac.zip [v1.07 (to be posted next week)

plink-1.07-mac-intel.zip  [v1.07
plink-1.07-sre.zip [v1.07

If you download PLINK please either join the very low-volume e-mail list (link from Int
or drop an e-mail to plink AT chgr dot mgh dot harvard dot edu letting me know you've downloaded

(G> 2089 Shaun Purcell. GNU General Public License. u2
For documentation, citation & bug—report i ructions
htt spngu . mgh_harvard.eduspurcell plink~

For old versions of PLINK please visit the archive. | epo
PLINK is available as a Debian package, see these notes. Note, the executable is named

Debian plink package. Please visit the PLINK website for a complete list of options

A few common options are listed here:

plink —file {fileroot> Specify .ped and .map files

——hbfile {filerootl Specify .bed. .fam and .map

——out {filerocotl Specify output root filename

ing—genotype {8} genotype code

—missing—phenotype {-9> phenotype code

——pheno {phenofile?
—uwithin {file} Specify cluster file

Specify .phe file

Reference http://pngu.mgh.harvard.edu/~purcell/plink/download.shtml#download



running PLINK

i) NODE ** dgscs06 =* |

dqscs06: /home/ryu/test :56 % plink ——noweb --bfile plink ——genome ——maf 0.05 ——huwe le-5 ——geno 0.05 ——out genome

D3 NODE = dgscs06 *=
plink.bed@

plink.bim@
plink.fam@

PLINK! | vl.07 I 10/Aug/2009

(C) 2009 Shaun Purcell. GNU General Public License, 2

For documentation, citation & bug-report instructions:
http://pngu.mgh.harvard.edu/purcell/plink/

®————— — @
&————— — @

Skipping web check... [ ——noweb 1
Writing this text to log file [ genome.log 1
finalysis started: MWed Apr 24 13:25:19 2013

Options in effect:

-—noweb
--bfile plink
——genome
--maf 0.05
—hwe 1e-5
--geno 0.05
——out genome

Reading map (extended format) from L[ plink.bim 1
730525 markers to be included from [ plink.bim 1
Reading pedigree information from [ plink.fam 1
2696 individuals read from [ plink.fam 1
2696 individuals with nonmissing phenotypes
Assuming a disease phenotype (1=unaff, 2=aff. 0=miss)
Missing phenotype value is also -9
1031 cases. 1665 controls and 0 missing
1875 males, 821 females, and 0 of unspecified sex
Reading genotype bitfile from [ plink.bed 1
Detected that binary PED file is v1.00 SNP-major mode
Before frequency and genotyping pruning, there are 730525 SNPs
2696 founders and ¢ non-founders found
257652 heterozygous haploid genotypes: set to missing
Writing list of heterozygous haploid genotypes to [ genome.hh 1
1491 markers to be excluded based on HWE test ( p <= 1e-05 )
2083 markers failed HWE test in cases
1491 markers failed HWE test in controls
Total genotyping rate in remaining individuals is 0.938989
115522 SNPs failed missingness test ( GENO > 0.05 )
125950 SNPs failed frequency test ( MAF < 0.05 )
After frequency and genotyping pruning. there are 569188 SNPs
After filtering. 1031 cases. 1665 controls and 0 missing
fter filtering. 1875 males, 821 females. and 0 of unspecified sex
onverting data to Individual-major format
riting whole genome IBS/IBD information to [ genome.genome ]
iltering output to include pairs with ( 0 <= PI-HAT <= 1)
BD{g) calculation: 300 of 3632860

Reference




plink.bed@
plink.bim@
plink.fam@

dqscs06: /home/ry

PLINK!

For documental
http://}

Skipping web cheq
Writing this texi
Analysis started

Options in effec
noweb
bfile
——genome
—-—maf 0.4
——hwe lef

geno 0

out ger

Reading map (extg
730525 markers tdf
Reading pedigree
2696 individuals
2696 individuals
Assuming a disea
Missing phenotyp
1031 cases, 1665
1875 males. 821 1
Reading genotype
Detected that bi
Before frequency
2696 founders ang
257652 heterozygy
Writing list of
1491 markers to
2083 mark
1491 mark
Total genotyping
115522 SNPs fail
125950 SNPs fail
After frequency ¢
After filtering.
After filtering.
Converting data 1
Writing whole ge
Filtering output

running PLINK

Retference Purcell, S, et al. “PLINK”, Am. J. Human Genetics, Vol 81., pp 559-75 (Sept 2007)




running PLINK

dqscs06: /home fryuftest: /7 % plink ——noweb —-bfile plink ——cluster —-read—genome genome.genome ——ppc le-3 ——out clus
ter—ppc ——mds—plot 4

71 NODE ** dgscs06 **

I () 2009 Shaun Purcell, GNU General Public License, v2
I —_—

| For documentation. citation & bug-report instructions:
| http://pngu.mgh.harvard.edu/purcell/plink/

@-

Skipping web check... [ -—noweb 1
Writing this text to log file [ cluster-ppc.log 1
Analysis started: Hed Apr 24 14:31:00 2013

Options in effect:

——nouweb

—--bfile plink

cluster
——read-genome genome.genome
—-—ppc le-3
out cluster—ppc

--mds-plot 4
Reading map (extended format) from [ plink.bim 1]
730525 markers to be included from [ plink.bim 1
Reading pedigree information from [ plink.fam 1
2696 individuals read from [ plink.fam 1
2696 individuals with nonmissing phenotypes
Assuming a disease phenotype (1=unaff, 2=aff, 0-miss)
Missing phenotype value is also -9
1031 cases. 1665 controls and 0 missing
1875 males. 821 females. and 0 of unspecified sex
Reading genotype bitfile from [ plink.bed 1
Detected that binary PED file is v1.00 SNP-major mode
Before frequency and genotyping pruning. there are 730525 SNPs
2696 founders and 0 non-founders found
257652 heterozypous haploid genotypes: set to missing
Writing list of heterozygous haploid genotypes to [ cluster-ppc.hh 1
132 SNPs with no founder genotypes observed
Warning. MAF set to 0 for these SNPs (see ——nonfounders)
Writing list of these SNPs to [ cluster-ppc.nof 1
Total genotyping rate in remaining individuals is 0.938989
0 SNPs failed missingness test { GENO > 1 )
0 SNPs failed frequency test ( MAF < 0 )
After frequency and genotyping pruning. there are 730525 SNPs
After filtering. 1031 cases. 1665 controls and ¢ missing
After filtering. 1875 males. 821 females, and 0 of unspecified sex
Converting data to Individual-major format
Clustering individuals based on genome-wide IBS
Merge distance p-value constraint = 0,001
Reading genome-wide IBS estimates from [ genome.genome 1
0f these, 3559762 are pairable based on constraints
Writing cluster progress to [ cluster—-ppc.cluster( 1
Writing cluster solution (1) [ cluster—ppc.clusterl 1

cluster solution (2) [ cluster—ppc.cluster? 1

cluster solution (3) [ cluster-ppc.cluster3 1

Analysis finished: Wed Apr 24 13:45:45 2013

Reference



running PLINK

FID1
WET1693
WET1693
WET1693
HWET1693
HWET1693
HWET1693
WET1693
WET1693
WET1693
WET1693
WET1693
WET1693
WET1693
WET1693
WET1693
WET1693
WET1693
WET1693
WET1693
WET1693
HWET1693
HWET1693
HWET1693
HWET1693
WET1693
WET1693
WET1693
WET1693
WET1693
WET1693
WET1693
WET1693
WET1693
WET1693
WET1693
WET1693
WET1693
WET1693

Denome . genome

I1D1
WET1693
WET1693
WET1693
HET1693
HET1693
HET1693
WET1693
HET1693
HET1693
HET1693
HET1693
HET1693
HET1693
HEI1693
HEI1693
HEI1693
WET1693
WET1693
WET1693
WET1693
HET1693
HET1693
HET1693
HET1693
HET1693
HET1693
HET1693
HET1693
HET1693
HET1693
HETI1693
HEI1693
HEI1693
HEI1693
WET1693
WET1693
WET1693
WET1693

FID2
WET1694
WET1695
WET1696
HWET1697
HET1698
HWET1699
WET1700
WET1701
HWET1702
HWET1703
WET1704
HWET1705
WET1706
WEI1707
WEI1703
WEI1709
WET1710
WET1711
WET1712
WET1713
HWET1714
HWET1715
HWET1716
WET1717
WET1718
WET1719
HWET1720

WET1722-R1
WET1723
WET1724
WEI1725
WEI1726
WEI1727
WEI1723
WET1729
WET1730
WET1731
WET1732

I1D2
WEI1694
WEI1695
WEI1696
HWEI1697
HWEI1698
HWEI1699
WEI1700
WET1701
WET1702
WET1703
WET1704
WET1705
WET1706
WEI1707
WEI1708
WEI1709
WET1710
WEI1711

WEI1729 UN
WET1730 UN
WET1731 UN
WEI1732 UN

PI_HAT PHE DST
.0095 . 717692
.0055 . 718285
.0142 .718389
.0091 . 718798
.0168 . 719867
.0178 .718719
.0051 717541
.0249 17774
.0118 717481
.0146 720080
.0086 . 716308
.0250 . 718167
.0226 . 719053
.0223 717735
. 0256 . 718410
.0068 .716219
L0177 .717868
.0170 . 718805

Family ID for first individual

Individual ID for first individual

Family ID for second individual

Individual ID for second individual
Relationship type given PED file

Expected IBD sharing given PED file

P (IBD=0)

P(IBD=1)

P(IBD=2)

P(IBD=2)+0.5*P(IBD=1) ( proportion IBD )
Pairwise phenotypic code (1,0,-1 = AA, AU and UU pairs)
IBS distance (IBS2 + 0.5*IBS1) / ( N SNP pairs )
IBS binomial test

Of HETHET : IBS 0 SNPs (expected value is 2)

0.0000 0.719276  0.6487
0.0000 0.719347 0.8590
0.0000 0.716878 0.7184
0.0000 0.718017 0.4959

COCOoOOOOOOOOOOOO0O0
COCOoOoOoOooOooOoOOOoOOOOO0

COCOC OO OO
COCOCOOOOCOTOODOOOD
COC OO OOOOOD
RPRRRPRRRRERRRRERR R R
CCOC OO OO
PO PO MO RO PO I3 = RO RO RO = RO R R R R = R

Reference




running PLINK

(0% dascs05 [E=rE
FID1 ITD1 FID2 ITD2 RT EZ 20 71 Z2 PI_HAT PHE  DST PPC  RATIO
HEI3155 WET3155 M1571 M1571 UN NA  0.0002 ©0.0000 0.9998 0©.9998 -1 0.999958 1.0000 4863.0000

dqscs05: /home/ryustest:8 %
= A Do
«@ 2
(=)
o | 30‘00 40‘00 so‘oo EO‘DO
(=)
RATIO
)
™ [+
o O
o]
=+ < s
(=) S _
o z |
] (=]
' _":’\ m 2
240 =
N | | | | |
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Reference Purcell, S, et al. “PLINK”, Am. J. Human Genetics, Vol 81., pp 559-75 (Sept 2007)



running PLINK
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running KING

ORIGINAL PAPER ™ 355 iosomanomatcermiases

Genetics and population analysis Advance Access publication October 5, 2010

Robust relationship inference in genome-wide association studies

Ani Manichaikul-2, Josyf C. Mycha|eckyj1' Stephen S. Rich, Kathy Da|y3! Availability: Our robust relationship inference algorithm is
Michele Sale! 42 and Wei-Min Chen!-2-* implemented in a freely available software package, KING,

TGenter for Public Health Genomics, 2Department of Public Health Sciences, Division of Biostatistics a available for download at http://people.virginia.edu/~wc9c/KING.
Epidemiology, University of Virginia, Charlottesville, VA, 3Department of Otolaryngology, University of Mi  Contact: wmchen@virginia.edu

Minneapolis, MN, 4Department of Medicine and ®Department of Biochemistry and Molecular Genetics, University of

Virginia, Charlottesville, VA, USA

We present a novel framework for relationship inference, Kinship-
based INference for Genome-wide association studies (KING).

Consider two individuals, indexed by i and j. Let ¢; denote the kinship Robust relationship inference in the pl"esence Of
coefficient, defined as the probability that two alleles sampled at random from .
population substructure

two individuals are identical by descent, and oy, 1;; and 72 denote the
probability that the two individuals share zero, one and two alleles identical

: oy 2
by descent, respectively. Table 1 lists values of ¢;; and mq; for relative (X(f)_XU)) _ ,
Table 1. Relationship inf iteria based imating kinshi b=t % C T Niata— Wi L Ny + Ny,
able 1. Relationship inference criteria based on estimating Kkinship i=371 ) = D 271 N0
coefficients (¢b) and probability of zero IBD sharing () NAa ZNAa NAa
Relati . ) . i . Table 2. Computation time of two software implementations to estimate
elationship ] Inference criteria Ty Inference criteria o . .
kinship coefficients in three sets of GWAS SNP data
Monozygotic twin % > ;1'75 0 <0.1
Parent—offspring ! (?'TFT?!ITE) 0 ~0.1 Summary of genome scan data Computing time
Full sib i (Fmmn) T (0.1,0.365)
2nd Degree % (%'a']FY%F) % (0.365,1 — 5_‘175) Index No. of SNPs No. of samples No. of pairs KING PLINK
3rd Degree % (;m.;gl;_r) } {]—;3'75,1—;_,-];5)
Unrelated 0 g;;?; | - 1_'?_5% ) 1 3079857 269 36046 2min - 2h 9min
_ ' 2 324748 602 180901 Imin  1h13min
3 549338 2454 3009832 25min  28h 30 min

REfe FenCce manichaikul A,..., Chen WM (2010) Robust relationship inference in genome-wide association studies. Bioinformatics 26(22):2867-2873



dgqscs06: fhome/ryu/test:85 % king —b plink.bed --kinship --ibs —-prefix king-plink

KING 1.4 - (c) 2010-2011 Wei-Min Chen

running KING

Kinship - Distance

The following parameters are in effect:
Data File : (—dname)

Pedigree File : (—pname)

Map File : (—mname)

Binary File : plink.bed (-bname)

tional Options

Family Relationship : ——kinship [ON1, --ibs [ON]
Relationship Parameter : —-related. ——degree 2+

Relationship Application : ——unrelated

Pedigree Reconstruction : -—cluster. --build. —-errorrate
Homogeneous Population : ——homo. ——minMAF. ——showIBD
Population Structure : ——individual, --pca, ——mds =
Output : ——prefix [king-plink]
Rewrite In Format : —-binary., --merlin. ——plink
Loading genotype data in PLINK binary format... g p
Read in PLINK fam file plink.fam... e

PLINK pedigrees loaded: 2696 samples
Read in PLINK bim file plink.bim...

Genotype data consist of 711061 autosome SNPs (including 473 XY SNPs), 18055 X-chromosome SNPs, 1409 Y-chromosome &

Ps =

PLINK maps loaded: 730525 SNPs
Read in PLINK bed file plink.bed...

PLINK binary genotypes loaded and converted to KING binary. o ( N )
Both kinship and IBS statistics will be analyzed. = . . . -
Genotypes stored in 44442 integers for each of 2696 individuals. 02 00 02 04
Each family consists of one individual.

Relationship inference across families starts at Hed Apr 24 15:20:05 2013 oo Kt

ends at Hed Apr 24 15:39:35 2013 e AnNOkpa, GreRn=copar, redscase Al

_|Between—family kinship data saved in file king—plink.ibs0
75 NODE ** dgsests IBS0 ~ Kinship

FIDL  ID1 FID2 C 1 N = . “Dist Kinship

HNOAL4  HNO414 2 . 1.466 - 0 82 3 &;\—

MNO414  MNO414 0 4 4G 0 0.0169

MNO414  MNO414 A6t . 5 0001

MNO414 i d 1 { 1 : i

HNO414 9 320 1.466 : :

HHO414 1. ] 2

MNO414 ) 3 976 1. i ] 1 w

HNOA14 3 : s . : : =

MNO414
MNO414
MNO414
MNO414
MHG414

IES0

1 7 ! ! N Het? Distan ~ SE_Dist Kinshi
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resd= Control-pair, qreen=co-pair, reds case-pair
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Refe FeNCEe manichaikul A,..., Chen WM (2010) Robust relationship inference in genome-wide association studies. Bioinformatics 26(22):2867-2873



running KING

4 NODE ** dgscs06 **
ol q

dqscs06: /home/ryuftest 108 % king —b plink.bed ——ibs ——prefix king-plink-ibs --cluster —-mds
KING 1.4 - (c) 2010-2011 Hei-Min Chen

The Tollowing parameters are in effect:
Data File : (-dname)
Pedigree File : (—pname)
Map File : (-mname)
Binary File : plink.bed (-bname}

Additional Options

Family Relationship : ——kinship. ——ibs L[ON]

Relationship Parameter : —-related, ——degree

Relationship Application : —-unrelated

Pedigree Reconstruction : ——cluster [1], --build. —-errorrate

Homogeneous Population : ——homo. —-minMAF. --showIBD
Population Structure : —-individual. --pca. --mds L[ON]

Output : —-prefix [king-plink-ibs]
Rewrite In Format : ——binary. ——merlin., ——plink

Loading genotype data in PLINK binary format...
Read in PLINK fam file plink.fam...
PLINK pedigrees loaded: 2696 samples
Read in PLINK bim file plink.bim...
Genotype data consist of 711061 autosome SNPs (including 473 XY SNPs). 18055 X-chromosome SNPs. 1409 Y-chromosome SHPs
PLINK maps loaded: 730525 SNPs
Read in PLINK bed file plink.bed...
PLINK binary genotypes loaded and converted to KING binary.
Genotypes stored in 44442 integers for each of 2696 individuals.
Cutoff value between full siblings and parent-offspring is set at 0.0095

Clustering up to l-degree relatives in families...
Individual IDs are unique across all families.

Cutoff value to distinguish between PO and FS is set at IBS0=0.0095
Relationship summary (total relatives: 0 by pedigree. 1 by inference)

Source MZ PO FS 2nd 3rd OTHER

Inference 1 4] 0 0 1] 0

The following families are found to be connected
NewFamID OriginalFamID
KING1 1571, WET3155

MDS for family data starts at Med Apr 24 16:46:37 2013

Genotypes stored in 44442 integers Tor each of 2696 individuals.

IBS Distance is used in the MDS analysis.

SYD of a 2695 x 2695 matrix starts at Med fpr 24 16:57:51 2013

Largest 20 eigenvalues: 17.42 0.76 0.72 0.54 0.52 0.47 0.46 0.44 0.42 0.41 0.41 0.39 0.39 0.39 0.39 0.38 0.38 0.38 0.37 0.37

The first 20 PCs are able to explain 26.00 / 689.69 = 3.8% of total variance.

The proportion of total wvariance explained (%) by each PC is:
250.10.10.10.10.10.10.10.10.10.10.10.10.10.10.10.10.10.10.1

MDS for family data ends at Med fApr 24 1/7:19:02 2013

20 principal components saved in files king-plink-ibspc.dat and king—-plink-ibspc.ped

dqscs06: /home/ryu/test -109 %

Refe FeNCEe manichaikul A,..., Chen WM (2010) Robust relationship inference in genome-wide association studies. Bioinformatics 26(22):2867-2873




chromosomal IBS patterns

Chromosome X SNPduo Output
Father - Mother

(=]
g8 2 7.207
7]
Y
A g 1 4,532
]
2 0 3ANBEGNRA IR a-nmumw 1948
Mother = Son
[~}
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&
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3 0
~ 9,531

O
Identity by State
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p22.2
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Physical Position (Mb)

Figure 1. IBS patterns for father, mother, and son on chromosome X.

A portion of the SNPduo output for three pairwise comparisons of the X chromosome of father/mother (A), mother/son (B), and father/son
(C) genotyped on the lllumina HumanHap 550K platform. In the unrelated parents, there were many instances of no shared alleles (e.g. AA
to BB; panel A). In the mother-son comparison, there were no IBS-0 SNPs because the son inherited a copy of the maternal X. In the
father/son comparison, each chromosome was hemizygous (either A or B genotypes, interpreted as AA or BB) and in the absence of
heterozygous calls no IBS-1 SNPs were expected to occur since the X chromosomes were non-identical (both IBS-2 and IBS-0 SNPs were
apparent). Thus, the one call of an IBS-1 SNP (arrow) was likely a genotyping error.

Reference » Roberson EDO, Pevsner J (2009)Visualization of Shared Genomic Regions and Meiotic Recombination in High-Density SNP Data.PLoS ONE 4(8)



he.Pevsier Lab

Home | Software | Bioinforr
Down Syndrome | Leonar(

Contact Information N eiee: oo S Siaerehe: 022 3:%e a8 T %

Home | DRAGON | SNOMAD | SMPscan | SNPtric | Bioinformatics | Bicinformatics Course | Microarrays | Lead Poisoning

Principal Investigator Autism and Rett Syndrome | Down Syndrome | Leonardo da Vinci | Publications | Lab Personnel & Contact Info
Jonathan Pevsner, Ph.D. Welcome to the SNPduoWeb website. This tool is designed to provide an analysis of Single
Associate Professor Nucleotide Polymorphism (SNP) data between any two individuals. It has been designed based
Kennedy Krieger Institute

on data exported from Affymetrix CNAT 4.0 or Illumina Beadstudio, as well as data downloaded
from the HapMap project. However, provided that the data is formatted correctly SNPduoWeb
can analyze any SNP data.

Run SNPduo Click to run the SNPduoWeb tool
Introduction An introduction into the function of SNPduo

Tutorial A tutorial for first-time SNPduoWeb users. Covers the analysis of
Affymetrix, Illumina, HapMap, and custom format data

Sample Out Visual examples of the types of Identity by Stat

Y SNPduo Sb

. 33 e se8: 88 e H
; o pessecseeae o p
sete .
{ ' SNPduo: = e
The code f ; - it e el
Code based C+ oy 1 "o 2 3:%ws ot eilz 2%es et .
Home | DRAGON | SNOMAD | SNPscan | SNPtrio | Bioinformatics | Bioinformatics Course | Microarrays | Lead Poisoning

Autism and Rett Syndrome | Down Syndrome | Leonardo da Vinci | Publications | Lab Personnel & Contact Info

ISIC Rl Select a file to upload
=Sl Column Separation Tab [~

707 N. Broadway
Baltimore, MD 21205

Phone: (443)923-2686
Fax: (443)923-2695
Email: pevsner@kennedvkrieger.ors

We are located at the Kennedy |
Psychiatry and Behavioral Scien¢

patterns identified with

S
Please sen

Bac Return to the SNPduoV ESE¥l Choose the SNP data type Affymetrix - CNAT 4.0 [~]

Home Return to the Pevsner | BG Gl [nput which column has individual 1 genotypes

SN Input which column has individual 2 genotypes

1.l Select a chromosome é E:
ISl Width of postscript output in inches 11
Height of postscript output in inches 85
Please choose the NCBI build of the data you are using Build 36 (March '06 or hg18)[~ |
Should Postscript files be created (required for PNGs)? Make Postscripts =]
Should PNGs be created from postscript files? Make PNGs [=]
Attempt to segment blocks Yes[+]

Reference ” Roberson EDO, Pevsner J (2009)Visualization of Shared Genomic Regions and Meiotic Recombination in High-Density SNP Data.PLoS ONE 4(8)



Program to explore IBS patterns

S =)

/) File Edit View Search Document Project Tools Window Helj
] p

Algorithm:

Sample-pair-loop for pairwise or single process for one pair

1.
2.

Read in tped genotype Ffile from PLINK output
Choose pair of individuals
Marker-loop from SNP; -> SNP,:
1) Compare alleles, one SNP a time
2) Save results
case 0: any missing => missing
case 1: AA : aa => IBSO*
=> IBSO

case 2: AA : Aa => IBS1
Aa : AA => IBS1
case 3: Aa : Aa => IBS2

=> [IBS2*
AA => IBS2
aa => IBS2
the result, e.g. chr, bp, rs#

case 4: AA
aa

3) Attach SNP info to

4) Back to Marker-loop
Output results

1) Total IBS counts using {IBSO, IBSl1, IBS2, missing}

2) IBS* (for relationship) using {I1BSO0*, IBS2*, missing}
Optional: back to sample-pair-loop if pairwise comparison is set.
Result summary

1) Profile plotting using GNUPLOT

2) Statistics of various counting

3) Pattern study, e.g. fragments search, etc.

Optional: back to sample-pair-loop if looping is activated.

xR RayE s 2@ X|o oY sR4 4w[=lsF & =]
[ 7

e — 4

}

# adjustment for charting purpose
my $x = $v + 0.6 * rand();
return ($=[0], $=[1], %=[3], %y, $#)7

only counting the Ch and Dh
Ch = concordant heterozygotes
h = discordant homozygotes

#
#
#
#
Ei

ub star_one_pair_one_snp ($55){
my {($first, $second, $data) = @_;
my Be = split{/\s+|\t+/, &data);
my $coll = 2 * (&firat + 1);
my $col2 = 2 * (§second + 1)
my &y = ibs_star count{ée[coll], se[$coll+l], &e[écol?],
# adjuatment for charting purpose
my $x = 5y + 0.6 * rand();
return ($e[0], #e[1], #e[3], Sy, $x):

sub all_pairs cne_sop (£){

my (sdata) = @_:
my B= = split{/\s+I\t+/, Sdata):
my ¥stat = ()7
gacac{0} = 0;
sstat{l} = 0:
gstac{2} = 0;
gacac{-1} = 0;
my $outline = "se[0] se[l] se[3]":
for (my $i=4; fi<scalar Be - 3; $i+=2) {
for (my $j=8i+2; $j<scalar Be; $3+=2) [
my v = ibs_count ($e[51], $e=[51i+1], $=[5]1], $=[53+1]):
satac{syl++s
goutline .= " §¥";
1
¥

return "gatat{0}\tiatat{l}\téatat{Z}\tsstat{-1} \tsoucline”;

sub ibs_count({$$55) {

my (al, $a2, Sbl, 5b2) = @_;
# return missing as -1
if {(%al eq O) || (sb1 eq O)) {
return -1;
i
if {%al ne $a2) {
if (bl eg 5b2) {
return 1;
}
elsif ($bl ne 5b2){
# concordant heterczygotes
return 2;
1
¥
elsif ($al eq %a2){
if (&bl ne 5b2) {
return 1;
}
elsif ($bl eq 5b2){
if {5zl eg sbl) |
return 2;
1
else |
return 07

(= ‘@ ch rB-hnZsaga-:nt\4® :hrB-hnlsage-casel < profilelBS_v2.pl

gel[gcol2+l])

L

press F1 [ 1 | coll | 357




Program to explore IBS patterns

The PERL program can be run either in Linux or in Windows environment

rofilelBS/work_hapmap3/pairwise_ceu_new:229 ¥ perl ..
.tped: 71602
calculation ...
done.
dqscs05: fworkspace/ryu/ProfileIBS/work_hapmap3/pairwise_ceu_new:230 % perl ..
/../Data/chr0bceul80.tped: 71602
## ## Start single pair calculation ...
done.
dgscs05: fworkspace/ryu/ProfileIBS/work_hapmap3/pairwise_ceu_new:231 % gnuplot

GNUPLOT
VYersion 4.6 patchlevel 0
Build System: Linux x86_64

last modified 2012-03-04

Copyright (C) 1986-1993. 1998. 2004. 200/-2012
Thomas Williams. Colin Kelley and many others

//wuww.gnuplot .info
"help FAQ" 1

“"help” (plot window: hit 'h'}

gnuplot home:
faq. bugs. etc:
immediate help:

http:
type
type

Terminal type set to 'x11'
gnuplot> load "plot 42-42-1IBS—chr06.plt"”
nuplot?>

M Command Promp

race

relation. e.g. Father : Son
- lst—person-position. e.g. 724
d-perszon—position. e.g. 725

Optionals:

7. Way 1 pairwisze — separate output.
8. Way 2 pairwisze — one single output.

¥ =»Profile IBS“programs>

/../programs/profilelBS_+2.pl ..

/../programs/profileIBS_v2.pl ..

/../Data/chr0bceul80.tped 06 CEU na 81 81 0 ©

/../Data/chr0bceul80.tped 06 CEU na 42 42 0 ¢

Concordant hetero- & Discordant homo-IBS by physical position of pair: 42142 (r
IBS0=0 (0,0%), IBS2*=25939 (100,0%), <{missing=361>

-] @ o o W 2 : g i 2 [ & oo

28 8 % %O@ oo@ ) G%)oo @ O@G(;)c?)o OQO o@@%oo Ta s W 2 9
8@9 O%%po Sp0 B o0 O%p o 5 R & - o 8o
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0 20 40 B a0 100 120
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IBS by phy:
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exploring chromosomal IBS patterns

IBS patterns on Chromosome X in a MEX trio (from HapMap3)
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exploring chromosomal IBS patterns

Pairwise IBS patterns on Chromosome 6 in 1,031 cases data (HN)
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IBS patterns on Chromosome 6, a self-pairing, NA11891 (male, CEU)
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IBS patterns on Chromosome 6, a father-son pairing, NA11891-NA10865 (male, CEU)
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Total IBS patterns on Chromosome 6, a husband-wife pairing, NA11891 (male, CEU) - NA11892 (female, CEU)
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Concordant hetero- & Discordant homo-IB5 by physical position of pair: 2
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exploring chromosomal IBS patterns

Total IBS patterns on Chromosome 6 in a CEU trio(from HapMap3)
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exploring chromosomal IBS patterns

A Self-pairing: Total IBS patterns on Chromosome 6 in a CEU trio (from HapMap3)
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exploring chromosomal IBS patterns

Concordant heterozygotes and Discordant homozygotes IBS patterns on Chromosome 6 in a CEU trio (from HapMap3)
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Coalescence theory

A population genetics model of inheritance relationships
among alleles at a given locus. The coalescence of two
alleles is the most recent point (going back in time) at
which they shared a common ancestor.

Cryptic relatedness

The presence of close relatives in a sample of ostensibly
unrelated individuals. It is characterized by a recent
common ancestry that can be revealed from marker-based
relatedness coefficients.

Genome-wide association study

Analysis of the entire genome using association models to
identify regions of the genome that contribute to genetic
variation in a phenotype. These studies typically analyse
data from high-density SNP arrays.

Heritability

The proportion of phenotypic variation in a population
that is attributable to genetic variation among individuals.
Statistical methods are used to estimate the relative
contributions of differences in genetic and non-genetic
factors to the total phenotypic variation in a population.

Glossary

Identity by descent

(IBD). Two or more alleles are IBD if they are identical
copies of the same ancestral allele in a base population.
IBD can be estimated for alleles at single loci in a diploid
individual or between individuals.

Identity by state

(IBS). Refers to two or more alleles that ‘look’ the same.
For example, if two individuals both carry a ‘G" allele at a
specific locus.

Pedigree

A population of individuals in which the mating records for
multiple generations are known. Pedigree information is
typically available for livestock populations, in which
controlled breeding has been implemented to maximize
the response to genetic selection.
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