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Introductory thoughts

• There are lots of interestingstatistical problems in genetics and genetic epidemiology

• Some methods can be brought in from other domains, but often problems are unique

• Statistical geneticist like to roll their own

• And make them freely available over the Internet (some unimportant exceptions)

• There are enough data for everyone

• I’m not talking about bioinformatics
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Fun things about genetic datasets

• Elaborately correlated data

• Lots of latent variables
• Strongly specified descriptions of how the latent variables work:

• Population genetics

• Mendelism

• Now, lots and lots of observed variables
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A survey of available software

First stop: http://www.nslij-genetics.org/soft/

(also mirrored at http://linkage.rockefeller.edu/soft)
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A survey of available software: results
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What we use a lot

• Basic manipulation of genetic data

• Genetic data error checking

• Pictures of genetic marker data

• Drawing pedigrees

• Descriptives of genetic marker data

• Descriptives of familial phenotypic data

• Genetic linkage analysis

• Genetic association analysis
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Mucking around with genetic data

• Standard statistical packages (R, SPSS, SAS, Stata)

• Standard databases (Oracle)

• Text oriented computer languages (awk, perl, python …)

For genotypes, nicest way is probably astext: “allele1separator allele2”.

Have a missingallele token.

So, one way to store 500000 genotypes for an individual is as a string
“ACAACG..ATTACCGG..TTACGGCC”[David Hinds]. Your 1000 cases and 1000 controls
occupy 4 GB uncompressed.
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Genetic data error checking

• Haploview

• Merlin
• MENDEL
• PEDCHECK
• RELPAIR
• SIMWALK2
• Sib-pair

Measurement error rates for individual genotypes vary from 1/10000 to 1/10.
If you have families, cross check family member genotypes versus each other. Test pedigree
misspecifications/sample mixups with RELPAIR. Check sex-linked markers.
With unrelated individuals, can only test if the particular marker (assay) is poor: compare
against population data, and test population genetic equilibria (Hardy-Weinberg, linkage etc)
for your sample.
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Pictures of genetic marker data: Haploview

• For analysis of many contiguous SNPs

• Small families or unrelated cases and controls

Performs:

• Error checking

• Presentation of intermarker associations (linkage disequilibrium/haplotypes)

• Selection of “tagging” SNP markers

• Global permutation testing of individual SNPs and haplotypes versus a binary trait
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Pictures of genetic marker data: GRR

• For analysis of many markers of any type

• Families

Performs:

• Graphical diagnostics for pedigree misspecification

IBS = Identity by state of genotypes at one locus in two individuals

IBS score takes value 0, 1, 2 alleles shared

Parent and offspring always share at least one allele IBS per locus
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Drawing pedigrees

• Cranefoot
• Cyrillic

• Genehunter
• Graphviz

• Haplopainter

• Madeline
• Pedraw
• Pedfiddler
• Progeny

Drawing large pedigrees automatically from a data file is not done that well.

QIMR



Family − S_02

101111711222 1012 1172

?

1165

?

1171 43711664

?

1183

?

1032

?

1184114

?

1269113 1167213448

56 86

?

1098

?

1232

?

1097

?

1231

478106 549125 111104171 39137613378 402164387480 405

?

401116 192 321

13203 21414

?

1073218

?

176 377

?

1074 4051438 166313 525314 120227

?

1185

?

1061

?

1186

?

1111367 165

?

153548 406115

?

1146 315191 320

?

1223 229

?

1147 1256

?

1253

?

1148

?

1255

?

990201009

?

1140

?

12541010

Fri Sep 15 2006Pedfile: /home/davidD/Genetics/Diabetes/SNPS2/test2.pre

Pedigree S_02

1009

10111032

10611074

1097 1098

113

1146

1147

11661172 1183

11851223

1231 1232

1253 1256

1269

1535 165203

22

406

78

990201010 11401148 1254 1255

112114 1167213 4448 117 1165 1184 43710121171

1186 1314176115 191 313314 315 1111367 3774051 438120 1073 214218 166320525 227229 48

106125 478 549104 111 133 480 164116 171192 376387 391321 401402 405

56 86

QIMR



Overview of Sib-pair

First code written in 1995: for multiallelic TDT

Creeping featurism has continued to today (33000 lines of code + 6000 lines comments)

Has been run on many architectures (even a Mac version)

Version in R – lags in terms of features
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Basic use of Sib-pair: data entry

Getting some data in:

read locus merlin chrom19.dat
read map chrom19.map
read pedigree chrom19.ped
run

# Locus Type cM ——- Comments ————

set locus melanoma aff . Melanoma case (y) or control (n)

set locus molecount quant . Flat mole count

set locus rs719010 marker 63.2766 63276577 G>A bad locus?

set locus rs1549492 marker 63.2771 63277060 T>C

set locus rs260454 marker 63.459 63458980 T>C

read pedigree chrom19.ped

run
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Basic use of Sib-pair: data manipulation

Some data manipulations:

drop where monomorphic
drop where “bad“
flip rs15*
select containing 2 where \

isnon and melanoma and (numtyp == 3)
molecount = log (molecount+1)
write structure c19.data
write locus structure c19.param c19.data
drop $q $a
write arlequin c19.arl parents
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Basic genetic analyses using Sib-pair

list $m
show pedigrees
describe $q
describe snps
hwe
hwe founders
diseq
table cmm rs260*
table cmm 5
tdt cmm
assoc cmm covariates molecount
assoc cmm genotypes
homoz cmm
varcomp molecount covariates cmm
qtl molecount full
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Descriptives of genetic marker data: Sib-pair

Many programs (including Haploview) can produce a compact summary describing a set of
genotypes at multiple markers. In Sib-pair,

describe snps

obtains
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Marker NAll Allele(s) Freq Het Ntyped HWE-P

————– —- ———– —— —— —— ——

E366K 2 A (G) 0.0197 0.0387 4887 0.7147

rs1122629 2 T (C) 0.4964 0.5000 4837 0.6872

rs1243160 2 T (C) 0.1760 0.2901 4871 0.1519

rs1303 2 C (A) 0.2676 0.3921 4820 0.2546

rs1570141 2 T (C) 0.4297 0.4902 4865 0.1880

rs17090730 2 A (G) 0.1963 0.3155 4858 0.3875

rs17580 2 T (A) 0.0454 0.0867 4880 0.0299

rs17751769 2 T (C) 0.4153 0.4857 4854 0.9529

rs1980616 2 A (G) 0.1962 0.3154 4847 0.6488

rs1980618 1 A 1.0000 - 4912 1.0000

rs2753934 2 T (C) 0.2023 0.3228 4784 0.9286

rs3748312 2 A (G) 0.1465 0.2502 4862 0.0585

rs3748314 2 A (G) 0.1795 0.2946 4889 0.7708

rs3748318 2 C (T) 0.1623 0.2719 4881 1.0000

rs6575424 2 A (G) 0.3352 0.4457 4872 0.0826

rs6647 2 C (T) 0.2063 0.3276 4878 0.1370

rs709932 2 A (G) 0.1686 0.2803 4823 0.2585

rs8004738 2 T (C) 0.4960 0.5000 4852 0.7522
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Descriptives of familial phenotypic data: Sib-pair

————– Familial correlations (pairwise) ————–

Rel 1 Rel 2 Std Dev 1 Std Dev 2 Correlation N Pairs

————————————————————–

Husband Wife 5.2300 4.5710 0.0437 2299

Gparent Gchild 5.5547 5.2041 0.1016 6594

Halfsib Hsib 5.2550 0.2324 42226

Parent Off 5.2429 5.3769 0.1581 5141

Fullsib Fsib 5.1561 0.4399 211

Father Son 5.1062 4.9018 -0.0196 97

Father Dau 5.2690 4.3482 0.2433 491

Mother Son 4.9589 5.2384 0.1495 95

Mother Dau 4.8222 4.3857 0.1819 468

Brothers 0.0000 0.0000 0

Sisters 5.4283 0.8507 3

Brother-Sister 0.0000 0.0000 0.0000 1
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————————————————

Segregation ratios for trait ”sga”

————————————————

Total sample All Fndrs Nonfndrs

——————————————-

Aff/Tot 306/3414 0/ 0 306/3414

Prop Aff 0.090 0.000 0.090

Missing 618 607 11

Mating Type UxU UxA AxA

——————————————-

Matings 2093 204 2

Aff/Tot 188/2207 32/ 212 1/ 3

Prop Aff 0.085 0.151 0.333

Relative pair RecRisk Aff-Aff Aff-UnA

——————————————-

Marital 0.019 2 204

Gparent 0.077 31 744

Halfsib 0.183 611 5470

Par-Off 0.100 34 613

Fullsib 0.541 10 17
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Genetic linkage analysis: MERLIN

506 citations since 2002.

• For linkage analysis of binary or quantitative traits and many markers

• Small to moderately large families
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Performs:

• parametric and non-parametric linkage analysis

• variance components linkage analysis of quantitative traits

• regression-based analysis of quantitative traits

• multimarker-based ibd and kinship estimation

• haplotyping

• error detection
• simulation of marker data under null hypothesis of no linkage

Linkage disequilibrium between markers is allowed in models
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> merlin -d chr1.dat -m chr1.map -p chr1.ped –grid 10 –vc –pdf

…

Family: 42258 - Founders: 2 - Descendants: 2 - Bits: 2

Skipping Marker D11S2008_S [BAD INHERITANCE]

Skipping Marker ATA27C11_M [BAD INHERITANCE]

Family: 99008 - Founders: 2 - Descendants: 2 - Bits: 2

Skipping Marker D11S1301_S [BAD INHERITANCE]

Phenotype: ige1 [VC] (773 families, h2 = 48.46%)

==================================================================

Position H2 ChiSq LOD pvalue

4.939 37.76% 5.91 1.28 0.008

14.939 31.25% 3.83 0.83 0.03

24.939 10.59% 0.52 0.11 0.2

34.939 0.00% 0.00 0.00 0.5

44.939 0.00% 0.00 0.00 0.5

54.939 0.00% 0.00 0.00 0.5

64.939 1.51% 0.03 0.01 0.4

74.939 3.38% 0.10 0.02 0.4

84.939 0.00% 0.00 0.00 0.5
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Linkage and association: MENDEL

36 citations since 2001.

• For linkage and association analysis

• Small to large families

• Larger families can be analysed with a companion program SIMWALK2

Performs a wide variety of analyses. I would highlight:

• GLM (including censoring) haplotype association analysis for pedigrees, with LD

• multivariate variance components linkage analysis

• association conditional on linkage (in pedigrees)
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Table 0.1 from the MENDEL manual

# Analysis Option # Analysis Option

1 MAPPING_MARKERS 12 CASES_AND_CONTROLS

2 LOCATION_SCORES 13 TDT

3 HAPLOTYPING 14 PENETRANCES

4 NPL 15 ETHNIC_ADMIXTURE

5 MISTYPING 16 COMBINING_ALLELES

6 ALLELE_FREQUENCIES 17 GENE_DROPPING

7 GENETIC_COUNSELING 18 COMBINING_SNPS

8 GAMETE_COMPETITION 19 POLYGENIC_QTL

9 PEDIGREE_SELECTION 20 QTL_ASSOCIATION

10 KINSHIP_MATRICES 21 TRIM_PEDIGREES

11 GENETIC_EQUILIBRIUM 22 ASSOCIATION_GIVEN_LINKAGE
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Some sample output:

…

FIRST LOCUS NAME : snp17505

LAST LOCUS NAME : snp19827

FISHER P-VALUE : 0.0010000 +/- 0.0006321

ZMAX P-VALUE : 0.0530000 +/- 0.0044807

MOST ABERRANT TYPE : A/A,G/G,A/A,C/C,C/C,C/C,T/T,C/C,C/C,G/G

AFFECTED SAMPLE SIZE : 17

NORMAL SAMPLE SIZE : 16

FIRST LOCUS NAME : snp17652

LAST LOCUS NAME : snp20189

FISHER P-VALUE : 0.0006000 +/- 0.0004898

ZMAX P-VALUE : 0.0158000 +/- 0.0024940

MOST ABERRANT TYPE : G/G,A/A,C/C,C/C,C/C,T/T,C/C,C/C,G/G,G/G

AFFECTED SAMPLE SIZE : 17

NORMAL SAMPLE SIZE : 17
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Analysis of the same data using Haploview:

• Global permutation P-value

• No covariates possible

• No facility for sliding a window
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MCMC GLMMs in Sib-pair: link functions

The trait model can be:

• Gaussian
• Binomial with identity, probit or logit link

• Multifactorial threshold model
• Poisson (log link)

• Weibull
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MCMC GLMMs in Sib-pair: latent variables

In the Sib-pair MCMC GLMM, the simulated (unobserved) variables include:

• Diallelic QTL genotypes

• Gaussian breeding values

• Maternal effect (“permanent environment”) values

• Family environmental effect values

• A single QTL allele frequency (shared by all QTLs in the major gene or finite polygenic
model)

• Up to three genotypic means (shared by all QTLs in the FPM)

• VA, VC, VM
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MCMC GLMMs in Sib-pair: commands

Contingency table analysis table

GLMM polygenic models fpm nqtl 0

GLMM segregation models fpm nqtl 1

Finite polygenic models fpm nqtl N
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MCMC GLMMs in Sib-pair: a simple genetic example

Binomial GLMM analysis of rat toxicology dataset of Weil et al (1972) using different
approaches. PQL1is the penalised quasilikelihood approach implemented as glmmPQL() in
the MASS package [Venables and Ripley 2002], while PQL2, Laplace are results from lmer()
in the lme4 package of Bates and Sarkar [2005] using penalized quasilikelihood, Laplace
approximation respectively. The SAS results are from Wang and Louis [2002].

Parameter Estimate (SE)

Method Sib-pair Laplace PQL1 PQL2 SAS
NLMIXED

SD Litter
RE

1.36 (0.34) 1.30 1.27 1.49 1.34 (0.33)

Intercept 2.58 (0.49) 2.63 (0.45) 2.37 (0.41) 2.37 (0.48) 2.62 (0.48)

Treatment -1.07 (0.65) -1.09 (0.60) -0.96 (0.56) -0.96 (0.66) -1.07 (0.62)
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MCMC GLMMs in Sib-pair: a nongenetic example

Poisson GLMM analysis of European male melanoma death rate dataset of Langford et
al (1998) using different approaches. PQL1 is the penalised quasilikelihood approach
implemented as glmmPQL() by Ripley and Venables [2002] in the MASS package,
while PQL2, AGQ are results from lmer() in the lme4 package of Bates and Sarkar
(2005). The STATA result used the xtpois command, and comes from the review article at
http://www.mlwin.com/softrev/revstata.html.

      Parameter Estimate (SE)

Method Sib-pair AGQ PQL1 PQL2 STATA

Region
variance

0.188
(0.037)

0.170 (-) 0.161 0.125 0.102 (-)

Intercept -0.151
(0.058)

-0.139
(0.043)

-0.129
(0.049)

-0.129
(0.043)

-0.138
(0.017)

UVB
insolation

-0.035
(0.011)

-0.034
(0.009)

-0.038
(0.010)

-0.038
(0.009)

-0.056
(0.004)
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Last thoughts

• Lots of different tools
• Use many, and crosscheck results from different types of analysis and program

A few more gems:

• In R, thekinship andhaplo.stats packages

• FBAT, QTDT and Unphased for within-family association analysis

• WOMBAT and ASREML, forvery fast (AI-REML) variance components (linkage)
analysis
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