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A toy example: defining data

- Define genotype counts in cases and controls
> gc <- ¢(900,100,3,800,190,10)
- Calculate allele counts
> ac <- ¢(2°gc[1]+gc[2].gc[2]+27gc[3],27gc[4]+gc[5],gc[5]+2*gc6])
- Count individuals having at least one common/variant allele

> gcl <- c(ge[1]+gc(2],gcl3].gc[4]+gc[5].gcl6])
> gc2 <- c(gc[1].9c[2]+gc[3].gc[4],gc[5]+gc[6])



A toy example: testing

- Test for genotypic association
> pvg <- chisg.test(matrix(gc,ncol=3,byrow=TRUE),corr=FALSE)$p.value
- Test for allelic association (additive, valid provided HWE holds)
> pva <- chisq.test(matrix(ac,ncol=2,byrow=TRUE),corr=FALSE)$p.value
- Test for dominant/recessive model and keeping minimal p-value
> pvg1 <- chisq.test(matrix(gc1,ncol=2,byrow=TRUE),corr=FALSE)$p.value
> pvg?2 <- chisq.test(matrix(gc2,ncol=2,byrow=TRUE),corr=FALSE)$p.value
> pvb <- min(pvg1,pvg2)
- Results

> print(c(pvg,pva,pvb))
[1] 6.918239e-09 9.150309e-10 1.224003e-09



A toy example: testing

- Exact tests

> pvg .f <- fisher.test(matrix(gc,ncol=3,byrow=TRUE))$p.value

> pva .f <- fisher.test(matrix(ac,ncol=2,byrow=TRUE))$p.value

> pvg1.f <- fisher.test(matrix(gc1,ncol=2,byrow=TRUE))$p.value
> pvg2 .f <- fisher.test(matrix(gc2,ncol=2,byrow=TRUE))$p.value
> pvb .f <- min(pvg1 .f,pvg2 .f)

> print(c(pvg .f,pva .f,pvb .f))

[1] 2.412721e-09 8.047005e-10 1.132535e-09

- Trend test (additive model, valid regardless of HWE assumption)
> pvcat <- prop.trend.test(gc[1:3],gc[1:3]+gc[4:6],score=c(0,0.5,1))$p.value
> print(pvcat)
[1] 9.820062e-10



A toy example: testing

- Double sample size

> gc<-gc*2

> print(c(pvg,pva,pvb))

[1] 4.786203e-17 4.716312e-18 8.379499e-18
> print(c(pvg.f,pva.f,pvb.f))

[1] 1.231881e-17 3.485271e-18 6.810263e-18
> print(pvcat)

[1] 5.422705e-18



A toy example: estimation

- Function to calculate OR and Cl

> ci.or <- function(counts,alpha){

+ f <- gnorm(1-alpha/2)

+

+

=+

or <- counts[1]*counts[4]/(counts[2]*counts[3])

sq <- sqrt(1/counts[1]+1/counts[2]+1/counts[3]+1/counts[4])
upper <- exp(log(or)+f*sq)

lower <- exp(log(or)-f*sq)

res <- c(lower,or,upper)

res

+}

- OR and 95% Cl (alpha=0.05)

> print(ci.or(ac,0.05))
[1] 1.650411 2.102878 2.679390



A toy example: estimation

- Decrease significance level: 99% Cl (alpha=0.01)

> print(ci.or(ac,0.01))
[1] 1.529428 2.102878 2.891339

- Double sample size
> gc<-gc*2
> ac <- c(2"gc[1]+gc[2],gc[2]+27gc[3],2*gc[4]+gc[5],9¢[5]+27gc[6])
> print(ci.or(ac,0.05))
[1] 1.771784 2.102878 2.495842
> print(ci.or(ac,0.01))
[1] 1.678927 2.102878 2.633882



Installing R-package SNPassoc

- As SNPassoc is not available for recent R versions, we first need to
install R version 2.9.2 (or lower, but at least 2.4.0) from

http://cran.r-project.org/bin/windows/base/old/2.9.2/
- Install dependencies haplo.stats and mvtnorm

> install.packages(c(‘haplo.stats','mvtnorm'))

- Download Windows binary of SNPassoc package from

http://www.mirrorservice.org/sites/lib.stat.cmu.edu/R/CRAN/src/c
ontrib/Descriptions/SNPassoc.html and install using

> install.packages('SNPassoc_1.4-9.zip",repos=NULL)

- At the start of each session load the SNPassoc package using

> library(SNPassoc)


http://cran.r-project.org/bin/windows/base/old/2.9.2/
http://www.mirrorservice.org/sites/lib.stat.cmu.edu/R/CRAN/src/contrib/Descriptions/SNPassoc.html
http://www.mirrorservice.org/sites/lib.stat.cmu.edu/R/CRAN/src/contrib/Descriptions/SNPassoc.html

Data manipulation: loading data

- Load example data frames SNPs and SNPs.info.pos by typing

> data(SNPs)

- Look at the data (first two individuals, first three SNPs)

> SNPs[1:2,1:9]

id casco sex blood.pre protein snp10001 snp10002 snp10003 snp10004

11 1Female 13.77564052 TT CC
22 1Female 12.728688.22 TT AC
> SNPs.info.pos[1:3,]

snp chr pos
1 snp10001 Chr1 2987398
2 snp10002 Chr1 1913558
3 snp10003 Chr1 1982067

GG GG
GG GG



Data manipulation: class snp

- Assess numbers of cases (110) and controls (47)

> table(SNPs[,2])
0 1
47 110

- Create object of class snp

> mySNP<-snp(SNPs$snp10001,sep="")
> mySNP[1:7]
[MIT/TT/TTTCTT/TT/TTIT
Genotypes: T/T C/T C/C

Alleles: T C



Descriptive analysis: class snp

- Summarize object of class snp

> summary(mySNP)
Genotypes:
frequency percentage

T/T 92 58.598726
CIT 53 33.757962
C/C 12 7.643312
Alleles:

frequency percentage
T 237 7547771

C 77 24.52229
HWE (p value): 0.2816392



Descriptive analysis: class snp

- Summarize object of class snp using a barplot

> plot(mySNP,label="snp10001",col="darkgreen")

snp10001

frequency percentage frequency percentage
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Descriptive analysis: class snp

- Summarize object of class snp using a pie chart

> plot(mySNP,type=pie,label="snp10001",col=c("darkgreen","yellow","red"))

snp10001

frequency percentage frequency percentage
i 237" 7548 T 92" 5860 HWE (pvalue): 0.281639
C 7 2452 cm 53 33.76

Cic 12 7.64

C/IC

CIT



Data manipulation: class snp

- Change the reference category from genotype with common allele
to genotype with minor allele

> reorder(mySNP,ref="minor")[1:7]
[MMT/TTTTTCTT/TT/ITTIT
Genotypes: C/C C/T T/T

Alleles:

- Flexibly indicate genotype codes

> gg<-c("het","hom1","hom1","hom2","hom1","hom1","het","het")
> snp(gg,name.genotypes=c("hom1","het","hom2"))

[1] A/B A/A A/A B/B A/A A/A A/B A/B

Genotypes: A/A A/B B/B

Alleles: AB



Data manipulation: class setupSNP

- Create an object of class setupSNP

> myData<-setupSNP(data=SNPs,colSNPs=6:40,sep=""
> myData[1:2,1:8]
id casco sex blood.pre protein snp10001 snp10002 snp10003
11 1Female 13.775640.52 T/T C/IC G/G
22 1Female 12.728688.22 T/T A/IC G/IG

- Sort by chromosome and genomic position
> myData.o[1:2,1:8]
id casco sex blood.pre protein snp10004 snp10007 snp100010

11 1Female 13.775640.52 G/G C/C TI/T
22 1Female 12.728688.22 G/G C/IC T/T



Descriptive analysis: class setupSNP

- Get labels of object of class setupSNP
> labels(myData)[1:3]
[1] "snp10001" "snp10002" "snp10003"

- Summarize object of class setupSNP

> summary(myData)

alleles major.allele.freq HWE  missing (%)

snp10001 T/C  75.5 0.281639 0.0
snp10002 C/A 72.0 0.004945 0.0
snp10003 G 100.0 - 8.3
snp10004 G 100.0 - 0.6

snp10005 G/A  75.8 0.008020 0.0



Descriptive analysis: class setupSNP

- Summarize and plot a particular SNP

> plot(myData,which=20)

snp100020
frequency percentage frequency percentage
G 253 80.57 GIG 105 66.88
A 61 19.43 AG 43 27.39
AA 9 5.73

HWE (pvalue): 0.125355
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Descriptive analysis: Hardy-Weinberg equilibrium

- Assess Hardy-Weinberg equilibrium (HWE)
> res<-tableHWE(myData)

> res

HWE (p value) flag
snp10001 0.2816
snp10002 0.0049 <-
snp10003 -
snp10004 -
snp10005 0.0080 <-



Descriptive analysis: Hardy-Weinberg equilibrium

- Assess HWE stratified by sex

> res

all.groups Male Female
snp10001  0.2816 0.3941 0.7388
snp10002  0.0049 0.1660 0.0075
snp10003 - - -
snp10004 - - -
snp10005  0.0080 0.2755 0.0257



GWA analysis: loading data

- Load HapMap data

> data(HapMap)
> HapMap([1:2,1:5]

id group rs10399749 rs11260616 rs4648633

1 NA06985 CEU CC AA
2 NA06993 CEU CC AT
> HapMap.SNPs.pos[1:3,]

snp chromosome position
1rs10399749  chr1 45162
2rs11260616  chr1 1794167
3 rs4648633  chr1 2352864

1T
CT



GWA analysis: class WGassociation

- Create object of class setupsnp

> myDat.HapMap<-setupSNP(HapMap, colSNPs=3:9307, sort = TRUE,info=HapMap.SNPs.pos,
Sep=Illl)

> myDat.HapMap[1:2,1:5]
id group rs10399749 rs11260616 rs4648633
1 NA06985 CEU C/C A/A T/T

2 NA06993 CEU C/C A/T C/T

- Perform GWA on object of class setupsnp

> resHapMap<-WGassociation(group, data=myDat.HapMap, model="log-add")



GWA analysis: class WGassociation

- Plot results of GWA analysis

> plot(resHapMap, whole=FALSE, print.label.SNPs = FALSE)
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GWA analysis: class WGassociation

- Summarize results of GWA analysis

> summary(resHapMap)

SNPs (n) Genot error (%) Monomorphic (%) Significant* (n) (%)

chrl 796 3.8 18.6 163 20.5
chr2 789 4.2 13.9 161 20.4
chr3 648 5.2 13.0 132 20.4
chr4 622 6.3 17.7 104 16.7
chrd 587 4.4 14.7 118 20.1

chr6 556 4.1 16.9 101 18.2



GWA analysis: class WGassociation

- Plot results of GWA analysis (alternative using whole=TRUE)
> plot(resHapMap, whole=TRUE, print.label.SNPs = FALSE)
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GWA analysis: class WGassociation

- Scanning is fast alternative when only p-values are needed

> resHapMap.scan<-scanWGassociation(group, data=myDat.HapMap, model="log-
add")

> summary(resHapMap.scan)

SNPs (n) Genot error (%) Monomorphic (%) Significant* (n) (%)

chrl 796 0 18.6 143 18.0
chr2 789 0 13.9 143 18.1
chr3 648 0 13.0 11517.7
chr4 622 0 17.7 92 14.8
chrd 587 0 14.7 104 17.7
chr6 556 0 16.9 86 15.5



Performing variety of analyses: significant SNPs

- Get significant SNPs from chromosome 5

> getSignificantSNPs(resHapMap,chromosome=5)

$names

[1] "rs6555568" "rs4702723" "rs4866272" "rs7720894" "rs6452430" "rs10067664"
"rs6880750" "rs267030" "rs179194" "rs809039" "rs1015565" "rs6871275"

"rs1864998" "rs263890"
[15] "rs11955678" "rs1702380" "rs1106986"

$column

[116726 6742 6807 6927 6985 7022 7099 7101 7107 7123 7143 7157 7204 7260 7268
7277 7290



Performing variety of analyses: binary trait

- Association of case-control status with single SNP

SNP: snp10001, sep =" adjusted by:

0 % 1 % OR lower upper p-value AIC
Codominant
T/T 2451.1 6861.8 1.00 0.1323 193.6
CIT 2144.7 3229.10.54 0.26 1.11
C/IC 2 43 10 9.11.76 0.36 8.64
Dominant
T/T 2451.1 6861.8 1.00 0.2118 194.1
C/T-C/IC 23489 4238.20.64 0.32 1.28

log-Additive
0,1,2 47 29.911070.1 0.87 0.51 1.47 0.5945 195.4



Performing variety of analyses: binary trait

- Alternative implementation
> myData<-setupSNP(data=SNPs,colSNPs=6:40,sep=""
> association(casco~snp10001, data=myData)

- Restrict to certain genetic models

> association(casco~snp10001, data=myData, model=c("cod","log"))



Performing variety of analyses: adjustment

- Adjust analysis for gender and arterial blood pressure

> association(casco~sex+snp10001+blood.pre, data=myData)
SNP: snp10001 adjusted by: sex blood.pre
0 % 1 % OR lower upper p-value AIC
Codominant
T/T 2451.1 6861.8 1.00 0.15410 195.8
CIT 2144.7 3229.10.55 0.26 1.14
C/IC 2 43 10 9.11.74 0.35 8.63
Dominant
T/T 2451.1 6861.8 1.00 0.22859 196.1
C/T-C/IC  2348.9 4238.20.65 0.32 1.31

log-Additive
0,1,2 47 29.911070.1 0.87 0.51 1.49 0.60861 197.3



Performing variety of analyses: stratification

- Stratify analysis by gender

> association(casco™snp10001+blood.pre+strata(sex), data=myData, model="dom")
strata: sex=Male
SNP: snp10001 adjusted by: blood.pre
0 % 1 % OR lower upper p-value AIC
Dominant
T/T 1152.42953.7 1.00 0.895 94.7
C/T-C/C 1047.6 2546.3 0.93 0.34 2.57
strata: sex=Female
SNP: adjusted by:
0 % 1 % OR lower upper p-value AIC
Dominant
T/T  13503969.6 1.00 0.1309 100.8
C/T-C/C 135017 30.40.47 0.17 1.25



Performing variety of analyses: subsetting

- Analyze within subset of males

> association(casco™snp10001+blood.pre, data=myData,subset=sex=="Male")
SNP: snp10001 adjusted by: blood.pre
0 % 1 % OR lower upper p-value AIC
Codominant
T/T 11 52.4 29 53.7 1.00 0.04070 90.3
CIT 10 47.6 17 31.50.63 0.22 1.80
C/IC 0 0.0 8148 0.00
Dominant
T/T 11 52.4 29 53.7 1.00 0.89492 94.7
C/T-C/IC 10 47.6 2546.30.93 0.34 2.57

log-Additive
0,1,2 21 28.054 72.0 1.35 0.62 2.95 0.44244 94 1



Performing variety of analyses: continuous trait

- Analyze continuous trait

> association(log(protein)~snp100029+blood.pre, data=myData)
SNP: snp100029 adjusted by: blood.pre

n me se dif lower upper p-value AIC

Codominant

G/G 94 10.620 0.05449 0.00000 3.319e-05 311.6
AIG 48 10.414 0.10043 -0.20457 -0.4289 0.01981

A/A 14 9.793 0.28182 -0.82447 -1.1869 -0.46206

Dominant

G/G 94 10.620 0.05449 0.00000 1.553e-03 319.6

A/G-A/A 62 10.274 0.10461 -0.34408 -0.5572 -0.13098

log-Additive
0,1,2 -0.33595 -0.4914 -0.18049 2.281e-05 312.2



Medium scale analysis

- Analyze subset of SNPs selected from previous analysis

> sigSNPs<-getSignificantSNPs(resHapMap,chromosome=5,sig=5e-8)$column
> myDat2<-setupSNP(HapMap, colSNPs=sigSNPs, sep="")
> resHapMap2<-WGassociation(group™1, data=myDat2)
> summary(resHapMap?2)
SNPs (n) Genot error (%) Monomorphic (%) Significant® (n) (%)
86 5.8 16.3 13 15.1

*Number of statistically significant associations at level 1e-06



Medium scale analysis

- Plot results of medium scale analysis
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Medium scale analysis

- Analyze multiple SNPs

> myData<-setupSNP(SNPs, colSNPs=6:40, sep="")
> myData.o<-setupSNP(SNPs, colSNPs=6:40, sort=TRUE,info=SNPs.info.pos, sep="")
> ans<-WGassociation(protein™1,data=myData.o)
> ans
comments codominant dominant recessive overdominant log-additive
snp10004 Monomorphic - - - - -
snp10007 Monomorphic - - - - -
snp100010 Monomorphic - - - - -
snp10002 - 0.78525 0.93292 0.48600 0.87267 0.76807
snp10003 Monomorphic - - - - -
snp10008 - 0.20293 0.29843 0.08453 0.83628 0.13289



Medium scale analysis

- Export results to LaTeX

> library(Hmisc)
> SNP<-pvalues(ans)

> out<-latex(SNP file="ans1.tex", where="h",caption="Summary of case-control study
for SNPs data set.",center="centering", longtable=TRUE, na.blank=TRUE,
size="scriptsize", collabel.just=c("c"), lines.page=50,rownamesTexCmd="bfseries")

- This creates a latex file ans1.tex containing the table of results



Medium scale analysis

- One can also get the same output as for single SNP analyses

> WGstats(ans,dig=5)

$snp100010

SNP: snp100010 adjusted by:
Monomorphic

$snp10002

SNP: snp10002 adjusted by:

n me se dif lower upper p-value AIC

Codominant
C/C 74 42876 2890 0.0 0.7853 3612
A/C 78 42740 2576 -135.8 -7648 7377

A/A 5 50262 6879 7385.6 -14006 28777



Medium scale analysis

- Plot results

> plot(ans)
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Haplotype analysis using haplo.stats

- Prepare model matrix with tag SNPs

> datSNP<-setupSNP(SNPs,6:40,sep=""
> tag.SNPs<-c("snp100019", "snp10001", "snp100029")
> geno<-make.geno(datSNP,tag.SNPs)

- Estimate haplotype effects

> mod<-
haplo.glm(log(protein)~geno,data=SNPs,family=gaussian,locus.label=tag.SNPs,allele.l
ev=attributes(geno)$unique.alleles,control = haplo.glm.control(haplo.freq.min=0.05))



Haplotype analysis using haplo.stats

- Output

> mod
Coefficients:
coef se tstat pval

(Intercept) 10.6880 0.0985 108.543 0.00e+00
geno.3  -0.34850.0859 -4.058 7.86e-05
geno.6  -0.0466 0.0994 -0.469 6.40e-01
geno.rare -0.2324 0.2429 -0.957 3.40e-01
Haplotypes:

snp100019 snp10001 snp100029 hap.freq
geno.3 G C A 0.2321
geno.6 G T G 0.2990
geno.rare * * *0.0262
haplo.base C T G 0.4427



Haplotype analysis using haplo.stats

- Confidence intervals can be obtained

> intervals(mod)
freq diff 95% C.I. P-val
CTG 0.4427 10.69 Reference haplotype
G 0.2321 -0.35( -0.52 - -0.18) 0.0000
G 0.2990 -0.05( -0.24 - 0.15) 0.6391
rare 0.0262 -0.23 ( -0.71- 0.24) 0.3386



Haploview: load data

- Double click on Java archive Haploview.jar
- Browse to example files sample.txt and sample.info and push OK

OO0

.[ Linkage Format i Haps Format HapMap Format >

Data File: [ Browse )
Locus Information File: [ Browse |

[] ¥ Chromosome | | Do association test

(*) Family trio data () Case/Control data

(=) standard TDT () ParenTDT

Test list file (optional): (" Browse )
Ignore pairwise comparisons of markers = 500 kb apart.
Exclude individuals with = |50 % missing genotypes.

E OK ) [ Cancel ) ( Proxy Settings )




Haploview: check markers tab

- Marker quality control

y Haploview 3.2 -- sample.ped
File Display Analysis Help Key
f LD Plot rHapInwpes rCheck Markers rTagger rAssuciatiun |

Using 0 singletons and 40 trios from 40 families. | Show Excluded Individuals

# Mame Position  [QbsHETPredH.. | HWpowal| #Geno [FamTrioMend...| MAF | Eating
1 ICR1118a_1 274044 [0 282 (0268 0762 (575 |28 0 0.1& v |a
2 ICE111%a_1 274541 (0267 0257 |0838 967 |37 0 0,151 [v]
H IGR1142a_1 2H6593 (0.3 0.28% |0.516 |[100.0 |40 4] 0.175% v
4 ICE1144a_1 28726l |0.283 |0.272 [0.696 |100.0 |40 o] 012 v]
& ICR116%a_2 239755 |0.268 |0.241 0352 |332.3 |3Z 4] 014 v]
G ICE1218a_2 324341 |0.301 |0.284 |0.63 |94.2 |33 0 0.171 v]
7 ICR121%a_2 224279 |0.27% |0.278 (0711 |308 |21 0 0167 v]
g ICR1Z286a_1 258048 (0263 (0253 |LO 950 3% 0 0.14% v]
G TRCOL101718 266811 (00132 |0.124 1.0 950 |34 0 0067 v]
10 |IGR1Z73a 1l 3507|0283 0272|0176 |100.0 |40 o] 012 vl |=
11 |IGR1Z71a.l 2BEA5E |0.277 |0.272 |0.215 |332.3 |3Z 4] 0162 v]
12 |ICR1z&3a_2 397334 0311 0297 00139 |88 |31 0 0.1581 v]
13 |ICR1Z&%9a.l 297281 |0.27% |0.264 (0216 |100.0 |40 4] 0,156 v]
14 |ICR1Z&7a_l 3WE352  |0.283 |0.264 [0.216 |100.0 |40 o] 0.156 v]
15 |ICRZ2008a_2 411822 (0,382 |0.441 [0.645 |32.3 |34 4] 0.325 v]
1 |ICR2008a_1 4118732 [0.294 0403 004 850 |29 0 0.28 v]
17 |ICR2010a 3 412456 (0336 (0403 0143 (967 |38 4] 0,275 V]
18 |ICR2011kh_1 413233  |0.489 |0.499 |0.84 |75.0 |27 o] 0.483 Al
13 |ICR2016a_1 415579 (0351 |0.422 [0.151 |35.0 |37 4] 0.303 EEE

HW p-value cutoff: (20010

Min genotype % |75

Max # mendel errors: |1 Select All
Minimum minor allele freq. (00010

| Rescore Markers |




Haploview: LD plot tab

- Pairwise LD (D’) and haplotype blocks




Haploview: haplotypes tab

- Haplotypes, haplotype frequencies and multilocus D’

y Haploview 3.2 -- sample.ped
File Display Analysis Help

Key
LD Plot || Haploiypes rCheck Markers rTagger rAssuciatiun |

Block 1 Block 2 Block 3

=t 04 BT LD T 00 =3 et o P Lo
nnnnnnnnnnnnn =]

GGACAACC .825——rTTACG .83 1prCC 660
ARTTCGTE 149 CCCAR .m%m 275
.78

TC .054
.79

Examine haplotypes above |1 | % Display alleles as:

m letters
Connect with thin lines if = |1 % O numbers

Connect with thick lines if = |10 % _ colored squares




Haploview: association tab

- Haplotype analysis (if indicated at start)

File Display Analysis Help Key
fLD Plov rHapInwpes rCheck Markers rTagger rAssuciatiun [

Single Marker | Haplotypes rPermutatinn Tests |

Haplotype Freg. T:U Chi Sguare [ walue

Haplotwpe Associations
¢ Block 1

GLACALTE 0,825 (13,0 @ 9.0 0. 72T 0. 3938

ASTTCOTY 0.149 5.5 @ 9.5 0.046 0.5303
¢ Block 2

TTACG 0.831 |16.0 @ 5.0 2.667 0.1025

COCAN 0,144 |8.0 @ 14.0 1.535 0. 2008
¢ Block 3

e 0.664 (180 @ 9.0 2,580 0. 0833

TG 0,275 6.0 & 13.5 2.5882 0. 0590

TC 0.054 3.0 @ 4.5 0. 295 1. 5865




Haploview: tagger tab

- Tag SNPs selection

File Display Analysis Help Key
f LD Plov rHapInwpes rCheck Markers rTagger rAssuciatiun |
Configuration | Results |
Tests Allele Test re
IGR1118a_1 IGR1218a_2 04852
IGR1218a_2 IGR1119a_1 IGR1218a_2 0,949
IGR1369a_1 ICR1142a_1 ICR1218a_2 1.0
IGR2008a_1 IGR1144a_1 ICR1218a_2 0,954
TSCO101718 IGR1169a_2 IGR1218a_2 0.894
IGR2020a_1 IGR1218a_2 IGR1218a_2 1.0
IGR121%9a_2 ICR1218a_2 0,908
IGR2008a_2 = =
IGRZﬂllz_l IGR1286a_1 IGR1218a_2 0,898
- TSCO101718 TSCO101718 1.0
IGR1373a_1 IGR1269a_ 1 0,854
ICR1271a_1 ICR1Z69a_ 1 04952
IGR1269a_2 IGR1269a_ 1 1.0
Alleles captured by Current Selection :g&igg?a-i :ggggga-i 3.30?
IGR1118a_1 a 8. -
IGR1119a_1 IGR20083_2 ICR20083_2 1.0
IGR1143a 1 IGR2008a_1 IGR2008a_1 1.0
IGR1144a 1 ICR2010a_3 ICR2008a_1 0.814
i IGR2011kh_1 IGR2011h_1 1.0
IGR11653_2 IGR2016a_1 IGR2008a_1 0.853
IGR1218a 2 IGR2020a_1 IGRZ020a_1 L0
IGR1219a_2
IGR1286a_1
Captured 20 alleles with mean r® of 0.952
Captured 100 percent of alleles with r? > 0.8
Ising 7 SMPs In 7 tests,
Dump Tests File
| ——— el




Class exercises

- Q1. Perform a genome-wide scan for HWE for the HapMap dataset.

- Q2. Perform a GWA for arterial blood pressure under the additive
genetic model stratified by gender and adjusted for protein level.

- Q3. Determine the median protein level in the SNPs dataset and
define a new dichotomous trait protein>median. Perform a GWA
for this trait under the dominant genetic model and adjusted for
gender.



