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GenABEL	package	

•  R	package	for:	
– Designed	for	GWA	analysis	
– Graphical	results	of	GWA	analysis		

•  To	install:	
install.packages("GenABEL")	

•  Tutorial	

hQp://www.genabel.org/sites/default/files/html_for_import/GenABEL_tutorial_html/GenABEL-tutorial.html#x1-180004	
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GenABEL:	Exercise	1	
•  Exploring	IDs	in	srdta		

1.	How	many	people	are	included	in	the	study?	
all	=	nids(srdta)	

2.	How	many	of	these	are	males?	
gender	=	male(srdta)	
no.male	=	length(gender[which(gender	==	1)])	
	
3.	How	many	are	females?	
no.female	=	length(gender[which(gender	==	0)])	
	
4.	What	is	male	propor`on?	
no.male	/	all	
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GenABEL:	Exercise	2	

1.	What	are	names	of	markers	located	aaer	
2,490,000	b.p.?	
pos	=	map(srdta)	
snp	=	snpnames(srdta)	
snp[which(pos	>	2490000)]	
	
2.	Between	1,100,000	and	1,105,000	b.p.?	
snp[which(pos	>=	1100000	&	pos	<=	1105000	)]	
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Homework	1	

•  We	are	going	to	use	the	HAPMAP	data	as	case	
study	

hQp://www.montefiore.ulg.ac.be/~chaichoompu/CK/?Courses___2016_-_GBIO0009_-_Topics_in_Bioinforma`cs	
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HAPMAP	
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hQps://www.genome.gov/10001688/interna`onal-hapmap-project/	
	

The International HapMap Project
The International HapMap Consortium*

*Lists of participants and affiliations appear at the end of the paper

...........................................................................................................................................................................................................................

The goal of the International HapMap Project is to determine the common patterns of DNA sequence variation in the human genome
and to make this information freely available in the public domain. An international consortium is developing a map of these
patterns across the genome by determining the genotypes of one million or more sequence variants, their frequencies and the
degree of association between them, in DNA samples from populations with ancestry from parts of Africa, Asia and Europe. The
HapMap will allow the discovery of sequence variants that affect common disease, will facilitate development of diagnostic tools,
and will enhance our ability to choose targets for therapeutic intervention.

C
ommon diseases such as cardiovascular disease, cancer,
obesity, diabetes, psychiatric illnesses and inflammatory
diseases are caused by combinations of multiple genetic
and environmental factors1. Discovering these genetic
factors will provide fundamental new insights into the

pathogenesis, diagnosis and treatment of human disease. Searches
for causative variants in chromosome regions identified by linkage
analysis have been highly successful for many rare single-gene
disorders. By contrast, linkage studies have been much less success-
ful in locating genetic variants that affect common complex dis-
eases, as each variant individually contributes only modestly to
disease risk2,3. A complementary approach to identifying these
specific genetic risk factors is to search for an association between
a specific variant and a disease, by comparing a group of affected
individuals with a group of unaffected controls4. In the absence of
strong natural selection, there is likely to be a broad spectrum of
frequency of such variants, many of which are likely to be common
in the population. A number of association studies, focused on
candidate genes, regions of linkage to a disease or more large-scale
surveys, have already led to the discovery of genetic risk factors for
common diseases. Examples include type 1 diabetes (human
leukocyte antigen (HLA5), insulin6 andCTLA4 (ref. 7)), Alzheimer’s
disease (APOE)8, deep vein thrombosis (factor V)9, inflammatory
bowel disease (NOD2 (refs 10, 11) and also 5q31 (ref. 12)),
hypertriglyceridaemia (APOAV)13, type 2 diabetes (PPARG)14,15,
schizophrenia (neuregulin 1)16, asthma (ADAM33)17, stroke
(PDE4D)18 and myocardial infarction (LTA)19.

One approach to doing association studies involves testing each
putative causal variant for correlation with the disease (the ‘direct’
approach)2. To search the entire genome for disease associations
would entail the substantial expense of whole-genome sequencing
of numerous patient samples to identify the candidate variants3. At
present, this approach is limited to sequencing the functional parts
of candidate genes (selected on the basis of a previous functional or
genetic hypothesis) for potential disease-associated candidate vari-
ants. An alternative approach (the ‘indirect’ approach) has been
proposed20, whereby a set of sequence variants in the genome could
serve as genetic markers to detect association between a particular
genomic region and the disease, whether or not the markers
themselves had functional effects. The search for the causative
variants could then be limited to the regions showing association
with the disease.

Two insights from human population genetics suggest that the
indirect approach is able to capture most human sequence vari-
ation, with greater efficiency than the direct approach. First,,90%
of sequence variation among individuals is due to common vari-
ants21. Second, most of these originally arose from single historical
mutation events, and are therefore associated with nearby variants
that were present on the ancestral chromosome on which the
mutation occurred. These associations make the indirect approach

feasible to study variants in candidate genes, chromosome regions
or across the whole genome. Prior knowledge of putative functional
variants is not required. Instead, the approach uses information
from a relatively small set of variants that capture most of
the common patterns of variation in the genome, so that any
region or gene can be tested for associationwith a particular disease,
with a high likelihood that such an association will be detectable if it
exists.
The aim of the International HapMap Project is to determine the

common patterns of DNA sequence variation in the human
genome, by characterizing sequence variants, their frequencies,
and correlations between them, in DNA samples from populations
with ancestry from parts of Africa, Asia and Europe. The project will
thus provide tools that will allow the indirect association approach
to be applied readily to any functional candidate gene in the
genome, to any region suggested by family-based linkage
analysis, or ultimately to the whole genome for scans for disease
risk factors.
Common variants responsible for disease risk will be most readily

approached by this strategy, but not all predisposing variants are
common. However, it should be noted that even a relatively
uncommon disease-associated variant can potentially be discovered
using this approach. Reflecting its historical origins, the uncommon
variant will be travelling on a chromosome that carries a charac-
teristic pattern of nearby sequence variants. In a group of people
affected by a disease, the rare variant will be enriched in frequency
compared with its frequency in a group of unaffected controls. This
observation, for example, was of considerable assistance in the
identification of the genes responsible for cystic fibrosis22 and
diastrophic dysplasia23, after linkage had pointed to the general
chromosomal region.
Below we provide a brief description of human sequence vari-

ation, and then describe the strategy and key components of the
project. These include the choice of samples and populations for
study, the process of community engagement or public consul-
tation, selection of single-nucleotide polymorphisms (SNPs), geno-
typing, data release and analysis.

Human DNA sequence variation
Any two copies of the human genome differ from one another by
approximately 0.1% of nucleotide sites (that is, one variant per
1,000 bases on average)24–27. The most common type of variant, a
SNP, is a difference between chromosomes in the base present at a
particular site in the DNA sequence (Fig. 1a). For example, some
chromosomes in a population may have a C at that site (the ‘C
allele’), whereas others have a T (the ‘Tallele’). It has been estimated
that, in the world’s human population, about 10 million sites (that
is, one variant per 300 bases on average) vary such that both alleles
are observed at a frequency of $1%, and that these 10 million
common SNPs constitute 90% of the variation in the popu-
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HAPMAP	samples	
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PLINK	formats	
PLINK	is	a	free,	open-source	whole	genome	associa`on	analysis	toolset,	designed	to	
perform	a	range	of	basic,	large-scale	analyses	in	a	computa`onally	efficient	manner.	
File	formats	in	PLINK	1.07:	
•  Text	file	

–  PED	
–  MAP	

•  Transposed	text	file	
–  TPED	
–  TFAM	

•  Binary	file	
–  BED	
–  BIM	
–  FAM	

•  Data	conversion	

hQp://pngu.mgh.harvard.edu/~purcell/plink/data.shtml	
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How	to	load	PLINK	files	with	GenABEL?	

We	can	load	dataset	using	the	transposed	
format.	
	
hQp://www.genabel.org/sites/default/files/html_for_import/GenABEL_tutorial_html/GenABEL-tutorial.html#x1-95000A.2	
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HAPMAP:	Exercise	
•  Download	the	example	data	from	the	course	website	

hQp://www.montefiore.ulg.ac.be/~chaichoompu/CK/?Courses___2016_-_GBIO0009_-_Topics_in_Bioinforma`cs	

•  How	many	individuals	are	in	the	dataset?	
all	=	nids(df)	

•  How	many	males	and	females	are	there?	
gender	=	male(df)	
no.male	=	length(gender[which(gender	==	1)])	
no.female	=	length(gender[which(gender	==	0)])	

•  How	many	SNPs?	
pos	=	map(df)	
length(pos)	
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GenABEL:	Quality	Control	Processes	

•  Hardy–Weinberg	equilibrium	test	
•  Minor	Allele	Frequency	filtering	

hQp://www.genabel.org/sites/default/files/html_for_import/GenABEL_tutorial_html/GenABEL-tutorial.html#x1-260005.2	

•  Linkage	disequilibrium	pruning	

hQp://www.genabel.org/sites/default/files/html_for_import/GenABEL_tutorial_html/GenABEL-tutorial.html#x1-120003.2	

	12/10/16	 KC	-	ULg	 11	



GenABEL:	Associa`on	test	

•  Qtscore	-	Fast	score	test	for	associa`on	
between	a	trait	and	gene`c	polymorphism	

hQp://www.genabel.org/sites/default/files/html_for_import/GenABEL_tutorial_html/GenABEL-tutorial.html#x1-280005.4	
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