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ANSWERS	
	
Q1:	 Which	 and	 how	 many	 columns	 do	 you	 have	 in	 your	 file?	 What	 do	 they	
represent?	
$	head	bivariate_final.txt	
Answer:	14	columns:	chromosome,	position,	effect	allele,	the	other	allele,	frequency	of	
the	effect	allele,	beta,	standard	error,	p	value	for	BMD	(bone	mineral	density)	and	LM	
(lean	mass)	separately,		p	value	for	both	BMD	and	LM	,	N-sample	size		
	
Q2:	How	many	markers	are	there	in	the	file?	
$	wc	bivariate_final.txt	-l	
Answer:	2276811	markers		
	
Q3:	How	many	genome-wide	significant	markers	are	there	in	the	file?	
Answer:	159	markers	
	
Q4:	How	many	SNPs	are	in	perfect	linkage	disequilibrium	(LD,	r2	=1)	with	the	top	
hit?	
Answer:	None	of	the	SNPs	are	in	perfect	linkage	disequilibrium	(r2	=1)	with	top	SNP	
	
Q5:	Based	on	the	SNPs	you	see,	you	can	conclude	the	top-SNP	(in	blue)	 is	 likely	
common	(MAF>0.20)?	…make	a	guess	estimation	of	the	MAF?	
Answer:	It	is	a	common	SNP	with	MAF=0.31	
	
Q6:	Circle	below	three	reasons	why	knowing	MAF	of	the	variants	is	helpful:	

A.	 Pinpoint	 gene	 underlying	 GWAS	
signal.	
B.	Correlate	power	to	detect	association		
C.	Establish	if	it	is	a	coding	variant	

D.	 Correlate	 with	 existing	 LD	 (r2)	
patterns	
E.	Determine	the	associated	haplotypes		
F.	 Explore	 number	 of	 independent	
signals	

	
Q7:	 Under	 this	 selection	 parameters	 how	 many	 variants	 are	 present	 in	 the	
SREBF1	gene?	
Answer:	93	variants	
	
Q8:	How	many	 genome-wide	 significant	 (GWS)	 variants	 are	 there	 in	 the	 locus?	
Are	 they	 all	 in	 LD	 with	 the	 leading	 variant?	 If	 not,	 you	 can	 confirm	 “allelic	
heterogeneity”	is	present	in	the	locus	…what	does	that	mean?	
Answer:	 28	 GWS	 variants.	 Some	 of	 them	 are	 not	 in	 the	 LD	 with	 a	 leading	 variant.	
Therefore,	 allelic	 heterogeneity	 is	 present	 in	 the	 locus,	 meaning	 that	 independent	
variants	in	the	same	locus	are	associated	at	the	genome	vide	significant	level	with	the	
trait	of	interest.	
		
Q9:	 Take	 a	 look	 again	 at	 the	 allele	 frequencies	 and	 the	 LD	 metrics.	 	 Can	 two	
variants	with	highly	discordant	allele	frequencies	be	in	LD?		
Answer:		
Yes,	a	common	and	a	rare	variant	can	be	inherited	together	and	therefore	be	in	high	LD	
(D’=1)	
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Similarly,	 can	 two	 variants	 have	 a	 D’	 of	 1	 and	 an	 r2	 which	 is	 very	 low	 (e.g.,	
r2=0.005)?	Why?			
Answer:		
Yes,	two	variants	might	have	a	D’	of	1	(indicating	no	recombination	breaking	the	LD	is	
present)	and	a	very	low	r2	(determined	by	the	age	and	position	of	the	mutation	in	the	
ancestral	 tree).	 D’	 and	 r2	 are	 complementary	 measures,	 the	 first	 related	 to	
recombination	 history	 and	 the	 second	 to	 correlation	 determined	 by	 ancestral	 tree	
history	 i.e.,	 two	alleles	might	be	not	 separated	by	 recombination	 (D’=1)	but	 they	still	
can	observe	low	correlation	(r2	very	low).		
	
Q10:	How	many	loci	have	genome-wide	significant	signals	and	label	them	on	the	
plot.	Hint:	Scroll	through	the	FUMA	results	first	to	search	for	the	answer.	
Answer:	9	loci	in	chromosomes:	1	(WNT4/ZBTB40),	2	(GALNT3),	4	(MEPE),	7	
(CPED1/WNT16),	11	(PPP6R3/LRP5),	13	(TNFS11),	14	(RIN4)	,	17(TOM1L2/SREBF1) 
	
See	Medina	–et		al.		Nature	Communications	2017	PMID:	28743860	
		
Q11:	Why	do	you	see	more	genes	annotated	in	this	Manhattan	plot?		
Answer:	 This	 is	 a	 gene	 based	 Manhattan	 Plot	 and	 does	 not	 necessarily	 match	 the	
genome-wide	and	the	gene-wide	significant	context.	The	gene-based	analysis	can	help	
you	pin-point	involved	genes.	

	
Q12:	 Look	 at	 the	 q-q	 plots.	 What	 are	 typical	 causes	 of	 inflation	 of	 the	 test	
statistic?	Do	you	think	any	of	them	are	affecting	these	results?			
Answer:	 The	 q-q	 plot	 test	 statistic	 can	 be	 affected	 by	 true	 association	 signal	
(polygenicity),	population	stratification,	cryptic	relatedness	and/or	technical	artifacts.	
Gene-based	tests	suggest	polygenic	architecture.	

	
Q13:	Do	you	think	the	GO	pathways	characterized	by	MAGMA	are	relevant	to	the	
trait	under	study?	Justify	your	answer	
Answer:	As	we	can	see,	the	table	displays	the	top	ten	significant	gene	sets.	We	cannot	
claim	those	are	relevant	 for	the	trait	since	by	 looking	 in	the	 	p	value	columns	we	can	
observe	that	those	are	not	significant.	However,	we	see	interesting	gene	sets	that	might	
be	 relevant	 for	 the	 trait	 under	 study	 like	 “positive	 regulation	 of	 “biomineral	 tissue	
development”,	 “skeletal	 system	 development”,	 etc.	 Yet,	 consider	 that:	 1)	 None	 of	 the	
gene	sets	identified	by	MAGMA	surpasses	the	Bonferroni	correction	for	multiple	testing.	
Pbon	<0.05;	and	2)	The	MAGMA	gene-set	analysis	uses	 the	 full	distribution	of	SNP	p-
values	and	is	different	from	a	pathway	enrichment	test	that	only	tests	for	enrichment	of	
prioritized	genes.	
	
Q14:	Look	at	the	distribution	of	exonic,	intronic	and	intergenic	signals.	Why	is	the	
exonic	 number	 so	 low?	 Name	 other	 technologies	 that	 can	 help	 increase	 the	
number	of	identified	exonic	variants.	Will	the	use	of	that	technology	change	the	
overall	distribution?		
Answer:	 GWAS	 are	 typically	 enriched	 for	 intronic	 and	 intergenic	 regions	 (the	
regulatory	genome).		Exonic	variants	characterize	the	coding	genome		and	are	typically	
more	responsible	for	monogenic/oligogenic	conditions	that	can	be	better	studied	using	
Exome	sequencing	in	families	or	pedigrees.		
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Q15:	 Compare	 these	 regional	 plots	 with	 those	 of	 LDAssoc?	 Which	 is	 more	
informative?		
Answer:		
Both	 plots	 are	 just	 as	 informative,	 only	 that	 FUMA	 or	 LDassoc	 offer	 some	 distinct	
possibilities	 to	 analyze	 the	 results.	 	 For	 example,	 FUMA	 can	 explore	 only	 the	 GWS	
variants	and	we	can	set	 the	p-value	 threshold	 to	1x10-05	whereas	 in	LDAssoc	we	can	
look	for	any	variant	independent	of	their	association	p-value.	FUMA	has	diverse	options	
for	 annotation	 that	 are	not	 in	LDAssoc.	Other	differences	are	 that	 in	LDassoc	we	 can	
zoom	not	only	based	on	variants	but	also	genes	or	regions,	we	can	explore	the	results	
by	 sorting	 based	 on	 different	 parameters	 like	MAF,	 D’,	 R’,	 p-value,	 RegulomeDB	 and	
also	can	explore	further	by	following	the	hyperlinks	provided	in	the	tables.		The	latter	
option	is	also	available	in	FUMA,	together	with	HaploReg.	

	
	

BonusQ1:	Play	with	the	clustering	of	tissues	and	genes.	What	is	the	reason	you	do	
not	observe	a	clear	pattern	with	bone	tissue?		
Answer:	The	GTEx	database	does	not	contain	bone	tissue	samples	therefore	we	can’t	
see	the	expected	pattern.	

	
BONUSQ2:	Take	a	look	at	the	output	of	the	GWAS	catalogue.	Have	other	traits	also	
been	 associated	 with	 the	 identified	 loci?	 Name	 a	 few.	 How	 do	 you	 call	 this	
phenomenon?	
Answer:	 Yes,	 if	we	order	 the	 table	by	 trait,	we	will	 see	 that	 traits	 such	 as	ulcerative	
colitis,	schizophrenia,	resting	heart	rate,	post	bronchodilator	FEV1/FVC	ratio,	pediatric	
bone	mineral	 content,	 Paget	 disease,	 inflammatory	 bowel	 disease	 etc	 are	 associated	
with	 our	 loci.	 The	 phenomenon	 where	 (a	 variant	 in)	 one	 locus	 is	 associated	 with	
different	traits	is	called	pleiotropy.		
 


