
What	are	the	gold	standards	available	to	us?
NA12878	Platinum:	NISTv2.18,	NISTv2.19,	NISTv3.2.2	(Jan	2016)
Fasta sequences	from	the	above	NIST	versions:	hg18,	hg19,	hg38
Bed	files	from	the	above	NIST	versions	(high	confidence	regions)
Variants	(SNPs	and	INDELs)	called	in	the	high	confidence	regions	from	the	above	NIST	
versions
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What	is	benchmarking?
In	the	area	of	method	development,	it	is	the	method	for	assessing	the	performance	of	
software	tools	by	comparing	it	to	gold	standards	or	the	best	practices	in	the	industry.
One	can	use	benchmarking	to	assess	the	performance	of	software/bioinformatics	tools	
such	as	variant	callers.
Benchmarking	will	be	a	continuous	process	in	order	to	maintain	consistent	results	from	
the	growing	versions	of	software	tools	meeting	the	evolving	gold	standards.
Benchmarking	can	be	achieved	by	manually	comparing	the	results	with	gold	standards	
based	on	specific	metrics	or	using	benchmarking	tools.

Building	Exome	gold/truth	sets	from	WGS	gold	sets
We	specifically	investigate	two	exome	regions	obtained	using	the	UCSC	browser	for	each	NIST	version:	
(1)	Coding	Exons	(2)	Exons	Plus/Minus	2	(add-on	to	existing	clinical	standards)
We	intersect	each	of	the	bed	files	above	with	the	GIAB	high	confidence	regions	using	bedtools to	obtain	the	
Exon	gold	set	bed	files.	Similarly,	using	vcflib tools	the	Exon	gold	set	bed	files	were	used	to	extract	the	
variants	in	the	corresponding	regions	from	the	NIST	gold	set.

Future	Directions
1.	Use	RTG	vcfeval as	an	additional	benchmarking	tool	(on-going)	and	compare	against	hap.py as	they	do	
not	generate	identical	results	
2.	Use	Docker	(containerized	platform	for	building	apps)	for	each	stage	in	the	Exome	pipeline
3.	Enhance	reproducibility	and	platform	portability:	Use	GATK	best	practices.	Integrate	CGS	Exome	pipeline	
with	LOOM	(workflow	engine	with	job	scheduler	developed	in-house	and	uses	Google	Cloud	platform)
4.	Evaluate	CPU	and	memory	requirements,	sensitivity	and	specificity	of	tools
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GIAB	Recent	Developments	(announced	Sep	16,	2016)
1.	Reference	materials	(RM)	for	Ashkenazic	Jews	(AJ):	Son,	AJ	Trio	(father-mother-son),	Asians:	Chinese	son	
2.	RM	for	bacterial	genomes	determined	by	FDA	to	have	significant	impact	on	public	health	issues:	
Salmonella	typhimurium	LT2,	Staphylococcus	aureus,	Pseudomonas	aeruginosa	and Clostridium	sporogenes
3.	NISTv3.3	available	now	(phased	calls	and	phased	ID’s	from	GATK	- HC,	includes	10x	Genomics	calls,	new	
way	to	define	callable	sets	that	excludes	decoy	and	certain	segmental	duplications,	include	some	variant	
and	homozygous	reference	calls	found	in	>10bp	homopolymers,	data	from	AJ	Trio	and	Chinese	son	included
4.	GIAB	works	with	Global	Alliance	for	Genomics	and	Health	Benchmarking	Team	(GA4GH)	to	incorporate	
best	practices	in	benchmarking	using	GIAB	genomes
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Why	do	we	need	benchmarking?

Identify	true	positives,	false	positives	and	false	negatives.	Decide	which	tool(s)	performs	
better	for	calling	the	variants	in	the	data	obtained	from	clinical	cases.	Thus,	
benchmarking	is	important	because	it	will	help	identify	variants	of	clinical	significance	
impacting	research	in	personalized	medicine.

Data	sources:	WGS	- Illumina’s	CLIA	NA12878,	WES	- Personalis,	Nextera

MedGAP2.4	Pipeline	dependencies:	samtools 1.19,	picard-tools	1.32,	GATK	3.4,	tabix
0.2.5,	bamtools 2.2.3,	sjm 1.0,	zlib 1.2.7,	Python	2.7,	Java	8	and	Perl	libraries	(File-Path-
2.08,	Statistics-Descriptive-2.6,	GD-2.45,	GDGraph-1.44,	GDGraph-histogram-1.1,	
GDTextUtil-0.86,	Math-CDF-0.1).	MedGAP2.4.1	has	same	dependencies	but	picard-tools	
2.4.1	(More	details	on	MedGAP can	be	obtained	from	CGS	development	team)

Speedseq dependencies:	g++	and	standard	C	and	C++	development	libraries,	CMake,	
GNU	awk and	core	utils,	Python	2.7	(numpy,	pysam 0.8.0+,	scipy),	ROOT,	Variant	Effect	
Predictor,	BWA,	FreeBayes,	LUMPY,	Sambamba,	SAMBLASTER,	Vawk,	GNU	Parallel,	
mbuffer

Clinical	genomics	data

Whole	Genome	Sequencing	(WGS) Whole	Exome	Sequencing	(WES)

MedGap pipeline	or	Speedseq to	call	variants	 Develop	Exome	pipeline	with	Clinical	
Genomics	Service	(CGS)	to	call	variants

Benchmarking	using	truth	set	of	variants	from	
Genome-in-a-Bottle	(GIAB)

Benchmarking	using	truth	set	of	variants		in	
the	exome	region	from	Genome-in-a-Bottle	

(GIAB)

Table	1.	Number	of	SNPs	and	INDELs	in	NIST	NA12878	truth	sets	obtained	
using	RTG	vcfstats

GIAB	
(NA12878)

No	of	truth	
SNPs+indels in	GIAB	
high	confidence	bed	
region

No	of	truth	SNPs	in	
GIAB	high	confidence	
bed	region

No	of	truth	indels in	
GIAB	high	
confidence	bed	
region

NISTv2.19 3,152,426 2,787,291 365,135

NISTv3.2.2 4,299,935 3,572,851 727,084

Benchmarking	

The	benchmarking	tool	
used	to	generate	Figure	
1A	and	Figure	1B	was	
Illumina’s	hap.py.	

TP	=	True	Positives
FN	=	False	Negatives
FP	=	False	Positives

Fig	1A:	#Truth	Total	for	SNPs	=	13,267
Fig	1A:	#Truth	Total	for	INDELs	=	459
Fig	1B:	#Truth	Total	for	SNPs	=	50,226
Fig	1B:	#Truth	Total	for	INDELs	=	5,516

Figure	1A

Figure	1B
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