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Abstract 

Recent advances in the DNA sequencing techniques have made it possible to sequence the entire protein 
coding regions of the genome and even the entire genome at a reasonable cost. Genetic discoveries, 
facilitated by these advances, have illustrated the enormous genetic diversity of the mankind. Accordingly, 
the genome of each individual has about 4 million sequences that are different from the general popula-
tion, including a significant number of unique sequence variants. About 3 million of these variations 
affect 1 of the 3 billion bases in the genome, while the rest affect from 2 to several million base pairs of 
DNA. About 10,000 of these variants in each genome changes the amino acid sequence and hence, the 
protein structure. The biological and clinical significance of these DNA sequence variants follow a gradi-
ent that ranges from negligible to large. A small number of variants impart large effect sizes but those 
with negligible and small effect sizes are quite abundant in the genome. The most important contribu-
tions of these variants are likely to be in providing insights into the molecular mechanisms responsible 
for diseases, which is essential for the ultimate cure of the human disease. These genetic variants also 
influence susceptibility to diseases, responses to treatment and clinical outcome. Variants with large 
effect sizes have the potential to serve as diagnostic markers, prognosticators as well as individualization 
of therapy. The daunting challenge in the upcoming years is to identify the variants that have significant 
clinical impacts from those that impose no discernible effects. The landscape of the practice of medicine 
is expected to change with the incorporation of the information content of the DNA sequence variants into 
the routine practice of medicine. The medical community needs to be prepared to best utilize the informa-
tion that will be available from “personal genomes” of the patients. 

A.J. Marian, M.D.

Introduction

June	26,	2010	is	the	tenth	anniversary	of	the	comple-
tion	of	the	draft	sequence	of	the	human	genome.1,	2	
The	feat	was	accomplished	using	the	ingenious	DNA	
sequencing	method	that	was	developed	by	Dr.	Frederick	
Sanger	and	Dr.	Walter	Gilbert,	for	which	they	received	
the	1980	Nobel	Prize	in	Chemistry.3	Sequencing	of	the	
human	genome	through	“The	Human	Genome	Project”	
took	approximately	11	years	and	cost	approximately	$3	
billion.	It	provided	the	first	glimpses	into	the	sequence	
of	a	haploid	genome	(1	copy	of	the	chromosomes).	
Automation	of	DNA	sequencing	by	the	Sanger	method	
dropped	the	cost	of	DNA	sequencing	from	the	initial	

price	of	$30	per	base	pair	in	1990	to	about	$1	per	100	
base	pairs	or	$10,000	per	1	million	base	pairs.	Despite	
the	precipitous	drop	in	cost,	DNA	sequencing	remained	
relatively	expensive,	time	consuming,	and	exclusive	to	
research	laboratories	focused	on	sequencing	specific	
genes	of	interest.	Hence,	the	clinical	applications	of	the	
genetic	data	had	to	await	the	development	of	faster	and	
cheaper	DNA	sequencing	technologies.	

In	2005,	the	first	“next-generation”	DNA	sequencing	
technique	was	introduced	with	the	advent	of	array-
based	454	pyrosequencing	technology.4	The	machine	
could	sequence	hundreds	of	millions	of	base	pairs	in	
a	single	run	in	a	few	days.	This	was	soon	followed	by	
the	development	of	the	sequencing	by	synthesis	and	
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sequencing	by	ligation	technologies	that	produce	sev-
eral	Giga	base	pairs	of	DNA	sequence	(in	which	each	
base	pair	is	sequenced	multiple	times)	at	a	very	low	
cost.	These	technologies,	which	are	often	referred	to	as	
massively	parallel	sequencing	or	deep	resequencing,	
afforded	the	opportunity	to	sequence	the	entire	human	
genome	in	weeks	and	the	targeted	genomic	regions	
of	interest	in	days.	Accordingly,	the	estimated	cost	of	
sequencing	1	million	base	pairs	of	DNA	has	dropped	to	
about	$100.	Today,	the	technology	affords	the	ability	to	
sequence	the	human	genome	in	a	relatively	short	period	
of	time	for	less	than	$5,000.5	

The	DNA	sequencing	technology	continues	to	evolve.	
Some	companies	now	claim	that	they	can	sequence	
the	entire	human	genome	in	a	single	day	for	less	than	
$6,000.	Likewise,	single	DNA	molecule	sequencing	
technologies	have	the	potential	to	provide	robust	accu-
racy.	Data	analysis,	however,	remains	a	major	challenge	
that	is	expected	to	be	resolved	within	the	upcoming	
years.	Robust	bioinformatics	is	necessary	to	decipher	
the	terabytes	of	digital	data	that	are	generated	through	
next-generation	DNA	sequencers.	It	is	reasonable	to	
expect	that	within	a	few	years	the	complete	sequence	of	
the	genome	will	be	a	commodity	and	available	for	the	
extraction	of	medical	information.

DNA Sequence Variations in the Genome

The	presence	of	DNA	sequence	variants	in	the	
genome	was	known	from	the	time	when	Sanger	
sequenced	fragments	of	the	human	genome.	However,	
the	extent	of	sequence	variations	among	the	individu-
als	was	largely	unknown.	The	Human	Genome	Project,	
which	became	available	in	2001	and	was	completed	in	
2004,	provided	the	sequence	of	the	haploid	genome	and	
hence	did	not	portray	a	complete	profile	of	sequence	
variants	in	the	genome.1,	2,	6	In	2007,	Dr.	J.	Craig	Venter	
sequenced	the	first	diploid	genome	and	ushered	in	new	
insight	into	the	genetic	diversity	of	mankind.7	The	find-
ings	illustrated	the	complexity	of	the	human	genome	in	
terms	of	the	presence	of	extensive	sequence	variants.	It	
was	mesmerizing	to	learn	that	about	45%	of	Dr.	Venter’s	
genes	were	polymorphic	and	that	his	genome	contained	
about	4	million	sequence	variants	including	more	than	
3	million	single	nucleotide	polymorphisms	(SNPs)	and	
several	hundred	thousands	structural	variations.	Some	
structural	variations	affected	several	million	base	pairs	
of	DNA	and	multiple	genes.	Accordingly,	structural	
variations	involved	three-fourths	of	the	variants’	nucle-
otides.	Subsequent	sequencing	of	additional	“personal”	
genomes,	including	the	genomes	of	Dr.	James	Watson,	
an	African	man,	a	Korean	man,	a	Han	Chinese	man,	as	
well	as	sequencing	of	several	exomes	further	illustrated	

the	genetic	diversity	of	humans.7–11	Collectively,	the	data	
illustrates	that	each	genome	contains	approximately	4	
million	sequence	variants	including	more	than	3	mil-
lion	SNPs,	of	which	about	10,000	are	nonsynonymous	
SNPs.	By	definition,	non-synonymous	SNPs	change	
the	amino	acid	sequence	and	hence	have	the	potential	
to	affect	biological	functions	of	the	proteins	and	cause	
diseases.	The	genome	of	each	individual	also	contains	
several	hundred	thousand	structural	variations,	includ-
ing	about	200,000	small	insertion/deletions	and	several	
hundred	rearrangements	and	duplications,	which	can	
encompass	several	millions	base	pairs	of	DNA	and	several	
genes.7,	12,	13	overall,	the	genomes	of	different	individu-
als	differ	in	1–3%	of	the	sequence.	The	abundance	of	
sequence	variants	in	the	genome	accounts	in	part	for	
the	differences	among	the	individuals	in	disease	sus-
ceptibility,	clinical	outcome,	and	response	to	therapy.	

Effect Sizes of the Genetic Variants

The	human	genome	is	a	complex	structure	regu-
lated	at	multiple	levels,	the	most	basic	being	through	
variations	in	its	sequence.	To	understand	the	potential	
clinical	implications	of	the	roughly	4	million	sequence	
variants	in	the	genome,	it	is	important	to	realize	that	
the	functional	and	biological	significance	of	the	variants	
varies	and	follows	a	gradient	that	ranges	from	negli-
gible	to	profound	(Figure	1).14	In	general,	on	a	given	

Figure 1. Genetic gradients. Single gene diseases are rare and 
caused by a single DNA sequence variant that imparts a large effect 
size, while a few others contribute to the phenotype as modifiers. The 
opposite end of the spectrum includes the complex and common 
disorders, which are the consequence of interactions of a very large 
number of DNA sequence variants, each imparting modest and often 
clinically indiscernible effect sizes.
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phenotype,	a	small	number	of	the	variants	impart	major	
effect	sizes	and	offer	diagnostic	and	therapeutic	values,	
whereas,	a	large	number	of	variants	impart	modest	and	
often	negligible	effect	sizes	and	hence	have	minimal,	if	
any,	clinical	utility.	on	one	end	of	the	spectrum	are	the	
single	gene	disorders,	such	as	familial	cardiomyopa-
thies	or	familial	hypercholesterolemia,	wherein	a	single	
sequence	variant	(i.e.,	mutation)	is	sufficient	and	neces-
sary	to	cause	the	phenotype,	while	a	handful	of	others	
contribute	to	phenotypic	expression	of	the	disease,	as	
the	modifier	alleles.	on	the	end	of	the	spectrum	are	the	
complex	and	common	disorders	such	as	coronary	artery	
disease,	wherein	typically	a	very	large	number	of	DNA	
sequence	variants	contribute	to	the	phenotype,	each	
imparting	a	negligible	to	modest	effect.	In	addition	to	
the	gradient	of	effect	sizes,	there	is	also	a	gradient	in	the	
frequencies	of	alleles	or	sequence	variants	in	the	popu-
lation.	The	most	common	DNA	sequence	variants	in	
the	population	typically	impart	modest	or	indiscernible	
effect	sizes.	In	contrast,	rare	and	uncommon	variants	
typically	exert	major	phenotypic	effects.	Consequently,	
the	most	apparent	clinical	implications	of	genetics	are	
in	uncommon	and	single	gene	disorders	and	primarily	
for	rare	and	uncommon	sequence	variants.	In	contrast,	
for	the	complex	phenotype,	only	a	handful	of	DNA	
sequence	variants	would	be	expected	to	impart	modest	
clinical	significant	effects.

Clinical Implications of Genetic Variants

Sequencing	of	every	individual’s	genome	soon	is	
expected	to	become	a	readily	available	and	relatively	
cheap	commodity.	Hence,	physicians	and	patients	alike	
are	likely	to	be	exposed	to	a	flood	of	genetic	informa-
tion,	with	the	expectations	that	the	information	will	
lead	to	the	prevention	of	human	disease	and	better	
medical	care	for	the	patients.	However,	various	clinical	
hurdles	need	to	be	overcome,	and	robust	phenotyping	
needs	to	be	established	before	one	could	fully	harness	
the	wealth	of	genetic	information.

DNA sequence variants and preclinical diagnosis. 
The	phenotype,	by	definition,	is	recognized	only	after	
its	expression.	The	expressed	phenotype,	however,	is	
often	not	detected	or	recognized	until	the	individual	
becomes	symptomatic.	In	terms	of	coronary	athero-
sclerosis,	this	is	often	the	case	as	many	patients	with	
significant	coronary	or	carotid	atherosclerosis	are	
asymptomatic	and	hence	are	not	diagnosed	until	they	
develop	angina,	myocardial	infarction,	or	stroke.	In	the	
case	of	familial	diseases,	such	as	familial	dilated	cardio-
myopathy,	approximately	20%	of	family	members	who	
have	dilated	cardiomyopathy	are	asymptomatic	and	not	
aware	of	the	condition.	The	percentage	is	even	higher	

for	hypertrophic	cardiomyopathy,	which	is	a	major	
cause	of	sudden	cardiac	death	in	the	young	and	com-
petitive	athletes.15	Tragically,	sudden	cardiac	death	is	
often	the	first	manifestation	of	hypertrophic	cardiomy-
opathy	in	this	group.15

Because	the	DNA	sequence	variants	or	the	mutations	
are	present	since	the	formation	of	single	cell	embryo,	
genetic	tools	could	be	used	for	preclinical	diagnosis	
of	those	who	carry	the	mutation	in	their	genome	and	
are	at	the	risk	of	disease.	For	certain	high-risk	dis-
eases,	genetic-based	screening	could	lead	to	selection	of	
the	healthy	embryos	prior	to	in-vitro	fertilization	and	
implantation.	Likewise,	genetic-based	diagnosis	could	
provide	a	reliable	method	to	distinguish	family	mem-
bers	who	have	inherited	or	carry	the	genetic	mutation	
and	are	at	risk	of	the	disease	from	those	who	do	not,	
and	therefore	are	not	at	risk.	In	the	former	situation,	
early	genetic-based	diagnosis	could	lead	to	interven-
tion	to	prevent	or	attenuate	expression	of	the	disease,	
wherein	genetic-based	exclusion	of	family	members	
who	do	not	carry	the	mutation	in	a	familial	disease	
offers	the	best	possible	medical	news	that	one	can	pres-
ent	to	a	family	member.	

Genetic-based accurate diagnosis.	Clinical	phe-
notyping,	which	forms	the	foundation	of	the	practice	
of	medicine	today,	is	neither	completely	sensitive	
nor	specific.	Clinical	phenotyping	often	is	unable	to	
distinguish	the	phenocopy	conditions,	as	their	presen-
tations	often	resemble	the	disease	that	they	mimic.	For	
example,	more	than	a	dozen	diseases	clinically	mimic	
cardiomyopathies	since	their	primary	presentation	is	
either	cardiac	hypertrophy	or	dilatation.	Based	on	the	
prevalence	of	phenocopy	conditions,	it	is	estimated	that	
approximately	10	to	15%	of	the	clinically	diagnosed	
hypertrophic	cardiomyopathy	are	phenocopy	condi-
tions,	such	as	glycogen	storage	diseases,	Fabry	disease,	
and	Noonan	syndrome,	among	others.16	The	prevalence	
of	phenocopy	conditions	for	dilated	cardiomyopathy	is	
probably	even	higher.	Genetic-based	diagnosis	could	
lead	to	distinction	of	true	cardiomyopathies	from	the	
phenocopy	conditions.	The	distinction	has	important	
clinical	implications	as	the	management	of	patients	with	
cardiomyopathies	and	phenocopy	conditions	differs		
significantly.	

Genetic	data	is	also	expected	to	lead	to	identifica-
tion	of	those	who	have	the	susceptibility	alleles	for	
complex	conditions	as	well	as	those	who	are	at	risk	of	
developing	drug	toxicity.	Likewise,	the	clinical	diagno-
sis	of	hypertrophic	cardiomyopathy	is	often	difficult	in	
patients	with	essential	hypertension,	as	per	convention,	
the	presence	of	hypertension	excludes	the	diagnosis	
of	hypertrophic	cardiomyopathy.	However,	often	the	2	
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conditions	exist	concomitantly.	Concomitant	presence	of	
coronary	artery	disease	and	primary	dilated	cardiomy-
opathy	is	also	difficult	to	discern.	Moreover,	the	clinical	
diagnosis	of	hypertrophic	cardiomyopathy	is	often	dif-
ficult	to	distinguish	from	physiological	hypertrophy	
observed	in	competitive	athletes.	The	clinical	signifi-
cance	of	this	distinction	is	noteworthy,	as	hypertrophic	
cardiomyopathy	is	the	most	common	cause	of	SCD	in	
competitive	athletes.17	A	genetic-based	approach	could	
lead	to	identification	of	true	hypertrophic	cardiomy-
opathy	in	those	with	hypertension	and	in	competitive	
athletes	or	concomitant	dilated	cardiomyopathy	and	
coronary	artery	disease.	Thus,	a	genetic-based	diag-
nosis	is	expected	to	provide	superior	resolution	for	
an	accurate	identification	of	individuals	with	spe-
cific	phenotype	of	interest.	one	could	anticipate	that	
genetic-based	diagnosis	will	supplant	phenotype-based	
diagnosis	and	hence	advance	the	practice	of	medicine	
significantly.

DNA sequence variants and risk stratification. 
The	prognostic	utility	of	the	DNA	sequence	variants	
depends	on	the	effect	size	of	the	specific	variant	and	
the	remoteness	of	the	phenotype	from	the	genome.	The	
larger	the	effect	size,	the	greater	the	potential	prognos-
tic	impact.	Likewise,	the	impact	of	the	DNA	sequence	
variants	are	much	larger	on	the	proximal	phenotypes,	
such	as	mRNA	or	protein	levels,	than	on	the	distant	
phenotypes,	such	as	the	clinical	events,	wherein	a	large	
number	of	competing	factors	dilute	the	impact	of	the	
sequence	variants.	Accordingly,	in	single	gene	disor-
ders	such	as	familial	cardiomyopathies	and	long	QT	
interval,	mutations	offer	some	insight	into	the	progno-
sis	even	though	alone	they	are	not	sufficient	to	reliably	

predict	the	outcome.	In	contrast,	in	complex	disorders	
such	as	coronary	atherosclerosis,	the	prognostic	impact	
of	DNA	sequence	variants	is	very	small	and,	for	the	
vast	majority	if	not	all	variants,	negligible.	Nonetheless,	
a	small	fraction	of	sequence	variants	with	large	effect	
sizes	could	provide	valuable	prognostic	information	
under	certain	clinical	circumstances.

The	limited	utility	of	DNA	sequence	variants	in	
prognostication	and	risk	stratification	largely	reflects	
the	complexity	of	the	clinical	phenotypes	that	typically	
result	from	intertwined,	non-linear,	and	often	random	
and	dynamic	interactions	among	the	various	constitu-
ents	of	the	phenotypes,	whether	genetic	or	non-genetic.	
Moreover,	the	outcome	of	such	complex	interactions	
is	often	context	dependent.	The	genome	contributes	to	
the	phenotype	through	copy	number	variants,	intronic	
sequence	variants,	microRNAs,	alternatively	spliced	
mRNA	species,	and	the	epigenetics	regulation	of	gene	
expression.	Likewise,	post-translational	modifications	
of	proteins	such	as	phosphorylation	and	ubiquitina-
tion	are	important	biological	regulators	of	the	clinical	
phenotype.	The	complexity	of	the	factors	that	influence	
the	clinical	phenotype	restricts	the	diagnostic	utility	of	
DNA	sequence	variants,	particularly	for	the	common	
cardiovascular	disorders.	The	genome	in	this	regard	
provides	the	platform	for	the	various	constituents	to	
contribute	to	phenotypic	expression	of	the	clinical		
phenotype.	

DNA sequence variants and individualized  
therapy. The	inter-individual	variation	in	response	to	
drugs,	both	efficacy	as	well	as	toxicity,	has	been	rec-
ognized	since	the	dawning	of	medicine.	Sir	William	
osler,	the	father	of	modern	medicine,	advocated	indi-

Gene Symbol Drug Biological Effect  
of Minor Allele

Clinical Effects  
of Minor Allele

P450 Isozyme 2C9 CYP2C9 Principle enzyme  
Coumadin metabolism

Vitamin K epoxide reductase 
complex, subunit 1 VKORC1 Reduces inactive vitamin  

K to the active form

P450 isozyme 2C19 CYP2C19 Clopidogrel
Inadequate platelet inhibition 
due to slow conversion of 
pro-active to active drug

Increased risk of thrombotic 
events

Solute carrier organic anion 
transporter family, member 
1B1

SLCO1B1 Statins Reduces liver uptake of 
statins Skeletal myopathy

Apolioprotein E APOE Statins Poor uptake LDL-C Response of LDL-C to  
treatment with statins

Adrenergic receptor β1 ADRB1 β Blockers Ineffective β blockade Response to treatment with  
β blockers

Angiotension converting 
enzyme ACE1 ACE Inhibitors Higher plasma and tissue 

ACE Levels
Response of treatment with 
ACE inhibitors

Coumadin Inadequate or excess  
anticogulation

Table 1. Examples of DNA sequence variations influencing response to cardiovascular drug therapy.
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vidualized	therapy	emphasizing	that	no	2	patients	are	
identical	in	their	diseases	and	responses	to	treatment.	
Advances	in	molecular	genetics	have	led	to	partial	
elucidation	of	DNA	sequence	variants	that	influence	
response	to	and	toxicity	from	drugs	(pharmacogenetics).	
Table	1	summarizes	partial	lists	of	pharmacogenetics	of	
cardiovascular	drugs.	

A	well-recognized	and	frequently	encountered	exam-
ple	in	the	practice	of	medicine	is	response	to	warfarin	
therapy,	which	could	vary	by	10-fold	among	individu-
als.	Inter-individual	variations	in	response	to	Coumadin	
have	been	attributed	to	SNPs	in	genes	encoding	cyto-
chrome	P450	isoform	2C9	(CYP2C9)	and	vitamin	K	
epoxide	reductase	(VKoRC1).	Genetic	variations	in	
CYP2C9	and	VKoRC1	together	are	responsible	for	about	
30%	of	the	inter-individual	variations	in	Coumadin	
dose.	A	genotype-based	approach	to	Coumadin	dosing	
could	help	achieve	the	desirable	therapeutic	range	while	
avoiding	the	risks	of	potential	excess	or	inadequate	
anticoagulation,	including	hospitalization	rate.18	The	
response	to	anti-platelet	agent	clopidogrel,	an	inactive	
pro-drug	that	is	converted	to	an	active	metabolite	in	
the	liver	by	the	P-450	enzymes	CYP3A4,	CYP3A5,	and	
CYP2C19,	is	in	part	genetically	determined.	CYP2C19,	
which	is	a	polymorphic	enzyme,	catalyzes	metabolism	
of	a	large	number	of	drugs	including	omeprazole,	fluv-
astatin,	and	clopidogrel.	Non-synonymous	SNPs,	which	
reduce	or	abolish	the	enzymatic	function	of	CYP2C19	
(loss-of-function	alleles),	metabolize	pro-drug	clopido-
grel	less	efficiently	and	generate	a	lower	amount	of	the	
active	metabolite.	Hence,	they	exhibit	reduced	plate-
let	inhibition	with	clopidogrel	and	would	be	expected	
to	experience	a	high	rate	of	thrombotic	events,	includ-
ing	death,	stent	thrombosis,	and	recurrent	ischemic	
events.19,	20

Genetic	variations	in	the	solute	carrier	organic	anion	
transporter	1B1	gene	(SLCO1B1)	have	been	associated	
with	statin-induced	myopathy.21,	22	Likewise,	SNPs	in	
β1-adrenergic	receptors	can	influence	the	response	of	
patients	with	systolic	heart	failure	to	treatment	with	β	
blockers.23	Moreover,	SNPs	in	genes	involved	in	lipid	
metabolism	such	APoe,	PCSK9,	and	HMGCR	have	
been	implicated	in	response	to	statins.24	Finally,	SNPs	
in	genes	responsible	for	congenital	long	QT	syndrome	
are	associated	with	drug-induced	cardiac	arrhythmias.25	
A	very	large	number	of	genetic	variants	influence	
response	to	various	pharmacological	agents,	both	
in	terms	of	efficacy	as	well	as	toxicity.	The	potential	
clinical	implications	and	financial	burden	of	pharma-
cogenetics	are	quite	remarkable.	With	the	availability	
of	the	sequence	data	of	every	individual’s	genome	and	
increasing	knowledge	about	the	functional	significance	

of	DNA	sequence	variants,	pharmacogenetics	is	likely	
to	become	rapidly	incorporated	into	the	daily	practice	of	
medicine.

Conclusion

The	era	of	“personal	genomes”	has	arrived.	It	is	now	
possible	to	sequence	the	entire	genome	of	every	individ-
ual	at	a	reasonable	cost.	Whole	genome	sequencing	is	
becoming	a	readily	available	commodity	that	needs	to	
be	incorporated	into	the	daily	practice	of	medicine.	The	
challenge	facing	physicians,	patients,	and	researchers	
alike	is	to	decipher	those	DNA	sequence	variants	that	
are	pathogenic,	which	are	a	handful,	from	those	that	
have	no	discernible	effects,	which	are	the	vast	majority	
of	variants	in	the	genome,	while	realizing	that	there	is	
a	gradient	of	effect	sizes.	There	should	be	no	doubt	that	
DNA	sequence	variants	contribute	to	the	pathogenesis	
of	the	clinical	phenotype	and	are	an	important	determi-
nant	of	expression	and	severity	of	the	disease,	clinical	
outcomes,	and	the	response	to	therapy.	However,	the	
clinical	utility	of	these	variants	is	best	served	in	the	
pre-clinical	identification	of	those	at	risk	prior	to	and	
independent	of	the	clinical	phenotype,	thereby	increas-
ing	the	potential	for	disease	prevention.	The	greatest	
impact	of	molecular	genetics	is	in	providing	fundamen-
tal	insight	into	the	pathogenesis	of	human	diseases	and	
offering	the	opportunity	to	identify	new	diagnostic	and	
prognostic	markers	and	preventive	or	therapeutic	tar-
gets.	The	clinical	impact	of	sequence	variants	is	less	for	
risk	stratification	and	prognostication,	as	the	clinical	
phenotypes	arise	from	complex,	non-linear,	and	often	
stochastic	interactions	among	multiple	constituents	of	
the	phenotype.	equally	important	is	the	clinical	utility	
of	sequence	variants	in	identifying	the	responders	from	
the	poor	responders	and	identifying	those	who	are	at	
risk	of	developing	drug	toxicity,	hence	fulfilling	the	
promise	of	Primum non nocere.	

The	practice	of	medicine	is	changing,	and	a	vital	
component	of	its	success	in	the	21st	century	is	the	incor-
poration	of	genetic	information.	It	has	become	essential	
that	the	medical	community	arm	itself	with	the	appro-
priate	expertise	and	resources	to	handle	the	upcoming	
flood	of	genetic	information.	
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