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The deciphering of the human genome sequence, the
DNA instruction book that makes us not only uniquely
human but also unique as individuals, has provided un-
paralleled opportunities for identifying the relationship
of genetic variation to health and disease. Yet as we move
from single-gene diseases, in which a single misspelled
base-pair can lead to such devastating conditions as sick-
le cell disease or Hutchinson-Gilford progeria syndrome,
to complex diseases involving interactions among many
interacting genes of small effect and many potential
environmental modifiers, we need to develop tools to
unravel the complexity of these interacting risk factors.
Even in single-gene diseases, the frequent inter-individ-
ual variability in disease manifestations and course sug-
gests the presence of modifiers for these presumably sim-
plediseases, whether due to differing genetic backgrounds
or differing environmental exposures, that are only be-
ginning to be identified [1].

This special issue of Human Heredity explores chal-
lenges in the identification and interpretation of gene X
gene and gene X environment interactions, in anticipa-
tion of the massive amount of genomic variation data
about to be generated in upcoming genome-wide asso-
ciation studies (websites 1-7) [2, 3]. Interactions (primar-
ily among environmental factors or physical characteris-
tics) were of course known to be important long before
the advent of genome-wide association studies, with clas-
sic examples such as aflatoxin and chronic hepatitis B
infection on liver cancer [4] and smoking and asbestos
exposure on lung cancer [5].

Early gene-disease association studies followed these
leads by looking for variations in risk relationships by
presence or absence of an environmental factor, such as
the angiotensin converting enzyme insertion/deletion
polymorphism and myocardial infarction in persons
with low body mass index and low plasma apolipoprotein
B levels [6], or the methylenetetrahydrofolate reductase
thermolabile variant and homocysteine levels in persons
with low folate intake [7]. Variation in genotype-pheno-
type associations has also been noted in relation to other
genetic variants, such as the interaction of alpha- and
beta-adrenergic receptor variants on risk of heart failure
[8] or the interaction of interleukin 4 receptor-a variants
and interleukin 13 promoter variants on risk of asthma
[9]. Sometimes it may have seemed that such interactions
were more avidly sought when initial attempts to identify
gene-disease associations were unsuccessful [10, 11], and
vigilance is needed to avoid the perils of data-dredging
[12,13]. The critical importance of gene-environment in-
teractions for designing therapies, however, has been am-
ply demonstrated from a large body of experience in
Mendelian genetics, most notably from environmentally
modulated single-gene conditions such as phenylketon-
uria [14]. Most notably, at a time when gene therapy ap-
proaches have presented unanticipated difficulties [15,
16], the potential for alleviating serious consequences of
a genetic variant through environmental manipulation
has appeared ever more attractive.

A wide range of issues related to gene X gene and gene
X environment interactions has been addressed by the
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authors invited to contribute to this issue, including:
strategies for detecting associations with interacting
genes [17] or interacting genetic and environmental fac-
tors [18] that have minimal apparent influence on their
own; pursuit of gene X environment interactions to de-
tect marginal genetic associations [19]; study designs for
identifying environmental modifiers of rare mutations
[20]; impact of genotype misclassification on detection of
gene X environment interactions [21]; assumption-free
analytic methods for detecting gene X gene interactions
[22]; importance of gene X gene interactions in failure to
replicate associations [23]; and impact of gene X gene
interactions on parametric linkage analysis [24]. These
papers highlight the potential pitfalls of ignoring interac-
tions, both in failing to identify genetic and environmen-
tal risk factors of potential importance, and in falsely as-
cribingarole in disease risk to a genetic or environmental
factor only because of the company it keeps [25].

The importance of developing such methods cannot
be over-emphasized as we face the coming flood of ge-
nome-wide association data. Hundreds of thousands of
genetic variants are about to be tested in many thousands
of well-characterized individuals, each of whom may in
turn have many thousands of data points available on en-
vironmental exposures, physical and behavioral charac-
teristics, family history, and intra-individual change over
time. Among the best-known of these may be NHLBI’s
Framingham Heart Study, which is finalizing plans for
genome-wide association testing in 9,000 study partici-
pants in three generations. For five decades, Framing-
ham has been at the forefront of identifying cardiovascu-
lar disease risk factors such as hypertension, dyslipid-
emia, and smoking [26], family history [27], obesity [28],
and diabetes [29], that arguably are due to both environ-
mental and genetic influences. Framingham participants
have also been characterized for other important non-
cardiovascular conditions such as dementia [30], osteo-
arthritis [31], cancer [32], pulmonary impairment [33],
vision [34] and hearing loss [35], and risk factors for these
conditions have been identified as well. Yet few true risk
factor interactions have been reported from Framing-
ham, despite ample demonstration of the additive nature
of many of these risk factors [36] — does this mean that
interactions are truly infrequent or that analytic (or mea-
surement) methods to date have been inadequate to de-
tect them?

Despite concerns voiced regarding the impact of geno-
typing errors on failure to replicate associations [37], it is
generally accepted that reliability of genotyping method-
ology is far greater than that of exposure measurement

64 Hum Hered 2007;63:63-66

[38]. Current high throughput low cost platforms can
routinely achieve error rates that are in the range of 0.1%
or even lower, a testimony to the unprecedented invest-
ment in genotyping technology stimulated by the Human
Genome Project and the International HapMap Project.
For error rates in this range, Tung et al. [21] document in
this issue that there is virtually no loss in power to detect
gene X environment interactions.

Whether similar technological advances are possible
with environmental assessment is a question to be ad-
dressed in part by the exposure biology component of the
proposed Genes and Environment Initiative (GEI), spear-
headed by the National Institute of Environmental Health
Sciences and several collaborating NTH Institutes (web-
site 8). This program, if approved by Congress, will sup-
port development of a wide range of measures of person-
al exposures, behaviors, and their physical and psycho-
logical consequences that contribute to healthand disease.
Given the influence that misclassification of exposures
has been projected to exert on gene-environment interac-
tion research [39], the initiation of this and similar pro-
grams should be expected to produce major advances in
this field of research.

The Genes and Environment Initiative is also expect-
ed to provide a major infusion of funding into genome-
wide association studies through its genetic component,
spearheaded by the National Human Genome Research
Institute in collaboration with several other NIH Insti-
tutes [website G]. Up to 15 such studies are projected to
be supported through this program alone in the next
three years. Of particular relevance to this special issue
of Human Heredity, GEI is proposed to include substan-
tial support for data analysis and development of ana-
lytic methods, with a recently released solicitation on
analysis of sequencing data (website 9), in addition to the
current ENDGAME project in statistical analysis of ge-
nome-wide association studies (website 10). Other NIH
Institutes have already begun major genome-wide asso-
ciation initiatives, including the National Cancer Insti-
tute’s Cancer Genetic Markers of Susceptibility (CGEMS)
project in prostate cancer, which recently posted its initial
genotype-phenotype association data in publicly acces-
sible form (website 3). More than a dozen genome-wide
association studies of common disease will be carried out
over the next few months by the multi-component Well-
come Trust Case-Control Consortium (website 1) and the
Genetic Association Information Network (website 2),
both supported through public-private partnerships.
Similar new NIH-supported projects in type I diabetes
and diabetic nephropathy (website 5) and in heart, lung,
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and blood diseases (website 4) will expand upon newly-
reported genome-wide studies in macular degeneration
[40, 41], Parkinson’s disease [42], and inflammatory
bowel disease [43].

Central to many of the NIH initiatives are plans for
widespread data accessibility, most likely through con-
trolled access to a database housed and curated by the
National Center for Biotechnology Information of the
National Library of Medicine. Investigators committing
to maintain participant confidentiality, respect informed
consent, and allow primacy of publication to the investi-
gators who collected and submitted the data, will receive
rapid and unprecedented access to these data for etiolog-
ic research, methods development, replication of find-
ings, and likely a host of unforeseen and unforeseeable
research applications. Given the large investment in this
area and the wide range of potential uses of these data,
consistent of course with participants’ informed consent,
NIH is developing standard policies for data-sharing that
are projected to be announced in early 2007 (website 11).

The timing of this special issue could thus not have
been better. We hope it is but a first installment for the
many intriguing and innovative analytic approaches
likely to be stimulated by the widespread availability of
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