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The challenge of genome medicine is not to make a significant move into the clinic over the next
five years. The floodgates of genomic research have been opened, and the hopes are that the
rising tide will spill over into medical practice in the form of diagnostic tests, risk assessment
tools and therapeutics. The ability to perform genome-wide analyses using several different
approaches has already provided tantalizing new clues to disease causation and therapeutic
targets. Companies have sprung up to use these new technologies to provide information to
individuals about predicted health and disease, and about behavioral traits. As exciting as these
prospects are, it is far too soon to promise clinically useful information from genomic analyses.
We have far to go to assure basic levels of analytical validity or clinical validity of the diagnostic or
predictive tools on offer, and to determine their clinical utility in the medical context.

The main issue currently facing the translation of genomics

research into clinical practice is that it will require researchers,

clinicians and patients to make a significant conceptual shift

from Mendelian ways of thinking to a post-Mendelian world.

Ironically, in this new world, genes have a lesser role as we

study ever more complex diseases and traits and begin to

understand the interplay of gene-gene and gene-environment

interactions and epigenetics. It is nearly 100 years since

Wilhelm Johanssen first coined the word ‘gene’ and posited

a relationship between genotype and phenotype. Since then,

we have learned that there is a lot more to this relationship

than we initially envisaged.

Currently, genome-wide association studies increasingly

identify the contribution of multiple genetic loci to pheno-

types by providing clues as to the biological pathways and

interactions involved. However, we are far from knowing

how the results of these studies are clinically relevant. As a

result, we also do not yet know how to explain these results

in a meaningful way to patients.

The shift to post-Mendelian genomics will require different

ways of thinking about the validation, interpretation and

explanation of genomic studies, especially with respect to

their application to clinical practice. Recent comprehensive,

large-scale studies such as that by the Wellcome Trust Case

Control Consortium [1] have been very valuable at

connecting biochemical pathways with diseases, such as age-

related macular degeneration [2]. The challenge of estab-

lishing and replicating genotype-phenotype associations

remains, however [3,4], leading to cautions about how to

design and interpret genome-wide association studies [5-7].

Validation of genotype-phenotype associations is of course

critical to the successful translation of genomic data to clinical

practice. Basic issues of analytical validity must be addressed,

especially as new analytical platforms are developed, such as

array comparative genomic hybridization to determine copy-

number variation. The biases and reliability of these relatively

new methods is still in flux [8-10] and minimum standards of

analytical validity must be established in order to use these

platforms for clinical application [11,12].

The potential for rigorous statistical analysis to minimize

false positive results has been widely discussed [5-7], as well

as the need for sound study design, including care in subject

selection and controlling for population substructure.

However, even after a genotype-phenotype association has

been identified and replicated, establishing clinical validity

and developing a useful clinical diagnostic test requires

much more work. The fact that the demonstration of an

association is not the same as finding a causal variant, much

less the majority of causal variants, is probably not well

understood by clinicians and the general public. Personal
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genomics companies imply that a scan of one’s whole

genome ‘covers’ health conditions of interest, such as

Alzheimer’s disease or breast cancer, but this idea is

misleading. For example, the Navigenics Health Compass

scans an individual’s genome at 1.8 million loci for variants

that are associated with 18 relatively common conditions

and for which the association has been published in a peer-

reviewed journal and the finding replicated at least once

[13]. However, although the Health Compass claims to cover

breast cancer, the test does not examine the BRCA1 and

BRCA2 genes at the sequence level, which is something a

patient with hereditary breast and ovarian cancer in their

family would require and expect of a truly personalized

genetic risk assessment.

The 23andme website [14] claims that “23andMe can help

you discover how your genes may affect your chances of

developing various diseases and conditions, as well as traits

such as athletic ability”. However, this statement is in

contrast to those of genome researchers [2,15], who have

stressed that the contribution of single genes is often small,

commonly with odds ratios of less than 1.5, and thus perhaps

clinically insignificant [16]. How to interpret the clinical

significance of genetic contributions when some loci

associated with traits and diseases contain no known genes

is even more unclear.

How to interpret the effects of multiple genes associated with

a particular condition poses a major challenge to clinical

practitioners and patients. For example, analyses of Craig

Venter’s DRD4 and DRD3 genes (associated with ‘novelty

seeking’) indicated that at one locus his genotype indicated

that he had a variant not associated with higher novelty-

seeking scores but at other loci his alleles were associated

with higher novelty-seeking scores [17]. Given the multi-

factorial nature of most traits, it still needs to be worked out

how the growing amount of genomic information should be

interpreted and explained when aggregated.

Fundamentally, the idea that genomic analysis provides only

part of a very complex picture must be conveyed. In the

Mendelian era, almost by definition, diseases were more

obviously delineated because they were clearly inherited and

the role of epigenetic and environmental factors did not need

to be addressed. In the post-Mendelian world, the complexity

of, and need for, defining and measuring phenotypes and

environmental factors is only now beginning to be appreciated

by the research community, but is not well understood by

prospective patients and their health care providers.

Over the next five years, the challenge for genome medicine

is thus not to make a significant move into the clinic.

Although this is a desirable goal, it would be premature.

Scientists, clinicians and the general public first need to

change their way of thinking about the role of genes and

genomes in everyday health.

AAcckknnoowwlleeddggeemmeennttss
This work was funded in part by NIH grant P50 HG003389.

RReeffeerreenncceess
1. Wellcome Trust Case Control Consortium: GGeennoommee--wwiiddee  aassssoocciiaa--

ttiioonn  ssttuuddyy  ooff  1144000000  ccaasseess  ooff  sseevveenn  ccoommmmoonn  ddiisseeaasseess  aanndd  33000000
sshhaarreedd  ccoonnttrroollss..  Nature 2007, 444477::661-678.

2. Altshuler D, Daly M. GGuuiilltt  bbeeyyoonndd  aa  rreeaassoonnaabbllee  ddoouubbtt.. Nat Genet
2007, 3399::813-814.

3. Hirschhorn JN, Lohmueller K, Byrne E, Hirschhorn, K: AA  ccoommpprreehheenn--
ssiivvee  rreevviieeww  ooff  ggeenneettiicc  aassssoocciiaattiioonn  ssttuuddiieess.. Genet Med 2002, 44::45-61.

4. Ioannidis JP, Ntzani EE, Trikalinos TA, Contopoulos-Ioannidis DG:
RReepplliiccaattiioonn  vvaalliiddiittyy  ooff  ggeenneettiicc  aassssoocciiaattiioonn  ssttuuddiieess..  Nat Genet 2001,
2299::306-309.

5. NCI-NHGRI Working Group on Replication in Association Studies:
RReepplliiccaattiinngg  ggeennoottyyppee--pphheennoottyyppee  aassssoocciiaattiioonnss..  Nature 2007, 444477::655-660.

6. McCarthy MI, Abecasis GR, Cardon LR, Goldstein DB, Little J, Ioan-
nidis JPA, Hirschhorn JN: GGeennoommee--wwiiddee  aassssoocciiaattiioonn  ssttuuddiieess  ffoorr
ccoommpplleexx  ttrraaiittss::  ccoonnsseennssuuss,,  uunncceerrttaaiinnttyy  aanndd  cchhaalllleennggeess.. Nat Rev
Genet 2008, 99::356-369.

7. Pearson TA, Manolio TA: HHooww  ttoo  iinntteerrpprreett  aa  ggeennoommee--wwiiddee  aassssoocciiaa--
ttiioonn  ssttuuddyy..  JAMA 2008, 229999::1335-1344.

8. Tabor HK, Cho MK: EEtthhiiccaall  iimmpplliiccaattiioonnss  ooff  aarrrraayy  ccoommppaarraattiivvee
ggeennoommiicc  hhyybbrriiddiizzaattiioonn  iinn  ccoommpplleexx  pphheennoottyyppeess::  ppooiinnttss  ttoo  ccoonnssiiddeerr  iinn
rreesseeaarrcchh.. Genet Med 2007, 99::626-631.

9. Carter NP: MMeetthhooddss  aanndd  ssttrraatteeggiieess  ffoorr  aannaallyyzziinngg  ccooppyy  nnuummbbeerr  vvaarriiaa--
ttiioonn  uussiinngg  DDNNAA  mmiiccrrooaarrrraayyss.. Nat Genet 2007, 3399((77  SSuuppppll))::S16-S21.

10. McCarroll SA, Altshuler DM: CCooppyy--nnuummbbeerr  vvaarriiaattiioonn  aanndd  aassssoocciiaattiioonn
ssttuuddiieess  ooff  hhuummaann  ddiisseeaassee.. Nat Genet 2007, 3399((77  SSuuppppll))::S37-S42.

11. Lee C, Iafrate AJ, Brothman AR: CCooppyy  nnuummbbeerr  vvaarriiaattiioonnss  aanndd  cclliinniiccaall
ccyyttooggeenneettiicc  ddiiaaggnnoossiiss  ooff  ccoonnssttiittuuttiioonnaall  ddiissoorrddeerrss.. Nat Genet 2007,
3399((77  SSuuppppll))::S48-S54.

12. Scherer SW, Lee C, Birney E, Altshuler DM, Eichler EE, Carter NP,
Hurles ME, Feuk L: CChhaalllleennggeess  aanndd  ssttaannddaarrddss  iinn  iinntteeggrraattiinngg  ssuurrvveeyyss  ooff
ssttrruuccttuurraall  vvaarriiaattiioonn.. Nat Genet 2007, 3399((77  SSuuppppll))::S7-S15.

13. AAbboouutt  NNaavviiggeenniiccss  HHeeaalltthh  CCoommppaassss  [http://www.navigenics.com/
healthcompass/Overview/]

14. 2233aannddmmee [http://www.23andme.com/]
15. Burke W, Psaty BM: PPeerrssoonnaalliizzeedd  mmeeddiicciinnee  iinn  tthhee  eerraa  ooff  ggeennoommiiccss..

JAMA 2007, 229988::1682-1684.
16. McGuire AL, Cho MK, McGuire SE, Caulfield T: TThhee  ffuuttuurree  ooff  ppeerr--

ssoonnaall  ggeennoommiiccss.. Science 2007, 331177::1687.
17. Levy S, Sutton G, Ng PC, Feuk L, Halpern AL, Walenz BP, Axelrod

N, Huang J, Kirkness EF, Denisov G, Lin Y, MacDonald JR, Pang AW,
Shago M, Stockwell TB, Tsiamouri A, Bafna V, Bansal V, Kravitz SA,
Busam DA, Beeson KY, McIntosh TC, Remington KA, Abril JF, Gill J,
Borman J, Rogers YH, Frazier ME, Scherer SW, Strausberg RL,
Venter JC: TThhee  ddiippllooiidd  ggeennoommee  sseeqquueennccee  ooff  aann  iinnddiivviidduuaall  hhuummaann..
PLoS Biol 2007, 55::e254.

http://genomemedicine.com/content/1/1/7 Genome Medicine 2009, Volume 1, Issue 1, Article 7 Cho 7.2

Genome Medicine 2009, 11::7


	Abstract
	Acknowledgements
	References

