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Abstract

Objective: To introduce new information and technology involving
genomics (human genome project, genetic testing, microarray
technology).

Options: Limited to introductory discussion of new genetic
information and technology.

Evidence: MEDLINE was searched to identify publications related to
this topic after 2000. This document represents an abstraction of
the information.

Values: This update is a consensus of the Genetics Committee of the
Society of Obstetricians and Gynaecologists of Canada (SOGC).

Benefits, Harms, and Costs: This update educates readers about
new genetic concepts, directions, and technology. At present, there
is no harm or cost (research with limited clinical application)
identified.

Conclusions:

1. The complete and comprehensive sequencing of the human
genome leads to new genetic concepts and opportunities.

2. Genomics involves gene mapping and sequencing and can be
applied to biology, health, and societal needs.

Key Words: Genetic screening, genetic diagnosis, molecular probe
techniques, prenatal diagnosis

3. New technology such as microarray is a powerful approach for
genomics research and will completely change the methodological
approach to basic research and clinical diagnosis.

4. Genetic knowledge and testing is changing. These changes will
require caregivers to gain new knowledge, skills, and attitudes in
the area of genetics.
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INTRODUCTION

he completion of a high-quality, comprehensive
Tsequence of the human genome corresponded with the

50th anniversary year of the discovery of the
double-helical structure of DNA and must be considered a
landmark event.! Many scientists would indicate that the
genomic era is now a reality. It is important that these new
genetic concepts and findings be part of the ongoing educa-
tion of obstetricians and gynaecologists.

The term genome appears to have been first used by
Winkler in 1920 and to have been created by the elision of
gene and chromosome to signify a set of chromosomes and
the genes they contain.? The more recent use of the term
genomics was to designate a field of gene mapping and
sequencing. Other definitions would include genetics as the
study of inheritance and genomics as the study of genomes.
Adjectives have been added to the word genomics that indi-
cate specific aspects or applications of genomics, including
structural genomics (mapping and sequencing), functional
genomics (information about function to knowledge of
DNA sequence), and pharmacogenomics (drug response to
genetic differences). A description of coordinated gene
expression in various tissues, at various stages of develop-
ment, and in various physiological states became possible
with the development of microarray methods (chip tech-
nology) and other methods such as SAGE (serial analysis of
gene expression).

This technical update reflects emerging clinical and scientific advances as of the date issued and are subject to change. The
information should not be construed as dictating an exclusive course of treatment or procedure to be followed. Local institutions can
dictate amendments to these opinions. They should be well documented if modified at the local level. None of these contents may be
reproduced in any form without prior written permission of the SOGC.
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This update will briefly summarize 3 areas of genomics: the
human genome project, genetic testing, and microarray
technology.

DISCUSSION

1. The Human Genome Project and Genomic
Research’

In 1988 the US National Research Council produced a
report entitled “Mapping and Sequencing of the Human
Genome.”? The successful completion of the human
genome project in 2003 allowed for the development of a
blueprint for future genomic research over the next several
years. The ability to explore genome function is increasing
in specificity as each subsequent genome is sequenced for
different organisms. Although genome-based analysis
methods are rapidly permeating biomedical research, the
challenge of establishing robust paths from genomic infor-
mation to improvements in human health remains
immense. Nature recently published an article entitled “A
Vision for the Future of Genomic Research,”’! which stated
that following the sequencing of the human genome, the
next 3 steps have been identified and will require applying
this information to biology, health, and society.!

Applying genomics to biology! (elucidating the structure
and function of genomes) requires 5 areas of direction:

1. to comprehensively identify the structure and func-
tional components encoded in the human genome;

2. to elucidate the organization of genetic networks and
protein pathways and establish how they contribute to
cellular and organismal phenotypes;

3. to develop a detailed understanding of the heritable
variation in the human genome;

4. to understand evolutionary variation across species and
the mechanisms underlying it; and

5. to develop policy options that facilitate the widespread
use of genome information in both research and clini-
cal settings.

Applying genomics to health! (translating genome-based
knowledge into health benefits), requires 6 areas of
direction:

1. to develop robust strategies for identifying the genetic
contributions to disease and drug response;

2. to develop strategies to identify gene variants that con-
tribute to good health and resistance to disease;

3. to develop genome-based approaches to prediction of
disease susceptibility and drug response, early detec-
tion of illness, and molecular taxonomy of disease
states;
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4. to use the new understanding of genes and pathways to
develop powerful new therapeutic approaches to
disease;

5. to investigate how genetic risk information is conveyed
in clinical settings, how that information influences
health strategies and behaviours, and how these affect
health outcomes and costs; and

6. to develop genome-based tools that improve the health
of all.

Applying genomics to society! (promoting the use of
genomics to maximize benefits and minimize harms)
requires 4 directions of evaluation:

1. to develop policy options for the uses of genomics in
medical and non-medical settings;

2. to understand the relations between genomics, race,
and ethnicity and the consequences of uncovering
these relations;

3. to understand the consequences of uncovering the
genomic contributions to human traits and behav-
iours; and

4. to assess how to define the ethical boundaries for uses
of genomics.

Finally, Collins e al indicate that the opportunities
described within the article are thought to be highly achiev-
able but that the final initiation of specific programs will
require a much more detailed analysis.! Relative priorities of
each component must be addressed in the light of limited
resources to support research. The authors emphasized that
this vision should be revisited regularly to ensure that the

true promise of genomics that will benefit humankind can
be realized.

2. Genetic Testing

Genomics in clinical practice indicate that approximately
600 genetic tests are currently available for clinical testing,
and most are used for diagnosis of rare single gene disorders
or chromosomal abnormalities, with a few being used for
newborn screening* However, a growing number of
genetic tests may have population-based applications that
include determining the risk of developing a disease or con-
dition in the future (e.g., predictive testing for breast cancer
or cardiovascular disease) and recognizing genetic vatia-
tions that can response  to
(pharmacogenetics). A genetic test is the analysis of human
DNA, RNA, chromosomes, proteins, and certain metabo-
lites to detect heritable disease related to genotypes, muta-
tions, phenotypes, or karyotypes for clinical purposes.®> This
definition reflects the broad range of techniques that can be
used in the testing process. Genetic testing is often the best
way to confirm a diagnosis in a patient with signs or
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symptoms suggesting a genetic disease. The sensitivity of
tests for rare conditions will continue to improve as addi-
tional causative mutations are identified. Genetic tests are
available to determine the risks of common diseases, but
these often have limited predictive value. Evaluating the
clinical usefulness of these tests will require careful assess-
ment of the risks and benefits of testing. The availability of
specific measures to reduce risk in genetically susceptible
people will be a major consideration.

3. Microarray Technology

Microarray technology is a powerful approach for genomics
research.0 Microarrays, or microchips, represent a new area
of high technology that will completely change the method-
ological approach to basic research and clinical diagnosis.
This technology can be used for genotyping, expression
profiling, and proteome analysis.” Monitoring of gene
expression using DNA microarrays allows the simultaneous
assessment of the transcription of tens of thousands of
genes and of their relative expression between normal cells
and pathological cells. This technology allows laboratories
to change from studying the expression of 1 or 2 genes in a
month to studying the expression of tens of thousands of
genes in a single afternoon. The DNA microarray is able to
monitor the expression of the genes by measurement of a
given sample to hybridize to target sequences on a chip.8In
essence, RNA extracted from a biological sample of interest
is reverse-transcribed into cDNA and ideally represents a
quantitative copy of the genes expressed at the time of sam-
ple collection. This cDNA is labelled with a tracking mole-
cule, such as a radioactive or fluorescent nucleotide or an
affinity molecule like biotin. The labelled cDNA has been
hybridized to a DNA chip that contains thousands of gene
targets. Ideally, each molecule in the labelled cDNA will
only bind to its appropriate complementary target sequence
on the array. Quantitative imaging coupled with clone data-
base information allows measurement of the amount of
labelled ¢cDNA that hybridizes to each target sequence,
resulting in the identification and relative quantification of
the genes expressed in the original biological sample.%-!1
This type of technology allows investigators to quickly mea-
sure the expression of a complete genome across a large
number of environmental stimuli.!>!> A review of publica-
tions listed on PubMed revealed that, from 1995 until 2002,
more than 2000 papers documented this type of technol-
ogy.8 Although the DNA microarray chip® is currently a
tool most commonly used to monitor the level of a gene’s
expression at the RNA level %1617 it can also be used to doc-
ument DNA copy number,'-20 DNA protein inte-
ractions,?22 and sequencing applications (polymorphism
detection). The usefulness of this technology in determin-
ing DNA copy numbers (segmental aneuploidy) was shown

in a study of fetuses from women who had experienced a
spontaneous pregnancy loss (< 20 weeks). A chromosomal
abnormality not detectable by standard cytogenetic tech-
niques was found in 9.8% of cases.?? This technology has
also been applied with positive results to identify
microdeletions and microduplications in patients with men-
tal retardation.?+?>

The future for microarrays is bright, and it is important that
health care workers in the field of obstetrics and gynaecol-
ogy are aware of these technologies that may impact the
knowledge and practice of obstetrics and gynaecology.
Microarray analysis should not be considered as the conclu-
sion but as a discovery mechanism to help determine areas
of interest in maternal and fetal disease.® As this technology
changes, the format of microarrays will become more com-
plete, more miniaturized, more technically standardized,
and more useful for the prediction and diagnosis of genetic
disease and risks.

4. Knowledge, Skills, and Attitudes in Genetics

One of the difficult challenges for health care professionals
confronted with these new technologies and changes in
genetic testing is the constantly evolving knowledge base. A
recent publication from the National Coalition for Health
Professional Education in Genetics looked at the knowl-
edge, skills, and attitudes that all health professionals in the
area of genetics should have.2¢ The Genetics Committee
has reviewed these recommendations and feel they are real-
istic for the present and can be applied to the future.

Knowledge
All health professionals should understand the following:

1. basic human genetics terminology

2. the basic patterns of biological inheritance and varia-
tion, both within families and within populations

3. how identification of disease-associated genetic varia-
tions facilitates development of prevention, diagnosis,
and treatment options

4. the importance of family history (minimum 3 genera-
tions) in assessing predisposition to disease

5. the role of genetic factors in maintaining health and
preventing disease

6. the difference between clinical diagnosis of disease and
identification of genetic predisposition to disease
(genetic variation is not strictly correlated with disease
manifestation)

7. the role of behavioural, social, and environmental fac-
tors (lifestyle, socioeconomic factors, pollutants, etc.)
to modify or influence genetics in the manifestation of
disease
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8. the influence of ethnoculture and economics in the
prevalence and diagnosis of genetic disease

9. the influence of ethnicity, culture, related health
beliefs, and economics in the clients’ ability to use
genetic information and services

10. the potential physical and (or) psychological benefits,
limitations, and risks of genetic information for indi-
viduals, family members, and communities

11. the range of genetic approaches to treatment of dis-
ease (prevention, pharmacogenomics or the prescrip-
tion of drugs to match individual genetic profiles,
gene-based drugs, gene therapy)

12. the resources available to assist clients seeking genetic
information or services, including the types of genetics
professionals available and their diverse
responsibilities

13. the components of the genetic-counselling process
and the indications for referral to genetics specialists

14. the indications for genetic testing and (or) gene-based
interventions

15. the ethical, legal, and social issues related to genetic
testing and recording of genetic information (e.g., pri-
vacy, the potential for genetic discrimination in health
insurance, and employment)

16. the history of misuse of human genetic information
(eugenics)

17. one’s own professional role in the referral to or provi-
sion of genetics services, follow-up, and quality review
of genetic services

Skills
All health professionals should be able to

1. gather genetic family history information, including an
appropriate multigenerational family history

2. identify clients who would benefit from genetic ser-
vices

3. explain basic concepts of probability and disease sus-
ceptibility and the influence of genetic factors in the
maintenance of health and development of disease

4. seek assistance from and refer to appropriate genetics
experts and peer support resources

5. obtain credible, current information about genetics for
oneself, clients, and colleagues

0. effectively use new information technologies to obtain
current information about genetics

7. educate others about client-focused policy issues

8. participate in professional and public education about
genetics
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The following skills (9 to 17) delineate the components of
the genetic-counselling process and are not expected of all
health care professionals. However, health professionals
should be able to facilitate the genetic counselling process
and prepare clients and families for what to expect, commu-
nicate relevant information to the genetics team, and follow
up with clients after genetics services have been provided.
For those health professionals who choose to provide
genetic counselling services to their clients, all components
of the process, as delineated in skills 9 to 17, should be
performed.

9. educate clients about availability of genetic testing and
(or) treatment for conditions seen frequently in
practice

10. provide appropriate information about the potential
risks, benefits, and limitations of genetic testing

11. provide clients with an appropriate informed-consent
process to facilitate decision making related to genetic
testing

12. provide, and encourage the use of, culturally appropri-
ate, user-friendly materials and (or) media to convey
information about genetic concepts

13. educate clients about the range of emotional effects
they and (or) their family members may experience as
a result of receiving genetic information

14. explain potential physical and psychosocial benefits
and limitations of gene-based therapeutics for clients

15. discuss the costs of genetic services, the benefits and
potential risks of using health insurance for payment
of genetic services, and the potential risks of
discrimination

106. safeguard privacy and confidentiality of clients’
genetic information to the extent possible

17. inform clients of potential limitations to maintaining
privacy and confidentiality of genetic information

Attitudes
All health professionals should

1. recognize philosophical, theological, cultural, and ethi-
cal perspectives influencing the use of genetic infor-
mation and services

2. appreciate the sensitivity of genetic information and
the need for privacy and confidentiality

3. recognize the importance of delivering genetic educa-
tion and counselling fairly, accurately, and without
coercion or personal bias

4. appreciate the importance of sensitivity in tailoring
information and services to clients’ culture, knowl-
edge, and language level
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5. seek coordination and collaboration with an interdisci-
plinary team of health professionals

Genotype: Genetic constitution or composition of an
individual.

6. speak out on issues that undermine clients’ rights to
informed decision making and voluntary action

Karyotype: The chromosome constitution of an
individual.

Messenger RNA (mRNA): A single-stranded nucleotide
that is derived from single-stranded DNA and must be
translated into protein to produce to gene product.

7. recognize the limitations of their own genetics
expertise

8. demonstrate willingness to update genetics knowledge

at frequent intervals Mutation: An alteration of DNA sequencing in a gene

that results in a heritable change in protein structure or
function that frequently has adverse effects.

9. recognize when personal values and biases, with regard
to ethical, social, cultural, religious, and ethnic issues,

may affect or interfere with care provided to clients Phenotype: Observable physical characteristics of an

organism resulting from the expression of the genotype
and its interaction with the environment.

10. support client-focused policies

CONCLUSIONS
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