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Preface

Increasingly, genomics is having an impact on mainstream healthcare. All health
professionals will therefore be required to understand basic genetic concepts, but the
depth of knowledge required will vary according to the role of the practitioner and the
setting in which he or she works. The genetic knowledge and skills required to practice
could be differentiated into three levels.

Foundation level

At this level, the practitioner needs to understand basic genetic principles, be able to
detect situations in which there may be a genetic influence on the disease state and
understand how to obtain specialist advice and information. This level of practitioner
would include many general nurses and allied health professionals.

Advanced level

Practitioners in this group are generally specialists in a particular field of healthcare that
requires knowledge of genetics in specific topics. In addition to understanding basic
genetic principles, a practitioner at this level requires an in-depth knowledge of the
genetic influence on the types of conditions involved in their realm of expertise. This
group would include fetal medicine midwives or obstetric nurses, pediatric nurses and
oncology nurses. It might also include some allied health professionals, such as speech
and language therapists who work with patients with neurodegenerative conditions. A list
of the types of work and knowledge required for some of the practitioners in this group is
included in Appendix I.

Specialist genetics level

General specialist practitioners working in the field of genetics, such as genetics nurses or
genetic counselors, would be included in this category.



Using this book

Skirton and Patch’s first book, Genetics for Healthcare Professionals, was aimed at
meeting the needs of practitioners at foundation level, but could be used as a first text for
any healthcare practitioner who is new to genetics. This book includes information at a
more advanced level and is chiefly written as a handbook for those training as genetics
specialists. However, for completeness, some basic genetic science is also included in
Chapter 2, with relevant sections expanded in later chapters where they apply. Many
sections of the book will be relevant to advanced practitioners in other specialist areas of
healthcare and the authors suggest that those readers select from the book those sections
that will be relevant to their specific areas of expertise.

A glossary of terms is provided at the end of the book and the list of website resources
is comprehensive. It is hoped that experienced practitioners will also use the book as a
resource handbook and as a source of references for wider reading on specific topics of
interest.



Abbreviations

Abbreviation Definition
ABGC American Board of Genetic Counseling
AFP alphafetoprotein
AGNC Association of Genetic Nurses and Counsellors
APNG Advanced Practice Nurse in Genetics
APOE apolipoprotein
AS Angelman syndrome
ASHG American Society for Human Genetics
AT ataxia telangectasia
CADASIL cerebral autosomal dominant arteriopathy with subcortical
infarcts and leukoencephalopathy
CF cystic fibrosis
CFTR cystic fibrosis transmembrane receptor
CPEO chronic progressive external ophthalmoplegia
DMD Duchenne muscular dystrophy
DNA deoxyribonucleic acid
DRPLA dentatorubral-pallidoluysian atrophy
FAP familial adenomatous polyposis
FISH fluorescent in situ hybridization
G6PD glucose-6-phosphate dehyrogenase
GCN Genetics Clinical Nurse
GNCC The Genetic Nursing Credentialing Commission
HBOC hereditary breast and ovarian cancer
hCG human chorionic gonadotrophin
HD Huntington disease
HIF hypoxia-inducible factor
HIPPA The Health Insurance Portability and Accountability Act
HLA human leukocyte antigen
HNPCC hereditary non-polyposis colon cancer
HRT hormone replacement therapy
LDLR Low-density lipoprotein receptor

JCMG Joint Committee on Medical Genetics



LDLR Low-density lipoprotein receptor

LHON Leber hereditary optic neuropathy
LS Leigh syndrome
MCADD medium-chain acetyl-CoA dehydrogenase deficiency
MELAS mitochondrial encephalomyopathy with lactic acidosis and
stroke-like episodes
MERRF myoclonic epilepsy with ragged-red fibers
MMR mismatch repair
MRNA messenger RNA (ribonucleic acid)
MSI microsatellite instability
MTHFR methylenetetrahydrofolate reductase
NARP neurogenic weakness with ataxia and retinitis pigmentosa
NCHPEG National Coalition for Health Professional Education in
Genetics
NF neurofibromatosis
NFI neurofibromatosis type |
NF2 neurofibromatosis type 11
NIH National Institutes for Health
NSGC National Society of Genetic Counselors
NT nuchal translucency
OMIM Online Mendelian Inheritance in Man
PAH phenylalanine hydroxylase
PAPP-A pregnancy associated plasma protein A
PCR polymerase chain reaction
PFGE pulse-field gel electrophoresis
PKU phenylketonuria
PNF plexiform neurofibroma
PSA prostate-specific antigen
PWS Prader-Willi syndrome
RFLP restriction fragment-length polymorphism
RP retinitis pigmentosa
SCD sickle-cell disease
SMA spinal muscular atrophy
SNP single nucleotide polymorphism
TA transactional analysis

uT3 unconjugated oestriol



UPD
VEGF
VHL
VNTR
XLRP

uniparental disomy
endothelial growth factor
von Hippel Lindau syndrome
variable number tandem repeat
X-linked retinitis pigmentosa






1
Introduction to genetic healthcare

1.1 Defining genetic healthcare

This book is written as a handbook for those who provide genetic healthcare. Genetic
healthcare is defined by the authors as any intervention by a health professional that is
aimed at addressing the physical, psychological, cognitive, emotional, or social needs of
an individual or family, in cases in which those needs are connected with the presence or
risk of a genetic condition. These interventions are usually delivered by professionals
with a nursing, genetic counseling, or medical training. Although the professional
background will undoubtedly have some influence on the delivery of care, many of the
competencies and skills that are required to provide such care are common to all groups
of specialist practitioners.

Genetics became the focus of a specialist healthcare service—requiring a general
genetics knowledge at an advanced level—in both the United Kingdom (UK) and the
United States of America (USA) after World War Il. However, before that time genetic
healthcare was offered as part of the medical care open to families and individuals by
doctors operating in other specialities. This was particularly evident in pediatrics, in
which the genetic basis of the inborn errors of metabolism were identified about 100
years ago (Garrod, 1908), and in neurology, in which patients affected by adult-onset
inherited conditions (such as ‘Huntington’s chorea’ and Charcot MarieTooth disease)
were treated. Currently, genetic services are mainly provided through specialist genetic
centers, or in disease-focused programs, and by professionals with specific appropriate
training working with colleagues in closely related fields.

Delivery of appropriate genetic healthcare is based on a belief that individuals have an
inherent right to be properly informed about the genetic risks and reproductive options
that might affect them, and that they should be supported during any decision-making
process (Clarke, 1997).

In many specialist genetic centers, a multi-professional team approach enables a
variety of expertise to be utilized to enhance client care. This book is written as a
handbook for practitioners who provide genetic services, whether in a genetic center or as
part of a team that provides genetic healthcare to a group of patients with a specific
genetic health need.

1.2 Definition of genetic counseling
The aim of genetic services is to assist people who are at risk of developing or carrying a

genetic disease to live and reproduce as normally as possible (Pembrey, 1996). This
involves making accurate diagnoses, a discussion of appropriate options for testing or
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reproduction, and offering psychosocial support to families using the service (Clarke,
1997).

The definition of genetic counseling that is accepted in North America and in the UK,
as well as in many other countries, was written by the American Society for Human
Genetics (ASHG) in 1975. Although more than 30 years have passed since it was first
written, it still accurately reflects the extent of services provided under the title ‘genetic
counseling’. It states that genetic counseling is:

‘a communication process which deals with human problems associated
with the occurrence, or the risk of occurrence, of a genetic disorder in a
family. This process involves an attempt by one or more appropriately
trained persons to help the individual or family to [1] comprehend the
medical facts, including the diagnosis, probable course of the disorder,
and the available management; [2] appreciate the way heredity contributes
to the disorder, and the risk of recurrence in specified relatives; [3]
understand the alternatives for dealing with the risk of recurrence; [4]
choose the course of action which seems to them appropriate in view of
their risk, their family goals and their ethical and religious standards, and
to act in accordance with that decision; and [5] make the best possible
adjustment to the disorder in an affected family member and/or the risk of
recurrence of that disorder’ (American Society of Human Genetics, 1975).

1.3 Genetic services within a healthcare system

The organization of genetic services necessarily varies from country to country. It is
affected by the structure of the healthcare system, funding of healthcare, routes for
professional education, statutory regulation of healthcare professionals, and healthcare
culture and traditions. In many countries, other healthcare issues dictate to a large
degree—to the extent that genetics is, of necessity, a low priority at present. In this
chapter, the professional practice of non-medically trained practitioners, such as genetics
nurses and genetic counselors in the UK and USA, are described, but these are by no
means the only models of practice.

Genetic services in Europe

Clinical genetic services are established in at least 29 different countries in Europe,
although the level of service is extremely varied. In some countries, such as the UK,
Belgium, Denmark, the Netherlands, and Norway, a team approach is taken and both
medical and non-medical personnel are part of the team who provide genetic healthcare.
In the UK and the Netherlands, most genetic counselors initially trained in nursing or a
similar paramedical field, but in Belgium genetic counselors frequently have a
background in psychology. Recently, a Master’s degree course in genetic counseling was
approved in France to train genetic practitioners in that country. There has been a
powerful medical influence on the practice of genetics nurses and counselors within
Europe, as doctors usually lead clinical genetic services. Whereas in the UK genetics is
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designated a medical specialty, this is not the case in other areas of Europe, and therefore
genetic counseling may be undertaken by doctors trained in other related specialties, such
as obstetrics or pediatrics.

Specialist genetic services are provided in the UK by teams working in Regional
Genetics Centres that are publicly funded by the National Health Service. This means that
clients are able to access services free of charge. The genetics team usually includes
medically trained clinical geneticists and non-medical genetic counselors. In the UK,
most genetic counselors have a background in nursing, although there are an increasing
number who enter the field from non-clinical backgrounds after completing a
postgraduate Master’s degree in genetic counseling. All use the term “‘genetic counselor’
as a professional title.

Specialist practitioners are now registered as genetic counselors by the Association of
Genetic Nurses and Counsellors (AGNC) Registration Board (Skirton et al., 2003).
Genetics nurses and counselors practicing in the UK are bound by the AGNC Code of
Ethics and are eligible for registration if they are either a registered nurse with a
Bachelor’s or higher degree or have completed an approved Master’s degree. The
practitioner demonstrates competence by submission of a portfolio of evidence after at
least 2 years of mentored experience in genetic healthcare (AGNC, 2004). The AGNC
competencies are listed in Box 1.1.

Box 1.1 AGNC competencies for UK genetic counselors

Core competencies for the practice of genetic counseling
The genetic counselor is able to:

Communication skills

« Establish a relationship with the client and elicit the client’s concerns and expectations.

» Elicit and interpret appropriate medical, family, and psychosocial history.

» Convey clinical and genetic information to clients appropriate to their individual
clinical needs.

* Explain the options available to the client, including risks, benefits and limitations.

» Document information, including case notes and correspondence in an appropriate
manner.

* Plan, organize, and deliver professional and public education.

Interpersonal, counseling and psychosocial skills

« Identify and respond to emerging issues of a client or family.

« Acknowledge the implications of individual and family experiences, beliefs, values, and
culture for the genetic counseling process.

» Make a psychosocial assessment of the client’s needs and resources, and provide
support, ensuring referral to other agencies as appropriate.

« Use a range of counseling skills to facilitate the client’s adjustment and decision-
making.

a Ectahlich affantivia wninrlzina ralatinnchine tn fiinatinn wiithin a miilti dicninlinans
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genetics team and as part of the wider healthcare and social care network.

Ethical practice

* Recognize and maintain professional boundaries.

» Demonstrate reflective skills within the counseling context, and in personal awareness
for the safety of clients and families, by participation in counseling/clinical
supervision.

* Practice in accordance with the AGNC Code of Ethical Conduct.

* Present opportunities for clients to participate in research projects in a manner that
facilitates informed choice.

* Recognize his or her own limitations in knowledge and capabilities and discuss with
colleagues or refer clients when necessary.

» Demonstrate continuing professional development as an individual practitioner and for
the development of the profession.

« Contribute to the development and organization of genetic services.

Critical thinking skills

» Make appropriate and accurate genetic risk assessment

« Identify, synthesize, organize, and summarize relevant medical and genetic information
for use in genetic counseling.

» Demonstrate the ability to organize and prioritize a caseload.

« Identify and support clients’ access to local, regional and national resources and
services.

* Develop the necessary skills to critically analyze research findings to inform practice
development

AGNC (2004) www:agnc.co.uk/Registration/competencies

Genetic services in the USA

As in the UK, genetic services are provided by a variety of healthcare professionals in the
USA. However, in the USA, genetic healthcare services are provided by employers
whose healthcare programs may be established on either a for-profit or not-for-profit
status. These employers include academic medical centers, government-operated
healthcare services, privately owned genetics laboratories, and privately owned
healthcare practices. Funding of services is dependent on a variety of factors that are
related to the client’s financial and insurance status, and also on the fiscal basis of the
service. Commonly, a person is referred for genetic services by his or her healthcare
provider, but in some locations clients may self-refer.

A client who wishes to have a genetic assessment or genetic counseling from a
specialist may receive these services in tertiary-care centers (such as major medical
centers) that are owned either by academic institutions or private companies. One
example is the care provided in a medical genetics clinic in a university-owned hospital,
in which board-certified or credentialed genetic counselors, and also advanced practice
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genetics nurses, undertake practice. Genetic services are also provided in healthcare
practices that focus on one aspect of health, such as cancer or prenatal care, for those
whose need for service lies within that specific category (e.g. oncology services or
reproductive healthcare).

Professional organizations define guidelines for practice as a genetics specialist and
maintain responsibility for administering credentialing programs for genetics specialists.
Registered nurses, genetic counselors and medical doctors can qualify to become certified
or to be credentialed as genetics specialists in their own profession. Some states in the
USA have, or are considering passing legislation to institute, state licensing rules and
regulations for genetic counselors.

The professional role of the genetics nurse and the genetic counselor

Genetics nurses and genetic counselors share a common mission of providing genetic
healthcare to individuals, families and communities. These roles encompass individual
client healthcare, advocacy for individuals and their families, membership in multi-
disciplinary healthcare systems, participation in program management and evaluation,
and involvement in clinical genetics-focused research. Although the scope of genetic
healthcare roles can be quite broad, documents that describe the roles of genetics nurses
and genetic counselors specifically describe the clinical aspects of genetics nursing or
genetic counseling practice. In many countries, such as the UK, the work is undertaken in
a genetic center by persons of either a genetics nursing or genetic counseling background.
However, in some areas of the USA, there is greater differentiation in the roles.

In the USA, the professional role of the genetics nurse is defined by the scope of
practice of genetics nursing (ISONG, 1998) and the regulations defining nursing practice
in state professional licensure rules and regulations. The professional role of the genetic
counselor is based on the counselor’s education, certification as a genetic counselor, and,
to some degree, expectations in the genetic counselors’ employment setting. In those
states that have genetic counseling licensure rules and regulations, the scope of practice is
defined by the licensure rules and regulations.

In 1998, The Genetic Nursing Credentialing Commission (GNCC) was established by
members of the International Society of Nurses in Genetics for the purpose of
establishing and providing credentialing of genetics nurses (Cook et al., 2003). The
GNCC developed criteria for credentialing of nurses at either the Genetics Clinical Nurse
(GCN) or the Advanced Practice Nurse in Genetics (APNG) level. Each credential is
awarded on successful completion of review of a portfolio that contains evidence of
completion of requirements in education and practice in the nurse’s area of genetic
expertise.

Genetics nurses are licensed professional nurses that have had special education and
training in genetics. The professional role of the genetics nurse has its foundation in
nursing, and is based on theories of nursing, genetic biology, behavioral and medical
sciences (ISONG, 1998). Application of this knowledge throughout the processes of
assessment, identification of outcomes of care, interventions and evaluation is the
responsibility of the genetics nurse. Specific aspects of genetics nursing practice are
defined in the GNC and APNG credentialing process (Box 1.2). Nurses may participate
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in the administration and monitoring of therapeutics as specified by their professional
nursing license (Greco and Mahon, 2003; ISONG, 1998).

The National Society of Genetic Counselors (NSGC) defines a genetic counselor as a
healthcare professional who has a specialized graduate degree and experience in the areas
of medical genetics and counseling (Box 1.3). Genetic counselors enter the field from a
variety of disciplines, including biology, genetics, nursing, psychology, public health, and
social work, and

Box 1.2 Definition of genetics nursing practice in the USA

Aspects of genetics nursing practice defined in the GNC and APNG credentialing process
include:

« collecting and interpreting comprehensive client information, including a genetics
family history;

» deriving a diagnosis based on assessment data;

« identifying client-sensitive outcomes;

« identifying genetic risk factors;

* providing client-centered teaching;

« coordinating healthcare services;

» promoting health for client, family, and community;

« using therapeutic communication skills to foster the client’s and family’s understanding
about the genetic condition;

« providing information regarding management of health risks;

e engaging in systematized ongoing evaluation of client and family.

must graduate from an accredited master’s level program in order to qualify for
certification. Credentialing is achieved through successful completion of a credentialing
examination, administered by the American Board of Genetic Counseling (ABGC).
Beginning with certificates issued in 1996, certification of genetic counselors was limited
to a 10-year period and a recertification program has been developed (American Board of
Genetic Counseling, 2003).

Box 1.3 NSGC definition of the role of a genetic counselor

The NSGC definition states that genetic counselors work as members of a healthcare
team with families in which a child has been born with a birth defect or whose members
are at risk of a genetic condition, to:

« provide information and support to families;

« identify families at risk;

« investigate the problem present in the family;

« interpret information about the disorder;

» analyze inheritance patterns and risks of recurrence;
* review available options with the family;
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* provide supportive counseling to families;

* serve as patient advocates;

« refer individuals and families to community or state support services;

* serve as educators and resource people for other healthcare professionals and for the
general public.

It is not within the remit of this book to discuss the practice of clinical genetics in
every country. Professional roles in the UK and USA are used as examples of practice.
Practitioners in other countries will benefit from contacting the relevant professional
associations in their own country or region. Table 1.1 details the larger professional
societies and their websites. A comprehensive list can be found at the website of the
Karolinska Insitutet (listed in ‘Further resources’ at the end of this chapter).

Table 1.1 Professional organizations and

websites

Organization Country or  Website

region
Canadian Association of  Canada
Genetic Counselors
American Society for USA http://genetics.faseb.org/genetics/ashg/ashgmenu.htm
Human Genetics
Association of Genetic UK http://www.agnc.co.uk/

Nurses and Counsellors

Australian Society of
Genetic Counsellors

Australia, New
Zealand

No website listed

British Society for Human UK http://www.bshg.org.uk/
Genetics

Canadian Association of ~ Canada http://www.cagc-accg.ca/
Genetic Counselors

Danish Society of Denmark http://www.dsmg.suite.dk/
Medical Genetics

European Society for All European http://www.eshg.org/
Human Genetics countries

Human Genetics Society

Australia, New

http://www.hgsa.com.au/

of Australasia Zealand

International Society of ~ Worldwide http://www.isong.org/
Nurses in Genetics membership

Italian Society of Human Italy http://sigu.univr.it/
Genetics

Japan Society of Human  Japan

Genetics
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Mexican Association of  Mexico http://www.kumc.edu/gec/prof/ibero.html
Human Genetics

National Society for USA http://lwww.nsgc.org/

Genetic Counselors

Netherlands Society of The http://Aww.nav-vkgn.nl/

Human Genetics Netherlands

1.4 Basic areas of genetics knowledge required by practitioners
working in mainstream healthcare

In most healthcare systems, there is an opportunity for individuals to obtain some
genetics information from his/her primary healthcare provider. This could include the
person’s nurse practitioner, nurse midwife or family physician who reviews the person’s
family history. All of these individuals might provide basic information about genetic
testing, and/or making a referral to a genetics specialist. Guidelines for primary care
providers, as well as healthcare professionals who are not genetics specialists, are
provided by the National Coalition for Health Professional Education in Genetics
(NCHPEG, 2001).

A basic knowledge of genetics at Foundation level is required by all healthcare
practitioners. Work on the core competencies in genetics for nurses has defined the extent
of knowledge that is required (NCHPEG, 2001;Yeomans and Kirk, 2004). As a minimum
requirement, all healthcare professionals should have knowledge of:

e the common mechanisms and patterns of inheritance, related to both chromosomes and
single genes;

e the means of access to the local genetic service for information and/or referral;

e ethical issues related to confidentiality and autonomous decision making;

e the complexity of psychosocial reactions to a genetic disorder, including cultural and
religious issues;

e the realities of genetic testing, potential benefits, and limitations.

General nurses working in primary care provide a good illustration of the range of genetic
information that may be utilized within the context of everyday practice. These nurses
can fulfill a number of varied roles, including the roles of health visitor, practice nurse,
district nurse and school nurse. Because of the nature of primary care, all sections of the
community will be represented in the client group, but those with particular needs for
healthcare will include parents and young children, the elderly, patients with chronic
conditions and school-age children. For example, nurses working in the primary care
setting will require genetics education when;

e contributing to the development of policy guidelines for screening for genetic
conditions within the local community (e.g. familial bowel or breast cancer);

e caring for a child with developmental delay;

e advising clients on the relevance of family history (such as cancer, heart disease, or
diabetes);
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e offering pre-conceptional care to couples.

1.5 Genetic services provided by other specialists

Within all healthcare services, there are a number of professionals from different
disciplines whose work requires an extensive knowledge of genetics as applied to a
particular clinical field or client group. These practitioners need to be genetically literate
to provide basic genetic information about inheritance patterns and potential risks for
clients. However, an understanding of genetics is even more important in a healthcare
climate in which molecular genetic testing enables accurate diagnoses to be made, and in
which gene-based treatments, such as enzyme replacement therapy, are now being used.

It is also essential that specialists in genetics understand the roles of those working in
other healthcare settings, to enable them to liaise effectively with colleagues for the
client’s benefit. In addition, the genetics specialist nurse or counselor is often required to
contribute formally or informally to the education of others, and an understanding of the
purpose of such education is required to deliver relevant information at an appropriate
level. Practice guidelines for non-genetics specialists regarding genetics have been
developed by professional organizations such as the Association of Women’s Health,
Obstetric and Neonatal Nursing (2001) and the American Academy of Pediatrics (1993-
2004).

In Appendix I, the application of genetics by healthcare professionals who need a
working knowledge of genetics to provide care for their particular patient group is
described briefly. Clinical examples and the competencies for each group are included.
The specialists described are used to indicate the requirement for sound genetics
knowledge outside the realm of specialist genetics, and to give trainees in specialist
genetics an insight into some of the contexts in which genetics knowledge may be applied
in mainstream healthcare services.

1.6 Conclusion

In this chapter, the definition of genetic healthcare and the types of professionals who
provide that care have been discussed. Specialist providers may have a generic practice or
may focus on a particular client or disease group. Although originating from a variety of
professional backgrounds and healthcare structures, specialists who provide genetic
services have a number of common aims. In the following chapters, the fundamental
principles of specialist practice will be described.
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2
Foundations in genetic science

2.1 Introduction

The information provided in this chapter is intended to provide a scientific basis for the
material in other chapters. For some practitioners, this information may be unfamiliar.
Many practitioners will have studied genetics in depth, but may not previously have
applied that knowledge in a healthcare setting. It is obviously not possible in this text to
cover all the scientific knowledge that is required for competent practice in genetic
healthcare, and appropriate texts for more detailed reading are included at the end of the
chapter. The face of genomic healthcare is changing so rapidly that current knowledge on
the genetic basis of particular diseases is usually best obtained via scientific websites
hosted by reputable institutions, such as Online Mendelian Inheritance in Man (OMIM)
or the National Institutes of Health (NIH). These sources can be updated almost
instantaneously as new findings emerge. A number of these websites are listed at the end
of the book.

2.2 The structure of the gene

During the nineteenth century, Mendel spoke of ‘factors’ that he believed to be
responsible for the inheritance of physical characteristics. Now known as genes, these
factors were found by Watson and Crick (1953) to exist within the double-helical
structure of deoxyribonucleic acid (DNA). The human chromosome pattern was
accurately described for the first time by Tijo and Levan (1956) and it is along the
chromosomes that the genetic material is arranged in an organized sequence. Genes are
composed of exons (coding sequences) that are separated by introns (non-coding
seguences).

The DNA molecule is the basis of the human genome. The double-helix is formed by
a backbone of sugars that are linked by paired bases. The pyrine bases (adenine (A) and
guanine (G)) have two carbon-nitrogen rings, whereas the pyrimidine bases (cytosine (C),
and thymine (T)) have only one such ring. The pairing of the bases is complementary—
that is, cytosine will only bind to guanine, and thymine to adenine. This means that the
sequence of bases along the single strand can be replicated by binding each base to its
complementary base. Hydrogen bonds exist between the bases to stabilize the pairing.

Each monomer in the chain of polymers is called a nucleotide and comprises a sugar, a
base, and a phosphate group. The order of the bases in one strand of DNA provides the
template for single-stranded ribonucleic acid, which provides the code for the formation
of the polypeptide or amino acid. Each amino acid is coded for by a sequence of three
bases (a codon) (Table 2.1). Note that thymine is replaced by uracil in RNA.
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2.3 The chromosomes

Mitosis and meiosis

The majority of genetic material is stored on chromosomes within the nucleus of the cell
(the remainder being in the mitochondria). Apart from the gametes, human cells are
diploid, having two copies of each of the autosomes (chromosomes 1-22), and two sex
chromosomes. Mitosis is the term used to describe the production of diploid cells through
the process known as the cell cycle (Figure 2.1). During the normal cell cycle, each
chromosome is replicated, producing identical sister chromatids that are joined at the
centromere. Centrioles move to each side of the cell, and spindle fibers form between the
centrioles. A pair of sister chromatids is arranged on each spindle fiber. When the
chromatids separate, each chromosome is pulled to the opposite side of the cell from its
sister. The nucleus then divides, producing two nuclei that each contain 46 chromosomes.
The newly created cells are called daughter cells.

The germ cells (ova and sperm) are haploid, having only one copy of each chromosome.
These gametes are produced in the ovary or testicle through the process termed meiosis
(Figure 2.2). In the initial stage of meiosis, each chromosome is replicated, resulting in
four copies of each chromosome. Cell division then takes place, resulting in two copies of
each chromosome that are joined at the centromere. These sister chromatids line up along
the spindle fibers and the cells split again, leaving only one copy of each chromosome in
each of the gametes.
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Figure 2.1 Mitosis

Figure 2.2 Meiosis
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In humans and other animals, the products of meiosis differ between males and
females. In the male, four spermatazoa will be produced. Meiosis in the female results in
one ovum and two polar bodies.

From the perspective of genetic disease, disjunction of the two chromatids is a key
process (Figure 2.3). Failure of chromatid disjunction—for example, non disjunction—
can result in an abnormal number of chromosomes in the gamete (Figure 2.4). This is the
precursor to aneuploidy in the embryo.

The clinical result of a non disjunction event is aneuploidy (Table 2.2), a situation in
which the conceived embryo has an abnormal number of chromosomes. This is often
incompatible with the development of the fetus, so full aneuploidy of some chromosomes
(e.g. trisomy 1) is not seen in liveborn children. In other rare cases, children may survive
with a mosaic chromosome structure that consists of two or more populations of cells,
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some of which have a normal karyotype and some of which contain an additional
chromosome. Aneuploidies that could result in a liveborn child are listed in the table
overleaf.

Figure 2.3 Disjunction

Figure 2.4 Non disjunction
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Table 2.2 Aneuploidy—clinical examples

Chromosomal Clinical examples
abnormality
Trisomy Trisomy 21 (Down syndrome)

Trisomy 18 (Edward syndrome)
Trisomy 13 (Patau syndrome)
Children with full trisomy 18 and 13 are very unlikely to survive

infancy.

Monosomy Partial monosomy of autosomes may occur, but complete monosomy of
any autosome is incompatible with life.

Additional sex 47, XXY (Klinefelter syndrome)

chromosome 41, XXX (Triple-X syndrome)

Single sex chromosome 45, X (Turner syndrome)

Recombination

During the first meiotic division, each pair of chromatids is connected at junctions called
chiasmata (singular ‘chiasma’). The chromosome inherited by that individual from their
mother is linked with the chromosome inherited from their father. There is some
exchange of the chromosomal material between the homologous pairs, the resultant two
chromatids being a combination of maternal and paternal chromosomes.

As the numbers of different combinations of the chromosomal material is almost
infinite, each child’s genotype will be a unique combination of the characteristics of all
four grandparents. A disruption to the process of recombination can result in an
abnormality of one or more of the chromosomes (Figure 2.5; Table 2.3). Changes in the
balance of the chromosomal material will generally have serious implications for the
intellectual and physical developmental of the individual. However, not all of these
abnormalities will result in phenotypic changes. If the amount of chromosomal material
remains balanced, a change in the location of the material may not have any effect on the
health of the individual. It may, however, be of importance when the individual has
children, as the haploid product of the cells may be unbalanced.

Imprinting

In general, both copies of an autosomal gene will be equally effective, regardless of
whether the gene was inherited from the mother or father. However, there are specific
areas of the chromosomes at which the maternally
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Figure 2.5 Recombination
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Table 2.3 Chromosomal rearrangements and
clinical examples

Rearrangement Clinical example

Robertsonian translocation—results from the joining  Robertsonian translocation of chromosomes
of two acrocentric chromosomes (Figure 2.6) 14 and 14, 14 and 15, or 14 and 21 are
relatively common

Balanced reciprocal translocation—results from Can occur between any two chromosomes
exchange of chromosomal material between any two
chromosomes (Figure 2.7)

Deletion of portion of chromosome Microdeletion of 22q causes
velocardiofacial syndrome

Duplication of portion of chromosome Can occur in any chromosome

Inversion—paracentric or pericentric (Figures 2.8 and Can occur in any chromosome
2.9)

Insertion of portion of chromosome (Figure 2.10) Can occur in any chromosome

Figure 2.6 Robertsonian
translocation
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Figure 2.7 Reciprocal translocation
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and paternally derived copies of a gene are expressed differently. Imprinting is the term
used to describe the situation in which a copy of the gene from the parent of a particular
sex is ‘switched off’. For example, the genes that are implicated in Prader-Willi
syndrome (PWS) and Angelman syndrome (AS) are located in close proximity to each

other on chromosome 15.



Applied geneticsin healthcare 20

Figure 2.8 Paracentric Inversion

Figure 2.9 Pericentric Inversion

Figure 2.10 Insertion
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The maternal copy of the gene is imprinted in the PWS region and the paternal copy is
imprinted in the AS region. Absence of a normal gene from the father, due to a deletion
or uniparental disomy, will result in PWS. A child who does not inherit a normal copy of
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the gene from the mother will develop AS. This is discussed in more detail in Chapter 12.
Many imprinted genes are involved in regulating fetal growth, and it is believed that
paternally derived genes may be imprinted to protect the mother from the aggressive
demands for nutrients from the fetus (Strachan and Read, 1999). Conversely, some
maternal genes are imprinted to enable the fetus to grow adequately.

Uniparental disomy

Uniparental disomy (UPD) occurs if a child inherits two copies of a region of the
chromosomal material from one parent. This may apply to a full or partial chromosome.
If the UPD includes an imprinted region, then a genetic condition may result from the
lack of genetic contribution from the relevant parent. UPD can follow a non disjunction
event that results in the ovum or sperm having two copies of a particular chromosome.
After fertilization, the blastocyst has three copies of that chromosome, but this imbalance
can be corrected by the loss of one copy of that particular chromosome (termed trisomic
rescue). However, if the copy that is ‘lost’ comes from the parent that contributed only
one copy, the two remaining copies will have originated from the same parent. This
concept is also discussed in Chapter 12.

2.4 Investigating the chromosome structure

Karyotyping

Karyotyping is the term used to describe the study, by a cytogeneticist, of the
chromosome constitution in tissue derived from an individual or fetus. The chromosome
structure is not easily seen during interphase, so cells are cultured in a tissue medium so
that they can be studied during mitotic division. When sufficient numbers of cells are
undergoing metaphase, the process is ‘frozen’ by adding an agent such as colchicine.
This effectively destroys the spindle fibers and the next stage of mitosis (anaphase) is not
reached. Without the supporting spindle fibers, the chromosomes spread more evenly
around the cell nucleus (Figure 2.11). A salt solution added to the preparation swells the
cells, further separating the chromosomes and enabling them to be viewed more easily.
The chromosome preparation is ‘fixed’, placed on a slide, and viewed under the
microscope.
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Figure 2.11 Metaphase spread

Figure 2.12 G-banded karyotype

The use of staining techniques (such as G-banding) assists in the differentiation of each
part of the chromosome, so that disruptions to the normal arrangement can be more easily
detected (Figure 2.12).

When reporting the results of a karyotype, the cytogeneticist will always use a
standard nomenclature devised by the International Standing Committee on Human
Cytogenetic Nomenclature (1995). A cytogenetic report will include the total number of
chromosomes observed, the type and number of sex chromosomes and any anomaly or
abnormality of the chromosomes.
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Fluorescent in situ hybridization

Fluorescent in situ hybridization (FISH) is a technique used in the laboratory to detect
small deletions and rearrangements in a chromosome (Figure 2.13).

Figure 2.13 Microdeletions identified
using FISH (fluorescent in situ
hybridization)

The technique can be used when the phenotype suggests a specific microdeletion or
rearrangement. A probe that matches the normal DNA sequence on the portion of the
chromosome to be studied is attached to a fluorescent marker. When the probe is mixed
with the chromosome preparation, it adheres to the normal chromosome(s), sending a
colored signal. If an autosomal deletion is present, the probe will fail to attach itself to the
abnormal chromosome. Rearrangements can also be detected if the signal is not in the
expected position on the chromosome.



Applied geneticsin healthcare 24

Single gene inheritance

In a species, the single gene responsible for a trait occupies a specific locus on a
chromosome. Each single copy of the gene at that locus is termed an allele. One allele is
inherited from each parent. Within the human population, it is possible for there to be
many different versions of a normal gene at one locus—these are termed polymorphisms.
The differences between alleles can therefore be due to polymorphic variation or
mutation. An alteration in the gene sequence is said to be a mutation if it occurs in less
than 1% of the population, regardless of whether the change has a phenotypic effect.
However, in genetic healthcare, the term mutation is often used in the context of a
disease-causing alteration. If an organism carries two identical alleles at a locus, they are
said to be homozygous, whereas if they carry two different alleles at a locus they are
heterozygous.

In human genetics, there are five patterns of traditional inheritance. These are often
referred to as Mendelian patterns after the father of genetic science, Gregor Mendel.
These are:

e autosomal dominant;
e autosomal recessive;
e X-linked recessive;
e X-linked dominant;
e Y-linked.

These are described fully in future chapters (see Chapters 8-10) so will not be repeated
here.

Expression and penetrance

The DNA sequence in the gene acts as a template for the production of messenger RNA
(messenger ribonucleic acid, mMRNA) (Figure 2.14). The mRNA leaves the nucleus and
binds to ribosomes, where it directs the production of proteins. The string of amino acids
is built up as each trinucleotide sequence in the mRNA codes for one amino acid.
Expression of
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a gene is dependent on the stage of development of the organism and the function of the
cell.

If a gene mutation always results in a phenotypic change, it is said to be fully
penetrant. For example, the Huntington disease (HD) mutation (an expansion in the
huntingtin gene) is fully penetrant; all those individuals who have the expansion will
develop HD, provided they do not die of another cause before the disease develops.
Conversely, lack of penetrance may mean that individuals who have inherited a mutation
do not subsequently develop the disease. For example, approximately 20-30% of women
who have a mutation in the BRCAZ1 gene do not develop breast cancer or ovarian cancer.
Other differences in the way that a condition is manifest can be explained by variable
expression. Variable expression refers to the phenomena whereby individuals may
experience different signs and symptoms of the condition, which may also vary in
severity. Autosomal dominant conditions, such as neurofibromatosis, tuberous sclerosis
and Marfan syndrome, demonstrate this phenomenon. For example, some family
members with neurofibromatosis may have only mild skin manifestations, such as café au
lait patches, whereas other members of the same family may have serious effects, such as
sarcoma. The concepts of penetrance and expressivity are discussed further in Chapter 8.

2.5 Mutations in the gene

Types of mutation

A mutation is an alteration in the normal sequence of DNA within the gene that may be
inherited or occur sporadically. Mutations can be due to the effects of chemical or other
physical damage (such as radiation) to the cell, but can also occur because of an error in
DNA replication during mitosis or meiosis. However, once a mutation exists, it is
replicated in all daughter cells that arise from the mutated cell.

Mutations may be harmless (in the sense that they do not cause disease), either
because they occur in introns or because they do not alter the amino-acid sequence. The
latter are sometimes called silent mutations and, because they do not increase morbidity,
they tend to remain in the genotype as polymorphisms.

Alterations of a single base are called point mutations, whereas those that affect a
larger portion of the gene sequence are called gross mutations.

The types of mutation are listed in Table 2.4 but discussed in greater detail in the
relevant sections of later chapters that deal with specific inheritance patterns.

Missense mutations may have a serious phenotypic effect, but if only one amino acid
is altered the effect may be minimal. Nonsense mutations cause the translation of the
mMRNA to end prematurely, resulting in a shortened protein. In most cases, this happens
because the mutation causes the codon to be read as a STOP codon. Nonsense mutations
usually have a serious effect on the encoded protein and may cause a mutant phenotype.

Insertion or deletion of one or more bases may also cause mutant phenotypes. If the
alteration is a multiple of three, the reading frame of the DNA sequence may remain
constant, although there will be extra or missing amino acids. If the reading frame is
disrupted, the sequence of amino acids downstream from the mutation will read
differently. Frameshift mutations usually have a serious effect on the resulting protein.
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Table 2.4 Types of mutation

26

Mutation type Example Effect on amino acid
Point mutations—

single base substitution TTG to TAG Leu to STOP codon
Nonsense mutation—creates

premature stop codon

Missense mutation—alters the GGC to AGC Gly to Ser

encoded amino acid

Frameshift mutation—insertion or
deletion of extra bases to alter the
reading frame of the gene

Gross mutaions

Expansion

Deletion—from one base to entire
gene or more

CGG GTT TTG AAG to CGG
GTT TTT GAA (insertion of T)

CAG CAG TTATTA AAG to

CAG CAG CAG CAG CAG
CAGTTA

Entire exons may be deleted
(e.g. in the dystrophin gene)

Arg Val Leu Lys to Arg
Val Phe Glu

Additional glutamines
inserted in chain of amino
acids

Duplication—addition of material CGG TTA TAT GGC AGA Arg Leu Tyr Gly Arg lle
copied from a part of the DNA ATT to CGG TTATATCGG  to Arg Leu Tyr Gly Leu
sequence TTA TAT GGC AGA ATT Tyr Gly Arg lle

Inversion—segment of DNA excised CGG TTA TAT GGC AGA Arg Leu Tyr Gly Arg lle
and re-inserted in opposite alignment ATT to CGG AGA GGC TAT  to Arg Arg Gly Tyr Leu
TTAATT lle

2.6 Mitochondrial inheritance

In addition to the DNA found in the nucleus of the cell, a relatively small amount of
DNA exists in the mitochondria to control some mitochondrial activity. The
mitochondrial DNA is inherited only from the mother, as the mitochondria in the
spermatazoa is located in the tail, which is discarded at fertilization.

The number of mitochondria in human cells varies according to the type of cell. For
example, neural cells have more mitochondria than skin cells, and therefore disorders
caused by mitochondrial mutations often affect the neuromuscular system. The
mitochondrial DNA is more prone to sporadic change than nuclear DNA and for this
reason it is a mutation hotspot. The cell and its components, including the mitochondrion,
are illustrated in Figure 2.15.

Additional information on mitochondrial inheritance is included in Chapter 12.
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Figure 2.15 The cell, including the
mitochondrion
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2.7 Polygenic inheritance

Some human characteristics are controlled by a single gene and a mutation in that gene
produces a particular phenotype. Other traits are obviously influenced by a number of
different genes, in conjunction with environmental factors. The latter usually follow the
normal distribution and are described as polygenic or multifactorial. The role of genetic
predisposition and environmental factors has been effectively demonstrated by studies of
twins, particularly in cases in which the twins have been raised separately. When twins
are 100% concordant with respect to a condition, the effect must be due to an inherited
factor, probably a single gene, but when there is a level of discordance, the role of the
environment must be questioned.

Whereas traits such as height and intelligence are continuous variables, other binary
traits (that is, the person does or does not have the characteristic) may be subject to a
threshold effect. The fetus or individual is susceptible to a condition because of a
particular combination of genes within their genotype, but an external influence can
trigger the change from normal to abnormal development or status. Examples of these
types of conditions are coronary heart disease, non-insulin-dependent diabetes,
schizophrenia, and neural tube defects (Reilly, 2004). Because the environmental element
may be controlable, many multifactorial conditions may be susceptible to intervention,
particularly if those individuals at high risk are identified by genetic or biochemical
testing.

The role of genetic influence in common diseases is covered in depth in Chapter 13.
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2.8 Laboratory testing

Specific laboratory testing techniques are described where relevant in later chapters. The
most commonly used are listed in Table 2.5 for reference.

Different methods of testing may be used to identify disease genes. This topic is
covered in Chapter 9, section 9.7.

2.9 Conclusion

This chapter has included the basic information that is needed by the practitioner in
genetic healthcare. Although the basic concepts still remain, new advances in
understanding the genome are leading to developments in diagnosis, therapy and
classification of disease.

Table 2.5 Techniques for genetic laboratory

testing
Name of test Potential application Examples of clinical use
Karyotype To investigate number and gross Pre-natal diagnosis of
structure of chromosomes aneuploidy Identification of
translocation carrier
Fluorescent in situ To investigate number of specific Detection of specific aneuploidy
hydridization (FISH) chromosomes To detect specific (e.g. Trisomy 21) Detection of
abnormalities of the chromosomes at chromosomal micro-deletion
micro level (e.g. 22q11)
Southern blotting—using To examine the alleles inherited by  Linkage studies to determine
restriction fragment- an individual at a specific locus, to  carrier or affected status of an
length polymorphisms detect variation due to individual Detection of gross
(RFLPs) polymorphism or mutation Further ~ mutation (e.g. expanded
information in section 4.6 fragment or deletion)
Single nucleotide To examine the nucleotide sequence Detection of point mutations in a
polymorphism (SNP) of a segment of a gene gene
Variable number tandem  Creates a ‘genetic’ profile Identification of an individual’s
repeat (VNTR) relationship within a family

polymorphisms.

Study Questions

1. Using the recognized nomenclature, give the four types of sex chromosome aneuploidy
where the total number of chromosomes is either 45 or 47.

2. Using the recognized nomenclature, how would the chromosome structures of the
following patients be reported by the cytogenetic laboratory?

(a) Female with cytogenetically normal chromosome structure.
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(b) Male fetus with trisomy 8.
(c) Female with a Robertsonian translocation involving chromosomes 13 and 14.

3. Name four types of genetic point mutations.

4. Select a disease or condition in which you are professionally interested. Using the
resources desbribed at the end of the chapter (or others), identify the types of gene
mutation that have been identified as pathogenic mutations in individuals affected by
the condition.
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3
Working practically in genetic healthcare

3.1 Introduction

This chapter is aimed at enabling the health professional to develop the basic skills that
are required to practice clinically in a genetics setting. As the basic tool of any genetic
assessment is the family tree, this will be discussed in detail. Other clinical applications
of genetic technology, such as prenatal and predictive testing, are described. Methods of
risk calculation based on inheritance patterns, family history, and biochemical or
molecular test results are also explained in this chapter.

3.2 Constructing a family tree

Background

The purpose of drawing a family tree, or pedigree, is to document the family medical
history as accurately and clearly as possible. A considerable amount of information can
be recorded in this graphic form, and the use of commonly recognized symbols enables
other health professionals to correctly interpret the information (Figure 3.1).

However, although the main objective of drawing the family tree is to document
biomedical information, the process inherently conveys information about the emotional,
psychological and social status of the client and other family members. Telling stories
about the health concerns or problems of family members may awaken painful memories,
particularly if these involve loss or death. The social structure of the family will also be
revealed through this process; death, separation, divorce, adoption, and miscarriage are
just some of the sensitive and potentially painful issues that may arise in any family story.
It is essential that the practitioner who takes the family history is able to do so sensitively,
using basic listening and counseling skills.
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Figure 3.1 Accepted symbols for
drawing the family tree
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There is a trend in healthcare to use what is termed a genogram to display social as
well as biological data about the family and relevant relationships (Hockley, 2000; Keiley
et al., 2002). However, it is the authors’ view that genograms are not usually appropriate
in a specialist genetics setting. The genogram will represent the view of family
relationships from the perspective of the person who initially provides the information,
but may conflict with the views of others within the family. As the pedigree will be used
in the care of a number of family members, it is preferable that social information is
recorded separately, where applicable. The pedigree is also often used over many years
(with appropriate amendments), and as such should only contain
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verifiable and factual information rather than the impression or opinion of an individual
on the state of relationships in the family.
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Ethical issues in taking a family tree

Confidentiality Usually, a family medical history will be provided by the consultand
(person having the consultation), but there may be some other members of the family
present who contribute. However, information will
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inevitably be disclosed about relatives who are not present and who may not have given
their consent to disclosure. This information should not be shared (e.g. with other family
members who may not be aware of it) without the consent of the person it concerns.
Similarly, some of the information provided by the consultand may be highly
confidential, and should not be shared with other family members unless consent is
expressly given. The genetics practitioner’s practice in the USA is also governed by The
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Health Insurance Portability and Accountability Act (HIPAA) of 1996 privacy
regulations. The clinician has the duty of not disclosing medical information without the
signed consent of the patient (US Department of Health and Human Services, 2004).

Unexpected information A family will usually be seeking genetic information about a
specific condition that is regarded by them to be a potential risk. However, when taking
the family history, the practitioner may become aware of information about another
genetic condition that could be significant. It can be difficult to deal with this unexpected
information. Obviously, the practitioner will be aware of the potential detriment to the
family if the information is not acted on, but also wishes to avoid creating additional
anxiety for the family.

It can be useful to apply ethical principles and to try to weigh the potential benefit of
discussing the unexpected condition against any harm that may be done. Some questions
that may help the practitioner to decide what action is appropriate are:

e Has the family indicated that they are concerned about the condition?

e Has the family asked questions about the condition?

e |s there likely to be any significant health risk to family members?

e Are any of those risks avoidable?

e |s there any treatment or screening available from which the family could benefit?

If the answer to any of these questions is in the affirmative, then undoubtedly the issue
should be discussed with the family, but not necessarily during the current meeting. It is
often helpful to have time for discussion with colleagues before raising the issue again
with the family. Allowing time for the family to think about what has been raised can
enable the persons concerned to start to process the information before deeper discussion
occurs.

A practical format for drawing the family tree

It is common for individuals or families to be eager to facilitate the genetics counseling
process by providing a flood of information about the medical history of the family.
When taking a family tree, it is important that an organized process is followed to ensure
that the recorded information is correct and complete, while maintaining flexibility to
allow for the needs of each situation (Bennett, 1999). Each practitioner will develop his
or her own style, but the following hints based on the authors’ experience can be used as
a guide.

1. Obtain details about the consultand first, followed by the members of his or her family
(children, parents and siblings). It has been shown that clients have some anxiety
about being able to respond to the practitioner’s request for information (Skirton,
2001). It is therefore usually helpful to start with those who the client knows best to
build confidence and establish the pattern of questioning. Of course, the first-degree
relatives are also likely to be of greatest importance from a genetic viewpoint.
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2. Focus properly on one side of the family before moving to complete the other side. It is
usually good practice to obtain details as far back as the client’s grandparents.
Information about relatives in even earlier generations may be useful, particularly if
the condition is autosomal dominant or X-linked. However, when dealing with a
recessive or sporadic condition, a three-generation tree is usually sufficient and most
individuals will have very little information on family members who are older than
their grandparents.

3. Specifically ask if there are relatives who have died, as clients do not always
appreciate that deceased relatives are also of relevance to the genetic history.
Similarly, ask about any pregnancy losses or neonatal deaths.

4. Clients may provide information about relatives who are socially rather than
biologically related (such as step-siblings). It is important to include them on the
pedigree for two reasons. First, to acknowledge and record the social structure of the
family; and second, so that any future enquires made on behalf of the person result in
the non-biological relationship being recorded. However, the type of relationship must
be made clear on the pedigree. Children who are adoptees should be included, with a
note indicating whether they have been adopted into or out of the family.

5. A question should always be asked about consanguinity in the family, as of course this
would influence the potential for offspring being affected by a recessive condition. In
many cultures, consanguineous marriage is the norm, but in others there may be a
perceived stigma attached to cousin marriage and the question therefore needs to be
phrased sensitively.

6. In the course of family history-taking, it is inevitable that private and sensitive
information may be disclosed. This could include information about previous
pregnancies, termination of pregnancies, paternity or relationships. Clients are often
unsure whether this type of information is relevant and will offer it to the practitioner,
but it is not always necessary to record it on the family tree. The practitioner should
use his or her discretion as to whether the information is useful in determining a health
risk to the consultand or other family members.

7. To ensure confidentiality between different branches of the family, a new family tree
can be drawn when counseling people from each branch of the family. This enables
the practitioner to determine what information is shared and therefore avoid breaching
confidentiality.

8. After completing the tree, the client should be asked whether there is any information
that he or she feels is important that has not been included. At each subsequent
meeting, it is helpful to clarify whether any changes have occurred (e.g. births or
deaths) so that the tree can be amended in accordance with this.

For further help with drawing the family tree, see the listed websites in ‘Further
resources’ at the end of this chapter.

CASE STUDY—NATALIE

Natalie was referred to a genetics clinician for counseling following three miscarrriages
that had occurred very early in pregnancy. She attended the genetics clinic alone because
her husband Jim was serving in the armed forces and was away on duty. Natalie told the
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that he was unaware of this. The genetics practitioner recorded this fact in the written
notes (with a note about confidentiality), but did not record it on the pedigree as that
would be used in subsequent sessions when Jim would be present. Karyotyping was
performed on blood samples from Natalie and Jim. Natalie was found to carry a balanced
translocation, which provided a probable explanation for her miscarriages.

CASE STUDY—GEORGE

George attended a clinic to discuss, with a genetic health professional, his history of
Huntington disease (HD). When providing details of his family tree, he told the counselor
that his ‘father’ and brother had HD. He also said that he had been told by an uncle that
the man he had always regarded as his father may not have been his biological father.
This was recorded on the pedigree as it may have been important for the interpretation of
genetic test results. The counselor was also aware that he was unlikely to see others in the
family as they resided in a different part of the country.

3.3 Risk calculation

Background

An integral part of the work of every genetic healthcare professional is to calculate the
chance of occurrence of a particular condition in an individual or his or her offspring. In
genetic healthcare settings, chance is generally referred to as recurrence risk, and it has
been repeatedly shown that the numerical value is only one component of the information
a person uses in their assessment of their personal risk. Other factors such as their
personal experience of the condition and the way in which they perceive the burden of
the condition are also very important. However, a numerical value provides a guide as to
the probability of the condition occurring. Research indicates that individuals who are at
risk consistently overrate this probability (van Dijk et al., 2003) and, although an accurate
assessment is essential, the person may still have difficulty in integrating the new
information into his or her decision-making.

In the following section, the basic methods of calculating numerical risk are described.

Risk calculation using mode of inheritance
The recurrence risk can be accurately calculated for an individual when:

e there is certainty about the diagnosis;
e the mode of inheritance of the condition is understood,;
e the person’s biological relationship to affected family members is known.

It should be clarified for the client that the risk applies to each pregnancy. It is commonly
believed that if the risk is, for example, 1 in 2 and the first child is affected, that the
second will not be affected because the 1 chance out of 2 of having an affected child has
already occurred. Use of physical teaching tools and visual images can help to convey the
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concept of chance. For example, flipping a coin repeatedly demonstrates the concept that
chance has no memory, and a pack of four marked cards can be used to explain recessive
inheritance risks. It is important to use terminology that is understood by the client. For
some people, using ‘odds’ ratios is helpful because of their familiarity with betting
systems. For others, phrasing the chance in percentages may make more sense. Although
it is usual to speak about the chance of a person being affected, it is also helpful to
reverse the odds and give the client an idea of the chance of them being unaffected.
Putting the risk into perspective is also useful. For example, a woman who has a 20%
lifetime risk of developing breast cancer needs to know that the population risk is 8-13%.
This knowledge allows her to form a view about her relative risk compared to others in
her community.

Autosomal dominant inheritance pattern A mutation in an autosomal dominant gene
will generally cause the person who has inherited the mutation to be affected by the
condition. The affected person has two copies of the gene: one allele with a mutation and
one that is normal. At meiosis, only one copy of each gene passes into the gamete from
the parent; therefore, any offspring of an affected person has a 50% chance of inheriting
the mutation. Due to variability of expression and reduced penetrance (see Chapter 8), a
person who may not appear to have the condition may actually have inherited the
mutation and his or her children will be at a 50% risk of developing the condition.
Careful physical examination and, if possible, mutation testing are necessary to try to
define the risk to offspring in families in which the phenotype may not always be clearly
evident.

CASE STUDY—LEROY

Leroy is a 24-year-old man who is married to Kia. The couple are planning to start a
family within the next few years, but Leroy is concerned about his family history of
tuberous sclerosis.

Leroy has a sister who has been cared for all her life in a home for children with
severe mental retardation. She was diagnosed with tuberous sclerosis at the age of 6
years. She has many of the typical features of the condition: epilepsy, a large shagreen
patch on her back, ungual fibromas on her toenails and the typical facial ‘rash’ known as
adenoma sebaceum. No genetic testing has been done and it would not be possible to
obtain informed consent from the sister for such testing.

The couple are referred to the genetic counselor, who takes a family history. The
family tree records that Leroy has a cousin on his mother’s side who died young. He was
in an institution and the cause of death is not known, but Leroy thinks he was ‘retarded’.
Leroy’s parents are still living and are both in good health.

The counselor arranges a clinic appointment for the family. Leroy’s parents do not
want their daughter to get upset but agree to be examined. They are not aware of any
signs of tuberous sclerosis in themselves. However, Leroy’s mother does have one ungual
fibroma, and examination under ultraviolet light (using a Wood’s lamp) reveals that she
has a number of depigmented patches of skin. Leroy is also examined carefully and does
not have any detectable signs of tuberous sclerosis. A CT scan of his brain is ordered, and
the results for this are also normal. Genetic testing is not feasible for Leroy because there
are a huge range of mutations in the TSC1 and TSC2 genes and definitive testing is not
practical without knowing what the mutation is that is carried by his affected sister.
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Leroy is told that the risk of him having a child with tuberous sclerosis is very low as
he has no phenotypic features, but the risk cannot be completely excluded because of the
variability in expression of the disease. Based on this advice, Leroy and Kia decide that
they will have a child.

Autosomal recessive inheritance pattern An autosomal recessive condition is
manifested when a person inherits mutations in both copies of a particular gene. All
individuals carry recessive gene mutations, but these do not usually have any adverse
effect on the health of the carrier, because the normal or ‘wild-type’ gene on the other
allele is sufficient to ensure adequate gene function. In some cases, recessive gene
mutations have been shown to enhance the health status of the carrier. For example, being
a carrier for sickle-cell disease (SCD) confers some protection against malaria (Hebbel,
2003), and being a SCD carrier in a geographical region where malaria is endemic is
therefore an advantage.

In each pregnancy, parents who are both carriers of a recessive condition have a 25%
chance of having a child who is affected by the condition. Figure 3.2 shows the possible
outcomes in each pregnancy. When counseling a person who has a sibling with the
condition, it should be remembered that the person has a 2/3 chance of being a carrier as
one possibility (i.e. being affected) has been eliminated.

Due to the carrier risk in the population being low for most recessive conditions, the
risks for relatives of the affected person (other than his or her parents) having affected
children is usually low. However, clients must always be asked specifically about
consanguinity, as this increases the chance that both partners will be carriers of the same
mutation. Figure 3.3 is a sample of a letter sent to a client after consultation, explaining
their low risk.

Figure 3.2 Diagram of potential
outcomes of each pregnancy in a
recessive pattern

i B

N/F M/F

MM MNIF FIN F/F

N = Mormal copy of gane
F = Faulty copy of gene

Figure 3.3 Sample letter
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Dear Roger and Mary

It was a pleasure to meet you in the genetic clinic last week, where we
discussed your concerns about the family history of cystic fibrosis. | said
when we met that | would write to summarize our discussion.

You were referred to the genetic clinic by Dr Brown, after you told her
that you want to have a child of your own, but that you are worried
because Mary’s brother, Mark, has cystic fibrosis. | am sorry to hear that
Mark has been very unwell lately. Apart form Mark, there is no-one else
on either side of the family with cystic fibrosis. | asked whether you could
have been related before you married, but you thought this was very
unlikely as Roger’s family is originally from Wales and Mary’s parents
were Italian.

I explained that cystic fibrosis is what is termed an ‘autosomal
recessive’ condition. This means that a child who has the condition has
inherited two faulty copies of a particular gene, one from each parent. The
gene involved in cystic fibrosis is one that helps control the levels of salt
and water in some of the body tissues. The secretions of the lungs are very
thick and this makes the person who has cystic fibrosis more prone to
chest infections. People who have cystic fibrosis also have problems
digesting some foods and need to take additional enzymes with their food
to aid digestion. About 1 in 20 people in our population are carriers of
cystic fibrosis. This means that they have one faulty copy of the gene and
one normal copy. Having one faulty copy of the gene usually has no effect
on the health of the carrier as one working copy of the gene is enough to
ensure normal function. However, if a carrier has a child with another
person who is a carrier, the baby may inherit a faulty copy of the gene
from both parents. The chance that this will occur in any pregancy is a
chance of 1 in 4, or 25% if both parents are carries.

We can assume that both Mary’s parents are carriers of cystic fibrosis.
Mary does not have cystic fibrosis, but she has a 2 in 3 chance of being a
carrier of the condition. Roger has no family history of cystic fibrosis, so
his chance of being a carrier is the same as for others in the general
population—a chance of 1 in 20. The chance of you having child with

cystic fibroasis is 1"r‘»"’”por less than 1%.

We did discuss genetic carrier testing to try and refine this risk for you
and you were both going to think about that before we meet again next
week. In the meantime, | will ask the laboratory to send me your parents’
test results to help us interpret any future test you may have. | am grateful
to your parents for sending me the signed consent forms to enable me to
do this.

I look forward to meeting you both again next week.

Yours sincerely
A.Practitioner
cc Family doctor
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X-linked recessive inheritance pattern When dealing with an X-linked recessive pattern,
risks will differ according to the sex of the offspring. In addition, the parent may be an
affected male (such as a man with X-linked retinitis pigmentosa) or a carrier female (such
as a woman carrying Duchenne muscular dystrophy).

If the female parent is a carrier, her daughters have a 50% chance of also being
carriers, and her sons have a 50% chance of being affected by the condition. Affected
males will not have children affected by the condition. As they pass an X chromosome to
their daughters, and they have only one copy of the X chromosome, all daughters will be
‘obligate carriers’. Sons do not inherit an X chromosome from their father and will
therefore neither be affected nor carriers.

X-linked dominant inheritance pattern Females who inherit an X-linked dominant
condition will be affected by the condition, as will males. However, the male will often
have a more severe form of the disease, and some X-linked dominant conditions are
lethal to the male fetus. For this reason, a disproportionate number of females may be
born in these families. In each pregnancy in which the condition is lethal to males, the
chance of a child inheriting the mutation is 1 in 2, but the chance of a liveborn child
being affected will be 1 in 3.

Y-linked inheritance pattern There are very few conditions that are identified as Y-linked,
but those that are can only be passed on by a male parent, and all of the male children
will be affected.

Risk estimates based on empirical data

There are many situations in which the inheritance pattern is not as clear as in the
examples given above. In some cases, the actual genetic basis of the condition is still not
known, or the condition may be multifactorial. Empirical data are then used to offer the
family an idea of the level of risk. A common example of the use of empirical data to
provide the family with a recurrence risk occurs when a couple have had a child with a
neural tube defect. The empirical risk based on research studies (Harper, 2004) indicates
that 4% of couples will have a second fetus affected by a neural tube defect after the
diagnosis of this condition in a previous pregnancy. Therefore, this figure should be used
in counseling a couple who have conceived a child with spina bifida (myelocele or
meningo-myelocele) or anencephaly when explaining the recurrence risk to them.
However, research has also shown that maternal folic acid supplements taken before and
during the pregnancy reduce this recurrence risk to a rate of about 1-2% (Centers for
Disease Control and Prevention, 2004). Both pieces of information are vital to enable the
couple to decide whether they wish to have another pregnancy, and also whether the
mother wishes to take folic acid supplements to minimize the risk. Another common
example of recurrence risk based on empirical research is the risk of having a child with
Down syndrome, according to maternal age.

Bayesian calculations

The Bayes theorem is attributed to Thomas Bayes, an eighteenth-century nonconformist
minister. However, there is some dispute as to whether he did originally devise the
calculation. Bayes’ theorem can be used to calculate the recurrence risk of a genetic
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condition for a particular family member (possibly a fetus). At least two types of
information are used within the calculation to refine and individualize the genetic
recurrence risk.

The calculation is based on both the prior information (usually the risk based on the
family history and known inheritance pattern) and conditional probability (such as
information obtained by genetic testing or other investigations). The calculation results in
a likelihood ratio. This ratio can be converted into an expression of risk as a percentage
or fraction. The Bayesian calculation can be used to assess the risk of being affected or
the risk of being a carrier. For brevity, the calculation will be explained using as a method
of assessing carrier risk, but the calculation can also be used in the same way to assess the
risk of a person being affected by a condition.

The steps for calculating the odds ratio are:

Step 1—Prior probability Identify the prior probability of the person being a carrier of the
condition. This is usually based on the known inheritance pattern and the individual’s
position in the family.

The risk of the individual NOT being a carrier is also required.

For example, the chance that the daughter of a carrier of X-linked retinitis pigmentosa
(XLRP) is a carrier herself is 1 in 2 and the risk of her not being a carrier isalso 1 in 2.

Column A Column B
Chance of being a carrier Chance of not being a carrier
Y Y

Step 2—Conditional probability Identify the probability of the test result or other
information occurring if the person is a carrier, and the probability of it occurring if the
person is not a carrier.

For example, the daughter of the XLRP carrier has two healthy sons who have no
signs of the condition. The chance of this happening if she is a carrier is ¥2x%=Y4. The
chance that she will have 2 unaffected sons if she is not a carrier is 1.

Column A Column B
Chance of 2 unaffected sons if a carrier Chance of 2 unaffected sons if not a carrier
1oxVo=Y, 1

Step 3—Joint probability The joint probability combines the prior and conditional
probability information.

To calculate the joint probability, the figures in Column A are multiplied together and
the figures in Column B are multiplied together.

Column A Column B
YoxY4="% Yox1=Yo=Y

To make the odds ratio easier to calculate, the fractions can be written using the same
denominator in both columns.
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Column A Column B

4 %

The odds of the woman’s daughter being a carrier are % to *or more simply, 1 to 4 (1:4).
Step 4—Phrasing the Odds ratio as a risk The odds ratio can be converted to a percentage
risk if this is the preferred way of presenting the carrier risk.

Note that odds of 1 to 4 means 1 chance to 4 chances, and this equates to a chance of 1
in 5.

In the example, 1:4 risk=20%

CASE STUDY—MARGAUX

Margaux is a 56-year-old woman who has a strong family history of cancer. Three
maternal aunts and her maternal grandmother were affected by breast cancer. However,
Margaux’s mother is now 92 years old and has not had any form of cancer.

Affected family members have a BRCA2 mutation that has a 70% penetrance rate for
breast cancer.

Margaux does not want to ask her elderly mother to be tested for a BRCA2 gene
mutation, nor does she necessarily want to be tested herself. She asks about her risk of
developing breast cancer, based on the family history. A Bayesian calculation is used to
assess her mother’s chance of having inherited the familial mutation.

If a mutation If not a

carrier mutation
carrier
Prior probability Y2 Yo
(what is the chance that Margaux’s mother inherited the 3/10 1

mutation, based on a dominant inheritance pattern?)
Conditional probability

(what is the chance that Margaux’s mother inherited the Y%x3/10=3/20 Yox1=Y>
mutation, but has had no history of breast cancer?) Joint

probability

Express using same denominator in each column 3/20 10/20
Odds ratio (odds that Margaux’s mother inherited the 3:10
mutation)

Risk expressed as a fraction or percentage (chance that
Margaux’s mother inherited the mutation)

As the chance that Margaux’s mother has inherited the BRCA2 mutation that was
identified in other family members is 3/13Margaux’s own risk is 3/25 or 11%. On this
basis, Margaux decides not to have any further testing.

CASE STUDY—MARVIN
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Marvin’s father, Lee, has neurofibromatosis (NF). Lee is concerned about his son, and
asks the geneticist to examine him for signs of NF. Marvin has no café au lait patches or
any other sign of NF.

Marvin is now 5 years old. According to a recent publication, the geneticist is aware
that 95% of children with NF will have café au lait patches by the age of 5 years.

If affected  If not
affected

Prior probability Y Y
(what is the chance that Marvin inherited NF, based on a dominant
inheritance pattern?)

Conditional probability 1/20 1
(what is the chance that Marvin inherited NF but has no café au
lait patches by the age of 5 years?)

Joint probability %x1/20=1/40 Y2x1=Y
Express using same denominator in each column 1/40 20/40
Odds ratio 1:20

(odds that Marvin inherited NF)

Risk expressed as a fraction or percentage 1/21=<5%
(chance that Marvin has inherited NF)

The Hardy-Weinberg equation

The Hardy-Weinberg equation derives from population genetics and is used to calculate
the chance of a member of the general population carrying a particular autosomal
recessive condition. This is important when a couple are seeking genetic advice because
one partner has a family history of a recessive condition. Although the risks to offspring
in this situation are generally low, it is necessary to know the carrier risk for both partners
in order to calculate the chance of a child of the couple inheriting the condition.

To use the equation to determine the number of people in a given population who are
heterozygotes (carriers of a mutated gene), the incidence of the condition (number of
people in the population affected) must be known. As this can vary enormously across
populations, care must be used to ensure that the figures are relevant to the geographical
region and ethnic origin(s) of the couple.

The equation states that:

p2+2pg+q2=1, where p is the normal allele and q is the mutated allele of a particular
gene.

The frequency of homozygotes (g°) (number of affected people) in a population is
used to calculate the carrier frequency for the condition (2pq).

For practical purposes, because the population sample is so large the frequency of the
normal allele (p) is regarded as 1. Therefore, the carrier rate in the population (frequency
of heterozygotes) is 20.

Using the equation
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Case example—James and Karen:
James is the partner of Karen. Karen is a carrier of spinal muscular atrophy (SMA)
(Werdnig-Hoffman type).

In the region in which James and Karen live, 1 in 10,000 children are born with this
type of SMA.

Calculation
p*+2pa+g’=1
9°=1/10,000

The square root of 1/10,000=1/100
2pg=2x1x1/100=1/50

James’ carrier risk is 1 in 50.

The risk of James and Karen having a child with SMA is 1 Karen’s carrier risk)x1/50
(James’ carrier risk)x1/4(risk of autosomal recessive cindition if both parents are
carriers)=1/200.

The equation is used in later chapters (Chapters 9 and 10) to demonstrate calculation
of carrier risk in specific conditions.

3.4 Prenatal testing

Prenatal testing requires considerable input from the healthcare practitioner with respect
to:

e the psychological preparation and support of the couple;

e liaison between the couple, the genetics department, the obstetric team
e and the laboratory;

e interpretation and explanation of the genetic results.

Psychological preparation and support of the couple

Preparation for prenatal testing preferably starts well before conception. The practical
possibilities for testing should be investigated by the practitioner so that a full range of
options can be presented to the couple. For example, it may be possible to obtain a
sample using chorionic-villus biopsy or amniocentesis. In addition, it is usually necessary
for molecular genetic testing to obtain samples from affected family members to confirm
the mutation or undertake linkage analysis to define the most useful combination of
polymorphic markers. In some cases, prenatal testing may not be feasible and the couple
should be made aware of this before starting a pregnancy. The decision to have prenatal
diagnostic testing is usually made because a couple consider the condition to be very
serious. This type of testing is not commonly used for adult-onset conditions.

Counseling for prenatal testing should always include discussion of the management
of the pregnancy in the event of adverse results. Termination of pregnancy should not be
a condition of prenatal testing, but if the couple would not consider termination of



Working practically in genetic healthcare 45

pregnancy, they need to be aware of the risks to the pregnancy of having an invasive test.
The risk of miscarriage due to the procedure varies according to the operator, but is
usually between 0.5% and 1% (Nanal et al., 2003). Each obstetric department should
have figures relating to the pregnancy loss rates for that center that can be used for
accurate counseling.

The period of time leading up to the test and awaiting the results is often stressful for
the couple and additional support may be appropriate in the form of counseling sessions
or telephone calls. At this time, they may have limited support from other sources as
many couples choose to keep the pregnancy secret until they are certain of the test
outcome.

Following the results, couples may wish to have further discussions about the future of
the pregnancy if the fetus has been shown to be affected. Continuing support after
termination or contact after the birth of the baby is usually appreciated and helps to
maintain the links between the practitioner and the client, which is a valuable part of any
healthcare service. If the pregnancy is terminated, it is particularly meaningful to contact
the family around the time the fetus would have been born as this is often a very
distressing time for the family.

In some cases, parents may receive a result indicating that the fetus is not affected, but
is a carrier of the condition. This result needs careful explanation to ensure that the
parents are not unduly anxious about the child. Plans for long-term follow-up to offer
genetic counseling to the child when he or she is at an appropriate age should be made.

Liaison between the couple and the healthcare professionals

The genetic healthcare practitioner is often the first professional to be contacted by the
mother after a pregnancy is confirmed, particularly if extensive discussion has already
taken place. Although the organization of services differs from center to center, the
practitioner will often be required to ensure that:

e the couple are offered a further opportunity to discuss prenatal testing if they wish;

e an ultrasound dating scan has been arranged so that the timing of tests can be planned;

e the laboratory staff are aware of the pregnancy and the date on which samples will be
taken;

e the obstetric/gynecology team are aware of the pregnancy and the type of testing
planned;

e there is provision for termination of pregnancy without undue delay should the results
be adverse and the couple decide not to continue the pregnancy;

e there is a mechanism to ensure fetal samples are sent for analysis after termination of
pregnancy, if appropriate;

e if the pregnancy continues, there is a mechanism to report the outcome to the genetics
service.

Interpretation and explanation of results

In most cases, this will be straightforward, and the potential results will have been
discussed with the couple before they consent to testing. However, there are occasions
when the test results are not clear, unexpected findings arise or the prognosis for the fetus
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cannot be well defined. Clients may wish to take the opportunity to discuss the condition
and potential prognosis with other clinicians such as a pediatrician before coming to a
decision.

3.5 Predictive testing

The term predictive testing generally refers to genetic testing for adult-onset conditions
prior to the onset of signs or symptoms. The client has the right to request such a test and
make an autonomous, informed decision about the appropriateness of the test for
themselves. It is the responsibility of the practitioner to ensure that the client is properly
informed, has considered the implications and is as prepared as possible for dealing with
the result. Protocols for such testing were first devised for use in predictive testing for
neurological conditions such as Huntington disease. These protocols include pre-test
counseling to:

e discuss the process of testing;

e enable the client to explore the implications of both positive or negative results on his
or her own life;

e explore the implications of test results for key aspects of life, such as relationships,
reproductive plans, employment, financial issues, and insurance;

e explore with the client the effects of the result on others, including other family
members at risk;

e discuss ways in which the client has dealt with other stressful situations and facilitate
the client in devising methods of dealing with the news;

e ensure that the client has appropriate support while preparing for the test and dealing
with the result.

In some centers, a psychologist or psychiatrist may see the client to make an assessment
of the client’s mental state. This should always be done before testing if the practitioner
has any concerns about the client’s past medical history or current mental state. Clients
seeking predictive testing are usually seen by experienced practitioners who have
demonstrated competence in this area of practice.

The results should be given in person at a pre-agreed time and place. After the results
are given, regular contact to offer support while the client makes the adjustment to their
status should be offered. It is just as important to offer support to those who have a
negative result as to those who have a positive mutation test. Many people at risk
convince themselves that they will develop the condition as a psychological defense, so it
can require a significant adjustment to accept that they have a future that will be free of
the disease. These clients may also suffer from “survivor guilt’, especially if siblings are
affected or still at risk.

For those individuals who have been found to have inherited the mutation, a system of
clinical surveillance can be instituted if appropriate, and long-term support offered.

There is a further discussion of predictive testing in Chapter 8.

3.6 Testing children
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Ethical issues about the genetic testing of children are discussed in the next chapter.
However, it is appropriate to test children who are symptomatic, to confirm a diagnosis,
or when medical interventions or surveillance before

CASE STUDY—BEN

Ben is 8 years old and has moderate learning difficulties. He has some mild dysmorphic
features, including a large depigmented patch on one side of his abdomen and has
frequent epileptic seizures. Ben had a blood sample taken for karyotyping when he was
anesthetized for insertion of Grommets (for drainage of fluid in the ear) when he was 6
years old. The karyotype was reported as normal.

Ben’s geneticist believes that Ben may have chromosomal mosaicism but this was not
detected in the lymphocyte chromosome study. She decides to take a skin sample for
fibroblast chromosome studies.

The nurse explains to Ben that the doctor wants to take a little piece of skin to test, to
try and find out why he has fits. She explains that she will put some cream on his arm and
wrap some plastic around it while he plays in the playroom for a while. When he comes
back to the room his lower arm will be washed with “cold, pink water’ and the doctor will
take a little piece of skin and put it into a jar.

Ben looks worried when he comes back into the room, but the nurse continues to tell
him what is happening and he is fascinated by the sterile strips that are used to close the
tiny wound. Ben’s teddy bear is also given a sterile strip across his arm.

Four weeks later, the result is received from the cytogenetics laboratory. It indicates
that Ben has mosaicism. Some of his cells have two normal copies of chromosome 8, but
a small proportion have only one copy of that chromosome.

adulthood could be beneficial to the child. The purpose of the test and the way the sample
will be obtained is explained to the child in terminology that is appropriate for the child’s
age and level of understanding. Where blood or skin samples are required, it is helpful to
use local anesthetic preparations to minimize pain and distress.

Parents are naturally anxious to reduce anxiety in the child and may ask the
practitioner to collude in giving a false reason for the testing. This has to be dealt with
individually, but the practitioner should not be involved in any activity that would
compromise their professional integrity or create distrust between the practitioner and the
child.

3.7 Organization of clinical screening

The role of the genetic healthcare practitioner may involve organization of clinical
screening or surveillance for clients. Some of the tests that are used for clinical
surveillance in a sample of genetic conditions are listed in Table 3.1.

Organization of clinical tests for surveillance of clients is preceded by discussion with
the colleagues who will be providing the surveillance, to agree on protocols for screening
according to the level of risk. The purpose and type of screening is discussed fully with
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the client before the referral is made. It may be necessary to monitor the frequency and
results of screening to ensure that the organizational system is working effectively.

Table 3.1 Tests used for clinical surveillance

Investigation  Relevant conditions

Colonoscopy Familial adenomatous polyposis (FAP) Hereditary non-polyposis colon cancer
(HNPCC) Peutz Jegher syndrome

Mammogram Familial breast and ovarian cancer
Echocardiogram  Marfan syndrome Hypertropic cardiomyopathy

Renal ultrasound  Adult polycystic kidney disease von Hippel Lindau syndrome (VHL) Tuberous
sclerosis

Serum iron Hemochromatosis
studies

3.8 Managing rare complex conditions

It has already been mentioned that genetics services are offered both in generic centers
and in disease-based facilities. In generic centers, management of disease may not be a
key purpose of the service, and clients will be referred to other appropriate clinical teams
for treatment and management. However, in some complex disorders there may be
numerous clinical teams involved in the care of a client. In that case, the genetic team
may take on the role of coordinating care. For example, the genetic service may run a
clinic for families with von Hippel Lindau disease to organize screening for abnormalities
of the brain, eyes, kidneys and liver. The treatment of the condition is still, however,
usually carried out by the relevant specialist.

In some highly specialized centers, the genetic healthcare practitioner may be involved
in research trials of gene therapy and/or pharmacogenomics.

3.9 Maintaining clinical registers/registries

The term register (or registry) is used in genetic healthcare in a number of different
contexts. In some cases, it means a simple database of names, to record the families
affected by a specific condition for ease of retrieval (e.g. to contact families when new
treatment or testing options are available). Clinical registers can also be dynamic tools
that are used to facilitate contact with families on a regular basis. In this case, the use of
the register ensures that appropriate services are being offered to family members. For
example, it may be used to contact potential carriers of a condition to offer carrier testing
in early adulthood. In either case, the clinical register is a form of medical record and the
client’s confidentiality must therefore be protected and unauthorized access to the register
prevented.
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3.10 Conclusion

In this chapter, the practical tools that are required for basic genetic healthcare have been
described. However, development of practical skills must be considered in the context of
the ethical and legal boundaries to practice, and these are considered in the next chapter.

Study questions
Read the case study of Leroy and Kia again (p.41)

Task A
(a) Using sources such as the website for the Tuberous Sclerosis Association, make a list
of the potential signs of tuberous sclerosis that could provide a clue as to whether an
individual has inherited the mutation.

(b) Leroy had a brain scan. What type of finding would have indicated he had tuberous
sclerosis and why is this finding seen in patients with this condition?

Task B
Samples for DNA analysis were not taken from Leroy’s sister Zaina. She was not able to
give informed consent and her parents did not want samples taken from her.

(a) Suggest reasons for the parents having this view?

(b) In your country, is it legally permissible to take a sample for DNA testing from an
adult who cannot give informed consent?

(c) Discuss in a group how you might ensure that you work ethically in this family,
upholding the rights of both Leroy and Zaina.
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4
Working professionally in genetic
healthcare

4.1 Professionalism

Practitioners in genetic healthcare—whatever their basic training and background—
regard themselves as professionals. Two of the basic requirements for a profession are
self-regulation and the adherence by practitioners to a code of ethics. Although working
in an ethical way will often be a matter of routine and common sense, there are situations
in which the correct course of action is unclear, and a code of practice that is agreed by
the profession is needed as guidance. In this chapter, different ethical codes and
potentially difficult situations will be discussed.

4.2 Working ethically

Healthcare practice is governed by codes of ethics. The use of ethical principles in
healthcare practice is necessary to protect those individuals who use the service.
Discrimination against those with a genetic condition or risk of an inherited disease has
existed in many countries (Kevles, 1999); this has been aided by the collusion of health
professionals. One example of the national implementation of eugenic policies was in
Sweden, where the sterilization of individuals who were considered unfit to breed
occurred well into the second half of the twentieth century. Eugenic policies have been
instituted in many countries, but the Eugenics movement originated in the UK under the
auspices of Francis Galton (Blacker, 1945) and was primarily concerned with improving
the fitness of the country’s citizens. Positive eugenics aims to encourage those
individuals who are most able and healthy in society to breed, whereas negative eugenics
seeks to prohibit or dissuade the ‘unfit’ from producing children. Eugenic policies
obviously raise significant ethical questions— such as the ways in which ‘fitness’ is
judged and the potential infringements of the basic human right to have a family, which is
enshrined in the European Convention on Human Rights
(http://conventions.coe.int/treaty/).

There is no one perfect ‘code of ethics’ but a number of codes that are based on
different philosophical foundations. For example, virtue ethics is based on a moral code
that relies on the good character of the practitioner. Various moral virtues, such as
kindness, concern for others and honesty, form the basis of the code. Utilitarian ethics is
based on the premise that any action should result in the greatest good for the largest
number of people. An action can be defended if it results in an overall benefit for the
majority. There may be practical difficulties with both these approaches for the genetic
healthcare practitioner. It could be argued that acting virtuously towards a client may, in
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fact, reduce their autonomy, if acting kindly means shielding the client from unpalatable
news. On the other hand, from some perspectives doing the greatest good might mean
depriving a disabled person of life to make more health resources available to others in
the community. Obviously, neither of these codes address the needs of the practitioner in
this setting, and other sources of support for ethical decision-making and practice must be
used.

The Hippocratic Oath as a basis for ethical practice in genetic healthcare

Although the Hippocratic Oath was devised to guide the medical profession, it is
generally regarded by health professionals from other disciplines as a viable guide for
their own practice. The Oath states that those who practice must have special knowledge
and ability; in modern terms, this means the practitioner is obliged to practice work
within the boundaries of his or her own knowledge and experience. The other basic
concept included in the Hippocratic Oath is that the practitioner must always act in the
best interests of the client. However, although this may be relatively straightforward
when working with an individual, the ‘client’ in genetic settings is often the family. The
practitioner may be caring for more then one member of a family and there may be
genuine conflicts of interest between family members. This may even relate to conflict
between an adult individual and a fetus.

Principles of ethical practice

There are four main principles that can be used both as general guides in practice and to
support decision-making when there are conflicts of interest (Halsey Lea et al., 1998).
Autosomal dominant inheritance pattern A mutation in an autosomal dominant gene will
generally cause the person who has inherited the mutation to be affected by the condition.
The affected person has two copies of the gene: one allele with a mutation and one that is
normal. At meiosis, only one copy of each gene passes into the gamete from the parent;
therefore, any offspring of an affected person has a 50% chance of inheriting the
mutation. Due to variability of expression and reduced penetrance (see Chapter 8), a
person who may not appear to have the condition may actually have inherited the
mutation and his or her children will be at a 50% risk of developing the condition.
Careful physical examination and, if possible, mutation testing are necessary to try to
define the risk to offspring in families in which the phenotype may not always be clearly
evident.

CASE STUDY—LEROY
Leroy is a 24-year-old man who is married to Kia. The couple are planning to start a
family within the next few years, but Leroy is concerned about his family history of
tuberous sclerosis.

Leroy has a sister who has been cared for all her life in a home for children with
severe mental retardation. She was diagnosed with tuberous sclerosis at the age of 6
years. She has many of the typical features of the condition: epilepsy, a large shagreen
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adenoma sebaceum. No genetic testing has been done and it would not be possible to
obtain informed consent from the sister for such testing.

The couple are referred to the genetic counselor, who takes a family history. The
family tree records that Leroy has a cousin on his mother’s side who died young. He was
in an institution and the cause of death is not known, but Leroy thinks he was ‘retarded’.
Leroy’s parents are still living and are both in good health.

The counselor arranges a clinic appointment for the family. Leroy’s parents do not
want their daughter to get upset but agree to be examined. They are not aware of any
signs of tuberous sclerosis in themselves, However, Leroy’s mother does have one ungual
fibroma, and examination under ultraviolet light (using a Wood’s lamp) reveals that she
has a number of depigmented patches of skin. Leroy is also examined carefully and does
not have any detectable signs of tuberous sclerosis. A CT scan of his brain is ordered, and
the results for this are also normal. Genetic testing is not feasible for Leroy because there
are a huge range of mutations in the TSC1 and TSC2 genes and definitive testing is not
practical without knowing what the mutation is that is carried by his affected sister.

Leroy is told that the risk of him having a child with tuberous sclerosis is very low as
he has no phenotypic features, but the risk cannot be completely excluded because of the
variability in expression of the disease. Based on this advice, Leroy and Kia decide that
they will have a child.

obvious (Tassicker et al., 2003). As a general heuristic, avoiding harm should take
precedence over the other principles. However, an individual should not undertake these
decisions alone. Discussion with experienced clinical colleagues can help to clarify the
situation, supported by discussion with experts in health ethics (Schmerler, 1998;
Schnieder et al., 2000). Discussion groups, such as the ‘GENETHICS’ club in the UK,
have been specifically formed to enable structured discussion of ethically challenging
cases between professionals, thereby helping to guide good practice. Ethics committees
in some US healthcare institutions serve a similar purpose.

Chadwick (1999) writes that new genetic technology has altered the basis of ethical
practice, changing the notion of choice and responsibility. Autonomous choice places on
the client a duty to know more about their own identity and beliefs. This, in turn, places
responsibility on the practitioner to facilitate discussion that includes these concepts.
Consent A particular aspect of ethical practice concerns gaining consent for procedures.
The key aspects of consent are that the person understands the nature and risks of the
procedure to which they are consenting, and that the person gives consent without
coercion.

In genetic healthcare settings, consent most often relates to the following:

1. Taking a family history. Consent can generally be assumed if the proband provides
the information requested, providing that the process and reason for taking the
pedigree have been explained. However, when using the pedigree to counsel other
family members, the confidentiality of the original proband must be respected. For this
reason, it may be appropriate to take a new pedigree when seeing a different branch of
the family.

2. Obtaining specific medical history from the proband and/or other relatives. It is
frequently necessary to request medical notes on the proband in order to advise him or
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her properly. However, consent must be sought to view or request medical records.
The purpose of viewing records of other family members must be explained to them
and written consent obtained.

3. Obtaining blood or tissue samples. Permission to take a sample must be explicitly
given by the client. This is sometimes written consent, but if the procedure has been
explained the co-operation of the client in giving the sample is usually deemed to be
evidence of consent. For example, if a client lifts his sleeve and presents his arm after
being asked to consent to a blood sample, this would be evidence that the client has
given consent.

4. Performing genetic tests. The exact nature of the tests and the implications of the
results must be explained to the client (Emery, 2001). It is good practice to give the
client written information as well as a verbal explanation, and written evidence of
consent must be recorded. Risks associated with genetic testing might include the
discovery of false paternity; this should be mentioned if there is a known possibility.
Other aspects of consent for genetic tests include whether consent is given for the
sample to be stored and the possible outcomes of the test. Separate consent should be
obtained for use of the sample in research and to share the results with relatives in the
process of their own testing.

Confidentiality Confidentiality of personal information is a basic tenet of healthcare and
is considered so important to the rights of the client that it is enshrined by law in many
countries. However, there may be provision under some statutes for the healthcare
professional to disclose the client’s confidential medical information, if not disclosing
would result in serious but avoidable harm to others. This is the case in UK law. For
example, confidentiality might be breached if a person had a serious infectious disease
that was putting others in the community at risk.

In a genetic healthcare setting, the situation may be complex, as the information about
the genetic structure of one individual may (and often does) have implications for other
family members. Where this occurs, the proband is usually encouraged to share the
information with relatives who may be affected, especially if screening or treatment is
available that would reduce the health risk. It is usual to offer support in the form of
written information that can be given to relatives and also contact details so that they can
seek more information and guidance from the genetics team if they wish.

When an individual refuses to share information with relatives, there is always an
underlying reason that might not be obvious to the practitioner. The situation is rarely
urgent, and effort spent in gaining the proband’s confidence and allowing time for
psychological adjustment to their status can often be helpful in enabling the proband to
share the information. However, this is not always the case and then the decision about
whether to break confidentiality may arise. This should always be discussed with
experienced colleagues, but the decision tree outlined in Figure 4.1 may be helpful.
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Figure 4.1 Ethical decision tree
Is the risk to relatives serious?

Prabably no nead for further

) {EE ) action

Is the potential harm avoidable or
reducible by any means?

Probably no need for further

Yes No action
Y
Have you given the proband
adequate information about the risks
to relatives, and what may be done to
ameliorate those risks?
Yes No - Further discussion with the
proband suggested
Y
Have you explored with the proband
tha reasons for non-disclosure?
Yos No . Further discussion with the
proband suggested
Y
Is there time to wait and allow the
proband to make adjustments or for
the family situation to alter?
Discuss with experignced
colleagues. If law permits,
Yes No - and colleagues support
disclosure, make the
Y proband aware that you will
Schedule for be taking action o inform
reqular review relatives

Document the decision-making process appropriately, giving reasons for the
decisions and recording discussions with colleagues.
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4.3 Working legally

Within all countries, there are laws and statutes that govern the provision of healthcare. In
addition to conforming to the legal requirements for practice, statutory registration as a
practitioner may be mandatory. For example, in the USA genetics nurses must be
licensed within the state where they practice, and nurses in the UK and other European
countries are registered with a statutory body that governs professional standards.

It is not possible in this text to describe the legal boundaries of practice, as these differ
between countries and even between states. This section is included only to bring the
issue of legal responsibility to the practitioner and to advise that information is sought
through professional bodies representing the profession in the country of practice.

4.4 Boundaries of practice

The boundaries of professional practice may be defined by law for each professional
group. However, in countries in which the provision of genetic healthcare is relatively
new, the role of the practitioner may be undefined. Whether or not the duties and
responsibilities of the genetic health professional are well regulated, it is an integral part
of ethical practice to work only within the realms of one’s expertise. The practitioner
should be trained appropriately for the roles he or she performs, and ultimately the onus
is on the professional to draw the boundaries of practice. This can be challenging for a
learner in the field, and an experienced mentor or supervisor should be approached for
ongoing guidance.

4.5 Using supervision

The term supervision is used in two slightly different contexts in genetic healthcare
settings. The use of a counseling supervisor is discussed in Chapter 5. However, in
addition to counseling supervision, the practitioner should also use a clinical supervisor.
The clinical supervisor is preferably an experienced practitioner from the same
professional background as the supervisee, but in small teams this is not always possible.
The most important aspect of the supervisory relationship is trust between the persons
concerned.

Regular sessions for supervision should be set aside, but as challenging situations may
arise unexpectedly, the potential for ad hoc consultation should also exist. The purpose of
clinical supervision is to:

e enable the practitioner to access the experience and knowledge of another professional
on a formalized basis;

e facilitate the person being supervised to reflect on his or her own practice;

e protect the client through this method of clinical governance.
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4.6 Ensuring appropriate documentation

As a health professional, the practitioner in genetics is subject to the legal requirements
for documentation of contact with clients. All documents pertaining to the case should be
stored in the record, including handwritten records of contact, test results, and all
correspondence relating to the case.

The medical record may be produced as evidence in court and each entry should be
signed and dated. Each page of the record should be headed with the client’s name and
identifying number.

Each personal contact with the client should be recorded:

e contemporaneously—the record is written at the time of the contact. Gaps on the page
should not be left between entries, as each entry should follow contemporaneously. If
a gap is left inadvertently, a line is drawn across the gap so new information cannot be
inserted later;

o factually, with any direct quotes from the patient put in inverted commas;

e non-judgmentally, with statements of opinion identified as such.

A typical record of personal contact with the client, either by telephone or face-to-face,
will include:

e the names of those present;

e the reason for the contact, e.g. “Mrs Dean phoned to ask if her results were available
yet’;

e issues discussed;

e plan of action.

The client is usually sent a letter summarizing the discussion after any significant contact;
this also serves as a record of the encounter.
Sample notes from the medical record are provided in Figure 4.2.

Figure 4.2 Sample documentation of
a clinical contact

Name of client or family: Leon Vance DOB 2/6/1974
Genetics Record Number: CG12345

Date 1/6/2005

Mr Vance was seen in the genetic department today because of his
concern about the family history of Marfan syndrome. Referred to genetic
service by his family physician after his brother was diagnosed with a
dilated aortic root. Brother has given signed permission for his medical
notes to be viewed

Family tree taken.
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Medical history of brother: Henry Vance born 1/5/1972

Height: 6 feet 3 inches

No problems with eyes.

Dislocated shoulder on one occasion when playing football.

Felt unwell recently—referred to cardiologist—dilated aortic root
diagnosed on cardiac echogram.

Leon’s father and mother both tall but no significant health problems in
them. He thinks they would be willing to be examined.

Leon has no children but married 6 months ago and he and his wife
would like a family. They are shocked by the diagnosis in his brother—‘it
just came out of the blue’ and want to know:

1) Does Leon have Marfan syndrome?

2) What are risks of future children being affected?

Discussed in clinic:
Signs and symptoms of Marfan syndrome
Genetic basis of Marfan syndrome and dominant inheritance pattern
Tests available—genetic and clinical.
Leon’s fears for himself and his offspring.

Agreed plan:

Arrange physical examination and echocardiogram for Leon.

Arrange for Leon’s parents to be offered a physical examination and
echocardiogram.

Await DNA test results on Henry. When results ready, offer testing to
Leon and his parents.

See Leon with his wife to discuss prenatal diagnosis if Leon has
mutation.

Signed

A Practitioner

4.7 Research evidence

Competent practitioners are able to use research evidence to ensure that clients are given
current, accurate information. In a rapidly changing field, this can be challenging on a
day-to-day basis, and the use of sites on the worldwide web can support foundation
knowledge. The use of research and involving clients in research is covered in depth in
Chapter 13.

4.8 Conclusion
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The responsibilities of the professional in genetic healthcare are governed by both ethical
guidelines and the law in each country. The practitioner has a duty of care to the client,
and this involves being knowledgeable about the governance of his or her profession and
adherence to the guidelines for the safety of clients.

Study questions

Read the following case scenario:

Janice is a genetic practitioner who has completed her basic training. She is asked to see
a young man, Dean, who is concerned about his recent diagnosis of Klinefelter syndrome
(46, XXY). When she meets Dean, she explains the genetic basis of the chromosome
anomaly. She asks him how the diagnosis has affected him, but is disconcerted by the fact
that Dean becomes very emotional about his relationship with his girlfriend, who wants
to have children.

Janice does not feel that talking about the future of the relationship is within her scope
of practice as a genetics counselor. She summarizes the information on Klinefelter
syndrome and terminates the meeting, offering to see him again if he has further
questions.

(@) Thinking about ethical principles, has Janice acted in the best interests of the
client?

(b) Describe the ways in which she may have influenced Dean’s well-being by her
actions in this session?

(c) Describe how Janice might have acted differently, in accordance with the code of
ethics of your own professional group.
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5
Working to support families

5.1 Using counseling skills in the context of genetic counseling

Genetic counseling has been defined by the American Society for Human Genetics
(ASHG) (ASHG, 1975) as a communication process. However, there are distinct
differences between the practice of genetic counseling and the process of counseling.
Ordinarily, counseling in a general setting involves active listening by the counselor and
the use of counseling interventions to enable the client to express his or her feelings. The
counselor facilitates the client to discover the focus of his or her difficulty and explore
ways in which it might be managed. However, in a genetic counseling setting,
information is traded between client(s) and practitioner. A family tree may be taken in a
purposive way and, at appropriate times in the session, information about the genetic
condition and inheritance risks can be provided for the family.

There is a demonstrable difference between the use of counseling skills and active
counseling. In all healthcare settings, the use of counseling skills is helpful in enabling
the client to discuss their health concerns and engage in shared decision-making about
investigation and/or treatment. The core competencies for genetic healthcare
professionals include eliciting the client’s concerns and exploring the psychosocial
influences that have relevance to the genetics counseling for each family (AGNC, 2004).
However, there will be sessions when the need to use counseling skills is more apparent,
such as when the client is making difficult decisions or during periods of adjustment to
changed circumstances. Active counseling may be undertaken by genetics counselors
who are appropriately trained to assist the client when the psychosocial issues are
impeding adjustment to their genetic situation and therefore adversely affecting the
client’s quality of life.

In this chapter, the core counseling skills and techniques are described, and some
relevant models of counseling discussed. However, it is only possible to learn counseling
skills through practical application, and it is essential that all practitioners undertake
educational courses in counseling skills, at which they are able to practise and develop
those skills in a safe training environment. This protects both the client and the
practitioner. Such training should include discussion of relevant psychological theory to
underpin practice, development of practical competence in counseling skills and
exercises that enhance the practitioner’s self-awareness.

5.2 The psychological needs of the client and their family

Consideration of the psychological needs of the client is an integral part of the care
offered in a genetic healthcare setting. These are inevitably complex and vary as a result
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of the individual’s life changes, as well as the continuous alterations in the family
dynamics. The diagnosis or genetic risk for one family member may have serious
consequences for relatives. Reactions to the situation that can complicate decision-
making or adjustment include:

e guilt at having either passed on or escaped the condition;
e blaming self or other family members for the situation;
® anger.

Being affected or at risk of a genetic condition can cause grief in many forms, and some
clients are in a state of perpetual mourning. As many family members may be
experiencing difficulties, the usual channels of support through family may not be
available. Maintaining secrecy about the condition may also reduce the support available
from friends. Genetics counseling may therefore provide an outlet for emotions that are
otherwise suppressed. Addressing the psychosocial needs of clients has always been
considered a particularly important part of the genetics nurse’s or genetic counselor’s
scope of practice, and is one major area of differentiation between the role of the genetics
nurse or counselor and the role of the medical geneticist.

Family systems theory makes a differentiation between first- and second-order change
in a family (Dallos and Draper, 2000). First-order change occurs when an externally
visible change occurs, but this does not require specific adjustment by the family. For
example, when a child whose parents have been convinced he has a familial condition is
finally diagnosed by a genetic test. A second-order change requires adjustment by family
members, whose relationships and status within the family may alter. This type of change
could occur when a family member who has been assumed to have inherited the
condition is subsequently found not to carry the mutation, causing others to feel that their
own risk has increased. Understanding the need of the family to respond to second-order
changes can help the practitioner to support the family through periods of adjustment.

5.3 Person-centered counseling

In every session of genetic counseling, it is important that clients are able to express their
own concerns, questions and reactions, and to feel that the genetics practitioner has heard
and addressed them appropriately. One model that is suitable for counseling in a genetic
counseling context is the person-centered model that is based on the seminal work of Carl
Rogers (1961). The central tenet of the model is the belief that each person has the ability
to solve his/her own problems and work through difficult situations using one’s own
resources. Support from another person enables the client to explore the situation in a
safe emotional environment.

The aim of person-centred counseling is to facilitate the client to achieve self-
actualization through enhancing self-belief. The counselor aims to hold the client in
unconditional positive regard, and to demonstrate this. The empathic relationship is
central to the counseling work.

Person-centered counseling is appropriate in a genetic healthcare setting, as the
practitioner does not profess to be ‘an expert’, who can solve the client’s problems, but
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rather a supporter whose role is to reinforce the client’s self-belief. Rogers described the
‘core conditions’ that are necessary for a helpful counseling relationship.

Core conditions

Genuineness The counselor is real to him/her self and to the client. To achieve this, the
counselor requires a considerable degree of self-awareness and a belief in the equality of
the client.
Empathy One description of empathy is being able to “‘walk in the other person’s shoes’.
Whereas sympathy involves feeling sorry for the other person, empathy is more
connected with trying to understand how the client feels, and communicating that
understanding.
Warmth Understanding the client is not facilitative unless that can be conveyed. The
‘gold standard’ for the person-centered counselor is the ability to hold every person in
unconditional positive regard. This itself is a challenge, but it helps to reduce value
judgments of the client and therefore increases the likelihood that the client will feel free
to make the decision that is best for them.

The following advanced core conditions should only be used when an atmosphere of
trust has been established between the client and counselor.
Immediacy The use of immediacy in the session helps to reinforce the genuineness of the
counselor, and to ground the session in the ‘here and now’. Immediacy can also be called
‘you-me talk’, as the counselor notices and comments on what is actually happening
between the client and the counselor during the session.

PRACTITIONER: Perhaps you don’t really want to think about having a termination?

Client: | have to, it’s not a big deal...

PRACTITIONER: I noticed when | said the word termination you looked away. It seems
really painful for you to talk about.

Challenge Challenge is used when there are discrepancies in the client’s account. It is not
aggressive, but offered as a way of inviting the client to examine what is happening. For
example, the client might say that she had always imagined herself as a mother, then say
that it was lucky she didn’t have children because she wouldn’t have had time for them.
This discrepancy in the story could be challenged to help the client become aware of her
own difficult feelings.

Concreteness The counselor uses concreteness to maintain the reality of the discussion
and help the client focus on what is currently relevant. For example, a woman seeking
predictive testing may repeatedly refer to having the test for her children’s sakes. The
counselor senses that she is avoiding considering the effect that a bad news result would
have on herself, and may ask her to try and exclude the children from her thoughts for a
short while to focus on her own feelings.

5.4 Basic counseling skills

The basic tools that the counselor or nurse can use to convey empathic listening are:



Working to support families 65

e open questions;

o reflection of feelings;

e paraphrases of content;

e summaries of the dialog;

e non-verbal communication;
e silence.

Use of open and closed questions

There are two basic types of question: open and closed. The closed question is one to
which the client can reply either yes or no, or reply with a factual answer. Although it is
sometimes necessary to use a closed question in a counseling environment, this restricts
the client’s expression. The use of an open question enables the client to formulate the
answer that best fits their agenda and priorities at that time, and is more likely to enable
the client to disclose what they are feeling.

Useful forms of open questions include:

e How are you feeling about that?

e Can you tell me more about that?

e I’m wondering how you dealt with that?
Example: Closed question

PRACTITIONER: Did you feel angry when you were told you were at risk of Huntington
disease?
Client: Yes, very angry.

Example: Open question

PRACTITIONER: How did you feel when you were told you were at risk of Huntington
disease?

Client: At first, | felt very angry. “Why did this have to happen to me?” But then | went
into a kind of depression. | thought, what’s the use of trying, with work, with my
girlfriend...but even at that time I felt guilty for that, like | didn’t value my father. |
still feel that if I get down.

Reflection of feelings

One of the most powerful forms of intervention is reflection of the client’s feelings. This
affirms to the client that he or she has been heard at an emotional level, and can help the
client to recognize the veracity and depth of their feelings. The use of the client’s own
words is particularly potent.

Client: | just felt...annoyed, | guess.
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PRACTITIONER: Annoyed?

Client: Yes, well...more than annoyed...l was quite mad with them for having left it so
long to tell me.

PRACTITIONER: So, really you were mad?

Client: Ummm...1 just felt well...it’s my life...they didn’t have the right to keep that sort
of thing from me...in fact, it was pretty cool between us for a while. I didn’t want to
see them in case | exploded....

Paraphrasing content

From time to time during the session, it is helpful to paraphrase the content of the client’s
story. This confirms to the client that the story has been heard, enables the counselor or
nurse to check they have understood and allows the client to correct any
misunderstanding. The paraphrase should always be offered tentatively so that the client
feels able to correct the practitioner if necessary.

Client: So | was told by my grandmother that | had a 50/50 chance of getting Huntington
disease before | was 30, but if | made it to 30 and | was okay, then | wouldn’t have to
worry. My father was 30 when he got it. But then, | went to the doctor and he told me
that | could get it anytime up till 70, so | was confused and didn’t know who to believe.

PRACTITIONER: You had conflicting pieces of information about your risk of
Huntington disease and don’t know which is right?

Client: Yeah, I just need to be sure of what I’m dealing with before | make a decision.

Summaries of the dialog

At key points in the session, and importantly at the end of the session, it is helpful to
provide short summaries of the conversation so far. This draws the threads of the dialog
together and provides an opportunity to clarify that both parties have understood each
other. The final summary might also include plans for action that have been agreed.

PRACTITIONER: So today we’ve talked a lot about how you’ve been feeling since your
family told you about your father having Huntington disease. | can see that it’s been
very difficult for you to deal with, being at risk, and now you’re thinking about having
a test to see if you really have inherited Huntington’s from your father.

Client: Yeah, I’m not sure though.

PRACTITIONER: What I suggest we do is meet again in a month to talk again about
testing. In the meantime, perhaps you can think about the pros and cons and also
about who you might tell if you decide to be tested. Would that be okay with you?

Client: | guess it seems a long time, but | know | need to think this through properly.

Non-verbal communication

Because non-verbal communication is mostly unconscious, we are constantly conveying
our thoughts to others through our physical actions, without being aware of it. However,
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it is important in a counseling environment to be aware of the messages that are being
conveyed both to and from the client by non-verbal means.

When communication is congruent, the content and feeling of the spoken message
‘matches’ the non-verbal message. This congruence is important in establishing trust and
genuineness. Take, for example, a situation in which a counselor checks her watch while
the client is talking:

Response A—incongruence

Client: Oh, I’'m sorry, I’m taking too much of your time.
PRACTITIONER: No, no, don’t be silly, that’s what I’m here for.

Response B—congruence

Client: Oh, I’'m sorry, I’m taking too much of your time.

PRACTITIONER I’m just checking the time as we have about 10 minutes of this session
left, and | want to make sure we have enough time to talk about whether we need to
make another appointment.

Response B demonstrates congruence and will enhance the relationship rather than
detract from it.

The health professional must also be observant of the client’s ‘body language’. It is
sometimes appropriate to comment on incongruence between verbal and non-verbal
communication. However, this intervention is a type of challenge and should therefore
only be used when a degree of trust has been established with the client.

PRACTITIONER: How did you feel when your girlfriend decided to call things off after
she saw your father?

Client: 1 was...okay about it.... | mean, it’s her life, her choice....

PRACTITIONER: You looked very sad as you said that, | wonder if you really feel okay?

Client: Mmmm..... | know it’s her choice, | don’t blame her a bit......but | thought she
loved me enough to stay and we’d get through it together.

Silence

One of the most powerful counseling tools is the use of silence. In normal conversation,
silence may be viewed as an indication of a lack of social skill. For this reason, the
natural inclination is to fill the silence and it is therefore a difficult tool to learn to use.
However, silence enables the client and the counselor to think about what is being said,
and this often results in moving the discussion to a deeper level. A period of silence after
the client has said something highly significant gives weight to what they have said.

The basic counseling skills are discussed in more depth in books listed in the reference
section at the end of the chapter, especially Bayne et al. (1998) and Heron (2001).
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5.5 Non-directiveness

Non-directiveness in counseling has been cited as a gold standard for genetic healthcare.
The client is considered to be the best person to make decisions that affect his or her own
life, and pressure to act in a certain way is avoided. However, this emphasis on non-
directiveness developed partly as a response to the zealous practice of eugenic principles
and should be considered in that light, especially as the establishment of genetics as a
specialty occurred in the immediate aftermath of World War I, when sensitivity about
eugenic practices where extremely high (Kevles, 1999). In practice, it has to be
acknowledged that very few interactions in healthcare are completely without some form
of directiveness, particularly when health education or health promotion are involved.

The genetics health professional does, however, have a responsibility to the client to
enable discussion that assists the client in identifying the most appropriate course of
action for that person or family. Although all potential options may be mentioned, the
best care for that family may not involve equal discussion of all options, as some of these
might not be available to the family or might be inconsistent with their belief systems.
Kessler (1997) writes about non-directiveness as meaning a lack of coercion. However, a
sensitive practitioner will enable discussion to progress so that the family’s preferences
are made explicit. The family may benefit from confirmation that their decision is not an
inappropriate one in their circumstances. This may be new territory for them, and they
might benefit from an indication that their chosen path is reasonable.

Faced with difficult decisions in an unfamiliar situation, some clients will ask the
practitioner, ‘If you were me, what would you do?’. This is difficult to answer, as in
practice it does not seem helpful to decline to respond. One option is to acknowledge the
difficulty of their situation empathically and genuinely.

Client: My sister doesn’t know about the Huntingtons in our family yet, she’s only 16, |
don’t know if I should tell her.

PRACTITIONER: You’re not sure if you should tell her yourself?

Client: | know how I feel about not being told...1 wish they’d told me long ago but...I’m
not sure if she’ll feel the same way...we’re very different.

PRACTITIONER: You think she might react differently to you?

Client: Yeah...I might make it worse for her...what do you think I should do?

PRACTITIONER: That’s such a difficult question for me, too...there doesn’t seem to be
a right or wrong answer at this stage...it seems like you really can’t know beforehand
if it’s right to tell her or not...

Client: That’s just it...I1 don’t know, but | don’t want to keep this secret from her...we’ve
always been so close...she trusts me...

PRACTITIONER: Maybe keeping the trust in your relationship is the most important
thing for you both?

Every practitioner will, of course, have personal beliefs and cultural values that influence
their own stance on certain issues. A good professional training scheme will provide
encouragement and opportunities for the practitioner to examine their own attitudes on
issues that are relevant to their own professional practice. This will enhance insight into
the ways in which a client could be influenced. For example, the use of certain
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vocabulary to describe various options may be indicative of the practitioner’s opinion.
The power ratio between a client and a healthcare professional is rarely equal, the client
perceiving the practitioner as more powerful in a situation that is unfamiliar to the client.
Pressure can be exerted in many ways, often subtly. It can be implied simply by the
wording of certain choices, or the amount of time spent discussing certain options.

“You can choose to terminate the pregnancy or you can keep your baby.’

A client may feel coerced into a decision if the counselor says that most people make a
particular decision. For example, ‘It is entirely your decision, but in my experience I find
most people want to avoid having a child with Down syndrome.’

5.6 Grief, loss, and mourning

Causes of grief

In a genetic healthcare setting, many of the issues faced by clients and their families will
revolve around loss. Although this is also true of counseling in many other settings, loss
may be repeated many times over many generations in families with inherited conditions.
This anticipation and experience of grief becomes part of the fabric of the family. An
awareness of the tasks of mourning is necessary for those who are supporting families,
whether the loss is a single event, such as a termination of pregnancy for a fetus
diagnosed with anencephaly, or a continual pattern of loss in families whose members are
at risk of dominant or X-linked conditions.

Although grief is most commonly associated with death, it can accompany any
second-order change (see section 5.2). Potential second-order changes are listed in Box
5.1, but this is not intended to be a comprehensive list, as loss is defined by the individual
involved. An experience that triggers intense grief in one person may cause no emotional
difficulty in another. These differences can be observed between members of the same
family, as can differences in the ways that individuals manage the tasks of mourning.
These can be the cause of misunderstanding in the family and one of the ways in which
support can be offered is to emphasize the ‘normality’ of the reactions of each person to
their situation and enhance the family’s understanding of the processes involved.

Box 5.1 Loss situations that may be experienced by family
members in a genetic healthcare setting

e Death of family member

e Diagnosis of condition in self

e Diagnosis of condition in family member
e Loss of health

e Disability

e Loss of personal independence

e Loss of pregnancy

e Loss of ‘normal’ baby or child
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e Loss of partner due to their changing role in family

e Loss of personal freedom due to commitment to caring
e L oss of ability to drive

e L oss of ability to earn a living

e L oss of financial security

e Awareness of risk to self

e Awareness of risk to family members

e L oss of normality

In addition to the immediate loss, a feeling of ongoing grief may result. For example, one
couple who lost two children in infancy described not only the loss of the children, but
their continual hurt at seeing their friends going through the tasks and rituals of
parenthood. Even everyday occurrences, such as seeing their friends walk their children
to school, could be painful. However, as those children graduated, married and had their
own children, the loss of the joys of parenthood and grandparenthood were continually
impressed on them (Skirton et al., 2004).

The tasks of mourning

The term ‘mourning’ describes the work that must be done to resolve grief. Building on
the work of previous authors such as Kubler-Ross (1969) and Worden (1991) identifies
four main tasks of mourning. These are not achieved in a linear sense—that is, it is not
necessary or perhaps even possible to complete one before moving to the next, but each
step needs to be addressed at some level before the next can be achieved satisfactorily.
The experience of most people is that they oscillate between tasks. There is no ‘normal’
time for mourning—the time needed by each individual should be respected, but many
people who have lost a close family member (such as a partner or child) find that they are
unable to invest emotionally in the future for a period of 2 to 5 years following the loss.
Clients may be concerned about their own mental health and sometimes benefit from the
reassurance that what they are experiencing is not abnormal.

Acceptance of the loss The initial response to loss is, frequently, shock and denial. This
may be momentary or may last for an indefinite period of time. There may be more
difficulty in accepting the loss when it is entirely unexpected, but even expected news
may be hard to absorb initially. Clients often describe feeling ‘numb’ during this stage.

A mother called the genetics nurse three weeks after the death of her son, Daniel, who
had been diagnosed with Duchenne muscular dystrophy when he was 2 years old. Daniel
was 15 years old at the time of his death and had been wheelchair bound for 6 years. He
had been treated in intensive care for pneumonia during the previous year. After that
episode, Daniel told his family that if he became acutely ill again he did not want
intensive treatment. When he contracted pneumonia again, he was taken to the local
hospital and his wishes not to have intensive therapy were respected. His mother told the
nurse that she could not believe he was dead and was constantly expecting him to come
home. She felt guilty because she was feeling numb and unable to cry.

Feeling the pain of the loss Following at least partial acceptance of the loss, the mourner
will experience the painful feelings of grief, which are characterized by periods of
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uncontrollable weeping or anger. These may be so intense that the mourner is unable to
perform the normal functions of everyday life, or may feel that they are just ‘going
through the motions’.Grief is a very draining experience, and at such times the client may
need to be given ‘permission’ to perform only those tasks that are necessary for survival.

Harry and Jane were shattered when their father Ron died from an aortic anuerysm
when he was 46 years old. Ron had been diagnosed with Marfan syndrome at
postmortem. His children were angry that their mother Helen did not seem to wish to
support them emotionally. In fact, she seemed to be avoiding them. Helen had always
‘been there for them’, but the grief of Ron’s loss was so intense, she had no energy to
support anyone else and found conversations with her children almost unbearable.
Adjusting to the loss During this stage, the grieving person gradually adjusts to life with a
different emotional and physical landscape. The bereaved person accepts that the loss is
not reversible and makes the necessary changes to integrate the loss into their everyday
life.

Martin was diagnosed with autosomal dominant retinitis pigmentosa when he was 27
years old. At first, his vision was adequate to enable him to continue driving, but when he
reached 30 years old, he was told his field of vision was so impaired he could no longer
legally hold a license to drive. He rebelled at first, refusing to go out. Gradually Martin
was able to integrate the loss of his ability to drive into his life and accepted his wife
could drive when they went out.

Investing in the future If the tasks of mourning are managed adequately, the individual
will be able to focus increasingly on the future rather than on the loss.

Jack and Kate had a termination of their first pregnancy after anencephaly was
diagnosed at 16 weeks gestation. They both found it difficult to accept the loss and were
afraid of a similar problem occurring again. After a year, Kate felt ready to try again for
another pregnancy, but Jack was still very distressed and did not even want to consider
it. While Kate had the support of friends and her sister after the loss of the baby, Jack
had been putting on a brave face to support her. When Jack realized she was feeling
stronger, he allowed himself to grieve for the baby and about a year later felt he could
look to the future and have another pregnancy with some confidence.

In these cases, the practitioner can facilitate the individual in managing the tasks of
mourning by:

e empathic listening;

e identifying the situation as a loss;

e emphasizing the normality of the person’s reaction;

e recognizing if grief is complicated and making an appropriate referral to another health
practitioner.

Complicated grief is defined as grief that does not resolve itself and that is seriously
impeding the ability of the mourner to invest in their changed life. However, the time
required by those who have suffered a loss varies greatly and making a diagnosis of
complicated grief may require the input of a trained counselor.
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5.7 Using a transactional analysis (TA) model

One counseling model that can be used by the practitioner to aid understanding of the
client’s behavior is the TA model. This was developed by Eric Berne (1991) and is based
on the belief that all humans are born believing in their own worth and the worth of
others, but that this belief often becomes damaged during childhood. The belief in your
own self-worth is called the ‘I’'m okay’ position, whereas belief in others is termed
“You’re okay’.

The aim of counseling is to enhance the client’s belief in themselves, helping them to
return to the ‘I’m okay, you’re okay’ state that is necessary for healthy relating. Another
aspect of the TA model is the use of the terminology ‘parent’, ‘adult’ and ‘child’ ego
states. The ego state mediates between the person’s inner world and the external world, in
effect controlling their behavior. The three ego states exist in each person, one being
dominant at any particular moment in time. The parent ego state may manifest as the
critical or controlling parent, which reinforces duty messages such as ‘I should’. The
protective parent contains the nurturing aspects of the ego state and may be induced in
situations in which the other person is seen as vulnerable. The free child is the more
natural, spontaneous ego state, whereas the adapted child responds in a way that would
bring approval from others. The ego state in which the relative aspects of each course of
action are considered logically is called the adult state.

TA can help to explain why we sometimes react seemingly irrationally with others.
For example, a person whom we find very dominant can evoke a reaction from our child
state. The counselor may try to facilitate the client in responding from the adult state as
far as possible. The TA counselor works to help the individual achieve the ‘I’m okay,
you’re okay’ position. This may be highly relevant in families affected by genetic
conditions, particularly where the style and quality of parenting has been affected by the
presence of the disease.

5.8 Transference and counter-transference in a genetic counseling
setting

During any personal interaction, there is the potential for one person, such as a client, to
‘transfer’ feelings about another onto the other person (such as a counselor) who is
involved in the interaction (Jacobs, 1985). This commonly occurs when some aspect of
the counselor ‘reminds’ the client of another person with whom they have had emotional
contact. In psychotherapeutic counseling, this transference is used as part of the
therapeutic process, with the counselor often representing the ‘good enough’ parent to the
client, enabling the client to grow emotionally in a ‘secure enough’ environment.

In genetic healthcare interactions, the practitioner may be perceived to be in a
powerful position as ‘expert’. Transference of feelings that have arisen when the client
has been in situations that are emotionally similar may cause the client to respond in
ways that are inexplicable to the practitioner.

For example, if the client had a very dominant and critical mother, the experience of
being with a female expert practitioner may stimulate feelings of fear or submissiveness
in the client.
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Counter-transference can also occur, with the practitioner responding emotionally to
the client in ways that are not explicable in the context of the professional relationship.
Counseling training and supervision aim to make the practitioner aware of both
transference and counter-transference for the safety of both clients and practitioners.

CASE STUDY—KALIA

Oona was a practitioner working in a cancer genetics clinic. As part of her role, she took
a medical history from a woman called Kalia who had a strong family history of
colorectal cancer. Familial adenomatous polyposis was subsequently confirmed in the
family. At a clinical appointment to discuss the risks to the children in the family, Kalia
became very angry. After some discussion, it emerged that she was very angry with her
mother for not telling her earlier about the family history and enabling her to be screened.
Oona’s understanding of transference enabled her to continue to support Kalia
emotionally rather than reacting to her anger.

5.9 Counseling supervision

It is imperative that practitioners who provide counseling support for clients as part of
their genetic healthcare should use a counseling supervisor (Bayne et al., 1998). The aim
of supervision is to protect both the client and counselor from emotional harm and to
maximize the benefit of the counseling relationship to the client. The role of the
supervisor is to enable the practitioner to explore the meanings of their relationships with
clients, to discuss both previous counseling sessions and to prepare for future sessions.
Personal issues belonging to the counselor will inevitably sometimes impinge on their
work, and the supervisor will encourage the counselor to explore and reflect on these.
The supervisor is normally an experienced counseling practitioner (not necessarily in
genetics) who has undertaken additional training in supervision skills.

Group supervision may sometimes be arranged for a team of practitioners. This has
the benefit of enabling practitioners to learn from the experience of others, but may
inhibit open discussion if there are differences in the power that is held between
practitioners (for example, some are experienced and others are novices) or if the group is
not facilitated in a way that makes disclosure safe for everyone.

5.10 Conclusion

Families who are referred for genetic healthcare may have psychological needs connected
with the genetic condition or risk in their family. These may be complex and are often
related to loss. Developing appropriate counseling skills is an essential part of the
preparation for competent practice of genetic healthcare practitioners. Although
experience in working with families aids the development of communication skills,
formal counseling training enables the practitioner to practise skills in a safe setting and
to enhance their own self-awareness. The use of counseling supervision individually or in
a group helps to protect the safety of both practitioner and client.
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Study questions

1. Case scenario—Eva and Juan

Eva and Juan are a couple in their mid-40s. They have been married for 15 years.

Eva has had four confirmed pregnancies. In each pregnancy, she has miscarried at
between 6 and 9 weeks gestation. After the third miscarriage, both partners had
chromosome studies and Juan has a balanced chromosome translocation.

Task A
Suggest the issues of loss that might be significant for this couple.

Task B
Discuss how their responses to Juan’s karyotype results might differ.

Task C
Eva calls to say she is 4 weeks pregnant. As a practitioner, how might you provide
psychological support to this couple?

Task D
You and your partner have recently lost a pregnancy, how might this affect your care of
this family? What action might you take?

2. Case scenario—Milly and Karen

Milly and Karen are a couple in their mid-30s who have been living together for 2 years.
Milly has told Karen about her family history of colon cancer, but said she didn’t expect
to get it because she was ‘nothing like her father’.

At a routine medical before starting a new job, Milly is referred for genetic counseling
with regard to her family history.

She is actually at a 50% risk of inheriting a mutation for hereditary non-polyposis
colon cancer and screening by colonoscopy is recommended.

Task A
Suggest the potential second-order changes for Milly. Do the same for Karen.

Task B
Milly refuses to have a colonoscopy because she is sure she won’t get the cancer. How
might the use of Roger’s core conditions help you to address this with her?
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6
Working as an educator for families and
professionals

6.1 Introduction

The genetics health professional works as an educator in a number of different ways:

« with patients and their families to assist in managing disease, and understanding and
using genetic information;

« with other health professionals to educate and inform them about genetics and its
relation to health and disease;

» with students;

* with colleagues;

* with the wider public.

Any educational activity is an interaction between two participants, the educator and the
learner. For the genetics health professional, most of their work will be in the context of
working with adults either outside of a formal educational setting or in the context of
professional education. For that reason, it is helpful to consider some of the principles
that underpin educational theories of adult learning. There is a considerable body of
literature in the field of education and this chapter can provide no more than an overview
of some of the schools of thought in this area. However, those genetic healthcare
practitioners whose role involves substantial teaching may wish to use the ‘Further
resources’ to read more widely.

6.2 Expressing and understanding risk

Clinical genetics is an area of medical practice in which, traditionally, much focus has
been placed on transmitting information about risk. However, it should be emphasized
that, with the explosion of medical information now available and the shift from
paternalistic to shared decision-making in the clinical encounter, how risk is
communicated is relevant to all healthcare.

Normally, the purpose of communicating risk is to enable some kind of decision to be
made. If the purpose of the clinical encounter is to facilitate the decision-making, then
presenting the facts about risk should be more than simple information giving. For
reviews on genetic counseling and decision-making, see Michie and Marteau, 1996; and
Shiloh, 1996. The challenge is to turn the numerical risk information into meaningful
information that can be used by the client.
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The language of risk

Terms such as ‘probably’, “likely’, ‘low risk’, etc. have different meanings for different
people. One person may regard a risk of 1% having a baby with Down syndrome as low,
whereas another may regard it as high. Many genetic health professionals have been in a
clinical situation in which they are informing someone that they are at a 50% risk of
inheriting a condition such as Huntington disease and have been met with expressions of
relief because the client thought they were at a 100% risk and now its ‘only’ 50%.

Understanding of numerical risk is also complicated by the different ways in which the
number can be presented. For example, in cystic fibrosis the recurrence risk after the first
affected child is born may be presented in a number of different ways:

* 1in 4 that a future child will be affected:;

* 3 out of 4 that a child will not be affected;

* 25% risk of having a baby with cystic fibrosis;

* 75% chance that the baby will not have cystic fibrosis;
* 0dds of 3 to 1 that the child will be unaffected;

* 0dds of 1 to 3 against the baby being unaffected;

* 0dds of 1 to 3 that the baby will be affected.

In the above examples, the way in which the numerical risk is presented has been altered
as well as the type of language that has been used. These changes in language are called
“framing effects’ and it is well-recognized that decisions will be affected by the way in
which the information is presented.

In decisions about accepting screening, the factors that have been shown to increase
uptake of screening are presenting risks as relative risks rather than as absolute risks;
presenting the losses from not having screening rather than the potential gains; presenting
the chance of positive outcomes rather than of negative outcomes and providing less
complex information (Edwards et al., 2002).

The general principles for presenting risk are that information should be presented in a
balanced manner with different numerical formats of the same risk. Risk information
should be relevant to the individual and should be presented clearly, avoiding information
overload.

Understanding risk

There is a considerable body of evidence that people do not solely base their genetic
decisions on a numerical recurrence risk value (Halbert, 2004). In addition, the
individual’s perception of the burden of the disease has a huge impact on their decision,
and this is a very personal construct based on their own experience of the condition, what
they have read or been told, and experience of similar situations (Skirton, 2001).

‘Lay knowledge’ or ‘lay belief’ is a term used to describe the information that exists in
the family about the particular genetic condition that affects them (Richards and Ponder,
1996). The beliefs are usually rooted in the family’s experience of the condition, but may
also be based on general health beliefs, or superstition or medical information that has
been previously passed on to them. Attributes that are unconnected to the genetic
condition (such as hair color) may be linked to the experience of the disease, leading
people in the family to believe, for example, that all the redheads in the family will get
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the condition. In other cases, the disease is linked to the sex of those affected and, if the
only affected members of a family have all been male, the family may believe that only
sons in the family are at risk.

As many people have only a sketchy idea of genetics, they may seek non-genetic
explanations for what has happened in the family. Other information about influences on
health may be used to draw conclusions about the cause of a disease or syndrome. For
example, a mother who has a child with learning delay may question the quality of her
diet during the pregnancy.

Application of lay knowledge will often lead to particular family members being
identified as either being at high risk of the condition or likely to avoid it. This pre-
selection of affected members can liberate those who do not fit the criteria from worry,
but may place extra burdens on those predicted to be affected.

For genetic information to be useful for families, they must be able to fit any new
information into their family story. It is helpful to use the family’s own family tree when
explaining the inheritance pattern, so that any discrepancies between the explanation and
the lay knowledge held by that family can be addressed. If this is not done, the lay beliefs
will persist, as the family’s own experience is more powerful than an abstract scientific
explanation. Family dynamics can be disrupted if the lay knowledge is challenged by new
developments. The family may require time and support to adjust to a new way of
thinking about the inheritance of the condition.

In making decisions, the family will put weight on the burden of the disease as well as
the chance of a family member being affected. If the burden of the disease is heavy, even
a very low risk may seem oppressive. On the other hand, if the family views a disease as
mild, they may consider any risk worth taking.

6.3 Principles of adult learning

As early as the 1920s writers were suggesting that there were differences in adult
learning, which meant that the approach to education for adults may need to be framed in
a different way from that used to teach children. It may be useful to the genetic healthcare
practitioner to be aware that there is a distinction between compulsory education, where
the student is there because they have to be (as is the case for most children and many
students), and education that is sought either for personal or professional development. A
contrast has been made between what was known as a ‘pedagogical’ style of teaching that
was current in teaching children, and an alternative style of teaching involving an
interaction based on partnership between the educator and the learner (andragogy).

Lindeman, writing in 1926 (cited in Knowles et al., 1998), identified several key
assumptions about adult learners, which have formed the basis of adult learning theory.
These are:

e adults are motivated to learn as they experience needs and interests that learning will
satisfy; therefore, these are the appropriate starting points for organizing adult learning
activities;

e adults’ orientation to learning is life-centered; therefore, the appropriate units for
organizing adult learning are life situations, not subjects;
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e experience is the richest resource for adults’ learning; therefore, the core methodology
for adult education is the analysis of experience;

e adults have a deep need to be self-directing; therefore, the role of the teacher is to
engage in the process of mutual enquiry with them rather than transmit his or her
knowledge to them and then evaluate their conformity to it;

e individual differences among people increase with age; therefore, adult education must
make optimal provision for differences in style, time, place, and pace of learning.

During the following decades, developments in psychological thinking that influenced
the development of counseling—by people such as Carl Rogers, Erik Erikson, Maslow,
and the psychodynamic theorists—contributed to the development of theories of adult
learning. As discussed in Chapter 5, a person-centered humanistic framework underpins
the practice of genetic counseling and this is mirrored in this developing view of adult
education.

In any framework for educating the adult learner, the core adult learning principles
interact with and are informed by the goals and purposes for learning, and individual and
situational differences.

In this schema, the goals and purposes for learning relate both to the goals of the
individuals and those of institutional and societal goals. Individual and situational
differences relate to education in practice and shape the educational intervention. The
core principles of adult learning are:

e the learner’s need to know;

e self concept of the learner;

e prior experience of the learner;
e readiness to learn;

e orientation to learning;

e motivation to learn.

These principles focus directly on the learner.

6.4 Learning theories

There is a distinction between the type of learning that is desired (acquisition of new
knowledge, or the development of skills, for example) and the process by which that
learning happens. As has been discussed previously, learning is an active process and is a
positive action on the part of the learner.

There are numerous theories of learning but they may be broadly categorized into
three groups.

Behaviorist theories

This group of theories emphasize the role of the teacher as the agent in learning. The
teacher provides a stimulus for learning and also the appropriate responses (rewards and
punishments) to reinforce learning.



Applied geneticsin healthcare 80

Cognitive theories

These theories focus on the learner as the active processor of knowledge. However, there
is an assumption that there is a body of knowledge that is framed by the teacher and that
the learner seeks to organize and master. Both behavioral and cognitive theorists suggest
that there are hierarchies of learning, which are sometimes categorized as surface and
deep (Ramsden, 1992). The tasks of learning, as framed by cognitive theorists, range
from simple signal learning through knowledge building with words to knowledge
building with concepts and ending with complex problem-solving (Gagne, 1985).

Humanist theories

This group of theories emphasize the active process of learning as a product of the learner
and the social setting. The principles of adult learning presented earlier are an example.

There are some common elements emerging that relate to the transfer of knowledge
versus the construction of knowledge, and mechanical learning versus creative learning.
Education for adults will tend to focus on creative learning, resulting in the construction
of knowledge, which is relevant for the individual’s needs at that time. The role of the
educator is to facilitate that process.

Experiential learning

Within education, particularly professional education, there is a growing recognition that
experience forms the basis of all learning. This is stressed by Mezirow who suggests that
the heart of all learning is the search for meaning in experience. Learning is creating
meanings and making sense of experience (Mezirow, 1981).

The process by which that meaning is constructed is through critical reflection on
experience. It is suggested that there is a learning cycle—starting with experience,
proceeding through reflection, and leading to action, which then becomes the concrete
experience for further reflection and so on (Schon, 1983).

However, a focus on experiential learning as the primary way of learning tends to
underestimate the importance of learning as an activity to acquire new knowledge.

Learning styles

It is suggested that each of the stages of the learning cycle calls for different learning
approaches that will appeal to different individuals as we each have a preferred learning
style. The learning styles are:

e active learners who prefer to get on quickly with a task and learn by doing something
immediately;

o reflective learners who prefer to think things through and reflect on a situation;

e theorizing learners who prefer to understand general principles and concepts rather than
specific cases;

e experimental learners who want to try things out for themselves.
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Practical applications

In the clinical genetics scenario, the health professional in his/her role as an educator is
responding to the needs of the client or the student. Both of these groups-but particularly
the client-will be motivated to learn because of their own personal and social
circumstances.

Figure 6.1 Learning cycle

The clients and students will already have their own experiences of learning, will have
developed their own preferred ways of engaging in the learning process, and will have
particular goals for the outcome of the learning situation. The role of the educator is to
use and enhance the participants’ existing learning techniques and to make them more
efficient, to help learners to move from specific issues to a deeper understanding of their
area of concern, to help make the learning permanent and available for later use, and to
provide a framework for continuing learning.

The characteristics of what might be called learning “‘episodes,” and the implications
for the educator are presented in Table 6.1.

The encounter should be used to motivate the student for further learning and to
encourage an interest in general principles rather than situation-specific knowledge
(Rogers, 1998).
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Table 6.1 Learning episodes and their

implications
Characteristic Implications
Episodic Short bursts of learning material
Break material into small units but related to other items of
learning

Problem- or situation-specific Make relevant to the client’s/student’s needs
Be aware of the client’s/student’s motivations
Clients and students to set own goals
Start from where the clients/students are

Learning styles Be aware of different learning styles, which will need different
learning strategies

Based on existing knowledge Relate new material to existing knowledge and experience
and experience

Trial and error Experiential learning
Need for feedback
Need for practice

Understanding of underlying Move from simplified concepts to more complex
concepts Help students/clients to build up units to create the concept,
selecting essential from non-essential units

imitation rather than memory Rely on understanding for retention not memory
Use demonstration

6.5 Use of internet resources

The success of the sort of learning for all participants in the approaches discussed earlier
depends on access to high-quality information. This is true of all healthcare.

The internet has developed into a powerful tool that is used by patients and
professionals as a source for health information. The evidence-based medicine movement
has focused attention on the quality of evidence that is used to make clinical decisions.
Although there is debate about the value judgments that have been placed on certain
types of evidence, it has encouraged a more systematic and rigorous identification and
appraisal of the mass of information that is now available (Sackett et al., 2000).

The internet has also provided a powerful tool for patients (Taylor et al., 2001). There
has been concern about the quality of information, but it is suggested that the harms have
been overestimated and the benefits underestimated (Eysenbach, 2003). In addition to
being a source of knowledge, patient support groups have provided an important source
of online support for nearly all medical conditions.

In discussing education, emphasis was put on educational activity as a partnership
between professional and patient. The resource of the internet is a powerful tool for that
partnership in empowering and informing the professional and the “‘expert’ patient (Fox
and Lee, 2000; Muir Gray, 2004). Genetics professionals may be able to guide families to
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evaluate the source of material on the internet and to recognize indicators of information
that come from reputable sources, are current and do not present a specific point of view
(Snow, 2001).

The internet is now a vital tool for professionals and patients and all genetics
healthcare professionals should be aware of how to use it effectively.

6.6 Conclusion

In this chapter, we have talked about the practitioner as educator. There are overlaps
between practice as an educator and practice as a counselor. Both require an
understanding of the student or client, an ability to start from where they are and facilitate
their journey towards their individual goals. The practitioner has the responsibility to
equip themselves with the tools and skills to do this successfully.

Study questions

Case scenario—Pippa

Pippa, a genetic counselor in training, has recently joined the genetics department to gain
experience in pediatrics. Her previous experience was in adult medicine. She is contacted
by a nurse to talk about a patient who has recently been diagnosed with Hunter syndrome.
The pediatric unit nurse would like Pippa to come and do a seminar for them. Pippa asks
you as a more experienced colleague if you would do it. You think that it would be good
experience for Pippa and say you will support her in preparing and giving the seminar.

Task A
Think through how you might help Pippa structure the seminar and decide what to
present.

Task B
Using the internet as a resource, find out about Hunter syndrome. Make notes on clinical
features, diagnoses and treatments.

Task C
Prepare a plan for the seminar, including learning objectives for the ward nurses.

Task D

After a successful seminar, Pippa is asked to see the family. Think about how you might
help Pippa prepare for the family. Write a plan for what you might cover with Pippa in a
learning session before she sees the family.
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Working as a researcher

7.1 Ways in which research contributes to genetic counseling

The body of knowledge in genetic healthcare is drawn from a variety of sources,
including research, clinical experience, expert opinion, and tradition. As the scientific
basis for genetic healthcare has grown and matured, a greater proportion of knowledge
that guides practice reflects the results of systematic inquiry. One way to define research
is that it is a systematic process of inquiry to validate and refine existing knowledge, and
to generate new knowledge (Burns and Grove, 2001). When applied to genetic
healthcare, this research focuses on situations that include genetic assessment, education,
counseling, and genetic aspects of health and disease in individuals, families,
populations, and communities. Much research in genetic healthcare could be considered
to be clinical research, in which findings from basic research—for example, molecular
genetics or behavioral sciences—are applied to clinical problems. Both the International
Society of Nurses in Genetics and the Association of Genetic Nurses and Counsellors
endorse the participation of healthcare professionals in the genetics research process
(ISONG, 2004; Skirton et al., 1998). Genetics practitioners may participate in the
generation of new knowledge through research in all aspects of the research process.

7.2 The research methods continuum

Clinical research can be divided into two categories: quantitative and qualitative research
(Table 7.1). The category referred to as quantitative research is the traditional research
process in which information gained from one study is not regarded as sufficient for
inclusion into the body of science until it has been replicated several times with similar
findings each

Table 7.1 Comparison of quantitative and
qualitative research approaches

Quantitative Qualitative
Used in basic and applied research Used to generate new insights, increase
sensitivity, identify new phenomenon
Deductive Inductive
Rigor and control in study design g\dhere to philosophic perspective in study
esign

Sample size reflects power analysis Sample size reflects point of saturation
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Control in sampling and setting to reduce Diverse sample; context contributes to
extraneous variables understanding of data

Objective measurement. Administered consistently Data from observation or via interview; may
throughout study change as study progresses

Data analyzed at completion of data collection Data analyzed during data collection
Statistical analysis to determine probability that Analysis of data seeks common themes;
results are accurate reflection of reality explanation of social processes

Study can be replicated Analysis not replicable

Results may be generalizable Results not generalizable

time. This approach to research is a formal objective process that is designed to describe
and test relationships, or to examine cause-and-effect interactions among variables
(Burns and Grove, 2001).

Assumptions in quantitative research

Several assumptions are the foundation of quantitative research. One of these is that truth
is discoverable, but that the discovery is always incomplete or imperfect. Therefore,
hypotheses or study predictions are not proven, but they are either supported or not
supported by the findings of the study. Quantitative studies are characterized by rigor and
control, meaning that the study is carefully designed and implemented to decrease the
possibility of error and to increase the probability that the findings are an accurate
reflection of reality (Burns and Grove, 2001). Specific definitions of the population and
variables, and consistency in the administration of a treatment and measurement of
variables, all reflect efforts by the researcher to achieve a high level of control in
quantitative research projects. Random sampling and use of standardized measures are
two components of quantitative research, which contribute to the intent that results can be
generalizable to populations beyond the sample that was obtained for that specific study.
Historically, most healthcare research has been in the quantitative category.

An example of quantitative research in genetic healthcare is the investigation of
knowledge and emotional consequences of cystic fibrosis (CF) population screening
(Gordon et al., 2003). In this study, individuals who completed CF carrier testing
completed a paper and pencil instrument that documented knowledge, and another that
measured emational consequences. The mean scores were compared between those who
were carriers and those who were non-carriers. Use of this method could allow
replication of the study with other clinical populations.

Different philosophic assumptions form the basis for qualitative research methods.
There are several types of qualitative research approaches, and each of these has specific
language and procedural rules that determine the rigor and scholarliness of the research.
Some examples are the use of qualitative methods to conduct a descriptive study,
grounded theory methods to develop a theoretical explanation for a social process, or
ethnographic methods to examine research questions in a particular culture (Burns and
Grove, 2001). In all instances, qualitative methods are used when little is known about a
phenomenon, when the researcher wants to increase the sensitivity of healthcare
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providers to a clinical topic, or when data are needed to develop a new research
instrument (Knafl and Webster, 1988).

Assumptions in qualitative research

Qualitative research methods share the assumption that there is not a single reality, and
that the context contributes to understanding of truth. In qualitative studies, there is no
attempt to control the research environment; data are elicited through interviews or other
methods of expression of the concept of interest, such as observation of participants in
their natural setting, journaling, or photographs. The study of perceptions of persons
serving as support persons throughout genetic counseling for predictive Huntington
disease (HD) testing (Williams et al., 2000) is an example of a qualitative research study
in which concerns of persons serving as support persons were described. In this study,
sampling was purposive, data were collected through semi-structured interviews, and
questions were revised as new insights were gained during the course of the study.
Although the results of this study are not generalizable to other populations, the results
are useful in generating insights and questions that could be explored through quantitative
methods, or through clinical observations. Some research questions are most
appropriately answered through traditional quantitative research methods, whereas others
are not, and require a qualitative approach. An organized approach to reading research
reports is useful in evaluating the study’s strengths and weaknesses (Box 7.1).

Box 7.1. Critical analysis of research reports
e |s the problem significant?
e |s the reasoning behind the study logical?
e |s the literature review complete and current?
e |s the design appropriate to answer the research question/or to test the hypotheses?
e Are measures appropriate for the study sample?
e Do measures have appropriate reliability and validity?
e Are there potential biases in the sampling that may influence the findings?
e |s the data collection process appropriate and consistent throughout the study?
e |s the analysis clear and consistent with the level of data obtained?

e Are the conclusions consistent with the findings?

Burns and Grove, 2001
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7.3 Elements of the research process

Genetic healthcare professionals who have clinical responsibilities are in an excellent
position to recognize researchable problems. Frequently, the impetus for a research
project starts with an astute clinician who says, ‘I wonder.” This was the situation when a
practitioner wondered if genetic testing of offspring of carriers of balanced translocations
was beneficial or harmful to the children. In this study, Barnes (1998) reported that the
majority of children had not been informed of their translocation, but in those who had
been told, the parents reported no negative reactions to the news. The method she used
was a descriptive quantitative research design in which adult carriers of balanced
translocations responded to a mailed questionnaire. The results of this study revealed
insights into the challenges faced by parents who pondered when and how to inform their
children.

Regardless of the research methods used in clinical studies, there are several
components that all clinical research studies have in common. One is that the research
addresses an important healthcare problem. A research problem is a situation in need of
description, explanation or improvement. The research problem tends to be a very broad
statement, such as what is the disclosure experience of balanced translocation carriers,
but no single study can answer all research questions. Therefore, many studies, with
different research purposes and aims, may be developed from the identification of one
research problem. However, all research studies will have a specific type of design that is
most appropriate for fulfilling the purpose of the study. For example, Berhnhardt and
colleagues (2003) designed a study with the specific purpose of assessing parent and
child reactions to participation in disease-susceptibility research. The study used a
descriptive qualitative method in which parents and children participated in audio-taped
interviews. The researchers found that a child’s perception of risk was not consistent with
the perceptions of the parents, or that of the healthcare providers. The results of this type
of study could then be used to develop and test hypotheses, or interventions in studies
that employed quantitative methods.

After the research problem is recognized, or identified, often a team of researchers
develops a research plan, seeks funding and implements the research. The next portion of
the chapter discusses the various types of research that may be used.

7.4 Relevant research methods: qualitative

Qualitative research is used when there is little known about a problem, when there is a
desire to increase sensitivity of healthcare providers, or when data are needed to develop
new measures. Skirton’s (2001) study of the expectations of individuals who seek genetic
counseling is an example of the first reason to conduct a qualitative study. In this study,
she used a grounded theory methodology and purposive sampling to identify individuals
seeking genetic counseling. Data were collected through semi-structured interviews,
which were modified as the study progressed. Data analysis included verification of the
veracity of findings by another investigator who served as an auditor. The results of this
study revealed new insights into the components of client expectations that are likely to
influence satisfaction with the genetic counseling process. These findings may now form
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the basis of hypotheses that could be tested in a quantitative study in which expectations
could be measured, described or defined in measures to evaluate the effectiveness of
genetic counseling services.

When the intent is to increase sensitivity, qualitative methods may reveal a rich
description of an experience that is relatively novel in healthcare. This was the case in the
study conducted by Williams et al. (2000), in which individuals who serve as support
persons throughout the predictive testing experience for HD were interviewed to identify
common concerns and expectations. This descriptive qualitative study described three
categories of concerns for support persons. Although the results of this type of study
would not be generalizable to all clinical situations, one genetics practitioner used these
findings to modify a clinical protocol, allowing her to test the efficacy of an assessment
of persons who serve as support persons.

An example of the third use of qualitative research is the gathering of data to develop
an instrument. Skirton used results of qualitative studies for this purpose. An instrument
to measure satisfaction with genetics counseling services includes items from data
obtained in Skirton’s (2001) grounded theory study. Instruments developed from
qualitative research undergo psychometric testing before being used in quantitative
research studies or for clinical purposes.

Not all research studies will fall into either a qualitative or quantitative category. In
these instances, researchers use elements of both to create a mixed-method study.
Generally, the study is designed to meet research criteria for one category, but a data
collection method from the other category may be added. This is what McConkie-Rossell
et al. (2001) did in their longitudinal study of perceptions and coping regarding carrier
testing for Fragile-X syndrome among at-risk women. This study obtained data both from
a visual analog scale that yielded a numerical rating, as well as interviews. These data
were used to determine changes in responses to carrier-testing information, as well as
major themes that described how participants coped.

7.5 Relevant research methods: quantitative

Quantitative methods are used when the intent is to describe, compare, correlate or
evaluate relationships or interactions among variables (Burns and Grove, 2001). When
the intent is to produce descriptive data, a researcher measures specific variables in a
particular population. For example, in 2000, Benjamin and Lashwood conducted a study
to describe characteristics and to test request patterns from individuals who had a 25%
risk for HD. In this study, findings were reported as frequencies, with statistical analyses
being used to identify significant differences between variables in this one population,
such as participant’s age or if the participant’s parent was living.

In some instances, researchers will also want to compare descriptive data between
naturally existing populations. These studies may identify disease-specific groups or
healthcare-provider groups as the population of interest. A comparison of intentions and
attitudes between those at risk for colorectal cancer who did or did not participate in
genetic counseling and testing was conducted in a comparative descriptive study (Keller
et al., 2004). Comparisons between these naturally occurring groups suggested that intent
and attitude toward genetic testing did not predict testing behaviors. This research
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method is also used when a researcher wants to compare outcomes of a component of
healthcare provided by different practitioners. Bernhardt and colleagues (2000) used a
comparative descriptive design to document no statistically significant differences in
knowledge regarding breast cancer susceptibility testing when the information was
provided by genetic counselors or by nurses.

The intent of research may also be to seek correlations between important variables
within a single population. When this is the concern, the researcher is not seeking to
identify differences between groups (descriptive category) or to identify a cause-and-
effect relationship (experimental category), but rather to identify a relationship or
association among variables. An example of this type of study is an epidemiologic
inquiry in which it is believed that an association exists between variables within a
population that is not due to chance alone. Armstrong and colleagues (2000) detected
significant relationships among factors involved in the decisions to use genetic testing in
a population of women who were at risk for hereditary breast or ovarian cancer. In
contrast to the study conducted by Keller et al. (2004), Armstrong’s study did not
compare two groups (those who did or did not test), but identified factors, such as
wanting cancer risk information for family members, that were significantly associated
within a group who completed clinical genetic testing.

Researchers also conduct studies in which they wish to test hypotheses, or seek a
cause-and-effect relationship. These are commonly referred to as experimental studies. In
these instances, there are specific variables that can be measured. Interventions, or
treatments, are administered in a consistent and controlled manner. The results are
compared between participants in the experimental group and those in a comparison or
control group. An example is a study in which decision-related outcomes were compared
between a group of women being tested for the BRCA1/2 mutation who received a
decision aid, and a control group who did not (van Roosemalen et al., 2004). Similarities
or differences in decision-related outcomes were reported for the two groups. A similar
type of research design was used to test the effectiveness of two education approaches,
using either a genetic counselor or an interactive computer program to investigate breast
cancer susceptibility (Green et al., 2001). In this study, one group received both
interventions, and specific outcomes from the two interventions were compared. In each
of these studies, an experimental research method most closely fit the questions to be
answered in the study.

7.6 Ethical considerations in research

Specific principles address the protection of human subjects when they participate in
research. In the USA, three principles were identified in the Belmont Report (US
Department of Health, Education, and Welfare, 1979), which identifies basic ethical
principles and provides guidelines to assist in resolving ethical problems that emerge in
the conduct of research with human subjects. These principles are respect for individuals,
beneficence, and justice. Each of these may have many dimensions and subdivisions.

The principle of respect for individuals addresses the belief that individuals should be
treated as autonomous agents and those with diminished autonomy are entitled to
protection (US Department of Health, Education, and Welfare, 1979). This principle
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provides the foundation for policies governing the process of informed consent, freedom
from coercion, and procedures designed to protect specific groups that are regarded as
vulnerable populations. Examples of these groups are minor-aged children, prisoners or
persons with diminished cognitive capacity.

The second principle, beneficence, refers to an obligation to do no harm, and to
maximize the possible benefits while minimizing potential harm (US Department of
Health, Education, and Welfare, 1979). Elements of informed consent address this
principle—for example, the identification of alternative procedures that are available to
individuals who are asked to enroll in a clinical trial. The third principle, justice, refers to
the belief that all persons must be treated equally. In a research study, this would mean
that each person would have an equal opportunity to enroll in a study and that no class or
person (for example, individuals in an institution) should be singled out to become
research participants.

Professional organizations have established codes of ethics that provide frameworks
for the ethical conduct for practice. Examples of these are the Code of Ethics for Nurses,
issued by the American Nurses Association, the Code of Ethics of the Association of
Genetic Nurses and Counsellors, and the National Society of Genetic Counselors Code of
Ethics (American Nurses Association, 2001; AGNC, 2004; NSGC, 1992). Genetic
healthcare professionals should be familiar with the ethical principles that guide their
practice, and be able to apply these to research situations. Several aspects of research
require this understanding.

7.7 Consent issues

Informed consent means that individuals, to the degree that they are able, are given the
opportunity to choose what shall or shall not happen to them (US Department of Health,
Education, and Welfare, 1979). One of the issues in the informed consent process for
research studies is that there are differences between clinical procedures and those that
are part of research. For example, if the research study included an experimental
treatment, or a search for genetic factors associated with a trait of interest, the participant
may or may not receive results from the study, and the results may not be immediately
useful to the participant. When a study includes an experimental treatment, the likelihood
of benefit or harm from the treatment may not be completely known; therefore, all
individuals who receive the treatment may not have an improvement in their health or
well-being.

Additional issues include the types of information that can be revealed, disposition of
research samples, and the range of potential personal, family or social adverse sequelae
from the research (ASHG Report, 1996). The opportunity for dialog between the
participant and the researcher is pivotal for accomplishing informed decision-making that
is a component of informed consent (ISONG, 2000). This informed consent process has
been described as the single most important mechanism for ensuring protection of
individuals partaking in research from unrealistic expectations and from other potential
harms of being involved in research participation (Friedmann, 2000).

In addition to the need for the opportunity for the research participant to have access to
complete information, informed consent also relies on a process that supports
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comprehension of information. This may be an issue when members of a vulnerable
population qualify for enrollment in a research study. Although specific definitions of
what constitutes a vulnerable population may differ, examples of groups that may require
accommodations to promote comprehension are persons with conditions limiting
communication, individuals who are reading a consent that has been translated from one
language to another, those with cognitive impairment or psychiatric disturbances, people
at the end of life or persons from minority populations (ISONG, 2002). Allowing
adequate time, opportunity for information to be provided in a way that is understandable
to the person considering participating in research and freedom from perceptions of
coercion, all contribute to helping people make an informed decision. The Genetic
Alliance (2001) has published an excellent brochure for members of the public to assist
them in understanding components of the informed consent process for genetic research
studies.

Minor-aged children

One other category of potential research subjects may also require special
consideration—the category of minor-aged children. There are many resources that
address ethical and clinical questions regarding genetic testing of children for clinical
purposes. In addition to these questions, other issues must be considered when minor
children may be asked to participate in research. By virtue of their developmental stage
and lack of autonomy, children are regarded as a vulnerable population with regard to
participation in research (Broome, 1999). In the USA, the National Institutes of Health
(NIH) stated that research investigators should include children in their research or
document why that would not be appropriate (NIH, 1998). However, children may not be
able to completely understand the purposes and potential risks or benefits of research, and
dependent minor-age children cannot provide consent for participation in research.
Guidelines for ethical conduct of medical research involving children emphasize that
the children’s interests must be assessed. In addition, established ethics guidelines for any
research study must be followed (Mclntosh et al., 2000). Several considerations should
be weighed when considering the enrollment of children. In addition to adapting
information to the child’s cognitive level, efforts should be made to support the child’s
ability to give his/her own opinion about participation in research. A term that is used in
clinical research is ‘assent.” This refers to the permission or agreement given by a child,
who is 7 years of age or older (Broome, 1999). Early research noted that, for some
children, the notion of making a free choice might be overshadowed by preferences or
decisions made by parents or healthcare providers (Scherer, 1991; Susman, 1992).
However, a more recent study (James et al., 2003)—on the perceptions of children and
their parents about carrier testing—yprovides insights into children’s feelings about
genetic testing and their feelings about discussing their questions with their parents.
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7.8 Dissemination of information, presentations, posters, writing for
publication

Many research studies are conducted by teams, of which genetic healthcare practitioners
are members. The final phase of a research study is the reporting of the results. This may
include publication in printed or internet journals, as well as via oral presentations or
posters at professional meetings. One of the relevant decisions concerns who becomes an
author on research reports. In some cases, the journal to which the article is being
submitted has guidelines, and the editor asks authors to identify to which components
they contributed. Guidelines to determine authorship are issued by some professional
organizations (Nativio, 2000). In still other instances, it is a decision that is made by the
lead researcher. Regardless of the process, it is helpful if members of the research team
can discuss rules or expectations about authorship early in the research process.

Other considerations in preparing a manuscript involve the process of writing. One
excellent guide is a paper by Bowen (2003), who provides clear step-by-step directions
for assembling a research report for publication. One aspect of preparing reports of
genetic research is protection of privacy of any participants in the study. Topics of special
concern may include family pedigrees, descriptions of clinical data, or other descriptive
information that could identify an individual or a family. Some journals that publish
genetically focused manuscripts are developing guidelines that specifically address
privacy protection. In addition to concerns about privacy, journal editors may also ask
authors to identify any conflicts of interest, such as serving on a board or as a consultant
for a manufacturer or drug company whose product was tested in the research study.

Results of research are also presented via posters or platform presentations at
professional meetings. The time between completion of the research and the meeting may
be shorter than the time between conclusion of a study and the publication of results in
peer-reviewed journals. Just as with published findings, research presentations or posters
should be well-organized, providing proper acknowledgment of all contributors and
funding sources. Helpful hints for preparing slides for platform presentations include
using no more than eight lines per slide and no smaller than 32-point font, avoiding
red/green contrast and using only horizontal layout. One of the best ways to prepare any
report for dissemination via publication, presentation or poster is to ask peers to review
and critique the report to identify components that are unclear, redundant, or
incompletely presented.

Genetic healthcare professionals may also be asked to speak to the media about the
results of a research project. This is an important opportunity to educate the public
regarding the findings of the research and how these findings contribute to knowledge
about a healthcare problem. Preparing for a media interview includes being available
when a member of the media requests time for the report, being prepared to speak
succinctly and in plain language, and knowing what information you want to provide to
the reporter and the public (Farberman, 2000).
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7.9 Conclusion

Research is the process by which new knowledge is generated and existing knowledge is
expanded. Genetics practitioners participate in research through the identification of
important research questions, through the design and implementation of research studies
and the reporting of the results. Ethical principles that protect the rights of human
subjects who participate in research provide a foundation for the ethical conduct of
research on genetic topics. Dissemination of research allows peers, other professionals
and the public to critique and benefit from the findings of research.

Study Questions

Case scenario—Ben

Ben, who is 13 years old, is the son of Judy and Roger. Ben is one of five children; his
sisters are Amy (10 years old) and Kathleen (16 years old). Ben had two older brothers—
Roy (who died when he was 15 years old) and John (who died when he was 17 years
old)—but both died about 3 years ago. Ben, Roger and John all have a diagnosis of
Duchenne muscular dystrophy (DMD). Judy has two sisters, Barb and Nancy. Barb has
two daughters who are healthy. Nancy has two daughters and two sons, all of whom are
alive and well. Judy’s mother, Martha, had two brothers—William (who died when he
was 12 years old) and Gordon (who died when he was 14 years old), both of whom died
of muscle weakness; their medical history is consistent with DMD.

Task A
Draw a basic family tree.

Task B

Ben receives medical care from a specialty clinic that includes a neurologist, genetics
health professional, physical therapist and social worker on the clinic team. He was
diagnosed 6 years ago. His family does not consistently keep their appointments, and the
last time Ben was seen was a year and a half ago. As a part of the clinic program, there is
a new research study being developed to examine the impact of two counseling
approaches for discussion of end-of-life decisions. The genetics health professional is a
member of the research team. The inclusion criteria for this study are parents and their
teenage children with DMD. One of your roles, as a member of the research team, is to
communicate with individuals who qualify for the study and enroll them in the study.
You contact Judy to discuss the research project with her.

(@) Judy is not certain if she wants to participate in the study, but she tells you she
doesn’t want to upset Ben’s doctor, so she thinks she will participate in the study. She
also thinks Ben should participate, and she tells you she will sign his consent for him.
What ethical principles may guide your response to Judy’s statement?
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(b) The study includes two treatment groups for the parents, one in which parents
receive a brochure and individual discussion with a member of the clinic team. The other
group receives a brochure and participation in a parent support group. Judy tells you she
prefers to be in the brochure and individual discussion group, as she does not like to talk
about these topics when other people are around. What would be the consequences if
Judy could select which treatment she received? What ethical principles provide guidance
for the research plan to randomize participants to either group? What information would
you include in your response?

(c) Following completion of the study, you contact the research team regarding
reporting of the results. You have been asked by your professional organization to present
the results at their annual meeting that will be held in 4 months time. The director of your
clinical unit tells you that he/she should be listed as the first author on all reports from
this study. What resources might help you in making authorship decisions?
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8
Autosomal dominant inheritance

8.1 Definition of dominant inheritance

The inheritance of traits from parent to child has been of interest to humans for thousands
of years, and the search for features that can link a newborn infant with those of the
family’s ancestors is a common experience in many Western families. In 1865, the
Austrian monk Gregor Mendel identified several principles of inheritance, including the
principle of Independent Assortment, which states that genes at difference loci are
transmitted independently. A second principle, the Principle of Segregation, also
developed by Mendel, states that sexually reproducing organisms possess genes that
occur in pairs and only one member of the pair is transmitted to each offspring (Jorde et
al., 2003), Mendel’s work led to the identification that some alleles behave in a dominant
manner, whereas others behave in a recessive manner (see ‘Further resources’ for a more
complete review of this subject). In 1909, the term ‘gene’ was coined by Johannsen to
describe the basic unit of heredity (Jorde et al., 2003). These principles underlie the
understanding of autosomal dominant inheritance, which is one pattern of inheritance that
is dependent on the basic unit of heredity. Although current understanding is continuing
to be revised of both the inheritance of genes and also the potentially complex
explanations for the influence of genetic and environmental factors on health and disease,
much of our understanding of these influences are built on the foundations of Mendel’s
laws of inheritance (Powledge, 2001).

8.2 Dominant inheritance pattern

Dominant inheritance occurs when one member of a gene pair contains a mutation in that
gene, and this mutation is associated with symptoms of a condition or a disease. The
genes that are associated with most dominantly inherited traits are located on the
autosomes; they are therefore referred to as autosomal dominant traits. Of the single gene
conditions (more than 6000 of which have been identified), more than half are autosomal-
dominant traits (Nussbaum et al., 2001). The term ‘phenotype’ describes the
characteristics that can be observed or measured, and it cannot be assumed that there is a
direct relationship between a person’s genotype and their phenotype.

Features of autosomal dominant inheritance
Autosomal dominant inheritance involves the following features:

e vertical transmission through males and females;
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e unless it is a new mutation, an affected person will have an affected parent;
e either sex may be affected;
e an affected parent has a 1 in 2 or 50% chance of having an affected child.

CASE STUDY—REBECCA

Rebecca Talbot is a 24-year-old woman who is married and who has two children. She is
the accounts manager for a manufacturing plant. Rebecca has two sisters—Tracy, age 22,
and Joanna, age 19. Her mother, Trish Martin, was always regarded as having a strong
personality, and she did not get along with her own parents and siblings. Trish left home
when she finished high school, and maintained limited contact with her aunt Jane, age 67,
one of Trish’s mother’s three sisters.

Trish, when she was 45 years old, died in an automobile accident. While at her
mother’s funeral service, Rebecca met her great-aunt Jane for the first time. During their
conversation, Jane said, ‘It was a blessing she didn’t get what the rest of them suffered
with’. Rebecca learned that her mother’s father, Pete, and two of her mother’s brothers,
Richard and Steven, had been diagnosed with Huntington disease (HD). Pete died in a
hunting accident when he was in his late 30s. Both of Trish’s brothers have also died: one
had taken his own life and the other died after living in a nursing home for 12 years.

Rebecca was shocked by this family news. She had not been aware of this information
before her mother’s death and was already having a difficult time dealing with the sudden
loss of her mother. She conducted a search on the internet for information on HD. Here,
she found information about the disease, research studies, personal stories regarding
genetic discrimination and the availability of predictive testing. Rebecca did not share
this information with anyone. After completing her internet search, she contacted the
medical genetics unit and requested an appointment for predictive testing for HD. When
she talked with the genetics nurse, she gave her name as Trish Martin.

8.3 The distinction between risk of inheritance and risk of disease

Communication of risk information in the context of dominantly inherited conditions can
involve two types of information: the likelihood that a gene mutation was transmitted to
an individual from the parent, and the chance that the person who inherits the gene
mutation will develop the condition or disease. Risk information about inheritance of an
autosomal dominant gene mutation may be described as a fraction (%2 chance), an odds
ratio (1:1) or as a percentage statement (50% chance). This likelihood may be perceived
as being higher when the information is presented as a fraction (%) rather than as a
percentage risk (50%) (Kessler and Levine, 1987; Michie and Marteau, 1996). Risk
information about the likelihood that a person will develop the disease is a more disease
specific calculation and depends on several pieces of information, including:

e whether a specific gene mutation has been identified for that condition in that person;
e what is known regarding the penetrance of the gene mutation;
e other mitigating factors that may influence emergence of symptoms.
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8.4 Penetrance

A component of communication of risk information refers to the likelihood that a person
with a gene mutation will develop the phenotype. It is recognized that genes interact with
each other and with the environment, which requires caution when applying Mendel’s
original laws to diseases with a genetic component. One feature of inherited traits is
penetrance. This term has traditionally been based on population data and refers to the
proportion of obligate carriers of dominantly inherited disorders who demonstrate signs
of the disease. With discoveries from research into diseases that may result from a
combination of genetic and environmental factors, this term may also become more
commonly used to refer to contributions of genes for common chronic diseases. When
there is reduced, or incomplete penetrance, an individual has the mutation, but does not
manifest signs of the disease. This may be determined from the person’s position in the
family pedigree, or from molecular genetic testing. For example, a woman may be a
member of a family in which she (third generation) and her maternal grandmother (first
generation) have both been found to have a mutation in the BRCAL gene for hereditary
breast and ovarian cancer (HBOC). However, her mother, (in the second generation) is
recognized to be an obligate carrier, but she does not have breast or ovarian cancer.

8.5 Expressivity

Another important characteristic of some inherited traits is variability in the severity of
the condition; this is known as expressivity or variable expression. In some disorders,
there may be a high degree of penetrance (that is, most people with the mutation
demonstrate some signs of the condition), but individuals may have features of the
condition in a more severe or a milder form. This has been observed in individuals who
have neurofibromatosis type | (or von Recklinghausen) disease. People with this disorder
may have only a few café-au-lait spots, whereas others have more severe expression of
the disorder, including multiple neurofibromata, malignant sarcomas or learning
disabilities (Jorde et al., 2003; Nussbaum et al., 2001). For some conditions, specific
mutations may be associated with various clinical features of a disease. However,
genotype/phenotype associations have not yet been identified in the gene NF1. Therefore,
results of molecular DNA testing would not be helpful in predicting which clinical
symptoms a person might have, or how serious they could be.

8.6 Allelic heterogeneity

In other disorders, some clinical information can be derived from identification of the
specific mutation present in an individual. In these examples, variable expression may be
associated with different types of mutation at the same disease locus. This is termed
allelic heterogeneity. For example, some mutations in the gene that causes adult
polycystic kidney disease may also cause berry aneurysms (Harper, 2004). In addition to
studies of gene and protein function, environmental factors may eventually be identified
that will provide insights into these observations. It is also possible that a collection of
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symptoms may result from mutations in genes on several chromosomes, with various
patterns of inheritance. This is termed locus heterogeneity. For example, loci on more
than 20 chromosomal regions have been identified in retinitis pigmentosa (RP), a group
of diseases that are associated with retinal degeneration, one of the most common
inherited causes of blindness (Jorde et al., 2003). Twenty-five percent of cases of RP are
inherited in an autosomal dominant pattern, with another 30% being acquired via X-
linked inheritance and 45% via autosomal recessive inheritance (Nussbaum et al., 2001).

CASE STUDY—REBECCA
In Rebecca’s family, the diagnosis of Huntington disease (HD) was confirmed in several
family members. Her family pedigree illustrates autosomal dominant inheritance through
the transmission of the mutation for HD from parent to child (Pete to Richard, Steven,
and possibly to Trish). It also illustrates the presence of the condition in both males and
females, as well as the disease phenotype in two generations.

Rebecca is desperate to find out if she inherited the gene mutation for HD, and if so, if
she will definitely develop the disease. She also wants to know if she could have already
passed it on to her own daughters.

8.7 Types of mutation

The types of potential gene mutation have been described in Chapter 2. When mutations
alter individual genes, they may be classified by their structural description or functional
consequence (Guttmacher et al., 2004). Types of point mutation include missense,
nonsense, and frameshift mutations. A missense mutation occurs when a different base
pair results in the creation of a different amino acid, rather than in the one that was
originally specified. Nonsense mutations, which account for approximately 12% of all
disease-causing mutations (Nussbaum et al, 2001) occur when the alteration results in the
cell stopping the production of a new protein. A frameshift mutation occurs when an
additional base or a removal of a base or bases changes the reading frame.

8.8 Functional categories of mutations

Mutations can also be classified by their functional effect. Some have a neutral effect.
This category includes the silent mutations in which one base is replaced with another
that codes for the same amino acid (Guttmacher et al., 2004). Some may be associated
with disease, whereas others have a beneficial effect. In the case of sickle-cell disease
(SCD), which is an autosomal-recessive disorder, a single missense mutation causes a
substitution of the amino acid valine for the amino acid glutamic acid. A person who is
homozygous for the mutation at this locus has the clinical disorder, SCD. However, in the
heterozygous state, heterozygote advantage can occur, in which carriers demonstrate
resistance to malaria (Nussbaum et al., 2001).

In some diseases, more than one type of mutation has been reported in individuals who
have the disease phenotype. An example is the finding of substitutions, deletions,
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insertions, and splice-site mutations in a group of individuals with NF1 (Origone et al.,
2003).

Of the mutations that lead to disease, the most common consequence is a ‘loss of
function.” In this case, the protein that is normally made by the cell is made in a smaller
amount, or the product does not function properly. An example of a loss of function is the
abnormal enzyme that is produced in the disease glucose-6-phosphate dehydrogenase
(G6PD) deficiency, an X-linked recessive disorder, in which the male with this gene
mutation can develop an acute hemolytic anemia when exposed to certain drugs
(Guttmacher et al., 2004). In other instances, a gene mutation can result in a gain of
function, or too much of a protein. One inherited form of peripheral nervous system
disease is Charcot Marie Tooth disease, in which autosomal dominant, autosomal-
recessive and X-linked recessive inheritance have been reported. In this condition, a gain
of function occurs when there is a duplication of a portion of the gene, leading to an
increase in the amount of gene product made, and thereafter resulting in the clinical
symptoms of the disorder (Jorde et al., 2003).

In HD, the expanded repeat is located within the coding region of the gene. The
abnormally large number of repeats leads to the production of an altered version of the
huntingtin protein (Trottier and Mandel, 2001).

Expansion

When the Mendelian patterns of inheritance were identified, it was believed that genetic
material was passed, unchanged, from parent to offspring. This assumption was revised
when it was discovered that the number of trinucleotide repeats (such as in the gene for
HD) was found to increase when passed from an affected parent to his or her offspring.
Known as ‘anticipation’, this phenomenon can lead to progressively earlier onset and
increased severity of these diseases within successive generations in a family (Nussbaum
et al. 2001). When a mutation has no phenotypic effect, but has the capacity to increase
in size during meiosis, this is termed a premutation. The extent of expansion that leads to
disease is specific for each condition in which expansion occurs, and may be associated
with the gender of the parent in whom the premutation is present. For example, in HD,
the normal range of trinucleotide repeats is 19-35, with more than 36 repeats being
observed in people with the disease (Menalled and Chesselet, 2002). The expansion of
the CAG trinucleotide repeat in the HD gene mutation is observed most frequently when
this mutation is passed from a father to his offspring. In other conditions, such as the
fragile X syndrome, individuals with this disorder have 200 or more trinucleotide repeats
in a gene on the X chromosome. Expansion of this gene mutation is observed when the
gene mutation is passed from a mother to her offspring.

8.9 Predictive testing

Purposes

When the location of the HD gene was identified in 1993, guidelines were developed for
the administration of predictive testing for individuals at risk of developing HD (HDSA,
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1994;Went et al., 1994). These guidelines have been used as a model for predictive
testing for other inherited conditions, particularly neurodegenerative disorders or familial
cancer syndromes (see ‘Further resources’). Elements of the guidelines address use of
genetic testing, confidentiality, support services for the person requesting testing and
management of special situations. Issues regarding analytic and clinical validity, as well
as quality assurance regarding the laboratory process, are also considered by genetics
services providers when a test is requested for predictive purposes. Genetests
(http://genetests.org/) is an excellent resource from which genetic healthcare providers
can obtain accurate and current information about tests and laboratories that provide
them.

One of the purposes of genetic testing is to predict the likelihood that an individual
who is at risk for an inherited condition will develop the disease. The protocol for
predictive testing for neurodegenerative disorders (such as HD, cerebral autosomal
dominant arteriopathy with subcortical infarcts and leukoencephalopathy (CADASIL) or
dentatorubral-pallidoluysian atrophy (DRPLA)) specifies that adequate time be provided
to complete genetic counseling, neurologic and psychological assessments, and
discussion of considerations within the informed consent process. The protocol also
specifies that the results be reported in person, and that follow-up contact be made
available.

Limitations

One of the limitations of predictive testing can be the accuracy of the test. Analytical
validity is a term used to describe how well a test measures the property it intends to
measure. For conditions in which there is one known mutation that is easily detectable—
for example, an expanded fragment—the analytical validity will be high. However, in
some conditions there are many mutations in one gene, or mutations in many genes, some
of which are not yet known.

Discussions of limitations of the test also include addressing if the test results are
associated with treatment, surveillance or prevention strategies. This is often the case
when testing for cancer predisposition, in which surveillance and/or prophylactic surgery
may be feasible. However, in the neurodegenerative conditions, the test results are not yet
useful in making treatment decisions about management of symptoms. For example, in
HD, the number of repeats is associated with age of onset, with earlier age of onset being
associated with larger repeat sizes (Djousse, L. et al., 2003). However, the results of the
test do not provide specific information regarding the timing or nature of symptoms that
will first be experienced in a person with HD.

Predictive testing—benefits

Informed consent also includes a discussion of potential benefits and risks. Reasons why
people have reported that testing was beneficial to them include the ability to inform their
children if they are at risk, being relieved from the uncertainty of not knowing if they
have the gene mutation, and having the option to use this information for personal
decisions such as reproduction, occupation or fulfilling goals during a time of relatively
good health (Codori and Brandt, 1994; van’t Spijker and ten Kroode, 1997; Wahlin et al.,
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1997). Those who learn they do not have the gene mutation for HD report that they can
stop monitoring themselves for the initial signs of the disease, and that they are relieved
that their children are not at risk of developing this disorder (Williams et al., 2000).

Predictive testing—risks for harm

Learning that one does or does not have the mutation for HD cannot be undone once
genetic testing is completed and the results are reported to the person having the test.
Some individuals who have had a predictive test note that their lives are now changed
and that they cannot return to the assumptions they had made about themselves before the
testing (Williams and Sobel, in press). For some this is distressing, and can lead to
alterations in their own emotional health and relationships with others. Risks for
emotional distress also include possibilities for depression, inability to avoid thinking
about HD or more serious consequences. One long-term study reported that as people
who had a positive predictive HD test neared the time of onset of HD, their emotional
distress increased (Timman et al., 2004). The likelihood of adverse psychological events
has also been monitored in individuals who complete predictive testing for HD. Defined
as suicide, suicide attempt, and psychiatric hospitalization, adverse events were
documented in less than 1% of persons in a worldwide cohort who had a positive HD test
(Almgvist et al., 1999). Risk factors that were identified in this study included a
psychiatric history of less than 5 years before testing and being unemployed.

Issues about predictive testing also include the potential impact that the results will
have on the person’s personal and family relationships. Individuals who have completed
predictive testing and have been found not to have the gene mutation report changes in
their relationships with some family members, especially those who have not been tested
or who have signs of HD. Those who learn that they will develop HD may experience
loss of being regarded as a leader in the family, and those who learn that they will not
develop HD may feel estranged and no longer share the sense of identity held by others
who do not know their actual HD risk (Sobel and Cowen, 2003; Williams et al., 2000).

It is clear that predictive testing is not preferred by everyone who is at risk of
developing HD, with current estimates ranging from around 5% in the USA to 15-35%
for individuals from Europe, Canada or Australia (Creighton et al., 2003). One area that
is identified as a potential risk, is the risk for genetic discrimination. In the USA,
individuals who complete genetic testing note that risk of loss of insurance is one
deterrent in considering whether or not to have predictive testing. People worry that they
may experience discrimination in the workplace or in obtaining health insurance
(Penziner, 2004). Although in most states that prohibit insurance companies from using
genetic information to deny coverage or to raise health insurance rates, laws have been
passed. However, once a person develops symptoms, these laws do not apply (Rothstein,
1999). Individuals who request predictive genetic testing may prefer to not have their
name recorded on laboratory or medical record documents, and conceal their names in an
attempt to avoid risk for potential insurance or other genetic discrimination.

In the UK, where there is a publicly funded healthcare system, concerns about
discrimination relate primarily to life insurance. Most people require life insurance as a
condition of their mortgage. Discussions between the insurance industry, the genetics
community and the Department of Health led to a moratorium on the requirement for
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genetic test results to be disclosed to insurance companies. This is subject to a financial
limit and is due to be reviewed in 2006.

CASE STUDY—REBECCA

When Rebecca Talbot contacted the genetics unit, she requested predictive testing for
Huntington disease (HD). As part of the testing process, the genetic healthcare
practitioner discussed aspects of the test, including the purposes, limitations, benefits and
potential harms of the test with Rebecca and her support person. The practitioner also
helped Rebecca to focus on the meaning of a positive or negative result for herself, and
for her children,

Rebecca informed the counselor that she was mainly interested in the test because she
felt she needed to inform her children of their risk as soon as possible. Deep discussion
between Rebecca and her practitioner revealed that Rebecca was very angry about the
fact that she had not been told of her risk by her parents. She was afraid that her own
children would resent her if she did not inform them at a young age.

One of the recommendations for predictive testing is that more than one appointment
is offered with the genetics team, so that information can be introduced, reviewed and
discussed prior to testing. It is also recommended that a support person accompany a
person seeking predictive testing for HD. In Rebecca’s case, her husband came with her
to her appointments with the genetics counseling team. As the family history was
recorded, it became apparent that Rebecca was not using her own name and the reasons
for this were explored with Rebecca, who said that she was afraid of the repercussions,
should the test be positive. She was particularly concerned that her job might be at risk
and that she would no longer be able to obtain health insurance. The practitioner
suggested that Rebecca think more about her reasons for testing and the way she would
cope with the result before returning for another appointment in a month, especially in
view of her recent bereavement. She also pointed out that as Rebecca’s children are both
under 4 years old, any decision about telling them can be delayed for at least several
years. A month later, Rebecca and her husband told the team that they have decided to
delay testing until Rebecca feels she has recovered from her mother’s death. She asked if
she could keep in touch with the clinic, and that she would call when the time was right.

8.10 Conclusion

Autosomal dominant inheritance is present when one member of a gene pair has a
mutation. Phenotypic effects of a gene mutation reflect interactions between genetic and
environmental factors. For some autosomal-dominant conditions, gene mutations have
been identified and testing may contribute to clinical decision-making. Genetic testing
that is conducted for predictive purposes requires careful evaluation by the person at risk
of developing the disease. This allows the person to weigh up the potential benefits and
risks, as well as to understand the limitations of testing.
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Study questions
You have received a referral letter. It reads:
Dear Genetics Team Member,
Re: Bob Woods

Mr Woods, age 23, was seen by me today, for his first visit in the Community Family
Practice clinic. Three weeks ago, Bob Learned that his father was diagnosed with
Huntinaton disease (HD). He was aware of this condition in his family, as his father’s
sisters have this disease. He had been under the impression that only women developed
this disease in their family. Mr Woods wishes to have genetic testing to rule out HD. His
neurologic exam was normal today, and he does not demonstrate any signs of the typical
choreic or neurologic abnormalities of this disease

Mr. Woods is married and is the father of a 3-year-old son; his wife is 6 months
pregnant.

Thank you for your attention to this request. You can contact Mr Woods at the address
below.

Sincerely,
Family Nurse Practitioner

Task A

You will be calling Mr Woods to discuss this referral.
(a) Identify the goals for this initial telephone call.
(b) What questions will you want to ask him when you call?
(c) What information would you want to provide to him?

Task B
Information obtained during your telephone conversation with Mr. Woods:

He is the oldest of three siblings. His brother, Ben, is 20 years old and is a college
student. His sister, Kelly, is 16 years old and in high school. Their father, Mark, is 41
years old and was diagnosed as having HD by a neurologist. Mark has three sisters and
one brother. Karen is 52 years old. She has HD and has lived in a nursing home for 4
years. She has one daughter, Susan. Mark’s next sister is Roseanne. She is 48 years old
and is single. She was diagnosed with HD after an automobile accident 2 years ago. She
lives in an assisted living facility. The third sister, Helen, is 39 years old and has two
sons. Bob believes she is healthy. Bob believes Mark’s brother Jerry has schizophrenia.
Jerry does not maintain contact with the family and Bob does not know very much about
him. Bob thinks Jerry has a son. Bob’s paternal grandfather, James, is a military veteran.
He was admitted to a veteran’s care facility when Mark was a child. Bob remembers
being told that his grand-father had a head injury during his military service, and after the
children were born, he could not take care of himself. Mark’s mother, Ellen, died when
she was 73 years old from a stroke. Bob’s mother, Gwen, is 40 years old and has
diabetes. Bob has a 3-year-old son, Ryan, and his wife, Jennifer, is 6 months pregnant.
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(@) Construct Mr Wood’s family pedigree.

(b) Identify which family members may have HD and which are at risk of developing
HD.

(c) Describe the features in this pedigree that are consistent with autosomal dominant
inheritance.

(d) If these individuals are found to have HD, which family members are at a 50% risk?

(e) Which are at a 25% risk?

Task C

Mr Wood attends his first genetic testing visit. He brings Ben, who is undecided about
being tested. Bob asks that they go through the testing together and that they hear
everything that the other is told. Jennifer states that she will be the support person for
both Bob and Ben. What issues do you consider in determining the desirability of this
situation?

Task D
This is your first predictive testing client. What resources would you use to locate
information on predictive testing laboratories and the meaning of potential test results?

Task E
Mr Woods is worried that his employer might find out about his having the test. What
measures would you take to protect the privacy of his medical information?

Task F

You realize that Ben prefers not to have the test, but he does not want to disappoint his
brother. What information would you give Bob? And what information would you give
Ben?

Task G
Bob and Ben are both tested. Bob has 44 CAG repeats. Ben has 31.

(a) What are the implications of Bob’s results?
(b) And what are implications of Ben’s?

(c) What counseling would you offer to each of them?
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9
Autosomal recessive inheritance

9.1 Introduction to autosomal recessive inheritance

There are literally thousands of autosomal recessive conditions identified and more
details of them can be found in the Online Mendelian Inheritance in Man (OMIM)
resource. Because an individual with a recessive condition has no normal copy of a
particular gene, the recessive conditions tend to have a serious effect on the person’s
health and, frequently, there is an impact on the basic body metabolism. In this chapter,
the hemoglobinopathies will be used as an example of this range of conditions.

9.2 Autosomal-recessive inheritance

Genes that have an autosomal locus, such as the globin genes, will be present in two
copies: one inherited from the father and one from the mother. In autosomal recessive
conditions, it is necessary to inherit two copies of the variant gene to express the disease.
For example, a child with sickle cell disease (SCD) will have inherited two copies of a
mutation that causes SCD and both parents will be carriers.

In recessive disorders, carriers do not normally have manifestations of the disease. For
any carrier couple, the chance that they will both pass on one copy of the mutated gene is
1in 4 or 25%. As shown in Figure 9.1, each carrier parent will have a 1 in 2 or 50%
chance of passing on the mutation.

Features of autosomal recessive pattern of inheritance
The features of autosomal recessive inheritance are:

e parents of affected people are normally unaffected;
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Figure 9.1 Four possible outcomes
from carrier parents
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Calculation of genetic risks in recessive disorders

Clients may visit a genetics clinic with specific questions about the risk to themselves or
their children. From knowledge about the pattern of inheritance, it is possible to work out
what the various possibilities are.

Cystic fibrosis is a recessive condition that is common in northern European
populations and we can use it as an example to work through what the possible
consequences are.

CASE STUDY—MARK

Mark has a brother with cystic fibrosis (CF). He asks about his risk of being a carrier of
the gene mutation. Mark’s brother inherited a faulty copy of the CFTR (cystic fibrosis
transmembrane receptor) gene from both parents. Both Mark’s parents are therefore
carriers. Each time they had a child, there were four possible combinations of alleles
(Figure 9.1). However, Mark does not have CF, so there are three combinations
remaining. In two of those combinations, a faulty gene is passed on; therefore, Mark’s
chance of being a carrier is two out of three, or a % chance.

Calculation of recurrence risk

The use of the Hardy-Weinberg equation to calculate population carrier rates for
autosomal recessive conditions is described fully in Section 3.3. It is used here to
calculate the carrier risk of the partner who does not have a family history of CF.

In this northern European population, 1 in 1600 children are born with CF.

The number of homozygotes with the recessive condition is 1 in 1600; therefore:
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The carrier risk for someone with no family history of CF in this population is 1 in 20.

CASE STUDY—MARK

Mark’s risk of being a carrier of CF is #. His partner Sally has no family history of CF.
Her risk of being a carrier in this population is 1 in 20.
The chance that they will have a child with CF is:

Mark’s risk, i.e. %
Multiplied by Sally’s risk, i.e. /2
Multiplied by the chance of a child inheriting both faulty copies of the gene, i.e. %

9.3 The hemoglobinopathies

The molecular and protein basis of SCD and the other hemoglobinopathies is well
established and, as such, they provide an illustration of the pathway between mutation
and disease.

Sickle cell disease

SCD is one of a group of disorders—the hemoglobinopathies—which are caused by
mutations in the genes for the globin that makes up hemoglobin. Hemoglobin is located
in red blood cells and its function is the

CASE STUDY—MARY

Mary Walker has asked to see someone to talk about the implications of a recent
diagnosis of sickle cell anemia in her son. Because of work and family commitments, she
had moved during her pregnancy and had missed some of the routine antenatal care. She
had also left hospital only a few hours after her son was born. From an early age he had
failed to thrive, having repeated infections and episodes of painful swollen hands and
feet. She had been to see her family doctor on many occasions. After some months, a
blood test was ordered and the diagnosis was made. She has since seen the pediatrician to
talk about her son’s care and has been in touch with a support group. They have sent her
a lot of information and she now wants to talk over the genetic aspects of the condition.
She feels that the diagnosis of her son took a long time to make and that she was not
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him. She is also angry that a health professional told her that her son could not have SCD
but did not enquire about the ethnic background of the family.

absorption and release of oxygen. In SCD, the structure of the hemoglobin molecule
changes under conditions of low oxygen. This causes the shape of the blood cell to
change from a bi-concave disc to a crescent or sickle shape. Initially, this change is
reversible when the blood is reoxygenated; however, after repeated episodes of sickling,
the red blood cell is irreversibly damaged. This sickle shape leads to blockage of small
blood vessels, resulting in pain and various clinical presentations. The natural history of
the disease is variable.

Sickling crisis When the red blood cells sickle, their shape changes and they become
rigid and unable to transport oxygen efficiently. If the blood flow is obstructed, there is
ischemia and tissue infarction. The individual experiences excruciating pain, which is
often referred to as a “sickle cell crisis’.

A number of factors may precipitate a sickle cell crisis; for example, hypoxia,

acidosis, dehydration, infection, additional physical stress (e.g. physical activity or
pregnancy), extreme fatigue, or trauma.
Possible complications of Sickle cell disease There are a number of possible
complications, but the frequency of any individual one is very variable and some, all or
none of them may occur (Gray et al., 1991; Platt et al. 1994).

They also differ in adults and children. Possible complications include:

e vaso-occlusion;

e hemolytic anemia;

e gallstones;

e immunosuppression;

e delayed growth;

e aplastic crisis;

e splenic sequestration of blood;
e heart failure;

e leg ulcers;

e retinopathy.

The occurrence of complications depends on how effectively the disorder is managed
both by health professionals and the individual; for example, the use of prophylactic
antibiotics to reduce the risk of a crisis associated with infection. Some of the
complications that occur in adulthood are as a result of frequent and chronic damage to
tissues and organs. Therefore, the aim of treatment should be to reduce the possibility of
these complications occuring.

Pathogenesis of the hemoglobinopathies

Hemoglobin is formed of two parts: heme, the iron compound which binds with the
oxygen; and globins, which are proteins. Adult blood contains a mixture of hemoglobins,
the most common being hemoglobin A. Hemoglobin is formed from four protein chains
and two heme molecules.
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In hemoglobin A, the globin chains are a pair of alpha and a pair of beta chains. These
protein chains are coded for by a pair of alpha genes and a pair of beta genes. The
hemoglobinopathies are autosomal-recessive disorders that are caused by mutations in
these genes. SCD is caused by a point mutation that leads to an amino-acid substitution in
the beta globin chain. This substitution leads to a structurally different molecule when the
chains are assembled in the hemoglobin molecule (the most common being hemoglobin
S). The other common group of hemoglobinopathies are the thalassemias; these are
named after the chain that is deficient, alpha or beta. Thalassemias are caused by
imbalances in the production of alpha and beta chains. Hundreds of mutations have been
identified, but deletions of alpha genes are the most common forms of alpha thalassemia.
Clinically severe conditions occur when either both beta genes or three or four alpha
chains are affected. The potential combinations of variant globin chains and the
relationship between the genetic variation of the protein formation and the eventual
presence or absence of disease are complex. The genetics professional should have
accurate and up-to-date information regarding the potential consequences of any of these
combinations.

A distinction must be made between carriers who have only one affected globin locus
and remain healthy, and people who have two affected globin loci (homozygous or
compound heterozygous) and have one of the hemoglobinopathies. Resources regarding
the clinical consequences of the various combinations of the variant hemoglobins are
given at the end of this chapter in ‘Further resources’.

Synthesis of globin

Hemoglobin is made up of two alpha chains and two non-alpha chains, each set of chains
is associated with a heme molecule (Figure 9.2). The biophysical properties of this
molecule that is formed from these four chains allow the control of oxygen uptake in the
lungs and the release of oxygen in the tissues. One of the chains is designated alpha.
Apart from during the very first weeks of embryogenesis, one of the globin chains is
always an alpha chain. In adult life, the second globin chain is normally a beta chain. The
fetus has a specific form of hemoglobin that is formed by alpha chains and gamma
chains.

With the exception of the first 10-12 weeks after conception, fetal hemoglobin is the
primary hemoglobin in the developing fetus. It is termed hemoglobin F and, as discussed
above, is formed from two alpha chains and two gamma chains. Hemoglobin A, the adult
hemoglobin, predominates from about 18-24 weeks of age.
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Figure 9.2 Structure of the
hemoglobin molecule
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The genes that encode the alpha-globin chains are on chromosome 16. Those that
encode the non-alpha-globin chains are on chromosome 11. There are multiple genes at
each site, together with pseudo genes that are normally not expressed. The alpha complex
is called the alpha-globin locus, and the non-alpha complex is called the beta-globin
locus. The expression of the alpha and non-alpha genes is closely balanced by an
unknown mechanism. Balanced gene expression is required for normal red-cell function.

Each chromosome 16 has two alpha-globin genes that are placed one after the other on
the chromosome. For practical purposes, the two alpha-globin genes (termed alphal and
alpha2) are identical. As each cell has two copies of chromosome 16, a total of four
alpha-globin genes exist in each cell. The zeta genes are expressed for a short time in
early fetal life.

The genes in the beta-globin locus are arranged sequentially from the 5’ end of the
chromosome to the 3’ end, beginning with the gene expressed in embryonic development
(called epsilon, and expressed during the first 12 weeks after conception). The beta-
globin locus ends with the adult beta-globin gene. There are two copies of the gamma
gene on each chromosome 11. The others are present in single copies. Therefore, each
cell has two beta-globin genes, one on each of the two copies of chromosome 11 in the
cell. These two beta-globin genes express their globin protein in a quantity that precisely
matches that of the four alpha-globin genes. The mechanism of this balanced expression
is unknown.
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9.4 Carrier frequencies

The inherited hemoglobin disorders are the most common inherited single-gene
disorders. However, their prevalence has a particular geographic distribution (Davies et
al., 2000; Figure 9.3).

The frequency of carriers of hemoglobin S in Africa is 19-27%. Areas of the world in
which carriers of mutations in genes for the hemoglobinopathies are

Figure 9.3 Distribution of the
hemoglobinopathies
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common are also areas where there is a high prevalence of malaria. There is evidence to
support the suggestion that this high frequency of gene mutations for both sickle cell and
alpha thalassemia is because they confer protection against malaria. In areas where
malaria is endemic, carriers of SCD will be protected and will therefore survive to
reproduce and pass on their genes. As this is a recessive condition and heterozygotes are
more common than homozygotes, this selective advantage outweighs the fact that some
homozygotes will not survive because of their disease.

Although the carrier frequency of SCD is high in individuals of African origin, it is
important for health workers not to make assumptions about a person’s ethnic origin. In
hemoglobinopathy screening programs, in which screening has been targeted at particular
ethnic groups, it has been shown that this strategy misses at least 10% of those who might
have been diagnosed at birth. In addition, there are practical problems of determining
race and ethnicity at birth (Gessner et al., 1996; Shafer et al., 1996).

CASE STUDY—MARY
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diagnosis of their son took some time to make. Mary had heard from her sister that SCD
was more common in people who originated from Africa and felt that this should have
been recognized in her case.

After talking through the genetics of SCD with Mary, the genetics nurse/counselor
asks her if the rest of her family know about the diagnosis in her son. Mary tells the
counselor that they do and she has just found out that her brother’s partner Jo is pregnant.
Jo had been tested as part of an antenatal screening program and knew that she also
carried the sickle-cell gene. She had not wanted to tell Mary because she was thinking
about having prenatal diagnosis and was worried that Mary might feel that this would
mean that she should not have had her son. The counselor reflected on this when she had
clinical supervision. It had brought home to her that although the genetics was essentially
simple, the knowledge and implications for the family were not

9.5 Molecular testing

In the hemoglobinopathies, biochemical testing is the first choice for diagnosis and
carrier detection. It is possible to directly test for mutations, but the complexity of the
number of potential mutations that might be implicated means that, at the time of
publication, DNA analysis is not used as the primary testing method. In CF, the situation
regarding testing for mutations is relatively more simple.

Molecular genetic laboratories use a variety of different techniques to detect mutations
or to track genes through families. The basis of much genetic testing currently carried out
in clinical genetics is the polymerase chain reaction (PCR). With PCR, specific DNA
sequences can be copied many times to yield large quantities of the particular portion of
DNA corresponding to genes or fragments of genes. These can then be analyzed or
manipulated. The exact method of analysis used will depend on the characteristics of the
DNA sequence of interest and the type of potential mutations. The technique of PCR has
also been important in the development of forensic DNA analysis. It has allowed the
amplification of small amounts of DNA to provide a unique DNA fingerprint, which can
be used as evidence (Jeffreys et al., 1985).

Polymerase chain reaction

Amplification of the target DNA sequence occurs through repeated cycles of DNA
synthesis. In clinical genetics, the usual source for the DNA template that is used for the
reaction is DNA extracted from cells from a patient. As in karyotyping, this can be any
nucleated cell. Commonly, a blood sample is used. DNA can also easily be extracted
from cells in the saliva or scraped from the inside of the cheek (buccal smear). The PCR
technique can also be used for prenatal diagnosis. Although DNA analysis is possible on
cells harvested from amniotic fluid, the preferred sample is a chorionic villus biopsy, as
this will yield greater amounts of DNA.
In addition to the target DNA, the other components of a PCR are:

e primers—short sequences of single-stranded DNA that bind by complementary base-
pairing either side of the sequence containing the gene of interest;
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e DNA polymerase—an enzyme that copies the target sequence and that acts at a specific
temperature;

e molecules corresponding to the four bases—these are used in the synthesis of new
DNA strands.

In a PCR (Figure 9.4), the template DNA (usually all the chromosomal DNA) is put in
solution with the primers, the DNA polymerase and the bases. The reaction is heated,
which destabilizes the double-helical structure of the template DNA. This separates into
two single strands (denaturing).

The reaction is then cooled to a temperature that allows the primers to bind to the
single-stranded DNA without allowing the double helix to reform (annealing). It is then
heated to the temperature that allows the DNA polymerase to become active. The
polymerase copies the sequence of the template DNA, starting at the primers and using
the bases present in the reaction for synthesis of new single DNA strands (synthesis).

This cycle is repeated 20-40 times, depending on how much of the target sequence
was present in the original DNA template. In the first cycle, synthesis carries on beyond
the end of the target sequence because there is nothing to stop it. Over subsequent cycles,
the newly synthesized strands, which end with a primer sequence, themselves act as
templates and eventually only the target sequence is amplified.

Once sufficient quantities of target DNA have been generated, it can be used for clinical
analysis or research. Techniques used to identify specific known gene mutations depend
on the nature of the mutation. Analysis of specific mutations often uses DNA probes that
hybridize to the mutation. DNA probes are single-stranded specific DNA sequences; they
are radioactively or fluorescently labeled. If a probe is specific for a mutation, then it will
show a signal if the mutation is present and will not show a signal if it is absent. Probes
may be designed to detect either normal or mutated sequences.

Southern blotting (named after its inventor, Ed Southern) was the first method of analysis
of DNA that utilized hybridization (Southern, 1992). The technique can be used on large
fragments of DNA, which are too large to be amplified in a PCR reaction.

The DNA is cut into fragments using restriction enzymes that will only cut at specific
sequences of bases (e.g. after a CTG sequence). The DNA is extracted from the cell and
cut into fragments. Because the restriction enzyme cuts at specific sites, a number of
different-sized fragments are produced; these are called restriction fragment-length
polymorphisms (RFLPs). Their length may be altered by a mutation. The fragments are
separated by size by placing the reaction on an electrophoretic gel.

Because the fragments are slightly negatively charged, they move from the negative
end of the gel to the positive end. The larger fragments do not move as far as the smaller
fragments and therefore the larger ones are near the top of the gel and the smaller ones
are near the bottom.
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Figure 9.5 Southern blotting

Figure 9.4 PCR
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Southern blotting
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The fragments are then transferred to a membrane by blotting. A labeled DNA probe is
hybridized to the membrane. If the probe is radioactively labeled, the membrane is placed
next to an X-ray file and the film is developed.

After several hours, the film will reveal a number of bands corresponding to the
fragments to which the probe has hybridized. A specific mutation can be detected if it
alters a restriction enzyme cutting site, so that the presence of a mutation causes a
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different band pattern to that caused by the absence of a mutation. Large deletions or
insertions will also change the length of the restriction fragments.

Southern blotting has also been used extensively in research to isolate genes and to
track them through families. Southern blotting analyzes DNA. Another similar
technique—called northern blotting—is used to analyze RNA.

Testing for mutations
A direct test for a mutation can be performed if:

e a specific mutation is known;
e there is a specific probe for either its presence or absence;
e the mutation alters a restriction enzyme cutting site or the size of a band.

In the case of CF, more than 1000 different mutations have been reported in the CFTR
gene, but most of these are very rare. The most common CF mutation is DF508 (also
called Delta F508 or AF508), which is a three-base-pair deletion in the gene. This
mutation accounts for about 70-75% of CF cases occuring in individuals originating from
northern Europe, although there is some regional variation. The frequency of this
mutation also varies in different ethnic groups, accounting for less than 50% of cases in
Jewish, Afro-Caribbean, and Asian populations. The frequency of some other relatively
common mutations is around 1-3%, but some mutations are so rare that they are only
known to exist in individual families.

Laboratories do not routinely check for all known mutations. If the mutation has been
identified in a family, accurate carrier testing will be available for that family. If it has
not, then the information provided by a negative test will depend on the probability of the
mutation being causative in the particular population in previous years. The AF508
mutation is common enough in the northern European population to be useful for testing
in the general population, but the situation might be different for someone from a
different ethnic group.

9.6 Finding disease genes

The story of the discovery of the gene that confers susceptibility to hemochromatosis
illustrates the complexity of finding genes and also highlights the use of a number of
molecular genetic techniques. In SCD, the variant protein was known before the gene had
been identified. The genes were identified through ‘functional cloning’, working from the
protein back to the gene. In hemochromatosis, there was no clue as to the underlying
protein abnormality until the gene was identified.

Hemochromatosis is an autosomal-recessive disorder of iron metabolism. In patients
affected with hemochromatosis, the regulation of iron absorption is disturbed. Iron is
essential for the body; however, it is also toxic in excess. Iron is not excreted and
therefore control is at the level of the gut, where absorption of iron is upregulated in
conditions of iron deficiency and downregulated when body stores are sufficient.
Individuals who have hemochromatosis continue to absorb iron even when they are iron-
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loaded. This excess iron is stored in the liver and other organs, and can eventually lead to
these organs being damaged.

The first step in the identification of the gene for hemochromatosis was taken using
tissue typing and the human leukocyte antigen (HLA) locus. This locus, on chromosome
6, shows great variability between individuals as it is associated with immunity. Tissue
typing for transplantation is based on characterizing the HLA type. Before the
development of molecular genetics, the variation in HLA types could be used to look for
linkage between particular HLA types and diseases.

In 1976, Simon found an excess of HLA-A3 alleles among individuals with
hemochromatosis, revealing that hemochromatosis is inherited as an autosomal-recessive
trait that is caused by a gene tightly linked to the HLA-A locus on chromosome 6 (Simon
et al., 1976). The cloning of the HHC gene was made possible by a number of advances
in genetics in the late 1980s. Location of the gene had been mapped to a relatively small
section of chromosome 6. Linkage analysis is covered in more detail in Chapter 10.

Because the position of the gene was known. a positional cloning strategy could be
developed (Figure 9.6). If the location but not the nature of the gene

Figure 9.6 Functional and positional
cloning

is known, the region is mapped and genes in the region are characterized, allowing the
protein and its defects to be identified. However, the genetic distance was considerable
and was estimated—on the basis of the number of recombination events occurring
between these loci—to be several centimorgans or megabases.
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In the early 1990s, the magnitude of the task of analyzing such a stretch of DNA was
little short of that facing the Human Genome Project, which was in its infancy. There was
also an absence of a map for this region of chromosome 6. Therefore, a number of groups
set out to construct one. At this time, DNA maps were constructed by analyzing small
sections of overlapping DNA and using a variety of techniques to assign their position on
the chromosome.

Various groups narrowed the candidate region and eventually, in 1996, Feder and
colleagues carried out a study in 101 hemochromatosis patients and 64 controls, using 45
of the DNA markers contained within the candidate region. This group genotyped or
“finger-printed’ them by determining the combination of alleles present in each
individual. Once the region was reduced to 250 kilobases, the DNA contained in that
region could be sequenced and two mutations were identified that appeared to be
associated with hemochromatosis. This enabled the HFE gene to be identified. Further
studies in animals and humans were required to confirm that the HFE gene was
associated with hemochromatosis.

Feder’s study identified a gene in which two missense mutations accounted for 88% of
the affected probands. This gene—previously called HLA-H—is now called HFE. Further
prevalence studies have confirmed the relationship between the two common mutations
and hemochromatosis. These mutations are a G to A transition at nucleotide 845 on the
HFE gene, causing aspartate to substitute for histidine at position 282 on the HFE protein
(C282Y), and a G to C transition at nucleotide 187, causing an aspartate to histidine
substitution at position 63 in the HFE protein (H63D). The C282Y mutation disrupts the
structure of the protein and means that it is not able to be transported to the cell surface.
The mechanism by which the H63D mutation leads to excess iron absorption is not clear.

The majority of patients are homozygous for the C282Y mutation, with a smaller
minority being compound heterozygotes for both mutations (The UK Haemochromatosis
Consortium, 1997). In a recent review of genotyping studies in clinically affected
probands, the frequency of homozygosity for C282Y ranged from 52-100%, with
approximately 5% of cases being compound heterozygotes for the two mutations
(Hanson et al., 2001). This review included studies that were from ethnically diverse
populations, some of whom would not be expected to have a high frequency of the
C282Y mutation.

As many as 10% of cases of hemochromatosis are not accounted for by these common
mutations. Other mutations within the HFE gene have been identified, but their clinical
significance is not yet clear (Pointon et al., 2000). In addition, rare cases have been
reported in families that have iron-overload disorders that have been shown to be caused
by mutations in genes for other proteins involved in iron-metabolism pathways.

Chromosome-6-linked hemochromatosis is generally considered to be a disease that
occurs in Europeans. Prevalence studies have, indeed, indicated that the common
mutations are found primarily in individuals of northern European descent, with
particularly high prevalence in ‘Celtic’ populations (Merryweather-Clarke et al., 2000).

Unlike the heterozygote advantage of resistance to malaria conferred by
hemoglobinopathy genes, the explanation for the high frequency of mutations in the HFE
gene is not known. It is hypothesized that possession of an HFE allele will be protective
against iron-deficiency anemia, which might lead to a reproductive advantage.
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The success of positional cloning in identifying the HFE protein led to the
identification of further proteins involved in iron metabolism. However, the function of
the HFE protein and its role in the regulation of iron metabolism is still not fully clear.

9.7 Population screening

CASE STUDY—MARY

Michael and Jo, Mary’s brother and his partner, come to the genetics clinic for Michael to
be tested. Jo had been offered a test to see if she was a carrier of SCD when she went for
her first antenatal check-up. She had been found to be a carrier and wanted to talk about
what they should do about it. She was relieved to hear that the baby would only have a
risk of having SCD if Michael was also a carrier. His blood test was arranged. The
counselor encouraged Jo and Michael to explore what they would do with the
information if Michael was a carrier and outlined their options: to do nothing, to have
prenatal diagnosis simply for information and to be prepared, or to have prenatal
diagnosis and consider terminating the pregnancy if the baby was shown to have SCD.
The test on Michael showed that he was not a carrier and, to their great relief, they
continued with the pregnancy.

The above is an example of screening to detect carriers of a recessive condition in 