
Medical Genetics
for the MRCOG
and Beyond

Second edition

www.cambridge.org© in this web service Cambridge University Press

Cambridge University Press
978-1-107-66130-1 - Medical Genetics for the MRCOG and Beyond: Second Edition
Edward S. Tobias and J. Michael Connor
 Frontmatter
More information

http://www.cambridge.org/9781107661301
http://www.cambridge.org
http://www.cambridge.org


www.cambridge.org© in this web service Cambridge University Press

Cambridge University Press
978-1-107-66130-1 - Medical Genetics for the MRCOG and Beyond: Second Edition
Edward S. Tobias and J. Michael Connor
 Frontmatter
More information

http://www.cambridge.org/9781107661301
http://www.cambridge.org
http://www.cambridge.org


Medical Genetics
for the MRCOG
and Beyond

Second edition

Edward S. Tobias and J. Michael Connor

www.cambridge.org© in this web service Cambridge University Press

Cambridge University Press
978-1-107-66130-1 - Medical Genetics for the MRCOG and Beyond: Second Edition
Edward S. Tobias and J. Michael Connor
 Frontmatter
More information

http://www.cambridge.org/9781107661301
http://www.cambridge.org
http://www.cambridge.org


University Printing House, Cambridge CB2 8BS, United Kingdom

Published in the United States of America by Cambridge University Press, New York

Cambridge University Press is part of the University of Cambridge.

It furthers the University’s mission by disseminating knowledge in the pursuit of

education, learning and research at the highest international levels of excellence.

www.cambridge.org

Information on this title: www.cambridge.org/9781107661301

© Edward S. Tobias and J. Michael Connor 2014

This publication is in copyright. Subject to statutory exception

and to the provisions of relevant collective licensing agreements,

no reproduction of any part may take place without the written

permission of Cambridge University Press.

First published 2014

Printed in Spain by Grafos SA, Arte sobre papel

A catalog record for this publication is available from the British Library

Library of Congress Cataloging-in-Publication Data

Tobias, Edward S., author.

Medical genetics for the MRCOG and beyond / Edward Tobias and J. Michael Connor. –

Second edition.

p. ; cm.

Preceded by: Medical genetics for the MRCOG and beyond / J. Michael Connor. 2005.

Includes bibliographical references and index.

ISBN 978-1-107-66130-1 (Paperback)

I. Connor, J. M. (James Michael), 1951- author. II. Royal College of Obstetricians and

Gynaecologists (Great Britain), publisher. III. Title.

[DNLM: 1. Genetics, Medical. 2. Pregnancy Complications. WQ 240]

RB155.6

6160.042–dc23 2013045691

ISBN 978-1-107-66130-1 Paperback

Cambridge University Press has no responsibility for the persistence or accuracy of

URLs for external or third-party internet websites referred to in this publication,

and does not guarantee that any content on such websites is, or will remain,

accurate or appropriate.

..... . . .. . . . . . . . . . . . .. . . . . . . . . . . .. . . . . . . . . . . . .. . . . . . . . . . . .. . . . . . . . . . . . .. . . . . . . . . . . .. . . . . . . . . . . . .. . . . . . . . . . . .. . . . . . . . . . . . .. .

Every effort has been made in preparing this book to provide accurate and up-to-date information

which is in accord with accepted standards and practice at the time of publication. Although case

histories are drawn from actual cases, every effort has been made to disguise the identities of the

individuals involved. Nevertheless, the authors, editors and publishers can make no warranties that

the information contained herein is totally free from error, not least because clinical standards are

constantly changing through research and regulation. The authors, editors and publishers therefore

disclaim all liability for direct or consequential damages resulting from the use of material contained in

this book. Readers are strongly advised to pay careful attention to information provided by the

manufacturer of any drugs or equipment that they plan to use.

www.cambridge.org© in this web service Cambridge University Press

Cambridge University Press
978-1-107-66130-1 - Medical Genetics for the MRCOG and Beyond: Second Edition
Edward S. Tobias and J. Michael Connor
 Frontmatter
More information

http://www.cambridge.org/9781107661301
http://www.cambridge.org
http://www.cambridge.org


Contents

Abbreviations viii

Glossary x

Preface xv

Acknowledgements xvi

Section One: General principles of medical

genetics 1

Introduction 3

Normal human inheritance 3

Types of genetic disease 5

Chromosomal disorders 6

Single-gene disorders 11

Multifactorial (or part-genetic) disorders 18

Somatic cell (or cumulative) genetic disorders 19

Drawing the family tree 20

Interpreting the family tree 20

DNA analysis 25

Chromosome analysis 34

Preimplantation genetic diagnosis (PGD) 35

Cell-free fetal DNA testing 36

Referral for genetic assessment and counselling 37

Section Two: Common genetic problems in

obstetric and gynaecological practice 41

Introduction 43

Genetic causes of infertility 43

Genetic causes of recurrent miscarriages 45

Elevated maternal screening risk 49

Cystic fibrosis 55

Family history 59

Reference 75

CONTENTS v

www.cambridge.org© in this web service Cambridge University Press

Cambridge University Press
978-1-107-66130-1 - Medical Genetics for the MRCOG and Beyond: Second Edition
Edward S. Tobias and J. Michael Connor
 Frontmatter
More information

http://www.cambridge.org/9781107661301
http://www.cambridge.org
http://www.cambridge.org


Section Three: Clinical case scenarios 77

Introduction 79

Case 1: Unexpected finding at amniocentesis 79

Case 2: Lethal short-limbed skeletal dysplasia 81

Case 3: Family history of Down syndrome 81

Case 4: Family history of Huntington disease 82

Case 5: Family history of Duchenne muscular

dystrophy 83

Case 6: Unexplained high level of maternal serum

alphafetoprotein (MSAFP) 84

Case 7: Family history of siblings with Goldenhar

syndrome 84

Case 8: Family history of microcephaly 85

Case 9: Unexpected finding at amniocentesis 86

Case 10: Family history of Down syndrome 87

Case 11: Importance of genetic ancestry 88

Case 12: Never say never 89

Case 13: Unexpected finding at amniocentesis 91

Case 14: Inherited limb abnormality 92

Case 15: Multiple congenital abnormalities 93

Case 16: Family history of cystic fibrosis 95

Case 17: Previous obstetric history of trisomy 13 96

Case 18: Previous obstetric history of

hydrocephalus 97

Case 19: Maternal congenital heart disease 99

Case 20: Family history of neonatal myotonic

dystrophy 100

Case 21: Unexpected finding at amniocentesis 102

Case 22: Previous obstetric history of a fetus with

multiple congenital malformations 103

Case 23: Accidental X-ray in early pregnancy 104

Case 24: Genetic mimicry 105

Case 25: Previous obstetric history of an

intrauterine death with cystic hygroma 106

Case 26: Where possible verify the diagnosis 107

Case 27: Beware of variable expressivity 108

Case 28: Provision of patient-appropriate literature

for rare conditions 110

Case 29: Searching for online sources of specialist

information regarding rare genetic

conditions 111

vi MEDICAL GENETICS FOR THE MRCOG AND BEYOND

www.cambridge.org© in this web service Cambridge University Press

Cambridge University Press
978-1-107-66130-1 - Medical Genetics for the MRCOG and Beyond: Second Edition
Edward S. Tobias and J. Michael Connor
 Frontmatter
More information

http://www.cambridge.org/9781107661301
http://www.cambridge.org
http://www.cambridge.org


Appendix 1: Guide to online sources of genetic

information 115

Clinical information 116

Patient support groups 119

Further reading 121

Index 122

CONTENTS vii

www.cambridge.org© in this web service Cambridge University Press

Cambridge University Press
978-1-107-66130-1 - Medical Genetics for the MRCOG and Beyond: Second Edition
Edward S. Tobias and J. Michael Connor
 Frontmatter
More information

http://www.cambridge.org/9781107661301
http://www.cambridge.org
http://www.cambridge.org


Abbreviations

A adenine

aCGH array comparative genomic hybridisation

α-FP alphafetoprotein

ARMS amplification refractory mutation system

bp base pair

BRCA1 breast cancer type 1 gene

C cytosine (or consultand in a pedigree diagram)

cffDNA cell-free fetal DNA

CFTR cystic fibrosis transmembrane conductance regulator gene
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FMR1 fragile site mental retardation 1 gene

FXTAS fragile X tremor/ataxia syndrome

G guanine

Gy gray

hCG human chorionic gonadotrophin

HNPCC hereditary nonpolyposis colorectal cancer
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kb kilobase
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L1CAM L1 cell adhesion molecule gene

Mb megabase

MLPA multiplex ligation-dependent probe amplification

M/M mutant/mutant

MOM multiples of the median

MSAFP maternal serum alphafetoprotein

N/M normal/mutant

NGS next-generation sequencing

NIPD noninvasive prenatal diagnosis

PAPP-A pregnancy-associated plasma protein A

PCR polymerase chain reaction

PGD preimplantation genetic diagnosis

QF-PCR quantitative fluorescent polymerase chain reaction

rads radiation absorbed doses

T thymine

TP63 tumour protein p63
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Glossary

allele alternative forms of a gene at the same

locus

array comparative genomic

hybridisation (aCGH)

detection method for DNA duplications

or deletions by competitive

hybridisation, using a microarray of

known mapped sequences and

fluorescently labelled control and test

DNA

autosomal dominant

inheritance

mutation in one member of an

autosomal gene pair results in disease

autosomal recessive

inheritance

mutation in both members of an

autosomal gene pair is necessary for

disease to occur

autosome chromosomes numbers 1 to 22 inclusive

balanced translocation transfer of chromosomal material

between chromosomes with no overall

gain or loss and hence no clinical effect

base pair unit of length of DNA of one set of paired

bases (AT or GC)

carrier a person with one mutation in an

autosomal or X chromosomal gene pair

who shows recessive inheritance (i.e. no

clinical effect unless both members of

the gene pair are mutated)

centromere a constricted area of the chromosome

that divides it into short and long arms

chromosome disorder any abnormality of chromosome

number or structure visible under the

light microscope

codon three consecutive bases in DNA

(or RNA) that specify an amino acid
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concordance likelihood that both (e.g. twins) will be

affected or unaffected

congenital present at birth

consanguineous mating between individuals who share

at least one common ancestor

consultand a person requesting genetic counselling

deletion loss of chromosomal material

diagnostic test a test that confirms or refutes a diagnosis

dizygotic twins twins which arise from the fertilisation

of two separate eggs

dominant a trait expressed in the heterozygote

empiric risk recurrence risk based on experience

rather than calculation

false negative rate proportion of affected cases missed by a

screening test

first-degree relatives immediate relatives who have one half

of their genes in common (e.g. parent

and child or brother and sister)

fluorescence in situ

hybridisation

the use of a fluorescently labelled DNA

probe to bind to specific chromosomal

region of interest

gene a segment of DNA that codes for a

functional product (e.g. a protein)

gene probe a labelled segment of DNA that can be

used to find its matching segment

among a mixture of DNA fragments

genetic counselling communication of information and

advice about inherited disorders

genetic heterogeneity genetic mimicry where mutations in

different genes can produce a similar

clinical picture

genomic imprinting parent-specific expression or repression

of genes in offspring

genotype the genetic make-up of an individual

gonadal mosaic a person with a mixture of cells in their

gonad, some with a mutation and some

without
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heterozygous a person with a gene pair who has one

mutant and one normal gene

homozygous a person with a gene pair in which both

copies of the gene are mutant or normal

independent risks risks where the outcome of one event

has no influence on the outcome of the

other (e.g. if two coins are tossed heads

or tails may occur for either and the

result for one does not influence the

other)

karyotype the chromosomal make-up of an

individual

kilobase a unit of length of DNA of 1000 base

pairs

length mutation a type of DNA change where the DNA

sequence is increased or decreased

in size

locus the location of a gene on a chromosome

megabase a unit of length of DNA of 1 000 000 base

pairs

meiosis reduction cell division that occurs in the

gonads in the production of eggs and

sperm

microdeletion a chromosomal deletion that is at or

below the limit of resolution using a

light microscope

mitosis normal cell division that results in

daughter cells with an identical genetic

complement

monozygotic twins twins which result from the early

division of a single fertilised egg into two

embryos

mosaic an individual with cells with two or

more genetic constitutions

multifactorial inheritance conditions arising from the interaction of

multiple genes and environmental

factors

mutation alteration of genetic material
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mutational heterogeneity different mutations in a particular gene

may cause the same disease

mutually exclusive risks risks where one outcome of an event

precludes another outcome (e.g. a single

tossed coin can result in heads or tails

but not both)

nonpenetrance no signs or symptoms in an individual

who has inherited an autosomal

dominant trait

phenotype the clinical features of an individual

point mutation a type of DNA change where a single

base is replaced with another base

polymerase chain reaction a technique for amplification of a target

segment of DNA

polymorphism a common DNA or chromosomal variant

(present in at least 1% of the

population)

proband the individual who draws medical

attention to the family

recessive a trait that is expressed only in

homozygotes

satellite stalks the short arms of chromosomes 13, 14,

15, 21 and 22

screening test a test that divides a population according

to risk for a condition; those at high risk

are then offered a diagnostic test

second-degree relatives close relatives with one-quarter of their

genes in common (e.g. grandparent

and grandchild or nephew/niece and

aunt/uncle)

sensitivity the proportion of cases detected by a

screening test

sibship a family group of brothers and/or sisters

somatic cell disorders genetic conditions that arise after

conception from accumulation of

genetic mutations in a cell or group

of cells

somatic mosaic a person with a mixture of cells, some

with a mutation and some without
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specificity the proportion of the unaffected

population included by a screening test

in the high-risk group (also called the

false positive rate)

syndrome a nonrandom combination of clinical

features

telomere the ends of the short and long arms of

the chromosomes

third-degree relatives more distant relatives who share one-

eighth of their genes (e.g. first cousins)

trait any gene-determined characteristic

translocation the transfer of chromosomal material

between chromosomes

triploidy an extra half set of chromosomes

resulting in 69 in total

trisomy an extra copy of a chromosome resulting

in 47 in total

variable expressivity or

expression

variation in clinical effects of an

autosomal dominant trait

X-linked recessive

inheritance

disease due to mutations in genes on the

X-chromosome; males with only one

X are affected if that copy is mutant

whereas females with two

X chromosomes are usually unaffected if

only one copy is mutant
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Preface

There is a long history of successful interaction between obstetrics and

gynaecology and medical genetics. Initially, most applications related to

obstetrics, especially with the use of prenatal diagnosis and screening

but, more recently, the growth has been in applications related to

gynaecology, especially in relation to gynaecological malignancies.

However, despite this long history, there is a widespread misconcep-

tion that genetics is a difficult subject to understand. This book thus

aims to dispel this misconception as well as providing a revision aid for

the MRCOG candidate. The first section covers basic principles. The

second section outlines the more common situations where obstetrics

and gynaecology and medical genetics interact and the third section

contains real-life clinical case scenarios. These scenarios have been

selected to represent typical problems and to highlight areas that, if

mismanaged, could (and did, in many of these cases) lead to medico-

legal consequences.

The book discusses the uses of the latest techniques, such as ‘next-

generation sequencing’, quantitative fluorescent polymerase chain

reaction (QF-PCR), array comparative genomic hybridisation (aCGH),

preimplantation genetic diagnosis (PGD) and the recently introduced

analysis of free fetal DNA in the maternal circulation for noninvasive

prenatal diagnosis (NIPD). In addition, the increasing importance

of online databases is reflected in the greatly expanded section

(Appendix 1) that outlines the online medical genetic resources,

which are most useful and appropriate for different purposes and

provides their web addresses. An accompanying online guide (www.

essentialmedgen.com) provides the reader with links to these databases

from a single website in addition to news of the latest developments

in the field.

Edward S. Tobias

J. Michael Connor
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