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Medical Genetics

« Sometimes seen as a very complex &
difficult subject
* I'll go fairly slowly and will explain as | go.

— but you should also read around the subject
e.g. from the Essential Medical Genetics

textbook

| want you to learn the principles (i.e. not
the clinical details of thousands of genetic

conditions)
- Please do respond if | ask a Q.




RESOURCES:
* Moodle site (and this special extra Moodle page:

https://moodle.gla.ac.uk/mod/book/view.php?id=4433318&cha
pterid=155480

for extra documents, summaries, quizzes, & web-links)

» For interest (not for exams), my websites (with many
selected links) for accessing international sources:
www.EuroGEMS.org & www.essentialmedgen.com

» For further explanations of concepts, my E-book (Essential
Medical Genetics, available to you, free)

» Extra quizzes to test yourself

Aim
» To give you some essential info re medical
genetics & hopefully make genetics easier



https://moodle.gla.ac.uk/mod/book/view.php?id=4433318&chapterid=155480
https://moodle.gla.ac.uk/mod/book/view.php?id=4433318&chapterid=155480
http://www.eurogems.org/
http://www.essentialmedgen.com/

Contents of this lecture:

Application of principles including:
« Typical Mendelian inheritance
mechanisms:
— AD, AR and X-linked

 Atypical Mendelian inheritance
— unusual mechanisms

Which features can you see in the pedigree (family
tree)?
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Autosomal dominant inheritance

NB also variable expression and complete/incomplete penetrance




» Other aspects of AD conditions:

— modifier genetic variants

— affect severity or penetrance

» eg FGFR2 variants in BRCA2 mutation carriers

» other examples of autosomal dominant

conditions

— inherited breast, ovarian or colon cancer

— APKD (i.e. AD (adult) PKD)

— NF1 (neurofibromatosis type 1)

— HD (Huntington disease)




Autosomal recessive

Father Mother
carrier
parents
autosomal
recessive
inheritance
offspring

25%
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parents

Diagram of
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recessive
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:

Carrier
parents

Diagram of
autosomal
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Carrier
parents

Diagram of
autosomal
recessive
inheritance

Offspring

25%

Sickle-shaped red blood cells in a sickle

Family with sickle cell disease haemoglobin (HbS) homozygote

OO

O_
D_
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AR inheritance (continued)

CLUES:

« usually horizontal, not vertical pattern
— ie affected individuals in one sibship

* both males and females may be affected
* there may be consanguinity in family

examples of AR conditions
* sickle cell disease
» cystic fibrosis
* haemochromatosis
* phenylketonuria (PKU)
 spinal muscular atrophy (SMA)
« congenital adrenal hyperplasia
« Wilson disease
« Tay-Sachs disease
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Cystic fibrosis
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INTERACTIVE SESSION

A healthy couple who have a child affected by an
AR condition plan to have another child together.
What is the approx. chance that their next child will
be affected?
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A man affected by an AR condition (known to be
associated with just one gene) has a partner who is a
carrier of the same condition. They have three children.
What is the chance that their third child will be affected?

1) 100%
2) 75% N B i
3) 67%

4) 50%

5) 25%

A man affected by that AR condition has a partner who is
affected by the same condition. They have three children.
What is the chance that their first child will be affected?
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SUMMARY of MAIN POINTS of AD vs
AR....

Comparison of
typical
features of
autosomal
dominant and
recessive
modes of
inheritance

Autosomal dominant

Autosomal recessive

Equal frequency and severity

in males and females

Vertical pedigree pattern

Horizontal pedigree pattern
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Comparison of
typical
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autosomal
dominant and
recessive
modes of
inheritance

Autosomal dominant

Autosomal recessive

Equal frequency and severity

in males and females

Vertical pedigree pattern

Horizontal pedigree pattern

Disease expressed in
heterozygotes

Disease expressed in
homozygotes (2 identical
mut alleles) or in compound
heterozygotes (2 diff mutations)

Offspring of affected

individuals usually have a
50:50 risk

Offspring of affected
individuals have a low risk

Variable expressivity

Expressivity more constant
within a family

There may be incomplete
penetrance

Importance of consanguinity
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« For a summary of all this, see my
summaries and my short recorded
“summary” mini-lecture.

INTERACTIVE DISCUSSION
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X-linked recessive inheritance
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« Who are the “obligate” carriers?
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X-linked recessive inheritance
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» Features: “knight’'s move” pattern, no male
to male; mostly or only males affected

 occasional “manifesting carriers”
— due to “skewed X-inactivation”

EXpeCted proportlonS Of Father Cmaortrf:eerr
offspring of a female
heterozygote for an X-linked Parnts
recessive condition
XY X X
50% of her sons are affected
Offspring H H
(S
Affected

boy




Carrier

Expected proportions of Fathr mother
offspring of a female

heterozygote for an X-linked paens
recessive condition

XC——oC—D

N4 X X
50% of her sons are affected
Offspring H H
Expected proportions of Fter o
offspring of a female
heterozygote for an X-linked paens
recessive condition
XY X X
* 50% of her daughters are carriers
* 50% of her sons are affected
Offspring H H ﬁ
Carrier
girl
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Carrier

Expected proportions of Fathr mother
offspring of a female

heterozygote for an X-linked paens
recessive condition

XC——oC—D

X X

<

* 50% of her daughters are carriers

* 50% of her sons are affected

Offspring
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Expected proportions of offspring of a male with an X-
linked recessive condition

Affected father Mother

Parents

Pl

X X X
* none of his sons are affected
Offspring H H
Normal boys Carrier girls
Expected 25% 25% 25% 25%
proportions 50% 50%

® = Mutant gene

Expected proportions of offspring of a male heterozygote
for an X-linked recessive condition

Affected father Mother
Parents
XY X X

none of his sons are affected

Offspring H H
Normal boys Carrier girls
Expected 25% 25% 25% 25%
proportions 50% 50%

® = Mutant gene
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Expected proportions of offspring of a male heterozygote
for an X-linked recessive condition

Affected father Mother
Parents
XY X X

« all of his daughters are carriers
* none of his sons are affected

v

Offspring H H
Normal boys Carrier girls
Expected 25% 25% 25% 25%
proportions 50% S0%

® = Mutant gene

Expected proportions of offspring of a male heterozygote
for an X-linked recessive condition

Affected father Mother
Parents H
« all of his daughters are carriers
* none of his sons are affected
Offspring H H
Normal boys Carrier girls
Expected 25% 25% 25% 25%
proportions 50% 50%
® = Mutant gene

27



X-linked dominant inheritance

O
A family with
vitamin D resistant [
rickets

bbboe e

O

Pattern is like AD but
no male to male
transmission

- medipptx.blogspot.com

X-linked dominant inheritance

» Relatively few examples. Including:
— vit D resistant rickets
—incontinentia pigmenti
— Rett syndrome
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X-linked dominant inheritance

» Relatively few examples. Including:

—vit D resistant rickets (usually - but sometimes
AD)

— incontinentia pigmenti (has male lethality)
— Rett syndrome (male lethality - usually)

INTERACTIVE SESSION
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Which one of the following is common for
X-linked recessive inheritance

1) Severely affected females
2) Parental consanguinity

3) Daughters are carriers if
their father is affected

4) Equal sex ratio for affected
individuals

5) Affected boys with an
affected father

Which one of the following is
usually X-linked?

A) NF1

B) Von Willebrand disease

C) Huntington disease

D) Becker Muscular
Dystrophy

E) Cystic fibrosis
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Comparison of typical features of X-linked recessive and dominant

modes of inheritance

X-linked recessive

X-linked dominant

Male-male transmission

Never

Never

Pedigree pattern

Knight's move

Vertical

Male-female
transmission

All daughters carriers

All daughters affected

Female-female
transmission

50% daughters carriers

50% daughters affected

Sex ratio

M>>F

F:M=2:1

Atypical Mendelian inheritance
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Genetic “anticipation”
BT

111 1:2
55

— increasing severity 40 repeats
and earlier age of onset
in successive generations J%l;—O (5

e.g. in: I 112 113
— Huntington disease 13 rggeats

(HD),
— fragile X syndrome

gile X sy , 504 4
— Myotonic dystrophy a1 1:2 I:3
47 rjseats

Family with HD. Ages of onset decreasing and
numbers of CAG repeats increasing

Myotonic dystrophy
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Mitochondrial inheritance

much smaller genome
only 16.6 kb

circular

37 genes

no introns

Mitochondrial DNA

Mitochondrial inheritance

much smaller genome
only 16.6 kb

circular

37 genes

no introns

inherited only from the mother [with
reported exceptions being v v rare]

a mother passes on her mitochondrial
DNA to all of her children... but to
variable extents

syndromes often affect muscle, brain Mitochondrial DNA

and eyes
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Mitochondria (continued):

« several chromosome copies in each
mitochondrion

* “heteroplasmy”- a mix of these copies
(some containing a variant)

« “threshold effect” — the condition can
occur when reach a “threshold” % of
variant copies

E B News

NEWS macazINE

Video & Audio  Magaz

20 September 2012 Last updated at 09:19

The woman who lost all seven children

By Robin Banerji
BBC World Service

— Leigh’s disease

in mitochondrial DNA:

— MT-ATP6 gene
— ATP synthase
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Summary ...so far

Typical AD features:
— vertical pattern

— generally equal frequency
and severity in M and F

— variable expressivity
Typical AR features

— carriers usually unaffected

X-linked rec
— Male to male transmission
absent
— females unaffected or more
mildly affected

 Atypical inheritance
— genetic anticipation
— gonadal mosaicism
— Mitochondrial

35



