Sex Linkage and X-Inactivation
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Dosage compensation

1. For autosomal traits, two doses lead to a normal
phenotype, while one dose or more than two doses
often have clinical significance

2. For X-linked traits two doses in females and one dose in
males both lead to a normal phenotype



X-inactivation in females allows compensation for

this difference in dosage for X-linked traits

Lyon hypothesis

In early embryonic life (3-7 days after fertilization) one X
chromosome is inactivated. The inactive X chromosome is
condensed in a Barr body.

Inactivation of the maternal or paternal X chromosome is random,
but once it occurs, the same X will be inactive in all descendants of
a particular cell.

amost of the genes on the condensed
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Some genes on the inactive X chromosome remain active, i.e.,
escape mactlvatlon th“eg'e' include the genes in the ‘i‘hai"m‘:f‘:m
pseudoautosomal reglon that have matching genes on the Y
chromosome, genes outside the pseudoautosomal region that have

related copies on the Y chromosomes, and others.



X-lnactivation

Allows dosage compensation between
males and females for genes on the X
chromosome

In females, early in embryonic life, one of
the X chromosomes is inactivated

The process is random and clonal
Some genes escape X-inactivation
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* A gene that is located on either sex chromosome
Is called a sex-linked gene

« Genes on the Y chromosome are called Y-linked
genes; there are few of these

« (Genes on the X chromosome are called X-linked
genes

© 2011 Pearson Education, Inc.



Inheritance of X-Linked Genes

« X chromosome have genes for many
characters unrelated to sex, whereas the Y

chromosome mainly encodes genes related
to sex determination

© 2011 Pearson Education, Inc.



» X-linked genes follow specific patterns of
iInheritance

» For a recessive X-linked trait to be expressed

— A female needs two copies of the allele
(homozygous)

— A male needs only one copy of the allele
(hemizygous)

« X-linked recessive disorders are much more
common in males than in females

© 2011 Pearson Education, Inc.



Figure 15.7
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« Some disorders caused by recessive alleles on
the X chromosome in humans o e e

Slindness  one of them is Red-graen
wolor blindness whith S @ X-linked

— Color blindness (mostly X-linked) (Red-green
color blindness) Fwo o by s TP 80
250 e
point dinically they can

IS located on the p arm of ch.X
— Duchenne muscular dystrophy g : s ""‘"“"’[”"W}g‘“’ 1

g on dicease severity)
Becker Huscular

(dystrophy muscle weakness and loss of muscle tissue) o

— Hemophilia

Q. Which tex s expected to have
wmore indwiduals with color
blindness ?

A: fhlcs, bz they have only 1
cht so i it's mutated there
is no compensation for the
mulated altele.

Tn contrest to fomates,? 1
aligle i mutated the other
allele i ompensating.

(same with other X-linked
fcessive diseases)
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Ishihara Test For Celer Bli

What Red-Green Color Blind Peaple See

What People With Regular Visiom See




X Inactivation in Female Mammals
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Examples and Features of X-Linked
Recessive Inheritance

Examples:

X-Linked Recessive
HEMOPHILIA A

Cthere are different tupes
o Hemophilia)

DUCHENNE MUSCULAR
DYSTROPHY

Coagulation disorder
Prolonged bleeding
Easy brusing
Hemomhage ot nmorhasd) |
N ) = ) 2 disease heterogeneity
‘Vanous mutations & very heterogeneousirmics«

i bthe variant.
(disease severity is variable
» detesiorates with beted on the mutation)

Progressive muscle weakness
‘Death typically m 2nd or 3rd decade

Sp s | de novo mutati it means that this mulstion

30% cases due to new muta :;:;ﬁ*%um
™ ™ i 'matogenesis)
Allelic heterogeneity (Becker MD) e

La « OMD_is_o_big.gene._in. terms of size
& depending on how  dysfunctional & muldtion is
(completely inmctive ptn, residual activity..)

Severe domage : Duchenne MD , even though the mutated gene
is the same,y the severily is
different t & point thet they are

Milder damage: Becker MD clinically considered o5 2 gifferent
diseases,



Duchenne muscular dystrophy

Figure 1.4. A 15-year-old boy with Duchenne muscular dystrophy



X-Linked Recessive Pedigree

& We exped to have mMofe maes this X chiomosome that the ffected
alfected than lemales in o ';@m has will be pessed on ko ALL
X-linked rtecessive pedigree is daughters.

N .
ch“..i El\:sutr o e YL inherit this
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. Pemale carrier (heterorygous)
|

«lemales are carriers however could
haw mild clinical Rature; of .::zm
(near &0 normal speckrum)

WHY?? due o random X -inaictivation

& note: I I I
1 a5 mentioned previously o dominant
disorders have a vertica) nheritance

A remember : males are
Pottern. (which maeans that in autosomal et
dominant diseases every eneration is affecked)
mMeanwhile s autosomal fecessive have o
hotizontal inheritance pattern. (autosomar
fecessive diseases skip generations sbut in the same
eneration >1 individual can be alfected)

Lin _"“""‘" fecessive diseases there i5
¢ "Diagonal patiem*

miim IV |3 5

3. in the exam, there wil m% Saunders Company items and derived items copyright © 2002 by W.B. Saunders Company
& highlight on which fomale; ace
carriers & which anen't ber usuaiy
we don't know that yet when we are building
the pediguie unleys qunetic tating is performed
bebore the pedigrae. Chypically o pedigres is buitt
belore genetic testing)




Features of X-Linked Recessive Inheritance

. Diagonal inheritance — affected males related

A bz males ONLY inherit

through females of the maternal line 2z

tere's & 507 chance thal her
. Son will be hemizy

2. Absence of male-to-male transmission =~="

3. Incidence of trait much higher in males than
females
4. Full expression in hemizygous males

5. No or mild expression in carrier females due to
X-inactivation



Transmission probabilities and use of the
Punnett square

. A son never inherits the disorder from his father.

. All daughters of a male with the disorder are obligate
carriers.

. Sons of carrier females have a 50% chance of inheriting
the disorder.

. Daughters of carrier females have a 50% chance of
being carriers too.



X-Linked Recessive Inheritance
(Affected Father)

_ e Paternal Gametes
Mm:’l:zsmu XaY sutant
XAXA X Y
X'A XAXa XAY_
Maternal - [ 4
Gametes o [ oo
XA XAX2 )

A = normal, a = mutant
1 carrier female : 1 normal male



X-Linked Recessive Inheritance
(Carrier Mother)™ (2

501+ homorygous wid.type
50/ . wlledad
EW’-: unaffected.
fegardless of genger v 257, homozygous widtpe
Em * emizyaous wild-type.

“ti.  Paternal Gametes-«

heterorygous leartier mother X AY

X AXa XA y

251+ heberorygous
257.: hemi M&M,

XA - XAXA XAY

Maternal
Gametes

X2 | XAX?

A = normal, a = mutant
1 normal female : 1 carrier female : 1 normal male : 1 affected male



Examples and Features of X-Linked
Dominant Inheritance

« | mutont allele is enough to cause
Undosmeuhuu its|

aUtosoma)|
\
X-linked Dominant . B i
VITAMIN D RESISTANT Rickets
RICKETS Short stature

Low serum phosphate [Faimsn s fod,ur

hwlﬂouvul due to X-inact -tum

Less severe in heterozygous females|



X-Linked Dominant Pedigree

Sthere's NO male-to-male Lransmission - ":‘“ it's “:’;"::':"9 Quneration

bez i’ y.; s olfecded isease.
Ainmm the male $ Yolinked % there are more 'emlu.ﬂuhd
5 hemtugon: 9." iy than males (oppogiye to x-linked fecessive

& the mother ;5 unallected [: AU daughters will be afected. -
I NONE of the soms are wffected.

clisease severity is milder
umeng Pemales than
males

; ® C

W.B. Saunders Company items and derived items copyright © 2002 by W.B. Saunders Company




Features of X-Linked Dominant
Inheritance

. Twice as many females with the disorder
as males

. Absence of male-to-male transmission

. Males with the disorder transmit it to all
daughters and no sons

. Females usually have more mild and
variable expression due to X-inactivation

. Few disorders classified as X-linked
dominant



Transmission probabilities and use of the
Punnett square .. . s

X-linked or autosomal) we assume

that the offected individual i hoterozyy
unles indicated othenwise. .

+IMPORTANT -
e

1. A son never inherits the disorder from his father

2. All daughters of male with the disorder will also
have the disorder

3. Sons of affected females have a 50% chance of
iInheriting the disorder

4. Daughters of affected females also have a 50%
chance of inheriting the disorder

5. Can distinguish between autosomal and X-linked
dominant by looking at offspring of affected
males



X-Linked Dominant Inheritance

(Affected Mother) mwiss ¢ goer s 501 otltes
Eso’l.:un.ﬂ““,

raoms) et Paternal Gametes

XY x Y
XA XAX3 XAY
Maternal
Gametes
X3 Xaxa XaY

A = mutant, a = normal
1 normal female : 1 normal male : 1 affected female : 1 affected male



