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Red/green color blindness
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Color blindness prevalence
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. Carriar woman (XX) Color-blind man (XY)
A rare disease

Disease :
usually the father is not affected

Couple : 1/ 200 000 000
a de novo mutation must be
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When a girl presents with a
rare X-linked recessive disease,
what is going on ?
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Affected woman : 1/ 400 000 000



DNA can be cut by restriction nucleases

cleavage site sugar-phosphate backbone
gm - it ends " CUt double-stranded DNA
» I E - at particular sites: recognition sites
- highly specific sequences of
TR0 EcoRl ﬂﬁr 4 nucleotides: frequent cutters
: Ill” : Lm 6 nucleotides: medium cutters
8 nucleotides: rare cutters
m Al E + E - from bacteria; defense mechanism
against phages
mwl !Wlll + III!‘E sticky ends

Figure 10-4 Essential Cell Biology, 2/e. (© 2004 Garland Science)




Isoschizomeres

cut no cut
. 5-CCGG-73 5-C™C GG-73
Hpa |l recognizes Y. GGCCos Y. G GMCC— 5
. 5-CCGG-73 5-C™"C GG-3
Msp | recognizes e G e .G GMCC— 5
cut cut

Hpa Il and Msp | recognize the same restriction site : they are isoschizomeres.

However there is one important difference :
Hpa Il is sensitive to DNA methylation
Msp | is insensitive to DNA methylation
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microsatellite
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HUMARA test (PCR)
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random non random
X inactivation X inactivation

The active X
is not methylated

The inactive X
is methylated

Only the DNA from the inactive X
can be amplified by PRC.
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Example of
testing

Mother shows
non random
X inactivation

Patient shows
non random
X inactivation
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Figure 1. Analysis of the Pattern of X-Chromosome Inactivation
in the Patient and Her Parents.

DNA was extracted from whole blood or oral mucosal cells
from the patient and her parents and amplified by PCR with
specific primers that flank the HUMARA locus (lanes 1, 3, 5, 7,
and 9; labeled with a minus sign). In addition, the DNA was di-
gested with the methylation-sensitive enzyme Hpall before
PCR amplification (lanes 2, 4, 6, 8, and 10; labeled with a plus
sign). The samples were analyzed on 3 percent agarose gel
and stained with ethidium bromide.




Mother shows

Hpa Il digeston before PCR n(?n rar'\do.m
x_ X, < < X inactivation
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never inactivated
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Buccal Swab
A priori 2 possibilities :

1. Top allele has a loss-of-function mutation
2. Bottom allele has a gain-of-function mutation



Patientr shows

Hpa Il digeston before PCR non random
X inactivation
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- never inactivated
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gain-of-function v 3 9 10 always inactivated
Buccal Swab
2 possibilities :
Observation in the patient 1. Top allele has a loss-of-function mutation

shows that the mother has

2 gain-of-function mutation 2. Bottom allele has a gain-of-function mutation



XIC = X Inactivation Center

TSIX and XIST are non coding RNA
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Mutation of XIC can be e |oss-of-function
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Xic : X inactivation center

Xic
Xic pairin Countin Inactivation
pairing _ ting .

Xic Choice ]

Xi
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Xic is required for X inactivation. Q 7
Loss of function of Xic makes $=fp  Por gene %
h h b | Xic ; : : PCR2 silencing macroH2A ﬁ
the X chromosome unable to —> {0 —> — _— ’
inactivate. 4=l hypoacetylation =
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Consequence : '\/ g
The X inactivation is not random. H2AK119ub :
Polll excl H3K27me3 late replication Xi
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silencing function o
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Xist independent
maintenance of
X inactivation

Xist dependent initiation of silening
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