POSITIONAL CLONING
OF DISEASE-RELATED
GENES

HATEM EL-SHANTI, MD
SHAFALLAH MEDICAL GENETICS CENTER

N\
SHAFA LLQ H

Bl sl Y (g0 J




6/8/2010

Shafallah Medical Genetics Center

» The Shafallah Medical Genetics Center is a
genetics center dedicated to the welfare of children
with special needs & their families in Qatar

» The center provides high quality medical
genetics services, professional and I/
community-based education and harbors 5 | —“%8
an active research enterprise. A -
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INTRODUCTION
» Genetics vs. acquired (environment)
* Inherited vs. familial

« Genetic disorders and traits
Chromosomal
Monogenic [Mendelian]

Polygenic / Environmental
[multifactorial]
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EEEEEEEEEE———
MONOGENIC DISORDERS

» Autosomal

« Sex linked
X Chromosome
Y Chromosome

- Dominant
5@ w Recessive @
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AUTOSOMAL DOMINANT
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INCOMPLETE PENETRANCE

« An individual who carries the
mutation but does not manifest the
disease [All or none rule]

- Variable expression

~~2 Anticipation

gn® ; N\7%
i T |
/)(';(\ SHI—\F(—\LLHH

\"‘"J ah“b—l-‘—-d ,S" iald >y Q’f—'vul't;—,-'
Center V:u 'C"Mu'n with Special Need

SHAFALLAH MEDICA omnlcscnni



N
AUTOSOMAL RECESSIVE
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X-LINKED RECESSIVE
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X-LINKED DOMINANT
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Y-LINKED
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MITOCHONDRIAL INHERITANCE
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e
MITOCHONDRIAL INHERITANCE

- Maternal inheritance: mitochondria
are mainly inherited from mothers

- Matrilineal inheritance

« Homoplasmy and heteroplasmy
» Threshold level

 TISSue variation
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———————.
GENE CLONING (IDENTIFICATION)

- |[dentification of one or more families

» Genetic heterogeneity

- Candidate gene approach

- Mapping; positional cloning

- Candidate gene cloning; mutation
detection
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EEEEEEEEEE———
LINKAGE ANALYSIS

» Two loci close to each other so they
viol ate Mendel 0s |
segregate independently

» The closeness is measured by the
recombination frequency

« The LOD score denotes statistical
significance

\/

X%, @
@/)@ﬂ\\f e s V2 W B

SHH FALLAH

o ‘_, __.>'t_,~."_u_|‘.a~.,.".a

w..a] —dal) nola ld) ,5,4
SHAFALLAH MEDICAL OENETICS CENTER



6/8/2010

Melosis

Sister chromatids
chregate
Homadlogues Chiasma Homologues
i segregate
Dlploid Haploid
GI S 2 Maoqc | Me‘o is 1l

Figure 1: Meiosis | and Meiosis Il with only two homologues in red and blue
producing 4 haploid gametes from one diploid cell through 1 DNA replication
followed by two cell divisions. (Adapted from Martson & Amon, 2004)
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MI Prophase

» Alignment of chromosomes
« Cohesion

- Formation of the synaptonemal
complex

» Cross-over events (recombination)
» Attachment to opposite poles
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LINKAGE o
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MARKERS

» Protein polymorphism

« HLA

- DNA RFLPs

« DNA VNTRs minisatellites
 DNA microsatellites

- DNA SNPs
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EEEEEEEEEE———
HOMOZYGOSITY MAPPING

- Individuals with rare recessive
traits are likely to have inherited
both copies of the mutated gene
from a common ancestor identical
by descent (IBD)
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D12S1591 1 2 1 2

D12S1057 3 2 31

D12S1617 1 3 1 2

D12S1034 1 3 1 2

D12S1042 2 2 2 1

D12S1292 2 3 2 1

D12S1053 31 3 2

GATA63D01 2 1 2 1

GATA123B12 2 1 2 3

D12S1048 2 1 2 3

GATA91H06 2 2 2 1

D12S85 2 3 1 2

D12S1661 2 1 2 3

GATA137B11 2 3 2 1
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WOLFRAM SYNDROME

Two-Point LOD Scores between Wolfram Syndrome and
Chromosome 4p16 Markers

LOD SCORE FOR

Famly Famuly Famuly Famuly
MARKER WS-1 WS-2 WS-3 WS-4
D45432 1.28 —2.49 —-2.57 —3.95
D4550213 B8 —21.54 —2.11 —21.76
D452366 1.27 —2.67 —2.90 —2.50
D452639 1.27 —2.08 —.63 NA®

* NA = Not available.
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EEEEEEEEEE———
WOLERAM SYNDROME

Two-Point LOD Scores between Wolfram Syndrome and
Chromosome 4g Markers in Families W5-2, W5-3, and W5-4

LOD SCORE AT 8 =

Locus A A A5 . 2 3 A

453243 —148 —122 —43 07 Y 21 04
452361 1.10) 1.31 1.61 1.61 1.25 72 20
D451647 — .67 A 42 i ¥ a7 22 A

D4s51591 210 —-141 —356 —.0% 20 A8 8O
Das3256 338 3300 297 254 172 Se 34
D451531 é.10 396 541 471 330 192 &8
D451564 84 670 611 535 382 231 .92
D453 240 2.53 347 382 359 268 157 53
D452623 2.21 310 332 308 229 140 53
AT D452945 1.70) 255 184 261 188  1.09 39

‘7\ D451651 285 174 390 3156 258 151 .55 @ -

8 1 3. 3 K @)

%;K\‘\(//\—)@ D4S2394 477 208 1% 80 107 77 .3 Q%ﬂ
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EEEEEEEEEE———
CANDIDATE GENES

* /N Silico expression studies
» Physiologic role, pathophysiology

* /N vivo expression analysis of animal

models
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EEEEEEEEEE———
MUTATION DETECTION

» Seguencing by dye terminator
chemistry [Sanger sequencing]}

- Exon capture [Enrichment] and next
generation sequencing [parallel]

» Exploring CNVs
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DISCERNING VARIANTS

MUTATION vs. POLYMORPHISM

 Deleterious mutation

» /n s/fico alteration of protein function

- Segregates with the disorder in the
family

» Not present in a cohort (the higher the
number, the better) of ethnically
matched controls
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DISCERNING VARIANTS

« Experimental evidence of alteration of
protein function

 Knock out animal model

« Experimental rescue of animal model
with the wild-type gene
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EUNCTIONAL STUDIES

 RNA and protein expression studies
» Cellular or extracellular localization
* Protein T protein interaction

- Pathway delineation
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EEEEEEEEEE———
COMPLEX DISORDERS |

« ASSOCIATION STUDIES

* NONPARAMETRIC LINKAGE ANALYSIS

® - -

\\\ NNz
asLaidn

/)(} SHQFHLLHH

’5" s '»L—.)‘) S l-ll’ ,. ~
Ct’ﬂcr tar Children with Special Needs

SNAIA I.AN MﬁOOCAl Oﬂlm M.



6/8/2010

THANK YOU
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