Journal of Genetic Medicine 2010;7:119-1224 119

el fRA R Gel SR} 1

Exome Sequencing in Mendelian Disorders

Jong-Keuk Lee

Asan Institute for Life Sciences, Asan Medical Center, University of Ulsan College of Medicine, Seoul, Korea

More than 7,000 rare Mendelian diseases have been reported, but less than half of all rare monogenic
disorders has been discovered. In addition, the majority of mutations that are known to cause Mende-
lian disorders are located in protein—coding regions. Therefore, exome sequencing is an efficient
strategy to selectively sequence the coding regions of the human genome to identify novel genes
associated with rare genetic disorders. The “exome” represents all of the exons in the human genome,
constituting about 1.5% of the human genome. Exome sequencing is carried out by targeted capture
and intense parallel sequencing. After the first report of successful exome sequencing for the
identification of causal genes and mutations in Freeman Sheldon syndrome, exome sequencing has
become a standard approach to identify genes in rare Mendelian disorders. Exome sequencing is also
used to search the causal genes and variants in complex diseases. The successful use of exome
sequencing in Mendelian disorders and complex diseases will facilitate the development of personalized

genomic medicine.
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Table 1. The Number of Mendelian Disorders

Classification Number
Gene known 2,893
Gene unknown 1,771
Suspected disorders 1,977

Total 6,641
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Exome Sequencing Causative Mutations in Exons

gDNA from Affected Individuals

Fig. 1. Exome sequenicng in mendelian disorders for disease gene
discovery.
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Fig. 2. Workflow for exome sequencing.



Table 2. Comparison of Next—generation Sequencing Technologies for Exome Sequencing

GS—FLX (454) SOLID (V4) GAlIx
Roche Life Technologies [llumina
Technology Synthesis Ligation Synthesis
Read length (bp) ~400 50x(2) 36x(2), 76x(2), 100x(2)
Throughtput ~500Mb ~30Gb up to ~50Gb
Run time (50bp or 100bpx2) 12 days (50bpx2) 10 days (100bpx2)
Multiplexing yes yes yes

genome sequencing,
metagenomics, trasncriptomics

Main applications

genome sequencing, gene
expression, ChlP—sequencing

genome sequencing,
ChlP—sequencing, mRNA—sequencing
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Fig. 3. The principles of exome capture. This figure was modified
from an Agilent brochure (http://www.genomics.agilent.com/).
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Table 3. Filtering Strategy for the Identification of Causal Variants in Mendelian Disorders Using Exome Sequencing

NS/SS/I not in dbSNP

Any 3 of 4:
Ind. 1 Ind. 1
Ind. 1 Ind. 2 Ind. 2
Ind. 1 Ind. 2 Ind. 3 Ind. 3
Ind. 1 Ind. 2 Ind. 3 Ind. 4 Ind. 4
cSNPs —~17.000
NS/SS/1

NS/SS/I not in controls

NS/SS/I Neither in dbSNP
nor control exomes

and Predicted to be damaging

Abbreviations: SNP, single nucleotide polymorphism; cSNP, coding SNP; NS, nonsynonymous ¢cSNP; SS, splice—site SNP; |, coding Indel
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Fig. 4. Strategy for the identification of causal genes and causal
variants in mendelian diseases using exome sequencing.
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Table 4. Lists of Causal Genes Identified in Mendelian Disorders According to Exome Sequencing

No. of samples

Methods for Exome seq

Target disease* Genetic Causal Ref
mode gene Seq. Val. mutation Capture  Seq Fold—X  Alignment elerence
(case/ctl) sites (#) (build#)  (dbSNP#)
Freeman Sheldon autosomal  MYH3 4+8(ctl) - 2 Agilent GAll 51X Eland&Maqg Ng et al.”
synd. dominant (known) (hg18)  (build 129)
Miller synd. autosomal DHODH 4+8(ctl) 3fam/100 11 Agilent GAll 40X Eland&Magq Ng et al?
recessive (hg18)  (build 129)
Bartter synd. congenital SLC26A3 5 39/95 5 NimbleGen  GA 44X Maqg Choi et al.?
(germline) (hg18)  (build130)
Kabuki synd. autosomal MLL2 10 43/95 33 Agilent GAll 40X Eland&Magq Ng et al?
dominant (hg18) (db129)
Sensenbrenner  autosomal  WDR35 2 6/105 4 Agilent  SOLID 63X BioScope  Gilissen et al?
synd. recessive (hg18)  (build130)
HPMR (=Mabry) autosomal PIGV 3 siblings 3fam/200 4 Agilent  SOLID 46X iIMAP Krawitz et al.”
synd. recessive ((hg18)  (db130)
Schinzel-Giedion Autosomal SETBP1 4 9/94 3 Agilent  SOLID 43X BioScope Hoischen
synd. dominant (hg18)  (build130) et a.?
Severe brain autosomal  WDR62 2 (homo map) 30/1290 6 NimbleGen 44X Mag &BWA Bilguver et al?
) . GAllx )
malformation recessive -1 (hg18)  (build130)
Cleft palate X-linked ~ RBMI0  X-linked 2 famiies 2 Agilent  GAIl 110X 28Mb ‘J;hr;fﬁoo)”
(=TARP synd.) -2 (hg18) (~200 genes) '
Retinal—renal autosomal SDCCAG8 (homo map) 11 fam/270 12 NimbleGen GAIl 200X cLC Ott et al.'”
ciliopathy recessive — 5 (hg18)  (build130)
Charcot—Marie— autosomal SH3TC2 1fam — 1 1 fam 2 Whole SOLID 30X (build126)  Lupski et a.”?
Toot recessive genome
Abbreviations: synd, syndrome
common SNP) & A &]& -5, 7HA] So]# Q1 o] 3L S 7 AL itk B MAlE H S EAE AF e 7 Ex
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