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Univariate for baseline and 2 yrs (all outcome variables)

Variable Subgroup Katz 5 times chair stands Walking speed
Baseline 2 vears follow up Baseline 2 vears follow up Baseline 2 vears follow up
Standardized | Pvalue Standardized | Pvalue | Standardized | Pvalue | Standardized | Pvalue | Standardized | Pvalue | Standardized | Pvalue
coefficients (B) coefficients (B) coefficients () coefficients (B) coefficients (B) coefficients (B)

| Age 112 <0.001 L14 <0001 | L12 <0.001 11 <0.001 | -032 <0.001 | -0.14 0.001
Lives alone 107 077 118 052 141 0.009 037 083 -0.06 002 |0 05
(Y/N)
Number of -0.15 <0.001 |-0.1 0.009
comorbidities

None Reference Reference | Reference Reference | Reference Reference | Reference Reference

4orless 2 0.12 285 0.04 256 <0.001 1.66 0.05

Morethan4 | 5.57 <0.001  [6.28 0.001 583 <0.001 2.06 0.03
Currently 091 0.63 1 097 13 0.03 101 094 0.08 0.002 | 0.04 0.18
married (Y/N)
Social 267 <0.001 165 0.02 178 <0.001 14 0.03 0.16 <0.001 | 0.07 0.05
interaction
(high/low)
Satisfaction with 236 <0.001 175 0.01 18 <0.001 114 05 0.09 <0.001 | 0.04 0.19
social support
(high/low)
Level of 0.18 <0.001 | 0.04 0.15
education

Post school | Reference Reference | Reference Reference | Reference Reference | Reference Reference

education

Didnotgoto | 1.71 048 292 0.17 102 097 049 05

school

Wentto 193 <0.001 | 2.06 0.001 139 0.002 171 <0.001

school
Smoking -0.04 006 | -0.09 0.02

Never Reference Reference | Reference Reference | Reference Reference | Reference Reference

Ex-smoker | 1.22 03 12 039 111 033 112 049

Current 0.66 034 1 1 124 034 207 0.02
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NALCN 13933.1 p.W1287L Hypotonia, DD
1. Kaya N*, Alhassnan Z, Abdulrahim M, Aldosary M, Colak D “Hereditary GLRB 4931.3 p.M177R Hyperekplexia 13 AR
Disorders and Human Mutations of lron-Sulfur Assembly Genes”, in
KCNA4 11p14.1 p.R89Q Cataract, DD 4 AR

Mitochondrial Disease, ISBN 978-953-51-5566-9Book edited by: Dr.

Eylem Taskin, Dr. Celal Guven, Dr. Yusuf Sevgiler 2018, DOI: 10.5772/ AR: Autosomal recessive, DD: Developmental Delay, IM: Inheritance Mode, NAI: Number of

intechopen.78006, InTech Open Access Publisher. Affected Individual. Ref: References

2. Chelban V, Kaya N, Alkuraya FS, and Houlden H NKX6-2 Disorder. V3 Joser
GeneReviews, NCBI; In: Adam MP, Ardinger HH, Pagon RA, Wallace SE, 3 . 92
Bean LJH, Stephens K, Amemiya A, editors. GeneReviews® [Internet]. Lbleg Ldowo 8ygiatly ddgV) Oluwlyudl US> (po ddugiud) SGyghl

Seattle (WA): University of Washington, Seattle; 1993-2018. 2018 Oct 4
.PMID: 30285346

3. Alhassnan Z, Albawardi W, Almutairi F, AIMass R, Albakheet A, Mustafa

OM, AlQuait L, Shinwari MA, Wakil S, Salih MA, Al-Fayyadh M, Hassan mmmmm

SM, Aljoufan M, AlNakhli O, Levy B, AlMaarik B, Al-Hakami HA, Alsagob

M, Colak D, Kaya N*. Identification of novel genomic imbalances in Saudi KCTD7 7qg11.21 NM_153033 ¢.835C>T p.R278C Ongoing Work

patients with congenital heart disease. Mol Cytogenet. 2018 Jan 25;11:9. KCNT1 9034.3 NM 020822 2849G>A R950Q O ina Work

doi: 10.1186/513039-018-0356-6. eCollection 2018. Qo _ c. >A P ngoing Tvor
SLC1A2 11p13 NM_004171 ¢.1466G>C p.G489A Ongoing Work
KCNQ2 20g13.33 NM_004518 ¢.1042G>A p.A348T Ongoing Work
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American Journal of Human Genetics deods)| dloxbl § Condl 10 i o 21V e o5l Drdgmw dlile § Opex doydil “ARL3 ” wis o Je By=ill o

ARL3 mutations cause Joubert syndrome by disrupting ciliary protein composition. Alkanderi '&LAJJB ol @ dwlud]

S, Molinari E, Shaheen R, Elmaghloob Y, Stephen LA, Sammut V, Ramsbottom SA,

Srivastava S, Cairns G, Edwards N, Rice SJ, Ewida N, Alhashem A, White K, Miles i) gl i § dalisee 8yab o B dlile wuss ©F (oWl Ool=dl UM (0 o
CG, Steel DH, Alkuraya FS, Ismail S, Sayer JA. Am J Hum Genet. 2018 Oct 4;103(4). " ”

PMID: 30269812. : A G -
485 g JBTS J Jeitowe S ARL3 § Ol ysih] dyaod § dwlyll 0l Conad o

dapdlied] odg) dolitl GloMsll GLe § dols il 4igSs Ol age slhs] §

A anis B
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1 ‘ Exon 1 2 - ; 4 5 6

0 ARL3
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H T | R D R v

= LM lhﬂ Cys His

° 1

& A“ D ARL3: c.445C>T, p.(Arg149Cys) ARL3 :c.446G>A, p.(Argl149His)
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= lle Cys Asp lle His Asp
~ r 1 r 1 i 1
2 A T < a c G A c
€ Affected - /\ /v\/\/\ ; /\

(© ! /- / \ -

w “ ‘ 7 / \‘/ \ & K

Parents /A [\ /\/\/\/\ z\ J\/\A

=

o
P. troglodytes al E Il AEGLNLHTI!I EORYVYWQI QS C S A
T. rubripes E !l AEGLNLMHT I BEDRI WQ! QAC S A
D.melanogaster allconserved E V A E K MS L V. QL QG R T WE I K ACT A
C. elegans all identical E I TRKLNLUDLULRBRDRTWHI QACS A .
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RD genes
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Probable molecular
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genes
[ 27 families, 67.5%]
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Previously reported
unsolved multi-
gene iPanel
[18 families,
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2nd|assay: WES | —1

Probable molecular 3™ assay: autozygosity
diagnosis with mapping & RT-PCR for
mutations in known single locus families

RD genes by WES [2 families]
[7 families] l
Genomic deletion [1 family] sgeal) duwd) SBHgbl (Ao b giod) yamall 4B N> y» 67.5% AU (03 .
Deep intronic mutation [1 family] ; |
s
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American Journal of Clinical Genetics duods!] doxtl § Coudl 1 s @5 (G 5ya 18 la2s)
Mutations in known disease genes account forthe majority of autosomal recessive

retinaldystrophies. Patel N, Alkuraya H, Alzahrani SS, Nowailaty SR, Seidahmed MZ,

Alhemidan A, Ben-Omran T, Ghazi NG, Al-Ageel A, Al-Owain M, Alzaidan HI, Fageih E,

Kurdi W, Rahbeeni Z, Ibrahim N, Abdulwahab F, Hashem M, Shaheen R, Abouelhoda

M, Monies D, Khan AO, Aldahmesh MA, Alkuraya FS. Clin Genet. 2018 Dec; 94(6):554-563.

doi: 10.1111/cge. PMID:30054919.
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American Journal of Human Genetics dcals)] dlxbl § Coondl ldo o @3 Plels Bl dhadye oS5 b (Al dedyll dolysll Slyall pamy CopgBl dulyull e
.BCO2, TULP2, and DGKQ : Jis jlusl
Congenital Glaucoma and CYP1B1: An Old Story Revisited. Hessa S. Alsaif - Arif

O. Khan- Nisha Patel - Hisham Alkuraya - Mais Hashem - Firdous Abdulwahab -
Niema lbrahim - Mohammed A. Aldahmesh - Fowzan S. Alkuraya. Hum Genet. 2018

Mar 19. doi: 10.1007/s00439-018-1878-z.PMID: 29556725. g
A | 13]s (193) ]
[ — ]
CYP181-positive CYP181-monoallelic | CYP1B1-negative
- [105(156) - 2!a (34)
|
Only congenital ;:233::1131
glawcoma another phenotype
19 (20) L9014 |

W c.182G>A ; p.G61E B¢.1405C5T ; p.RAGIW
Bc.710C>A ; p.(Ala237Glu) Hc.434_443del10 ; p.Arg145Profs*4
Bc.1120G>A; p.D374N B ¢.1517_1536del ; p.Ser506Thrfs*5
W C.756C>A ; p.N252L W ¢.145405T ; p.S485F
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€.1103G>A ; p.R368H*
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Utility of whole exome sequencing
in the diagnosis of Usher syndrome:
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MYO7A
MYO7A
MYO7A
MYO7A
MYO7A
MYO7A
MYO7A
MYO7A
MYO7A
MYO7A
MYO7A
MYO7A
MYO7A
MYO7A*
MYO7A*
MYO7A*
OTOF
OTOF
OTOF
SLC26A4
SLC26A4
SLC26A4
SLC26A4

TMCH1
TMCH1
TMCH1
MYO15A
MYO15A*
MYO15A*
MYO15A*
HGF
HOXA1
LARS2

Mutation

c.2005C>T
IVS1+5G>A (c.1+470G>A)
c.3592_3591delCT
€.4503_4502delTG
c.5617C>T
c.4818_4818delG
€.6230_6229 insG
c.4818_4818delG
C.2489G>A
c.5617C>T
€.3588_3586delCTT
c.199_198insA
c.1226_1219del
c.3514T>A
c.6062A>G
c.3592 T>C
IVS 1+39 G>T (c.1+4960G>T)
c.5375G>A
c.1544T7>C
c.1253G>T
c.1199_1197delT
IVS1+12 G>A
c.1198delT

c.100C>T
c.1714G>A

c.758C>T
c.1047C>A
c.8552C>T

c.1+4655G>A(IVS1+14G>A)
c.4240G>A
c.2083C>T
c.176_175insG
c.457A>C

Amino acid change
p-R669*

p.C1198Rfs*30
p.V1501Gfs*2
p.R1873W
p.K1606Nfs*39
p.K2078Efs*50
p.K1606Nfs*39
p.R830H
p.R1873W
p.F1963del
p.Val67Ser fs*73

p.Phe407Cys fs*36

Y1172N
K2021R
p.C1198R
N/A
p.R1792H
1515T
p.G418V
p.C400Vfs*32

p.C400VfsX32

p.R34*

D572N

S253F

p.Y349*
A2851V

p.E1414K

p.R695C
p.V59Gfs*119

p.N153H

god] asdg naall oo Gl I s ool (e w3kl gty Gloed) 3358)) yetuc
A o e slgnYl et S (] BLAYL . oy0l) dad] 8yalal) dyuss § Baslunal]
oY plasaly Bloye § paall dudl Ol okl dyuos @l gt il LS Wlo doral
.( Ion Torrent) Mb dol] Olius)

doraun Odydz Oluz Wassy duoll Olyahll ge Condl § mugd] poiun OF @il o
o Lo sloiSall ol plasital o g aelal] Jhuaductll oo &y plaseuly Ghgll eoall
gmo.»aﬂ ducud) d89,=l] &l yalall NQJJ JdegS <L RVl goel) pgasll deg



doasioll Gilaudll golp | 2018 L olsll il

asledll iyl globw ¢llall (540

Family A GJB2

| C.244A>G, p.lle82Val
0O v

I n A A
\/ / A AYATA ‘/ ‘lv ! "‘A\'\ VvV r/\
1 2 Normal Control NN VYV XY NV Y NY Y
1} Homozygous Wwild type \\\\\ FEAFEFE N TEE. [
Gl
sayr soyr Leu u  Leu lle Phe Val
AG NG ; ;
Unaffected Father |\ 1 I‘\ A A AANAA A / \
v o1 2 3‘ arl—-l 5 ‘ si 7 é Heterozygous carrier T‘_LGV(\T\_LTJ-\/_\;JA-% S
lle/Val
30yr 28yr 23yr  17yr  1dyr 12yr
AA AG GG AG GG GG AA n
1 Afiected AVa “l\ / 1{“ N ANA AN / \
Homozygous Mutant [/ \'Y V\AA/Y Y VAW VWY WY
CT 6 CAGCTOGEGHETCT C G G
2yr Leu Glu Leu lle  Phe Val
AG
C pGS9S
PN54H P GIIR
DSOA  pNSIK P.GESA
uee;z E2 PSIBF Extracellular
ALV
TM1 pFl2L  TM4 Cell membrane
130N
delF29
Intracellular
NH2 COOH
dag, bl mowdl Olyud8 JI go5bl Connexin 26 Ciyge § Olyahll pudgi JI d8Lo) (o bL gulabl dbll o),81 565
ol JSUing

(A) Pedigree and the genotypes of family members with autosomal recessive KID syndrome.
(B) GJB2 Sequence chromatograms of normal control. (C) Connexin 26 mutations causative for

several syndromic forms of hearing loss associated to skin problems.

Gene Mutation Amino acid change
LHX3 c.437G>T p.C146F
LHX3 c.466C>T p.R156*
CLDN14 c.191G>A p.C64Y
PCDH15 c.4711C>T p.Q1571*
PEX6 c.290T>G p.VI7G
ATP6V1B1 c.1424G>A p.W475X
GJdB2 35delG N/A
CDH23 c.1052C>T p.P351L
CDH23 c.5495G>A p.G1832E
CDH23* c.3608A>T D1203V
CDH23* c.6367G>A G2123R
CDH23* c.6629 C>T p.P2210L
GIPC3 c.122C>A p.T41K
ILDR1 €.333_325dupAATGAGCCC p.Asn109_Pro111dup
PJVK c.818dupT p.L273fs
PTPRQ c.1+4093 G>A
SLC29A3 c.243del A p.k81NfsX20
MYO6 c.1607C>G p.P536R
SCARF2 c.773G>A p.C258Y
USH2A* IVS1-3 G>C
USH2A* c.1-486 G>C
PEX6 c.290T>G p.VI7G
OTOA* c.2+398 T>A
OTOA* c.2204A>G p.Y735C
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M1/M2 M1/- M1/M1 -I- M1/-

7

G Al rasl) guod) goud] QML sl « OUladY) (0 dsgaze ;o (USH) sbgl dojdib (Jlyg)) Cano gt
. (SNHL)
(A) Pedigree of the family showing the segregation of MY07A mutations with Usher syndrome.

B Patient lI:1, 5 years Patient lI:1, 5 years
FREQUENCIES (HERTZ) FREQUENCIES (HERTZ)
o PSS ST S o P LTSS
0 o
= | 10 e | 10
g 20 g 20
= 4 & The Connexin 26 =l 453
—_ 50 0 - .
B8 A - (A) The Connexin (6 subunits) and the
[ g \ . - . .
£A 4 th e oligomerization pattern of Cx26 hexameric chains
[0) 80 o 80 . . .
§§ 5 i §§ = % 3 are depicted. (B and C) show the structures of the wild-type residue.
TO 100 O 100 o,
TE 40 £ TZ 10 i
120 £ B A p, 120 S = T
Patient 11:3, 3.5 years Patient II:3, 3.5 years
FREQUENCIES (HERTZ) FREQUENCIES (HERTZ)
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(B) Representative pure-tone air and bone conduction audiometric results of Patients II:1 and
II:3.
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M1: MYO7A, Exon 4 C
c.198_199insA; p.Val67Ser fs*73 Proband II:1

D i \L

/\AA/\/\M/\A/\/W Total exome variants
Normal control 67,334

Homozygous wild type

5 & ¥ B 6 ¥ B E % B & & E - G T G G A G G A ¢
Patiert 111 % Homozygous Heterozygous
Heterozygous carrier it LoV A ALl XVl Y2 oo A variants 29,501 variants 37,833

Homozygousmutant G ¥ € G 6 T € €E K C 6 6 C & G T G G A G G A

Coding/Splicing Coding/Splicing
5,637 8,296

M2; MYO7A, Exon 12
c.1219_1226del; p.Phe407Aspfs*33 \l, ¢

!
MANANNAANAN AN,

Normalcontrol T k% B & 6 6 C 6 6 6 T 6 T ¥ € 6 & & F G G & I |
Homozygous wild type

Low frequency >0.01 Low frequency >0.01
78

No variant in known Compound
genes heterozygous variants
in known gene

s

Patient II:3 T & C & 6 G C G 6 © T G N & C T G 6 G G A &
Heterozygous carrier

Patient 11:3 Novel variants
Homozygous Wlld type T A € & B 6 ' 6§ E Y B T & C G T 6 B 6 B & MYO7A
(D) Electropherograms showing the Sanger sequencing confirmation of the mutations identified (C) Novel variants in MY07A were detected as the only possibly causative variants.

in the proband by CES. (E) A full-length wild type myosin-VII A protein structure.









