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Bhidgo LA MR eS? 2EEEFOR0 Fod R R FS HELEF
Dyt :}I% (heterogeneous genetic disorder) » 3¥ % 7 A T R ¥ i 1 = 4 e 3 12
sk o Flt o AL ETERARAATERRAFFAT] A RS IRERT] - @
Sk 2 aL/’%’» (Sanger sequencing) ¥+ iJZ 5 B A F2¢ P AT BRIR AL B R o A
Flp o K % 2K (Next Generation Sequencing ; NGS)R| it b PF3% & 5 B K Flig (7
TR/ L EFEFERCE M A nRg .

p e

EANTAE 4 %ﬁ d A8 R AP ERRF A 33 42 (NGS-based targeted gene panel) »
LR R N '7?555 R AR RS TRk e LM T
47 3% R 39 % A P o & AR M Ti°

MR T g 2016 &£ 1 F 32018 & 12 7 s PR B R B0 pﬁéﬁém
30 =R HP J 20 LRI ATAPHRFTLATE 4ol
T_F % 2 (Exome panel)# | o 8 & Tk 2 %7 = Elhers-Dalnos syndrome (EDS) » 22
Bl 2 ¥ 5 858 7 3 2 Skeletal dysplasia °

2%
19 xi,&—'ﬁ? /Féi:”&;év”!/»\—"r ZEREE > BEF E 63% (n1=19/30) - 8 > A TRA B ET
% EDS ﬁ,—‘g '3 40 yz){%%aﬁl & %] > 4w H_1 = PRDM5(Brittle cornea

syndrome 2) » 2 = COL5A41(Classical EDS » cEDS)4r 1 == COL341(Vascular EDS -
VEDS)# & » £ 85 5 509 (n=4/8) < 22 = F ALHF T 2 LR K - F 4 =L COLIAL
fe 1 = &_COL1A2(Osteogenesis imperfect > OI)% £ > 4 = &_COL2A41 (COL241-
related collagenopathy) » # @ £ F]13| # 3= SERPINF (Ol type VI > n=2) » WNTI(OI
type XV > n=1) » ITIM5(Ol type V » n= 1) » TRPV4(Spondylometaphyseal

dysplasia » Kozlowski 3| » n = 1)f= B3GALT6(Spondyloepimetaphyseal dysplasia with
joint laxity » n=1) » Z %7¥ % 689%(n=15/22) -

i

“3H-

AR BN S A o £ I % 2 (OI ~ EDS -~ Osteopetrosis
Marfanoid ~ others)ip B £ F1£ 56 B > ipieE B ApM AT T £ o G s 3
BT o Tt > ¥ MGG [RA G RS R B oS LB R R e  ® eI

eI
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Abstract
Background
Collagen is the most abundant protein found in the connective tissue of the human
body. Collagenopathy is a heterogeneous genetic disease, and many different genetic
variations may cause similar symptoms. Sanger sequencing is too time-consuming and
costly for processing multiple genes or exons. Next-generation sequencing (NGS)
enables massive parallel sequencing of multiple genes at the same time, and it also has
the advantage of reducing time and cost.
Aim
We try to apply the NGS-based targeted gene panel and offer accurate, fast and
effective clinical molecular diagnosis for patients who were suspected with
collagenopathies, and to further understand the correlation between genotypes and
phenotypes.
Methods
The study was included thirty patients suspected of having collagenopathies from
January 2016 to December 2018, and twenty-six of them used the NGS-based targeted
gene panel. Four cases were tested by Exome panel. Eight of them were diagnosed as
Elhers-Dalnos syndrome (EDS), and the other were distinguished as skeletal dysplasia.
Results
There were nineteen patients with molecular diagnosis, and the diagnostic rate was
63% (n=19/30). There were four patients with genetic variations in the clinical diagnosis
of EDS, including PRDM5 (Brittle cornea syndrome 2, n=1), COL5A41 (Classical EDS >
cEDS, n=2) and COL3A41 (Vascular EDS > vEDS, n=1) with the diagnostic yield of 50%
(n=4/8). Twenty-two patients were diagnosed with skeletal dysplasia, four cases were
COLIA1I and one case was COL1A42 (Osteogenesis imperfect, OI) variation, four cases
were COL2A41(COL2A 1-related collagenopathy), and other genotypes were included
SERPINFI (Ol type VI, n=2), WNTI (Ol type XV, n= 1), ITIM5 (Ol type V,n=1),
TRPV4 (Spondylometaphyseal dysplasia, Kozlowski type, n = 1) and B3GALT6
(Spondyloepimetaphyseal dysplasia with joint laxity, n = 1). The diagnosis rate was 68%
(n=15/22).
Conclusions
This study was utilized to fifty-six genes related to skeletal joint disease (OI ~
EDS -~ Osteopetrosis ~ Marfanoid ~ others) in the NGS-based targeted gene panel, which
has a better molecular diagnostic rate than other related studies so that it can be used as a

clinically effective diagnostic tool and standards for diagnosis of collagenopathies.
7

do0i:10.6342/NTU201902431



Keywords: collagen ~ collagenopathy - heterogeneous genetic disorder ~ next

generation sequencing ~ NGS-based targeted gene panel ~ Exome panel

do0i:10.6342/NTU201902431



=1
NS
pnl
bal
me
>~
=
|
i
i
|3
s

G e O OR sk S AR T ?‘Jgkfﬂ;’% ¢y 29

B R F dEEAl(D) 0 B R0 hA RS 3% e RS > £ - iE
4ad Gly-X-Y £4f 2= » Glycine &~ | F| & g 230032 ¢ & vl fh > Xl ¥
A_Proline ~ Y R| % 2 &_Hydroxyproline » = 3% i» £ * % ik &% R 3v iR T
2) -

Bhidbe RHAGHEAGT AL B(E D A5
(1) Fibril-forming collagens: I, 11, I1I, V, XI, XXIV, XXVII
(2) Basement membrane collagen: IV
(3) Microfibrillar collagen: VI, XXVIII, XXIX
(4) Anchoring fibrils: VII
(5) Hexagonal network-forming collagens: VIII, X
(6) FACIT collagens: IX, XII, XIV, XVI, XIX, XX, XXI, XXII, XXVI
(7) Transmembrane collagens: XIII, XVII, XXIII, XXV
(8) Multiplexing: XV, XVI, XVIII

(9) Other molecules with collagenous domains: XXVLXXVIII -

%yh
—_
)
N}
S
ke

pd AR A K ek b o B ANCrd F ehd & B

SRR R - F MAB R I L& F M et we o A7 2/ &
Y13 h R IR 0 R % ¢RI # T 7 2 (chondrodysplasia)fe & 3 A ¥ B &

‘¢ (precocious osteoarthritis) °
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% III 3]%% & 3¢ &_Fibril-forming collagens > £ 7 homotrimer ¢ 4% 3 & o

4h 0§ F R%PFE ¢+ Vascular EDS(VEDS) ~ i # 4 Fast 7% % (3) °

% V A% Rk -9 + &_Fibril-forming collagens » f # types I and types III
collagen # fibrillation * § 7 & % P¥ € i3 & Classical EDS(CEDS) » 3142 & & i A& 1
BoOMEERED o
12 %% 39 i riesk &

% R 39 s % (collagenopathy) 22 F% & #-v (collagen):H® T {+:f @ 2 5
(heterogeneous genetic disorder) © % ki 3% %7 1 ERTRAF L RA K ® A 0 F D
RO TERAK S RA o - BV REKRDEY S ED A ¢ RERARE
i&ﬁ;&a T ARG R AR RELR A o

Osteogenesis imperfect (OI) &~ #&:& {7 (% 25 %) 5 i L= S S
R e O ERFURE R S E R SR R s LT
BEBE I~ A 2T P 0 JREFF AR A w AR
TRBEFSET e BopES > FIURE P AT A A AR IR
Z 11-14 FEe A7 BRI P QLS R R 4 L in A EEFR % E
Be® Ol 4p M et 422 > 50 2 JE o A2 sl 19 13] Ol enp 5238 7 & 9 2 $7 17

TR mEEAL PG R ARMEI(F 13 MAe IV A)ersiahd
AFEAL FI 0 S gk KRS58 G (5 11A)E) - 014 < 384 Lo
COLIAI 4= COLIA2 % % #t5l4deeho = 5 # Ol % Ii‘]f}ﬁa B ‘FK’ELCOL]A] erinull
mutations o { B g ] > 4o % 11> I §= IV &_missense mutations £_H # "L fk
P~ 7 Glycine > $#R4#+Z 512 hdv () RF E# 2R AFEOIF M > Ol
12 VA EHL gt ag T (autosomal dominant inheritable disease ;

AD) > Hiu Bl A d frEMig B p J (autosomal recessive inheritable disease
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AR) > %3 gonadal mosaicism 7% ¢ |+ o COLIIAl fv COL11A2 R %77 7 1 R
g ¥ A5+ % 2 (fibrochondrogenesis )(7) °
COL241 % % ¥ 5% 8 528 £ 41 4| & 4% spondyloepiphyseal dysplasia congenital
(SEDC) ~ Spondyloepimetaphyseal dysplasia (SEMD ) fr Kniest 3 5 7 % ° &
PP ARANF . blAeRTA @S g i > Bk KT o MG T B R
ARG AR BehR fh o B fkE R A P\;I&%?ﬁ‘w’h 1029 o v o %
A FEA A A B e g T R 25 Moo

Achondrogenesis type 2 = hypochondrogenesis ¥ PESTAL A FEW P T 0 BE
REFF AR JREFLER T E QA et 7 s ﬂ?ﬁ.ﬁém’?éﬁﬁgqﬁf‘;](germline or
somatic mosaicism)F B (8) o ¥ — fAIk & 79 COL2A1 % ¥ Platyspondylic lethal
skeletal dysplasia Torrance type & — fa & «¥ ¥4 £ fawm(9) °

Kniest % 5 # 2 enfF 8L E el 4035 0k ﬂ”ﬁt\—i’ (10) - 314= SEDC 4= SEMD =333}
Jod-v R Y §F = % 48 ¢h heterozygous missense mutations (11) e

COL24A1 R %~ € 5142 728 M en% 28 A% B & W foii ¥ 5 4% o |23 5~ (Aseptic
necrosis of femoral head : ANFH) » v & 5 izt 2 A HRB T 25 3 2 P 3
JE o A &G ReEAS o ¢ I COL241 @ # Glycine-to-Serine mutations ¥
ANFH 7 B (12) -

Classical EDS (cEDS)®_d COL5A1 & COL5A2 5% % #15142 » Vascular EDS
(VEDS) #_d COL3AI 7% % > Arthrochalasia EDS (aEDS)#_d COLIAI §v
COLIA2 % %511 = o

Classical EDS (cEDS)f@/ & & ¥ ¢ 3218 & ¥ B ch § 11 2 J Beighton

FARTHE LT ERD B AR LR R RERY B g A
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TR(13) - cEDS ¢i & #rjcy M & gise Al o Bk o R 0 WA B ATk
Kﬁ} °

Cardiac valvular EDS (¢cvEDS)®_d homozygous or compound heterozygous
mutations COLIA2 2 S ER > A& M S BREH A RBREVE > T 5 A
B oo e forusEdi A s PR 2 2 feF 42 2 (14) -

Vascular EDS (VEDS)E_% TI1 4%}l v hR % > B % L3 8 24 Gly-X-Y
7 o Glycine g+ il pl B~ (15) - VEDS € ¥ ¢ £ 2 2 & > F] 5
Yo i dr A o F AR B Dk Dk Y o B ETIRME ¢ F iR B ehdi % o o i
fed P A2 RY R - HU B e RGPl o k] T
TSP R RESE S SRR R o VR bRl 0 B R AR
RFEREIRE BN F A Y Al Y bl TR FRIR(6) -

13 =& S TR BRI /R

BRI RROEBREFALSTERNR B A FLWT RSN R
p o 0 E T FIE A M Rp T TIRE i S 0 R AP R B
TR RSt o e E s d R A TR S o Ft g S AT
F 3405 0 B4e > *h B2 3 2 K (Whole exome sequencing ; WES){r P %% & Z_&
(Targeted Sequencing) » * %k %7 % F Ll @5 5 B R 39 % > - BAIATE
T R g T 5 e Rk i TR A AR M A B K R
T 2 A A g > 5 & i R IR & (depth of coverage) 3 300 & > F 3t
ROHFRATREARES 10 RE 9% 0 ik A2 S S AD

TRl R REAT AR (TE § R ARR MBS o B
ZFRBOV R faf 3w & 3UTR) (17) © b4r % R L F’? ?Fi?ﬁ James T.

Lu i * NGS -based targeted gene panel ¢ 7z 9 B OI 4p i & #] > 21 % low bone
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mineral density(LBMD) diseases 4p B 7 #] > 4= 14 % high bone mineral
density(HBMD) diseases 4p i 78 F1#& B i< 2 B ¥ & % & 04 4 & F Ol ~» EDS {r
osteopetrosis (OPT ) ¥ il @ % 5 - % % B 77 i 6 NGS -based targeted gene panel =
HREN G L RRAE DR MG ARG AT A BESHOLE OPT
BE? o d5d NGS+ i fgteiplsop # 3 - Flut > NGS##0 — fatei m B rgen
TEOVMAS S RABEFAKE TRARLF Y EFAFLE (18) -
14 =5 d i

OB R e LG A GRTHE 2H < DA T @ D Rk & REkx
25 R Tl 0 bl & Ol & P A ePfRfk 4 e > © COLIAL &
COLIA2 }rix 5 5P| %2 B pme F = }F*%P 3 ¥t Skeletal disorders % 3+ 309
i 4p B 5 5 gene panel 0 36 Bl G AT LA RTRA LM B Y BHIREF A
F e BEF 5 229%(n=8/36) (19) ° FI#t » AT F X B P £ o rah

gene panel * %y S § A+ LES o ) “%TE"*%‘?&%?EFF? L 5> 5N o
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21 F1H%

J€ 2016 & 4~ 3] 2018 # & » FrPF 2 # » 3K Jcdk 30 B ﬁ_—‘g v d TR %ﬁg’w;ruj%fr
5t 02 Ol &% EDS %} Jt 3-v s R Pk -
22 PR iEAR

FOFEY w3k BB A F)E DNA (5 > % &k kB Hp[E & DNA EA - NGS
THAARILE F T4 287 & 54 4~ R % 4 (library preparation) ~ # & & 3%
3 (library amplification) ~ Z_% & J&(sequencing reaction)% #cdx 4 +7(data analysis)
B oo

MR RERZTLE AT BT P &% F%B % 4% exon-intron
@i%@ﬁﬁﬂ%ﬁﬁ@@ﬁ%iﬁiﬁouﬁﬁ@iﬁﬁﬁwﬁﬁﬁiﬁ
( OI, EDS, Osteopetrosis, Marfanoid, others )4p & £ %] 56 i » OI (19 genes):
PLOD2, SERPINF1, COLIAI, COLIA2, MBTPS2, PLS3, PPIB, IFITMS5, CRTAP,
LEPREI, SERPINHI, FKBP10, SP7, BMP1, TMEM38B, WNTI, SPARC, P4HB,
SEC24D > EDS (13 genes): TNXB, B4GALT7, SLC39A413, COL5A1, COL5A42, COL3Al,
ADAMTS?2, PLODI, ZNF469, FKBPI14, CHSTI14, DSE, B3GALT6 » Osteopetrosis (6
genes): IKBKG, TNFRSF11A4, TCIRG1, TNFSF11, CLCN7, OSTM1 - Marfan syndrome
(7 genes): FBN1, FBN2, CBS, TGFBRI1, TGFBR2, SMAD3, ACTA2 - others (11 genes):
FLNA, FLNB, RIN2, LRPS5, XYLT2, COL2A1, TRAPPC2, TRPV4, CREB3LI, TGFB2,
TGFB3 % 5 P &A% (% 3) -
23 AP FTALAT

% K & * Illumina MiSeq > 2 & = ;% % Captured-based method > P # & Fr=

FHAE P T B 56 98% 0 A 459048 5 (W) ANNOVAR o % 15 ¢ raw data 12
14
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BWA it {7 & 17 I ¢ % B 7| (reference sequence; hgl9) » &% 75 = BAM #2 3% chf
%18 > £ 12 GATK4.0 i& {7 Variant calling & 1§ 3| Variant Call Format(VCF) & 3% e

o

W

o 2_{s * (W)ANNOVAR it {7 annotation > I +* ¥} ClinVar
(https://www.ncbi.nlm.nih.gov/clinvar) ~ dbSNP (https://www.ncbi.nlm.nih.gov/snp ) %
FRFRE KR R

WwiplE %3 “f AT RS NIAEFS1% R R B FlATRRELE 1 E
ST $ o 4 0 T GTTRBCR A 15 > b4e SIFT v PolyPhen-2 » * % it %
PR R T RHEE T LG RpE - WL DRBSTLE P
EHE S FF ZEDT BLDNARZ R IAEFHRHE -

iz Bt The American College of Medical Genetics and Genomics (ACMG) F 1
Bpip b ez F1R A ¥ 4 5 547 ¢ 1~ pathogenic > 2 ~ likely pathogenic > 3 ~ variant
uncertain significance(VUS) > 4 -~ likely benign 5 ~ benign °

5 é, # Pl 1! de novo variants > F & #PIF{ EH PR A Pl E S
EAp R BPF 2 B K1 £ denovo variants gk 0 H AR B LREATE Y
gl de ek 0 A 7 Y Eﬁ‘?é‘ﬁ % autosomal dominant 3 ﬁ?ﬁ:f};’ag{é:}}i

i&l autosomal recessive 5@ 5 0 @ [ heterozygous variants B| 7 & & 7| & —‘F‘i‘ <

A AT ke R a2 N incis & intrans > § @ B heterozygous variants >

card Y - BHPR piz}]%%‘ﬂ V- BELERR bk"u]% %2 % I in trans 7

PR FLAGRE DY IRpEN  FELAFRAL I B RBERS

& R intrans €07 P50 RIAR G R R FE R ©

¥ e J‘r'i(j]%%ﬂ By - BELEREEA TR incisF FLELBRTARS

A P o
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http://www.ncbi.nlm.nih.gov/clinvar
http://www.ncbi.nlm.nih.gov/snp

# % 2 & autosomal recessive X J & ¥} end 1 heterozygous variants e173% Tt
PR TREFETR ) N Alincis & intrans 0 @2 28T ¢ T - R LIORIE
eEdA BRERIE incis P3% KL F]A B heterozygous variants 35X 3| 82 38 env it

B

el iEd A gl F1A Ok A 47 %,JF’{ ®_F %_de novo variants » & d %ﬁ %
o g Wk chi% S R FE T autosomal recessive i fs £ homozygous £
heterozygous % £ - ‘¢ #_family co-segregation analysis i * pF{%(20) -
¢ variant uncertain significance(VUS)&_F ¢ 31425 Jp » &30 VUS ¥ i i =3
L ERINMELEFATA N Ak METFAEET A LA 2 g PR~

Gord Kenh g o B RREE

\-\w

RFH 7 RARBEERREE - A Gip R %2
B ingles R RIT e o QB ERR] REPHEE A pR R
P ARART B2 OF R o T B AR BRS D EFY YR &L
Fomk e RES f e A

16

do0i:10.6342/NTU201902431



N
»

i

iy
5
ﬂm

)\
AS
=
da

Jods 30 = 8 ‘F%’ ¥ > 3 8 bk ¥ ¥r 5 Elhers-Dalnos syndrome > 22 & §@/
L5 ¥ e v 7 % Skeletal dysplasia(# 4) » % F 29 =& # * NGS-based
targeted gene panel » 1 & 3 2 #% 1 * Exome panel 4k 1% > ¥ # 3 = R] & %
NGS panel ;23 73] % %2 {6 » £ i&- ¥ & % Exome panel - 4 %|&_patient 1
patient 15 = patient 17 > % % 724 j2f# 5 ACMG uncertain significance ~
uncertain significance fr likely pathogenic °

AP ¥ s EDSp R P 0 %R 1 i PRDMS5(Brittle cornea syndrome 2)
2 = COLSAI(EDS % 14])fc | = COL3AI(EDS % IV A% & » #3552 50%
(n=4/8) » 1 3 fisk 75 ¥7 5 Skeletal dysplasia & 4 # > % % 7 4 i COLIA] v 1
> COL1A42(Osteogenesis imperfect, OI)% £ > 4 = COL2A1 (COL2A41-related
collagenopathy)% £ » 2 2 SERPINFI1(Ol type VI > n=2) > WNTI(OI type XV >
n=1) IFITM5(Ol type V » n=1) » TRPV4(Spondylometaphyseal dysplasia °
Kozlowski %] » n = 1)fr B3GALT6(Spondyloepimetaphyseal dysplasia with joint
laxity ' n=1) ®%4 > L5 5 68%(n=19/22) (R 1) - 30 =k 4 %7 19 2k

Y

i

% > LEEF 5 639%(n=19/30) ¢
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Kp 17 B poEGuE 19 = F > B9 5 5(kp 4B F2%)H* autosomal
recessive(famailyl3 7 Patient 13 fr Patient 14 & &_p.Glu27Glyfs*37 % £) > 7
14 (% p 13 B 72%) 4> autosomal dominant - 4 m 3 » D7 F AT R
78 57 (n=20) » 4 %| 3 single nucleotide variant > n=13(65%) ~ splice site
variant > n=6(30%) ~ duplication * n=1(5%) (Bl 2) °
Ehlers-Dalnos syndrome # 7] % £

EDS £ F13] 4~ %] 5 COL5A1 50% ~ COL3A41 25%%= PRDM5 25% (5] 3) -
COLS5AI variant

Patient 18 :7 COL5A1 75 F1 /% 7| % 4720 & +% 3 f& ) 3 Heterozygous » % %
e B 71 e NM_000093.4(COL5A1):c.4720C>T » #3c & 1574 B oA ph e % »
A% % nonsense mutation > B ** COL5A1 1 p.(GIn1574%)= 5 4p B 4R H(21) - &
Osteogenesis imperfecta variant database (https://eds.gene.le.ac.uk/ home. php)® >
%] ¥_Pathogenic » Patient 18 fi/k % B3] 5 EDS » 4 + /¥ % EDS type I -

Patient 30 9 COL5A1 A F1 5 71 % 1389+5 B H =% 9B P 7+ 113
f& B 71 :z % NM_000093.4(COL5A1): ¢.1389+5G>A > ¢ = splice site variant ©

Patient 30 &4 % 33| 5 EDS type Il » 4 3 /g 5 EDS typel o
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BE 3 A F) COLSAI ¥ c9¢.1389+5G>A E @ B2 Ap 3R > 40 % § 0
RAFRADOR 0 L RFORA BRI F G L BREAT] B - B
FokiL o P PR ARAG AR AFIR > 3R ARG A B AT D FEF
Ao drk ALY AR R R LT MR RS R 2

l}'}’\:j&—jam_,}?\)‘ J ﬂﬁj{*&%%“zﬂbp\;%r«}i fﬁﬁ‘f\f‘ o

COL3A1 variant

Patient 22 i9 COL3A41 £ F1F 71 % 2824-10 B2 pe =t % 39 @ p 7 +
3. Heterozygous 1% fit i+ 722 % NM_000090.3 (COL3A1) : ¢.2824-10T>G > 2

3% Splicing > Patient22 §&4 % 33| & EDS » &+ 724 & EDS type IV -

PRDMS5 variant

Patient 1 ¢ PRDMS5 # %15 7 % 106 & +% 4 fit ) 3. Homozygous » % ik
B 7l % NM_018699 (PRDMS) : ¢c.106G>A » #3 % 36 Briefipisc® > )=
single nucleotide variant » Patient 1 §&/ % JL3] 5 EDS » 4 3+ f&3# % Brittle

cornea syndrome 2 °
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Skeletal dysplasia & 7] % £

Skeletal dysplasia £ %]3] 5= COLIAI 29% ~ COL2A129% ~ COLIA2 7% ~
SERPINF1 7% ~ WNTI 7% ~ IFITMS5 7% ~ TRPV4 7%= B3GALT6 7%(®] 4) -
COLIAI variant

Patient 8 NM_000088 (COL1A1) : ¢.661G>C,p.Gly221Arg ~ Patient 11
NM_000088 (COL1AT) : ¢.2461G>A,p.Gly821Ser ~ Patient 19 NM_ 000088
(COLIA1) : ¢.2236G>T, p.Gly746Cys » 25 = Missense mutation » @ Patient 28
NM_000088 (COL1A1) : COLIAI c.3046-1G>A # 3k Splice site % £ (%] 5) »

Patient 8 59 COLIAI 2 %1/ | % 661 i % 3 p& 1 3k Heterozygous » % H ik
B 7]z % NM_000088 (COL1AL) : c.661G>C » ¥ 3% % 221 Bryefipiscs > 3
= Missense mutation > R ** COLIA1 0 p.Gly221Arg = Osteogenesis imperfecta
variant database(https://oi.gene.le.ac.uk/home.php) = Clinical significance
pathogenic » Patient 8 &=/ % %] % Skeletal dysplasia » 4 + #x# % Ol typel -

Patient 11 9 COLIAL # F1F 71 % 2461 i+ 4 f& ) 3 Heterozygous » %1 4
fa B 71 zc % NM_000088 (COL1AL) : c.2461G>A > #H3 % 821 Breflpizc % »
25 &% Missense mutation » Patient 11 §&4 % 3% 5 Skeletal dysplasia » 4 + &%

% Oltypel o
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https://oi.gene.le.ac.uk/home.php)%EF%BC%8C%E6%AD%A4%E8%AE%8A%E7%95%B0%E8%A2%AB%E6%8F%90%E5%8F%8A2

Patient 19 :7 COLIAI 7 F1 % 7| % 2236 & +% 3 f& ) 3. Heterozygous * %%
e B 71 e NM_000088 (COLIAL) : ¢.2236G>T » #3k % 746 B i i :c % »
A5 = Missense mutation » Patient 19 §&# % 33| 5 Skeletal dysplasia » 4 + f& 2
% Ol type III -

Patient 28 57 COLIAI A %15 7| % 3046-1 & 1 3 & ) 3R Heterozygous » +%
H AL R 72 % NM_000088 (COL1A1) : COLIAI ¢.3046-1G>A ¥ 3% Splice site
% % > Patient 28 5 % 37| 5 Skeletal dysplasia » 4 + Fx# 2 Ol -
COLI1A2 variant

Patient 15 5 NM_000089(COL1A2) : ¢.3355G>C =% % 49 @ 7 =+ 13
fa B 7] s % > 43T c-propeptide cleavage site > % Osteogenesis imperfecta variant
database * > #5 it p.Alal119Thr &ﬁﬂ’ﬁ FRIBELEIEERREOL B4
® ¥ R AR DOl i % 38 (R 6)

COL2A1 variant

Patient 10 NM_001844.4(COL2A1) : ¢.1529G>A -~ Patient 12

NM_001844.4(COL2A1) : ¢. 1636 G >A ~ Patient 24 NM_001844.4(COL2A1) : c.

2149 G>A > 25 = single nucleotide variant - Patient 17 NM_001844.4(COL2Al) :

¢.840+5G>A » # 3% Splicing(®l 7) °
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Patient 10 £ COL2A1 A %15 7 % 1529 i % H f& 1) 3 Heterozygous » +% 3
e B 71 e NM_001844.4(COL2A1) : ¢.1529G>A » #3k % 510 B i ph <
% » 7= single nucleotide variant » B ** COL2A41 1 p.Gly510Asp & 3 3F #(22)
Skeletal dysplasia 22 COL2A1 ¥ 3k 1]% 2 p.Gly510Asp £ 5 #p B2 o
Patient 10 §&4 % 34| 5 Skeletal dysplasia » 4 F f8% 5 COL2A1-related skeletal
dysplasia °

Patient 12 £ COL2A41 7 %15 7| % 1636 1 1% 3 fit ) 3. Heterozygous 1% ¥ fit
B3l NM_001844.4(COL2A1) : c. 1636 G>A » ¥k & 546 Br=Lphsc % »
A5 % single nucleotide variant » B > COL2A41 7 p.Gly546Ser ¢ 3 #(23) >
# ClinVar 2| %_% Clinical significance Pathogenic/Likely pathogenic - Patient12
T/ ¥ %7 5 Hypochondroplasia » 4 + 7£% 5 COL2Al-related skeletal
dysplasia °

Patient 17 £ COL2A1 A %15 7 % 840+5 B H R =30 % 13 Bp 3+ MR
Heterozygous » 1% % i & 772 % NM_001844.4(COL2A1) : c.840+5G>A » % i
Splicing » Patient 17 §g/ ¥ %7 5 Skeletal dysplasia > 4 + f&#5 5 COL2Al-related

skeletal dysplasia °
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Patient 24 1 COL2A41 % %15 7| % 2149 i 4% 3 it 1) 3. Heterozygous » % ¥
e B 71 ec s NM_001844.4(COL2A1) : ¢. 2149 G>A » 5 % 717 Br=efipic
% » A5 = single nucleotide variant » & 3> COLIAI = p.Gly717Ser M % £ %A
ClinVar %] #_3 Clinical significance pathogenic > f&4 # 33| 2 Avascular
necrosis of the head of femur - Patient 24 T&/* ¥ %1 = Achondropalsia » 4 + f£#5
% COL2A1-related skeletal dysplasia ©

SERPINF I variant

Patient 13 {r Patient 14 &_*o4% » < # 25 iT8M % » & SERPINFI 3 1R
Flte% 2 B exon & 72 B R £4F B 72 % NM_002615.6(SERPINF1) :
¢.72dupC(p.Glu27Glyfs*37) » i = frameshift mutation(24) © Osteogenesis
imperfecta type VI with severe bony deformities £ SERPINFI & F]# i Jj % &

FARREE > 2t % 3 L Pathogenic °
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WNT1I variant
Patient 7 e WNT1 A F1 % 71 % 104+1 B> % 1 B 7+ PHEA
7] % NM_005430.3 (WNT1) : c.104+1G>A » i = Splicing fr % 105 & +% 3
pe VI H PR 7 e % NM_005430.3 (WNT1) @ c.105G>A # 3% p.Trp*35 > 5
i family-trio analysis > & 7 I & g4 Wk § & 5 heterozygous carriers
M - Patient 7 §/k 2 %7 5 Ol type Il » &~ 3 782 5 Ol type XV o
IFITMS variant
Patient 16 1 [FITMS5 7% 5'untranslated region (UTR) single point mutation >
# 52 New upstream start codon » ClinVar 2| NM_001025295.2(IFITM5):c.-14C>T
| %_% Pathogenic/Likely pathogenic » Patient 16 4 % .3 5 Skeletal

dysplasia > # + #/£# 5 Oltype V o

TRPV4 variant

e

Patient 5 51 NM_021625.4(TRPV4) : c.1781G>A » & F1 5 7 5 1781 & 4 %
fic 1 3 Heterozygous » t% { e B 71 #c % » ¥R & 594 Breflipssc % » 2=
single nucleotide variant > B ** TRPV4 ¢ 3 3R $(25) - % ClinVar 2| 2_

NM_021625.4 (TRPV4):c.1781G>A (p.Arg594His)¥| ©_5 Pathogenic * Patient 5
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Tk % JA] 5 Skeletal dysplasia > # + #2220 5 Spondylometaphyseal dysplasia,
Kozlowski type °

B3GALT6 variant

Patient 21 9 B3GALT6 £ F1 % 7 11 3. NM_080605 (B3GALT6) : ¢.200C>T
21 c.694C>T s % © B >t ¢.200C>T (p.Pro67Leu) = F 4p B 48 #(26) > % ClinVar
%] %_% Pathogenic » Patient 21 f&/k % 37| 5 Skeletal dysplasia » 4 + F£% &

SEMD with joint laxity °
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LETE L 63%(n=19/30) - H ¢ ¢354 & EDS B~ %3 PRDMS5 ~ COL5AL {=
COL3A41 % % » 11 % 15 iz Skeletal dysplasia 2, —‘ﬁ A& w5 COLIAI ~COLIA2 ~
COL2A41 ~ SERPINFI ~ WNTI ~ IFITM5 ~ TRPV4 v B3GALT6 % % - % 29 i=i& *
1256 AR B A& Fl= A RSB &5 s £ 2 (0L EDS, Osteopetrosis, Marfanoid,
others)ie P % » 3 16 ={F I A F B Ereng % > LEF L 55% (n=16/29) -
MY 22 BITRA 2 ET S B Bew v 7 L Skeletal dysplasia £ collagen type

1 ~collagen type 2 §r collagen type 11 7 B » COLIAI #~ COLIA2 = ¥ 85~90%&_
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% ~A2ET. ‘Lﬁ-ﬁ T haeF @< ?@:OI:}}%T}IJ‘{COLIAI f= COLIA2
Fronfr a48FA FIDA TR R DR AT E R AR L DRE N - A
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Osteopetrosis, Marfanoid, others ##k #] » F]p 812 % #& &) COL5AI ~ COL3A41 ~
SERPINF1 ~ WNTI ~ B3GALT6 # #14p B =9 Classical EDS ~ EDS type IV ~ Ol type
VI~ OI'type XV ~ Spondyloepimetaphyseal dysplasia with joint laxity 7 J B —J‘Ff g AR
L, REAFETRYANGS AF2 e m iz & o

AT o I BARETSEE T RFAeT

- PP EERRRNE - PR PR FREAASTERRED
R Ag e dt SRR R SR AR &2 R -

4tk A 5 F (4o promoter ~ intron) ] & i § B P o

b

= R
2 RFFEL APMATF]IS6 Btz B A TR E T g ko

iR e ) u;ﬁd TR IFRACD B E R PR S RIS ?],ng#%_,ﬂi )
i B AR R B R R AR E el B g o T
Lo R KT RS RAEEE R R R F FERSHERE T A B A
FReED R RFRGPELR PN PR L A o

BHEB AL 7 Lo

SR RATFEARI GHNFAA RGNS R R BY BH A TIRE
FAheF e @M E hlrane® o d BRI HRLEFREGA R X0 TR
BA ek AR £ S R AFAREN (2T AALPRERT
TARE) RHTPEANRLOTESFE RS A LAL HERA D
AT A A AFLARKNRET BE - F R HIBAT RSB IBREF
PR (7 R AT RH o R AT % S 8 AR F ASM 5 % 2 2(01 - EDS -

Osteopetrosis ~ Marfanoid ~ others)4p b AL F1& 56 B > tpf B s fp M A FIF T 2
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AN VIS GETS PP

Phenotype
Molecular |Genes (genomic
type Phenotype OMIM Inheritance Associated disease
composition |localization)
number
(1) Fibril-forming collagens: L, 11, IILV, XI,XXIV, XXVII
Caffey disease 114000 AD
Ehlers-Danlos syndrome, arthrochalasia type, 1 [130060 AD
Osteogenesis imperfecta, type I 166200 AD
Osteogenesis imperfecta, type 11 166210 AD Most connective tissue, skin,
COL141(17q21.31-q22)
L [lon(D)]202(I) Osteogenesis imperfecta, type 111 259420 AD tendon, bone, ligament
Osteogenesis imperfecta, type IV 166220 AD
{Bone mineral density variation QTL,
166710 AD
osteoporosis }
COL1A42 (7q22.1) Ehlers-Danlos syndrome, arthrochalasia type, 2 [617821 AD
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Ehlers-Danlos syndrome, cardiac valvular type (225320 AR
COL142 (7q22.1) Osteogenesis imperfecta, type II 166210 AD
Osteogenesis imperfecta, type 111 259420 AD
Osteogenesis imperfecta, type IV 166220 AD
{Osteoporosis, postmenopausal } 166710 AD
Achondrogenesis, type II or
200610 AD
hypochondrogenesis
Avascular necrosis of the femoral head 608805 AD
Czech dysplasia 609162 AD
COL2A41 (12q13.11— Cartilage, nucleus pulposus,
I |[oau(ID]3 Epiphyseal dysplasia, multiple, with myopia
ql3.2) 132450 AD vitreous, cornea, inner ear
and deafness
Kniest dysplasia 156550 AD
Legg-Calve-Perthes disease 150600 AD
Osteoarthritis with mild chondrodysplasia 604864 AD
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Platyspondylic skeletal dysplasia, Torrance type|151210 AD
SED congenita 183900 AD
SMED Strudwick type 184250 AD
I [nD]s Spondyloepiphyseal dysplasia, Stanescu type 616583 AD
Spondyloperipheral dysplasia 271700 AD
Stickler sydrome, type I, nonsyndromic ocular 609508 AD
Stickler syndrome, type I 108300 AD
Vitreoretinopathy with phalangeal epiphyseal
Ehlers-Danlos syndrome, vascular type 130050 AD
skin, vessel wall, reticular fibres of most tissues
I [[eu(IID)s COL3A1 (2q31) Polymicrogyria with or without vascular-type
618343 AR (lungs, liver, spleen, etc.)
EDS
ai(V), COL5A41 (9q34.2—q34.3) |Ehlers-Danlos syndrome, classic type, 1 130000 AD lung, cornea, bone, fetal membranes; together
\Y
o2(V), as(V) . with type I collagen
COLS5A2 (2q31) Ehlers-Danlos syndrome, classic type, 2 130010 AD
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COL543(19p13.2)

XI

XI

a(XI)

o2(XI)

a3(XT)

Fibrochondrogenesis 1 228520 AR
COL1iAI (Ip21) Marshall syndrome 154780 AD
COLI1AI (1p21) Stickler syndrome, type 1T 604841 AD
{Lumbar disc herniation, susceptibility to} 603932
Deafness, autosomal dominant 13 601868 AD
Deafness, autosomal recessive 53 609706 AR
Fibrochondrogenesis 2 614524 AR, AD
COLI11A2 (6p21.3) Otospondylomegaepiphyseal dysplasia,
184840 AD
autosomal dominant
Otospondylomegaepiphyseal dysplasia,
215150 AR

autosomal recessive

cartilage, vitreous body

cartilage, vitreous body
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Predominantly in bone, but to a farlesser extent in

XXIV |[o1(XXIV)]3 |COL24A1 the brain, andovary muscle,kidney, spleen, liver,

lung testis,

Adults: cartilage. Children and
adolescents: epiphyseal growth
XXVI|[o(XXVID)] plate. During embryonic and fetal
COL27A41 Steel syndrome 615155 AR
I |5 development: endochondral bone,

lungs, ear, colon, retina, cornea, and

major arteries of the heart.

(2) Basement membrane collagen:IV

Retinal arteries, tortuosity of 180000 AD
[a1(IV)]202(
v COL4AI (13q34)
1IV); al-a6

Angiopathy, hereditary, with nephropathy, basement membranes

611773 AD

aneurysms, and muscle cramps
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Brain small vessel disease with or without

175780 AD

ocular anomalies

Schizencephaly 269160

{Hemorrhage, intracerebral, susceptibility to} [614519

Brain small vessel disease 2 614483 AD
COL4A42 (13q34)

{Hemorrhage, intracerebral, susceptibility to} 614519

Alport syndrome 2, autosomal recessive 203780 AR
COL4A43 (2q36—q37) Alport syndrome 3, autosomal dominant 104200 AD

Hematuria, benign familial 141200 AD

Alport syndrome 2, autosomal recessive 203780 AR
COL4A44 (2q36—q37)

Hematuria, familial benign 141200 AD
COL4A45 (Xq22.3) Alport syndrome 1, X-linked 301050 XLD
COL4A46 (Xp22.3) Deafness, X-linked 6 300914 XLR

(3) Microfibrillar collagen: VL XX VIILXXIX
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ai(VD), Bethlem myopathy 1 158810 AR, AD
\Y| COLG6AI (21q22.3)
az(VI), Ullrich congenital muscular dystrophy 1 254090 AR, AD
a3(VI) COL6A42 (21g22.3) Myosclerosis, congenital 255600 AR
Bethlem myopathy 1 158810 AR, AD widespread: dermis, cartilage, placenta, lungs,
COL6A2 (21q22.3) Ullrich congenital muscular dystrophy 1 254090 AR, AD vessel wall,intervertebral disc
VI
Bethlem myopathy 1 158810 AR, AD
COL6A43 (2q37) Dystonia 27 616411 AR
Ullrich congenital muscular dystrophy 1 254090 AR, AD
XXIX|[al(XXIX)] |COL2941(3g22.1) skin, lung, and the gastrointestinal tract
(4) Anchoring fibrils: VII
EBD inversa 226600 AR
VII [[a1(VID]s |COL7A41 (3p21.3) skin, dermal- epidermal junctions; oral mucosa,
EBD, Bart type 132000 AD
cervix
EBD, localisata variant
Epidermolysis bullosa dystrophica, AD 131750 AD
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Epidermolysis bullosa dystrophica, AR 226600 AR
Epidermolysis bullosa pruriginosa 604129 AR, AD
VII  |[a(VID)]3s |COL7A1 (3p21.3) Epidermolysis bullosa, pretibial 131850 AR, AD
Toenail dystrophy, isolated 607523 AD
Transient bullous of the newborn 131705 AR, AD
(5) Hexagonal network-forming collagens: VIIL, X
COL8AI (3q12—ql3.1)
[or(VIID) 202
VI Corneal dystrophy, Fuchs endothelial, 1 136800 AD endothelial cells, Descemet’s membrane
(VIII) COL8A2 (1p34.3—p32.3)
Corneal dystrophy, posterior polymorphous 2 (609140 AD
X |os(X)]s COLI10A1 (6q21—-q22.3) |Metaphyseal chondrodysplasia, Schmid type 156500 AD hypertrophic cartilage
(6) FACIT collagens:IX, XII, XIV,XVI, XIX, XX,XXI, XXII,XXVI
a1(IX) Epiphyseal dysplasia, multiple, 6 614135 AD
COLY9A1 (6q13)
IX  jo(IX) Stickler syndrome, type IV 614134 cartilage, vitreous humor, cornea
a3(IX) COL9A42 (1p33—p32.2) Stickler syndrome, type V 614284 AR

43

do0i:10.6342/NTU201902431



Epiphyseal dysplasia, multiple, 2 600204 AD
Epiphyseal dysplasia, multiple, 3, with or
600969 AD
COL943(20q13.33) without myopathy
{Intervertebral disc disease, susceptibility to} 603932
Ullrich congenital muscular dystrophy 2 616470 perichondrium, ligaments, tendon
XII |[on(XID]s  |COLI12A41 (6q12—ql3)
Bethlem myopathy 2 616471 AD
Epiphyseal dysplasia, multiple, 6 614135 AD dermis, tendon, vessel wall, placenta, lung
XIV [[0u(XIV)]s |COL9AI (8q23)
Stickler syndrome, type IV 614134
XIX [[a(XIX)]s |COLI9AI (6q12—ql4) human rhabdomyosarcoma
XX |[a1(XX)]s |COL20A41 (20q13.33) corneal epithelium, embryonic skin, sternal
XXI [[a(XXD]s |COL21A1 (6p12.3—11.2) blood vessel wall
XXII [[a(XXI)]3 |COL22A41(8924.2-q24.3) heart , skeletal muscle

(7) Transmembrane collagens: XIII, X VIL, XXIII, XXV

XII |[o(XIID)]s |COL13A1 (10922) Myasthenic syndrome, congenital, 19 616720 AR epidermis, hair follicle, endomysium
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Epidermolysis bullosa, junctional, localisata 226650 AR
XVII |[[ai(XVID)]3 |COL17A1 (10g24.3) Epidermolysis bullosa, junctional, non-Herlitz [226650 AR dermal- epidermal junctions
Epithelial recurrent erosion dystrophy 122400 AD
XX |[o1(XXTID)]3 |COL2341(5935.3) Lung, cornea, skin, tendon, amnion
XXV |[ai(XX V)]s |COL2541(4925) Fibrosis of extraocular muscles,congenital, 5 [616219 AR collagen-like amyloidogenic component is
(8) Multiplexins: XV, XVILXVIII
XV |[a1(XV)]s  |COLI5AI (9921—q22) fibroblasts, smooth muscle cells, kidney
XVI [[a1(XVD)]3 |COLI16A1 (1p34) fibroblasts, amnion, keratinocytes
XVIHI|[o(XVIID)]3 {COLI8AI (21g22.3) Knobloch syndrome, type 1 267750 AR lungs, liver

(9)Other molecules with collagenous domains: XX VL. XXVIII

XXVI

[a1(XXVD)]3

COL26A1 (7422.1)

testis,ovary

XXVI

[a1(XXVIID)

COL28A1(7p21.3)

peripheral nerves surrounding most
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Osteogenesis imperfecta (19 genes)
PLOD?2 chr3q24 Bruck syndrome 2 609220 AR
SERPINFI | chrl7pl3.3 Osteogenesis imperfecta, type VI 613982
COLIA1 | chr17q21.33 | Caffey disease 114000 AD
Ehlers-Danlos syndrome, arthrochalasia type, 1 | 130060 AD
Osteogenesis imperfecta, type | 166200 AD
Osteogenesis imperfecta, type 11 166210 AD
Osteogenesis imperfecta, type 111 259420 AD
Osteogenesis imperfecta, type IV 166220 AD
{Bone mineral density variation QTL, 166710 AD
osteoporosis}
COLIA42 | chr7q21.3 Ehlers-Danlos syndrome, arthrochalasia type, 2 | 617821 AD
Ehlers-Danlos syndrome, cardiac valvular type | 225320 AR
Osteogenesis imperfecta, type 11 166210 AD
Osteogenesis imperfecta, type 111 259420 AD
Osteogenesis imperfecta, type IV 166220 AD
{Osteoporosis, postmenopausal} 166710 AD
MBTPS2 | chrXp22.12 | Olmsted syndrome, X-linked 300918 XLR
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IFAP syndrome with or without BRESHECK 308205 XLR
syndrome
Keratosis follicularis spinulosa decalvans, X- 308800 XLR
linked
Osteogenesis imperfecta, type XIX 301014 XLR
PLS3 chrXq23 Bone mineral density QTL18,osteoporosis 300910 XLD
PPIB chr15922.31 | Osteogenesis imperfecta, type IX 259440 AR
IFITM5 | chrllpl5.5 Osteogenesis imperfecta, type V 610967 AD
CRTAP chr3p22.3 Osteogenesis imperfecta, type VII 610682 AR
LEPREI | chrlp34.2 Osteogenesis imperfecta, type VIII 610915 AR
SERPINHI | chrl1ql3.5 Osteogenesis imperfecta, type X 613848 AR
{Preterm premature rupture of the membranes, 610504
susceptibility to}
FKBPI10 | chr17q21.2 Bruck syndrome 1 259450 AR
Osteogenesis imperfecta, type XI 610968 AR
SP7 chr12q13.13 | Osteogenesis imperfecta, type XII 613849 AR
BMP] chr8p21.3 Osteogenesis imperfecta, type XIII 614856 AR
TMEM38B | chr9q31.2 Osteogenesis imperfecta, type XIV 615066
WNT1I chr12q13.12 | Osteogenesis imperfecta, type XV 615220 AR
{Osteoporosis, early-onset, susceptibility to, 615221
autosomal dominant}
SPARC chr5q33.1 Osteogenesis imperfecta, type XVII 616507 AR
P4HB chr17q25.3 Cole-Carpenter syndrome 1 112240 AD
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SEC24D | chr4q26 Cole-Carpenter syndrome 2 616294 AR
Ehlers-Danlos syndrome (13 genes):
TNXB chr6p21.33- | Ehlers-Danlos syndrome, classic-like, 1 606408 AR
p21.32 Vesicoureteral reflux 8 615963 AD
B4GALT7 | chr5q35.3 Ehlers-Danlos syndrome, spondylodysplastic 130070 AR
type, 1
SLC39A413 | chrllpll.2 Ehlers-Danlos syndrome, spondylodysplastic 612350 AR
type, 3
COL541 | chr9q34.3 Ehlers-Danlos syndrome, classic type, 1 130000 AD
COL5A42 | chr2q32.2 Ehlers-Danlos syndrome, classic type, 2 130010 AD
COL3A41 | chr2q32.2 Ehlers-Danlos syndrome, vascular type 130050 AD
Polymicrogyria with or without vascular-type 618343 AR
EDS
ADAMTS?2 | chr5q35.3 Ehlers-Danlos syndrome, dermatosparaxis type | 225410 AR
PLODI chrlp36.22 Ehlers-Danlos syndrome, kyphoscoliotic type, 1 | 225400 AR
ZNF469 | chrl6q24.2 Brittle cornea syndrome 1 229200 AR
FKBPI4 | chr7pl4.3 Ehlers-Danlos syndrome, kyphoscoliotic type, 2 | 614557 AR
CHSTI4 | chrl5ql5.1 Ehlers-Danlos syndrome, musculocontractural 601776 AR
type 1
DSE chr6q22.1 Ehlers-Danlos syndrome, musculocontractural 615539 AR
type 2
B3GALT6 | chrlp36.33 Ehlers-Danlos syndrome, spondylodysplastic 615349 AR
type, 2
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Spondyloepimetaphyseal dysplasia with joint 271640 AR

laxity, type 1, with or without fractures

Osteopetrosis (6 genes):

IKBKG chrXq28 Ectodermal dysplasia and immunodeficiency 1 300291
Ectodermal, dysplasia, anhidrotic, lymphedema | 300301
and immunodeficiency
Immunodeficiency 33 300636 XLR
Immunodeficiency, isolated 300584
Incontinentia pigmenti 308300 XLD
Invasive pneumococcal disease, recurrent 300640
isolated, 2
TNFRSF11 | chr18q21.33 | Osteolysis, familial expansile 174810 AD
A Osteopetrosis, autosomal recessive 7 612301 AR
{Paget disease of bone 2, early-onset} 602080 AD
TCIRGI | chrllql3.2 Osteopetrosis, autosomal recessive 1 259700 AR
TNFSF11 | chr13ql4.11 | Osteopetrosis, autosomal recessive 2 259710 AR
CLCN7 chrl6pl3.3 Osteopetrosis, autosomal dominant 2 166600 AD
Osteopetrosis, autosomal recessive 4 611490 AR
OSTM1 chr6g21 Osteopetrosis, autosomal recessive 5 259720 AR
Marfan syndrome (7 genes):
FBNI chr15g21.1 Acromicric dysplasia 102370 AD
Ectopia lentis, familial 129600 AD
Geleophysic dysplasia 2 614185 AD
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Marfan lipodystrophy syndrome 616914 AD

Marfan syndrome 154700 AD
MASS syndrome 604308
Stiff skin syndrome 184900 AD
Weill-Marchesani syndrome 2, dominant 608328 AD
FBN2 chr5q23.3 Contractural arachnodactyly, congenital 121050 AD
Macular degeneration, early-onset 616118 AD
CBS chr21q22.3 Homocystinuria, B6-responsive and 236200 AR

nonresponsive types

Thrombosis, hyperhomocysteinemic 236200 AR

TGFBR1 | chr9q22.33 Loeys-Dietz syndrome 1 609192 AD

{Multiple self-healing squamous epithelioma, 132800 AD

susceptibility to}

TGFBR2 | chr3p24.1 Colorectal cancer, hereditary nonpolyposis, type | 614331

6

Esophageal cancer, somatic 133239

Loeys-Dietz syndrome 2 610168 AD
SMAD3 | chr15g22.33 | Loeys-Dietz syndrome 3 613795 AD
ACTA2 chr10g23.31 | Aortic aneurysm, familial thoracic 6 611788 AD

Moyamoya disease 5 614042

Multisystemic smooth muscle dysfunction 613834 AD

syndrome

others (11 genes):
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FLNA chrXq28 FG syndrome 2 300321 XL
Cardiac valvular dysplasia, X-linked 314400 XLR
Congenital short bowel syndrome 300048 XLR
Frontometaphyseal dysplasia 1 305620 XLR
Heterotopia, periventricular, 1 300049 XLD
Intestinal pseudoobstruction, neuronal 300048 XLR
Melnick-Needles syndrome 309350 XLD
Otopalatodigital syndrome, type I 311300 XLD
Otopalatodigital syndrome, type 11 304120 XLD
Terminal osseous dysplasia 300244 XLD
FLNB chr3pl4.3 Atelosteogenesis, type I 108720 AD
Atelosteogenesis, type I11 108721 AD
Boomerang dysplasia 112310 AD
Larsen syndrome 150250 AD
Spondylocarpotarsal synostosis syndrome 272460 AR
RIN2 chr20p11.23 | Macrocephaly, alopecia, cutis laxa, and scoliosis | 613075 AR
LRPS chrllql3.2 Exudative vitreoretinopathy 4 601813 AR,
AD
Hyperostosis, endosteal 144750 AD
Osteopetrosis, autosomal dominant 1 607634 AD
Osteoporosis-pseudoglioma syndrome 259770 AR
Osteosclerosis 144750 AD
51

do0i:10.6342/NTU201902431



Polycystic liver disease 4 with or without 617875 AD

kidney cysts

van Buchem disease, type 2 607636 AD

[Bone mineral density variability 1] 601884 AD

{Osteoporosis} 166710 AD
XYLT2 chr17g21.33 | Spondyloocular syndrome 605822 AR

{Pseudoxanthoma elasticum, modifier of 264800 AR

severity of}

COL241 | chrl2ql3.11 | Achondrogenesis, type II or 200610 AD
hypochondrogenesis
Avascular necrosis of the femoral head 608805 AD
Czech dysplasia 609162 AD

Epiphyseal dysplasia, multiple, with myopia and | 132450 AD

deafhess

Kniest dysplasia 156550 AD
Legg-Calve-Perthes disease 150600 AD
Osteoarthritis with mild chondrodysplasia 604864 AD

Platyspondylic skeletal dysplasia, Torrance type | 151210 AD

SED congenita 183900 AD

SMED Strudwick type 184250 AD

Spondyloepiphyseal dysplasia, Stanescu type 616583 AD

Spondyloperipheral dysplasia 271700 AD

Stickler sydrome, type I, nonsyndromic ocular 609508 AD
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Stickler syndrome, type I 108300 AD

Vitreoretinopathy with phalangeal epiphyseal

dysplasia

TRAPPC2 | chrXp22.2 Spondyloepiphyseal dysplasia tarda 313400 XLR

TRPV4 chr12g24.11 | Avascular necrosis of femoral head, primary, 2 617383 AD

Brachyolmia type 3 113500 AD

Digital arthropathy-brachydactyly, familial 606835 AD

Hereditary motor and sensory neuropathy, type | 606071 AD

Ilc

Metatropic dysplasia 156530 AD

Parastremmatic dwarfism 168400 AD

Scapuloperoneal spinal muscular atrophy 181405 AD

SED, Maroteaux type 184095 AD

Spinal muscular atrophy, distal, congenital 600175 AD

nonprogressive

Spondylometaphyseal dysplasia, Kozlowski 184252 AD

type

[Sodium serum level QTL 1 613508
CREB3LI | chrllpll.2 Osteogenesis imperfecta, type XVI 616229 AR

TGFB2 chrlg4l Loeys-Dietz syndrome 4 614816 AD

TGFB3 chr14q24.3 Arrhythmogenic right ventricular dysplasia 1 107970 AD

Loeys-Dietz syndrome 5 615582 AD
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(1) ~ EDS 8
PRDMS5 (Brittle cornea syndrome 2)
COL5A41 ( Classical EDS )

—_

[\S}

COL3A41 ( Vascular EDS )

[

(2) ~ Skeletal dysplasia 22

COLI1A1 (Osteogenesis imperfect, OI )

COL2A1 (COL2A1-related collagenopathy)

COL1A42 (Osteogenesis imperfect, OI )

SERPINFI1(OI type VI)

WNTI(OI type XV)

IFITMS5(OI type V)

TRPV4(Spondylometaphyseal dysplasia » Kozlowski type)

—_ == =N =N

B3GALTG6 (Spondyloepimetaphyseal dysplasia with joint laxity)
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Family | Patient Initial presentation | Clinical diagnosis Molecular diagnosis Gene NM Exon/Intron | Nucleotide Amino acid Zygosity
1 1 EDS EDS VI Brittle cornea syndrome 2 PRDM5 NM_018699 Exon 2 c.106G>A p.Gly36Arg Homozygous
16 18 EDS EDS type I EDS type | COL5A1 NM 000093 Exon 62 c.4720C>T p.GIn1574X Heterozygous
18 20 EDS - - COL3A41/ NM_000090.3/ Exon43 COL3Al p.L10211/p.S755R -
FLNB NM_001457.3 c.3061C>A/
FLNB
c.2263A>C
20 22 EDS EDS type IV EDS type IV COL3A41 NM_000090.3 Intron 39 ¢.2824-10T>G Splicing Heterozygous
21 23 EDS - - - - - - - -
25 27 EDS - EDS type II COL5A42 NM_000393.3 Exon 28 ¢.3091C>T p-Pro1031Ser Heterozygous
27 29 Marfan syndrome/ - - - - - - - -
EDS
28 30 EDS type III - EDS type I COL5A1 NM_000093 Intron 9 c.1389+5G>A Splicing Heterozygous
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2 2 Skeletal dysplasia - - - - - - - -

3 3 Skeletal dysplasia - - . - - - g L

4 4 Skeletal dysplasia - - - - - - _ A

5 5 Skeletal dysplasia Skeletal dysplasia Spondylometaphyseal TRPV4 NM _021625.4 Exon 11 c.1781G>A p-Arg594His Heterozygous

dysplasia, Kozlowski type

6 6 Skeletal dysplasia - - - - - - - -

7 7 Skeletal dysplasia OI type 111 OI type XV WNTI NM_ 005430.3 Intronl/ c.104+1G>A / Splicing/p.Trp35* Compound
Exon 2 c.105G>A heterozygous

8 8 Skeletal dysplasia Ol type I Ol type I COLIAI NM_000088 Exon 9 c.661G>C p.Gly221Arg Heterozygous

9 9 Skeletal dysplasia - - . - - - - -

10 10 Skeletal dysplasia Skeletal dysplasia COL2A 1-related skeletal COL241 NM_001844.4 Exon 24 c.1529G>A p.Gly510Asp Heterozygous

dysplasia
11 11 Skeletal dysplasia Ol type I Ol type I COLIAI NM_000088 Exon 36 c.2461G>A p-Gly821Ser Heterozygous
56

do0i:10.6342/NTU201902431




12 12 Skeletal dysplasia Hypochondroplasia COL2A 1-related skeletal COL241 NM_001844.4 Exon 25 c.1636G>A p.Gly546Ser Heterozygous
dysplasia
13 13 Skeletal dysplasia OI type I1I Ol type VI SERPINF1 NM_002615.6 Exon 2 ¢.72dupC p-Glu27Glyfs*37 Homozygous
13 14 Skeletal dysplasia OI type IIT OI type VI SERPINF1 NM_002615.6 Exon 2 ¢.72dupC p.Glu27Glyfs*37 Homozygous
14 15 Skeletal dysplasia Osteopetrosis High BMD OI COLIA2 NM_000089 Exon 49 ¢.3355G>C p-Alall19Pro Heterozygous
15 16 Skeletal dysplasia Ol type 111 Ol type V IFITMS NM 001025295 Intron 1 c.-14C>T Splicing Heterozygous
15 17 Skeletal dysplasia Skeletal dysplasia COL2A 1-related skeletal COL241 NM_001844.4 Intron 13 c.840+5G>A Splicing Heterozygous
dysplasia
17 19 Skeletal dysplasia OI type I1I Ol type 111 COLIAI NM_000088 Exon 33 ¢.2236G>T p.Gly746Cyys Heterozygous
19 21 Skeletal dysplasia Skeletal dysplasia SEMD with joint laxity B3GALT6 NM_ 080605 Exonl/Exo ¢.200C>T / p.Pro67Leu / Compound
nl ¢.694C>T p-Arg232Cys heterozygous
22 24 Skeletal dysplasia Achondroplasia COL2A I-related skeletal COL241 NM 001844 Exon 33 c.2149G>A p.Gly717Ser Heterozygous
dysplasia
23 25 Skeletal dysplasia - - - - - - - -
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24

26

Skeletal dysplasia

26

28

Ol

Ol

COLIAI

NM_000088

Intron 41

¢.3046-1G>A

Splicing Heterozygous
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