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ABSTRACT Objective:To choose the disease-causing gene in a Chinese pedigree with ankylosing spondylitis (AS) by
whole-exome sequencing (WES) ,and provide theory basis for mechanism of disease. Methods: Clinical data of AS pedigree
were collected ,including 2 males, the age were 48 and 18 years old,the course of disease were 23 and 4 years. Whole blood
genomic DNA of AS was extracted to perform whole-exome sequencing, the results were compared with human databases, com-
mon variations which had been reported were wiped out, then non-synonymous single nucleotide variants (SNVs) from the fam-
ily members were combined ,and candidate genes was selected initially. Results: Totally 80 G data was obtained from AS fami-
ly with high quality. By comparing results between patient and normal subject, and filtering with number of biological database,
the result showed heterozygous mutation of JAK2 gene 12 exon ¢.1709 A>G (p.Tyr570Cys) may be the potential disease-caus-
ing gene. The variant ¢.1151T>C of MUC3A gene may be one of the causes of intestinal symptoms in the family members. Con-
clusion: It is feasible to find t candidate gene mutations of AS by Exon sequencing. The mutation ¢.1709 A>G in gene JAK2 i-
dentified by whole-exome sequencing might be the pathogenic mutation in this AS pedigree.

KEYWORDS  Spondylitis , ankylosing;;

Whole exome sequencing;  Medical history taking

30 H A AE 4 (ankylosing spondylitis, AS) J2& IIfi
PR _E B UL — B DL A R AR O 15 18 4k R AE Sy =1
B T, B R R B G, 5
R BRI Al A, e & T RE Bk, H
o3 B 0 R B Bl R S R L O LA 1 A
Zaw BN, AS B R LBUREE R, A RE SO
ft A SRR KGR, 2 S A L T AR (R, AS
HHT M AR B, 2R AS a5t 1% PR 2 F1 3R

EGUUH WL PHOTHRIIUH (45 :2014C03031)

Fund program: Planned Project of Zhejiang Provincial Department of Sci-
ence and Technology (No. 2014C03031)

WIE#E 221~k E-mail:quanrenfu@126.com

Corresponding author: QUAN Ren-fu ~ E-mail : quanrenfu@126.com

B R AL AR A —Fh &2 2280, DF o8 P R B s L
R ETRIZWN N RN R AR A2
FI 4 AR (whole-exome sequencing, WES) X 1 4]
AS FRRMAT /T, AR F 18 BOZAE WA 5G] K 43
F L
1 #ZREFE
1.1 WF5REXT 4

AT GIE | I AS KA (K 1), Hrp
SJEUEF 48 2, PRI ER RN AR O A A e L 1R
[ AL TR 12 . WG AR AR IR 25 % Lk
T 23 4, A UFHILR & B A7 G0 A A gk, LR ke
PR RIHE , 185 2 i A s B 2 £ o H i I 08 M B i
MEZL IR AR B AR BT 48 245 1R SR AN W] S, 1 TR AE A



P15 2020 47 HE5 33 %855 7 ] China J Orthop Trauma, Jul.2020, Vol.33,No.7 <673 -

T TR o A A A T 4 v e | <47 i P M
AR5 ) 75 o B ek 5, B B 2 i o 14 R
A A i A A R S W R S O M A
JUT LA AR S22 A1 R AR T LA /N ST TSR, R
U ARHE O 1 T St e MR (181 2) o 2B & K Ar HLA-
B27 FHPE, 28 KGR 7B 11.5 TU/ml, C—f2 i 2 1
18.10 mg/L. JEiE# ILF,18 &, KIRHH 14 %, Y
I JR i L G0 SR AR T L 3 B S DR L AR I IR
A% 5 Al G G2 i, LB E KA HLA-B27 B, A
WF5E 3 B Be e BE 2% 53 253, Fr G R 9 ) G2 B i %
AR I B AR E RS, &R BG5S ml Ak
I, EDTA 40 &k, >R DNA $2 B0 & 1% B i 9]
PEEIE R 2 DNA ,-80 CUKAH PR AT o

e

—

I 3 4
111 3
oo em O
EEEL £2FEx St EE ifE

B1 ASHBERRA
Fig.1 Family pedigree of AS
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Fig.2 Propositus,male,48 years old, ankylosis spondylitis  2a. AP X-ray of pelvic showed bone fusion of bilateral sacroiliac joints 2b. Lateral X-ray of

lumbar showed lumbar vertebrae were square vertebral changes , each vertebral body showed bamboo-like changes ,and facet joints were lurred
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Tab.1 Test result of sample

Fr Rt 44 B WE (ng/pl) FRAR () B (pg) A EE SV
1 s 31.1 50 1.555 BGISEQ- 500 WES B
2 e 44.9 50 2.245 BGISEQ- 500 WES B
3 I 5 68.2 50 3.410 BGISEQ- 500 WES G
4 I 6 59 50 2.950 BGISEQ- 500 WES Gtk
F2 HEFUFBESRITR
Tab.2 Summary of whole—exome sequencing data
FEA JE i B (Mb) A BCEAE (Mb) HREAELL (%) AREE Q20 (%) AR Q30 (%) GC &4 (%)
s 19 940.03 19917.12 99.89 98.08 91.89 48.52
e 19 686.30 19 649.56 99.81 98.24 92.51 48.45
I 5 21392.47 21367.86 99.88 98.12 92.07 47.48
me 19 987.93 19 965.70 99.89 98.12 92.01 47.03
S| 20251.68 20 225.06 99.87 98.14 92.12 47.87

A A B B B 1 Q20 (k5L 1R IE ) 2
99% ) F1 Q30 (i & 571 1F i %6 99.9% ) , ik 3= B il )7
Bt BA B D i o F 38 GO & i 47.68%,
W% 2, SNPs UL IR Z 84 . 55 % FE AL LX),
A 2RI RO

2.3 SNP %%

FERVA ) SNP o G i X 38 N F- 2445 10 756 4
[F] L5745, 10 259 A4 LA, A 31 A RASFIRL
1R S 728 Ry A28 R B 1 5 87 AN AR 45 % Y 1
A5 R AR AR UG 5 5 18 AN AR A A 4R % 5 A8 Oy
BT 88 B UIRAT . FAEA B AR A L3 3
2.4 InDel %%

TEBR K InDel Hr, g i X3k A 315 P4
58,93 N AER A A S, 154 AR RS i i 2% 5
ARV O AN RASEAFL L B AR N AL R B
3 A G AR AT R 46 5% Y A8 R R 4R B 83 A
B UIRAR . S FEA S B AR A UL 3R 4
2.5 fEpEIEH

SR S WA N A el V5 A v WU R/ V54
LR M JAK2 JEH 12 SHME T B — A A5
N RAE e.1709A>G (p. Tyr570Cys) . Bk A 84 7E U A
PR & B0 JAK2 SR 23850k AS 1265, JAK2
FER G AR | 23 520 22 35 1) A T A 4G 2 (janus kinase
2, JAK2) )i Pk o J5 7 2 FL 48 A 2 (interleukin, IL)
=23/1L-17 % 5E iy 4 s R 43, IL-23/1L-17 %l 2K 34
AL AS BE IR E LN R, EXFRZ P
17 sanger BGUE, K PLL R IEH B9 AP R #5728 722
A, &N R JAK2 FEH ¢.1709A>G (p.Tyr570Cys)
RIZFE F WA eSOk SE N R A 1A, i Kk BB IE S

*3 HBXH SNP KIhEE D £ 5t

Tab.3 Functional categories for coding SNPs

_— fii] X BESC TR &AL ORI 57
s 10520 9843 87 29 15 86
e 10806 10106 76 30 15 84
I 5 10833 10192 93 33 21 95
I e 10864 10896 93 33 21 88
o 10756 10259 87 31 18 88

FHE LT MUC3A JEH ¢.1151T>C 2848, 25 7
SCHR, MUC3A B[R 5848 5 98 1 i i A OG o f) ] R 3
JEiEE ME LT 2 180 8, KMEE 25 &
2, B R 2 AR v] BRI K AR R N T R IR
MR Z —.
3 iTig
3.1 AS I IRFF s S A U5 B 58 25

AS JRE G IR _EH LA —Foge g , L 3 SRR 5 &
WU S R AR, B AT BOHRAR OC T AT AR I 21
A A0 RG] R . O B R B R R AR IR M
W EES AL HET AS A R & HIL R 4 R 58 4
BT A AR BN R R i 5B AL e
HEAX, BEEH AS 5 BRIL R Z 55056,
WEFEF 5% & 3 HLA-B27 5 A0 5 A 5%, (H 2 A
HA A% 8% () HLA-B27 [HME A& S KRR
ASP! [l B Il R BAFAE VT 2 HLA-B27 BHE G 3,
2 B A7 A H A T 22 1 SE R R AS 1 R . ASBF
FEM R Z Sl & A B & LR I HLA-B27
JpPEME, FERE SR BN 5K R 2 B E A
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#4 HBEXH InDel BT EE S HK St

Tab.4 Functional categories for coding InDels

ZUINE R T T ST TR Y Y TR

e KA A s TEK TER RE
s 310 91 158 0 4 82
e 317 96 153 0 3 86
Irs 306 89 150 0 3 80
Ire 327 94 155 0 2 83
Xy 315 93 154 0 3 83

[F] 1) HLA-B27 Z& R 7 (H H IR O, 16 B 38 77 75
A FE B A 6 R R I R AR B

AT K B JAK2 3[R 0] g 2 1% K & 1 20 5
JAK2 BHA T 9 S fafk, HER™ Y8 THE
s S BRI R i — B o JAK2 T2 2 5 RAE N
AL A A T A LR S T e A
FR Ho JAK2 nl e it 1L-23/ 1L-17 RAEH S 5
AS W& . DL AR E 3 2iad o 1L-23 5 IL-23R
M4 & 530 JAK2 936 1k, 15 L) 19 JAK2 0] DLFE B
i BB 1k 1IL-23R, MM JE & STAT3 fi4 45 48 fif
M. 9KJ5 STAT3 ¥ JAK2 Bk H — B4k, R &2
21 A% B S B A I IR TL-17 5% 7, 1L-17
A TG 5 0 B DR 0 L BT A AN L A
L DA B AN S 2 Rl A, A R R AR 2 I R
WEAVER o [RB A b  TL-17 5 S e 40 i
FR A A F Kb Z KRG L P FELK (receptor or
activator of NF=Kb ligan , RANKL) , i 15 8% B 40 Jie. , {f
BRI 2, 1 R E O, B R T B
W, Rt AS B ETE S B PR R 22—,
S S JAK2 S ¢ 1709A>G JE R 58 48 25 1% il 32
ik JAK2 8 0GR, Bl S 8RR b STAT3 (1) fg
s, FEME LR SR IRE 20 IL-17, in#E 20E K
Mo BEAEMFSE o , AS B3 A1 ILAN 5C15 3i H Thl7
A0 M Bt e TL-17 W e (g e o i 2 T e, R A
AS HBE RN IL-17 J& F it Rk ks

%52 1 3A (mucoprotein 3A ,MUC3A) J& & 1 it
gt LR HL GRS b RME AR 1 b R RS A
TRBE S BRI ER 1w B AL By 1k
RN IER e R B AR B v 0 i B sV T AR BF IR K
Z,2 {5 AS 3 ELAG () MUC3A JER 245 | £33 i
I I B 1A T 5 AR AR N AR o B TR A R 4 AR T
A 1 B AL AN R X 2 B A SRR PR G T, b 2R
F1 4 R T AR SR L i b i f B I BE O B 1
i i Ik, 1 B R R E, LR E A E
i TS S TERE R o SCERT HGE L 50%~60% 11 AS
B AR BN T i RAE , 1 HLA-B27 5L K

FRUSE TR 9 5 A 4 R 23 76 JC W PR 58 O 2k 1, 3R
W B RS AS KW YA G, {H MUC3A JE[H 548
16 AS BH G BA M BTt —2P ke .
3.2 AN PR A SN

BEAE 0T 98 52 22 P2 0 2 LA 4 Bk TR 40 OQ 3K 0 i
(genome—-wide association study, GWAS) 4 3, 2 #i &
50 ZFPEE 5 AS #HOG, {HJE GWAS X P 7 ik - 7E
TR ZHREG, WSS 5 P A G 1) R PR AR 22 R Aor
TG FReCEEH AR T Y X el g X, If
H 280 & B2 W 5 /N 1) L7225 (minor allele fre-
quency ,MAF)>5%, i 8k i 2 (1 BiF 58 25 1k AL
PRI S B A 78 5 (MAF<5%) 5 g 5 0 B4
H TR 20 I o A A e B K A 9 B () A R ) HE i
Bt o e 3 U P R R I R, A Ah I Ok e
ZWia T H ARG 5 2 PRt . Fh i+
I 2 45 ) s 30 4 AR 15 AR K 4 B PR 20 A I X Jk
DNA i $1 IF & 42 J5 i 47 e i & 00 1 66 PR 2 00 i
Tk e BAR NI 4 XA A 4 7 41
9 1% , {524 85% 1) B0 5 L #B AL T HL X B Ah i
TR A LU AR (1) 440 500 7 2% I AH X%
JiE o (2) BT 00 18 e 510 20, B LA e B ) A it 3 17
P TWIRRCE . (3) 77 ToIig A & K/,
K H WK AT AT T RS . (4)4h
SN BB 08 55 Sk v A b AR A8 e SR TR, N SR
7 39 N % o KL P T RE BRI 5 1

A -0 A 0 1) 5 DR 2 W R S50 35 IR 1) F
SEHAT M ETE, C) 1z s T & i8R 6
i LA B S 95905 o Choi 559X BEA Bartter £ fiE 1Y
500 R E FAT IR A B 1 e R EUE TS
M AN J& Bartter £355-1iE , 5 2k ¢ BHC I R A 347X A4
W SRS s AN F I 2 W 1L 2A
R BUE SR A R, DUE T8 LT B6IT
iz 1AM 0y 1 = - R e A DG B0 i R B 58
AL TR IR AL, X 1 2 W R
R A6 T 100, HA I n & .
3.3 AR E L R

AWM FERT 1 4] AS K FR AT A 810 5 I
TTAYME B2 50 B IESE T JAK2 FEH 848 5 AS A
KIF R TIBAEMBOR AL, R H A AL
PRAE T ISR . BEE BRI KR MESE IR AL TE
DUEmatsEd, s Hesb e FilyrSEnik, B
AS FHIC 1Y 58 78 B TA ] BE A & IR, 1k B 47 7 1) 28 78 Ak
B, R DL 92 s 1) 5 10092 e B 38 1) 25 ) 1) s T 245
A

T2, DR E A RN 5 R RO i 51 SR
AR R DL AN A rh JAK2 JER ik, IR TR AR
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