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[ ZE] A & e KM SN Sioks % 5140 ( congenital bilateral absence of the vas deferens, CBAVD) H# rh g 4F
YA 5 R 55 S 55 [ - (cystic fibrosis transmembrane conductance regulator, CFTR) J&[KF1 CBAVD 5 J&& Ik K 1) 28 78
TEOL, T BN CBAVD RS A SCH: . & B X 13 G2 WT RS R A= i CBAVD 835 B BUN I CFTR J
Sy IREE NI G 3 A B Z/A G2 (adhesion G protein-coupled receptor G2, ADGRG2) | | i 41 ool 1 i g V.
A (sodium channel epithelial 1 subunit beta, SCNNIB) FIfiER i fifF 12 ( carbonic anhydrase, CAI12) Filyz JF#k A % 9
J{ 5 3 (solute carrier family 9 member A3, SLC9A3) £7 4240 T 7 S Sanger M /3 56 F , £F X CFTR &K 2 540
N AR 1T %I%A@@%itfi i ( polymerase chain reaction, PCR) 434 5 Fil Sanger Il /¥, 332 HI 4= W) {5 B,
SFO7%F CBAVD S JBHE PR ke S AS A TORSFAE S0 AT AT BT . % 13 1 CBAVD 835 b 1 R & Y R R AT
T (R 8 40 FTHA S 5 COVD 6 e 1 6 B A K3 CrT
BFRAE A 6 Fhil LA . c. 2684G > A(p. Ser895Asn) | c. 4056G > C(p. GIn1352His) | c.2812G > T(p. Val938Leu) |
¢.3068T > G ( p. Nel023Arg) . c. 374T > C(p. el25Thr) | c. 1666A > G (p. 11e556Val) , 1 FlJE L5875 ¢. 1657C > T
(. ArgS53Ter) , 3 6 BRI 2 (188 4 FBHEAAE CFTR 1404 p. VATO i, 55507 B RAGINth CFTR 3t
HAMNE 7 IR RS . 13 7] CBAVD 35,3 il E M 4l p. VAT0 B 3SENL A, 4 BB 54T ST S5 AL LA
2 8 E AT TG13 S K, 10 B 5 #5H ¢. —966T > G fii s, 4 il CBAVD 35 Rl i #5717 LA b CFTR £RH 58748
DA 2 ~3 M, 13 FilEE T CBAVD 5B RAREN . 1 Fl ADGRG2 48 L5E7AE . 2312A > G(p. Asn771Ser) ,
2 ﬁj SLCIA3 5 L 7% ¢.2395T > C(p. Cys799Arg) | ¢.493G > A(p. Vall651le) , 1 F SCNNIB 58 LKA ¢. 1514G > A
(p- Arg505His) 1 1 Fl CAI2 58 XL Z&7F ¢. 1061C > T(p. Ala354Val) , H.Ar,SLCIA3 KL c. 493G > A(p. Vall65ﬂe)
RALRL R KTE CBAVD JBE gk B, LA S OB AL T gnomAD B4 22 v i) A HF 7S S 26 R, J 775
2875 , Fil Mutation Taster 1 Polyphen-2 #X {750l i /v SLC9A3 FEIH 1) c. 493G > A(p. Vall651le) {3 5 41 SCNNIB %l_]
i) ¢. 1514G > A(p. ArgS05His ) {7 5 YA T PESF RN BURRAE . 1 01K R % 53 & B, JEuE# /Y c. 1657C > T
(p- Arg553Ter) S22 Jyiffi AL RAB , JellE & SC5E BE R AR IR R AL, Seiib RO E S f B A s R F 1 &
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ABSTRACT Objective: To detect the cystic fibrosis transmembrane transduction regulator ( CFTR) gene
mutations and congenital bilateral absence of vas deferens (CBAVD) susceptibility gene mutations in pa-
tients with CBAVD, and to explore their association with the risk of CBAVD. Methods: Whole-exome
sequencing and Sanger sequencing validation were conducted on the pathogenic genes CFTR, adhesion G
protein-coupled receptor G2 (ADGRG2) , sodium channel epithelial 1 subunit beta (SCNNIB) , carbonic
anhydrase 12 (CAI2), and solute carrier family 9 member A3 (SLC9A3) in thirteen cases of isolated
CBAVD patients. The polymorphic loci, intron and flanking sequences of CFTR gene were amplified by
polymerase chain reaction (PCR) followed by Sanger sequencing. Bioinformatics methods were employed
for conservative analysis and deleterious prediction of novel susceptibility gene mutations in CBAVD. Ge-
netic analysis was performed on the pedigree of one out of thirteen patients with CBAVD to evaluate the
risk of inheritance in offspring. Results: Exome sequencing revealed CFTR gene exon mutations in only
six of the thirteen CBAVD patients, with six missense mutations c.2684G > A ( p. Ser895Asn) ,
c. 4056G > C ( p. GIn1352His ), ¢.2812G > ( p. Val938Leu ), c.3068T > G ( p. llel023Arg ) ,
c. 374T > C(p. lel25Thr) , c. 1666A > G (p. lle556Val) ), and one nonsense mutation (c. 1657C >T
(p. Arg553Ter). Among these six patients, two also had the CFTR homozygous p. V470 site, additional-
ly, mutations in CFTR gene exon regions were not detected in the remaining seven patients. Within the
thirteen CBAVD patients, three carried the homozygous p. V470 polymorphic site, four carried the 5T al-
lele, two carried the TG13 allele, and ten carried the ¢. —966T > G site. Four CBAVD patients simulta-
neously carried 2 — 3 of the aforementioned CFTR gene mutation sites. Susceptibility gene mutations in
CBAVD among the thirteen patients included one ADGRG2 missense mutation c. 2312A > G (p. Asn771Ser) ,
two SLC9A3 missense mutations c.2395T > C ( p. Cys799Arg ), ¢.493G > A (p. Vall65lle ), one
SCNNIB missense mutation c. 1514G > A(p. Arg505His) , and one CAI2 missense mutation c. 1061C >
T (p. Ala354Val). Notably, the SLCOA3 gene c. 493G > A (p. Vall651le) mutation site was first identi-
fied in CBAVD patients. The five mutations exhibited an extremely low population mutation frequency in
the gnomAD database, classifying them as rare mutations. Predictions from Mutation Taster and Poly-
phen-2 software indicated that the harmfulness level of the SLC9A3 gene c. 493G > A (p. Vall65lle) site
and the SCNNIB gene c. 1514G > A (p. ArgS505His) site were disease causing and probably damaging.
The genetic analysis of one pedigree revealed that the c. 1657C > T (p. Arg553Ter) mutation in the
proband was a de novo mutation, as neither the proband’s father nor mother carried this mutation. The
proband and his spouse conceived a daughter through assisted reproductive technology, and the daughter
inherited the proband’s pathogenic mutation c. 1657C > T (p. Arg553Ter). Conclusion: CFTR gene
mutations remain the leading cause of CBAVD in Chinese patients; however, the distribution and fre-
quency of mutations differ from data reported in other domestic and international studies, highlighting the
need to expand the CFTR mutation spectrum in Chinese CBAVD patients. The susceptibility genes
ADGRG2 , SLC9A3, SCNNIB, and CAI2 may explain some cases of CBAVD without CFTR mutations.
Given the lack of specific clinical manifestations in CBAVD patients, it is recommended that clinicians
conduct further physical examinations and consider scrotal or transrectal ultrasound before making a defi-
nitive diagnosis. It is advisable to employ CFTR gene mutation testing in preconception genetic screening
to reduce the risk of CBAVD and cystic fibrosis in offspring.

KEY WORDS Congenital bilateral absence of the vas deferens; Cystic fibrosis transmembrane conduc-
tance regulator; Adhesion G protein-coupled receptor G2 ; Solute carrier family 9 member A3
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SLC9A3 5375 1) RBULN S8 T CBAVD [y &£,
58 1 AN S T @ T £ sodium chan-
nel epithelial 1 subunit beta, SCNNIB) FlIHk iz BT fitf
12 ( carbonic anhydrase, CAI2) & CFTR &ML,
Mk B SCNNIB F1 CAI2 B, 40 i iz 2 4 510
CFTR W figt 8% """ . Lk b BF 58 3 W], ADGRG2
SLC9A3 SCNNIB #1 CAI2 £:[H ] GE AL #F CBAVD
KRB TER R, 7 i — IR HAE CBAVD & 4E
R A BRI

HAHER YA, P E CBAVD B # RS
RO ABEAFIER R 22 511 Bl 52 [ S 98 A8 TG
ot iR h E CBAVD A M Im IR R L. Wk
CBAVD & @ B AR SR T, CFTR JE Y5
AR AT RETs L 40 T X, AT RE AT S E Y CF,

AWFFERS 13 ] CBAVD 8 1l R 558} 47
Wk, 3 kil CBAVD AH ¢ 5 J& JE [ ADGRG2 |
SLC9A3 SCNNIB F CAI2 44 I 5 B B0 hk
CFTR BN 275 (G5 g+ 2B s &
T RAMNFEFFF) Mg , 255 | CBAVD Eopii A

1 #REHE

L1 AF5ER5R

e 2019 4 6 A 2 2020 4F 6 A ptis THad =
BEREAAR B R EE 24 e (3 JLO O BER ) A58 L AT
EOFTEAPRIER 13 ] CBAVD 35 [ 4Fi% (29.23 +
4.82) % | o 54 1B BN B [ AR (32,00 =
4.30) % |, AW 24 B RE R~ AR A s PR 1527 B
(SHILOOERE) AW BA e B2 1 W it (HILHE S
SC-2018-024) , FrAWFFEX RINAEE WK R A .

CBAVD ENAMRE: (1) BHEAT  BEK
GATAIA T LA PR AR TG , R R 2380, 1% )i 2
R B TT AR A, HAHRBR 2 7 IR T8O 1
(2) A AT - 22 P44 [ 72 19 55 B R A (A A A
RS R O T PR, I 28 B BUIN S AU & IE 3, B
A fish S SR 4 5 (3) A% TR0 A - Y (B fAAZ T Dy 46,
XY (4) A5 90H BRI AR DG 55 (5 ) B H0 8 75 4
ARG KT A RIS RIEILF

IEH FVERS B N ANRHE: (1) A/ M
AN A FEIRTT 5 (2) AU SR F IEH 5 (3) K
R AL RIEHR 5 (4) RO RRIER

CBAVD 835 KR P IEE HEBR bn vl - 59
12 PE IR B PELT A S5 HoAth CF FHOCHN
1.2 CBAVD ORI L o) R 24 21

KR 13 ] CBAVD (35 S ik L FEAS , R 4T
AR RN AR R RS R AT EOm R I I 5

SN 450 27D P JF Sanger MFHAE(E 1), 7
W4k 8 CFTR ( NG_016465.4 ) . ADGRG2 ( NG _
021304. 1) , SLC9A3(NG_046804. 1) ., SCNNIB(NG_
011908.2) f1 CAI2 (NG _028022.2) & [H fit) 28 4% |5
Ol MFF45 R 5 NCBI B 2 b B9 AR e 7 51 #E47 L
XF, F Chromas #RAF USSR AFAE AL 7 1 o
1.3 CBAVD 3 5) A RAS s 1 AR WA B
J3 AT

£ UniProt $(4i8 g vh A 0L A ) A SR P 971, R
F Clustal Omega 4% 5427 i #EAT 224> W) T[]
AR T 5P BT, WL 2 LA g A b i sy e A
Mutation taster . Polyphen-2 7 £& 4K {4 Xt 2 75 (v 5. 33k
AT T
1.4 CBAVD {4 CFTR JeH ZEMALE & F
R AN 750 0

IXF CFTR Ah 8 11 Z38 AL p. VATOM
(rs213950, ¢. 1408G > A) N & F 9 (TG) mTn 48
HECEE P4 IVS10-11 (TAAA)n K3 3F ATG i
T 1.4 kb FFHlBcitg |9y (R 1) , 47 R A Wi sE s
Jvf ( polymerase chain reaction, PCR) ¥ 14547 Sanger
I R B
L5 geitsathr

F G220 SPSS 20. 0 % £ 2 I PR B ik
15030 FFEIES AT TR GORNT 8 + drifii s
FOR AFFE IES /A0 0T H i SRR A A 20
IR R ARSI GORSR ST AEAS ¢ A
By, A E A A T i OB [H] F 3R ) Mann-Whit-
ney PRV 3o FIT A7 48 145 56 28 0 RUIAG: 56, P <
0.05 225 Gt 5 o

2 #HR

2.1 I RBER

XK TR I R AR AR AR B AN R SR AR
SR PEATHETT, KL CBAVD J25 AH LE IE 3 X 1R
R pH ORGSR PV o0 T 2 22
FAGIEE (P <0.05), G R (follicle
stimulating hormone, FSH) | 2 & A= il Z ( luteinizing
hormone, LH) 520 ( testosterone, T) 25 &I M &
WX 22 IS i (P > 0.05) , {H M —
(estradiol, E2) g EIR T IEH X i35 (P <0.05) , ¥
W2,

L B A A A 13 i) CBAVD (835 Ff 52
BAG O, AU B =208 28 RN IE R L 69.2%
(9/13), Mgk ARG E & 15.4% (2/13) , Kt
SEPRBUE (5 15.4% (2/13) , Joipikitiok.
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Table 1 Partial PCR primer sequences of pathogenic genes and susceptible genes

Gene Sequence of primer Product length/bp
R
v e
Y
ST,
CFTR(V470M) F: GTCTCTTTTACTTTCCCTTGTATC 55

R: ATTCACAGTAGCTTACCCATAGA

F: AACTTGATAATGGGCAAATATCTTA
CFTR(IVS9-10) R: AAAGCCACTGAAAATAATATGAGG 613

F: TCACAAGACCCTTGCCTTAG

R: GCCTTTTCCAGAGGCGACCT 1402

CFTR promoter

o F: AACTTGATAATGGGCAAATATCTTA
CFIR(TAAA)n R: AAAGCCACTGAAAATAATATGAGG 613

F: CATCCAGTCATGTGCCAAAG

ADGRG (exon23) R: CTGTGAAGGCTGCTGTGAAG 706
SHEOAI (exon2) RF;: c%?r(é(éér(é(gcc(é%(é%;%\chTTTAt C 303
e
CAI2 (exonl 1) F: AAACGGCCTCATTCCATACCT s

R: CAGCATGGCTTGGTTTGTGATT

PCR, polymerase chain reaction; CFTR, cystic fibrosis transmembrane conductance regulator; ADGRG2 , adhesion G protein-coupled receptor G2 ;
SLCY9A3, solute carrier family 9 member A3 ; SCNNIB, sodium channel epithelial 1 subunit beta; CAI2, carbonic anhydrase.

&2 CBAVD BHIRIKYTR
Table 2 Clinical data of patients with CBAVD

ltems CBAVD (n=13) Control (n =54) P value
Semen volume/mL 0.79 £0.39 4.10£1.22 <0.001*
Semen pH 6.70 (6.35,7.00) 7.29 £0.16 <0.001 *
Berry sugar/ pumoL 0.60 (0,1.15) 65.47 £35.27 <0.001 "
Seminal plasma a-glucosidase /mIU 65.95 (36.68,81.35) 2.40 (0.90,5.55) <0.001"
FSH/(1U/L) 5.44 (3.89,7.48,) 4.63 (2.97,5.23) 0.113
LH/(IU/L) 3.49 (2.85,4.83) 3.49 (2.70,5.39) 0.739
T/ (ng/dL) 414.72 £151.20 435.95 +144.67 0.639
E2/(ng/L) 34.38 +5.84 41.60 (32.18,48.82) 0.038*
PRL/(ng/L) 9.43 (5.99,19.06) 8.29 (5.65,10.75) 0.247

Data were presented with x s, M (P,s, P75). # P <0.05. CBAVD, congenital bilateral absence of the vas deferens; FSH, follicle stimulating
hormone; LH, luteinizing hormone; T, testosterone; E2, estradiol; PRL, prolactin.

2.2 CBAVD fE24NE T F LAY E B 20 Fpohydts L RAT 1. 2684G > A (p. Ser895Asn) . c. 4056G >
2.2.1 FUREEH K S REERN NS FIF AR#F C(p. GInl352His) | c. 2812G > T (p. Val938Leu) .
¥ 13 5] CBAVD R PG s 7 Fp CFTR 5 ¢.3068T > G(p. 1lel023Arg) .. 374T > C(p. Nlel25Thr)
SN TFEAR(F 3, B 1A), Mt E N 46.2% , Hp 6 c. 1666A > G (p. 1e556Val ), 1 Fl S J6 X %€ 745,
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c.1657C >T (p. Arg553Ter) ,1 ] CBAVD & #EF
CFTR W& FE 875 ¢. 2684G > A (p. Ser895Asn) |
c.4056G > C (p. GIn1352His) , X} 13 i CBAVD [
ZH 1 B E (. 1657C > T (p. Arg553Ter) ) BIE F
HATIAL 25 BT R B, Jeiik g (1-1) 1) CFTR B 5
12 54 F EZIERAS ¢. 1657C > T (p. Arg553Ter)
A R AR, ALK (1-1) F e 1666A > G
(p- Ne556Val ) 25 57 A7 7, AR (1 2) It
BCfE (I0-2) /Y CFTR BERAR BB ek M
HPC a4 B AR R R 22 F 1 B (1-1),
A B T IR B LA ¢ 1657C > T
(p. Arg553Ter) (& 1B.C) . B i i A & Bk

WEF (I0-1) G RERR 2 B 0 sk an (18 1D) Xt
CBAVD ) Ji%KE IR 1) 2 8 15 U R4 T 075 18 43 B , Al
H 1 Fh ADGRG2 55 L5875 ¢.2312A > G(p. Asn771Ser) ,
2 i SLC9A3 4 L5875 ¢. 2395T > C(p. CysT99 Arg) .
c.493G > A (p. Vall651le) , 1 F SCNNIB 4 S 58
A5 ¢. 1514G > A( p. Arg505His) Fl 1 Fit CAI2 4 3L
A% ¢.1061C > T(p. Ala354Val) , H. A, 6 SLC9A3
FERAY ¢. 493G > A(p. Vall651le) RAZf] S 2
RTE CBAVD BH P A M (K3, K 2), LIES
it CBAVD G J&HE A 1) 5 78 37 s 7E gnomAD %5 4fg
JE T ) R AR S R AR, R T R R (R
4).

£33 CFTR R HEIERN A5 87y
Table 3 Whole exon sequencing of CFTR and susceptibility genes

N CFTR gene ADGRG2 gene SLCY9A3 gene SCNNIB gene CAI2 gene
o (het/homo) (het/homo) (het/homo) (‘het/homo) (het/homo)
c.2395T >C
1 N N ( p. Cyb799Al‘g) homo N N
c.2395T>C
2 N N (p. Cys799 Arg) home N N
c.2395T > C
(p. Cys799 Arg) "
3 N N ¢. 493G > A N N
(p. Vall651le) ™!
c.2684G > A
(p- Ser895Asn) het ¢.2395T >C
4 ¢.4056G > C N (p. Cys799Arg) N N
(p. Gln1352His) "
c.2812G >T c.2395T>C
5 (p. V31938Leu) het N ( p- Cys799Arg) het N N
c.2312A > G c.2395T > C
6 N (p. Asn771Ser) home (p. Cys799 Arg) ™ N N
c.2312A>G c.2395T > C
7 N (p. Asn7718er) ome (p. Cys799 Arg) 't N N
3 c.1657C>T c.2312A>G ¢.2395T > C N c.1061C>T
(p- Arg553Ter) ™ (p. Asn7718Ser) home (p. Cys799 Arg) home (p. Ala354Val)h
c.2395T > C
? N N (p. CysT99Arg) ™ N N
¢.3068T > G c.2395T > C
10 (p- Te1023 Arg) " N (p. Cys799 Arg) "t N N
c.2395T > C
1 N N (p. Cys799Arg) homo N N
2 c.374T > C c.2395T > C c.1514G > A N
(p. Ne125Thr) et (p. Cys799 Arg) (p. Arg505His ) Mt
13 c. 1666A > G N N N N

(p. lle556Val) it

CFTR, cystic fibrosis transmembrane conductance regulator; ADGRG2, adhesion G protein-coupled receptor G2; SLC9A3, solute carrier family 9
member A3; SCNNIB, sodium channel epithelial 1 subunit beta; CAI2, carbonic anhydrase; Het, heterozygous; Homo, homozygous. N, none.

2.2.2 HE=YMEEFM H Clustal Omega 4%t
ADGRG2 SLC9A3 F1 SCNNIB {5383 5 G SR IEA T
P SF P4 BT, % B ADGRG2 3£ 1 c. 2312A > G
(p. Asn771Ser) i f5 . SLC9A3 JL A 1Y c. 493G > A
(p. Vall65lle ) FI SCNNIB % H H iy c. 1514G > A

(p. ArgS05His ) 7£ AN [] 49 Fft [8] £7 76 155 B O <1 M ([
2) . F Mutation Taster I Polyphen-2 fE £& % {4 %t
ADGRG2 SLC9A3 SCNNIB 1 CAI2 3 [H 1y 22 A% i
ST F AR o3 AT, 2 A4 R SLC9A3 ik
Y ¢.493G > A (p. Vall651le) {37 &5, F1 SCNNIB 3£ [H
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[ c. 1514G > A (p. ArgS05His ) o7 i YA FPESE RN
FoZAE  FRWIX 2 Fh IS AR 0 AT BRJE R A H 1Y,
{H ADGRG2 F:RAY c. 2312A > G(p. Asn771Ser) {3/ & .

SLC9A3 1Y c. 2395T > C (p. Cys799Arg) %z CAI2
FLA A c. 1061C > T(p. Ala354Val) 37 15 2 AT
IFTRE N R (F4) o

A

—G——N— - SN-—T——H— —H——K—-QH-—L——M— —P——P—-VL- —H — —T—
GGGAATAATACTCAT ~ CAAGCACTTGATGT (CCACTGGTGCATACT

Heterozygous Heterozygous 7Heterozyg0us o

¢.2684G>A(p.Ser895Asn) ¢.4056G>C(p.GIn1352His) c.2812G>T (p.Val938Leu)

—G——Q—* —P——V—- IR-—V——A— —L——G—-IT-—@ ——L— —A——R—-1V-—8 —— [—
GGTCAATGAGCAAGA C(CCAGTGATAGTGGCT CTAGGCATAGGCTTA GCAAGAATTTCTTTA

i Al g

Heterozygous Heterozygous Heterozygous Heterozygous
c. 1657C >T(p.Arg553Ter)  ¢.3068T>G(p. [le1023Arg)  ¢.374T>C(p.lle125Thr) ¢.1666A>G(p.Ile556 Val)
B
—Q—R——A——R——I— —Q——R——A——R—-IIV-— —Q—R——A——R— —I—
CAACGAGCAAGAATT CAACGAGCAAGAATT CAACGAGCAAGAATT
Wild- type I-1 Heterozygous [-2 Normal
¢.1666A>G(p.Ile556Val)
i Dt —Q——R——A——R——1— —Q—*
CAATGAGCAAGAATT CAACGAGCAAGAATT CAACGAGCAAGAATT
II-1 Heterozygous 1T-2 Normal 1M -1 Heterozygous
c. 1657C>T(p.Arg553Ter) c. 1657C>T(p.Arg553Ter)
C D

[-1
Heterozygous
¢.1666A>G(p.Ile556Val)

I /
Heterozygous
c. 1657C>T(p.Arg553Ter)

-1

Heterozygous
¢. 1657C>T(p.Arg553Ter)

A, CFTR exon mutation Sanger sequencing of patients; B, Sanger sequencing of CFTR gene in c. 1657C > T(p. Arg553Ter) patient family; C, pedi-
gree analysis diagram of c. 1657C > T(p. Arg553Ter) patient; D, rectal ultrasound images of patients with congenital bilateral absence of the vas de-
ferens. CFTR, cystic fibrosis transmembrane conductance regulator. Arrow, the proband.

Bl1 CFTRAMNE T JAL ALK Sanger JF 455 M c. 1657C > T(p. ArgS53Ter) IiH KR I
Figure 1 Sanger sequencing of CFTR exon mutation site and pedigree analysis of the c. 1657C > T(p. Arg553Ter) patient
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A
Sy SR S [ SRS S - R R SO 1 e P S T N B /RSP P
TACGGCATCTTCCT ACCTTCCGCCGCCTG ACCTTCCGCCGCCTG
SLCY9A3 SLCY9A3 SLCY9A3
Heterozygous Homozygous Heterozygous

C.493G>A(p. Vall65]le)

¢.2395T>C(p.Cys799Arg)

¢.2395T>C(p.Cys799Arg)

—F—— P—- S-—G—S— —N——Y—-RH-—T — —[— —A——H—A/V- *
TTCCCCAGTGGTTCA AACTATCACACCATT GCCCACGTTTGAGGT
ADGRG2 SCNNIB CAI2
Homozygous Heterozygous Heterozygous
¢.2312A>G(p.Asn771Ser) ¢.1514G>A(p.Arg505His) ¢.1061C>T(p.Ala354Val)

B
SLC9A3
165 Val

R o PTVFFFYLLPP]V].DAGYFMPNRLFFSNLGSILLYAVVGTVWNAATTGLSLYGVFLSGIM

Oryctolagus cuniculus  pTYFFFYLLPP|VL.DAGYFMPNRLFFGNLGTILLYAVIGTVWNAATTGLSLYGVYLSGIM

Didelphis virginiana  PTVFFFYLLPP]V].DAGYFMPNRLFFGNLGTILLYAVVGTVWNAATTGLSLYGVFLSGLM

Mus musculus PTLFFFYLLPP]VLDAGYFMPNRLFFGNLGTILLYAVIGTIWNAATTGLSLYGVFLSGLM

P PTLFFFYLLPP]VLDAGYFMPNRLFFGNLGTILLYAVIGTIWNAATTGLSLYGVFLSGLM

ADGRG2

Mus musculus

Rattus norvegicus
Oryctolagus cuniculus
Homo sapiens

Pongo abelii

SCNN1B

Bos taurus

Ovis aries

Rattus norvegicus
Homo sapiens

Oryctolagus cuniculus

771 Asn

MYLALVKVENTYIRKYILKFCIVGWGVPAMVVTIVLTISPDNYGIGSYGKFH
MYLALVKVENTYIRKYILKFCIVGWGIPAVVVSIVLTISPDNYGIGSYGKFH
MYLALVKVENTYIRKYILKFCIVGWGIPAVVVSIVLTISPDNYGIGSYGKFH
MYLALVKVENTYIRKYILKFCIVGWGVPAVVVTIILTISPDNYGLGSYGKFH
MYLALVKVENTYIRKYILKFCIVGWGVPAVVVTIVLAISPNNYGLGSYGKFH

N
N
N
N
N

LT
LT
LT
LS
LS

505 Arg

DQSSNITLSRKGIVKLNIYFQEFNY
DQSSNITLSRKGIVKLNIYFQEFNY
DQSSNITLSRKGIVKLNIYFQEFNY
DQSTNITLSRKGIVKLNIYFQEFNY
DQSTNVTLSRKGVVKLNIYFQEFNY

R
R
R
R
R

[ TEESAANNIVWLLSNLGGQFGFWMGGSVLCL
[ TEESAANNIVWLLSNLGGQFGFWMGGSVLCL
[ TEESPANNIVWLLSNLGGQFGFWMGGSVLCL
[ TEESAANNIVWLLSNLGGQFGFWMGGSVLCL
[ TEESAANNIVWLLSNLGGQFGFWMGGSVLCL

A, Sanger sequencing of patient susceptibility genes; B, schematic diagram of conservative analysis of mutation sites of susceptibility genes. SLC9A3,
solute carrier family 9 member A3 ; ADGRG2 , adhesion G protein-coupled receptor G2 ; SCNNIB, sodium channel epithelial 1 subunit beta; CAI2, car-

bonic anhydrase.

& 2

Gy IEIE RSP T 5AS (i ) Sanger 45 R R ARSF LT

Figure 2 Sanger sequencing and conservative analysis of exon mutation sites of susceptibility genes
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Table 4  Allele frequency and pathogenicity classification of susceptible genes mutation

Mutation site Reference 1D gnomAD Clinical variation ACMG " Mutation taster Polyphen-2
ADGRG2
Benign
c. 2312A>G 1s3924227 0.00211 Benign Benign Polymorphism (0.009)
(p. Asn771Ser) '
SLC9A3
Benign
c. 2395T>C rs2247114 0.000001242 Benign Benign Polymorphism (0.000)
(p. Cys799Arg) '
SLCY9A3
Probably damaging
c.493G > A rs369854335 0.00006534 Uncertain significance Uncertain significance Disease causing (0.928)
(p- Vall651le) ’
SCNNI1B
Probably damaging
c. 1514G > A rs138784278 0.0001413 Conflicting Uncertain significance Disease causing (0.575)
(p. Arg505His) ’
CAI2
Benign
c.1061C>T rs201427665 0.00005143 Likely benign Likely benign Polymorphism (0.008)

(p. Ala354Val)

# The American College of Medical Genetics and Genomics (ACMG) classification is based on the 2015 ACMG guidelines; Polyphen-2, the closer

the score is to 1.0, the more damage is likely to occur.

2.3 CFTR A Z YA N & 7 KA EL 5
Sanger | /3> 4%

7€ 13 5] CBAVD i CFTR L[ p. VAIOM £
ASPELL MV BERIALERN 5 UL 455y 46.1% (6/13),
HUJE MM LRI R 54k 30. 8% (4/13) , T VV Ik
PIRUAA B, O 23. 1% (3/13) 5 Herfr 2 4] (15. 4% )
LT 4l p. V470 1) CBAVD 855 3k 79 il #5771
CFTR H:[H ) c. 374T > C(p. Nel25Thr) Fl c. 1657C >
T (p. Arg553Ter) 58720 i, TEILER 5 K 3A,

CFTR JEPI N5 (TG ) mTn A0 A 3K 4 4] 7%

N ST #Eitr#r, Horp 2 Bk ST 4l 5878 ,2 il Ry 5T/
TT Z G R728 ST S SE P B3k 23. 1% (6/26)
XtHF TG TR T, BATIEE ] TC12 247 3 [H ey
B LR 61.5% (16/26) , YCH WLk TG11 S84
B % 30. 8% (8/26) , i TG13 i /b UL, 4
CBAVD BB F iR N 7.7% (2/26), 7E 13 #i)
CBAVD &g, TGI12-TT Sy die i UL Y BAA% B, A5 A<
H46.1% (12/26) , TG12-5T HfETISFZ N 15. 4%
(4/26) , TG13-5T BAfETRIRZR N 7.7% (2/26) , LW
%5 FE 3B,

R5 CBAVD [ CFTR B ZEMEALA & 5 AT T 51 AL 1 5L

Table 5 Polymorphic loci, intron and flanking sequences mutations of CFTR gene in patients with CBAVD

No. V470M genotypes (TG)mTn genotypes IVS10-11 (TAAA)n Uupstream promoter sequence 1.4 kb
1 M/M TG13-5T/TG12-5T 10/10 c. —966T > Ghome
2 M/M TGI1-7T/TGI217T 10/10 c. —966T > Ghomo
3 M/M TGI3-5T/TG127T 10/10 c. —966T > Ghome
4 V/M TG11-7T/TG12-7T 9/10 c. —966T > G
5 V/M TG11-7T/TG12-7T 9/10 c. —966T > G
6 V/V TG12-5T/TG12-5T 9/9 N
7 M/M TG12-7T/TG12-7T 10/10 c. —966T > G
8 V/V TG12-7T/TG117T 9/9 N
9 V/M TG127T/TGI17T 9/10 c. —966T > G
10 V/M TG12-5T/TG12-7T 9/10 c. —966T > G

11 V/M TG12-7T/TGI17T 9/10 c. —966T > G
12 V/V TG12-7T/TG11-7T 9/9 N
13 V/M TG11-7T/TG12-7T 9/10 c. —966T > G

CBAVD, congenital bilateral absence of the vas deferens; CFTR, cystic fibrosis transmembrane conductance regulator; Het, heterozygous; Homo,

homozygous. N, none.
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%t CFTR %: P TVS10-11 (TAAA) n #3 % 31,
(TAAA) 10/ ( TAAA) 10 . (TAAA)9/( TAAA) 10 Fil
(TAAA)9/(TAAA)9 FEHAY, Br 5 ' 43 b 43 51 4
30.77% (4/13) 46.15% (6/13) .23.08% (3/13),
I DL LA A5V FE PR RS R DL 5 A 3C,

A

!TCACTTCTAATGGTGATTAT GGGAGAAI

A

[TCACTTCTAATGATGATTATGGGAGAA(

i

¢.1408G>A V470M (heterozygous)

GATGTGTGTGTGTGTGTGTGTGTGTTTTTT TAA

I

CFTR 5.5 8+ ATG FiJs 1.4 kb 5510 /5
KT ARAAL R e. —966T > G, iZ i fi LA G/G J
R 3, 294 30.77% (4/13), Hfth T/G #1 T/T
R T ) 455 2 43 ) R 46.15%  (6/13) Fl1 23.08%
(3/13), HEILER S FE 3D,

!TCACTTCTAATGATGATTATGGGAGAA

|
||
|

TGI13T5/TG12T5 “TGI2T7/TG12T5
GATGTGTGTGTGTGTGTGTGTGTGTGTTTTTAACA TTGATGTGTGTGTGTGTGTGTGTGTGTGTTTTTTTAA
;‘\‘ |
o A
| 1|
AR A AAVATANAA
TG12T5/TG12T5 TGI13T5/TG12T7

C

TAAATAAATAAATAAATAAATAAATAAATAAATAAAATCAGT TAAATAAATAAATAAATAAATAAATAAATAAATAAAAACA TAAATAAATAAATAAATAAATAAATAAATAAATAAATAAAATCAGT

e,

(TAAA)9 (TAAA)9

(TAAA)9 (TAAA)10

(TAAA)10 (TAAA)10

AAAGCCTTCCTTAAA AAAGCCTGCCTTAAA AAAGCCTGCCTTAA

¢.=966T >G (heterozygous)

i

¢.-966T >G (homozygous)

A, exonll p. V470M; B, intron 9 (TG)mTn; C, IVS10-11 (TAAA)n; D, c. —966T >G. CFTR, cystic fibrosis transmembrane conductance regulator.
3 CFTR P SAPERLE P T RWBITH] Sanger WP

Figure 3  Sanger sequencing of polymorphic loci, intron and flanking sequences of CFTR gene

3 g

HHiIAN, CBAVD J& CF 7E4E 78 R G — ik
MR R L. A F A CF B g,
95% ~99% [l i} £ 3 CBAVD'"™' T 7 7 [ 4 K 3
4y CBAVD & 9K 57 & 4=, J& CF £ Bl #K 57 Al
CBAVD % 2 4 7 B 2 P R 0] 75 L B 52 R A
R SIRE 3R A R, D E0s B v] 4 ¢ B Ik &
B AW IE R 13 fI9ISE 2 CBAVD (R, 45
RE EREE , EVRA B R A R R S
IREE2BE (S5 ILO OB R ) RS L a2 R R AR
KRABNG T, E I BB 75 B 7R B AU kG 48 &
Aok, BEAEIZW IR A CBAVD,

AGFFE 13 5] CBAVD 3519 CFTR 3R 4 i
T CFTR LN Z AL (N & T N3 1551 San-
ger MFIHiAT 25 R BoR , 6 Gl B H R 7 Fi CFTR 4b
5 SR 3 R Al p. VATO 23851k

Brai 4 B8 5l ST S5 AL L[N, 2 9] J8 3 4%l
TG13 S AL, 10 il &5 ¢ - 966T > G fi i,
Z 44 B I 5T LA B SR j Y 2 ~ 3 ML,
KH] CFTR L RASATIOR &[5 CBAVD (& /Y 32
LEEUR I B R A BUTATN c. 1521_1523delCTT
(p. Phe508del) %5 (4 flt A CFTR #4528 R R
DL AR B HE A BRI 5878, i —
AW CFTR 5788 A0 0 N B Al AT FR R = & A
BEZ 18] 2L A B W R R 22 57

CFTR(#H) &4 1 480 PR EEMRIREE , B 4>
5 izt #4) 38, ( membrane spanning domain, MSD) ,
MR 45 4 3 ( nucleotide binding domain, NBD)
Fl—A 4538 (R domain, RD) 41", ABF 55 H
EILH) ¢.1657C > T(p. Arg553Ter) ) A5 i T CFTR
HE R NBDL XIS, 12 T RS, 257 AR SR T4 1k
BB R, 2 CFTR S A IReZ 4, Z A
SCHkARE 1Bl p [ CF R JL#E AT ¢ 1657C>T
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(p. Arg553Ter) i3 7', S o0, A IERE P K
PR . 3068T > G (p. 1lel023Arg) F1 c. 4056G > C
(p. GIn1352His) #{7 F CFTR & [ () NBD2 [X 3,
23 S R FA AN RE G CFTR 25 1 3R5A08/D
Hr . 3068T > G (p. Nel023Arg) J& F P [E I G R )7
NIFLEEAR") ¢, 4056G > C( p. Glnl352His ) 52745
SEEP AR 1Y, & [ CBAVD f 35 v i i WA
I BN Lz ¢ 4056G > C(p. Glnl352His)
37 55 B AR S 78 F AR Rl 0 e
{18 S5 57 PR 2 T CFTR S0 1 S5 5k IR e R0t
B PRIZ AL R RV 28 FE R AR B
FEHRENT . 4056G > C (p. Glnl352His) Y 5 2 ) By
ok T 3 b — A B SR BB Y ¢.2684G > A
(p- Ser895Asn ) 28715, J& 73 J ik W A o A2 AL [w] 5 [ 1
B H CBAVD W EA A M. AT EAM
c. 1666A > G(p. l1e556Val ) 58 7% H.Ag %5 i 19 25 of 3k
P E DN PN a1 P AN /YN R A i
RN 5 SCHER[ 18 ] ki — 3L,

A4 53.8% (7/13) ) CBAVD %
CFTR LR AP R WS ) 548, 0] 58 A7 18 5 A2 oL
RN TR XA AE B0, Horb 4 5] 8 35 v B S LA
FARGRAS X 572, $2 7R 221> A i i X118 e F 5 A2 Al
AIE T2 CBAVD By &M, AMFFEH ST & 3K
WiFEHR 23.1% (6/26) , {5 TAEAEE (12.3% ) 75
(16.3% ) SE [ (17.9% ) . MPGPLF (22.7% ) 55
CBAVD A B WLEE 3 4 R > 2 (B T 4 45
F(27.4% ), ¥ Je (28.6% ) F1 LLAE #F 5% h
CBAVD A BEMH R (27.4% ~44.5% )27 5T
SEALHERE HE CBAVD A Hh f i UL Y 2 R 722 S
Z—, 5] CFTR 10 54 5 F B 5% I 52 Wi 55 42254
I

T30, CFTR JEAH ) p. VATOM 22 254% w] g fin
J8l T ST X BT HEBR A I S > . ABFSE i 13 4l
CBAVD HB#F) CFTR LRI &, p. VATOM £75
PERL MM S R RS A H UL, 331320 30.8% (4/13),
£ 2 5] CBAVD g3 sl 2465 p. VAT0 3453 5
P T CFTR 3R . 374T > C (p. Nel25Thr) FI
c.1657C > T (p. Arg553Ter) R7AFN 15, #2824 CFTR
[ FETE 2 Fh 3 G A G 5878 s, b CBAVD /) BUiK
PERTREAEAER NN . 2 poly T A TG EL ¥
GIEEE I AR 11 3 sk i 2R AL 32 B &7, CBAVD
SR IR 1, ASHIE 9T R, CBAVD (B 3 o
TG12-5T 1 TG13-5T B 545 2% 43 3] Ky 15.4% Fil
7.7% ,iX3ZHF T TG HEJFH] 5 poly T Wp[F /™
 CBAVD py#lig

TERMTBIBFFE T, X CFTR J5 8+ L3 1.4 kb
AT, A 3] —Fp 542 (e. -966T >G) , T/G
WG RAL J G/ G alify S=RAZ TR 430 2 46. 15%
(6/13)F130.77% (4/13), FFAAG I3 SCHR AR IE 1)
HABHAARAE ™ o SO c. ~966T > G JAE(Y 4
TERRI CBAVD e 45 {37 3L R 98 A5 My 2.2%
Bai 455 1o X5 F MR I & B c. —966T > G4l
BHASA] FEL CFTR 53KV WEFRAR. 455 A7
L5 7R e —966T > G fif S5 7E P [E CBAVD %%
RN Z e 2E 5, BORTEA FHRT .

AR 2, ATE AE CBAVD B3 &k W
SLC9A3 FEA K c. 493G > A (p. Vall651le) 5875 | &
gnomAD Ff 2 Y A A2 LT 0, )& T
LA F%A4: Mutation Taster F1 Polyphen-2 TijliZ
RSN TR LR e 5| SLCIA3 i
FIIR e, E— 20 5 Wi 4 B 1 R R R 7 41 i
F 45 M i N R S AR SR PR g 3 T
CFTR EUi 1 28748 TG13-5T, SLC9A3 1 CFTR 7%
O e A A7 TE BRI 5 E— 20 S2 B 30k ©
A SCHR IR 18 7R SLCIA3 B[R R Bk /I B A A 5 4% B
H, CFTR W35 W5 FRAR ks /)N 3 WS B i B
Ak, SEAELIG ™ 57652 SLCIA3 AAIBRT R
A A, SR v R AGE IX R 8, Bt Fe AT
P 12 57 R 5 N 3K 5] R R B AR

AHFFE R F T R I ADGRG2 FER ) c. 2312A >
G(p. Asn771Ser) G HRAAE AR W NHEH > 5% , [
B4 Mutation Taster I Polyphen-2 Fijll J %5 i Clin-
Var $iffs PRG3R R RAERAS, R, AT A%
RASA G CBAVD,, AR B b & B SC-
NNIB FEHR R c. 1514G > A(p. Arg505His) J§ T4
SR T RERZ A SCNN1B 4 1 3R35 , T B
T E I EERY 55, FI A Mutation Taster £ Poly-
phen-2 FNIZIEAL A FHERAL R R SUE
P B (b T 38 2 SR P R Y
THIA UESEAS R LA HA R B TP . CAL2 B
K EE L9878 ¢. 1061C > T (p. Ala354Val) , 4k 4
Mutation Taster il Polyphen-2 T illj n] §E 4 B #4:, R
IR X LG AT T A WAE B 2 B 0, (5
B2 ARG T BE PR 5L 56, JC VAl E HoE 75 7E CBAVD
B RIESURTER

FATR AL T CFTR K5 12 S48 1 1Y
c.1657C > T (p. Arg553Ter) 244 5875 Wy JeiE & #E4T
KRG BT KB, el B 2% B A 1) CFTR %
RIS R R RS s A1 R S 2, e Ao i AR T
ZRAS BT . 1666A > G (p. 1le556Val ) Z4 %=
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s FKUSEIEHE 1Y c. 1657C > T (p. Arg553Ter) &A%
RS H T Z JEIEE SOE I R PR, T
WS 8 0 & B 00, FRATTHE I SE ik 35 A0 5= ]
HE R 5 K B ) %4y G 48 Bkt 4D ( congenital unilateral
absence of the vas deferens, CUAVD) &% E 45—
FIIBEIE W R E L E T 0 JSibs MRS
BN AR S HR A E | 2B I 2, 1%
15 7 FEIEE BB TER AL ¢. 1657C > T(p. Arg553Ter)
BUEBIFE VT 2 2 AR R ATAT CF SEAR, {H
TBEDTIN [R] 5, I AN BE HE BR AH OC I A% 32 21 Ol
I IX IR R WG, s 1T CFTR &[N i A M IR ik
P 35845 2 12 W 1 J 2, IR o, AT A 8
CFTR Jk R 97 A0 107 FH 25 B A B8 AT 1) 353 4% 27 i
BRI URE L CBAVD J CF AU . 4 75 4
2 CBAVD J5, CFTR BL[H H BLEAN 45 55 LB
W IAE A BB IR S AZ I SR AT
Tl L AR BT 5835 B A ), AR A A XS

25 EPNR AR5 CBAVD B i CFTR SEH
SR G E AN ARG T AR AR R 22 R, T R
TREEMEAF ARG DTE, CFTR 3L SA
S A% A5 AR ST A R AR AR TR E e
TRE Ok At A , AR E T CBAVD
BEWNEN . BAN,BR T CFTR 3L %78 , B ATA M
BT 5L N ADGRG2 [ SLC9A3  SCNNIB Fi CAI2
(IR IE L, s AR 3] CFTR 5872 1) CBAVD
BB TR . APEIE TR T CBAVD 15t
FR“ERRAE , LIS RH O 8 A PEAS 5 AE 1912 W AR 7
P TR IR R 5 1]

FlEEMR A S IR 45 0o

EERBER R LPIR R, ORI R 1%
BRI R, 1R 00 3G R ARSI B
PRALSE 5 5 VAR « S SC N SE 1830

S ik
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