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A PR R £ 7S P (single nucleotide polymorphism, SNP) {7 & (rs3764714 ., 13795139 , rs3803947 | rs3803949
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Association study of SNPH gene polymorphisms with schizophrenia
in Chinese Han population

WU Jun', LU Jia-jing’, HUANG Xin-xin', HUANG Ru-yan’, LYU Qin-yu'*", YI Zheng-hui'’
('Department of Psychiatry ,Shanghai Mental Health Center ,Shanghai Jiao Tong University School of Medicine,
Shanghai 200030, China; *Department of Psychiatry , Huashan Hospital , Fudan University ,Shanghai 200040, China;
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[ Abstract] Objective To investigate the relationship between syntaphilin (SNPH) gene and
schizophrenia (SZ) in Chinese Han population. Methods TaqMan probe genotyping technique was used
to detect 5 single nucleotide polymorphisms (SNPs) of SNPH gene in 389 SZ patients (case group) and
433 healthy controls (control group) , including rs3764714,rs3795139,1s3803947,1s3803949 and rs6134520.
Then we conducted linkage disequilibrium analysis and analyzed whether there were differences in the
frequency distribution of alleles, genotypes and haplotypes. At last, we compared the differences in
genotype distributions under different genetic patterns between the two groups. Results The linkage

disequilibrium analysis showed that the five locus could constitute a haplotype block (D' >>0.8). However,
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in subsequent studies, there was no statistical significance in the frequency distribution of haplotypes A-A-
A-C-T, G-A-G-T-T, and G-G-G-C-C composed of the five genes between the case group and the control
group (P=0.978, P=0.535, P=0.524). There was no significant difference in allele and genotype frequency
distributions between the two groups. Besides, under the co-dominant, dominant, recessive and log-additive
inheritance patterns, there was still no statistical significance in the genotype frequency distributions

between the case group and the control group. Conclusion SNPH gene may not be a susceptible gene

for SZ in Chinese Han population.

[Key words] schizophrenia (SZ); syntaphilin (SNPH) gene; gene polymorphism; China, the Han
nationality
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1% #4244 (schizophrenia, SZ) /& — i &2 24 )
KA P T BkA 2 100 F NIVA SZ, %4t &
ARk TR B R SZ I RRE IR & 4%, LA
FF P A R L B A AR A R0 ) RE B AR S A
IR, IR B A I R R A | R R AT R R A A A I
PRFEI . HAEGIN R SZ & 2 214 A 9 fin g
WINEM B, Hod S7Z /b 2833 51 2% I8 {5 i
& H O A oy B R . TRl 2R 8 BT Y Ok U U
ZRE AT A S AT AER . K al
PE N- & Jk 5 o W W i B0k Y B o 2 32 AR
(soluble
attachment protein receptor, SNARE) i &2 &%)
EHEZOEM . SNARE & 4 & [ s L 15 | 7
SRR A=A A AU MONIVE -2 OO N ¥ S IR ]
PR T 5 R S 7 AR A O AN DX AN [R) e 25 3 ST A 28
il 55 S S  Emmas ARk, k&S5
SZ W kA,

i & #E 11 (syntaphilin, SNPH) J& SNARE # 11
H B T R . SNPH 88 FUAE R e 5 6 ik F
S 5 M 2 i mT B Y X B GR E R . HERIN R B
T W % 4 M 43 24 40 Bl &R (pheochromocytomaderived
cell line, PC12) 4t ff /) # 22 T o3 A 05 =, JF- 404k
PR 200 ST 43 310 DA A A 471 R R 5 fih ot B Sy 0
s B SNARE & & 8 2 iy 58 filt it 25 1 -
NI A N U -G = I N NI 1 B S -Gl = B
(synaptosomal associated protein 25, SNAP-25) i H.
fE B B . SNPH % H 68 % 16 B fl & fr B 5

N-ethylmaleimide-sensitive factor

SNAP-25 55 4Pk 45 4 Ui 25 19 5 fil il & 2 11 -1, ok 3
il SNARE & &I 1l o RSN 250 W, X T 5%
F& B TR B I T k2550, SNPH 25 (Y B I i 35 0k B
FWH DT P 3 I R, K SNPH & 1 5] AR
il T 0 P89 B 28 O U AT A 58 Ak AR . R
Z ,SNPH H H BB AE R — 50 78, 4 i SNARE
SA R RETC , R R 4T 58l vt 1 B HEAE . OF
H % M ¥ A (protein kinase A, PKA) 8 fig 1k 7] LA
£ SNPH 8 1R« G 17 JF 56, 38 o B4 8 2 R 17
(cyclic adenosine monophosphate, cAMP ) 4 #i 1) {5
S iR W SR RS E -1 S I
SNPH & H B DI 8E , i B SNPH /418 15 D g B A 3l
BV, I H, SNPH & (1 5 #2838 17 P A8 1F
e A U R, SZ HH I A 2 JE A
1A 32 ik v 8ok 1A 19 SNPH K 11 18 25 & Ta X
M4 /s SNPHE S 5 SZ R /EM R RS
ZFEE

SNARE & £ 14 5 Z B0k B0 19 & A A7 76 %
K, B SZ A1 i A3 45 BUAH 5 Jek e 0 10 5 5k P 22 3 e
fig et R, M o SNARE & A 7 i 31540 il 14
T, SNPH LR Al fE 8 SZ i 3 3L . H AT
SNPH 3N Z &1 B 5 SZAFAE B M 2 3E .
N AR BF 5% B0 SNPH 3R 2 3851 5 SZ kA AP T
% BE . IR T %k BL SNPH N B 5 A i A
(rs3764714, 1s3795139, 13803947, 153803949,
rs6134520) HF AT 22 25 PG TN, 38 4o 9 f51) X6 FRE g S Bk
3BT R R SNPH 5 K 22 25 7E 5 v B DU AN BE SZ
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KRR SR HRAE At — 2 W B SNPH %[ 5 S7 %
SIERRE

BERT i

fRHIE AW A SZ B 389 9, kUi T
20154 9 H & 2018 4F 9 J 7E I 1 52 38 K 2% = B e By
JE RGP DA AR BTS2 B EH . AH BRI (1)
P CHE BREERT 43 28 )45 10 fiL(ICD-10) SZ 412 W
5 ()W /NT 65 % 5 () BDUHE N (4) BHEAR AN
K H M NEZRN R ZEA . HEBRbRHE: (1) H il
s RETEAF G ICD-10 TR SZ LA AN JH At RS i 52 55 1
s () BA VR0 AR H B SAE F A ) 5
5 (B3) A T H YRR I B () e i Je 2l
VI

XHERZE AT RGN A GE O IR 433 4], R I
TIE RSN X ERER o AHARE: (1D F /)N
T 65 % 5 (2) D% ; (3) & F FE [F & 455 (4) R H
HEBETME KR HEERARAE : (1) A BB
R P9 9 R SR 5 (2) A )™ KR 5 R 5 (3) 22 1
A FL A

EN I SR S s AT (o L e < S
b HE (L F5 :2017-19R) .

SNP {if S RYIEFE  SNPH 3L H 848 T A JE K
2H # P8 )% (http://grch37. ensembl. org/index. html)
s ) 3 N 2, i HaploView 84 A B SNP 76 £k
M 3k (http://gvs. gs. washington. edu/GVS150/) fifi
& AR % SNP (tag SNPs) , £ X} SNPH 3 K (NC _
000020.11, chrl: 1266292~1309327) & # [ I iF
2 000 bp, VA% Gl 117 2850 (1F) > 0.8, fill /)N 55 o
A 45 % (minor allele frequency, MAF)=>0.05 [#) J5 i
HEAT Pk, L Pk ik 5 A AR % SNPs, Bl rs3764714
[chr20: 1306461 (GRCh38.p12) |,1s3795139[ chr20:
1305289 (GRCh38.p12) ],rs3803947( chr20: 1308322
(GRCh38. p12) ] , rs3803949 [chr20: 1308693
(GRCh38. p12) | , rs6134520 [chr20: 1307579
(GRCh38.p12) ], HiHrs3795139 4 T 4h & 7 X 38
1s3764714 153803947 . 153803949 . 156134520 fif T 3’
Ui UTR X,

H T A [ i PR e o7 1Y) 4% 45 o B PR e B v LA
— R B TE R — R T, A [ AR 7 B A
S DR BT F] — 2% g a0k b it AR T A

Y Bl AL AR 0 B G, BR O I BN S A .
HaploView 4.2 #{} % SNPH %#: X 5 4~ SNP £if f4 ik
17 3% B F 45 23 Bt (linkage disequilibrium, LD) , 8
fE BT AR 3.0 % e AN NS Ee 3 W1 . UL D R
i et 45 AV A5 2 B A I R T AR L I D " >0.8
A LA B — A A A X e A3 Hr 25 R BOR : SNPH
FER Y 153764714 153795139 . 153803947 . 153803949
rs6134520 5~ SNP {7 g1 7 DA Jil — A4~ B A A X
(1),

| I | I |
= =t o ~ o
- = P +
—_ — r =
b i b - -
=t =l i = =
= = —_ x =
Lag] Lo ] o o oy
p i 2] g2 B
Block 1(3 kb)
1 2 3 4 5

1 54 SNPsHIEM A EE oML R
Fig 1 Results of linkage disequilibrium analysis of 5 SNPs loci

DNA 2B il O 9] 21 B o R 2 3 A0 ]
ki 5 mL, & F EDTA $i &4 bu &, >Rk H i
FE P ZH DNA 4 B0l 0 & (B Sie i A Y BH A R
Al B4 0 DNA J5 , T -80 “Crk 4 h ¥
A7

ERE BN 5 TagMan 28 S8R 5L [F 43 #4
H AR XS rs3764714 .1s3795139 .rs3803947 .rs3803949
rs6134520 fi7 55 A9 SNP # 17 k2 il . TagMan SNP
Genotyping Assays i 7l & . TagMan SNP
Genotyping Mix i #{l] & J& PCR " 78 Jif H] 7900 HT
PG € 7 PCRAUE A £ B ABIA R . PCRY”
WA R N AR 228 5 pll, 44 §E 2X Tagman Master Mix i,
7 2.0 pl., 40X Tagman Genotyping Assay i
0.05 pL, DNA (15~20 ng/pL) 2 pl, H,O 0.95 pL.
PCR 2 J¥ 2% 4 : 95 °C 10 min i 4% 1 ;95 °C 15 s,
60 °C 1 min, H AT 50 MER , B 91 A< 35 52 46 )
3 K . * H SDS version 2.1 # 4 1 Allelic
Discrimination & /¥ #F 47 3 K 43 1, 38 525 A6 I A [+] 46
£ 2 R FAM I VIC 2¢Ol 5 BE >k ) W B A (1 2 K]
B I S5 SRR AT
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Gt FHE EFEALAET, T SPSS 26.0 Xf
995 191 £H RN X BE 20 — B N O G F 24 e okh i A7 b, 3
o TE R BT RER T A S T B BEORE I Ik SE R AR
K . I ] Haploview ZE i+ A F 47 PP 8 2
] (9 LD, I D E K BE 5 4% A7 1 18] 1Y 3% Bl 1 i
R, PR S JE , N H 7E 4k SHEsis 8 (http: //
analysis.bio-x.cn/SHEsisMain.htm ) #E 47 5.4 37 55 (1)
IR 3 M (A A i D] B PRI AR 1 L A88) M i 2
(i) (%) 2% R0 43 A7, 38 2ok 55 LG A 1L Codds ratio, OR)
59500 CT LA 1 fifk 4 37 i PR RNBE 3 19 G Bk 51 2 (OR
1R R OR<TLZ LRI ), I 4 4% 4l [H]
B DR RN A3 A 64T H-W P-4 BEA 3 . SR H
SNPstats (https: //www. snpstats. net/snpstats/start.
htm) 78 £& B4 b AN () 467 A9 a8t 1% 455 =0k 47 0 A
I 43 B 45 . R H Bonferroni #4754 IEAG 5, B A4~
SNP ) P{EL3fe LAFT 23-#7 (¥ 35 AL b iC KO H , ARSI S Y
P<C0.05 7R3 i 5 90K Z 18] B OCHRA & 1

I Quanto 1.2.4 BAFHEAT TS FEA M GE 5K
fiE , 5 4 SNP 1 rs3764714 1§ /0 %5 A7 3 [H A0 R
(MAF=0.056)fiz /N o B35 OR=1.5, ¥ = 2
BN — I HE RO R 100, e 191 20 389 i), Xif R
#4330 AR WoR G ALEE N 0.99.

Horp 724 Shesis #PF 3222 B4 3 Fh 43 B DI 6E
TG L HEAT BLAL R A0 AT, DAEAT S5 5 B TR AR R
FE BB AR G F, Fal XA AT I D A
OS2 o A 3 = T I DU G O o I S T o TR 1 1]
SNPstats & — > B35t A% L AT 9 2% 19 #2150 3 1 1)
2 NN R, REWS HEAT G 23 M o Quanto 1.2.4 4K

e — AT R RE BT 7 A /N R R, T 4
REE R BRI - PR BE (G OXE) AR B AR Bl R A -
F (G X G)MBAE B SRIRATTE o il 254> B p
I 4 422 AR A R AT il A 1

45 ES

— B AOZER 00 3k 389 ], o rp B3
208 ] (53.5% ) , L 1 181 1] (46.5% ) 5 4F % 13~65
A (3674 £18.27) % o IEH X IR I A ZH 433
), Horp B 224 4911 (51.7% ), 2ot 209 1911 (48.3% ) 5
AEW 17~64 %, F11(36.22+13.00) % . JEHI4 5
X BE 2 M ) (5/=0.329, P=0.566) Fl 4F §& (1=0.473,
P=0.636) 2 5 ¥ Jugit 2= 5 L

Hardy-Weinberg F# #3575 (rs3764714
153795139 153803947 153803949 156134520 ) 7£ 5 1] 2
XS R 2 P 55 A H-W 45 (P=>0.05) , 7 LABE A0 A
Je B2 5 BT

SNPHER SN mENERMERES>HH
Bedg 45 R B4 (SZA) 5 X R4 (HC 41)
H 5 4 SNP (1s3764714, 183795139, 153803947 ,
rs3803949 156134520 &5 i K K Jz B& PR AU 43 A 2% S+
TGt E (£ 1),

AREEEEXTERESAILE wFILEk.
[(SRENETR E @) IIRE B iy v N R (2 S PO |
rs3764714, 183795139, rs3803947. rs3803949,
rs6134520 HE PR R o3 A 22 ¥ Jo g it e m L (R 2 K
MR 2% ) .

R FRHGIE S R A L B F A0 B E B L i

Tab 1 Comparison of allele frequencies and genotype frequencies of case group and control group

1$3764714 Allele A 43 (5.5) 48 (5.6) 0.000 0.980 0.994 (0.651-1.519)
G 733 (94.5) 814 (94.4)

r$3795139 Allele A 413 (53.5) 480 (55.9) 0.982 0.321 0.905 (0.745-1.101)
G 359 (46.5) 378 (44.1)

r$3803947 Allele A 46 (5.9) 53 (6.1) 0.031 0.859 0.963 (0.641—-1.448)
G 732 (94.1) 813 (93.9)

r$3803949 Allele C 397 (51.0) 430 (49.8) 0.259 0.610 1.051 (0.866—1.276)
T 381 (49.0) 434 (50.2)

6134520 Allele C 348 (44.7) 373 (43.2) 0.403 0.525 1.065 (0.876—1.294)
T 430 (55.3) 491 (56.8)

P values were adjusted by Bonferroni.
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Tab 2 Comparison of genotype distribution in different models between case group and control group

rs3764714 Co-dominant GG 343 (89.1) 383 (89.1) 1 1.00
GA 41 (10.7) 46 (10.7) 1.00 (0.64—1.57)
AA 1(0.3) 1 (0.2) 0.93 (0.06—14.95)

Dominant GG 343 (89.1) 383 (89.1) 0.99 1.00
GA-AA 42 (10.9) 47 (10.9) 1.00 (0.64—1.56)

Recessive GG-GA 384 (99.7) 429 (99.8) 0.96 1.00
AA 1(0.3) 1(0.2) 0.93 (0.06—14.94)

rs3795139 Co-dominant AA 116 (30.3) 129 (30.1) 0.17 1.00
AG 178 (46.5) 221 (51.6) 1.12 (0.81—1.54)
GG 89 (23.2) 78 (18.2) 0.79 (0.53—-1.17)

Dominant AA 116 (30.3) 129 (30.1) 0.95 1.00
AG-GG 267 (69.7) 299 (69.9) 1.01 (0.75-1.36)

Recessive AA-AG 294 (76.8) 350 (81.8) 0.079 1.00
GG 89 (23.2) 78 (18.2) 0.74 (0.52—1.04)

3803947 Co-dominant GG 342 (88.6) 381 (88.2) 0.97 1.00
GA 42 (10.9) 49 (11.3) 1.05 (0.68—1.62)
AA 2(0.5) 2(0.5) 0.91 (0.13-6.51)

Dominant GG 342 (88.6) 381 (88.2) 0.85 1.00
GA-AA 44 (11.4) 51 (11.8) 1.04 (0.68—1.60)

Recessive GG-GA 384 (99.5) 430 (99.5) 0.92 1.00
AA 2(0.5) 2(0.5) 0.91 (0.13-6.48)

rs3803949 Co-dominant cc 104 (26.9) 98 (22.7) 0.22 1.00
TC 187 (48.5) 234 (54.2) 1.33 (0.95—1.86)
TT 95 (24.6) 100 (23.1) 1.11 (0.75-1.65)

Dominant cc 104 (26.9) 98 (22.7) 0.16 1.00
TC-TT 282 (73.1) 334 (77.3) 1.25 (0.91-1.73)

Recessive CC-TC 291 (75.4) 332 (76.8) 0.6 1.00
TT 95 (24.6) 100 (23.1) 0.92 (0.66—1.27)

$6134520 Co-dominant TT 122 (31.6) 135 (31.2) 0.36 1.00
TC 182 (47.1) 221 (51.2) 1.10 (0.80—1.51)
CcC 82 (21.2) 76 (17.6) 0.84 (0.57—-1.25)

Dominant TT 122 (31.6) 135 (31.2) 0.9 1.00
TC-CC 264 (68.4) 297 (68.8) 1.02 (0.76—1.37)

Recessive TT-TC 304 (78.8) 356 (82.4) 0.2 1.00
CcC 82 (21.2) 76 (17.6) 0.79 (0.56—1.13)

P values were adjusted by Bonferroni.
ROIAEXRBAMNBER S W H SHEsis 78

LRI X ) 20 (SZ 2H) B FRZH (HC &) [a] B A4 it
53 M0, & B rs3764714 153795139, 153803947 .
153803949 ,rs6134520 13 s 4 B ) A5 0 A-A-A-C-T,
G-A-G-T-T,G-G-G-C-CIFE=>3% , J5 8257 Hr K B 3
A LA RULE 9 20 (] (9 3 A 22 R R ge it 22 i L (3R 3) .

Wi

S7Z W1 2233 ol 2 AT DR BE SZ %9 it
1 T AL, T SNARE & 4 7R X i 28 388 5T 14 B¢
oS R AR O R AR SZ B R R
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3 FOASTRABERSHEIELE (rs3764714, 153795139, rs3803947 , rs3803949, rs6134520)
Tab 3 Comparison of Haplotype distribution of case group and control group (rs3764714,rs3795139,
rs3803947,rs3803949, rs6134520)

A-A-A-C-T 40.91 (0.053) 46.00 (0.054) 0.001 0.978 0.994 (0.645—1.533)
G-A-G-T-T 366.03 (0.475) 422.28 (0.496) 0.384 0.535 0.939 (0.771—1.145)
G-G-G-C-C 338.92 (0.440) 365.66 (0.429) 0.404 0.524 1.067 (0.874—1.301)

Kt 1F i SNARE & 4 M 21 %€ i 41 il 5, SNPH
R RE A P8 3 0T A% 3 ok PR v R A A
0, SNPH 3 R W] 1 2y SZ a8t A% 24 WF 5% i A 16 S [ =2
— M A2 B .

TEABE T, 5 AL A TE s ] 28 FO6F BEH vh 1y
56 H-W A5, 0T LEAT R — 25 20 Fr o 1119 15 41
Xof BEZH AR AR IS 5 1R ) O T 25 S A R gt o 25 L B
E1TR 2 LMY VO 118582 WS € A A N ) RS i Y
40.99, Gt RE RS . WEIT S IR & B, 7R b R DU
N SZ 835 Ffgt e AfEZ W], SNPH £ 5 54~ SNP
{7 15 (rs3764714 . 13795139, rs3803947 . rs3803949 |
rs6134520) 45 (v 3 [H K Fk PR RUAT R oy A 22 S ¥ I 58
IR o AR ME B RO s A A R M
2 2Z 18] 54~ SNP v o5, 5 PR RUJIR 43 A1 22 5+ B 6 40
R, XRWZENMZEETTRYS SZM A
A VA R R, R A 1Y A 6 DR s R R AL AT REOR
23 P BUSZ W A WU G . BEXF SNPH BRI 54~
SNP 7 i #EAT 1Y 3 WA V-8 53 B 87, 3%05 S
AR — A BAE R X B (D ">>0.8) o SR, 76 B
R 2r B v, 1 rs3764714 . rs3795139 . rs3803947
rs3803949 156134520 fi7 s, 41 B () B A% A A-A-A-C-
T.G-A-G-T-T F G-G-G-C-C $i %43 #i 16 9% i 41 5
X R CZH R) 22 R 480 2k i L (P=0.978.0.535,
0.524) , U W3 3 B BRLA 8 T BB AN 23 18 0 SZ 1Y &0
WU o AW 9T 45 R BoR | 7E DU A SNPH
LK AT RE AN J2 SZ & A By JORE A

AW 5T 35 B SNPH 54 SNP {7 5 1 SZ A 56
F 5T ¥R WA GE A BF9E R , SNPHEH S5 £
Tl 28 RGPRAR G . B 5%, SNPH 2 H i) BE 5
B JE 9% 2% (white matter lesions, WMLs) A %17
WM Ls J2& — Flr £ A 58 58 45 A1 DA 30 20 B8 T B 0 i 1t
BT o FUR IR AP SR ST, B 2€ Hh SNPH 2t JE
TR ST N-H L -D- R H MR 2% 5 bk D2
LR 55 55 IR BHL LE 2R R B I, S BB R D B 1Y
Pl E A S WA IRITPEE I £ Kk 6 4k (multiple

sclerosis, MS) A1 361" . ] I SNPH # H 18 K I 19
it S5oiaeh A — MR EM . BEX TR
FEREBEA N FI T RE T B9 SZ, SNPH 2K 145 by Hopf
25 38 T AR U v i v A TR A DG Y F 5 A
A DR AR B 5% HAT — S 14 B0 R 1

ABEFEAE LT LA T B A R B . B
T 5 AN 58 T — A X, AT 5L R 43 A i) AT AE FR
T LD I A7 78 170 1 TR 2% o A 8 35 DR 9 o A s 1 %
J& G i SNPs(cSNPs) , B 7E & H I 1 56 % & CDS
X (AP ) K5 3h 1 5, AS B 58 8 A5 AE G i
SNPs(cSNPs) EHEARE . 240407 T 3UTR
X, HAL 14~ SNP £ 4h i F b, AW 58 % 2 fig SNPs
IERIEA R o HAR 3-UTR X 0l 78 4 & 24 1k (1)
PR EEEEEM A 2 3-UTR XA SNPs &
FEGRST , 4 ft X SNPs D) 58 3% 8 07 oy 22, HOK,
{35 BT SNPH 3 K Y 5 4~ SNP 7 s 238 £7 5 B 43
BE, R 35 A7 o5 2 20 3ot 0 26 15 30 1, AN 2 DA
Bt SNPH J K (1 4 A5 2 78 Ja e b o8 rh s 47 R ik
11 B4 BT 1) SNP 7 JSORLAR, DL itE— 20 88 % SNPH
FEE B HOCAE B o A AT AU L I T
SNPH 3R Z 8165 SZ AR %N LB S
SZAH K Z M 3B BT HE ORI, DL M A B
SNPH Z 8] B A8 B AF H 75 2 F — 25 0 52, LA 0]
SNPH 3N 2 &M 4E SZ K AEWLE i EH . F—
W UE SNPH 3K 2 851 5 SZ 1 QIR Z k1T 5
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