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BDNF E & rs6265 Z &S XEBHEHEENIT
INE L BEEAMFRINZTEER

kg 2 A4k g

HHE !

Mg ZaE ! ke

C IR R A OB RE, B5R 250358) CILZRATHCE:RE, TFm 250014)
CHHEIRE R DB R, dbamies 2 5IAAr S G508, Jbat 100048)

M OE BRI RERBAEHLE H 5 OB TE BRI —, (HEEA RS AL TR B B, A5
602 /N LB B HACRE i, B E% % BDNF HEIH rs6265 22851 5B E B AN LB AR ERE 0%
TESSH IR o AR 7R, (1) 156265 22251 T ik 25 ) J L 3 922 4 RV A 5 2 ] — Lo DT RE STUAE 1 (A A JE IR 3%
PIZEAESARE ) 25 T G SR #); (2) 156265 BN S5 HE B AL HAEH T ILE M2 i B 4E 525 )
—IBENREGILAE J), K HBFEARR L LI G A HE R L 102 5 R Ak 5 25 (B - e D RE ST AE /1, [E%T
AAJENTY LA FNAE A B35, IS EA R ] e S INAT & 56 3 oi— T TR B R0 (rs6265 {3 it G S5 FE PH ] e
U HER) o bR A BRAERE TR A RE s AL RIRITTE, JF R TR s de Bt 1 R AR S e .

JE$23A  BDNF K 156265 20, Bkt
S  B844; B845

1 55

PARAE 2, BERE T XA A Sl B ) Y 5 i
S i % (Siegler & Braithwaite, 2017), 7E#H] T %
JEAL LA TE AL . B T R HE IR R BT
T, M7 2 B R e 1A RE TN 42 2 B AL
2325 3 H i (Ritchie & Bates, 2013). X T4 g )
MY LT, H RTAH AT I R 1l — B s e
ES ISR TR N 5 & 8 =W N s DR B PN N
J1. BIREYERE A W ERE ), K2 iE g
e 1 A e ) A O (PR SR 5, 2003; 2500,
2005). 248 By /NGRS B R AN AR e )
s BEEYER T . SR LT, B
FHASCE R S AT RN i D SEBRIRLELY E ) o BT )
Z Pe KL 5 J5 RS (PR 1 3L [F] % 11 (Grasby,
Coventry, Byrne, Olson, & Medland, 2016), #/R~%X

e H 3: 2017-07-07

s KHEFEA, ENEHRELEAR]L N LE

2ERE T B IR 7 (AR A R I 25 S AT DUH D st
At 22 S5 10 LU 238 L K 55 5502 e 0T A G Y EL AR R TR
R, e RiEE S E KRB EE e
T3 K R 52 ) A () R H 25 B BIF 9 38 O T IR
Wz —,

AR, 17 RG5O R 38 /R B Be T )
WAEHLTISRHE T4 1 38, R TR R .
1T R IBAE2E I R T T i w % 2% oy it %
AR B, iR E AT R R, B
FIB95 1% J17E 0.2~0.9 2 8] (Kovas, Haworth, Dale et
al., 2007), 42> RXEH 8% (40%~70%) FI 3R 5%
K2 (10%~70%)3: [F]| e % (Kovas, Haworth, Harlaar
et al., 2007), X 26 % B R R e 1 iU RS K AT
TEAE R AL R X — SR HE T ks . Beak,
WA S s AR AT 5 X B e ) B 1853 T SR 5 o
4N Hart, Petrill Fil Thompson (2010)% ¥, #f&m1b

* R H AR 4 FFAE 4 T H (ZR2013CQ025) . [H K A KB 54 1 I H (31371048) . F SR 5 41 H (12CYY022) .
ZARA HARBI AR AR IR 4T H(ZR2016EEP13) ML ARG+ i fE S AR R R S HH LR LI S g i)
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(Quantitative Concepts) . hi ] # (Applied Problems) .
115 (Calculation) F1 37t 1% P (Fluency) U #5527 1 43
(AL I AFAE 225, 43 )2 0.49.0.41.,0.35 Fi1 0.34,
W& A AN HTEU R AT e 3845 ) 25 RE R,
e T PR B AR AN W) B A A THE A T
0.32 2 0.46 Z [a], W T 55— IR 4F e ol i 52
(Kovas, Haworth, Petrill, & Plomin, 2007)fki11{E
(0.07~0.23), K, FEIHZEHREH KX W 2 W
(0.19~0.25) M fi£ F Kovas, Haworth, Petrill & A
(2007) Bt TH1E(0.42~0.48) . K RE I 40U ) 701
AL AT AL TR D BB, AHOCHTFEA L T/ %k
JURSCHR, AMUERGEANARSG, THZESEA
2F BN IR i 5 [H (Docherty, Kovas, & Plomin,
2011). HAT, W58 ESE A BULA IR IT R T 3%
RMEWIFE, AN, Myosin-18B (Ludwig et al., 2013),
COMT #1 BDNF (Gonzalez-Giraldo et al., 2014),

Del22q11.2 (Carvalho et al., 2014), KIAA0319 FI
ROBO1 (Mascheretti et al., 2014) , DCDC2 Al
DYXI1C1 (Marino et al., 2011), SPOCK1 (Chen et al.,
2017) A b 1Y 4 L PR 2H OCHK 73 B F 52 (genome-
wide association study, GWAS) (Chen et al., 2017;
Docherty et al., 2010; Davis et al., 2014; Zhu, Chen,
Moyzis, Dong, & Lin, 2015)F1 90 H R £ &M%
(single nucleotide polymorphism, SNP)Z{ & W 5¢
(Docherty et al., 2011), H:H', Gonzalez-Giraldo 55 A
(2014)#EAT BIBIFFEIEAC 4 IR UL 975 %8 BDNF
rs6265 22 35S ] B AN TOC R AIFFE . Al
SR EA RGO ATEN 55 22 ARl 52 4% 75 52 =F A2 1L
PR R B R AE CP AR 21.2 2O NP,
EIE GG HFAAMLL, A SO FEEH AR
G H 4. BDNF JE A (AR BDNF JE A T4
1S3 R 1 IX 347 B, B8 11T
25 B U il 285 5% [ 1 (brain-derived neurotrophic
factor) 315, H rs6265 ZEMEMKIREEMAE
F: 717K V- (Elfving et al., 2012), i ik dE 1 42
BRIETFSMEITmAER. KT . k. 4855,
UifE 52 L K% ) AL AFAE % VI G & . BDNF JE R
A G HE R 5 MU 220 5 R Y A s D
15 P BRAR A 5% (Gonzalez-Castro et al., 2015), #7447

A FEALEE R A 1 i B b 28 T S i A2 e MR RRAIR L
b T YA MERR 25 | TAEIC2A 0 Bk (Miyajima et al.,
2008). iCAZINEE F#(Cao et al., 2016), FHilLAT LA
A, rs6265 ZEMESMARIINFIRE ) K R E ],
AN [FE RN GEAS AR AN [ RF R BT S5FF, 1s6265 £

SIS HCERE R BRI R AT B 221
HiZ—.

RRAEBEERE T e —Fhm B s AL iy Mk, H2
R IERIF AR R AR, MR e SRR R
HEHORET R AR, DI, 38 A S e AT DL
IERETT . TEBUCERET b, 298 40% K25 5
J2: H FREE [ & i Y (Tosto, Haworth, & Kovas, 2015),
1A% Al R S5 B R D IS R R SR B AL T T4
AR, FErt, 2015), A28 RGN L E D4R
R e (N, BUFRE T R )2 R RGE MY,
Hig R I8 L E T DRI E T — RV E 52 W0 7Y 3R
RAGHURG . THRS . NZRS . ZWFR
gryzrho Hdr, WO SR RG-S SRR
AEAHERER, LCHHAFTEARIBLEATL
RIZE 55 > 15 5l (Seginer, 2006); W R 5t A9
DA TRENLCHHAFTEA . Wik, KHHAF
BN, FENEmILES DEL R, BFiehk
R EEREE RN R Z —, SRR Z R0, R
W R E B A S LEE D2 S 5
i 25 0EAH G R AL TR S A IE A 3 #F (Castro et al.,
2015; Fan, 2001; Seginer, 2006) ., Keith %5(1993)i—
R F B AN S B F RS AT B I
F5C, Fan (0010 & ACEEEH B A SHCA %7
ISR Z (B AH O 0.18

i BT, BERe 2Rl 5 R REGR
CGRE) LR 52 m o PR, XoF PR 5 PR 4E A2 B4R
(GXE)BLi R 5 B AT A A #2219 2 X (Halldorsdottir
& Binder, 2017), FRiEZH -, 38 HAEHMLSE
7] BEAT Bl T B B <<l i e S0 PR A PR R /00 k2
AT ARG, SCERE T b, dE g X 22 BAE T
TR R AT LA 2 X6 A A A (] 55 XL 28U 7 A &%
PRI T PR W 1Y) & J& (Docherty et al., 2011), IT4E3k,
SAAT NRIE R JEIF ST B GXE A2 BAE 925
BYBIT ST 248K H 25 ™ i (Caspi & Moffitt, 2006), — &
WEFE I I iz T € s AL 22 i SUE T F 5 e %
F% GXE 22 HAHUF 8 1 Y520 (Grasby et al., 2016),
FEUE T —8fH 3 LR AP, Docherty % A (2011)
TFRE TR NN SUSGE 4 R IR ] GXE 22
HRTHI st e at . TR B, BUF A
FEH (101~ SNP 2 A5 : 1511225308 .rs363449 .rs17278
234 | rs11154532 . rs12199332 | rs12613365 .
rs6588923 . rs2300052. rs6947045 il rs1215603)5
WEEH R (FEIRAL . ACEHHMN . BUMHEH)Z [ 17
12 35 22 HAF T (%28 BAF AT & R ot — s Jy il
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K52 45 BDNF JE A rs6265 2 5005 0B H0H B AN /g LB IEA K E RE T 1928 HAF 1009

MBI, ZRBE TR L/ A1 AR /280 U 9 e 12 S 35 I 1) 3
WL SNP 2060 JLE R A A HE T, X SNP 414G
A3 JLEE W B 2= RE 0T SN AR DA S 2

*XT GxE s HAEHRBSHAL, H Ay 247
TE“Z Jii— & S #i 8 (diathesis-stress model)” 122 5]
5 &R (differential susceptibility model)” i F
SR . R BRI BALA K, b TA
FIRAS AT AT, T L HE A < RURS: S5 A7 FE PR/ AN R st
B2 T A RT3 5 = A O BRI AT R IR R H2,
AE T RAF A PRI, 5 A [F] 5 PR R S A
R RAS A R ARARL o BT 3 4 119 2 53] o e A
WAy, TRl — (& B/ mT 8P ) 3 PR R B BB 1% 4 A1
FETH 32 A F A PR I AR A5 T IR, ] DAAE R 4F
I R AR5 47 (Belsky & Pluess, 2009), Widaman
A5 N (2012) 32 4 19 P 2 550k [l 03 A5 280 D ik — 204
GXE A2 H IR B 40 43 Ay o/ «55 7 3R o1 — & Sy A A
B2 00 5 AR (Belsky, Pluess, & Widaman, 2013).,
Bk, <sm» 3R ot — ) 458 AU Bl 22 5] by S PR AR A
A 4 T <R XU /Al 7T 98 45 o B DR g S IARAS 52 3R
B A 25572 - e AR Bk 22 31 & Sk vk
A TR U I3 48 7 << JE XU /3 T 9 5 A7 ik R 1 A A
W AZ FRBE RS, HUAN ) BT A2 78 B L < XU,/ mT 9 4
D7 JE PRI

T, AR GXE R B, iais
5 58 1 43 J2 LA FUET 24 0 - S 80Uk mE 75 vk, DA
3~6 G/ LB R, L BDNF [ 156265 £
B Rt bn, KEHE BN NAEIEIR, RS
5%t FE IR 5 B X /N L AR B R T
YR, $OUf D 3 Z2 [n) AL AG « (1) rs6265 Z8PEZ
B 5N L FEARBCFRE S AFAE RTR; (2) 156265
Z BN G E B AR RN LB AR
e I AEAE I 35 1 B R 5 PR 28 BAPE T (3) I 2R 6 A
WS AR W, B G R BRI B A R
2 22 5] Ty AR R, SR AT G iR -
A 22 5] Ty TS AL AR US0  <55 3R o — R ) A A
122 57 Ty TR R AR 5

2 W5k

21 #ik

VI ZR A8 e T JUAE — BT 2 AL 4 1 4E 2
(= W, H. NEY)23 ANBEI 602 £ /e A T
HACREAE 8, BT, Fh ke & i s Bt 3= A8 %
LTI, BAF TR E BIG . FTREAATE TS 245 IR
Yoo UK. BOESEEE . B SR BOR

Wesh iy JLEE S LACBREHERR Bl /3 A, KR vk
Ja . BARATERECCHHABTEA . NEEREARY
AE71). DNA s AU My JL3E B HACREHERR . FeX
PAFABULEYXL 527 ACEFHFERY 10.7£1.00 27),
AR ERL 1054 N, HAAORAEZHE K
SR/ 10.80% /25.80% . W 70.60% /
56.70%. EhEFEE Y 13.00% / 10.80%., K&
BRFEARBLE 5 5.00% / 4.60%. WFFELE@+ . 14
1) 0.60% / 2.00%. AAFFE LT 11 AR I K2
RHRZ B o W A% I AR M
22 MARIA
221 In3CEREEIR NI

K K RS A LW F-(1989)& 1T HY ( Fid U i
HEFRI 45 ) %< L2 i — RHELRE ) o M 3L 60
SR R, o S ARSI, X 1 1 4y, B
436047, SRJGURIEAE WS FVH AL B bR vfE 4y, AR ifE
SHRT 5 R B
222 INFHEEKREEFEE

SR 2T (2005) 2 il 1 € A /N A A B
At 7138 e (C-RSPMA) ) 1P /N 2 A= FEAS B 24 B
Ho A FAE P E RO /N AR AR R
Frmik R ) et LT, BRSO FE
AR (MT 1) <32 i B8 4k 5 2 ] — 405 2 A 401 35
(MT2)" B4 4y, Fei 1 AN IR 11 4430
WA . “PEET R TR, ATHE S,
H ) b /N2 A SR g i 38 AR O 2 4 I3
P MT1 6 ARG, 4332 i, Il
Pl ok Rk, <A RICRUNEED, B
SEVTRE /N AR B L 3B B B AR
PE; MT2 5 A IHRAL R, 439 Je 25 507
K EEAG T IrHac e B ICEC g E 5,
H R0 /N2 AR R 2 e e BUE R
B A S AR 4E RIS R ERRE 1. MT1 =, U,
Foo FNAEHNE—BUE(E FE 45 0.88. 0.88.
0.89. 0.88; MT2 [l 0.72, 0.72, 0.72. 0.71,
S BER B M RN GG R M 23 A7 25 SR F /N 2 AR A R
A8 1P LA B AR MEAR A 53, B Y BBl 430l 2 —2.92~
2.52 (MT1), —3.10~2.83 (MT2).
223 RBHEESEAN

FKHRZTr . #hFEARE HHEME R (2013) 4w
1) C/NFAE BT B AAT A R4S (SCBERIZE RR) )
WIPFAL B /BE R B E B AKT o ALK | BRI
5 ACRBEEHE B A NG 29 A8 H 43t
AEFREME . iR, oEFimEr, <dLH
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TG S F AR S DY) SR 4 i sr——o1
SrARAEER) . 2 A CRRIE). 3 4(AE) . 4 (1R
[ )0 SCR/HEEHF BA RSN T 29~116 2
0], f3orilm KSR RHE BARE B, 3
TP AR SRR T B ARG R 2 1B R
B E BTG, JESARE AR 7B W2k ]
SCBEECE 5 A B bR HE AR AT 4 (BUE Y8 & -3.15~
1.69Y). 7345 N —SUMEG BE N 0.91, S5 H54E K4
(x> = 683.82, df = 367, p < 0.001, RMSEA = 0.04,
CFI = 0.92, SRMR = 0.05, TLI = 0.91),

23 HENFERF

PL 602 # /N2t R HACREVE A A Xt 42, i) 2%
A T HAC B RS S ARG i s R 35 15, fE s
AR HTHE T, 43 4B Be s sl . i 4, DA
PR R B L EE R e . IR, FE2E AL
G F UBEYCh B 2 20 L3 AL B 2 24 1 5 5 ) 46
TR AR E B AR . PR, DAPEGCH B
W L SEARBFfiE B o LA B = AN B Bt U s
BRI R E L2 %3 I HEEFE 54
55 (4O BRAA b AF 58 AR HEAT 320K, A5 B B A it ) 2k
TR I B 40 min, KHEEH A B4
25 min, JLEEAFCAE I EHRY 60 min, Jiill 45
W Mg n . e, UBEECh $r, 2™
K& 55U Falb N B3 RV A SR AR L ZE 1 e YA 5,
= AR RS LE W GIAS/NT 106, T, /NAF
RELBIA/NT 1:8, BENTA S 5E LER L
KAWL, REL L 30 min, HEATIEPEEAT
MU 5 SR AR MRV Y LR RAEFTAY 30 min
AN YOK . TR WO . Rl
o EIHEAT DNA BYHEHC, glifbfnord
24 HEFEREES]

AW FEAEBE 5T BT 55 I i e A b R BUAS o
fitg, FEBREATED, X IR DA W2 T SR 5,
DA S [ 2 O 22 38500 o 0 o R e A s S 4 i
ALFE : (1)45 )4 (i 22) W B DU 78 o 18] 140, k4
[ IR £ PPt 22 03 1) 45 (B R); (2)4% M & 19 48 =
W A H I g HET AN Q)CREEE B AN
GBI, AR SETEAR R A E T, i SE 2
B 1 /43 855 (4)BE B R G ( ) BN BUE B
() AT 5 (12 3R); (5) R ™ A JHL %) it 00 A Ut
NGOG E: A B A R R I S R S A O

SERR B, FRATUL X AR HOE B AR AR AL AT ST O 2 45
CFI7 RFA), ADEE T (R AT . SRR AT BT
I3 BT 5 A i AT L B B SR 2 S

BT, KA Harman 5P -4 50 X 2L [R) J7 e fm 22 1464 7
flitt. TWRERNZ oM BoR, SR ERT 1 AR
FHH 154, BTN TN 24.25%,
INT 0% llm FAR e, 2B 7 e 22 A B
25 HIRNEBS SR

R PE M . 38 SPSS 19.0 FEATHUE AL F AN
0T, TR ACREEE B A S L AR LA 68 PR
I3 B ROCRIARE 2SR B IR AR 22 A 06 % 48 A
] OCHR TR BE . AT AH S HT I, X rs6265 2745
P (GG/AG #1=0, AA #I=1) (Chen, Li, & McGue,
2013) 5HERI(F=1, LZ=0)EMEL IS RE, [F]mf
PRUES T 25 R PT 51, Bk, MAAHHAFTEAS
JUFE A KL 2E BE ) 45 I S8 b ) M 31 25 57 L i PRl AR
22T IS REAS t K, WHARR 2 R TR R
TN R, XFRER B S5AEG . PR O
HRARIE, DA S 35 4 9 1 SRR B A TR 7 R 56,
LRGSR M R 25 A S 2 R ICS E 25 5

R RS2 EIEH 16265 275
P 5 AR E B AT LI I AFF BE S WAL 1Y
ZHAEH

K uEME s Hr . 181 SAS . R il SPSS Siit 4/,
KBS HERIAZRERN LSS LHHE L
AXF MT2 f28 H.AEH (Widaman et al., 2012; # M
4, 2016), BEARLREIAT

GROUP =1Y =B, + B X, -C+B;X; +B,X, +E
' {GROUP:2Y= B, + B, X, ~C+B;X; +B,X, +E

Horp, Y AR, i MT2; GROUP {3k
ANFEFEH I 2H, GROUP = 1 AAFIEXU/AErT %
FE R R L (ABFFEH o AA FEN ), GROUP = 2
AR RS/ AT Y8 HE PR A 2 (RS R ol G S 3
B, Xy RARLBHE BN Xy Rl 2w F 9,
Xy FRPEMAS TR R By <Al U /31 T 98 5 A A >
P 2H H AR EE B AT R AR B [B1E R B B, 2
“JRUBS: /R 99 35 PR A0 S0 2 Hp ACRE U A AN R AR
(1 1815 2245 By Fl By 43l 4R il AS ARG | B RN A
A (R [ 9 ZR B0 C P 3 P AR 2 AR 3R 9 58 S

W C WA E TS R (CHHE S
A KAB AL BB A B fd:, IR W] 1s6265 £
BE S B AR 1 A BARE AR 4 P AL, Wl 24
B EFE-E NG WR C B S ASHAE S X
PEAE PR B AR B VO ] PN A L A e, 2P 3
PR 5 PR AR 1 (4 58 AR AR A8 XA, W2 &

zhR b, FATREAT T 2 P X 3 (region of significance, RoS)
FEIRLE, IFA5 T 5 M SEUR ARG 56— 80N 458 .
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2% 91 5 PR AR 1 (Widaman et al., 2012; H M4,
2016), TE_EARMAEAI ) Ak B, FRE A O(HP
A XU /Al AT 98 56 PR R LR AR AS 52 SR B A
GBS B WS ), 2R W5 2K TR ) /5 25 5 5
AR AT AR BUE B, = 071X — PR E (AR
Wz /A T 38 5 DR R T 20 ) e 32 3 AL B3R 8 ASE A
BeAr g s, AN It 2 R ma R B /N T RS/ ] 9
LRI 2], D)3 B 55 2 - /55 22 51 B Btk
R B AT o

3 GRS
3.1 Hardy-Weinberg F&ERIME& BRI

& SHEsis X rs6265 v/ 55147 Hardy-Weinberg
PG EER R . A5 R R, A R (AA
GG. AG)WMMEE 5 EEV) & RIF, £74 Hardy-
Weinberg “F-#i £ &3 (x* = 0.10, df = 1, p> 0.05), 7E )5
SR, AWFSEK GG F1 AG BER BT T A1
(Chen et al., 2013),
32 FRMTHR

MR PR, F95HAE MT2 52 B 7,
TEJ5 22 19 53 J2 181 H 3 B vk 45 904 S 28 & in LA
il BRI AR A SAERTCG; R ST
BARBENMHK, XN LB EEARES
TH#; rs6265 FEH R 434 5 LB AL F [ )]
WA 2 5 3 IE A G (AA LR AT 4 0 3 &
T G SRR H), KHHAFEEA S ILEREAR
BRI R 2 TEAE DG 16265 28NS
SRR HE B AR 25, FRUIAT LHERR 5 K -3

BELE
>3
G R

. >2 ﬂAAglﬂﬂ [
%
= N |
R >0 N 5
2 NN
= N
F < NN
&
B

<=3

1 1 1 1 1 1 1 1 1
55 45 35 25 15 5 5 15 25 35 45 55
kS

BT AN [ ik P Y 22 R A 5 s i) — L

BB S 2 - DI RESUR (MT2)

BEAOC R AT gt . SRR S E2E R T (MT2) 2 []

MIREFR UL 1,

33 BHEMFEEE 6265 LM ERBHE
EANNILEEXBFRENBRINZEIER
PLULEFEAK #6815 (MT1 Al MT2) R

R &, 9. B RTVE 28 — 2 P A2 5 (45 ) 28

i), 186265 A . ACBEEE B AR ) Tl

At B R PN AR i 22 R A8 BOIE S A =2 T

AR E AT 2 BT 50T 4558 SR (W3 2), 1s6265 £

VAT BT MT2 (AA J PR I HES 3 10 B A8

RN BERT G FEMEREWH), LHHAFEE

ARE % 5 25 1F [5) T MT1 R MT2; 156265 £ 2854 5

LEHBEHEAX MT2 HAWELEEM, -2

ST, ACREEE A I 0 T G 45 SE

MT2 (B =0.16,t=3.27, p<0.01), X AA FEKAIAY

* 1 FR M BESTH. REFEEANSILEE
AYFRNFAAR SRR G I EREXDTER

QIS 1 2 3 4 5 6
1 49 1
2 15 -0.07 1
3 156265 0.01 —-0.07 1
ARXHHEFEAN 001 -0.15%% 0.00 1
5 MTI1 0.00 —0.04  0.09* 0.12%* 1
6 MT2 —0.15%* —0.01  0.11*  0.09% 0.69** 1
n 527 297 114(21.63%) 413(73.37%)

e *p<0.05, **p<0.01; n B HIFRAGILENE . BAEA
B AA FER RIS H NG G FIEE(GG 5 AG
FL R A 5 ) BB B I B LG, MT1 SR ke i 5 4 el B
J1. MT2 iB 4 B4 52 (o - D BE U RE ) o

LHEILE
>3
8 G A FEERH
o AA FEF A
> :
>1 §
N
o R
<0 & \
)
= &\E -
<2
<-3

55 45 35 25 15 5 5 15 25 35 45 55

S

LIRESTE AE 1 (MT2)B A 10 & 151K



1012 . T % 50 &
T2 IEEARFREIFRS X rs6265 ZEMESERBHEENNSEE TS
AR AR b (SE) B p
MTI
H—2 ARG (HE ) 7R 5 ) 0.15%* 0.04 (0.05) 0.03 0.44
BR AR ) 0.02 (0.00) 0.38 0.00%*
) 156265 0.02%* 0.14 (0.10) 0.06 0.19
B2 .
LEHEHBA 0.17 (0.05) 0.17 0.00%*
H=2 1562655 BB B A 0.01 -0.16 (0.10) -0.08 0.12
MT2
H—2 ARG (R 7R £ 0.14%* —0.11 (0.05) -0.10 0.02*
R AR ) 0.01 (0.00) 0.34 0.00%*
) 156265 0.02%* 0.22 (0.10) 0.09 0.04*
)2 .
LEHEHBA 0.16 (0.05) 0.16 0.00%*
H=2 1562655 BB B A 0.01* -0.25 (0.10) -0.13 0.01%*

. *p<0.05, **p<0.01, *fX3R32 HAE FIEZ a3 74 Bonferroni 45 56 %7 1F 5 17394 i 3 (Benjamini & Hochberg, 1995),

TR AE U AS 2 25 (B = —0.13, t = —1.39, p> 0.05),,
34 WIFMAEER rs6265 LM ERBHE
ENXIZ IR B 5 = 8- 5 T g i aE
NIMT2)MIRZ E1EH
FRYEATIAERIELSH, TR G S 2K
67 (3% I — s A TR0 R 130 )/ P 9 (22 391 S S e A 0 0
VE)EENTFEH, AA SEPR R KRS (38 o — e g4
TR U /AR T 98 (22 1) B SRR ABE A A1 50 ) S PR D 3
i A BB A, %52 156265 285154
B BN MT2 B8 AR, #5855 %
Ji— e 3 AR A 5 22 531) ) I B AR AR 0
XT r$6265 Z 8515 BEE B AX MT2 #58
HAERBATRR (R 3), 982 bR A (Al
MR, A 32 AR FR 85 (AR KT B A RE 2L
BB AR, HEAT KU S5 07 36 K (G487 3 R Y L3
ATy 7 A I (IR AK S 1 MT2), AR5 R XU
FEH AL (AA LB L EE AN 32 JEAS R A 5% 1) 5%
Wi R, TR RAFHEE T (B KR E 4
A), #EAT AN [ L R AL LB MT2 W AL,
R ¢ MR 25 (R = 0.17, p < 0.001), 7EFRE
B = 0 (FRaZ AA FLHAURZ ALK E B AR I)
JFHBH A C e TRHATEANRKHE
(Cenumen = LODAIEM T, KBHBFEAN LI
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Abstract

Mathematics is an essential subject related to many fields such as science, engineering, economics, and

medicine, which are of great and increasing importance for the development of modern society. In recent years,

many studies using quantitative genetics, which adopted the twin-study design, were conducted to identify the
heritability of performance related to mathematical ability and disability. Although the underlying mechanism is
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poorly understood, the qualitative behavioral genetics study demonstrated that mathematical abilities are
moderately heritable. However, extant evidence was mainly obtained from quantitative genetic research, solely
reported by a few molecular genetic studies, which specifically investigated mathematical ability or disability.
To the best of our knowledge, till date, only a single molecular genetic study has investigated the effect of the
gene (G) x environment (E) interactions on mathematical ability in children. The present study was designed to
extend the previous research by examining the effect of the interaction between brain-derived neurotrophic
factor (BDNF) gene rs6265 polymorphism and parent-involved education (PIE) on the basic mathematical
ability in primary school children. Further, we assessed these two competing models, the classic diathesis-stress
model vs. the newly developed differential susceptibility model.

Primary school (PS) children (n = 602, male = 297, female = 305) from 23 classes ranging from grade-3 to
grade-6 were included in the study. Their basic mathematical ability was assessed using the Chinese rating scale
of pupil’s mathematical abilities and PIE was examined by employing a behavior questionnaire of pupil’s PIE
(version answered by parents). The genomic DNA of PS children was extracted from their saliva samples.
Genotyping of these DNA samples to identify rs6265 polymorphism in BDNF was performed using real-time
PCR with MassARRAY RT software version 3.0.0.4 and analyzed using MassARRAY typer software version 4.0.
A series of linear regression statistical analyses were conducted using statistical package for social sciences
software version 19.0. Further, re-parameterized regression models were constructed to examine the effect of the
interaction between BDNF rs6265 polymorphism and PIE on basic mathematical ability in PS children using the
two potential competing G X E hypotheses.

In this study, we obtained three major results, which are as follows: (1) BDNF rs6265 polymorphism was
significantly associated with logical thinking (LT) and spatial vision (SV) abilities in PS children. Especially, PS
children carrying the AA genotype exhibited a better performance of LT and SV abilities compared to PS
children carrying the G allele. (2) The interaction between rs6265 polymorphism and PIE substantially predicted
LT and SV abilities in PS children. The PIE behavior positively predicted LT and SV abilities among PS children
carrying the G allele but not the AA genotype. (3) The indexes in re-parameterized regression models supported
the strong diathesis-stress model.

In conclusion, by elaborating the moderating effect of PIE, the present study enriches the literature on the
association between BDNF rs6265 polymorphism and basic mathematical ability in PS children. This study
expands our knowledge regarding the G x E underpinnings of basic mathematical ability and the novel as well as
newly developed methods, which are proving to be highly efficient and legitimate.
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