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B OE RN ANTORMS, XTPAFEARSE 1699 24 0 A (BN RURIA i B EA A, SOE i I 23R, Kgh 2
SED | ACRE BE AR S X B3 I RS EAR I, R T 2 3 - PR R B R AR (1) 20k
D7 RO B RNEDE A ) i BRI R B35 (2) SN BRERE I 1 Bl BE A S R iR B G R, Bz
YERAUAFAET ST (3) AR PR ST A5 22 01 SR | Joc 86 2 SHUAT B DA 2 PR R PR J55 5 A1 T ) 4 B F e 0

TIPER2E S AR IR, DRI s 2N A AL T AV SR AL 1T RIS

KA ATy PERIZER SRS ACREIEERP ZEEN - PR ARH]

1 5l§

BITE 38 F PN AR A AR L 38 Y
AR . 7 i R TR) L R 5 28 () g 71 (Hennessey
& Amabile, 2010) . EFEHESI BRI DL AR A
Broe 2 FIE 7 T R ( Amabile, 1998; Kappel &
Rubenstein, 1999 ) . J& TG bk 22 R 48
— HEAE, (HRE B A AR —FeEn
AR IESR AT SR ME IR B AR A R R P
H—EREDEH (Taylor & Barbot, 2021 ) , {Hj5H:
BRI, B A 2 R
JEAR R (Saeki et al,, 2001) , 3 LA
9 EEE T B (Matud & Grande, 2007)

UL, A EMRIR AN “RAPE” Fil BT
WIS B R R s A T e 25 5. — O, il
THAH, LI YeE T B PR e A e 80
IANTE (Jiang et al., 2015) . PITEAEH YLk - 4F
8 SE R 1 25 S 2 S EOR MG S5 6 A A= 3B LRI AN ]
M SZ A A3 T AR SC N AR . 5 — T, AT
R, SRS TR B A PR 2
EEIREE R (A4, 2019) o 28

s, ACH LA AR ISR, XA T
Jilh o SCRERRP St S R A AR R, R,
SCBFESRAT N | nt A% Fk R R 1] ] BT A R A
BE IR OCHER 2R, FERR I 1 5 25 S i s Ak
A BT BRI FA T  AEHE EE K 25 AR

ACEEBIRAT IR AR AR B Lk R b B
FESH, WM FL R, XRMARETT
o AR B I E S (self-determination theory,
SDT) , — kA ErIERELLELE A HIRE.
FEZ PR Y . WA B R 2,
RS LLR WS B o VA i P & X e O 1K ([ P Ed e
R B U 520 ( Toyoshima et al., 2021 ) . #R T,
AL BE R 50113 ) Z [ 1 O R R A5 R I A—
. AT E AN 3Z Bt B A AT R AN K
BB ARG T (Gu, 2012; Zhao & Yang, 2021 ) ;
A —SeWpoY B, D15 AR AR A i
PEVTRERE SR (Liu et al,, 2013) o SR —FHLER
PERTRAT, SRS T AAHAE T A F T REAZ 3|
ALY (PGS, 2022) .

W, —IZEAZRIE (DRD2 ) 540k
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JER 2 HAE R A T s 45 R o, BRR
o EORAP AR [R5 R A AR B3 ) PE IR TRD, 45
5 151800497 ATA1 FEPH R A AMAKT B 40 B A4 o
U, AR AR SR B S A
TR KRR R BE AR T B A A A
A3 1 AR A XS R E (S et al, 2020a) o X
WA E R T st i) EAFAE2E %, FEif
X RS AR AR g (0 A8 A ) AR TR, A
SR SE PR R IR BE AR AL 22 v e 0455, T
SR ) R DR 2 T R RS N AR AR, R,
ST LUGE AR Y RIS SR /R
AR LA K e “nl " (AR E A AN AR ) A2
FIARFIEREZ T, A A ] T 32 2 B Y
CRAEA ST A FIVE . Henl WL, SRS BE
ot B RE A F g A3 ), i H S HAE
FMEEAT & 2201 5 B (Belsky & Pluess,
2009 ) MEHEZFHE Y “Z 5 - A" (Monroe
& Simons, 1991 ) .

UEAER, Bl BULITANE 7 43 R B 5
M5 ( genome-wide association study, GWAS ) f¥JF
&, W s IR B ) T e — Rz B
TR R L [V E TR S A4 o 19140, Liu 55 (2018)
X} 138 442 5% 1) 309996 4~ SNPs 5811 k47 T
GWAS 43T, & B P A P o 22 38 J570 308 S 1)
FEPR 5013 ) Z A i 2 00k . B, Li 552020 )
WK T GWAS ik, A SR B AERI TN
FHIG I B R AR S5 ] BEAG) B B335 7 0 o3 as % Sk
BT, Zhang 45 (2021 ) 7E 4> 3 [H 4 JE R LA W)
KAHTR R, 5 R R R R R R LA
FERXHOIE A R, XL ssRiE, BT
CL R FERAD, 047 V22 A IE R mT RESE mi 4]
77, AR Tk 3 PR AR AR, s IE [H]
—ELRPE LI, FOEHED, B IR 3 ] HE 23
ARG T, BRI T RE R R E,

SR, X T 2R R HA M, BRUIK
CERESACREE R ML R T R
BT T ZHT, WFICERI T A 2 e A
(DRD2. COMT) W2 ML mERAVER] (FHZ M
PR ) S L SRR HAE T, 85 R Bow
B RIZZ FE A ORI ) W BRSO A B3, (H

B AR RN A& g, #EH E Z A
S A6 R ) AR X AC B 7 T RE T R (S et
al,, 2020b ) o XEERILAT, FE AT EAYER] GEd A
A EMAN . HeAh, FE5 A0 T AH RO B BT
R R, 2R AR SR A AT REAEAE
FW oo HAEH, BIfAER e o x BREE
(GxE) % (GxExE®W ) (Belsky & Beaver,
2011) o IZERN AR BE R 5 PREE AR AR A AE—
AR LOUER 2, wlo# 3L 5P B A
FHAFR BE BB X an Ty ) e AR Z AR 25 5
X AR A P AR e A Ry — A PR B A i I AR I I 35t
G258 A RAS R B 22 1) 32 R (Ober et al., 2008;
Perry et al., 2013 ) . XEEHFFREIR, WERZANEM
22500 Gx E B2, stoshEhnas i Josah e ny nl
AetE, IR SHR . L0z E A
HAER., Hik, EE IR, BT IEE RS
SR — A ets (BIAACREEERTT R ) ZIE A
HAERZAN, BN B AR R, A5
X—HZE, HE—FRHE T ALR M ( Shanahan
etal., 2008 ) .
R LTR, Ry TP R ) 2 R,
FHREZMBIE Tt TR, N R A
“HIR LR AR SRR B TR 25 S AR
AJEH, AR 2L ARG, it 2
FEMA L ACB] I BEAR AP A B XA g A 3[R
|G, MM FEAS, a4 P G 41
Br, HsEZ LB, KI5 7340 (polygenic
score, PGS ) X3 71 i B WINAE . SRS, W
PGS AR 48 b, K29 PGS, ACREI
PRAFORI ST A BV ER . fede, Xk
F 1Y PGS- ARk B QR4 58 BAE A TR UG 56
FR4E O A BUS R SCISEF I 25 58, R AR5
MR (1) PGS XF AN 7710 B4z e H
F; (2) PGS, ACHEk B G- YL B & 1 1y

=IUXHAEHB#E; (3) PGS FIACHEE R
A& H AT A 22 90 7 A R I AT Bl .

2 FHik

2.1 #k

S DIAAE S0 GWAS (Kim et al,, 2024 )
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B OB #F

FEAK A Cohen (1977 ) X &40 5 1 4028 (5B RN
=02, BFUKFE o =.05), HiIG*Power 3.1
BAE (Erdfelder et al., 1996 ) FEATAEIFEARE 3T
RS RRM, MEEAREIRE] 1000 AR, St
JIFIHEZE 95%., ST, FRATLL 1000 Ak BFrFEAS
T TR RS, BZGRET A RAAEA, 3
1699 24 B SE R B T 85cd . o, AEAR 1
1 1324 2 K24 (499 24 B4, 825 st Py
AERE = 18,56 %, hnifEZE = 80 %) , Tt fTadt
RIZH IR AT, RIS, S SE R ; HEAS 2 40
1 375 AR (203 Z42ch:, 12 55, P4
W =18.80 %, hpifis = 85% ) , HTHIELEN
A3 ESAE FH R 56 G 5 A8 B sk BE AR AP R 5] 1) 28
YER. PIREABHRI IO RGO R . oM A aiRs piR
Wl h . AMFGE ST TSRS B B S A HEE IR
197 i s A Rl
2.2 g
221 fliEh

K H Runco 45 (2010 ) il A1 1 30 i T H
( Runco Creativity Assessment Battery, rtCAB ) H1f#) =
ANFIBA = BIEAR SR M i b 5 18 M EDE A
W, EFEEST, BRI ATREZHE T
W CandRat) BIARRIAE . EEDEAR S, 2
KBRS TR HH ] A R e 4 KT R R
RRIUE S5 TR AE S P N SE . BT A B [T 225 4
28 35 I HA o 32 5 A 250 1) O B BT AR A
Witk . RIEERIh QM = AR AT IES> (Sioet
al., 2020a, 2020b) . BT 552 24 PEor
AT, AT ARSI S G S T 95, 40l
B FIERMEE = /MES L tE . RisE.
IBIERR AL 3 B FE R 5 T FEDE A )
2454 (Fusi et al, 2020) . FEA 1 ( FiEwG
P a= 85, HTERIENE a =70, HiEMEIE a = 71, K
gt a = 90, BIERTEM: a = 70, EIEMAIN: o
= 82) FREA 2 ( FiliitE a = 84, FHH ARG a
= .69, HIEMEIME: a = 74, EIEHRGYE a = 85, KB R
TEME a =69, KIIEAMBINE a = 82 ) £44ERE N —&hk
R AT
2.2.2 BRI

K H Parker %5 (1979 ) il i) AC 2037 J7 2K 7]

#: ( Parental Bonding Instrument, PBI ) 432 ] &%
IR ACEERL R, AR BEOR A AR A4S 13 N0
H, ZORGRE A S B5SUEM, XA
A3/ ERIRRE (Flhn “A05E / BEEE IR A O
AE” 5 AR BRI BRGSO / b )
MO CHEEAEXR ) 23 (FERER ) XX een 5 ik
TTVEY o A3 AL SR B SE (RGBT AT i H Y
Flo AR FE AR A RE S BE DR B R — B &R
¥4 Cronbach's a 435124 .82, .81,

223 FEPAL, i BRI

e, AL T A AR JE N B AR P I Y
Qiagen 7~ A 4= 77 1) QlAamp DNA Mini Kit #2 B ifiL
WAEA TR Py 2L 4 DNA, B, 7E 4 B AL
L st L2 58 BT ( BGI-Wuhan ) 4350 {5 FH 7 1l
(¥ Ilumina Infinium® V. Y1 5 #5 B4 51 ( ASA-CHIA )
M Affymetrix Axiom” 43K 2 CHB 1 fl CHB 2 [
IXTFEA T FAREAS 2 #5472 K] 73 A ( Zhang et al,
2019) .

SRIE , $4 I8 Marees 55 ( 2018 ) A4 T35 ( quality
control, QC ) F2J/FFIAnifE, {# ] PLINK v1.9 Fffx}
FEIRIEG G AT AL B, ARHEAR CFe s (F etk
R R X ARG, RERTHE.
R HNAREHEA T (IBD) | R 43 RIE IR
UCELAE A BE PTG AR - IRAAS- - A 55 ) HEER
AFFE QC ARIERIFEA AT SNPs, Z 5, HEi%f
KRBT ZE 0L, BT 2B SNP Aric il 3=
BT F 80435 1 (principle component analysis,
PCA) , FEERUZH AL AR (SNP)
TR — RV R B2 S, 2RI
AR AR RE R IN Lt o OCAE i (CREfEII L ) o PRI,
H# B A WE5E (Price et al., 2006 ) , fdi Fi] Eigensoft
AR RREAS B BE PR 23 B AT F2 1050 #
2E L W RET = ERT AR (eigenvalue ) 25

(‘eigenvalue 1 = 1.66, p < .05; eigenvalue 2 = 1.29, p <
.001; eigenvalue 3 = 1.66, p < .001), FEHREX =1F
BT RERES R R T ER r8 5 . BRIItL, 7RIS 22
ALK 2 IR AT el HAE S s B, Tl
TE AR 20052 m . R SRR T A9 2
51 2 W BRI RS, [Rs e RRE R T T A 5
B3 77 HSOCHKAY SNP BB &, HEBRIPLETE
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G EOAT 5 A A 83 =AM AR
s HERRIRESAEACREASR (L BEEORY ) [nlg
AR B I et =y 2 — B H R HIREA
RIGX L T PE WA S, FEAS 1 4R 1313 4
PR, 309038 4~ YLt ik SNPs, FEA 2 H4u4E 369
AHER, 894695 4~ YLk SNPs,

)5, HR¥E van Leeuwen 55 (2015) 42 A9 2
PP TR AR, 0TS 2, b TR ETTRRCR,
i SHAPEIT v2.17 %44 ( Delaneau et al., 2013 ) Fl
IMPUTE2 v2.3.2 % ( Howie et al., 2009 ) #Ef 7
FEI¥ o FRATEFE 23 B BE i 9 1000 FE R4 113 56 =
BRI 25, I A fcGENE v1.07 %k
4 (Roshyara & Scholz, 2014 ) 5B A Ak,
R T 7% B A G BT s il . AR A Lk
QC HRfERY SNP AP HIBR . 2 B ¥ AL 3
PREE THEAS 1 1313 455511 3328941 A~ et
{A SNPs FIFEA 2 1 369 44 2 535 (1) 3581635 4~
Yefa Ak SNPs A THE—200HT
2.3 JitilEE Sy

B, XS5 EE (00 BEAE AT AT
) AT AR AR R R I, SRR, TRl
AHFSE R B FNER P IF OB AT 28 5 i R0 R
o B, DBEGON R AT AN, 2R st
SERLE T EIEANE FAT45 . ACHE BE AR il
MH . i, REMANTHSNE bR InAR A TR
Sapius
2.4 Sitotr

T REAMARR PGS Jaf Homum s e, 8
fITESETE 1313 NRARBIFEA (FEA 1) Hoxi i 7
AT T LR, DARTS UL 2 AL 45
A7 3 R RN KN, SRIGTE 369 N FISAIEREAS (B
A 2) HhAr T PGS X i A EDE A i 1 AR
Ho WAL, IEXTREAS 2 3047 TR 80N 4, LA
¥ PGS, ACHE BEARAP A R 5 A7 A L A
EH . Boa, XK (regions of significant,
RoS ) F3Hr KA 56t 25 10 52 A IS
2410 LIELFA ST

e, BRI AR A EE RN,
AZRAEREARNAIE 52, RE, DbsiEfbid el
N FR 2 AR, A2 REAS A SRE R AL [ AR

{ifi FH Plink #RAFAE PR AL RIS ( BIAR A%
GHINN G T ivE SR § = o= S E S E I TSN
1. 2, —fEARTHEAETEISHE ) , 7EREA 1 hx)
T B ) R B 1 R AT 4 S R 4 B SNP G
B3 M. 5 18 Benyamin %5 (2014 ) #fi i 19 )7 12,
of Bk 25 R 384T Bonferroni ZHEAIE. fG, i
Rstudio £ % T p (RS GTRE, LISCBLRFIE S,
AL
242 ZILHIHr

ZIHE (PGS) AT : PGS, =
Y BiGi g PR PAEAY B, § R %
Ty SNP (%kH, i=1,2,m; B, 3w SNP (%L
NIE, 7 GWAS X, QR RLEMRA, ZEH N B,
WSFE IR, %6 OR; Gy #m SNP HSER Y,
S (0, 1, 2) . MIZARXKE, T1HE PGS 14
A PN SRR, SR— 1 SNP 7 X A0 Y
JEf, AR HBIERE B Fon, @A
1 1 GWAS k1%, 25 A& SNP iyfifiit ( AFEA 2
5FEAR 1 HEM 107,549 > SNPs A7) o FEGE
SNP v 5B, B — (1% B ELAR P R 2t AR 1 A1
BEPEGOIA . BR(E A/, A PR Al P
AIRFRMTHOE IS BIEARK, PN St
Pk, ik, AR SR N B L R i 2
BSCHER A SR GWAS B B i 250 B (R, e 0T
JURRE FIRY P AR FUE (.0005, .001, .05, .1, .2, .3, 4,
S5, 1), EHTATEEA 1 OAF T PGS BRI

(de Zeeuw et al., 2014 ) FHHRHEFEA 2 71 PGS {H Al

B3 7 IR AT 485 SR e i 2 B A B I ( Choi et
al,, 2020) . LAk, FEJE R PGS Z Rl T PRSice
1Y) “clumping” 2T KBTIV SNPs, 5k & % 4
NP4 (linkage disequilibrium, LD ) [X He rf 5 61 3
FI RN LR SNPs,  HARR A1~ LD X erh 54
1 K RV SNPs (1 < .1, 250kb ) , DLHE
BRiX st SNPs (1422 B L M ]t
2.4.3 TR SHT

i Z G RIA T TEREA 2 RS PGS ACHE:
WY (BRSO R ) |«
K HAZH AR 5 1B AEIEANE S A5, Frix st
M, RERME AR TR A B B Y. PGS
PR Z B =g 28 BB E R , T F 5 00T,
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DAt —20 [ W il e B ) S 2 38 AR MR
2.4.4 RFENEXH T

RoS 73t FH TR &R L 5 2R 55 9 A0 BAF 2
TG R - AT By 2 By B AL
T TR AR GxE (Wang et
al,, 2023 ) , Jf A] 78 Zk # 47 ( W Hk: http/www.
yourpersonality.net/interaction/ ) ( Roisman et al.,
2012) &

PEAGRIRER T A 8hn. B2 T iAo L
1%L (lower and upper bounds ) , F83CHEIL RN}
B T )T, WERTEPIMRiEZE (SD)
TEHENRUATS 220 5 By o Hk, e
2R 932 5 (intersection point ) , {SRHEITT 0, FoR
e 2R BRI o = A A AE
HAEFH A (proportion of interaction, Pol ) , RI3ZH.
YER “SE4P” RORREE, X 2255 AR
Pol {EL IV #21T .50; X T “& i - [ A", Pol
{E N F2 30 0 8 1, 25 P4, A% 5 W kb 5] ( proportion
affected, PA ) , /83287 R F52 0 A 9l ik He 6]
X 25 5 B | R HLAIRT 16%, #
I 50%; X “FBT - B R 0,
B, N THERR “F= - 17 % (dEZdt:)
TR X2 o ZXP I, BN B

3 #£R
3.1 I KB T

-logio(@)

2 3 4 56 789 1
gk

A 1 13 15 18 22

SIREAS 1 8 3379405 > SNPs 4T T 50T,
LEENE 1 R, 159347625 & S B O i B EN
HAF (B =1.06,p <.05) , rs13416248 & EJE
BlitE Iy i E I (B =.57,p<.05) . #RTM,
EATERE A i Bonferroni ZHMKIE (p<.05) .

3.2 PGS /3#7

PGS X & 15 FIEIE A ) i T 25 SR an &l 2 iy
Ne SR —E, B PGS W TN TR Y
Bl (FiEREE S . B=15.84,p < .05; KIEAE
J1: B=29.06,p <.05) . XM HEiEMIES, BIKK
P {HIF{EL .0005 REME A AHEER K it m] BE KRR 2
FEALH SRR, BRI A PGS Y SNPs HA Hi
QRIS RS, MY PGS BRI S Rafd, /DR
T FERLEE TR BE H ) SNPs Tt £ 1Y PGS X
HIEAE R IR (FEA 2) IRF| T
1.51%, BOHATTSEAN A T B —aE 17t Ui
AR 2 I SR 5 T BB EE T & xS FEDE
s, AT, 4 P IHBEALT 001 F1.05 XA~
XEJES, AR>S PR 0015 B, REHILE ST
WERGIE S IR BH PR 0 T B AR, BEAS ke
EIE A 1 1.25% 7285, FRA A B IRV
55T PGS 5Lt R 2 R SCHK . FERlR
PR RSO ET B f P R I L - 2R
BEAE (1GE) (=013 <r<.102, ps>.05) .

3.3 PGS S5l /1. ACTEBE A ATV

A PGS, ACHET FEARAP R Z R ZEAE AR 2

-logio(®)

3 4 56 789 N

PO

B 12 13 15 18 22

B 1 RIHEAK (R 1) FFIE (A) FERE B) N2 EEEXKSNTERSRTIE
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A W E R e HARR, BRI R LI T i
TEBRAVELE AT Z (B B =0 EAE . 1%,
PGS x TE3EIF AR x M)tk 2 W =5 15 A
(B =-244,p<.01) (WFE1) . XM
Mrask s, PGS FIHEE R BRI T4 5 A
HZEAEEE (B =-229,p<.05) , ML&ER
BE (B =.164,p>05) (WFE2) ., #—-LrHE
JE AT, YRR B ) 3 B R R B AR
PGS 5HEHAIE MK (B =577, p<.01) , {HY

BT B R R R = i, PGS 5 1B A
EhHIE (B =-265p>.05) .

BEAh, XEREAR 2 (TR s it f T T Y
3T, PGS, BESE EER PRI 2Z (8] B =T 38 |
VEFSE (B =-192,p<.05) (WFE1) ., i,
B2 TR MM 4 250 BT B, PGS FRE % i i A4
XS EIE IS SRS EAE N L s 3 (B =
193,p=.067) , XHUEAEE (B =-132,p>.05)
(W 2) . #FE—BHFEHIERY, MR

S
0,010
" ™ "
logio A 4a -logio B A
i = {8

%4 D ?*H D
4[1 14 % 10
= .
% 0.005
7]
o]
vl

0.000

B
pEAR
2 FiBEHES (A) MERENES B) EAREEME p AT PGS HEBEE
1 tEAER. SEE. RETERPRESZEEANEIRSHT
et EIE A )
B t P B t P

P51 -.025 -479 632 -177 -3.364 001
PGS 163 2.288 023 .092 1.301 194
BEEL R -112 -1.131 259 .003 026 980
S SEIT AR .020 200 842 .008 078 938
PGSx B35 {3 146 1.465 144 171 1.820 070
PGSxAC &1 AR -.151 -1.511 132 -.142 -1.510 132
PGSx11: 5 -.052 735 463 .020 279 781
T BEOR A< i] 107 1.167 244 .050 538 591
ALE I AR < 3] -116 -1.265 207 -.120 -1.292 197
PGS* ]S BE g <M 5] -244 -2.731 .007 -192 -2.276 .023
PGS*A i BE A A <M 5] 075 .840 401 .090 1.064 288
R .066 063

Note. PGS, ZHEH 3484 Ltk =1, J4E =0,
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B #

i"

R2 BEELXMIEAM SRR,

KEd ERPREZEERKEERS T

A (o) Hin bl (B ) FUE Al F1 (&) FE Al 1 (B )
B t P B t P B t P B t P
PGS 170 2.321 021 080  1.053 294 096 1314 .190 120 1500 .136
BE R RO -119 1,147 253 052 529 597 003 026 979 076 751 454
AER R 021 203 840 -149  -1.528 129 008 079 937 -169  -1.679 095
PGSx il FE g 164 1.487 139 -229  -2300 .023 193 1.839  .067 -132 -1.410  .160
PGSR -169  -1.533 127 -020  -197 844 160 -1.525 129 009 097 923
: PGS, ZEEH 4L,
%3 PGS 5EEIERIPNEZEERESESIENIEN LA RoS RINLER
RoS AR RoS A A
(BRI Y ) (BRRi ) (PGS) (PGS) Pol PA X2/ZX AW
T bBiast 28D 28D RS B 1S +1SD
PGSX?;; E?WF 1.29 1.57" -1.23" -1.21 38 54+ -86™ .62 .40 ns 24

H: Tp<.10;'p <.05; "p < .01. PGS, ZHE[H ; Pol, ZCHAEHIHLH ; RoS, B VEXIE ; PA,

PER IS B RE RS i, PGS S5 EITEAE 1 255
I (B =.364,p=.052) , (HMREENT PR
PP RREEBAIRET , PGS 5 EIEAIE 1 J6( B =-.116,
p>.05)

T IHREE R T EEE, FRATIERRAS 2 HhBEAL
T KA —FIFEA, JHfH Bootstrap 5142 1000
U, EH ST T NSRS RIREAS AR
HRREATERES] (r=.890,p > .05) | 4E#% (+=1273,p
>05) . HIEPGS (t=215p>.05) . FIE PGS (t=
-1315,p > .05) . BEREELRY (r=-161, p>.05)
TR (¢=-783,p > .05) HARAE BEER
AU MZE R, PGS x REEE T x PERIXT
HInE A BENSCEAEH (B =-1.14, B =-242,p
<.05,95%CI=[-2.168,-072] ) , Y/~ T RAFAYATFEME,
SR, PGS x BRIt LR x A% EIE A T i
ZH PTGt dd iy B =-526, B =-111,
p>.05,95%CI=[-1.731, 482] ) .

PG, 48 PGS, BEELT BRI B 5 18
BE S AEIE QI i = oo AR A B, il
i T Bonferroni L (E (p<.05) , (HEZ HAEHIR
AT FEEALFASIA]

3.4 RoS 7t

XIFEAS 2 v i 2 A BAE R T RoS 40T, &

BAYTEE RAREARMICT PGS A1 BE AR ]

ZREM ] 5 X2XE ARG ;s ns, R

e P EIEARRE 1A DA S, (B8R T PGS Fil
SRk B ORI 5 M S R E A E R (585
ZERLFE 3 MK 3) .

2.0
\! M <1 5D PGS
| -1 sp PGS

15 B

=
'5 0.0
il
Jua
-0.5
-1.0 [
1.5
0.242 |
-2.0 -
-2.0 1.5 -1.0 -0.5 0.0 0.5 1.0 1.5 2.0
BT ERE
3 PGS fEET ERP B FIECIENHZEEA RoS M
HRE

BRI, XF X B RoS K46 FF = Ao faf 2 AbR
R 3B, Bl B AR B 38 6 ml 00 =5 PGS 531
HiEE S, X Z i RoS K ah R, BFE
PRSI PGS 53 1P 5 1A R 1 0 TN P 2%
. Ik PGS FliE; PGS [ ] B AL R AEAE B 3 25 5
AN, PREA IR R B R I 28 )R 0, Pol
I 5, PA KT 16%. LAk, ARZPETHA W .



A BE . SERSLSETERPZEERAZMYENNEINES: —TET2ERAXKITHHR 9

FI, B XSG i 5 bRl S FF PGS AR LR
vt B T TR A Y32 AR AR AT G 22 0 ) R
PEFEAY ( Roisman etal., 2012 ) .

4 g

TG, AR eI A R, FERA L
FEAH T T A I 23 A, g5 ER, 23
4% (PGS ) i 5 i MR A1 7 A9 B 3 i/
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P, FRACEALY n SRR M . 7E PGS 115
P EBIE AR R, TRATREE T ™% RS0
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(TR . BEJG, 32 ST BEAR SRR A
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FENAET, BRI B (R PGS AR, Jf
FERGUEAE TP RIVERE, 32 B AR bR o T v
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BARIAEIX S bn LRSS, Bt e 70 SE bRt
BRI BE, R, AT EIE AR T B
SRR, Y EAE— 3 N R ARES, PGS
X R (1) TR M R S R Y, TR A —
AR I TE] . M 1B AR R 0005 Ryt 2,
WER LSS LI R e AR A R, RS
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RBE IR, A R BB 75 R IR AL 5
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R DA — R LA e B R S it
R BT BRI, SOAT DA SR I 45 A A R R
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AHFFEIR KB PGS Bl BEOR R =3

Z A6 AN A B EAEH . BRI,
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M. AR, fEhEZREY, R HE &R
W IR0 R T Zof% ( Zhang et al., 2011;
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DI, BBk b MEAE 50 0 T T 28Rk e TG
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MEFFR B A3 (Fichnova, 2002) , i 7EiX— i
AR R E I (BRI AR ) 1t Ut
FANRE T g i SRR (S

E— 2P 0 A B, PGS SRR AR 158
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PR LG A5 VT 25 5 32 B RESE  BE R 52 . >
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Bl AR S oM R, Y REEX PR B R
R, PGS 5 EITEAIE I fEESI M. M,
MR B R R AR, PGS 5EIEAIRE )12
(BB A G, MDIERIIFSR 25 R E, BEEX L L
FUL TR E J720ATE (Cowan et al., 2014; Hoeve et
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al., 2009 ) 1 HFZ X R PEACBE A A [R] B3 ( Laible
& Carlo, 2004 ) . Ll et L5 ) 4%
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FEA AR A X — & PL
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FERT A A RN 4 B ( Werme et al., 2021 )
UEAh, A IR R S R g, SRR 22 B D R
5 358 R Z AR 2 AR BAE . AR 5e
GWAS F3Hr XL R AL T A4S SNP XA 7 1Y E4%
M, RIS R BAEH, R4 X 4L SNPs
WA RF LA B, (BN Reies T
00 T3 DAV 7 SR PR DX 58 e DR o) 4% 03 1
I ) IR AT LIAE Ry i — 2D e i a5, e
SRR AN FE XA FE A X 45 5k 3 46 SNPs e [f] i 15
P AED I RE (PR (518 T . R8N ) e8]
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5005 1 R (I QAR . X Fh 22 )
L5 S50 TR GWAS B4l 5 T 45 1 B 1Y )=
FRME, 4o I R 3 S i A 5 PRI S A AV PP
PEFHBI 5T 45 R m nT A5 B 5 N M (Mekki et al,
2022) .
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SEAB ARSI (AN L O BRAEESE ) R4 TR
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( Rabenstein et al., 2005 ) , {HEX}T & AH g I3EH
AL anar 5 PRI R 2R IS ) 52 ) 5 i T 988 14 DA 17T
@I IPERSEA RINEAS g’ I i b e PN E BN P e
WFFEH T B, A58l P22l — R R
ANTRYEE BN AR FE PR I 26 5 B PR R 2 [ AR AR
B R L gAY . R, AR
(EREWIF T, ME LU 81258 BAE T A B [R1 5%
o ABTRF, ARA0E KA st (ks
Mes, 2020) , BtA%HE R RIERSE R R X ) i1k
FHR B AR & AL, A58 T R I
2 HAE FBLHE A58 AL T A S B B A )
FEARUGHE . AR T d A B R EAR R 2 5
PR 55 PREE AR X A [P ) A A1) 3 g 5 il ) B ] i
B, DI/ s2m AN [F] & /KT 55 M R A i) i
T IR B R R IPERIMLEL. 558, AR
WFFE T, R B A Bk B AR 4 i R S AE S ]
YRR A ATRER, HUn Rl BN E AT O,
X175 S B T 4 A4 o S e /46, 3T fig S 30nt
LB FE AR IR I 2 AN 4T . RS UE, SRR
e BB AE RAIREE )R M H, MRS



A BE . SERSLSETERPZEERAZMYENNEINES: —TET2ERAXKITHHR 101

PRV ISR, AR BT REER B OR AC
St B, T Re st e SRR RV R 2 SR
WA, SCRERUT ISR BT M A AEAH B OCHE, P
AR R, ZRSALA T S R 5 R
FRME (REEE, 2024) o ABFFRAUCHE T Ak BE
PRy —FEFAT R ER, HAWEFA T e RS
ZHE R AL R s 1 1 R AN T AL, ARYEE
AT, FEEAEE AR S M SCAR AR
FRE IR 51 2 A ) 6 R A e )i i 2 3
(Tangetal., 2022 ) , ARMFFEH AT ASE—EARTTE
MIFERZ IR P 25 5 () i AR v R 15 32 B 2 3L
AT X — ]
KFREAE, AW, BARBFEARR (N=
1699 ) £54 ha5HIKE GWAS BFFT R H HIELR , (HEE
A2 (N=375) fERE L IL 438 (PGS ) KA
ZICAE AR AR 35 TG DO JE [ L
F BRI e Z RN E 2Rk, Has ey ik
55, MisC AR BN, T AR A B
BRI, 2T, FROTRIUT — RSk
WSS R T RN, B, fEBURA R B, T
FREASTN SNP HEAT T 746 1 s il , A 8508 T
Bllmzz. SE, festegsitartim, w7
b PR/ INFEABIAE I BLAT BT i Re e P A T e
(22 FEPIBRL, BLAb, TEREYE 22 3L PR VR FH i A
18 PR ZAMRRARIRUE . S ™A 22 H H AT IE DA
A 3 A8 CIE R X REAR 2 B/ N TR, A, g
NS, FEAREANREX—HER, 56 ] BeA AT
FELE RTINS ] B s (BB XU
JEHAE AN Ty M o 2, R
(1437 2% . 35 445 SR PT R A2 Ap A o B o 1T A B 1 Sz ke
BRI o 3K FRREAS S B ) T RE A FRATTX A 35k
L3N B 32 HAE R BRAE A — B 25 . ASRBIFSY
Ll 2O AER T, TSN PORRE
AHUEE, DISRTHIFIT 25 SR T S AR e Pk
AN, T2 EEE PR R T R B EL,
TATITE Y PGS HEH AT 5 4 AR A 75 T 5 41
T AR AL IR A, AR R R 5 st T sl A
A HERR AT, 1% PGS R 1 Ao 1 RS
—BEIFSE N BUAR,  QRAE T K AR AR TR oA T
A PGS IR, i B 1M 2 KR $E 5 (Rietveld

etal, 2014) o FEJFLLMFCH, FRA TR AE
Z i I A L A G IY (GWAS) ds,
1k PGS #5765 B T v A S A SE R o7
ML IR BEAEACE, DHRFHEEINREE. it —
A4 PGS ITRINGAE ST, FRATAT LA BT A2
TG, BiaPlassE Bk, AR REdESE S,
AR { g ) R S0 W Z R R A0 R, &
WA R MR R IR, BIAZFIE A &
SRR RIHATES T, WS TER, 7
G375 BRI R FE R 52

K TREARM ST, ABFFEAREABR T Y
N T O I RPN £ B P B B 7 e N T R 1
SERPTREIRBE) V2 A TR, SRRk
FEAEA RGN ST SR T T IR IE

5 #it

AAITE R A FE A BT w8 7S 5 )
BITE T 925 S AL FIEREE A2 HAEFIPLH . 4559
R, ZHH R E N S EMEIEALE ) £
FE B S B R R FE AR B F 1R RS I sg T
YEFAAT 6 22500 Gy B, 326 % A Bl T A 22 5L 1A
FPREE S BAE P A7 AR A3 M) 22 S AR I
A ) BN AT VR A R AIE

S 3K

8],k zid | 9507 AT . (2017). AFHLEREE . ACHEWER AR KR A Ae A
Yo E AR TR RIS DL LG HE T . 33(1), 85-94.

B AR ARD505 AR L (2019). ACEEEEE N M
HEREEN  PERIRIEE] . S RO . 2709), 1430-1435.

PN, R BEECEL, SRR L (2022). TPH2 JEH 154570625 LA 1ERIR:E
RBUBFER I T8 TAER] O FEFL  45(5), 1136-1143.

R W, ZEIE . (2024). BESRIRBR RSO RIRIE SR — B S AN LT
SRALSATN OB PR OB ST . 22(2), 251-257.

RS AT L ST BRI, VDY . (2020). /AR ARG R T
SR VR 255 B ERSTA IR OB . 52(9), 1057-1070.

Amabile, T. M. (1998). How to kill creativity. Harvard Business Review, 76(5), 76—
186.

Belsky, J., & Beaver, K. M. (2011). Cumulative—genetic plasticity, parenting and
adolescent self-regulation. Journal of Child Psychology and Psychiatry, 52(5),
619-626.

Belsky, J., & Pluess, M. (2009). Beyond diathesis—stress: Differential susceptibility
to environmental influence. Psychological Bulletin, 135(6), 885-908.

Benyamin, B., Pourcain, B., Davis, 0. S., Davies, G., Hansell, N. K., Brion, M.
J.. & Haworth, C. M. A. (2014). Childhood intelligence is heritable, highly
polygenic and associated with FNBP1L. Molecular Psychiatry, 19(2), 253—



102 ™~

B OB #F

258.

Choi, S. W., Mak, T. S. H., & O' Reilly, P. F. (2020). Tutorial: A guide to performing
polygenic risk score analyses. Nature Protocols, 15(9), 2759-2772.

Cohen, J. (1977). Statistical power analysis for the behavioral sciences. Lawrence
Erlbaum Associates, Inc.

Cowan, P. A., Cowan, C. P., & Kerig, P. K. (2014). Mothers, fathers, sons, and
daughters: Gender differences in family formation and parenting style. In P. A.
Cowan, D. Field, D. A. Hansen, A. skolnick, & G. E. Swanson (Eds.), Family,
Self. and Society (pp. 165-195). Routledge.

Defo, J., Awany, D., & Ramesar, R. (2023). From SNP to pathway—-based GWAS
meta—analysis: Do current meta—analysis approaches resolve power and
replication in genetic association studies? Briefings in Bioinformatics, 24(1),
bbac600.

Delaneau, O., Zagury, J. F., Marchini, J. (2013). Improved whole chromosome
phasing for disease and population genetic studies. Nature Methods, 10(1),
5-6.

de Zeeuw, E. L., van Beijsterveldt, C. E., Glasner, T. J., Bartels, M., Ehli, E.
A., Davies, G. E., & Boomsma, D. 1. (2014). Polygenic scores associated
with educational attainment in adults predict educational achievement and
ADHD symptoms in children. American Journal of Medical Genetics Part B:
Neuropsychiatric Genetics, 165(6), 510-520.

Disner, S. G., McGeary, J. E., Wells, T. T., Ellis, A. J., & Beevers, C. G. (2014).
5-HTTLPR, HTR1A, and HTR2A cumulative genetic score interacts with
mood reactivity to predict mood—congruent gaze hias. Cognitive, Affective, and
Behavioral Neuroscience, 14(4), 1259-1270.

Erdfelder, E., Faul, F., & Buchner, A. (1996). GPOWER: A general power analysis
program. Behavior Research Methods, Instruments, and Computers, 28(1),
1-11.

Fichnova, K. (2002). Creative abilities of preschool-age boys and girls. Psychologia
a Patopsychologia Dietata, 37(4), 306-314.

Fusi, G., Ferrari, E., Zanetti, M., Crepaldi, M., Bersanini, C., Paladino, A., Colautti,
L., & Rusconi, M. L. (2020). A comparison of divergent thinking abilities
between healthy elderly subjects and MCI patients: Preliminary findings and
implications. Frontiers in Psychology, 11, 738.

Gu, C. (2012). The effect of parenting styles and personality on primary school
children' s social creativity and social preferences. Chinese Journal of Special
Education, 149(11), 78-83.

Hennessey, B. A., & Amabile, T. M. (2010). Creativity. Annual Review of
Psychology. 61(1), 569-598.

Hoeve, M., Dubas, J. S., Eichelsheim, V. L., Van der Laan, P. H., Smeenk, W., &
Gerris, J. R. (2009). The relationship between parenting and delinquency: A
meta—analysis. Journal of Abnormal Child Psychology, 37(6), 749-775.

Howie, B. N., Donnelly, P., Marchini, J. (2009). A flexible and accurate genotype
imputation method for the next generation of genome—wide association studies.
PLoS Genetics. 5(6), e1000529.

Jiang, W., Shang, S., & Su, Y. (2015). Genetic influences on insight problem
solving: The role of catechol-O-methyliransferase (COMT) gene
polymorphisms. Frontiers in Psychology. 6, 1569.

Kappel, T. A., & Rubenstein, A. H. (1999). Creativity in design: The contribution

of information technology. IEEE Transactions on Engineering Management,
46(2), 132-143.

Keltikangas—Jérvinen, L., Pulkki-Réback, L., Elovainio, M., Raitakari, O. T.,
Viikari, J., & Lehtimiki, T. (2009). DRD2 ¢32806t modifies the effect of
child-rearing environment on adulthood novelty seeking. American Journal of
Medical Genetics Part B: Neuropsychiatric Genetics, 150B(3), 389-394.

Kim, H., Ahn, Y., Yoon, J., Jung, K., Kim, S., Shim, I., & Won, H. H. (2024).
Genome—wide association analyses using machine learning—based
phenotyping reveal genetic architecture of occupational creativity and overlap
with psychiatric disorders. Psychiatry Research, 333, 115753.

Laible, D. J., & Carlo, G. (2004). The differential relations of maternal and
paternal support and control to adolescent social competence, self-worth, and
sympathy. Journal of Adolescent Research, 19(6), 759-782.

Leclair, J., Janusonis, S., Kim, H. S. (2014). Gene—culture interactions: A multi—
gene approach. Culture and Brain, 2, 122-140.

Li, H., Hou, X., Liang, Y., Xu, F., Zhang, X., Cui, P., Xing, G. B., Wang, X.
J., & Jiang, W. (2021). Gene—based tests of a genome—wide association
study dataset highlight novel multiple sclerosis risk genes. Frontiers in
Neuroscience, 15, 614528.

Li, H., Zhang, C., Cai, X., Wang, L., Luo, F., Ma, Y., Li, M. & Xiao, X. (2020).
Genome—wide association study of creativity reveals genetic overlap with
psychiatric disorders, risk tolerance, and risky behaviors. Schizophrenia
Bulletin, 46(5), 1317-1326.

Liu, C., Zhang, H., & Zhang, L. (2013). The influence of parental rearing style
on students' creativity tendency and self-efficacy. China Journal of Health
Psychology, 21(4), 589-591.

Liu, Z., Zhang, J., Xie, X., Rolls, E. T., Sun, J., Zhang, K., Jiao, Z. Y., Chen, Q. L.,
& Feng, J. (2018). Neural and genetic determinants of creativity. Neurolmage,
174, 164-176.

Matud, M. P., Rodriguez, C., & Grande, J. (2007). Gender differences in creative
thinking. Personality and Individual Differences, 43(5), 1137-1147.

Marees, A. T., De Kluiver, H., Stringer, S., Vorspan, F., Curis, E., Marie—Claire,
C., & Derks, E. M. (2018). A tutorial on conducting genome—wide association
studies: Quality control and statistical analysis. International Journal of
Methods in Psychiatric Research, 27(2), e1608.

Mekki, Y., Guillemot, V., Lemaitre, H., Carrién—Castillo, A., Forkel, S., Frouin,
V., & Philippe, C. (2022). The genetic architecture of language functional
connectivity. Neurolmage, 249, 118795.

Monroe, S. M., Simons, A. D. (1991). Diathesis—stress theories in the context of
life stress research: Implications for the depressive disorders. Psychological
Bulletin, 110 (3), 406-425.

Neubauer, A. C., Grabner, R. H., Fink, A., & Neuper, C. (2005). Intelligence and
neural efficiency: Further evidence of the influence of task content and sex on
the brain—1Q relationship. Cognitive Brain Research, 25(1), 217-225.

Ober, C., Loisel, D. A., & Gilad, Y. (2008). Sex—specific genetic architecture of
human disease. Nature Reviews Genetics, 9(12),911-922.

Parker, G., Tupling, H., & Brown, L. B. (1979). A parental bonding instrument.
British Journal of Medical Psychology, 52(3), 1-10.

Perry, B. L., Pescosolido, B. A., Bucholz, K., Edenberg, H., Kramer, J., Kuperman,



A BE . SERSLSETERPZEERAZMYENNEINES: —TET2ERAXKITHHR 103

S., & Nurnberger, J. I. (2013). Gender—specific gene—environment interaction
in alcohol dependence: The impact of daily life events and GABRA2.
Behavior Genetics, 43(5), 402-414.

Price, A. L., Patterson, N. J., Plenge, R. M., Weinblatt, M. E., Shadick, N. A., &
Reich, D. (2006). Principal components analysis corrects for siratification in
genome—wide association studies. Nature Genetics, 38(8), 904-909.

Rabenstein, R. L., Addy, N. A., Caldarone, B. J., Asaka, Y., Gruenbaum, L. M.,
Peters, L. L., & Picciotto, M. R. (2005). Impaired synaptic plasticity and
learning in mice lacking B —adducin, an actin—regulating protein. Journal of
Neuroscience, 25(8),2138-2145.

Rietveld, C. A., Conley, D., Eriksson, N., Esko, T., Medland, S. E., Vinkhuyzen, A.
A., & Social Science Genetics Association Consortium. (2014). Replicability
and robustness of genome—wide—association studies for behavioral traits.
Psychological Science, 25(11), 1975-1986.

Roisman, G. 1., Newman, D. A., Chris, F. R., Haltigan, J. D., Groh, A. M., &
Haydon, K. C. (2012). Distinguishing differential susceptibility from diathesis—
stress: Recommendations for evaluating interaction effects. Development and
Psychopathology. 24, 389-409.

Roshyara, N. R., Scholz, M. (2014). fcGENE: A versatile tool for processing and
transforming SNP datasets. PLoS ONE, 9(7), €97589.

Runco, M. A., Cramond, B., & Pagnani, A. R. (2010). Gender and creativity. In J. C.
Chrisler & D. R. Mccreary (Eds), Handbook of gender research in psychology:
Volume 1: Gender research in general and experimental psychology (pp. 343—
357). Springer New York.

Saeki, N., Fan, X., & Van duesen, L. (2001). A comparative study of creative
thinking of American and Japanese college students. Journal of Creative
Behavior, 35(1), 24-36.

Shanahan, M. J., Vaisey, S., Erickson, L. D., & Smolen, A. (2008). Environmental
contingencies and genetic propensities: Social capital, educational
continuation, and dopamine receptor gene DRD2. American Journal of
Sociology, 114(S1), S260-S286.

Si, S., Su, Y., Zhang, S., & Zhang, J. (2020b). Genetic susceptibility to parenting
style: DRD2 and COMT influence creativity. Neurolmage, 213, 116681.

Si, S., Zhang, S., & Zhang, J. (2020a). DRD2 Taq IA polymorphism interacts

with parenting in predicting creativity: Evidence of differential

susceptibility. Creativity Research Journal, 32(3), 274-286.

Tang, C., Duan, Q., & Long, H. (2022). How do parents influence student
creativity? Evidence from a large—scale survey in China. Thinking Skills and
Creativity, 46, 101134.

Taylor, C. L., & Barbot, B. (2021). Gender differences in creativity: Examining the
greater male variability hypothesis in different domains and tasks. Personality
and Individual Differences, 174, 110661.

Toyoshima, K., Inoue, T., Masuya, J., Fujimura, Y., Higashi, S., & Kusumi, I. (2021).
Interaction between childhood parental bonding and affective temperaments
on adulthood depressive symptoms. Journal of Affective Disorders Reports, 3,
100056.

van Leeuwen, E., Kanterakis, A., Deelen, P., Kattenberg, M. V. (2015). Population—
specific genotype imputations using minimac or IMPUTE2. Nature Protocols,
10(9), 1285-1296.

Wang, M., He, L., Fan, Y., Guo, W., Zhang, R., Wang, Q., Zhang, M. F., Yang, X.,
& Gong, P. (2023). Parental care interacts with dopamine B —hydroxylase
gene in trait of forgiveness with differential susceptibility effect. The Journal of
Positive Psychology. 18(7), 547-556.

Werme, J., van der Sluis, S., Posthuma, D., & de Leeuw, C. A. (2021). Genome—
wide gene—environment interactions in neuroticism: An exploratory study
across 25 environments. Translational Psychiatry, 11(1), 180.

Yu, Q., Si, S., Zhang, S., & Zhang, J. (2020). Paternal indifference and neglect in
early life and creativity: Exploring the moderating role of TPH1 genotype and
offspring gender. PloS ONE, 15, ¢0221383.

Zhang, S., Yang, X., Si, S., & Zhang, J. (2021). The neurobiological basis of
divergent thinking: Insight from gene co—expression network—based analysis.
Neurolmage, 245, 118762.

Zhang, S., Zhao, D., Zhang, J., Mao, Y., Kong, L., Zhang, Y., Liang, B., Sun, X. X.,
& Xu, C. (2019). BasePhasing: A highly efficient approach for preimplantation
genetic haplotyping in clinical application of balanced translocation carriers.
BMC Medical Genomics, 12(1), 1-10.

Zhang, W., Zou, H., & Li, X. (2011). Current status of adolescents parental
monitoring and its effect on their social adjustment. Psychological
Development and Education, 27(3), 267-273.

Zhao, X., & Yang, J. (2021). Fostering creative thinking in the family: The

importance of parenting styles. Thinking Skills and Creativity, 41, 100920.



104 o B R ¥

Gender Differences in the Interaction between Polygenic
Scores and Parental Overprotection on Creativity: A
Genome-Wide Association Analysis

Si Si, Zhang Shun, Su Yan, Zhang Jinghuan
(' School of Psychology, Shandong Normal University, Jinan, 250358 )

Abstract The debate about gender differences in creativity has never ceased, but conclusive evidence in favor of either gender has remained elusive.
Nevertheless, in recent years, researchers have maintained a strong interest in revealing potential gender differences in creativity, and have attempted to
find out the research for gender differences in creativity from the perspectives of “nature” and “nurture”, respectively. Currently, the use of molecular
genetic techniques to identify genes associated with creativity and investigate their interactions with the environment (nurture) is a popular approach
in creativity reserach. However, it is not known whether there is a gender-specific GXE effect (i.e., GXEXE effect) in the field of creativity. Parental
overprotection is an important environmental factor affecting creativity, and its relationship with creativity may be influenced by plasticity genes.
Studies have shown that this plasticity is not only affected by a single gene locus, but rather by multiple related genes acting together. Individual
cumulative genetic plasticity may be the underlying cause of gender differences in mental development. Therefore, to investigate gender differences
in creativity and to reveal the causes of gender differences in creativity, the present study is intended to adopt a genome-wide research strategy to
investigate the mechanisms by which multiple genes (polygenic score, PGS) and parental overprotection (father and mother overprotection) interact to
influence gender differences in creativity, from the perspective of the combined effects of “nature” and “nurture”.

The participants in this study were drawn from two samples. Sample 1 included 1,324 undergraduate students (Mage=18.56 years, 37.69% male)
while sample 2 included 375 undergraduate students (Mage=18.80 years, 45.87% male). Both samples were of Han Chinese descent only and were free
from reported neurological or psychiatric disorders. This study was approved by the Institutional Review Board of our university, and all participants
provided informed consent to participate. Before genotyping, participants were required to undergo psychological testing. Subsequently, samples of
their peripheral venous blood were collected for genotyping purposes. Participants’ creativity and parental overprotection were assessed using the
Runco Creativity Assessment Battery (rCAB) and the Parental Bonding Instrument (PBI). Genotyping was conducted using the custom Illumina
Infinium® Asian Screening Array (ASA-CHIA) and the Affymetrix Axiom® Genome-Wide CHB 1 and 2 arrays, respectively. Polygenic score (PGS)
analysis was used to elucidate the effect of PGS on creativity. Then, multiple linear regression was conducted to test the three-way interaction among
PGS, parental overprotection, and gender. To test the reliability of our results, approximately half of the samples were randomly selected and replicated
1,000 times using Bootstrap to conduct regression analyses for internal validation. Finally, the regions of significance (RoS) test was applied to explore
whether gender-specific gene-environment interaction conformed to the differential susceptibility model.

The results revealed that the PGS constructed using the estimate derived from sample 1 significantly predicted verbal and figural creativity
in sample 2. Besides, the three-way interaction between PGS, maternal overprotection, and gender on verbal creativity was significant. PGS was
associated with verbal creativity when maternal overprotection of males was low, but PGS was not associated with verbal creativity when maternal
overprotection of males was high. Finally, further examination of the gene-environment interaction model revealed that the PGS x maternal
overprotection effect aligned with the differential susceptibility model. Specifically, males with a high PGS score were more susceptible to maternal
overprotection. When maternal overprotection was low, these males tended to perform better; however, when it was high, their performance suffered.
Accordingly, differences in cumulative genetic plasticity may be the main cause of gender differences in creativity.

Overall, these results provided a more precise explanation for the gender differences in creativity, not only emphasizing the need to examine the
combined effects of genes associated with creativity but also highlighting the significance and value of integrating the use of multiple genes as well as
important environmental indicators to reveal the mechanisms underlying the occurrence of creativity in individuals of different genders. In particular,
given that the different “genetic plasticity” of individuals, personalized creativity intervention programs should be developed.
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