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WE: DL KT il (Sebastes schlegelin)®) 8 N T 5, B 1E4R 7T 5-HT1ASZ AR 3 K 78 B 547 8 35 A I AE
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222 AT BT N R BUAR SRR T 773

ZARBEDR ] e 2 T B R U AT N R A A
TEfgEE SR 2 — .

A% FF IR %2 75 1 (Single nucleotide polymorphi-
sms, SNPs){E NDNAJF ¥ H i F & 1 2 L 7
KM, B ZAM G 7855 %5 B ROME AL 18 e Pk
SERF AL, SNP4) Ay 2k D] G ) X0 Al G B X0 s 5
AP AP, EATRT DLE i 52 e K PR g AL [X ) 2 R
1% 7> 1) 3 2 5 [X 118 26 BT 3 38 7K1 52 i) AR 11 A=
L RBHEREAUR E AT, AT B A ) R A
ZE 5t . K, SNPRS00 B HE A, &
TR hRie . IR, SNPA T-h%
CHAR OB Z BT 5K s Kbk .
FUm PR AR RE R S S

VY IR~V fili(Sebastes schlegelii) R H: IR 5T 40, W&
T2 4% 52X, AP AT B 2835t A
FEVF IR il FR 8, 5 HILBGEAT O, B2 A 28k
fr, BUF SRR T %, el ke m skt 2,
BEAER 1 PR T il ) WU AT D 2 48 a2 77 W 5 75 A
) —AN n) i, 45T S-HT1ASZ AR SR IR 7 1 R Mo AT
) B BRI AR, A FEAE Iy B AT AR
75 SRR IR AL b, VR QST il 4 1 Y S-HT 1A SZ AR
B [RIEAT SNPYRiize, U 9 VI PP Sl K 20t it A 43
TAR L BIE B S % .

1 #R5RE

1.1 SEI &M

S BT fil 4 £ [ K 9(6.53+0.46) om,
1R N (7.72+0.92) g0 2 i s Mk 94k 3 T [ — Ff
TR RIS I A [FBHE TS S  4h f, B 9% T it v
NV BE S G E . B IR A R RR /KR M (20.0+
1.0)°C, EhFE 31, 4ERE B 2R A 1, DL 1112%3t
AT B CHL R A R =44%, IR T =5%), $R I TE]
$98:30. 12:3041116:30.
1.2 XWigE

SEIGE RS 21 cmx 14 emx17.5 em R 3 35 7K
FE R HEAT, KIR10 em, A BUKMAN2.94 Lo BEFEK
FE 00 T 78 25 AN 3 B € 0 4R DA ek 2 Ah SRR B R
Wi, B K FE AT BPVCAR 43 1524~ K /N 4%
(1) g 181, B AN B AT O A 1SR, 3 7K R i A PR
FETE6 mg/LLA b o NHERR K/ 22 S 0 A4 25 i 4
(RS2, X &y #h (R AR K A B AT P 0 3, FRIE B
Hah kK 72 5<0.1 om, R E % 5<0.6 g 7ESELR
R G T SR R AR AR HL(HIK-DS-2CD3T35D-15, i i
FEARYHEAT AT RSl IR AE 2 25t/ AD

8-OH-DPAT;¥ 59526 SEG % B 40 2 1 1K
- ity 4) F., 2 E 8-OH-DPAT (Sigma-Aldrich, )

Ab 33 2H (0.9% 4 38 2h /KW B, WK E 9 1.54 mg/mL)F!
0.9%4= BEER A REZH, BEAM b PRA10HE S . 4
TE 256 R G iE N 3d)E, 14 H Dosys 2% 42 40 ¥R v
S #% (Socorex 174, Fifi )X &b 2 25 Aok 8 2H 1) 45 2
Wy f8 5y A HE s 3 55 nL i) 8-OH-DP AT i Al A=
Ko TEFES E R, K 4 ] S0 FR G0
60min, B 5 7 B b, 1k 75 R P 4 1 i e,
A7 10min FIRRAT 3 il F1AT 9 il o

WEITARBERFHAYN S SE 56 3% B
60 2 Y ICF it 2h £, 5 4l FE Xt s, {3 I MS-222 %
M, SR T AR 2R 4% 5 BT AN R 6 1Y BB RE R A
(d=5 mm) i 5& 7F %)) fhr (1) 15 66 J o 120 AT S AR AR 12 IR0
e FRidJE SRR ELK A H, Imin Pk & IE 12
. ZEFRIEA 514 AT ] H B AT N
IR . FRICG ARSI R T IEN3AE, B
R, Lh P R T 46 E e A, 24T 10min A A 5%
HFNAT g W I, 38 e P A e PR B 22 AN,
TREA R ) TBCE B, PR 8 £ o3 O, DU S 224
mb AR o
1.3 (TASHMERRE

1ESEI6 45 9, {8 F Noldus EthoVision XT (it
Z:12.0; Noldus & BHAA ) B E(Dynamic
Ethogram) R 5 A1 4 i 4 L IS S AIAT e BT 2K
IR A S I v AT A%, DR &5 SR 1 T
Mo BUliAT e SO e B N ARG B AN 1R i
HRIEZ . B RE, A5 e s 1 4 ) B
AR WU RE R (R A B — IR T AR

TE f B R B0 N R FHMS- 222k % 5, B
Tok3E ARSI ECA N AN /515 6 | i i A 68 ) TR
EREA . BRSO RN ZE A 1 mL RNA wait
TRAFRAT R, R IR I G B4 C UK, 18
RNA wait5e 4518 N B4, J5 #5521 -20°C UK 54
KIAORAE, FH TRNARISEEL . B8R FE AT
EE R, SEHIR NREF, 30min)5 3 F8 £-80°C UK
FK WA, F TDNARIFEEL.
14 KHITARBEZNMFS-HTIAEESNPIFIE

Fo R AR A AL R A IR A =] (A 50 2 41
DNA$E U 77 &5 7 BT filh £ 8 5L DNA, 3% 8 R}
By A= ) TR A B 2 =) GO B9 ) A RN A BIGR 7] & 4
R &) £ o 2 2 b (I RNA, 4% 118 1% fig B 68 s FiL 9k
1 MU DNAFIRNA) 56 %V, I A% L 1 &= 2 X
(BE A, 1T 75K I DNAFI RNAKK B, 1330F Ao/
ArgofE1.8—2.0. H¥EFast Quant cDNAZE —HE & Ak
AR CCRHG, WIRT), A BicDNA

MRV IS -HT1AZE R P A(E B, X 5-HT1 Ao
RIS-HTIABFER A 87 X K gt X @EATH 14 . FIH
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Primer Premier 5.03E 17 51 ¥ 1151 9015 B W& 1),
BEIpEEE T A TREROAERAR (L
AT B R DAVR BT fith 5 il 22 3 A4 2 IR 41 1)
cDNAFIDNA NN, %t 5-HT1AaN5-HT1ABFE IR i
ITH 18, [ NAR R (50 pLyEHE: #E4R2 uL, 5-HT1A4-F/
R 1 uL, Pro Taq Master Mix 25 pL, ddH,O 21 uL,
PCR/ Wi 2 5 A4: 94°C Tl 48 P 30s; 98°C A8 PE 10s, B
KENE30s (1B KGR FE WLFK 1), 72°C LEA# Imin, 3k
735N IR IR, f% 5 72°C & {41 2min, PCR )4
1%5 TG B S LKA M, & 4 PCR= 4018 1 R 505
FH A A BR 2 5] (b 50 AT T
# 1 5S-HTIAERREXFFEET 595

Tab. 1 The primer sequences of the coding region and promoter
region of the 5-HT1A gene

PYRKE RKIRE

FEH 51K 51751 Product  Annealing
Gene Primer name ~ Primer sequence length  temperature
(bp) (C)
5-  Ssc_ 1001029 GTAACTCCGATG 985 55
HTI 5-CDS GACCCG
Aa ATATGATGGGGT
TGAGGAGA
Ssc 1001029 AATAGTGTCACA 1280 57
5-Promoter TTGTCCATCTTT
GTGTTGTAGTTG
AGCGTTGACA
5-  Ssc 1000831 CAATTTGGCCTC 1014 57
HTI 7-CDS AGTTCGA
Ap AGCCCAGCCAGT
TGATGAC
Ssc 1000831 AAGTCAATTCCA 1443 53
7-Promoter CAATAGTTCC
GAAAACTCGAGG
TGTTACTTGA

1.5 Sitoth

Gt it 41 FHSPSS 26.01E47, KH H K& 5
7253 BT (One-way ANOVA)J7 iE5H AT N R 31T 4>
1o F F SnapGene R 14 43 Jill b B it 3 B 7 S A
(1) 5-HT1 AR 5-HT1ABY ™ 1 7= 4 4 i) [X A1 2 5 1
DX PR3 7 25 R AT Lhoxt, &5 A ], i a H AR AT
KT ST 10% 0 A s 5 B 2 BUAH 5 1
T AESNPAZ 5o O0F JE B X 8k, A% 5256 1) H http://
bioinfo.life.hust.edu.cn/Animal TFDB/#!/tfbs_predict
TE 28 A AT e S5 DR -7 45 6 o7 1 A TN, 5 i P<
0.0001 1% S Rl 725 A5 1 s, 3% HRAS 0 15 L %) ) 20
F X IF SNP AN 5% R - 4 6 67 s B AT X B2 o 5% 0
16 HH 1R 5 s 2 A AH O 1) 9 A DXORT IR 31 [X 1
1ESNPREAT 7 K56, 24 P<0.05KF, 2% B i ik tH )
SNP5 I R BAH G

2 %

2.1 S-HTIAZAEIHFRFEL & KTHIT R
B 17~, 8-OH-DPATAE R AH Y 55 — IR I 5 1

R 52 T 0 R 2H.(P<0.05), T i ) A % 3
FRT XS A (P<0.05).
2.2 S5-HTIAZAERE 4B XSNPRYTHIE
AHFFEXT604 1= AR 2 FAMME R 5-HT 1 Ao
F5-HTIABHE R EAT I, 754 X A0 57 14k 21 54
A]RE 5 U P R A A S I SNPAL 14, BT AL s 48
B IL M (C/T. T/C. G/IA. A/CFIA/G), Herpb7E5-
HT1Aaw % [X i & 21 34> 7T 68 f) SNPAL 55, 5-
HT 1 AR At [X 7 126 124> 7] 5 (1)) SNPAL 5 (3% 2), 73
A 47 5-HT1 Ao 5-HT1 ARG D T 51 S 55 2 11]0.24%
H10.16%. 5~SNPAL s H A A SNP 21447 53 24032 fir
SRR, HRTXRARZ NARR, NAEF
XGRAR, Al R E] SRR,
2.3 S-HTIAZFEFERIBXSNPSIF K Fihsh &
BEITAEXMERR

T8 I A% R b X A e g B 43 AT, X 5-HT 1 Ao
Z 600 = 2 150 .
= g
% S £ 400 }i 2 100
pa 8 en
XgE #* S
K 5 5 200 E£S 50
[e g S
2 0 £ 0
8-OH-DPAT A:FiEhk & 8-OH-DPAT H: Fii b 7k

*
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Fig. 1 The effects of different treatment groups on aggression
behavior in S. schlegelii

*P<0.05% 7~ % 5 i 5 **P<0.01 KR Z S0 3
*P<0.05 indicates significant differences; **P<0.01 indicates extre-
mely significant differences
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Tab. 2 The coding region SNP genotyping results of 5-HT1A

gene
R R G (G D/
FEHE)  RAHIE)

JER SNP {7 25 f7 Akt High-aggression Low-aggression

Gene SNPsite Site base  (Genotype/ (Genotype/
Mutation Mutation
frequency) frequency)
5-HT1Aa SNP 234 C T 17/13 T 13/17
SNP 942 T C8/22 C 10/20
SNP 999 G G 0/30 A 2/28
5-HTIAB SNP 214 A C2/22 A 0/30
SNP 1122 A G2/22 A 0/30




5 BTN S VF GVl 5-HT 1AL R A%

222 AT BT N R BUAR SRR T 775

34N SNPA 1 1 5-HT1ABI 24~ SNPAT i 347 43 114
[PAS-HT1AaFE K [ISNP 999 (G/A) I 7 1 B Ay ],
Bl 2], ol I B R A 5 R AR A A R B A AT R A,
A 7] L FEAZSNP 21447 4 % 35t [K] T e 52 ) A I8
(P=0.096).
24 S-HTIAZHEE BB FXSNPHITFE

VF IS iy 2 o 36 2 22 S/ AR 5-HT1 A0 5-
HTIABJE 8 X I SNPii e 45 J IR 7EVF Q- filh
JA BN XIBAFAE 34 5 B R A 22 7 AT B oK
[ISNPAL 1, HeA5-HT1 Ao )R 2 F X3 164NER 3),

GG GA[G|C GTA| |GG GA[G|C GTA| |GG GA[A|C GTA

a b c

B2 VFIKPilhg) 8 5-HT1AadE R 50 B 4 b
Fig. 2 The sequencing chromatograms of 5-HTI1Aa gene of S.
schlegelii
a. 5-HT1A40HEKISNP 999 (G/A)M 7 b. w8t MAS-HT 1 4a
LSNP 999 (G/A) 5 e 8] ; c. It AN 5-HT1 Ao K SNP
999 (G/A)i 1 P
a. The sequencing chromatograms of 5-HT1Aa gene SNP 999
(G/A); b. The sequencing chromatograms of 5-HT1Ao gene SNP
999 (G/A) of High-aggression; The sequencing chromatograms of
5-HT1Ao gene SNP 999 (G/A) of Low-aggression

&3 5-HT1AdBEFSNPLRERE SRR
Tab. 3 The promoter SNP genotyping results of 5-HT1Aa

e Ut (F PRI Y/ Rt (R R 2/
A RAHIE)
High-aggression Low-aggression
(Genotype/Mutation (Genotype/Mutation

SNPAL s Ao A i
SNP site  Site base

frequency) frequency)
SNP 987 G A 4/26 A 6/24
SNP 1235 C C 0/30 T 2/28
SNP 1236 T T 0/30 C 4/26
SNP 1245 T T 0/30 G 5/25
SNP 1255 A A 0/30 C3/27
SNP 1260 T T 0/30 A 4/26
SNP 1291 T G 6/24 G2/28
SNP 1301 C G 5/25 C 0/30
SNP 1302 G C3/27 A 8/22
SNP 1309 T C4/26 T 0/30
SNP 1315 G A 6/24 A 723
SNP 1330 C T 5/25 C 0/30
SNP 1333 C T 4/26 T 2/28
SNP 1435 C T 7/23 T 10/20
SNP 1542 T C8/22 C15/15
SNP 1682 G C12/18 C13/17

S-HTIABJE 8T IX I 181N 4).

F4 S-HTIAPEENFSNPIIARESBIZER
Tab. 4 The promoter SNP genotyping results of 5-HT1A4f gene

e B (B R A Bt (R R4/
High-aggression Low-aggression
(Genotype/Mutation (Genotype/Mutation

SNPAL A A7 m B Js
SNP site  Site base

frequency) frequency)
SNP 813 T A2/28 T 0/30
SNP 892 G A 6/24 G 0/30
SNP 898 G A3/27 G 0/30
SNP 1030 G A2/28 A3/27
SNP 1033 G A 8/22 A 6/24
SNP 1050 C A 4/26 C 0/30
SNP 1147 T T 0/30 C3/27
SNP 1198 G A 10/20 A7/23
SNP 1290 G A 2/28 G 0/30
SNP 1373 C T9/21 T 8/22
SNP 1388 G A3/27 G 0/30
SNP 1401 C T11/19 T 6/24
SNP 1474 C T 3/27 T3/27
SNP 1571 C T11/19 T 8/22
SNP 1582 C T11/19 T 13/17
SNP 1680 T G 3/27 T 0/30
SNP 1756 G A 4/26 G 0/30
SNP 1821 G A2/28 G 0/30

TE LN A e TR T 25 A S A TR, AR )
VR BT i B i 22 3 AR S-HT 1 Ao 5-HT1AB)E 51+
SNPAHXS B [ 5% K745 G AL . TES5-HT1AoJ3 30
BT A B 3% B 1 SNPAL 38 5 84 S IR 1 45 A it
RO RL(ER 5), 5-HTIABIE 8§ A 151 SNPAL sl 5
S R S5 6 LSS R 6)o
2.5 S-HTIAZHERE B FXSNPSIFKF i)
& WEHITAEXMES T

Wil M 5 1 51 SNPH RBEWT 58 45 B K I,
5-HT1Aa)8 3 X 38 7 305 10 2 7467 i 5 1 IRF
fifl Y o 2% 2 72 7 W 3 HH O (P<0.05), 43 il v SNP
1236 (T/C). SNP 1245 (T/G). SNP 1260 (T/A). SNP
1301 (C/G). SNP 1302 (G/C). SNP 1309 (T/C)H
SNP 1330 (C/T)AL &, HABAL s 5 Y IKRP il B b 3%
R 2 FAH MR B E(P>0.05; % 7), FikR5-HT148
J& &1 X 45, 4 SNP 892 (G/A)HISNP 1147 (T/C)fL
RS e v AR T 22 57 W 3 A 00 (P<0.05), FARAL A
YA R 3 (P>0.05; 3% 8).

3 i
WEFUR W] 5-HT I ASZ AL i 1% 1 SR B AT N s
T S ) AR ], B v 22 R SR S-HT 1A AR 8



776 K& A& Y ¥ 48 &

RRPEAF . FEATE R, 8-OH-DPATAE &3 4%
ey JUTh PV PR i 40 £ R B0t 5 B2, S8 n ek v AR
31, 3% 5 Antunes 5 T 45 5L — 8L, FVIS-HT1A
A R R R A 2 A T iy g B AR A I
R5 5-HTIABENFSNPRL R EERE FEE RS TN
Tab. 5 5-HT1Ao promoter SNP genotyping results

SNPfiz 1 Tﬁijn S P-val ik
SNP site afsc ptio core -value Sequence
actor
CCTCATCCTTCCTCC
SNP 987  FLII 4.409 <0.0001 ~\ Cu T
SNP 1235
CREBI  10.506 <0.0001 TTTTTTTCTCTT
SNP 1236
TTTTTTCTCTTTAAG
SNP 1245 TRIM28  10.026 <0.0001 (. rprpr

SNP 1255
TRIM63 10.348 <0.0001 CTTTTTTTCACTTAT
SNP 1260

SNP 1291 PITX2 10.939 <0.0001 TTGGCTTAAA
SNP 1301
E2F1 11.571 <0.0001 CGAAAAGT
SNP 1302
SNP 1309 PXR:RXR 10.727 <0.0001 AAAGTTCA
TTAAAAGTGATAAA

SNP 1315 TBX21 10.957 <0.0001G

SNP 1330
NOTCHI 11.105 <0.0001 AAACCACTT
SNP 1333

SNP 1435 CBFB 11.184 <0.0001 CACCCCACAGAA
SNP 1542 ONECUT3  9.959 <0.0001 AGTATAGATTTTCT
SNP 1682 VDR 9.743 <0.000182ATTCAGTGGGTC

k. [HSERENZ, 8-OH-DPATIEA R FH A N
AR AR o FE WG B P, FAR F A ) A0
PR, 228 120 A 8min'™" . 7EAHT 5T th, v 5
SIS 1) I MR W 4 R, T 5 8-OH-DPATH)
1hJ5, VFIR-P i BT 9 SO H 300 3 B A . B0
21 4% 7R 77 i (Takifugu rubripes) X AT 9 W 50 45
B [E R & B, 8-OH-DPATHE L 55—65minj&, 4
1 [ B AT N R AR Ak S5 Y AR S RAE S

®7T S-HTIAdBEHHFHIFRHRELER
Tab. 7 Chi-square test results of 5-HT'/Aa promoter

< 6 S5-HTIABRHNTFSNPILEHEREFEESMA TN
Tab. 6 5-HT1Ap promoter SNP genotyping results

SNPA7 5 R )

SNP site Genotype X P
SNP 987 G>A 0.403 0.526
SNP 1235 C>T 2.001 0.157
SNP 1236 T>C 4.138 0.042
SNP 1245 >G 5.261 0.022
SNP 1255 A>C 3.052 0.081
SNP 1260 T>A 4.138 0.042
SNP 1291 >G 2.439 0.118
SNP 1301 C>G 5.606 0.018
SNP 1302 G>C 3.252 0.071
SNP 1302 G>A 7.629 0.006
SNP 1309 T>C 4.409 0.036
SNP 1315 G>A 0.061 0.805
SNP 1330 C>T 5.606 0.018
SNP 1333 C>T 0.809 0.368
SNP 1435 C>T 0.601 0.438
SNP 1542 >C 3.015 0.083
SNP 1682 G>C 0.024 0.877

sNpfig SRR 1
SNP site fsc ption Score - -value Sequence
actor

SNP8I3 FOXMI  11.130 <0.0001 AAAATAAATAAA
GAAAAAGAAAAAA

SNP892  TP53 -9.056 <0.0001 SRAAAATAR
AAAAAGAAAAAAG

SNP898  FLII ~14.590 <0.0001 A WA RE

SNP 1030 PAX3 11.493 <0.0001 ﬁgCAAAACTAATAG

SNP 1147 POU2F3  10.713 <0.0001 gATTTGCTAATTA

SNP 1198 NOBOX  10.491 <0.0001$‘T*SATCAATTAGCT

GTF2A1:

SNP 1200 OIEPAY" 11606 <0.0001 TATTAAAGCGGG
CACAGCCCGTATTC

SNP 1373 SETDBI  7.053 <0.0001 {gqAGce!

SNP 1401 ZBTB33
SNP 1474 HOXA9

8.316 <0.0001 CGCTCAGGATATCTG

10.020 <0.0001 TTGTAAATCTGTCC

CCTAGCAACGCAAT

SNP 1571 CITA 10.258 <0.0001TC

SNP 1582 CTCF 10.474 <0.0001 GTTGCAATTCTA

SNP 1680 SOX17 6.744 <o.0001$%/§TAAATAAAGTTT
SNP 1756 POUGFI  10.699 <0.0001$8£GAAAATGAGCA

SNP 1821 ZNF384 11.307 <0.0001 ACAAAAAACAGC

&8 SHTIAPRHFHIFRHKREER
Tab. 8 Chi-square test results of 5-HT1A4p promoter

SNPAZ i Fe R R

SNP site Genotype X P
SNP 813 T>A 1.564 0.211
SNP 892 G>A 5.128 0.024
SNP 898 G>A 2.397 0.122
SNP 1030 G>A 0.668 0.414
SNP 1147 T>C 4.261 0.039
SNP 1198 G>A 0.03 0.862
SNP 1290 G>A 1.564 0.211
SNP 1373 C>T 0.188 0.665
SNP 1401 C>T 0.608 0.436
SNP 1474 C>T 0.142 0.706
SNP 1571 C>T 0.007 0.933
SNP 1582 C>T 2.457 0.117
SNP 1680 T>G 2.397 0.122
SNP 1756 G>A 3.267 0.071
SNP 1821 G>A 1.564 0.211
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ASSOCIATION OF SINGLE NUCLEOTIDE POLYMORPHISMS OF
THE 5-HT1A GENE WITH DIFFERENT AGGRESSION
PHENOTYPE IN SEBASTES SCHLEGELII

2
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Abstract: We used juvenile black rockfish (Sebastes schlegelii) to investigate the impact of the 5-HT1A receptor gene
on aggression control in this study. The administration of 5-H7T1A receptor agonist, 8-OH-DPAT, was utilized to evalua-
te its impact on aggression among juvenile black rockfish. Subsequently, different aggression phenotypes within the
juvenile groups were scrutinized for genetic variations in the 5-HT/A receptor gene, aiming to identify potential SNP
markers correlated with aggression. Our findings showed that fish treated with 8-OH-DPAT exhibited significantly
reduction in the frequency and duration of aggressive behavior compared to the control group (P<0.05). The latency
period for aggression was significantly higher in the treated group (P<0.05). We discovered seven significant polymor-
phic sites linked to attack phenotypes in the 5-H7T1Ao promoter region (P<0.05): SNP 1236, SNP 1245, SNP 1260,
SNP 1301, SNP 1302, SNP 1309, and SNP 1330. Additionally, two polymorphic sites were significantly associated
with attack phenotypes in the 5-HT1Af promoter region (P<0.05): SNP 892 and SNP 1147. However, no significant
polymorphic sites were identified in the coding region of the 5-HT'/A4 gene in relation to attack phenotypes (£>0.05). In
summary, the results demonstrate that activating the 5-H7'1A4 receptor effectively inhibits aggressive behavior in black
rockfish. Furthermore, we also identified SNP loci within the 5-HT1A receptor gene that are associated with different
aggression profiles.

Key words: Single nucleotide polymorphism; Aggressive behavior; 5-HT1A gene; Sebastes schlegelii
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