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WE: 7 EH TR A% 8 M KR % R (GHR) My 454 Fa o e, 52 B DAL K & 4%
41 IR 3 By mRNAY JE A, i ADNAFFI#HAT T wlE. EH#TENE L F MW EH,
MHEFHSESMMTEMEEI20RFE ML FIERBNAE O MEFHRATT 24
GHR1#] cDNAJF 7| K JZ 3 498 bp, JF # [ 42 (ORF)J% 1 818 bp, % & 605/ & £ B ;
GHR2!cDNAJF %] & & %1 743 bp, ORF} 1743 bp, % #5580/ %A 3£ % ; GHRIF1GHR2 4,
EBRFFHEETIR. MK, BERX. BARARK, HOUEHIT2% —HFELEHL
FEBR AW ZR: GHRUME AN K AT Bt 2 8 5% &, I GHR2 X 754, HGHRIGHR2
Z3NN-HEEAAL 5 ; M A X, GHRIF #2104 B & 8. 7% 28 T GHR2 R A 54, ik =z R
FPA—_HIAREALE N EDFhE. FEAERTFF At kI, GHRE H 68 7 & %
WEIFEEEAGTERS . A% H2NGHRE A 29NN 4T, £+ GHRIN A T 1702)7 71
FEI0KbYL B, AREWRBFAMHEHTY . IRENFIFERIATOMITEM A GHRI
PHITEME CDMTE2NETF, AEFTHRED AN -, L TESHETF
WAC)ERIMEH 55K, GHRRYF EFINF I EM &, HTHFIAETFHTO):sKH
AW & F F 8 (TATC)S(AT) 15(AC) 1 (AT) 1((TG)e T (TA) 15 & T & L % & L & (PIC>0.5),
F6 M2 T 5 (GAAG)s B F £ % S AL &£ (PIC=0.463). HTH & T 2Nt T2 (L &
o E| A A SCE oA A S0Fn6l, EH R4 W AMERIRA . KRBTSR KA x4
SEUEMIEMEGEKREREF — A M. BEMGHRIERE B & UK F 7| F M T
EWRHAESNMARNARAEENFN RS TRICHBERREB V5 5%,

KRB A, ERKBMERZE; FAAN; MIE; £KER

FESES:Q786; S917.4 SRRAREAD: A

" K P4 & (growth hormone, GH)/Z 5 31# 4 GHR)%: 4, i i GHRA S 415 512 A 40 i,
KRB VI G AL . GHE e 5 KA — R4 H I N, Mk 27 41204
JI6% 3 1T 1) A= K % 3R 3% 1R (growth hormone receptor, /K V&4 HAE BRAE TN RE . GHRIER e 2
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Hi Tsushima''F* 19764F 7 4t 19 JIF 40 i B F % 3,
T 2 40 M PR/ 1l PR F (cytokine/hemopotioetin) 52
PR R A 22—, A R R R A 3 v 1 [
Ve, 2 REERAL . HAr, 74 k6
(Sparus aurata)?” . B8 (Acanthopagrus schlegelii)™
B 7 fi; (Silurus meridionalis)™ . H 75 88 fifi (Anguilla
Japonica)® . #hi 1B (Epinephelus coioides)”, &
BE 1 (Sparus latus)™ . W85 (Oncorhynchus mykiss)™ |
21 & 7R 5 6l (Takifugu rubripes)" "4 0 28 JL R 41
YIRS GHREE T 91 . TEMiZL 3P b AUk 31
— P i GHRI FE M, [HAEAR 2 10 248 KL K 41
RN T T3 A~ R Gt () KR Z AR GHR?2
I 1 240 5 2P0 GHR VT He 2 5 PH A2 i i 45 2R
¥t T & (microsatellite)a¥, ] 5.5 5 J¥ 5] (simple
sequence repeat, SSR)JE& — Fl' 22 A P15 B 245 it 5 19
HRMEIRC, BAEEWL . 5 TSR,
Pz N T S B AT SE . ThRE K
A EA AT R S AR MRAEDC X A 6 (Parali-
chthys olivaceu)GHR % X 5'%ii Ji 3l 1 X 19 i T2
TEAFEAR AT 00, KRB S5EKAR—
TE AR SR SV G0 Culter alburnus)s& 803V F)
(Cultrinae) AR R B K iy — Rl f 28, SR8 T 81 F}
(Cyprinidae), HUWEL . #1& (Culter), T 2434 T
[ 2 RK R Y, PR o A A SE , HRR R A
Vi 22 AR T AR K KOK IR T B R, & —Fh
KRR B, BRTC R T — L5 6 il
P ERIE™S, IR T MM 1 GH R IGF-117
BRI HIME R . A S50 IR i 345 T GHR1
FI GHR2H) ¥ 73 FE P81, 437 T £4.28 GHRA
GHR2ZE KR Z B 45t 22 5, JFI HE B RIY
G J o i 1Y) LR AT LB, X AADNAJY 1)
KIE I TR AR ICAE R A A . R YE SR E ) 120
AFEAR T HEAT T HARAH 0T . U058 BGHR
HE DAY T R I 5 0 gk 7 4R LR AR

1 MBS L
1.1 LA
FI% Y 20174F6 H R & kb B &

(R 305 S G BrME fr 402, MEfme8)E, AT ™G
A R 7= Bt 7= B . 4R 45 32 45 B I 76 W3 Ak fr
T KR, FFE OB AN K . BN
BEVUE IS, B A R4k T . RIS
WK, JE AR TR A IRRL SR R e R
FLEAT PR, F20184E6H , FALRAE 120 FF
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A, W R RV TR, JREUD R S T
K ZEEH, 4 °CIR-AF S

B £ F XA Ex Tag DNAK A . LA
Tag DNAX 4 i . Premix Tag™F pMD18-T #k {4
Wy A 5 H BEA AR ACE)ABRA R, B ER
F& . KIBFF®# (Escherichia coliy DH50., 2,7 Fl
S REGCE AU I [ KRR AR dER)OF
PR, T DNAFZRBCR A [ A T A T
PR B A BRA F o
1.2 M & GHR1F GHR2E F 19 52 (&

K 2Rty — A 5 R ORE AR DNA L, ] 1%55
g W 5 JC Hi, K A TN 5 B DNARY 52 % M, DNA J&
W20 °CLRAFEE FH o ) FH A 52 56 = S Mg 15 it
ZH H 345 19 GHR1FI GHR2H mRNAFF 51) 5 141 3k 5
(Megalobrama amblycephala)'"” . IR [ ff.(Anabar-
ilius grahami)(GenBank’® %5 . RIVU01000000)7
fif (Cyprinus carpio)(GenBank* 3¢5 : GCF_000951
6 15) 5k K 4 HEAT LU A BT o 2 S B GHR YA 43
T8N E T, HANETF2UFSIE M. H P GHRI
SEH NG T IM2F A LE10 kbLL [, ASSIE %
BXFHEATY . GHR2ZE & F1. 2F4 5
T 2R LA Tagdt[FY 3%, GHRH A 7 Be R HEx
TagiEATPCR. ¥4 fr F 125605 Sk 5 1 4 T % 1 e
N, HAETAY TR B ABRA RS . PCR
RNARZRZ B ST, RN AR TF . 94 °CHil
S ming 94 °CZEPE30's; 58 °CiE k305, 72°C
FEAH 3 min(GHR2-19" 3% B Be g, sEAAS (A A 6
min), F£32MEFF; 72 °CHEAH 10 min; PCRY™ 1Y
7 42 1% 1) 37 R W R R P KRS I 5 A% R AR T
A TR ()B4 A7 BRZA W 2R FH Sanger 5 301
WF o an 31 vl 5 s T2 5 Poly 4 44 5 B0 7
55 WM 220, K EE/N T2 Kb PCR™ ) H 2
HEATERE . GHR2-19 3K BEAES kbLA |, 7 %)
He 4 B W 5 41 & Poly THI(GT)n, B Hidkit
A5 XA X B 51 41 GHR2-1', 18 7 fHIDNA
P 115 2 29600 bpll 7= ¥y J5 P AT 5 bE . A
BEAE S PRI B n B, B AR IR R IR R

1.3 M EHGHR1 FlGHR2E E I E M S 47

FIIFH #% #4 ContigExpressi T 18753 I DNA F B¢
FE A mRNAJT 9147 PF4% , F FINCBIH Blast
DI re 47 17 50 B Xt o A, o R 60 GHR 1A
GHR2IE P E # P . 56 R B9 mRNA K Zi i 71 22 it
12 1 5) i BRGHERUE S P 7 Tk EA T o0 T . TR
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#1 BEEAGHRIFIGHR2 EE R A5
Tab.1 Primers used for GHR1 and GHR2 gene

cloning of C. alburnus

514 (5" - 3") KEmpp A&

primer sequence (5' - 3") length usage

GHR1-1 F: ACGGGCTGCCGCTCCAGAG 2212  GHRIW
R: TGCGTGAAGGTCTTGTTGAA TT3

GHR1-2 F: TACTTCAACAAGACCTTCAC 252 GHRIW
R: ACATTCAGTAGAGTCCAGTT BF4

GHR1-3 F: CTGAACTGGACTCTACTGAA 1257 GHRIA
R: CAATGATGCTGTCACTGAAT ETS

GHR1-4 F: TTCAGTGACAGCATCATTGT 1507 GHRIN

R: GGAGCAGGAATAGGTGGTAA EF6,7

GHR1-5 F: CCACCTATTCCTGCTCCTAA 1701  GHRIA
R: TTCTTCTTCTCGTTCTCTTCC ERR

GHR2-1 F: GAAGTCAAGATTCCCAGAGG 5217 GHR2W

R: GGAACGACATGAGGGTAAC HFL2

GHR2-1' F: GCATGGCATAAATTCTGTC 634  GHR2W
R: TCCAGCCAGGAGTGGCTG FTI

GHR2-2 F: CTTACACAACACCACAGAAC 1786 GHR2IN
R: GGCTTACCAATGTCCTCTAC T3

GHR2-3 F: GGAGTGAATGTCCAAGTTAC 695 GHR2W
R: ACAGATTAAGCCAGTTGAAC &T4

GHR2-4 F: GTTCAACTGGCTTAATCTGT 474 GHR2M
R: CCTGACTCTGACTTCATATTC TS5

GHR2-5 F: ATATGAAGTCAGAGTCAGGTC 242 GHR2M
R: TAATTGCGATACCAACAGTG ET6

GHR2-6 F: TCTCATTCCTAACAAAGGTCTG 1808 GHR2M

R: TGTCCACCTCTATGAACTCTAC HF7,8

T 51 59 4B 0L BE 3 1 GenBank [/ BlastTh fE 318 . 4
& 38 1+F SSRhunter 134k {4 #1785 46 .

14 ¥ EHGHRI FIGHREEHHIEWNSE
MR ESE KRB KBS

K« =51 PCRIE XN & F i i 64~ T
B S AR 24 RS R HEA T Z AR, B S H
LML AT A6 M FEA T 4 TPCR, FH Primer
6. 0 BB S1Y, eS| WY 5% N | Tail AB
HeJp g, il 59 Tail A 5% HHFAMEBEAT &1 .
HAGHR2TP 4 RN S B 280, Bk
SIVFH 2, 1WA TAY TR ()
AR F A .. PCR KW ARZR K20 pL: 2xPre-
mix Tag™ 10 uL, #HEHRDNA (10 ng/uL) 1 uL, i&EH
5| Tail A, L E AR UES |4 (10 pmol/L) {8 H &
5102, 0.2F10.4 ul, K M4 K kb EIR R,
PCR [ W & )F : 94 °CTAZ 14 5 min; 94 °CAE Pk
30s; 60 °CiE k90s, 72 °CHEf#130s, FL3541F
;60 °CHEMHI30 min; 4 °CIEFF . PCR P23k A=
TAY) TR (R A BR A " AT B 408
K HIPOPGENE 1.3. VR {4 31 55 6 T A o7 A 78 BF I
R S0 JE PRI | IEE 2% & BE (observed hetero-
zygosity, H,). ] H %% A ¥ (expected heterozygos-
ity, H)FZ&MAF B & & (polymorphism informa-
tion content, PIC). iz JH SPSS 16.0%K 4 ) — it £k

http://www.scxuebao.cn

4 #5 # (general linear model, GLM)H i) 77 2= 73 #r
FM ST AEAS ¢ 4556 70 AT 45 SSRAV i AN [A] JE X 7 5
AR AR S o 1 A S

®2 MBEAGHREFEAS FHRHIESIHIFT
Tab.2 Primer sequences used for microsatellite amplifica-

tion in the introns of C. alburnus GHR2 gene

519 R (5" - 3') HEHEB
primer sequence (5’ - 3") repeat motifs
Tail A FAM-GCCTCCCTCGCGCCA
Cal-GHR2-1 F: GCCTCCCTCGCGCCAATAGC (TG)s
ACGTCATATTATGTCCA

R: CACAAGTGCTCCAGTCCG
Cal-GHR2-2 F: GCCTCCCTCGCGCCACAGT
GACTCTATCTTCATTCTC
R: TAATTGCGATACCAACAGTG
Cal-GHR2-3 F: GCCTCCCTCGCGCCAGTCT (TATC)5(AT),5
TCTGAGGTCAATCTTACT (AC)(AT) 14
R: TGCTGTATCGTGAACAAGTC  (TG),
Cal-GHR2-4 F: GCCTCCCTCGCGCCAAATCT  (TA)s
CGCTCACTCAATCTT
R: CACCATTAGCCTACAACAGA

(GAAG);

2 iR

2.1 FME1GHRIFIGHR2EE K%

X A5 A5 1) S0 B 6 GHR1F GHR2 - B 33 17 B
AR, RISt RiE S, ¥ GHRUF
GHR2$Z 3¢ 3 GenBank $04 /&, K45 198 %5 4%
A MF774179FIMF774180, 43 #fr 2 B, R
GHRIZEA N & F IR 91484, BR 25X A~ Y
T TR K 9 044bp, N T-3~81 K 43
2018, 97, 974, 125, 1209f11 123 bp, 94k
WK E 449 110, 133, 170, 179, 154,
91, 70F12 142 bp; TELE25M 0TI M 4 S 7 51)
FEACDMM TR, FH8NE T (AC)MH
M BEFIIE ),

T B GHR2IEL R P 51 &K 11 757 bp, &
AN EFEE 51832, 3019, 1549,
477, 262, 99. 1 347F181 bp)F194~4h i (K &
Iy 9k 438. 86, 136, 176, 185, 142, 91, 70
1767 bp); — N & F HAETE(TG)s L LA,
HON & TR E1E(GAAG)IIT DR, BTN T
H A7 1E (TATC)5(AT);5(AC) 1 (AT) 4(TG)e M (TA);5
F T (E 1),

2.2 M EHGHRIMGHR2E EELF7

WA AE B AE b, W I GHR1KE
cDNAZ K #3498 bp, Hrf15'-JE 4t IX (5" UTR)
h465bp, 3'-AE4ASIX(3' UTR) M1 215 bp, FFiik
e 2 HE (ORF) A1 818 bp, Zifih6051™ & IR . He

HE K22 £ 3 /6 sponsored by China Society of Fisheries
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El E2 E3 E4 E6 E8 E9
mEE L
| ES E7

(CT)s (AC);
El E2 E3 E4 ES5 E6 E8 E9
D_T I i

|
(TG)s
1 000 bp

(TATC)(AT),5(AC),(AT),(TG)s

1 Mt GHRIFM GHR2EF~=E
IRETRAETHMATEMBELE R, Hop BIEH S FRRIDX, EEF ALY WX, WALFRIELB MM S TKE: Bl

FoRHNEF1~9; BB R AL B I B bR R

Fig. 1 Schematic diagram of C. alburnus GHR1 and GHR?2 gene

The boxes and lines represent the exons and introns respectively, the coding region is denoted by the filled boxes, and the dotted line represents the non-

amplified region, double slashes indicate non-proportional representation of the introns; E1-9 represents exons 1-9; the location of the microsatellites is

denoted by circle

AHRE 43 B 4 66.33 ku, PB4 HL N 4.79,
X 1) GHR23EL R cDNA4: K My 1 743bp, Hirps'-
Ak 4 #5 IX (5" UTR) N 448 bp, 3'-AE 45 X (3’
UTR)} 900 bp, JF ik B4 3% #E (ORF)H 1 743 bp,
I 5801 2 JE TR Ak KL . HAH XS 4 F B it M 65.17
ku, HEISAFHLARS5.03,

GHRI1H1 GHR2¥) H A ¥ #E 2l ) GHR I K& A
SERPRHIE, (R 5 fE45H D AAfE— 225 . GHRI
FIGHR2HJ {55 K. MAMX . BERREIX . JN X
ZH AL . GHRIIX 44> X 58 22 5 2 ke 1 28053 il R 23
223, 23F1336, GHR2IX 4/ [X daf 2 Ik iR 5% L £ 7>
WA 19, 222, 23F1316, 4BIT 5 B8 X A B H A
GHRY ¥ 1E 56 )7 FGZFS(Z A AT B & 1R ) 78 M
N X A2 5 5F I Box, HIBox1. Box2; Mg
BAIGHR 1 FlIGHR2%4 2 i AH 1L £ AN 4137.2%, GHRI
JiL A0 DX 2F Ji S R (C)Fk 3k 1 B & A 7, Wl RUJE 13
AT, (HGHR2ZE A 51, HigiE lieA 6
e, HvLTC5. C6. CT, ZT—4C*; 74k, GHRI
BA6NN-WEEALA £, TWGHR2Z 31 ; FEMA
X GHRIAFAE 10 RS TR (Y) 5k A, GHR2H A5,
BbTYL, Y3. Y6, Y7HIYS(K2),

2.3 M HAGHRIFIGHR24 58 5 & 88 5 5 Fn
H b 4 B9 EE 45

4 390 M B GHR 1 GHR24, 55 18 15 97 43 ol 5
GenBankZU 5 7 1 4845 10 L Ath 01 25 4 i 24 L 1R )7
GIHEAT X . SHh a7 5 e 25 R BT, GHR
1 YGZFSE:E ¥ . Box1 1 Box2%5: A % % /E ¥ 1)
AE 1Y IX S LR SF — 26, Hh GHRIHBR T B 7 il

Hp [E 7K 7% 2% 45 /5 sponsored by China Society of Fisheries

Y ZR R E& AR DY, HRYRIA AR E);
GHR2H S SR BE Y Z M E, B S 1 gy fif o
D, H A 8 fig F1 H Al 4Fh f0 2 (W) A E R R 22 5
GHRI1H 55 ff1 5 T B J7 fifi 4b , Box1)J¥ 31 5¢ 4 —
£, Box2H MK IO 58—, SE DM EA 14
IR 2% 5 (K13); GHR2H 1M ff1Box 1 5 i 52
L—F, SRS ARRN2ER . Box2H
A 1 5 4L BT £ 58 4 — B (K 4).

GHRI1H Jifd &1 2f fife 2 iR 5% J2L 7 i 20 A 19 S
AP RS, REB R B A7 E R,
B T H A 6 fig ik /> C74k , Hh £ S 0 Bt A0 2 bk
SRR I A T B 52— MEANX 107
RAMRFRIE A 64 T 2R SF . GHR2HEE L
OB f—#E, HA SN ER AR, H
FEFT A 68 ik /D C5 5 M PN IX S i A R ik A
BB RS

WS B1GHR LRI GHR2% 5 & 3 B2 )7 51 1 5
B A AR AR e T, GHR 155 80 24 S 280 fg AR AR 43
5°490.9%F189.8%, GHR25 il 24> W7 75 (14 A L
53 01 4 81.8%1182.4%., 5 > 1 7 5 (Cynoglossus
semilaevis) i AH U B, AN 3] 50%. 38 33 N-J
RGN L I(ES), BT HABBERSN, HA
125 0] LR GHR IHIGHR2M AW K 32 o 7R84 32
o, M B e SR R R, A RS
A — L R
24 FESHGHRITIGHRXF B EM S
SR S55%E KRB KRB i

W SA L DA SR 24 BEAR R E AT 2 A
K, 45 F WA T Cal-GHR1H (AC)sfi T & ir
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GHR1
GHR1

GHR1
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Cl C2
MAYSLSLSLLYLGLLCGNGPVSARGSKLFTPDPSRGPHFTGCRSREQETFRCWWSAGTFQNLTEPGALRV

METTLFICILFTGAVATQSVPPTKQG--—-—-- QTSSLPHLTGCFSRELMTFRCOQWETRSLHNTTELEDLRL

C3 C4 C5 C6
FYQOT-KNALSS--EWKECPDYTHTVENECYFNKTFTHIWTSYCIQLRSVPQNITYDEACFTVENIVHPDP

FYILEKDSKKSERKWSECPSYS-SMRNECYFNSSNTVIWYPYVIQLRSHALGIVYDEMSFNVEDIVEPDP
C*

PIGLNWTLLNVSRSGLHFDILVRWAPPPSA--DVOMGWMSLVYQVQYRVRNTSQWEMLDLESGTQQSIYG

PIGLNWTLLSMGSTGLICDVVVSWDPPPSAAENVKIGWMLLVYETQYKEKGSDQWNSLDNGKDTQAYVYG

C7
LHTDKEYEVRVRCKMSAFDNEGEFSDSIIVHVAQIPSKESTEFPMTLVLIFGVIGVVILLILLIFSQOQOORL

LRSNTEYEVRVRSKMRGYN-EGVESDSIFI---LIPNKETRIPITAMLVFATVGIAITILMLIVVSRQOQOKL

Box1 Y1 Y2 Box2
MVIFLPPIPAPKIKGIDPELLKNGKLDQLNSLLSSQDMYKPDEFYHEDPWVEFIQLDLDDPPEKNEGSDTQ

MVIFLIPPVPGPKIKGIDPVLLOKGQLCEFTSILGTHPGLRPELYSNDPWVEFIEVDIDEPHESQE---EL
Y3
HLLGLSRSGSSRVLNFKSDDDSGRASCYDPETPDPEDLASLLPGHSGQGEQHPLVSRSSSSFPELGVQQT
LIADSPVSESPOMSSSFRDDDSGRASCCDPDLSDHDQTDLHHPSTSSHDGFHPLS-RAHSGPPQ-—-—--—-
Y4
SEVVETPIQAQPAVPSWVNMDFYAQVSDFTPAGGVVLSPGQLN-—-—-—— SSPEKKKEEENEKKKIQFQLLS
—————— PASVCPODTTWSNS-LYSQVSDVTQRGEVVLSPEEQERMKTCHNETQKDKDKNKRKEIQQLVVI
Y5 Y6 Y7 Y8
——-DGAYTSENTARQLSADVPPGPGPEQGYQSFPTQAVEGNLWNGEYLVSASDSQTPYLLPEAPPVPILPP
PDERGYTSELVASAISGHNSK-PNLPKTDQSQ-SQEQHSAFRGIQONLTTETNTSS——--LSTAFPTLEKPT
Y9 Y10
VSDYTVVQEVDAQHSLLLNPPSSQPTVCSHSPNKHLPAMPTMPMGYLTPDLLGNLTP------———————
SPEYTMVDGVDWKNSLFLKP--NTPTTQQKAAMKTLPTA----EGYLTPDLLDNITPN-——-—-—---—-—-———

E2 #MEEIGHRIFIGHR2E E L FTE ML E

65

137
134

205
204

275
270

345
337

415
401

480
464

529

TR LRI Y SRR TR MR AR R R A R OR B X XU R 2k EOANGRE AL A s PR ERMA R R

BINFGZFS 275 J7HEPN N Box1+

Box2 [X;  BHF AL 9 M A X 2 Bt 2 R AL Py X I 2 R

Fig. 2 Comparison of amino acid sequence structure between GHR1 and GHR2 of C. alburnus

The amino acid sequence on the underline indicates the signal peptide; the bold amino acid sequence on the underline indicates the transmembrane

region; the N-glycosylation site is marked on the double underline; the italic acid sequence on the wave line is FGZFS motifs. Boxes are for Box1, Box2

area; the shaded areas are the extracellular cysteine and intracellular tyrosine

AN, Cal- GHR2WP AN S B 2750 . KX
AT DR S AE 120 R 25 | [R]85 5 1)
W BT HEAT 3BT o A B R R /N B0 R UL R 6,
B F 25 — 9 % 1 A9 057 44 Cal-GHR2- 146 1 3] 64
BRI, HATRERAL, H6N & F Y Cal-
GHR2-2H 193, 201, 20571209 bp 4Fh 25 (7 KA,
Eﬁﬁj\ttﬁﬁﬂﬂﬂOA%\ 11.6%. 77.6%F110.3%. {if
557N & 1 " 1Y Cal-GHR2-3F11 Cal-GHR2-4) H.

ﬁﬂla B EZAME, Cal-GHR2-3 46 21 1 8% 25
PEFEPR, HAG SOFh LAY 3508 1 10% 0 2547
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FE A 218(10.9%) . 230(12.2%). 232(16.0%). 236
(14.7%)F1238(11.3%), 7 Jr A 55 o7 F& R 330 3K 11
65.1% Cal-GHR2-4H Kl 1] 175 45 {37 FE A,
HOVFPELH R, 3X4X) 5] ¥ 11%) Hy M 0.233~0.899 (°F-
170.589), H._H0.375~0.898(°F 14 0.724), T 4K $5
(DM 0.705~2.410(F ¥4 1.750), PIC40.344~0.885
(F #10.699), Cal-GHR2-2i 5, PICH 0.344(0.250<
PIC<0.500), JEALE Z8MALL . HR3NM T
B PICIH KT 0.5, B T8 28NS
(33).
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6 1 Xy, & M R AR KR S L R 25 0 S B TR 2 SRS AR KR A A S bR 899
SHMER C. alburnus GHR 1 JAYSESLSRLYLG-WLCENGPVSARGSKLETP--DBSR! ISHGHT JTNIR F v OTKNALSSERKBEED 87
i1 C. carpio GHR la [JAYSHSLGELYLG-MLCGNGLYSAR-SELETP--DPSR YOTKNFLS-EQORSED 85
fifl C. carpio GHR1b gAYSESTGRLYLG- YOTKNALS-Egome=D 86
Bt D. rerio GHR1 SAHSESL YOTK-ALSSDYE®ED Q8
R ik S, meridionalis GHR1 LSHESLS FOMKIINPSEQOI&EE 88
HAR S A. japonica GHR1 BADSEEVI & FATS-SLPSD = b 87

MG C. alburnus GHR1 [THTR
il C. carpio GHR 1a TRI|
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Fig. 3 Amino acid sequences encoded by C. alburnus GHR1 gene are compared to other fish species

"/\ " denotes the cysteine site; " o " denotes the tyrosine locus; the FGZFS motifs are underlined with solid line; the transmembrane domains are under-

lined with dotted line; the same below
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Fig. 4 Amino acid sequences encoded by C. alburnus GHR2 gene are compared to other fish species
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9 WY Culter alburnus GHR1 (AYM554721)
9 L B8 Danio rerio GHRI1 (NP_001077047)
20 Fi 7t Silurus meridionalis GHR1 (AAP97011)
L& AR J7 8 Takifugu rubripes GHR1 (BAK86396)
AW E R Cynoglossus semilaevis GHR1 (AFUS55221)
JEe & B4kt Oreochromis niloticus GHR1 (NP_001266530)
B AP Epinephelus coioides GHR1 (ABM21632)
97 &34 Sparus aurata GHR1 (AAMO00431)

H Af26[ Anguilla japonica GHR1 (BAD20706)
H A #8467 Anguilla japonica GHR2 (BAD20707)

90 i Cyprinus carpio GHR2a (ADC35576)
2“5@ Cyprinus carpio GHR2b (ADC35577)
99 *SHVE Culter alburnus GHR2 (AYMS5473)
99 L BT Danio rerio GHR2 (NP_001104551)
B 77 Silurus meridionalis GHR2 (AAY86768)
— 57 LI 40500 Takifugu rubripes GHR2 (BAK86397)
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Fig. 5 Phylogenetic tree based on the amino acid sequences of GHR1 and GHR2
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Fig. 6 Allele frequencies of 4 microsatellite loci in GHR2 gene of C. alburnus
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Tab.3 Polymorphism information for four microsatellite loci in 120 individuals of C. alburnus
B MM LR ARG EES 2EHGERSE VURIP e WY ARG AR
loci N, N, PIC H, H, I
Cal-GHR2-1 6 3.754 0.694 0.483 0.737 1.477
Cal-GHR2-2 4 1.597 0.344 0.233 0.375 0.705
Cal-GHR2-3 18 9.456 0.885 0.899 0.898 2.406
Cal-GHR2-4 17 8.541 0.874 0.742 0.887 2.410
SFH) average 11.25 5.837 0.699 0.589 0.724 1.750
R4 BEAGHREFRN PN NIDENS A EEERSE KR XEK IR
Tab.4 Association analysis between growth traits and different genotypes of 4 microsatellite loci in GHR2 of C. alburnus
fLA B R B % fK/em A5 /g
loci genotype frequency body length body weight
Cal-GHR2-1 341/341 10.0 17.800+£0.496™ 65.400+5.539
341/345 7.5 16.859+0.793* 58.833+8.619
341/347 83 17.071+0.634® 56.300+7.109
341/349 10.8 15.510+1.426" 54.677+£9.138
343/343 5.8 16.477£1.379® 58.371+£15.889
345/345 30.0 18.035+0.499° 70.528+6.203
345/349 9.2 16.951£1.014® 60.809+9.464
Cal-GHR2-2 201/205 11.7 18.561+0.848" 76.343£9.141°
205/205 65.0 16.698+0.355" 57.276+3.125°
205/209 83 18.132+1.192" 76.230£15.305™
209/209 5.0 18.652+0.959" 81.833+14.554"
Cal-GHR2-3 220/232 5.0 16.600+1.172* 56.533+12.416
230/232 10.8 16.837+0.634" 56.877+7.539
232/236 9.2 14.388+1.398" 43.064+4.822
236/238 83 17.584+0.927° 63.650+9.340
Cal-GHR2-4 391/391 133 17.029+1.278 71.581+8.816°
391/393 5.0 15.573+0.927 44.333+8.076"

W B EART R F R 2 R 35 (P<0.05)

Notes: different superscripts within the same column denote significant differences (P<0.05)
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Molecular characterization of two growth hormone receptor genes, and
association analysis between microsatellite polymorphism and
growth traits in the topmouth culter (Culter alburnus)
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Ministry of Agriculture and Rural Affairs, Zhejiang Institute of Freshwater Fisheries, Huzhou 313001, China;
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Ministry of Agriculture and Rural Affairs, Shanghai Ocean University, Shanghai 201306, China;
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Abstract: To better study the structure and function of the growth hormone receptor (GHR) of the topmouth culter,
Culter alburnus, the DNA sequences of GHR1 and GHR2 were cloned based on mRNA data from the transcrip-
tome of C. alburnus. Bioinformatics analysis was performed and the polymorphic microsatellite loci in the GHRs
were tested in 120 samples which were bred in the same batch and cultured in the same pond. The full length of
GHR1 cDNA is 3 498 bp, with an open reading frame (ORF) of 1 818 bp, and a 605 amino acid residue encoded
protein. The full length of GHR2 cDNA is 1 743 bp, and with an ORF of 1 743 bp, and a 580 amino acid residue
encoded protein, the amino acid sequences of GHR1 and GHR2 both comprised a signal peptide, extracellular
region, transmembrane region, and intracellular region, and are 37.2% similar. There were marked differences in
their structures. GHR1 has seven cysteine residues in its extracellular region of GHR1, but GHR2 has only five.
GHRI1 has three N-glycosylation sites more than GHR2. In the intracellular domain, there are 10 tyrosine residues
in GHR1, but only 5 in GHR2, indicating that the two proteins may have different biological functions. Homolog-
ous amino acid sequence alignment showed that the GHRs are highly conserved with GHRs from other Cyprin-
idae. There were both 9 introns in the GHRs of C. alburnus, the length of intron 1 and 2 in GHR1 is over 10 kb so
that they were not amplified in this experiment. Six microsatellite loci were found in the obtained sequence: the
microsatellite locus (CT)4 in the exon 2 of GHRI1 was located in the signal sequence coding region, and no poly-
morphism of the (AC)s in intron 8 was detected; there were four microsatellite loci in GHR2, including (TG)s in
intron 1, (TATC)s5(AT);5(AC)1(AT)14(TG)s and (TA);5 in intron 7, which belonged to highly polymorphic loci
(PIC > 0.5). The (GAAG); microsatellite loci in intron 6 was moderately polymorphic (P/C = 0.463). The number
of genotypes detected using two microsatellite loci in intron 7 was 50 and 61, respectively, which had good poten-
tial for individual identification. Correlation analysis indicated that the four polymorphic microsatellite loci were
all closely related to the growth traits. The cloning and the characterization of microsatellites of GHR gene may
provide a reference for further study of its biological function and molecular marker assisted breeding in C.

alburnus.
Key words: Culter alburnus; growth hormone receptor; sequence analysis; microsatellite; growth trait
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