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2. IR Rt be A S A W HORE USSR %, VLI R AT 210023

FE: A HrBOH Q< E I 3 (Acanthopagrus schlegelii @ xPagrosomus major $) A2 FAIELE K . KRB L4 B RAR
FRAHEAR (A, schlegeliil) 7 Fistfl 25, ARUFIE T T RS FR(PA) S R (As)) CaM 3L, 2 HAEWE B 2% H
BT EEE PACaM 5 AsCaM W JF 9347 T 4840, IRl 2t & 4397 T PACaM 5 AsCaM 7EAT 1 )z 2 i3 1l
10 R 4H R R R AE . BIFZE 45 SR 1, PACaM %£[H cDNA 42 1180 bp, AsCaM %:[H ¢cDNA 42K 1241 bp, ¥ EFH
—~ 450 bp B FFHL I EEHE, JRfS 149 NEIEER, /> TR 16.84 kD, L 50 4.09; 74 LLXT | 45 LR &bk
B, PACaM #ll AsCaM J&§ CaM % %%, B 4 4> EF-hand 545 & ThE., ERHTR M CaM 75 Wik 141
B A0 4 0 5 B P A S % ; PACaM T AsCaM 7841 S A £0 A 8 JUIL A B M i v 0 36 SR A7 A B 35 22 57 (P<0.05),

TEM . HF I A i) 28 A W B 25 572 (P>0.05); PACaM 7E AT 32 1k i fe i, AsCaM 7 sl fa PE i i R ik i i, 3895
R T CaM FHFEFEA K 5% iy AR . TF52 45 R o0 BREHE R 24 3 -5 19 PR S S5 AR PR 22 R I T RE 2L R 3k 1k

PR it —LEILRL TR

KEIE: B, W< EHNLAS; CaM L A F T mRNA ik

FETHS: Q96 XRkFRREAD: A

538 75 11 (calmodulin, CaM) & £ 141 it PN #x
FEM Ca 45 EAY. caM 5 Ca* 8B ES S
Z AR 2 A0 i R A TR, AR BT R
o iy EE AP, CaM 5 R[] 45 I &
A EAMBEEN, FAERR AR, kI
HLZREETNREN, CaM EDR 1 2 440 i P i o0 A
&Rk, SAnMaER A0 R 4n e o Ag
HAEME, X CaM (R IkZE Rk, 7ER
T (Portunus trituberculatu)ii Bz i3, %3P 5
AT R A IR PR A e AL DL (Chlamys
farreri)®! . A EkEE D (Pincta dafucata)'® & 41
1jf(Crassostrea gigas)!' AT, & PLiZEE A 5%
Lo UL RAPN IR B VIR C o DLk, BIFSE KA W5 1)
CaM i, & IL7F ORF NS 158 fii T-G ) SNPs
0 SRR, X FE A B MR R (P<0.05)! "2, #E Ak
S5 A B A (Epinephelus akaara) Hi i 5 i (1) 1 3 5

WS HEA: 2017-01-08; &7 HHA: 2017-03-03.

XEHS: 1005-8737—-(2017)06—1193-10

4, PEAR A CaM iy 3k i S B T a3
EERGE ST CaM ZEIRP AR K | AR s ARG s
MR DI RE SR

H{j5 (Acanthopagrus schlegeli))& i #} (Spar-
idae) R JE, AFREEIN, & E R aT
FRIH I 4 St U B A R A L FR T
WK . VAR BEAR 588 5 — 2 5t fafp
fH (Pagrosomus major)Z% 38 315 1) ;i 38 T 48 (P.
major dxA. schlegeli @, PA)TEA: (K 3 i K b v
507 B T AR B 10 O g
TG BRI REAALE A K SR AR & B S5 AH SRR Y
BN 25 3Rk SR, AP0 ke T RIS
LI [ A2 TR (PA) RIS 5 52 TR (As) 1) CaM J
K (434l i 4% PACaM F1 AsCaM), 3l 13 %4 6
i PCR Hi AR Kl PACaM 5 AsCaM 75 f1-£a 1] 5 i
AR L mRNA ik 2= R IE0, Mo TFKF

ESTE: [CHAEESERK = =5 TRE I H (D2015-17); iR R b FHRER 7T 5 (MS12015071, MS12015070).
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LRSS R AN SRR Z AR A K R B A AR
7Rk A SCHRARL 21 CaM i R CAT 5T H i
AR DL B XA [R] s £ 2 g 2 22 7S R AR it
Pz B N 5 B9 LR 5T B /0, AR S0KE S A
HKF AL T R AL

1 #MHEEFE

1.1 #HREE

S YA VL5 A8 EK G IR FE B R TR
Hls o G REA I = R 1) 30 H T
oy A FEAR A VR A SR8 T W — it 3% I B AL
e 2 WAERAA, R E 5 B, kK.
A o A DL 3R 1

BT R R S A i . LPR . B BF L B
PEMR G LA B RNAlater RNA Stabil-
ization Reagent (QIAGEN)AY 1.5 mL .08 N, H
KEE/INT 55 T) 8 )/ NERLCREAR /N T 0.2 mm), B
T 4CiHw, RIFH-20CHRAAE,

JH RNeasy Mini Kit (QIAGEN)43 I #2Ht PA 5
As MR M4 HAREAR I B RNA, i
1 43 66 i (Eppendor ) FI I S B e Jie Ha, Tk A4S I
i RNA [ Mg, i PrimerScript'® RT
reagent Kit with gDNA EraserRR047A i | &
(TaKaRa)#E1 7 5 % 5% PCR 3545 cDNA Bk .
1.2 PACaM 5 AsCaM E & ¢DNA £ KF 5[

K BT Hofth 125 CaM 3 PR 1 4 51 7 1)
BT A AL CaM i 31514 CaMF/CaMR (5 2), VA
cDNA 55— AR IEA T3 B ) | B i 3
PCR J W& 2 (50 uL)f45: 25 uL 2xEx-Taq Buffer
(TaKaRa), 1 pL dNTP Mix (10 mmol/L), 15 pL Jt
7K, 1 uLTag DNA RG /(S u/pl), 3 pL HE A &
FHE1%(10 pmol/L)M1 5 uL cDNA, i 50~
100 uL il 3% . PCR W &0 F: 94°C

4 min FAEYE; SRJ5 94°C 0.5 min, 55°C 0.5 min,
72°C 2 min, 30~35 MEH; 72°CHE 10 min, 5°C
FH £ FFE. PCR =914 2%M B R B EE S 47
F i, FHEE e 264615 & (Ayxgen)glifb . 4tk iy
PCR ¥ vile A pMD® 18-T #k {4 (TaKaRa), 1k
ARG 540 DH5o(TaKaRa), 2 PCR %
UEJGHL 3 A4~ FHE e B g A i e o

I TE e AR5 A CaM HE X v (R A B 41
(AsCaM %E[H [ 31 (1) GenBank & 55 FM145609.1),
i IFA % 5'-RACE il 3'-RACE K4 551%
GSP-PACaM5' . GSP-AsCaM5'. GSP-PACaM3'.

GSP-AsCaM3' (5% 2). H| 5’'RACE System for Rapid
Amplification of cDNA Ends, Version 2.0 (Invitr-
ogen) X SMARTer™ RACE cDNA Amplification

Kit 2050 &, %l & i B T8 gE, R
Ry | 58 S | k& #5817 PCR ¥y, Horh,
i 51911135 Abridged Anchor Primer (10 pmol/L),
Anchor Primer (10 pmol/L), AUAP HI UAP
(10 umol/L), 5 GSP-PACaM5'. GSP-AsCaM5'#%
LA 43519 1% PACaM 5 AsCaM K 5'-%fi cDNA ¥
%1, 10xUniversal Primer A Mix(UPM)#1 GSP-
PACaM3', GSP-AsCaM3' ¥ fl >k 43 il 4 44 3k 153
PACaM 5 AsCaM ffJ 3'iifi cDNA J¥%1], PCR =4
R, ERE . BRSO F AN AR, RAIX
FERY 57 K 36T 8

I FH DNAStar Lasergene 7.1 #k{F, 43742
PACaM & AsCaM Z£[H [ 5'-RACE F Bt HE] fr
Bef 3'-RACE K Bt, $#2/4: 1 PACaM 5 AsCaM
L) cDNA 2K 751,
1.3 PACaM 5 AsCaM ER 5 ZEBWF 55

CaM Z& K cDNA [ 5] 2 4E (open  reading
frame, ORF)Z i ORF Finder (http://www.
ncbi.nlm.nih.gov/gorf/), 15 5 BRI 43#7K A SignalP

x1 SRRHAEKANEE

Tab.1 Body length and body weights of sea porgy
X+SD; n =5
FEARZFR sample name 1K & /g body weight {& K /em body length
MR {ff larvae of Acanthopagrus schlegeli 0.039+0.0005 0.7+0.05
PR Qx FLHH 3111 hybrid larvae of A. schlegelii @ xPagrosomus major ¢ 0.042+0.0007 1.0£0.05
B %40 adults of A. schlegelii 361.81+26.8 22.840.5
B QO x ELAH S hybrid adults of A. schlegelii @ xP. major & 489.8+25.3 24.540.5
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Tab.2 Primers used for CaM genes cloning and fluorescence real-time quantitative PCR and the length of PCR amplicons

PR B 514

application primer

ST H(5'—3")

primer sequence (5'—3")

P34 BUK BE /bp

amplicon length

B CaMF

GARGARCAGATYGCWGARTTCAA

intermediate 365
fragments CaMR TCYCTRATCATYTCRTCHACTTC
5'-RACE 5'-RACE a bridged anchor primer GGCCACGCGTCGACTAGTACGGGGGGGGGG
AUAP GGCCACGCGTCGACTAGTAC
UAP CUACUACUACUAGGCCACGCGTCGACTAGTAC
5'-RACE anchor primer CUACUACUACUAGGCCACGCGTCGACTAGTACGGGGGGGGGG
GSP-PACaM5’ GAGCTGCGCCATGTGATGACAAACC 188 (PACaM)
GSP-AsCaM5’ GAAACCACCACTACCACG 269 (AsCaM)
3'-RACE 3’-RACE 10x%universal primer A CTAATACGACTCACTATAGGGCAAGCAGTGGTATCAACGCAGAGT
Mix(UPM) CTAATACGACTCACTATAGGGC
GSP-PACaM3’ GAAACCACCACTACCACG 774 (PACaM)
GSP-AsCaM3’ GAGCTGCGCCATGTGATGACAAACC 836 (AsCaM)
RT-qPCR PACaMF CACCATCACCACCAAAGAGC
PACaMR TCGCTGTCTGTGTCCTTCAT 171 (PACaM)
AsCaMF ATGCCGATGGAAATGGAACG
AsCaMR GCTTCTCCCCAAGGTTTGTC 180 (AsCaM)
ActinF TATCGTCATGGACTCCGGTG
ActinR TGATGTCACGCACGATTTCC 188 (p-actin)

(www.cbs.dtu.dk/services/SignalP)[17_18]o S ]
PHAE 45 H AT W SR O ExPASy 7F 26 ik 55 4 1Y
Compute pI/Mw T H.(http://www.expasy.org/tools/pi_
tool.html), CaM & [ A% I 41 it % 1 R PSORTIL
A4 (http://psort.ims.utokyo.ac.jp/form2.html) . Mo-
tif $8Z&ff FH http://www.ncbi.nlm.nih.gov, = 2%k
4 7500 4 ] SWISS-MODEL JIR %5 #5% (http://www.
expasy.org/swissmod/SWISS-MODEL .html)!"" | PA-
CaM 5 AsCaM 3k [H 4= K cDNA J7 1 (1 [R1 W14 437
Jo CaM B Z AR P S AUV R 5 T 3k, R
JHI7E NCBI 33247 BLAST P20, 482245 L6
2 S AT IR IS . R Mega 6.0 B
H R ALY L X D RE AT 22 5 4] o R O R T AR 4 ik
(neighbor-joining method, NJ)#4 ## & 4t ¥E 1L 4,
bootstrap HE & 1000 1K,
1.4 PACaM 5 AsCaM EE K mRNA RiZER
ST

W E 35 H PACaM 5 AsCaM 4 K
cDNA J731, 7licit 2 P55 14 PACaMF/
PACaMR Fll AsCaMF/AsCaMR (% 2), T 5Zita¢
JtEf PCR, WSHHBIYN ActinF/ActinR(F&

2), il I0-RAD CFX Connect™7&)t5E f PCR
Frill 48, W H R HEAE PA 5 As ARIZIZH
i P R IE DL . PO B PCR W AR R N 20 L,
LA EA ) cDNA AR, [N FR T R 95°C il
A5 3 min; 95°C 10's, 58°C 20's, 72°C 205, 75°C
5 s I RETOLIE T, 40 NMEIR; BInEm it
AR 95°CH| 65CHFE 0.5C(5 s)RE—IRWK
o NS ER 3 ANEE ., TRERE, H
WL T P L — P, SR 2 MO kAT
VI EAE ST 5387 o H Prism 5 Software(GraphPad)
ST TR R S EIES T, Ll Student’s t-test
IR R B 22 M (P<0.05 22 R ).

2 HBRESH

2.1 PACaM 5 AsCaM £ & cDNA £ KF KR
PSS

FIH CaM LR LS P8 TR IE5 19, 3
AR CaM HeA ]y Be (365 bp), #E—Pikit
1%, PCR ¥4 74678 )7, /1% PACaM #il
AsCaM 1 5" J 3% )7 51(F% 2), APHERA K
J£ 43 514 1180 bp F1 1241 bp (1) PACaM FI AsCaM
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%) cDNA J¥%1; 2 BLAST X EiiEY 0 CaM 3
) cDNA 4K JF%1 . PACaM 4> K cDNA 74
HA—1~94 bp 1 5'4E Bl 1% IX (un-translated region,
UTR)FI—> 636 bp B 3'UTR, HA—4> 450 bp
(MFFI Y 96~545 bp 4b)I¥) ORF, Zifih—4~H 149
PRI LK, B K 27 bp f polyA I, A+T
FIC+G A E 43 L 53 518 55.76%F11 44.24% . AsCaM
FH 4K cDNA JFHHA—4 93 bp Y 5'UTR
F1—4~ 698 bp 1Y 3'UTR, A —1~ 29 bp Y polyA
L, [FFEEA—1 450 bp (NFFNH 95 bp &

AsCaM NGTGTTCATAGAGATTGTCAGTACGCCGAGGCTICGTGTT 39
PACaM GTIGITCATAGAGATIGICAGTACGCCGAGGCTITCGTGTT 40
Consensusgtgttcatagagattgtcagtacgccgaggcttogtgtt

AsCaM GGCATTGGTTTGTITACGGATTITTCTCTTGAACCGGTCGCT 78
BACaM GGCATTGGTTTGTTACGGATTITTICTCTTGAACCGGTCGCT g0
Consensuggcattggtttgttacggattttetcttgaaccggtegct

AsCaM [ ACATCTTCATCCARATGGCTGATCAACTTACAGARGAGCA| 119
BACaM (ACATCTTCATCCARATGGCTGATCAACTTACAGAAGAGCA iz20
Consensuacatcttcatccaaatggctgatcaacttacagaagagea

A=sCaM GATTGCCGAATTCAAGGAGGCATTITICGCTICITTIGACARG 1549
PACaM GATTGCCGRAATTCARGGAGGCATTTTICGCICTTTGACAAG 160
Consensugattgccgaattcaaggaggecattttogoctoctttgacaag

AsCaM GATGGAGATGGCACCATCACCACCAAAGAGCTGGGCACAG 199
PACaM GAT

GGAGATGGCACCATCACCACCARAGAGCTGGGCACAG 200

TCATGCGCTCICTGGGCCAGRACCCCACAGAGG 239
TCATGCGCTCTCTGGGCCAGAACCCCACAGAGE 240
Consensutcatgcgctctctgggocagaacocccacagaggoggaget

AsCaM GCAGGACATGATCARTGARGTGGATG(EGATGGARATGGA, 279
PACaM GCAGGACATGATCAATGAAGTGGATGOMGATGGARATGGA 280

Consensugcaggacatgatcaatgaagtggatgec gatggaaatgga

AsCaM IACGATAGACTTCCCAGAGTTCCTGACCATGATGGCCAGE
PACaM [ ACGATAGACTTCCCAGAGTTCCTGACCATGATGGCCAGGA 320
Consensuacgatagacttcccagagttcctgaccatgatggocagga

=l
w
=
w

A=CaM [ AGATGAAGGACACAGACAGMGAGGAGGAGATCAGAGRAAGC 359
PLCaM [ AGATGAAGGACACAGACAGSGAGGAGGAGATCAGAGARGC 360
Consensuagatgaaggacacagacag gaggaggagatcagagaage

C.
C.

A=sCaM [ ATTCCGTGTCTTTGACARGGATGGCAATGGATACATCAGT 399
BACaM I ATTCCGTGTICTTIGACAAGGATGGCARATGGATACATCAGT| 400
Consensuattccgtgtctttgacaaggatggcaatggatacatcage

A=CaM GCTGCTGAGCTGCGCCATGTIGATGACARACCTTGGGGAGA 439
PACaM GCTGCTGAGCTGCGCCATGTGATGACARACCTTGGGGAGA 440
Consensugctgctgagotgogocatgtgatgacaaaccttggggaga

AsCaM IAGCTGACTGATGAGGAGGTGGACGRARTGATCAGAGRRAGC 479
PACaM [AGCTGACTGATGAGGAGGT CGRAATGATCAGAGAAGC] 480
Consensuagctgactgatgaggaggtggacgaaatgatcagagaage

AsCaM IAGACATTGATGGAGATGGACAGGTCAACTATGAAGAGITC| 518
PACaM [ AGACATTGATGGAGRTGGACAGGTCAACTATGAAGAGTTC 520
Consensuagacattgatggagatggacaggtcaactatgaagagttc

AsCaM GTACRRATGATGACGGCGAAGTGAAGGCCTTGTACAGATT 559
PACaM GTACRAATGATGACGGCGRAGTGAARGGCCTTGTACAGATT 560
Consensugtacaaatgatgacggcgaagtgaaggccttgtacagatt

AsCaM TCGTATATRAAATAATTTGCCTITITITTCTTITGTGTAATTT) 599
PACaM TCGTATATAAATAATTITGCCTIITITTICTITGTIGTAATIT) 600
Consensutcgtatataaataatttgcctttttttotttgtgtaattt

AsCaM [ ATCTGTARRATCTTAATAGCCCCCCTTCGTCCCTGCCCCT) 639
PACaM [ ATCTGTARRATCTTAATAGCCCCCCTTCGTCCCTGCCCCT) 640
Consensuatctgtaaaatcttaatagccccoccttogtocctgceect

544 bp 4b)) ORF, Zwfd—~H 149 MEIEEMR I £
B, A+T A1 C+G M H 43 L4l i 56.73% il
43.27%.PACaM 5 AsCaM Ft T il e 12 4E 41 A 2
AEEZE S, Yo O/T $#(E 1); E 4% &
SR PP 9 58 2 — e (181 2), BHIRRERIR 2 A% 190
ATG, &% T#h TGA; #EA MBS F
51 AATAAA.

CaM 3 [H J3 31 A e 5 1 & K R 7 571 [ Y 4
EILXF £ W, PACaM 5 AsCaM % IR 51 5 41
B £71 (Epinephelu scoioides, KC540636.1), Segaste

AsCaM TCTGCTGTCCRAAGGRACMGCATGTARACTGCATAGGCTC 679
PACaM TCTGCTGTCCAAAGGAAC®GCATGTARACTGCATAGGCTC 630

Consensutctgctgtccaaaggaac gcatgtaaactgcataggete

AsCaM TTGTCCCCATGTICCCTTTCTTITGCTGICATGGTIGITTTIG 718
PACaM TTGICCCCATGTCCCTTTCTTTTGCTGICATGGTGTITTTG 720
Consensuttgtccoccatgtccctttctittgctgtcatgggtttty

A=CaM GTGACGGAATGGTCATACAACCAGATGCCTGTGGAGGCE 759
BACaM GTGACGGAATGGTCATACRACCAGATGCCTGTGGAGGL] 760
Consensugagtgacggaatggtcatacaaccagatgectgtggagae

AsCaM CCTTGGGAGCCGAAGARACTTCGAGTCTTICCCGTCTITGIGT 799
PACaM CCTTGGGAGCCGAAGRACTTCGAGTCTICCCGTICTITGIGT 800
Consensuccttgggagocgaagaacttcgagtcttcccgtottgtgt

L=CaM GCTCGGGGCCCCTCTIGCGCATGGCGACATTGGRARACCTGT 839
PLCaM GCTCGGGGCCCCTCTGCGCATGGCGACATTGGARACCTGT 840
Consensugctcggggcccctotgogcatggcgacattggaaacog

LsCaM CAGCTGGTTIGTICACTTGGCARCACTGTTGGCATGGARRCA 879
PACaM CAGCTGGTTGTCACTTGGCARCACTGTTGGCATGGARACA] 8
Consensucagctggttgtcacttggcaacactgttggcatggaaaca

LsCaM ATGTAGAGGAGTTTRAACTCTGCATGGACTACGGACARAG 919
PACaM ATGTAGAGGAGTTTARACTCTGCATGGACTACGGACARAG 920
Consensuatgtagaggagtttaaactoctgcatggactacggacaaag

LsCaM TATATATGGRRATCTCTCAGCATTGCACTACTGCARRARR 959
PACaM TATATATGGARATCTCTCAGCATTGCACTACTGCAARAAA 960
Consensutatatatggaaatctctcagcattgcactactgcaaaaaa

AsCaM ATGACACGGGIGTATCTCCTAGGTACTCGTACARACTCTT, 9939
PACaM ATGACACGGGTGTATCTCCTAGGTACTCGTACARACTICTT 1000
Consensuatgacacgggtgtatctcctaggtactcgtacaaactctt

BACaM 8 TGCTGTTCTATATACCAGARAARCGACTAATCT 1040
Consensutttgtat tgctgttctatataccagaaaacgactaatct

hsCaM TTTGTATMTGCTGTTCTATATACCAGAAAACGACTARTCT 10339
TTTGTA’

LsCaM TACCATGCTTTTTAATGTITTTACTCACTACTITICTTICT 1079
PACaM TACCATGCTTTTTAATGTITTTACTCACTACTTITICTTICT 1080
Consensutaccatgctttttaatgttttactcactacttttctttot

AsCaM TTTTTCTTICTTTpws TC P TTTTTTTT 1119
PACaM TTTTTCTTTCTT T CT, (SN TTTTTTTT 1115

Consensutttttctttocttt ctttt ttt t tttteeet

LsCaM TTTTTTARARTGACCTCTGGTCATGCCTCARATAATCIorNY 11558
PACaM TTTTTTARAAATGACCTCTGGTCATGCCTCARATAAT CHuNN 1153

Consensuttttttaaaatgacctoctggtcatgoctcaaataate

AsCaM TCCAAGTTGTATATTTTTIGITTTCCAATARARATGTACAAT 1199

= e e e e e O E A e e e D C E e D S e 1153
Consensus

LsCaM CTACCCGGATT COLR - Y Y Yy Y YL Y- 1239
PACAM .veonssomsans |IBRARRARARARARRAARARRARRAARAAL 1180
Consensus aaaaaaaaaaaaaaaaaaaaaaaaaaa

AsCaM - 1241
=7 1180
Consensus

K1 AsCaM &5 PACaM #% & ¥ 41 it
—BUWERF SR RN, 25 5 51 AN FF 51 4350 HTE G R B R0R
Fig. 1 Alignment of PACaM and AsCaM gene sequences
Consistency sequence were presented by shadow, different sites and sequences were presented by single point and blue colour.



5 6 1] Wi 25 JRAH Q< LI O S 22 U S BRI Y CaM R[N 7 [ 5 mRNA R IK 34T 1197
P Lot ) IO M A DL TEEQTAEFKEAF SLFDRDGDGT ITTRELGTVMRSL, 40 *3 HTEH AsCaM EF RS HNEX ST HM

PRCaM MADQLTEEQIAEFREAFSLFDRKDGDGTITTRELGTVMRSL 40
Consensumadqglteegiaefkeafslfdkdgdgtittkelgtvnrsl

AsCaM GQNETEAELQDMINEVDADGNGTIDFFEFLTMMARKMKDT
PACaM GQNPTEAELQDMINEVDADGNGTIDFFEFLTMMAREMEDT
Consensuggnpteaelgdninevdadgngtidfpefltomarknkdt

AsCaM DSEEEIREAFRVFDEKDGNGYISAAELRHVMTNLGERLTDE 120
BRCaM DSEEEIREAFRVFDRDGNGYISARELRHVMINLGEKLTDE 120
Consensudseeeireafrvfdkdgngyisaaelrhvntnlgekltde

e\ Il D EM TREADIDGDGQVNYEEFVQMMTA 148
XN QI+ DEMTREADIDGDGQVNYEEFVQUMTA) 148
Consensuevdenireadidgdggvnyeefvgnmta
K2 AsCaM 5 PACaM 7K [ & 2L ¥ 51 Xt
= - =1 = 2
BH 5 275 A ) 2 K TR
Fig.2 Alignment of PACaM and PPCaM amino acids sequences
Consistency sequence were presented by shadow.

spartitus(XM_008276530.1) 5 Notothenia coriiceps
(XM_010788155.1)% a5y CaM & [H [A] 5 AH L
PEARH 95%, 5EH M MR )y 51 5 K 8 fa (Lari-
michthys crocea, KKF28235.1), Esox lucius(NP_
001290903.1) & Oncorhynchus mykiss(CDQ87622.1)
LRI HIRIEE N 99%, 3 T 4R XT AsCaM &5
HiAth 23 Fh a2 28 > mRNA J731 (3% 3)1Y CaM JF
FNHAT RGBS B, TR NI # M (B 3).
2.2 PACaM 5 AsCaM EHREABEMSIhEE
S&Elam

PACaM 5 AsCaM W I @ 5L )7 51 56 42—
o X R AsCaM & [ HAL R R T 0B, A
CaM 7338 CrioH1120N1890256S10, 25 H 153 F
2 16.84 kD, HILHL N pl 2 4.09; AfRE
TEECH 28.21 (VINT 40), BRERE M, IRIITEECH
65.5; REAHESKITH, NAEFWEM,
AsCaM 45 [ 1Y V. 48 it 7 A5 T 200 Jfd Joe v 14 7] i
KR (52.2%), MARLRARE I, TERX, T
FENAF T,

itk srtr & W AsCaM HHEA 4 41> EF-
hand Z54493%, J&F EF-hand %, A 16 1~ Ga®'
i A (K 4a). AR ERIHRAS AsCaM B =
A5 (] 4b~c), B/~ AsCaM 2 HALFE 7 4> o 12
BEF 44~ B IS
2.3 PACaM 5 AsCaM EE mRNA £ R FiL 5T

CaM TEfffa i . &8, . 5. PR
FLA SFH L A Fik, HhRiA A B &
(0 A S S R il 5 PERR (B 5). PACaM IR

@B H{EFHEH mRNA FHIERS
Tab.3 Accession number of other fishes CaM mRNA
sequences for phylogenetic analysis with AsCaM gene
of Acanthopagrus schlegeli

Wrh

species

R

accession number

52 FLME 4 48 B Stegastes partitus
¥ 4 ¥ Paralichthys olivaceus
W) i Lates cal carifer

16 B fith Sebasti scus marmoratus
g % &% Nototheniacoriiceps

H5 41 BE 2 Epinephelus coioides
K # f4 Larimichthys crocea

5 41 BE £ Epinephelus bruneus

Je % % 4l 1. Oreochromis niloticus

{f1 FC AN £ Haplochromis burtoni
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Fig. 3 Phylogenetic neighbor-joining tree of ASCaM and other fishes representative CaM mRNA sequencs of Acanthopagrus schlegeli

The phylogenetic tree was constructed using the neighbour-joining method and analysed using the Poisson correction models with
1000 bootstrap replicates in MEGA 6.0. The scale bar corresponds to 0.01 estimated amino acid substitutions per site.
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8r - *kk
7h T OB AsCaM A. schiegeli CaM M

i g O %38 PACaM PA hybrid CaM

_@ K 61 ns

g sl L

eI

<

£ 24|

p=] ns kK

i =3t

e *okok

% § 2t H ns

O 0O 1 m
0 ) ) ) ) ) ) )

o B A L HoOMR

larva liver muscle brain gill  kidney gonad
ZHZ tissue

K5 PACaM #il AsCaM 5 ik ik /K 5 22 57 LA
BUH P BB ARE R RIR  ns R TC R FH % 5+,
*P<0.05, **P <0.01, ***P<0.001.

Fig. 5 Relative expression results of PACaM and AsCaM
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differences, *P<0.05, **P<0.01, ***P<(.001.
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Molecular cloning, mRNA expression, and characterization of calm-
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Abstract: The hybrid offspring from black porgy (Acanthopagrus schlegeli 9) and red porgy (Pagrosomus major
&) have been successfully farmed in an attempt to develop new marine aquaculture species with optimal target
traits. To analyze the molecular mechanism of different growth traits between A. schlegeli parent fish (As) and
hybrids (PA), the full-length cDNA sequences of CaM genes (named PACaM and AsCaM) from each were cloned
and identified. The expression profiles of CaM genes in six different tissues of two-year-old and 30 d larvae of F1
generation hybrids and pure A. schlegeli individuals were evaluated and compared using real-time quantitative
PCR. The PACaM gene is 1180 base pair (bp) in length and the AsCaM gene is 1241 bp, both including an open
reading frame (ORF) of 450 bp and encoding a peptide of 149 amino acids with an estimated molecular mass of
16.84 kD and a predicted isoelectric point (pI) of 4.09. Sequence alignment, structure comparison, and bioinfor-
matics analyses showed that PACaM and AsCaM are members of the CaM family. Functional domain analysis in-
dicated that the protein has four EF-h and calcium-binding domains, with sixteen Ca** binding sites. PACaM and
AsCaM are non-secretory and non-transmembrane proteins, and likely have their functional location in the cyto-
plasm. Quantification of expressed CaM mRNA showed comparatively high levels in the brain and gonadal tissues
of two-year-old fish and in larval fish. PACaM mRNA expression was significantly different from AsCaM in gill,
muscle, and gonadal tissue, as well as in larvae, but not significantly different in the brain, liver, or kidney tissues
(P>0.05). The stage-specific enrichment of PACaM transcripts in the hybrid larvae, and the highest enrichment of
AsCaM in the gonad, may signify an essential role for CaM in growth and development. This study provides a
basis for further research into gene function and differing genetic traits between the parent and hybrid offspring of
genus crosses of Sparidae.

Key words: Acanthopagrus schlegeli; Acanthopagrus schlegelixPagrosomus major hybridization; calmodulin;
gene clone; mRNA expression



