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R, ReT, BAT,

E OB, BN,

Rk A

(L. _LIRRIE AR oR A K™ P B I A A S RT3 MR B i =, B 2013065 2. ¥R R a7 K™ shig (5 7k L
A L, B 2013065 3. RHFTOUKPHEEET, B 200433)

A OE: MRS R (ERR) 12 72 s W5t B i 7 b n] REAE 4 B 20 IR 15V 1, (ELR: 1 A 1 P AE =
PER T AR AN [R5 B B Be 9 3R IR ARSCR A ZOLE it PCR (gRT-PCR) HORBETE T = Hitk 18
WEW R AN 52 (R (PLERR) SENAEAN R L SURUAN [R]85 B2 B BE R IR 1 DL . 25 2R K W], PIERR-mRNA 1 C ] =)t
BT Y B AN KK e, FLUCIRAR RN 55 Sk K- AR 5, £ 3 A LA U = A 3%
AR FEATFIER B Be, 13 FiZHZU i) PEERR-mRNA KA /K22 53 3% . Y 485 PEERR-mRNA
MAB H1F E 15 B35 B THES M 2R B ) PEERR-mRNA A1 58 BIHE T RS, K9
#x 19 PLERR-mRNA AL RN S T [ Ja Tt REEILA BRI ALIA A = 1 B 1 PLERR-mRNA 323K /K134
R E TR S TEERILA  PERR-mRNA g Je T RS ETHES gt Al B, S B A e
PtERR-mRNA 15850 52 R P 349 0 S T Ja FEAR R 4, Herb D 15k i B B 18 PERR-mRINA FHX 3
EAE D Witk , C A E IR A AB 12 E 0], O IE P PEERR-mRNA SRk KP— B 5 5 n, £E309 5 n
UAGZed o G b PEERR F2AE Y 0 B0 HRAW AN B o 35k, AT RES: 15 P22 00 e 2o 2 200 M 494 70 R o A0

%

REIR: PR T BRI MR AIOC A RIBaT

FEHZES: So17 MXakbRERED: A

WE 18 A0 5C 32 X (estrogen related receptor,
ERR) J& T 1% 52 OB 5 5, 25 ME TR 2 1A
((estrogen receptor, ER) %5 YA AN LAZ 2 14,
Z: SRS Re e AQU | At MG 55 o3 f0 A R
HELF AR, TR AR N B AR
LY & R EZ M ERR, H A HLHWG
TEGRAT ' o REFR RS SRS
Bl AT ERR EEM R - A
SRR 1 R 42 B A TN PR D R i AT AR R
B ERRESWYERK A BB B EZENAEY
“2IIRE, B X H 72 sh ¥ ERR W05, B Rl
NCBI o {0 W = 9k #® F %
trituberculatus ) )75 ¥ ( Seylla paramamosain) |
K E # K %F ( Calanus finmarchicus ) . 7K &
( Daphnia pulex ) 1 | B % 7K 2% ( Tigriopus

(' Portunus

Wi EER: 2015-08-22 f&E HEA: 2015-11-03

Jjaponicus)5 NFf ERR 1) ¢cDNA FE 4, ¥ 4 Il A
TR NIZ I RIS H G ERKEF K
FRHBFFEARIE

7 sl o Wt Rz S B K Wi R S — A
JEFERERY A B AR, U0 R B A0 M 1G5 L A T o4k
MEg RS T ERR RS 5 TR R
A K & B R RS AR A R TR,
ERR 7 W 52 2y Yy i3 fe i A vh o HAT 4E 3 H 20
EM. =R T EEREELETTRET —,
2013 4FE4: [E FR A8 7 Bk 11 T A A =
PR T S5t B P A il J AL T 25 B 1E ( molting
death syndrome, MDS) J&1% 3% 78 7= b 1 Iifa it) B 2
] — I s R AR 3 A 20 AT
PR TR B AL, AT LA H MDS f il S A1
HB S ML ERARYE . &4 Ik, AR =R+

EEWE : FKHAR IS (41276158) 5 BT A SRBL #4645 (12ZR1413000 ) ; b A Z& 75 45 A A K IHRITEF (P4 35 7
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TR WERZ 08 73T LA T L b T S o AR B R A
SR DA AR i 1 | e B AR AN [] 56 B B B A S B TR
AP AT 7 i AR S AR B ARG =k
BT B M R M R % IR Sk [N (PERR,
KMI189915) cDNA £ 55 4 5¢ TAF (19 2Lt I, i
W HEE i PCR FERWISE T PEERR FE N AE A ]
AN R E B B R 1 00, W1 28 T il i 4k
DRUAR) 2 35 VR A 9 42 7 a5 B T 5 8 e o 7 ) 5%
R, it — L 5E PIERR BN 25 =itk 784
KA TE R P A SR AL IR AR TR o

U RPRS ik

1.1 XBERRESHFEEE

SEH I =P T g B IR BT K
FEIT A ARSI, W) i A4 BT 14 50 ~ 90 g, 158
iR T ~9 em, KEOPRGE B4 TG B Ab
TWESE A A AR 60 L, 1 140z i ) - i IV
RFEW Y EFR LN R E, TENEHR KR
Geh R I — 8, B IR KA Rl 832 LK x
i x B =130 cm x 60 ecm x40 cm, KB 25 cm)
PR E TCRE PVC 48 (BAZ 15 em, K 15 em)
VE R KR , Al 10 gl 2 e )45 H T
1 19:00 He FEBE IR LA 1 3% ~ 5% AR 1
BCA T CHT LR AR R FR A \) A 7 kAR 2.5
mm, 8 & & 38% , JRNi & & 11%) , K H L4
10 SUUEFIER A ZEME, o0 AR 7 — RS,k
e 40 HUB A4 TEARECLE AL Tl R AR
AT, BT =R T8 Y A RS 33
JILI AR, 81 b T =X 592 56 0 (1) g H 40 8 3% B
TFR TR 7 BB IRAE (K x % x & =33 cm x
27.5 em x35 c¢cm, /KIR 25 cm) HF, SZEGHATE] B 4R

JERR, AKAARER Ry 24 /KR 24 ~26 C,pH 7.0 ~
9.0,/ >5 mg/L; A& <0.5 mg/L, W AR
£h <0.15 mg/L, FMEFH 48 252 55 10 1] 3
A3, B H R A U BT A B W52 B B, OFC
Ko

1.2 #HFmXE&

WIS I AT, SR TR I i
JESBIRT 43 At K 391 (B 359 (I8 5 S5 91 (AB 38) (s
FEIA (C ) FRgi Bz jir i (D 399) , & H A A g
Sr g FUBE BT A 1) M58 B W B o A ) AR A I R B
) =PetR 7 8, SR LWL B O
W ELY g8 E R EAS ARAR MRk 2 = A R
M, BABHIRE S ~8 HAMK, ir A 44
FERTEVRAFE P AR5 IR A T - 80 C Ik
AT S RNA 425, D #1435 DO D1 ,D2 D3
DA S AT T D AT
SEIN TV, PRI AS S vh DR 40K B 8
AR D2 I,

1.3 RNA EEFELR T ESE PCR

BRI =P B & R A1 21, >R HLEL RNA
PRI £ (TaKaRa, Cat. D9108A ) #E47 £ RNA
PEHC, 23 R 1% By i W e I L vk 28 o0
JGRETHEAT I RNA (1 58 #E P F i B2, 45 H 100
ng B RNA Shy S 3% s AR, ok S 3 sk il R &
(TaKaRa, Cat. D2639A) #£1755 —4% cDNA & i,
W5 = Pe i ¥ 8 ERR cDNA 2K ¥4, {fi
Primer Premier 5. 0 %4 1% i1 PtERR J: A qRT-
PCR #5559 ERR-F4/R4, Hi¥E YANG 2
FIFRIE A RN S EE R 18S (5190, 519 751 DL 3
L, 5124t B E TAY TRARA A
H o

F1 THEEPCRMSIMFT]
Tab.1 Primers and their sequences used in this experiment
5192 FR primer name BAr#)¥51(5' - 3') sequence Helli source
ERR-F4 CCGAGAGTTTAAGGGAAGACGA ALy HATIRETT
ERR-R4 TGATTTCACAGTCATTGGCAGC ARG HATIRETT
18S-F TCCAGTTCGCAGCTTCTTCTT BHHR[20]
18S-R AACATCTAAGGGCATCACAGACC S 3CHK[20]

it % TaKaRa #¢% 5 8 PCR (qRT-PCR) X5
% (TaKaRa, Cat. DRR420A) {558 5 , KA cDNA
MEEERR RS Ja AT AR e I 2™ 1S o M ICAR Ny S 1k
P31 HAR BN S Y ISR R 95% ~
105% FrAEfIZE RZ KT 0.99 0}, #iE qRT-PCR
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R R 5 %A, qRT-PCR (1) b 1A £ L3 2,
2540 :95 CHiARPE 30 5,95 CARPE 5 5,61
CiB -k 30 s , k4T 40 MG, qRT-PCR J Jif
KRG 5 G , W ZURE A R AT A S 3R R Y
FRIKF5HT
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®2 BHREEMASEREE PCR REARMRFIFME
Tab.2 The volume of each reagent added to the PCR mixture used for qRT-PCR of PtERR and 18S pL

1) reagent H#pH:H target gene 188
SYBR iR Ex Taq fifi SYBR Premix Ex Tag™ (2 x) 10 10
PCR Lii#54% PCR Forward Primer(10 pmol/L) 0.4 0.4
PCR Tii#514 PCR Reverse Primer(10 wmol/L) 0.4 0.4
cDNA 54t c¢DNA template 2 2
ROX #2 1F§e#} Dye I ROX Reference Dye Il (50 x ) 0.4 0.4
XK ddH,0 6.8 6.8
BEUAFL  total volume 20 20

1.4 HIELIE

K 18S TRNA /R NS I, 18 ACH, 38
1A AACE = ACtyy, — ACty, 7158 AACE,2 7%
Pt 5 PIERR-mRNA [ AH X 3 35 Ko R A
SPSS 17.0 3 fF %} qRT-PCR %48 #4758 51 4,
FIAT B 241 DL 34 (1 = R 2% (X = SD) FR,
K H] Levene” s 32260 fir B B 647 07 22 55 e 5
VRN 2 551 T 22 56 B A L O #E AT I IE 5%
BOE T HRALEE SR ANOVA X 523645 B 647 7
253, 25 7 AT (P <0.05) 2k ] Tukey’ s 2
AT ZHE LR
2 4

2.1 PERR SR EHARE AR FHRIEER
9IGE B PCR 451 R, PLERR 1E = TR 1

5.00

mRNA ARXTRIEE
mRNA relative expression level

thoracic

ganglia muscle

0
YERE KTise  Meh W =AM KB WE  EE B
Y-organ mandlbular %%+ eyestalk triangularjjj j)

BEWLRZ C M Y 285 R SAE MR 2 HRAW
AR RN B IR E VLA LS
B e B0 IR Y ik, B 4
H1 PLERR-mRNA ik /KF-25 5+ 8 3% (P <0.05, &
1) Y g8 BRI b ) 2k B i m , AR IR YO R
> E > O ME > Ry > piE > BHEAILA >
BEFENLA > = AR > R5iEs > R > KB
PR, L RS L KB LR A IR i) PeERR-
mRNA Zk K P Iefik, H=F M L8 %25, #%
& I, PtERR-mRNA 7E 4 F N 43 Wb g8 B (Y $8F .
A M b 2 AR AR ) A AL E (8 R
BRFAIE ) Rk KT 22 5 W2 76 3 Pl 4l
SR = A I P R KA X A, BR R EE LA
FRARAN, KA =F M LR 2R,

R M # DR
JILAl stomach hepato intestine gill heart

]
cheliceral a}[%endage abdominal —pancreas
muscle

muscle

1 ZFRTFEGKEHEHLA TR PERR-mRNA §REK T LB
Fig.1 Analysis of expression levels of PPERR-mRNA in various tissues at the intermolt period of P. trituberculatus
TR & A AR F AR A AU 1) PrERR-mRNA ik 2257 .3 (P <0.05) .

Different letters at the top of the columns indicate the expression levels of PLERR-mRNA in different tissues were significantly different( P <

0.05).
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2.2 ERR EARHERE M ERBIRIEE

K2 Jy PLERR-mRNA f = HEHR 5 5 A [R]85
BB BEA) a8 K- AR AR DL, 75 HE A 15 52 JA Y
13 FRZ 4 PLERR-mRNA 335 K- 22810 . 3%
(P <0.05) fHA[FHH AL LA T AT o
BN I E T Y 238 B PIERR-mRNA ik
KM AB I E 5 B3 ETHE S Rl D
W= E W) ETHIE B A K, PIERR-mRNA f{AH XS
BT T3 2 £%5 (P <0.05) {5 C i1 D i
ZESFEARZE (P >0.05) 5 5t 72 Jl 0] oo i o 224 0
MRA ) PrERR-mRNA AR EEAA ], 32 0
Jo TV T B RS P 9 PEERR-mRNA 3%
BB H S Bl LT, o E iR

18.00
16. 00
14. 00
12.00
10. 00

8.00

6.00

mRNA AN RIA R
mRNA relative expression level

4.00

2.00

thoracic
ganglia

muscle

i, C A AU B S, 8 IR
HEEH PLERR-mRNA ) 38 1548 2UAE 48 A 5t K ]
AR R, D e Tt i AR A %, 3948 D
Wik (E ;i o PIERR-mRNA HXF 5 8 7E
D Wi, AB Ik, C AT E 14k, Horh D

IR RIT 25k KR C IRy 6.6 £%; A AB HiE
E ], 0o Ed PIERR-mRNA 25 35 7K F-— 1 i % 3

I AN 1 AR (B 2) o UL AR =
PRI, 65 S5 30 v RS LA L BRI AIL PR AN =
FAE A B PtERR-mRNA 335 K -8 A A AU A
— 2, 2 WA TR S EERULA H PrERR-mRNA
£ AB IR fie i, C LR E FEAG, C IR E
WS E S

sAB oC aD sf

0 L L | B N\ L L L |
YEE KIS H@W MR =M KE MBS S B FRR a8 O

Y-organ mandlbular £:45 eyestalk triangularfjipy LA

cheliceral appendage abdominal —Pancreas

muscle

/) stomach hepato intestine gill heart

muscle

B2 ZRRTFERERBEMNEREHRA D PEERR-mRNA RikKFEEY
Fig.2 Analysis of expression difference of PEERR-mRNA in thirteen tissues of
P. trituberculatus at different molting stages
AB. BiSE/EH; C. WiFEmI; D. WESTHTEI; E. BiEl); MRS A AR TR R — A GRS B B PIERR-mRNA FikoK

P2 WE (P <0.05)

AB. postmolt; C. intermolt; D. premolt; E. molt; Different letters at the top of the columns indicate the expression level of PIERR-mRNA
was significantly different at different molting stages in the same tissue( P <0.05).

3.1 PtERR-mRNA ZEARRHEAPHFFIERIE
T

RHFFELR KW PIERR-mRNA 7E Y #7'H K
Fas JRRZENT R = AR5 OB ILIA) | B IR
SINE Y IS = RN 753 N 7B E R Y 4 A
By ik, H AR R 4 80 3R ik K F 22 88
KR =R 8 ERR JLP W] BE S0l 3L 8l i
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ERR —#f , fEAN R H L |z 3Rk (B AE A [F] 4
U AR IIRE A RE R —E N ES . Y&RET
PtERR-mRNA £iA/KF-i5, Al fig /& T =R+
S R B 3o R PP R PR R S T

Y BRI R Y g HE S S0
FEHERR Al RS S GES 5 R R MR F S
G T B AW PLERR FEWE R W R A5 5
R EE RN SR T O
Ik M IE T PtERR-mRNA 5 1 4 T 5 45K
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-, TR A Dy ix 26 28 B R T 1 AR A
FH AR, Ae AR HE B XL 3h i Y
WFFER] L ERR 0 H 2 5715 S Wy i 2L sh 1
R ARt R 7 AR NG I 440 B O
I EFEHA PP HAEIE, 41 ERRa 5872 /N 1Y)
PR AR AR I OB B3 P =R
TR HRAP A pf 2275 vh A7 b AR K 1) PLERR-
mRNA L8 XA RE 55 e FAT S5 —E
B ZR o JCRT R BE L Hil 1Y ( Polyrhachis vicina )
IIRTE R, PLERR-mRNA 7 i i 28 R0 58 4 48
F YL R IRk P, A L 5 R A IR B
B RLAE 2 ST AL I RE AT R A e R
PtERR-mRNA TE = JEH2 18 1 RS as LA 2H 21
AR b 23k K- B, 7T RE 5 3 SL 4 ZUTE
Be VSR MO G 45 % PUERR AR LB BT
PEmBINE
3.2 PtERR-mRNA 7ZE#ji B id 22 P RIZ LR
El R ErTse A I Th e

A5 R PEERR TE BTN B =9t 1
B 13 FheH SUrp B 2k, HBE A 10 K B B ik 7%
AR 535 A8 4k, 4 PLERR SEPRTE =it e
Wil 78 3 e vh ol A A PR AR o AN R
BBz, [Fl—2HA P ) PLEERR-mRNA 33k KP4 i
A, H R A fE S PERR 5 [R]#Y A= BELI RE
Ko

=R TR R R R Y g8 E W
FRIISE B2 R EA T IE VRS, () IR 52 380 MR A 5 8 ) 5
Sz A ¥ 2% ( molting-inhibiting hormone, MIH ) fft
PR SR TR M E Y 2
FRIE B R VR BE N AB 2 D B E S, HLAE
D3 Wik il A ST Y 285 PUERR-
mRNA FR/KPTE E Bk s e, X L] PLERR-
mRNA IR WA 5 T 0 R PR W B, I /s i i
PR T LAVS 92 0 R I TR A 458 , 2k TR T g 2
W5 R B R A Sl R — AN R
1irf PLERR-mRNA 7. C I3R3K7KF-d5 ey, 3% FE
R it AR MIH JEIH () Fe kA — 50, X
78 PR T BE IR PLERR-mRNA Y5235 5
Wi Bzt AR A G . RS S IR TR
—ANEHEEN WA E, H B IRE R o W B ek
Je g ( Methyl Farnesoate, MF) & 5ilif iz & %k
PEAE R R R R AR B b = e T
B AS P Y PLERR-mRNA 72 AB #iA1 E B AH

XA, 7E C O HAIG, 3X 10 B K S48 Hh 1) PLERR
FEWE R 3o R R S5 A A R A

TEMEFLE YA B dud  ERR KR 62 g &
AR E b U e P L7/ EiI N S P 8787
AT, ERRoc FE R 63K 1 8 B (5 HLAARAE Hi i &
7 S A R, O 3k B R A A R S
AT RN, N AB i E E ], .0 lEH PtERR-
mRNA /K —H B % ETF, Bise i (B 1) kK
St iR, X AT RE SR PR A =R T At o R
BB I ANSE g a8 75 SR AR RE ", BRI Bk
BN, FECLRES AN PLERR-mRNA ik K
VT . B R AEE S Y PLERR-mRNA ik
B AT Ja R, D Wi, XAl fig 5
TS e 4 B GE A 5%, X EL 3 B g
FW ERR LRI HA 2 55 45 41 1 14 5 431
AhRE" >, WSS R ERER T B RS
BV AE R AL, 3 32 AT 0 R R AR T
Y AR C-E W88 PIERR-mRNA 335K
TR AN R T RE S 5 AR =R T
W R A SRR 55 . 78 = M AL 4140,
PtERR-mRNA KR 2 b (H2
AR AT Y 4 E TR E RO ISR
3 XK PEERR TELAAH 2V AE K F i
B IR VE A B2 L 4L 2URT RN & i 5k
PR 6 7 R4 ) R R

Zi I ,PlERR T =i T 2RI 80P 12
ik, ANIRIE B2 B B, PLERR-mRNA £ Y #8°F VK
S RAR B R AR RO AT 2 21 21 e Tk KR
FHZERE K AN PLERR 7F =P M 188 0ii K 52 7 A
RE R e B MR, L kA B )
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Expression analysis of PtERR during the molting cycle in Portunus
trituberculatus

LU Yang'?, WU Xugan'?, PAN Guiping’, WANG Wei', HOU Wenjie’, CHENG Yongxu'~

(1. Key Laboratory of Exploration and Utilization of Aquatic Genetic Resources, Ministry of Education, Shanghai Ocean
University, Shanghat 201306, China; 2. Aquatic Animal Breeding Center of Shanghai University Knowledge Service Plaiform,
Shanghai Ocean University, Shanghai 201306, China; 3. Shanghai Fisheries Research Institute, Shanghai 200433, China)

Abstract; The swimming crab, Portunus trituberculatus is a commercially important mariculture species in
east coast regions of China. Molting is an important physiological process for the growth of P. trituberculatus
and estrogen related receptor ( ERR) may be involved in the molting regulation. The present study was
designed to investigate the expression differences of estrogen related receptor ( PLERR) in various tissues of
Portunus trituberculatus during molting cycle by quantitative real-time PCR (qRT-PCR). The results showed
that, for the tissue-specific expression analysis, the Y-organs and gill had the highest expression levels of
PtERR, and the second highest expression levels were found in eyestalk and stomach, while the lower
expression levels were found in three kinds of muscle tissues and the triangular membrane at stage C. The
expression levels of PtERR varied significantly in any specific tissue at different stages of molting for 13 types
of tissues. The expression pattern of PtERR-mRNA showed a significant increasing trend from stage AB to
stage E in Y-organ; the pattern of “low-high-low” was found ifor the PtERR-mRNA of thoracic ganglia and
eyestalk ; the trend of “high-low-high” was found in mandibular organ; PtERR-mRNA had the significantly
increasing trend in cheliceral muscle, appendage muscle and triangular membrane. However, the trend of
“high-low-high” was found in abdominal muscle. In terms of digestive and metabolic organs, the expression
levels of PtERR-mRNA increased firstly and then declined throughout the molting cycle in stomach,
hepatopancreas and gill, and the peak value of PtERR-mRNA was detected at stage D ; for intestinal tract, the
highest expression level of PtERR-mRNA was found at stage D, and lower expression level was detected at
stage C and stage E; finally, the expression level of PtERR-mRNA increased significantly in heart from stage
AB to stage E, which was around two-fold increase for each stage. In summary, PtERR is mainly expressed in
Y-organ, gill, eyestalk and stomach, which may be involved in the regulation of molting process, cell
proliferation and energy metabolism.

Key words: Portunus trituberculatus ; molting cycle; estrogen related receptor (ERR) ; expression analysis
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