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2. P EZKPREERIEBE RAHEDAETE e, Al AR A U AR BTSRRI R SR %, VLR TEB 214081

WE: A5 RACE Hi R 7k T & ¥R (Macrobrachium nipponensis) Ran (Ras related nuclear protein, Ras #H5&4#%
FEDFFE LK cDNA JPFI, ZFHEF cDNA 42K 1191 bp, 4% 218 bp [ 5'UTR, 648 bp H T il [ HE(ORF), 405 bp
B 3'UTR, it 215 NEERE . HUF Ran 2K T P-loop-NTPase M K%, A PTZ00132 BS45H, £ 4+
2k 24.57 kDa, BIRSEHLT 7.13. REHARI TR, 7EZhW) B b AR GRSF G 7 EF Ran 2 K5 P [GIR AR
(Macrobrachium rosenbergii) R —3, AT MEL LR, M AP & PCR F AR Ran F& K78 A7 R A
R4 LV AR TR & B IR R 2R, R SR, Ren HNAEF IR AL P4 £k, LR B REMHE PR,
RKGELRIREL 7~8 % HEINEMNRE, Ran FHMFRBEAEZI ETHEH, 7250 5L R ] K E 2R .
RNA TG, SCHA Ran PR ik ik B EK T4 B4 (P<0.05), [FA 50 % & R Ve(vitellogenin) 75 BP &L iy
FeIh AR B LT X AL (P<0.05), HEM Ran LS5 MiPEON 8Lk B b BEIEXT Ve FFE AR R BHEER

KEIF: HIUF; Ran FER; TilE; UV EF; RNA T
FESES: S917 XHEKARERS: A

Ran(Ras related nuclear protein, Ras #HH%
EHRE/D G EARBEN— MY, BTN G
HHEF LA 5 A% Ras, Rab, Rho, Arf Fil
Ran'!, Drivas %09 76 NI AGR 41 cDNA
BRI Ran SEPIRTFRLAEHE, S Bischoff 25
M HeLa i 4> & 2alifb 3] Ran £ k4> ¥
Koizumi 250% Bl Ran HAT GTP W1k, fiEidds
KM GTP, 25 HZ 4 DNA Ziil . RNA Y
BN T. . B Ris s — RN AR
Kimura 25 % #l Ran £ ¥ il 40 M0 A 2253 24 R 4k
ST AR ANZE R . SRR | e i AR ) IE A
SYBE . BB E A S B A, XIS
I Ran Z 54 A A GEFEAR DG RR G IRTY, 8520
ARRGETHEB . Ran FEFXTAEIIE (Xenopus) Il

ks BER: 2016-12-13; 11T HEA: 2017-02-14.

XEHS: 1005-8737-(2017)03-0459—-11

TR0 A 20 % 7 R0 R N, A fd
0710 9 Ran 1F 5 B 480 (Carassius auratus
gibelio)'EFAAMI EAEFAR T . W MEEH EHE
YEHT . Zhou 2B 3 Ran BE PR ] RE 52 Mo Bt 5 %) R
OISR E, SR Ran FEF1ETE HFI0 o 5 %5k
W ARA ik .

HYF(Macrobrachium nipponense) X 44 H ATHHER,
K& T2 H(Decapoda), K& 1R (Palaemonidae),
HIFE, Je3E fE ARk IR A TR B
EFIFSFEMBNY K, FAMBRENER, B
o B R, AR AR AT L RS A —
FRYNE L, 2T ARG M AR R R
U, JFREE IR ARG AR OCEE I 5T, AU B T
JEIR . RGuHL T T N SAE AR B A, T H AR

ESWMB: A TSR EMAOD) F L0 H (BE2016308); /K =R AF5E bt SEABHIT I 55 3% % 1035 H (2016HY-ZD0402);
E % R B34 FI H (31572617); TLARE R RN 8 3 615 3 4 5 H [CX(15)10124]; 1LI5348 K77 =37 T.F2
(D2015-16); JoB k4Rl & ek 45 H (CLE02N1514).
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il F WRE RS T B A ) RN AT, 184,
A7 T WM R & B AH DG IE R A 5% F2 B AR TR e
J{5 41 4 2% (gonad-inhibiting hormone)! | {1 i
Z B Z (gonadotropin-releasing hormone)!'™ | 12
F M OB i £ 1 45 5 I (SUMO-conjugating  en-
zyme)'* . MavWD-Kazal™® | 5 $FA5 (50 ) BE 20 o 4
AT (Gesf D"V, RS T Ran JE R LT HF
TR i AN T AE

ARSI = O A5 7 MRS 5L B 5 A5 Ty 4,
AR T KR A T IR BT Ran 3
KR s ek B b e T, A
HIF 5% DN S 5 2 ) S )R 52 R0 B B8 3R 55 5 41 v
P thh—A> Ran FEA RT3, @30 RACE HAR 5
PEAF B AT Ran B cDNA JFHI4K, 5T
Ran 3EPRTE BT R M 4% 20 20 7] LA % 78 B SR
[ % BRI RIA 2 5, JFRH RNA THE AR5
T Ran FHEF BUATE URG 8Lk B 50 . A5
BTELI Ran EFNTEFIFIIE LT HHDI6E, &K
PIFIFONE A R B IE, NEEW Y Ran
PRIV FH BIL T 0 i 2 5 S e 2 ) R (A S el 25 40
R MR SR M 0 i e Jre P Rl 2 AR 4 o

1 HRE5HE

1.1 SCIe AR

AR S0 F R A B AR TR, BUCE TG K X
(120°13'44"E, 31°28'22"'N), i J1#cik, MM 20 H,
M (3.59+0.24) g, M 200 H AR (2.44+0.19) g
T S5 FH R AE = N BE B 6T (120 L, 93.5 cm
43.5 cm x 30.5 em) AR 1A, BERFE I
5 LR i K% P Ak}, B B 2 AR 1 3%~5%,
R RA K 1R, KR 40%~50%.
1.2 K7

RNA #2 B0 551 DNA I Rnase Free
RNAiso Plus; 4 5%ik7 & . 5-Full RACE X
3'-Full RACE &7l #&; PCR Ari&7]: DL-2000
DNA Marker, LA Tag DNA B4 . ANTP %5, A
R (&) ¥ A = A4 Y (TaKaRa Bio Inc. Ja-
pan), DEPC /K [ ik TAEY TREARS A
FRA W] . DHSo 832 2 40 i Fil pMD18-T #8440 [
XL NF . ABFFEI (oL E

Ko ) PO R Tk ECH . S28e T B 51
A A 1 A AR (R A RS FA A
13 HmEE

S R EES Ik, R MR R 4141
FEIREES,, BUERRE AT IRMEMES 10 B, VKIBHE
fire, WEMERICPERR . LA, B8 OE. . IR, 18
P2 23T 14 DN (n=5), FEIRAEAE-80°C
VKA, FT RNA #£HL,

A% Qiao 25 Bl S AT AR, Pk fd Y
B HERR, 43 R SR AR | R ORI
WRIPE LA . B . TR S ML E
30T B B B AL B (n=5) 0 VKV IRRIFE, 0% 1A At 51 45 i
HABH S, K IRAEAE-80°CUKA, T RNA 21,

ST AP )7 g 4T RNA T4
5%, RNA THE A, 44005 1. 4. 7. 10,
13 1 16 FKUSEE #5552 56 21 AN RE L B SEAE 5 (n=5),
FE S I RAEAE-80°C VKA, HIF RNA #£HL,
1.4 E4 Ran EHE 5| #i& it

R MAR 52 16 5 ) A2 F14 K 65 R0 B S 3 K 3 I3
S Ran 1 BST J¥41, 80651 9 Beit s, (4
Primer 5 {5 BT 55 Sk 19 51 9 P b i
cDNA AUt R (RACE $AK), M IR EL 551
SEREH Ran FEHRY 3%6H 50, IFPHERESKT
5. E cDNA & KFIIRIEEN b, RAFER T
AT LR T, POt &5 e Sk
EERN . 2Ot TR p-actin 515 %
Zhang PP, I H iz v R R 22
ST AR 1,
1.5 FHi Ran EEM=E

U IR DR EIR A 4F, 2 Trizol reagent 7 A1
BT R HUE RNA S il AT RNA #E4H ODagonso
575 1.9~2.1 2Z[a], #% TaKaRa RACE 7| & ik
B, RIHER PCR X HF Ran P (1) 3/F0 535 1
P, H—. RN AES &R
94 CHIAEME 1 min; P 95°C 30s,55C 30s,72°C
1 min #4730 MEFF; FJ5 72° CLEfH 10 min,

A3 HL PCR P21 28 1.2%B A M e (2 1 TR
b2 5EYe@)H Yk 15 min J5, VIHBUERSPE H &
i, AR TR It sn) & b e il alifk . # 2lifk
775 pMDI8-T SR T8, ROVAIK R
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x1 ALWFAASITIR
Tab. 1 List of primersused in the current study

319 FIFFI(5-3) K/ fEH
primer primer sequence (5'-3") bp length function
MF1 GTAGTTCTTCCCCAGCTCTTTCC 23 HAIFEHIYH middle sequence amplification
MR AAAAACGGAGTTGTCATAGGGTG 23 HE]FES Y4 middle sequence amplification
F1 CCCTTCCAGAGGATGATGAAGAC 23 3'RACE 5|4 primer for 3'-RACE
F2 GGGATACTGCTGGTCAAGAGAAG 23 3'RACE 5|4 primer for 3'-RACE

3'-RACE outer TACCGTCGTTCCACTAGTGATTT

3'-RACE inner CGCGGATCCTCCACTAGTGATTTCACTATAGG
R1 AGCTTCTCTTGACCAGCAGTATC
R2 CCATTGTGACTTCTGGAGGTAGA

5'-RACE outer CATGGCTACATGCTGACAGCCTA

23 3'RACE 5|4 primer for 3'-RACE
34 3'RACE 5|4 primer for 3'-RACE
23 5'RACE 5|4 primer for 5'-RACE
23 5"RACE 5|9 primer for 5'-RACE
23 5'RACE 5|4 primer for 5'-RACE

5'-RACE inner CGCGGATCCACAGCCTACTGATGATCAGTCGATG 32 5'RACE 5| %) primer for 5'-RACE

QF1 GCTGAGCAAGATATGCCAACATT 23 RT-PCR 5|4 forward primer for RT-PCR
QR1 AACCATCTCTCAATCCTCCAAGC 23 RT-PCR 5|4 primer for expression

p-actin F TATGCACTTCCTCATGCCATC 21  RT-PCR ¥} &5|4) control primer for RT-PCR
p-actin R AGGAGGCGGCAGTGGTCAT 19 RT-PCR Xf 5|4 control primer for RT-PCR
IF1 TAATACGACTCACTATAGGGCTGCTGAGCAAGATATGCCA 40  XUiE RNA ffil % primer for dsSRNA preparation
IR1 TAATACGACTCACTATAGGGCTGGAGGTAGAAGTGCAGGC 40  XUiE RNA il % primer for dsSRNA preparation

J: 4 uL DNA, 1 pLpMDI18-T, 5 pL Solution I, &
5] )G PCRAN | 16°C i i 1% 3 B2 7= e AL 3
Trans DHSo KIAFF R AZ S0, 37 Cad 55+
Je, ¥ S A H B R B 4 TR Y B TR A L
W AR TR AR IR S5 BR A BT I Y
1.6 HHiF Ran EFE M ERIESHT

FAASTR) 2 7 B I 9 8L RNAFE N cDNA SR
— 1 G A AL, FBR BIO-RAD iScript cDNA
Synthesis Kit i & UL H#ETT cDNA 25 —%#E 1)
B AR A S G BE T TN A AR RNA IR,
AT pg L RNA SRR, 2B HEF Tl ST 1
WESEIIN, T A EAESEVK LikTT, 7=9-80°C UK
HilRAE4 M. f§iH] BIO-RAD iQ5 #¢)¢iE & PCR
AT PCR Wi, FTHSIIILER 1, RO T Feds
& BIO-RAD SsoFast EvaGreen Supermix #fE77 5%
AR e 95 CTHIAEYE 1 min; SRS HEA 40 4>
PEIR, BAPE T ESE 95 CAEME 10 s, 55°CHEfH
30 s AP JEIRSS )G, M 55°CZETHE 2
95°C, LhilEffMZ. BRI E 3 NEE,
W W ABLA B-actin FEEAVE R FAYEXS IR, H)a &
4t A shidsgpot g AgdE, HT s BEdE T .

PCR F=¥ 345 1.2%M0 B B WHEE I (200 1R
b 2 B8 e £ ) L DK DU HL 2 5 Sy B — R S P 1Y

aelt, LA DR SO 45 R T S
17 BNEYMEEESHMEBEBRITHH

FE NCBI 1] BLASTN Xl /¥ 45 S 7 17 Ho Xt
38T, {8 ORF Finder ¥ {2 (http://www.ncbi.nlm.
nih.gov/gorf) 7 M HF L5 AE, KA DNAMANS.0
BARRE TS | 3 Ie A | ST A T DR R
T UF Ran £:H cDNA J¥51, HI7EZk DNA FIEE T
F1) 4 R T H (http://www.91bio.com/SMS2/rev-comp.
html) # 5 & H i 4> F & . F SignalP4.1Server
(http://www.cbs.dtu.dk/services) #1115 5 B FTM

IS % 27Okl T, BdiAEY
{H+pRifEZE( X +SD)FRR, ] SPSS 17.0 #EATHA
E 24501 (One-Way ANOVA), {#i ] Turkey B
I TP ELER, LA 0.05 1R 25 5 B MK .
H Excel £l 75 5T Ran R ARXT 215 8 B K
1.8 HUF Ran EE MW $E dsRNA K& K

% #8 Transcript Aid TM T7 High Yield Tran-
scription kit (Fermentas, Inc., USA)R ] & f#AE
ABRVEAT dsSRNA 1 55 o IFHT 1.2%~1.5% K9 55
WHEE I kR B 46 fb J5 dsRNA [ Jiiit . f# ] Bio
Photometer 2548 CGEETHME dsRNA IR,
JH DEPC 7R H 8 22 5250 JIr s ik B2, —80°C kAR
e



462 K 7 R 2

%24 %

19 &Y Ran EE K RNA FH LI
YT F AP TH IR RNA TS5,
B B S HT I E F AT Ran L RNA
THAR PRl . 159k, KH(2.44+0.19) g
PIMEPETTER 732 3 41, B41 50 H, SCI8 T AR
LT B0 % B AV ) S AT IR
5 DEPC)., ¥ iR dsSRNA L) 4 pg/g By

7 E & PCR Kl E ST Ran dsRNA J5 5P
Hrh Ran FER A Ve FEH )R IB LA,

2 HRE5HH

2.1 Ran E[E cDNA FF 5l &5 #4354
FHIF Ran %N cDNA &K FH(CERSH
KY270878) K 1191 bp, H A JF i b2 4E (Open

T 5 3] 5 0 1O s PN o 6 IR 4H 1 55 R4 FX DEPC
K, HMER SRS 1, 4. 7. 10, 13 A1 16
KUNEFE S (n=5), FBHLURLET—80°C vkAH

1
61
121

181
aal

241
aa8

301
aa28

361
aa48

421
2a68

481
aa88

541
aal08

601
aal28

661
aal48

721
aal68

781
aal88

841
2a208

901
961
1021
1081
1141

GGTAGCGCCAGGCCAAGCCTAGCTTAGGCCCAATTGAATGGGAGGTTAACCAGGAGAGCT

GCCCCTTGGGTTGAATTCGTCTTGTGTTTGCCGCCCGGGTTGGAAGACGTAGTTCTTCCC

CAGCTCTTTCCAGGAGTCATAGTTAGACTGCCACTACCAACCACTAGTTCTATTTTCCCA

AATTAGGACCTGCAATATTTGATACTTGACTGATAAAAATGGCTGCTGAGCAAGATATGC
M A A E Q D M

CAACATTCAAGTTGGTGTTGGTGGGGGATGGTGGTACTGGTAAAACTACATTTGTAAAGA
P T F K L v L. v 6@ D 66 GG T G K T T F V K

GACACTTGACTGGAGAATTTGAAAAGAAGTATGTTGCAACACTAGGTGTTGAAGTTCATC
R H L T G E F E K K ¥ Vv A T L G VvV E V H

CACTTGTATTCCACACAAACAGAGGTCCTATCAAATTTAATGTATGGGATACTGCTGGTC
P L VvV F H T N R G P I K F N VvV W D T A G

AAGAGAAGCTTGGAGGATTGAGAGATGGTTATTATATCCAGGCCCACTGTGCAGTCATTA
Q E K L G G L R D G Y Y I Q@ A H C A V T

TGTTTGATGTCACCTCAAGAGTAACATACAAGAATGTCCCCAATTGGCATCGTGACCTTG
M F D V T S R v T Y K N V P N W H R D L

TGCGTGTTTGTGAAAACATACCTATTGTTCTATGTGGCAATAAGGTAGATGTTAAGGATC
v R VvV C E N I P I v L C G N K Vv D VvV K D

GTAAGGTGAAAGCAAAATCTATCATATTCCACAGGAAGAAGAATCTCCAGTATTATGACA
R K VvV K A K S I xR F H R K K N L Q Y Y D

TCTCTGCAAAATCGAATTACAACTTTGAGAAGCCCTTCCTCTGGCTTGCAAGGAAACTTA
I S A K S N Y N F E K P F L w L A R K L

TCGGAGATCCTAACCTTGAATTTGTTGCCATGCCTGCACTTCTACCTCCAGAAGTCACAA
I G D P N L E F v A M P A L L P P E v T

TGGATCCACAGTGGCAGCAACAGATTGAAAATGACTTGCAAGAAGCATCTCAGACTGCCC
M D P Q W Q © ¢ I E N D L Q E A S Q T A

TTCCAGAGGATGATGAAGACTTGTAAGCTGAACTGTGATATATAAACAGAAAATTATAAC
L P E D D E D L %

CTCTCCACTTTACTTTTATAAGGATGTTAAGGATTGTTCATTATAGGTTTATCATTGGAT
TATTTTTGTTACTCCAGTATCCAAATTAACAGTTGTAATTTTTTTGCAGCAAAGGAATTT
TTCTTTTCCATCTGTGAAGCATTCCTTTTCTGCAATGAATTGATTGAAAAACACAAGTTG
GTAATACCTGTAATTGATTTCAACAAATTGAGGGGTGTTGCACCCTATGACAACTCCGTT

TTTTRAATAAATTAAGAAATTTT
B 1 U Ran 3EH cDNA 781 K H 45 5 (14 3L 7R 7 51

Reading Frame, ORF)} 648 bp, L4464 215 T~
R, 3'UTR B A AR {E 5 (AATAA)FI
Poly(A)E (K 1), HIFEZ DNA FI& [ IF5 b B

KB FRR EJ7 B BRITF S X R A BB T 15 R IR B T (ATG)MIZ B T (TAA) LIHUA SRR FRIZK RS TR o 745 6 45k, B
SRS 3R GDP/GTP Z5 4G M 45 M3k, (S5 1 (AATAA) T HER IR .+ R 2 LB T
Fig. 1 Nucleotide and deduced amino acid sequences of Ran cDNA
Capital letters below the nucleotide sequences indicate the corresponding amino acid sequence. The start codon (ATG) and stop codon
(TAA) are shown in boldface. Downstream effector molecule binding domain is underlined. Structure domains of GDP/GTP binding
activity related peptide are shaded. Signal sequence (AATAA) is boxed. Asterisk indicates stop codon.
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THHET Ran SEHEA T TFELHN 24.6 kDa,
PS5 HL 5 7.13; f#iFH SignalP 4.1 Server X} Ran
WAHE SRR, 53RN 2 Bk, max C 7 22
B8 FRAME R 0.108, max Y TEA7 A5 11 (945ME K
0.288, max S 7Ef s 1 _ERSME N 0.160, mean S
F1 mean D 7E 1~10 B9 5 18] 4B 550K 0.116 F
0.118, M Ran & ¥ A B B M55 B IE T 51,
ZEANE THWMEN.

1.0f C-score
S-score
Y-score ——
0.8 1
) 0.6 F
Q
2
m 0.4
R
021
o LITITTITIH
IMAAEQDMPT FKLV LVGDGGT GKT T FV KRHL TGEF EKKYVAT LGV EV HPLVFHT NRGPI KFNVWDT AGQEK]
0 10 20 30 40 50 60 70

S HFR B /aa amino acid position

El 2 Ran FEF{F5 KA T
SRR BT VI 5 (%) 43{E: C-score; {5 K[ 43E: S-score;
ZEA VIR 1 73 Y-score.

Fig. 2 Prediction of the signal peptide of Ran gene

Original cut site score: C-score; Signal peptide score: S-score;
Integrated cutting site score: Y-score.

22 B Ran BEERGHL ST

FIH MEGA 5.0 84X 75 #F Ran 5 R U246 H
P Ran (RS FHNIHATRE K E 00T, 1t
715K FH Bootstrap I B T14E 1000 ¥k, ARGt
TR ILIE 3. ML 3 ATLLE Y, FIEFS P TR IR R
R—3, RGRFRE, HUOE H E B R 5RE
TR Ran 8 I AE SE A R v HLA AR = I AR ST,
A e 2R R —32, SRBN I3,
2.3 FHHiF Ran EERIE#HL DT

I DNAMANS.0 X B 7e 28 il s 2R i sh )
FZYF Ran AT 2R 5 LU, RIS
T IF Ran [ P51 9 EB 2/ G 85 1 Y Ran,
T URIY Ran FEH BT gt () &2 LR T 51 5 2 [ TR AR
AR AT R 99%, 55 H I BAXT AR 4 AR U R 98%,
S BET X ER A ARANE Y 98%. AN 1 FIE 4 B,
HIF Ran &4 4 A~HA GDP/GTP 454G 7% M i 4%

¥ty HHh EXSAX4 1 N(T)KXD & GDP/GTP 1
4548, DXXG Fl GXXXGKS(T) N GTP i1
PEFAL, DL 1 AT URRON 4 T 45 & 45 0 5
(FEKKYVA)., M 10 MEIEFR RS 175 MM
iz A P-loop NTPase {54544k, 174 fE/Kf# GTP
4 GDP 1) a W3,
24 EiF Ran EERAER ST

il FH S92 6 2 B PCR 3 5IAG I Ran R 1E
W1 7 R R T R4S 7 D BUARAS RIZH 2 i 3R
MBI G O, anlEl 5 FR o

Ran FERTEMEPETT IR TP AONEL | I, I8 pi e
TRIRARSE 7 AR A R, RN RE
S, FENLIA . RS 8 IR A 45 HE At 4 21
HBA /D I o Ran F PRLE HEE 75 01 B RS 1
OVE E 2RSS 7 N R ek, (H
SRR I 2T O R () 2R K 1 (P<0.05) .
25 Ran EFRAESNMWEARABLBEHENEIE
pYIKE

K TS Ran FEFAEH AR R P VER, A&
WA FH 52 i 98 Y 5 2 PCR K Ran R 7E 75 1R
NGILLE: W= NN U OB Sy = w1 TR = S|
6 IR

Ran FERRIBTEIN & F R A e AU F+
RS RO Bk T B b A A v,
Ran FERMRE G W E LFH(P<0.05). LK. WK

BRI, Ran B AR IRAKEARE BT
2.6 RNA T3t Ran EEXTIP & % B IR0

sz 2¢Ot €/ PCR Kl RNA TR,
Ran SERTEF UGN L F A F L & B R IE 1S
BLAnE 7 BioR o BEE X FRALON B L T, Ran FE
FEOD S 2T SRR ARG TEE R G B, Ran
FERFRA TN 1 RINE R T MBI 7 KH
IR AZ WA BNA, RS FEREONEEE 2 2R
NARgE o, B 7 RRTRVE , AR
R AT I, 3 a2 ' e e A ) 3 G A O 3
i Ran B[R 35 3k i 40 2 25 K T R 309 ) B8 41
(P<0.05), #H] RNA THA%%.

AT RNA T, (SRS & PCR
Rl Vg HEKTEFARONE L F AR LTI RIA
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49— 1 Y Phaethon lepturus (XM 010283529.1)
26| 4R Aquila chrysaetos (XM 011589702.1)

f55%8 Phalacrocorax carbo (XM 009501023.1)
KLY Picoides pubescens (XM 009911021.1)
Y15 FERY Tauraco erythrolophus (XM 009983212.1)
LIREMES Cariama cristata (XM 009697329.1)
AR (893§ Leptosomus discolor (XM 009949632.1)
LTIEPE Merops nubicus (XM 008944383.1)
I Anser cygnoides (XM 013173435.1)
4 JEXY Gallus gallus (NM 205258.2)
100! 5% Gallus gallus (X66906.1)
92 — IS, Sturnus vulgaris (XM 014893170.1)
98— e Geospiza fortis (XM 005423991.1)
Y72 Alligator sinensis (XM 006017079.2)
81 64‘{ E Al Pelodiscus sinensis (XM 006116766.2)
100 HRAEEE Pelodiscus sinensis (XM 006120535.2 )
PEFEME Galeopterus variegatus (XM 008567376.1)

53 | £9WE Sarcophilus harrisii (XM 003759602.2 )
99 45 F2. 11 B. Monodelphis domestica (XM 007489616.2 )
65 99! 45 FE 11 B Monodelphis domestica (XM 001366512.4 )

75

66

—
0.02

WIS Callorhinchus milii (XM 007907827. )
AEUNUELR: Xenopus tropicalis (NM 001004829.1 )
100 Y & &F Macrobrachium nipponensis (KY270878)
L % E1BUF Macrobrachium rosenbergii (KU286158.1)

HAFENTIF Marsupenaeus japonicus (DQ090494.1)

HAFESTEF Marsupenaeus japonicus (DQ090493.1)

100 HEEAXMEF Litopenaeus vannamei (TX644455.1)
‘E HHEBIXTEF Fenneropenaeus chinensis (JX644448.1)

57| | BETTXIER Penaeus monodon (JN596104.1)
99| BEJIXFHF Penaeus monodon (HQ647123.1)

4 I Helicoverpa armigera (EU860296.1)

K3 LT HIF Ran KA ZhY) Ran ZIERRF 50 NI RS 5
V&R HUF Ran ZHERFH; BG5S EE 7S
Fig. 3 Phylogenetic analysis based on the Ran peptide sequences of Macrobrachium nipponense and other species
The mark ¥ means amino acid sequence of Ran in M. nipponense. GenBank accession numbers are in brackets

TEBLINE 8 FTR o FH T RNA T4 1% 52 56 41 Fi %) R
20 T R AR AL T 00 B % B LA, Bl X HR 4 B AL
MER, Ve RN P 2 TR r
FIRHHE, Vg FEHE KRR | RIVE R F A
W 7 RKIHR BB EIRA, RS Ry
B 2 kB ksl LT NE 8 R LIE Y, T
S —HUEE B B S, AU e 3
PRI (%) 25 35 12 0t 25 IR T W) 0 6 IR 4 (P<0.05), %
BT 300 RNA T RS RO S Ran 3
R RIR R Z )G, Ve R FAEZE] TR,

3 itig
3.1 SH4F Ran EE F5I4HTE
R TR M A 5 T R B R A1 B A& E PIL D,

AR 5T TERE T P RanFE R 44, RIS 40P 150
N H T 2 5 1) S SE R 7 91) 5 A P-loop_NTPasef5F
SRR LE R IR, a4 H A GDP/GTPLE A IE Ml 4
P, X A G50 B 2L TF 51 ATRITV 43 50
GXXXGKS(T). DXXG. N(T)KXDFEXSAX, LI
KAWL o7 F 45 & 45 (FEKK Y VA); 17
SRR G AR RanJE ARG 5 IR, A GTPAFZ,
A7, P REK B GTP A GDPIY o 5, 33161
Ran® 1 H A GTPE A1 . FIHDNAMANS.OX}
H FE 2R B R Y 3 1 55 24> W) Fh Y Ran 22 Bk
FTEIER T A X, KIS MR Rank [ [R] PR R4
AR/ NGE A R RanE H, FHIFS P RH
BRA AR LT 99%, 15 Hf BT AR A AR fBL 1 24 99%,
EBE R AR A AR 5 98% . B AA 2 ) Ran ik R 43
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B&3L#5 Dufourea novaeangliae

rRr E BXTHF Fenneropenaeus chinensis
ERREBKIY Harpegnathos saltator

Z IRYBEF Macrobrachium rosenbergii
HAZEEXFIF Marsupenaeus japonicas
BEVTXTEF Penaeus monodon

BEVTXTUT Penaeus monodon(2)

21 KW Solenopsis invicta

J IS Vollenhovia emeryi

HUF Macrobrachium nipponensis

&L Dufourea novaeangliae

1 E BAXTUF Fenneropenaeus chinensis
EN BRI Harpegnathos saltator

X BRABEF Macrobrachium rosenbergii
HZAZEXTUF Marsupenaeus japonicas
BEVTXTEF Penaeus monodon

BETXTEF Penaeus monodon(2)

21 KB Solenopsis invicta

Ja MG 8L Vollenhovia emeryi
FHUF Macrobrachium nipponensis

&L A5 Dufourea novaeangliae

R EBAXTEF Fenneropenaeus chinensis
ERREBRMY Harpegnathos saltator

F IRIYBUF Macrobrachium rosenbergii
HAFEXTHF Marsupenaeus japonicas
BEF5XFUF Penaeus monodon

BETXTEF Penaeus monodon(2)

21 KW Solenopsis invicta

JR MY Vollenhovia emeryi

HIF Macrobrachium nipponensis

&35 Dufourea novaeangliae

H E BAXTHF Fenneropenaeus chinensis
EREEBkEY Harpegnathos saltator

F EIBEF Macrobrachium rosenbergii
H AZEXTUF Marsupenaeus japonicas
BEVTXTEF Penaeus monodon

PEXTHF Penaeus monodon(2)

£1 KW Solenopsis invicta

Ja MG Vollenhovia emeryi
FUF Macrobrachium nipponensis

&L Dufourea novaeangliae

" EBAXTYEF Fenneropenaeus chinensis
ENEE BRI Harpegnathos saltator

B BRAREF Macrobrachium rosenbergii
HZAZEXTHF Marsupenaeus japonicas
BETXTEF Penaeus monodon

BEVTXTEF Penaeus monodon(2)

41 KUY Solenopsis invicta

Ja MG 8L Vollenhovia emeryi

FUF Macrobrachium nipponensis

J&3LA5 Dufourea novaeangliae

R EBAXTEF Fenneropenaeus chinensis
ERREBRMY Harpegnathos saltator

F [RYBEF Macrobrachium rosenbergii
HZARZEXTUF Marsupenaeus japonicas
BEXTER Penaeus monodon

BEFTXTEF Penaeus monodon(2)

41 KW Solenopsis invicta

Je I8 Vollenhovia emeryi

HIF Macrobrachium nipponensis

MAQEADMPTFKCVLVGDGGTGKTTEVKRHLTGEFEKKYVA
MAAEQDMPTFKLVLVGDGGTGKTTEVKRHLTGEFEKKYVA
MAQENDMPTFKCVLVGDGGTGKTTEVKRHLTGEFEKKYVA
MAAEQDMPTFKLVLVGDGGTGKTTEVKRHLTGEFEKKYVA
MAAEQDMPTFKLVLVGDGGTGKTTEVKRHLTGEFEKKYVA
MAAEQDMPTFKLVLVGDGGTGKTTEVKRHLTGEFEKKYVA
MAAEQDMPTFKLVLVGDGGTGKTTEVKRHLTGEFEKKYVA
MANEPDMPTFKCVLVGDGGTGKTTEVKRHLTGEFEKKYVA
MATEPDMPTFKCVLVGDGGTGKTTEVKRHLTGEFEKKYVA
MAAEQDMPTFKLVLVGDGGTGKTTEVKRHLTGEFEKKYVA

TLGVEVHPLIFHTNRGPIRFNVWDTAGQEKFGGLRDGYYI
TLGVEVHPLVFHTNRGPIKFNVWDTAGQEKLGGLRDGYYI
TLGVEVHPLIFHTNRGPIRFNVWDTAGQEKFGGLRDGYYT
TLGVEVHPLVFHTNRGPIKFNVWDTAGQEKLGGLRDGYY T
TLGVEVHPLVFHTNRGPVKFNVWDIAGQEKLGGLRDGYYT
TLGVEVHPLVFHTNRGPIKFNVWDTAGQEKLGGLRDGYYT
TLGVEVHPLVFHTNRGPIKFNVWDTAGQEKLGGLRDGYY I
TLGVEVHPLIFHTNRGPIRFNVWDTAGQEKFGGLRDGYYI
TLGVEVHPLIFHTNRGPIRFNVWDTAGQEKFGGLRDGYYI
TLGVEVHPLVFHTNRGPIKFNVWDTAGQEKLGGLRDGYYI

QGQCAVIMFDVTSRVTYKNVPNWHRDLVRVCENIPIVLCG
QAHCAIIMFDVTSRVTYKNVPNWHRDLVRVCENIPIVLCG
QGQCAVIMFDVTSRVTYKNVPNWHRDLVRVCENIPIVLCG
QAHCAVIMFDVTSRVTYKNVPNWHRDLVRVCENIPIVLCG
QAHCAIIMFDVTSRVTYKNVPNWHRDLVRVCENIPIVLCG
QAHCAIIMFDVTSRVTYKNVPNWHRDLVRVCENIPIVLCG
QAHCAIIMFDVTSRVTYKNVPNWHRDLVRVCENIPIVLCG
QGQCAVIMFDVTSRVTYKNVPNWHRDLVRVCENIPIVLCG
QGQCAVIMFDVTSRVTYKNVPNWHRDLVRVCENIPIVLCG
QAHCAVIMFDVTSRVTYKNVPNWHRDLVRVCENIPIVLCG

VDIKDRKVKAKSIVFHRKKNLQYYDISAKSNYNFEKPF
KVDVKDRKVKAKS I IFHRKKNLQYYDISAKSNYNFEKPF
VDIKDRKVKAKSIVFHRKKNLQYYDISAKSNYNFEKPF
VDVKDRKVKAKSIIFHRKKNLQYYDISAKSNYNFEKPF
TKVDVKDRKVKAKSTTFHRKKNLQYYDISAKSNYNFEKPF
VDVKDRKVKAKSIIFHRKKNLQYYDISAKSNYNFEKPF
VDVKDRKVKAKSTIFHRKKNLQYYDISAKSNYNFEKPF
VDIKDRKVKAKSIVFHRKKNLQYYDISAKSNYNFEKPF
VDIKDRKVKAKSIVFHRKKNLQYYDISAKSNYNFEKPF
VDVKDRKVKAKSIIFHRKKNLQYYDISAKSNYNFEKPF

LWLARKLIGDPNLEFVAMPALLPPEVTMDPQWQQQIEKDL
LWLARKLIGDPNLEFVAMPALLPPEVQMDPQWQRQIENDL
LWLARKLIGDPNLEFVAMPALLPPEVIMDPQWQQQIEKDL
LWLARKLIGDPNLEFVAMPALLPPEVTIMDPQWQQQIENDL
LWLARKLIGDPNLEFVAMPALLPPEVQMDPQWQRQIENDL
LWLARKLIGDPNLEFVAMPALLPPEVQMDPQWQRQIENDL
LWLARKLIGDPNLEFVAMPALLPPEVQMDPQWQRQIENDL
LWLARKLIGDPNLEFVAMPALLPPEVTMDPQWQQQIEKDL
LWLARKLIGDPNLEFVAMPALLPPEVTMDPQWQQQIEKDL
LWLARKLIGDPNLEFVAMPALLPPEVTMDPQWQQQIENDL

KEAQETALPEDDEDL
QEASQTALPEDDEDL
KEAQETALPEDDEDL
QEASQTALPEDDEDL
QEASQTALPEDDEDL
QEASQTALPEDDEDL
QEASQTALPEDDEDL
KEAQETALPEDDEDL
KEAQETALPEDDEDL
QEASQTALPEDDEDL

B4 ASFPIR Ranihth i F ) 2 5 1R 51 Ex
KEOFRF I8 MR, B EORR TSI J960%~100%, B (53R 7 SIRLEZ AE60%LL T

Fig. 4 Alignment of deduced amino acid sequence of Ran between different species
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The sequences with gray background are exactly the same; the pink background indicates that the sequence similarity is 60%—100%, the blue
background indicates that the sequence similarity is below 60%.
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Fig. 5 Quantitative analysis of Ran gene in different tis-
sues of adult Macrobrachium nipponense

Different lowercase letters indicate significant differenc
between tissues(P<0.05).
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Fig. 6 Expression of Ran gene in different development
stages of Macrobrachium nipponense ovary
I: oogonium proliferation; II: primary vitellogenesis; I1I:
secondary vitellogenesis; [V: maturation stage; V: paracma-
sis stage. Different lowercase letters indicate
significant differences(P<0.05).
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Fig. 7 Real-time PCR analysis of Ran expression levels in
the Macrobrachium nipponense ovary after inject with Ran

dsRNA(4 pg/g)
Different lowercase letters indicate significant differences

statistically(P<0.05).
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Fig. 8 Real-time PCR analysis of Vg expression levels in
the Macrobrachium nipponense ovary after inject with Ran
dsRNA(4 pg/g)

Different lowercase letters indicate significant differences
statistically(P<0.05).
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Molecular characterization and developmental expression of Rasre-
lated nuclear protein in the oriental river prawn Macrobrachium nip-
ponense and the effects of RNA interference on ovarian maturation

BU Zongyuan', FU Hongtuo" %, SUN Shengming®, QIAO Hui% JIN Shubo”, ZHANG Wenyi’,
GONG Yongsheng®, JIANG Sufei’, XIONG Yiwei’, WU Yan®

1. Wuxi Fisheries College, Nanjing Agricultural University, Wuxi 214081, China;
2. Key Laboratory of Freshwater Fisheries and Germplasm Resources Utilization, Ministry of Agriculture; Freshwater
Fisheries Research Center, Chinese Academy of Fishery Sciences, Wuxi 214081, China

Abstract: Ras-related nuclear protein (Ran) is a small GTPase with many functions, such as hydrolysis of GTP,
control of cell development, replication of DNA, and RNA transcription. In this study, the cDNA-encoding Ran of
the oriental river prawn (Macrobrachium nipponense) was cloned using expressed sequence tag (EST) analysis
and a rapid amplification of cDNA ends (RACE) approach. The full-length cDNA of Ran was 1191 bp, comprising
a 5’ untranslated region of 218 bp, a 3’ untranslated region of 405 bp, and an open reading frame of 648 bp. The
deduced protein had 215 amino acid residues with a molecular mass of 24.6 kD, and 7.13 point of theoretical
isoelectric. Ran belongs to the P-loop NTPase super family. Ran has a PTZ00132 model that crosses multiple do-
mains. The members of P-loop NTPase super family have extremely conservative nucleotide sequences. Phyloge-
netic analyses indicate evolution of Ran proteins within the animal kingdom is very conservative, with that of M.
nipponense most closely related to that of M. rosenbergii. Quantitative real-time RT-PCR analysis revealed the
Ran gene was expressed in testis, ovary, brain, muscle, eyestalk, abdominal nerve, heart and gill tissues. The ovary
has the highest level of expression and the eyestalk has the lowest level of expression (P<0.05). The Ran gene
expression of ovary is seven-eight times higher than that of testis, and the expression level of Ran gene increased
with the development of ovary. After ovulation in ovarian regression period, the expression level of Ran gene was
at a low level. After RNA interference (RNAi), expression of Ran gene in an experimental group of adult females
was significantly lower than in the control group (P<0.05). After RNA interference (RNA1i) in the mature female
prawns, the expression of Ran gene in experimental group (injected dsRNA solution into the shrimp's pericardial
cavity) was significantly lower than in the control group (injected equal amount of DEPC water into the pranw's
pericardial cavity) (P<0.05). The expression of Ran gene changes with the development of ovary. The expression
of Ran gene increased from the early stage of ovarian development to the mature stage and decreased rapidly after
ovulation in the ovary. Expression of Ran in ovarian tissues in the experimental group was also significantly lower
than that of control group (P<0.05), indicating RNA interference was effective. Expression of vitellogenin was
significantly affected by RNA interference, with expression in the experimental group significantly lower than in
the control group (P<0.05). We speculate that the Ran gene plays a regulatory role in expression of the Vg gene,
and that the Ran gene is involved in female ovary development.

Key words: Macrobrachium nipponense; Ran gene; clone; ovary development; RNA interference
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