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BRI T f BEH B PRSF F 5, B3 2 XD Y
(P1.P2 Fl P3.P4) (& DY Mk Tf cDNA i) f#
SER BRI B T AY TR ARG R A
B, IARTCL. 27 88 — 5% ¢<DNA iy PCR #iAk
PCR W& ZR K 50 pL, £ 8.5 pl 10 X L 28 of
W1 pl B VRS (45 10 pmol/L) 1 pl. INTPs
(10 mmol/L),TaKaRa Ex Taq Hs 1.5 U, 4 10
pLoPLddH, O #M 2 50 pl, §7 3R T .94 °C WidE
P 5 min;94 ‘C72YE 1 min, 55 ‘CiE K 1 min,72 °C iE
1 2 min,30 MER; fc)5 72 CEEMH 10 min, PCR
PR 200 B W R R UK S R IRCE B R B,
AxyPrep DNA &5 FHI R & (AXYGEND 4lifk 1]
WG % 3 5] pMD-18T 24K, 5% 1k K i 1 #3228
YIS, PEAT B I PCR 43 T, A6 0 21 119 BH 4 7 e 3%
AR T AR TR AR A B /T .
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Table 1 The primers used for Tf gene

cloning and expression in silver carp

5% Primer 5 F 3 Sequence (5'-3")
P1 AGTTACTTTGTCGTGGCGGTTGT
P3 CCTTAGCCCAGTCCTGTCCTTTA
P3 TTTGTTTGCCACGATGCAATCCC
P4 CCTTACGCACAACCGCCACGACA
P5 CCTACTTTGTCGTGGCGGTTGTGCGT
P6 GAATCACTTCCAGTCGGAGAGAGAGC
P7 AATGCATCGATAAAGTCAAGCGC
P8 TACCATCTGTGTAATCTCCAACA
P9 CGGCAGTAGGAAAAGTGTTGAGG

P10 GGTAGAGGAAGGAGTCTGTGGTT
P11 TGAGAGGTTCAGGTGCCCAG
P12 TGTCAGCAATGCCAGGGTAC
1.4 % Tf cDNA Rz =&
WHE L mBEE 2K EE TF cDNA B4 751,

BIFA A 3" RACE 514 (P5) 1 5' RACE 3 R 45 53
19 (P6) (% 1), il SMART RACE ¢cDNA Am-
plification Kit (Clontech) 3815 % — 5% cDNA, 3t LA
AR 2R ] Touch down PCR(TD-PCR) Y J5 ¥

M Advantage 2 PCR Kit(Clontech) §" #1555 T f

cDNA K %, RN FEF HR:94 C HlZE M 5 ming
94 CZ 1 min, 65~55 °C 1 min, & MEH T B
0.5 °C,20 NEH, 72 °CIEAH 2 min; 94 C 48 P
1 min,55 °C 1 min,20 ME#,72 °C 2 min; 72 °C ik
10 min, PCR =912 2% Bl g 0l 8 e vp vk J5 &1
BCHM R B, ] AxyPrep DNA BE i 0] e 32 57 45 4l
IR S JE#E 2 pMD-18T #5044 L % 4k K i A 18 I
Z AN E L R O PCR K I BH R 52 K L 3% & I

A TAEY TREBEARARA ST,
15 ¥ EE RT-PCR&EME TFEEMALRRKIE
i

R 4 % e A 2 1 R DR 9 0o e 51 (P
A PHGE DU H A BN 233 bp. B H 1 fac-
tin FEH T3 CF 5% 5. AF301605) % it NS 514
(P11 f1 P12) (R 1), WA RN 15 pl:1.5 pL
10X B 2% v, 0. 5 pl B F¥F 519 (45 10
umol/L),0. 3 p.. dNTPs (10 mmol/L), TaKaRa
Taq 1 U,cDNA 1 pL, A ddH, O #b AR, T
PR i 1R IR RN PR RS B € PCR SO R
7:94 °C FAEYE 5 min; 94 °C A28 30 5,62 ‘CiB k
30 s,72 CHEAH 45 5,30 NEIR ;72 ‘CHEH 10 min,
16 ELHR*XEE PCRENE T ERBLXE T
B FRIESE

MR 72 A5 2 1 i cDNA F 51, 3% 3 1 & sz
it & PCR 514 (P9 A1 P10), I LA Bractin(P11 F
P12) AN Z 518, HIASC L. 27 1y J7 ek A7 100 4%
SEARTR cDNA B —4 , I LI VE AR . SC I 285
i PCR R R K. B FHESI W4 0.5 pul,
1 pLﬂ‘ﬁ M, 7.5 pl. 2 X SYBR Premmix ExTaq
(TaKaRa), il ddH, O #M & 15 pL. S A R -
94 CHZAEME 5 min; 94 CAEPE 15 5,60 ‘CiEB k 15 s,
72 CHEM 20 5,40 NEIF;72 CLEM 5 min, SCHT
2t E & PCR W f# A 1Y /& Rotor-Gene Q cycler
(QIAGEN) ., APRIUESS R A W] 51k, A A S A2
3W., HByREE P X RS E IR RITAACT
P ARYEY AR 2 CT (R %5 2K E 1
(BB T 22 D5 B9 08 A B0 (B, T3 B AR SE R (T ) A
WS FEH (Bactin) CT {E 1Y 22 57 5 3 10 L 22 55 B K Y
FEAAE 2 BFEAS  TH 55 1 AN [6] 9 i A X T 2 BRAEE
AR R FE RS R 2247, R T A5 H L DR A G B
B,

2 BRESH

% Tf cDNA MEBE R FF 54 4T
WAL, 37 (1. 4713 5] cDNA R B .3
S A5 3 51, 43 9 NCBI i iy BLAST 78 28 72
Jr AT [R) U5 43 B, IE B GO B fn L BEH T f
[ F B, PR A 138 R BE R B T f cDNA 1) )7
G ffi ] ContigExpress #4F  B JLAS P91 v Be i 47
FoGTPF 2 . B A5 5 B 5% 2k B A S cDNA & K P
G, KBk 2 365 bp, JFHI C#E5C E GenBank (55
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Fig.1 Phylogenetic tree of Tf amino acid sequences
5 HM622146) . 5" E4m XK 31 bp. 3" A4 X MR IR poly (A) (LR LR 5 & — 7 5] AATA-
£ 309 bp, PR FEHE (ORF) 2 025 bp. 4% 674 & AA T2 REFFRAT 21 bp &b, FIHEL T H
QIR 76 3 MM X AH B EBAEZELZE  (http://smart. embl-heidelberg. de/), Xt & T f it
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IG5 BRI , 25 R R WL N s 21 &AL 1R
SRR B 14 N E R L IR S 24~ 327 AR
W LA S5 335~665 M FEMR N 2 ANPRAT RO S5
22 & Tf 2&te 3t

IV Fl MEGA 4 %t T F FidCfib 250 T 235
W27 A N-J R IR S5 R WA 1,

B1 v, 65 flh 4 FpERRL A — M
(Ctenopharyngodon idella) . ) (Carassius aura-
tus) B Cyprinus carpio) M 5 (Danio rerio)
MBS — ., SEAEM (Anolis sagrei ) FIFN b b
(Pogona vitticeps)2 FICAT S B Rl — /NI
N5 N8B Ik (Xenopus tropicalis) B h— 2, BE
MMM (Ietalurus punctatus) (BT B Bl —
X, IR AR 2 a2, KRS (Gadus morhua)
B 65 (Melanogrammus aeglefinus ) B N —
W B 09 ZF 8F (Paralichthys olivaceus) 1 JK . H
B i (Plecoglossus altivelis) ®— %, #IE H
RN — T, Hop W2 55 8 (Salvelinus nama-
yeush) ST 2L 95 (S, pluvius) F1 3% W 21 5 8 (S,
Sfontinalis) BN — /N, (H8 (Salmo trutta) F1'%E K
W8 (S, salar) R — /N3, 5 Bl RRR e £, 0T B
(Oncorhynchus m ykiss) 4R KR 1 (O, kisutch) |
9 RS £ (O, masou) 2L KRG £ (O, nerka) |
BB KRG 18 (O. rhodurus) Bl —3K , 4 Fhpg i f
WH £ 2%, IR B vK £ (Chionodraco rastrospino-
sus) VB F-F M (Notothenia coriiceps) JEFLE
i (Trematomus newnesi) 3k % VK 1 (Chaenoce ph-
alus aceratus) e A — L, Z 5 X5 HAth 5 i

M He Br Li Ki Sp MuGi Bl

AR R IR G A A CHH

Expression fole(A A Ct Value)

A

¥ H ta 35, K ¥ M (Larimichthys crocea ). H i
(Pagrus major) . B (Acanthopagrus schlege-
1ii) Je B B Ak (Oreochromis niloticus ) . 7 W fif
(Dicentrarchus labrax) B —32 . BRI Hr™=4
A FEA I ZEAS B I T 4 2 25 W) Bl 4 53 28 3k AL 3
AL, i1 AT DATE — 8 #1400 6 1) R G R A AL
AT N IROK A0 5L B 1 B gE AR X T 9B £
F b AAR , FE A HE AL AR T L 15 DLUESE . AR B
B I H A AR 0T K 28 5 e AT 3h W Y
PR R BN 5 Fh AR} £ 28 1 B O R B, X — 45
RIRZ AT BEE AW A
23 8 TTEARRAERAHRESN

ST ARG T 5 PR T i A AS () 2 2R R A
R A AIF 58 0T 5 JEF A | MLAEE 00 JEE R E LI
BN T T 47 T RT-PCR #2452 3%
W 2 T AT JHF B 40 LU oy 2 38 OFF i vp 3k & i/ T
TR ), A IR G B JUEE UL PA SR I VR ) A A
#IFRIA (B 2-A)
24 & TFEMBRAFIRPHMNEREERXNRR
kKE

WA BT R, T f K& D 76 0 5L 3 H /9 IR g 5
S, 08 200 B o3 A 3G RS B T AR T A I 5 T
iR & E BRI AR AT T o S IBORE A I L A i B B
BN Z GO TP RN (2~4 4 (S E R
LU/ ER C I LY IN=-07  U N | R e VN T NS 'S
MR, St B PCR kil 45 R o, Tf
SE e 2= U Th T IR R 0k 1R R O )k B ey 0
ZJa & #iw b (] 2-B)

801
70}
60
50+
40}
30f

A58 Tf 78 AR HH o i 3K Tissue-specific expression of Tf in silver carp; B. Tf %K 75 i I8 fg K& 7 3 B v 4 92 i 52 2 4G )
Real-Time result of Tf in different stage embryos; M. 4> F i E#5iC Molecule marker; He:.» Heart; Br:f§ Brain; Li: i Liver; Ki:
¥ Kidney; Sp:/# Spleen; Mu: JLIA Muscle; Gi: il Gill; Bl:ifil Blood; 1:52 K580 Zygote; 2: TF UL (2~4 4iJf1) Cleavage; 3: Z
Morula; 4.2 Blastula; 5. JF B HH Gastrula; 6. 2 Neurula; 7. B4 # Tail bud; 8: LF7 B Somite emergence; 9: L

RN Muscle contract; 10 H # #] Hatching.
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Fig.2 Tissue-specific expression and expression pattern of Tf during embryogenesis in silver carp
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3 i i@ FHl Northern 2252 1 77 ¥6, Al 7E 2 K5 )5 20 h H1 Ik A

i R B E (B AF 9 A R L I 22 o A B
AL Z BTG, S5 I A JF e T 3L s e 5 iF
b R FFAE 53 BT LA KA S 03 1 AR ag 1Y 52 45 2 FE
MEFE 10 ASHIE S T R R B T 3 DR R 1
HE(ORF) 2 022 bp, 4t 674 MR KRR, 8@ NC-
BI fE £k l X% T 2 BLAST Xffif T/ 2 3 JF 5 I
Xt 5 A ] PR e o 74 %0, 5 ONFLBEE (R
PERAR CH 39%) , S BE S fa A 64 Y0 (1 [A] 5 1 , oA
R £ S Y R UR P 2 65 90 ~73 % . 5 Ak L 2 [
TEMEZY 43% ~50% , 5P CAT . 528 i 2L
[ 2 38 %6 ~42%

T f FETE WA B 0 45 2 8L R 3R 16 O, I
JIE T R R R 3, o0 IR i v B 2 5K T A LR

BECULPY RS L DR S NSRRI AR R A, T f

L PTE I v 2 3k b d e, LUK WA L OF LA
G G AT R SRR LA R JIE RO JIE A R
IRV X BB AT T A1 SRR S R kA A
Mg I T f PR A] 97 T AE 4 B R 3k 1 E
A DU AUE JHE IR R 2 3R R R
HRHERNRATZHS 50K SR TOeE. AT
JIE & R i HOR AT R R ) RE Y JE %, 2 AR D fE
IR A BRI B T B R AR G R G 1
ALK Y BETE A A W L B R T BR AR N AR B A%
FRHTIR . U 2 i YA B 28 GE i — > E AR 43 [
P, 2 £ A B A 1 ] LA LA 8 L R O O A T
R R4 2 B JEURIUT 2 2 B 8 IV 28 7 AR B S BB
SFIEEG Y, EARREG T, TF 5 B ALTE B
FAS P8 UFE R0 MR b G 00 3] 3% 3k, %O o B T f 3 A
AT RES S BIPLIRH 2L e | B DAL e, 5 H A AT
FEHR

WHoE R B W FL s i T f 56 B 7E IR i 17409 L 0k
0Ly AR AR RGR B) T EEAE . 7EXS /N B
ST R B AEAE IR S 6 K B IR AT 7E 3 A I I Ao
WE Tf mRNA BFRIE FERRIGB B, T f B2
i 457 F N IR JZ B DP 85 %% (visceral yolk sac, VYS) &
B T H R R — DB, 2 VYS Hh
Tf mRNA 5 i 5 2 H R I A8 5 8 2 5 L
FEHT S IXARSF BT LA A O AE I BE 4 A6 OB R i, 2
VYS G 7 EIR A A KT 9 T f B2

TEAE .28 3h W) v d5c B0 7 9 B X 3 W B
i TG RBEX I BA RN L., &

ME] TF RN FER A2 G — E N E 3 2R )5
24 h SRJGHE 24~48 h Z [ T g A, SR il
RIS AR R AEZHE G 58 7 /AN, T
Rt IF 46 i BR B% 2 4% 4K (yolk syncytial layer, YSL)
B s BRI SRS B 2 A0 A IR A
AL, M H RS 2, R R W 2, m
B 5 R 200 1) R o 3 22, O B A A R AR R R b
i Gk 2, AT 6 B M E 24 ~48 h Rk wE b
SRR I8

AR eI & B BRI b s, B
B WA B i KM, 25 B8 b, %85 1 £ W
T F IR A B U Ji 52 K5 I 25 98 R o 30 400 i 43 24 1 34
B Ao R eh O AR B 0 3 1R L i A TR vh T iR
BEAMCME SRR A B R TRPRET
TEH.
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Whole sequence of cDNA cloning and tissue expression analysis of transferrin

gene in Hypophthalmichthys molitrix during embryogenesis

ZHANG Zhi-wei'? LI Zhong® LIANG Hong-wei’
LUO Xiang-zhong® LI Lin'?* ZOU Gui-wei'"*

1. College of Fisheries » Huazhong Agricultural University sWuhan 430070 ,China;
2.Yangtze River Fisheries Research Institute ,Chinese Academy of
Fishery Sciences sWuhan 430060,China

Abstract Full length ¢DNA of silver carp transferrin, Hypophthalmichthys molitrix , was first
cloned using reverse transcription polymerase chain reaction (RT-PCR) and SMART RACE methods.
The entire transferrin cDNA sequence is 2 365 bp long and the open reading frame is 2 025 bp and en-
codes a protein with 674 amino acids. Molecular characteristics of the gene were forecasted by online mo-
lecular softwares. The results showed that it is composed of two domains, with a signal peptide of 15 a-
mino acids which located at the 21st amino acid of N-terminal. Silver carp transferrin gene has high ho-
mology with the other species, sharing the highest identity of 74 % with grass carp Ctenopharyngodon
idella. Phylogenetic tree analysis revealed that transferrin of five Cyprinid fish, Danio rerio , Carassius
auratus ,Cyprinus carpio , Ctenopharyngodon idella and Hypophthalmichthys molitrixz were classified
together. Siler carp transferrin mRNA only expressed in liver and spleen (a higher expression level in liv-
er). During embryogenesis,the expression of transferring mRNAs was first detected at the gastrula stage
and the expression level increased steadily until the tail bud embryo. Transferrin mRNA showed marked
reduction after the stage of tail bud embryo until larvae. Results from the present study indicated that
transferrin played an important role in organogenesis during embryogenesis.

Key words transferrin; silver carp; RACE; real-time PCR
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