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W AT ARPR A B AR 4E 4 R CIRZ 1 S HIZE F 3R 1A cDNA X ERTTE

T, BB, XK, KR, MK E

(P EIRRRE RS 20 AR K RIS 4, LR 75 5 266003 )

E . RHMGEL3E (suppression subtractive hybridization, SSH) P ARBFFT ARS8 ( Haliotis discus hannai Ino.) Ve it
ZHEFRZERIGRIEN . Y AS 0 R IR R BT (74.32£0.43) ¢, W1 IR FEE A (84.36£0.24) mm, HLH] T Ve
= (0.0 mg/kg) FIEFIEA N (4 967.5 mg/kg) 2 KF-HIN TADRIEF TR . 480t 170 d IOFRAEIG , 43 S Aa E A JEt B A
BT Ve 52 T8 cDNA SURE . THIRZS SRR AT TR, 22 R RIR B SE R B & 46 T K2 2° 2’ ~ 2%, AN SCE
R BE AL E BH 1 e R A TN . 7R JF IR T 0 cDNA S P 3RAS 63 4 | B, Herp EL N BEFE A 1 54.0% , Gene ontology
(GO) & BRIIRER H I3y 420 . ARBPAHOCHEIA 17 15.9% , AL CIAR DGR (5 30.29% , AE W] 15 AR DGR A i 4.89% , A g
L 1 3.2%, RAINFEIEN  46.0%. 78 B IFH IR cDNA SO 3R 394 B, HrP B ThBEFE R & 53.8%, GO ¥4
32 AR EIE A i 5.19% , AAEAR AR SEIE A | 28.29% , A=W i AHSEIE A (5 20.5%, RININREILA 1 46.2% , HiHpr,
PG T AR FR o FUALE AT 1 B0 | o — AR TG . 5 -1, 3-D— ARG LT 4L R G | MR Eh 2UA A LA S Bk
E A A S P AE WS Ve & BUHSE AL, b ik— A IT S0 Ve i A ORI T 36RE. [P KPR}

2#,2010,17 (4): 619-629]

KRR DO FPBNE s FIE; 4EAER G5 IHITHIBAY S ;

HESES: Q959 SCHRARIRES: A
HEE R C(Ve) XFRBUIR IR , J& sh A P i 2L
MK PEST AR, 7E AR A R b R iR
SR, HARE YR BETT LIAE Ry 52 S04, SCAT LA
YERHEEUR, 2 5 Z R AR IR 7, X R 1Y
AL R A BT R R SR e i A
5w EAEH", FEK A B Ve B R T &
B, %t F 5 611 (Culter alburnus). % 41 (Lateolabrax
japonicus) VA N K35 4 (Pseudosciaena crocea) 55 H B
TG M Ve Y H A2, R R & 5 Ve BE R
FRE S ARG R ARH S Ve F it DL K Sy T A
Poms 115 TR R R Ve B T E B A Ve
A HCRE 1 1 VA BV #3 (Acipenser baerii) A= |
P15 S VAT W0, A5 5 0 Vet T H s 21 i

W BHA: 2010-03-03; f&1T HHEH: 2010-03-26.
BEE£WH: HEAKRFRILERBITH (30972262).

98 cDNA S

XEHRES: 1005-8737-(2010) 04-0619-11

AR TP G I A A 1 A e F ) (Haliotis
discus hannai Tno.) J& ¥ B YER K AE 34, &b
[ I 77 B B B2 T R4 DL 2. Mai” 6 X B U 9 it
(Haliotis tuberculata L.) FIARSLEL LRG58 &
B, AR ASTRIAS I FE 1) Ve X 38 BOAEIE A K
YA R, Ve S AR AN 1 Ve
Bz i , B HE A T REELA Ve 2B A iiE
) M T4 B 2% 2 (suppression subtractive
hybridization, SSH) i& F T-73 B4 21> mRNA E{A [|] 22
SRIBMEER, PR SR T mRNA 225 R A
(DDRT-PCR) {2 BH P %5 25 A A e 1 22 78 4341 (RDA)
T OBl 2 S e A 2 g e s, 9 LA R R )
JEE I 22 S 22k ¥ A AL S LA TH IR, T R e

TEETN: T (1981-), B AT A, W5y Inl . B3R S5 RE . E-mail : wjyr@sina.com
BIWEE . LA, #UZ, it/ 500 Tel : 0532-82032038. E-mail : kmai@ouc.edu.cn
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B 1E 25 5 R L R W - B, ARSI I Ve it
Z (0.0 mg/kg) A E5 ] (4 967.5 me/kg) YR INZKF-1Y
o A ] L 4 48 43 80 00 170 o, )T SSH B AR, A 3
TSRS AR N B ELE 2 Ve ik = 25 57 R IR 1Y
cDNA U, B 16 N5 A S0 Ve AR 1 AH AL
(B e e s 7 es - R i

1 #RETE

1.1 SEISER

HERA P72 B8 Mai " AL 7, RN 8, s
21, VAF&EE A (vitamin-free, Sigma) F1HH i VF A 25
FLIR, RSl At (5 b 1 s 1) AR i 107 U, 4
KV 2RI, Ve 3 e =X 8 L-u 38 1
fiR —2— W R s (L—ascorbate—2—m0n0phosphate , Ve o
>35%), Ve fift Z FlvE 77 i 2D 3K - 5350 0 Fil

5 000 mg/kg kL, B ALBAR €3 (HPLC) ¥ 10 1]
HErR Ve B SEBR 7 1R 0.0 FT4 967.5 me/kg fil k. ]
FH BRI S I8 Mai 7 (78
1.2 EWHAREE

ST 56 FH P 8 0 A5k B ol B ) S 1 7 5% T A 5 B
TR, WA R T i Ry (74.3240.43) g, WIHRTE KN
(84.36+0.24) mm, 7E IR K2 1L P A Akl
SHEARZCF SRIREHIY S N UK RGP 1E
LI T LA, FHEER AR Ak 4 )5, R J5 BEAIL 53y
2, BHIANEE, BAEE 15 H,7E150 LR
BIMFRIRA . FRAREREE 170 d, 5K 17 1 00-18 : 004%
WAL, UK H 8 2 00-9 : 00 M JRCTR BRAR TH 21 . F741
1 18] 7K A 7.8 ~ 20.0 °C, #h B M 31 ~ 34, pHIE N
7.5~ 8.0, A>T mg/L, 453 KA 1 B BE I
T BERFE BE2S , Bl L B ] 3 AR M Ve B

&1 ERAREGR

Tab.1 Diet formulation and chemical composition of basic diet

% DW

)% Ingredients

ZH K, Composition

% 7K [ Casein vitamin-free

B Gelatin

FIKS Dextrin

FHIRLLT 48 R Carboxymmethylcellulose, CMC
W R E Sodium alginate

TP BR A Mineral mix"

ez ZIR-AY) Vitamin mix, Ve free”
SALNEHH Choline chloride

S/ i SO/MFO°

FEIT Raw composition,, n=3
HL#E A Crude protein

HLAE T Crude lipid

Jé4y Ash

25.00
6.00
33.50
5.00
20.00
4.50
2.00
0.50
3.50

30.10
3.38
12.23

e a HIFIRGY 451 000 g fmEMD 2 NaCl,0.4 g; MgSO, - 7H,0,6.0 g; NaH,PO, - 2H,0,10.0 g; KH,P0,,20.0 g; Ca (H,P0,) , * H,0,8.0 g;
FrERRER, 1.0 g; ZnSO, + 7H,0,141.2 mg; MnSO, * 4H,0,64.8 mg; CuSO, * SH,0,12.4 mg; CoCl, * 6H,0,0.4 mg; K105, 1.2 mg; Na,Se0;,0.4 mg.
b, 4EARIRGH, B 1000 g mUEHL S 4E4E R BI HCIL120.0 mg; £% % ,100.0 mg; M2,30.0 mg; 4423 B6 HCI,40.0 mg; MHR,800.0 mg;
12 FR45,200.0 mg; ILEE,4 000.0 mg; M, 12.0 mg; 4E/E: E E,450.0 mg; 4i4E E K,80.0 mg; 4E4f 2 B12,0.18 mg; 4k Z A, 100 000 TU;

A2 D,2 000 IU. c.

AR (B L 10 1), B8010.001% 11 £ 58 ndsupk .

Note: a. Mineral mix: each 1 000 g of diet contained: NaCl,0.4 g; MgSO, - 7H,0,6.0 g; NaH,PO, -2H,0,10.0 g; KH,P0,,20.0 g; Ca (H,PO,), -H,0,
8.0 g; Ferric citrate, 1.0 g; ZnSO, * 7H,0,141.2 mg; MnSO, * 4H,0,64.8 mg; CuSO, * 5H,0,12.4 mg; CoCl, * 6H,0,0.4 mg; K105, 1.2 mg;
Na,Se05,0.4 mg. b. Vitamin mix: each 1 000 g of diet contained: Thiamin HCI, 120.0 mg; Riboflavin, 100.0 mg; Folic acid,30.0 mg; Pyridoxine HCI,
40.0 mg; Niacin, 800.0 mg; Ca pantothenate ,200.0 mg; Inositol,4 000.0 mg; Biotin, 12.0 mg; Vitamin E,450.0 mg; Vitamin K,80.0 mg; Vitamin
B12,0.18 mg; Vitamin A, 100 000 IU; Vitamin D,2 000 IU. c. Mass ratio of soybean oil and menhaden fish oil is 1 : 1.



b TS RSB R B L A R C B2 175 1 25 573858 cDNA SCPE G 621

1.3 HmayREFMLLIE

FrFH A AU, 4> H A 3 R, 7R DR B B R
Fill, o P I TR R R U, 20 S 1.5 mL B0 R
WA, —80 “CIAF
14 KEITE
14.1  FEERBRFNE BE /S RNA B2 BN mRNA B9 4§
£ # Ve 0.0 mg/kg ZH 14 967.5 me/kg 4145 3 E
I 9 FUAR S JT BRI S JIEE 230 7 W A I
Wik AR5 , H Trizol Reagent (Invitrogen) FEHUEL RNA,
iR E; H PolyATtract® mRNA Isolation Systems Il
(Promega) 2lifb mRNA. FH 1.2% Byt g WHEE L HEL Dk 48
SE T H B B RNA S mRNA ) 58 % 14, 3 I Nano
Drop® ND-1000 Spectrophotometer f{ e 284/ A L4y
JEIGEET I AE S RNA B mRNA [HFE

142 HD#) GO # X R A PCR-Select™ cDNA
Subtraction Kit (Clontech ) 47 1 il 114 Vi 2% 52, HLAA 5
VEF IR SRV A T I A5 225k
oAk B b B S S [ P 9 WL 2, 4r
S Ve 0.0 mgrkg 111 JHF Ji R F1EF JIE 1) mRNAE Sy
TH U 4% 52 K56 T (Tester), LA Ve 4 967.5 mgkg 2H 1
JEF IR BRI JE ) mRNAAE 9K S5~ (Driver), 15 55Kt
Tester A Driver mRNA 22 cDNA synthesis primer 5 5% 5%
Jl cDNA —5E, SR 56 A% cDNA ., 22 Rsa 1 BV,
14 Tester cDNA 53 3PF-35 53 BRIy, 53 3] 3%:4% Adaptor 1
F1 Adaptor 2R, 53 5 ) Driver cDNA #4755 —IR 438
1RGP 223874, 715 B 28 VE ) Driver cDNA i#£47
B AR . AL WIS A PCR primer 13474
PCR, J& FH] Nested primer 1 FI12R #4755 2 /X PCRY 14,

R 2 MBIHBRRZ RIH BT S T FE AR5 5

Tab.2 Adaptor and primer sequences used in SSH and subtractive hybridization efficiency

EIEEq

Primer

FHs -3

Sequences 5" =3’

c¢DNA synthesis primer
Adaptor 1

Adaptor 2R

PCR primer 1

TTTTGTACAAGCTT30NIN
CTAATACGACTCACTATAGGGCTCGAGCGGCCGCCCGGGCAGGT
CTAATACGACTCACTATAGGGCAGCGTGGTCGCGGCCGAGGT
CTAATACGACTCACTATAGGGC

Nested PCR primer 1 TCGAGCGGCCGCCCGGGCAGGT
Nested PCR primer 2R AGCGTGGTCGCGGCCGAGGT
B-actin F CGGAGATGGTGTCACCCACAC
B-actin R TTGTATGTGGTCTCGTGGATACC

143 HEHBEZHERSH DL L-actin FEFEFEH
AR ALK S WL I AC R % . AR A S A B B -actin
BB S 514 B-actin FAI B-actin R™, 4351
A R A FOE TS 805 565 2 YK PCR =) Al k4
PCRY M. ARG THINZALAE IS 2 K PCR 7P s
B[R 3647 PCR Y HGE Ty X . g 4544 94 °C,
30s;68 °C,30's;72 °C,1.5 min; ¥ 433 MEIF, 4
S TE 21518 .23 .28 I 334 4 45 o Ji5 4% HL 5 plJx
NLF =AY 1.2% SRR MEE RS FBLVK A 304 18 74 o

144 HB cDNA ERIMIE 5 0l 6 T e e il
BT 98 0 26 2 YK PCR 77 49 i 4% 31 pGEM®-T Easy
Vector (Promega) H1, 4k A IM109 #2520k 37 25 41 iy

(TaKaRa), W B ST IRAGTE & X-Gal/IPTG/ 2~ 5 %%
RMLBEEFE I 1,37 CHE 3% 12 h, EHLBRE 50
B, A E 1 mL LB AR K: 532 B b, 37 CHR % 45 5%
12h L b B SR G 0 R WG AT V& PCR Y1,
I T 1.2% B REWEBE I P KA 56

145 MERFIIEEIT XA AR BB
B AT (b o AR R BE R Al 55 2 |1 ), I ) &
FH BioEdit % 14 £ 17 Jt 4, £ NCBI GenBank %5 45 J¢
(http: //www.ncbi.nlm.nih.gov/) H1 Al F blast 2 F¥ #E 17
[ M 14 L X 4 Ao SR 5 1 AmiGo (J£ T Gene
ontology HUHE % , http : //amigo.geneontology.org/cgi-bin/

amigo/go.cgi ) X} CLHIFE R4 H D BRI 7432
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2 HBRE5SMH

2.1 BTRRBRFNISAEZEZE 5 RNA BIIREUR mRNA 4hi4y {H M 1.8 ~ 2.0, Ui B i RNA Jf 5 BL AT, Ve A KA
Jr 42 HCAY B g AR A DE L RNA A 28S  18S Fll 5%, MBS mRNA 30 > 0.5 kb i B R &40,
5SHL3 M, STV, GBI (K1) AsolAngo b Ango/Ango FEAE >2.0, UL mRNA 4B 45075, i R4

1 ARSI HEZHZUE RNA 1.29% SR HE e i vk Pl
1: Ve 0.0 mg/kg A ERATAFBEAR S RNA; 2: Ve 4 967.5 mg/kg AbBRZLHFBRAR S RNA; 3: Ve 0.0 mg/kg AbFRZH B I RNA
4: Ve 4 967.5 mg/kg A PHE B IS RNA.
Fig. 1 Total RNA isolated from hepatopancreas and kidney of the abalone Haliotis discus hannai Ino
1: Ve 0.0 mg/kg hepatopancreas; 2: Ve 4 967.5 mg/kg hepatopancreas; 3: Ve 0.0 mg/kg kidney; 4: Ve 4 967.5 mg/kg kidney.

22 HBREZNESN ' JUE AR T BN 565 2 YK PCR ™ W) A Bl , 7 23 fi 4k

PAUF IR AT D8R0 55 2 K PCR P W) AR, 72 B W 2530, 10 AT I 1 365 2 K PCR ™ ) L
180G FRAL B4 217 s T LATHDBUS B9 2B 20K PCR A, 7E 28 TR B AL A TF Iy tE 0 7= ) 257 , 6] 3 -actin
PR, TE 3R IRAL A T IR B At U0 SRR TR R AR T2 ~ 2" (1812B). TIEWT I DAk
B B-actin JE K (1 5 BE R Y REAR T 2% (K12A), DA SC80RH

B

K2 ISR T R (ARSI -actin BE K F= FE RN )
A IR Ve 0.0 mg/kg—Ve 4 967.5 mg/kg (tester: Ve 0.0 mg/kg, driver: Ve 4 967.5 mg/kg): 1=5: VIR Y45 2 R PCR P WA ; 6-10: LI
WA 2 Y PCR =) A5 B BIIE Ve 0.0 mg/kg—Ve 4 967.5 mg/kg (tester: Ve 0.0 mg/kg, driver: Ve 4 967.5 mg/kg): 1-5: LIRS IS5 2 K PCR
PR ; 6-10: LITHISUS M55 2R PCR 0B . 1 F16: 15935 ; 21 7: 18E ¥ ; 3H18: 23JFH; 4 F19: 281G 5H110: 334EFF; M: DNA
marker.
Fig. 5 PCR analysis of the subtractive hybridization efficiency by -actin

A': hepatopancreas Ve 0.0 mg/kg—Ve 4 967.5 mg/kg (tester: Ve 0.0 mg/kg, driver: Ve 4 967.5 mg/kg), PCR was performed on subtracted cDNA
(1-5) and unsubtracted cDNA (6-10) . B: kidney Ve 0.0 mg/kg-Ve 4 967.5 mg/kg (tester: Ve 0.0 mg/kg, driver: Ve 4 967.5 mg/kg), PCR was performed
on unsubtracted cDNA (1-5) and subtracted ¢cDNA (6-10). 1 and 6: 15 cycles; 2 and 7: 18 cycles; 3 and 8: 23 cycles; 4 and 9: 28 cycles; 5 and 10 : 33
cycles; M: DNA marker .
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2.3 ERFERMEENIGERF

e T 1 B T4 Dk cDNA SC 2 o, B AL Bk B0 964~
BH I 5 8 (5P V% PCR, 159 B9 18 7= W0 4 814, 7™
YK /NFEO.L ~ 1.2 kb, 238360 )7 (K13A), 785
JUE 77 96 c DNA ST v, i B Bk B 744 BH P 5 [ 4
W 7% PCR, 15 2 4 34 7 ) (1) 45 601, 7= ) K/INTE
0.1 ~ 0.7 kb, 4= #3257 (&1 3B), Il Jy> 45 S 75 NCBI
GeneBank [ #E 17 [A PR PE HL 8¢, 76 I S AR Ve Bl =
TH U cDNA SCPE v, 35 DU 17 814 B 1 e s M 7 it
1634~ 38 12 blast b xf & BHL 1 2y fE 36 A 344>,
i 54.0%, GO (Gene ontology) % I Iy fig 45 H: 43 hy 4
25 AU DGR 101 A4 a— H AT HH T . 5 -1,
3-D— 7] SR W Bl | £ 4 2% [ R0 3 R h LA I AT 5
15.9%; A0 AT AT SE KL 194, L35 41 i (5 K o SR
ARG DS e R 4 2R 1 B PR AR B 4%, o
30.2%; "= 2E VAT AR DI R 34, AL FE B B A b
TR C3 RS, M 4.8%; HAMTIREILH 24>, dh & 4%
0 UK 25 VRO 1 G %5, 5 3.29%., R AIShRESE
K291, 111 46.0% (3%3), TE'BE Ve ik Z I8 cDNA
SCPEHR 3R 1Y) 60 A 4 A B i) R s Ry
B 394, A BRI R LR 214, 17 53.8%, GO
HAy F 335 ARIH SESE R 24 A 2 st FL AR 1
ity R T S/ S, o5 5.1% ; A LA R AR DG L A
VUAS A 46 T =X A i i ST S 88 2 b 1- o S il

kb M
2.0

0.5
0.1

A
M
B

R 945, 15 28.2%; AE W1 T AH G LN 81,
AU FEER B A 22 SR B L BEHI R 7 55, 5 20.5% . R
FIINREFEA 181, 5 46.2% (3 4),

3 g

AU U 2 35 55 R, 2 1 Diatchenko %5 - 1996
FELES 1 PCR (suppression PCR) AR AN 8258 T7
ST R W I BEA N 22 S R R R R AR . B
S PREAAE , HH T2 sc i R b e F P SR KA
PR RIS AE I B AR BE P91, A JAS AR 2
A 250 cDNA T H A & s i — 26 SR
FHIM I PCR % YR AT [ETAE e A, bt
A )42k AR R R D BEAEIR K 5T
AR E ARG, ANREAT 353G, ATk BB
RS IR B, SSH HAT P R AL =Rk
B BAPEARAR AT O 5, S A 16 22 57 A JRE TRl B bR
FEASUT-BE, N SSHE AR B 278K 7= shr iy 4
BEEFR R B LSO PR AR A e 1 ST R b
VP LR 2EFRIBEN ", AR R, A
SSHEE A, 43 51| g Ty 40 322 4 230 485800 Ve e = I A A
'V JIETH 98 cDNA SCZE, 3L B -actin B PG4 7 ) T U8
ST TSR 5T . G5 R, e I
AE , ARSI T T R B I 2 29 2 S 3R I R 43 )
PEE T RA2 M2 ~ 2 £,

B3 Bk Ve 2 BTH UK cDNA ST/ 7% PCR 45
A AR ; B: "B IE; M: DNA marker; FHABTKIE Yy FHA: FERE 7% PCR 455

Fig. 3 Colony PCR results of some clones in cDNA subtractive library of abalone fed with vitamin C-deficiency diet

A': hepatopancreas; B: kidney. M: DNA marker; other lanes: products of colony PCR.
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5 B EUBRIRA PEZE A2 3R C k2 75 5109 25 5308 o DNA SUE R 7
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Construction of the hepatopancreas and kidney cDNA subtractive library
of abalone Haliotis discus hannai Ino. fed with vitamin C-deficiency diet

WANG Jia, MA Hongming, MAI Kangsen, ZHANG Wenbing, LIUFU Zhiguo
(The Key Laboratory of Mariculture , Ministry of Education, Ocean University of China, Qingdao 266003, China)

Abstract: The study was conducted to clone the differentially expressed genes in hepatopancreas and kidney of
abalone (Haliotis discus hannai Ino.) under vitamin C deficiency. Abalone, initial body weight (74.32+0.43) g,
initial shell length (84.36+0.24 ) mm, were fed 170 d with purified diets containing 2 levels of vitamin C at 0 mg/kg
and 4 967.5 mg/kg. cDNA subtractive libraries of hepatopancreas and kidney of abalone vitamin C deficiency-treated
were constructed using the method of suppression subtractive hybridization (SSH ) . Subtraction efficiencies were
about 2° and 2°-2'"~fold enrichment in hepatopancreas and kidney ¢cDNA subtractive library respectively. Positive
clones were randomly selecte and sequenced. Sixty three clones from hepatopancreas cDNA subtractive library were
sequenced. The sequences were subjected to GO annotation. According to their physiological function, they could
be subdivided into 4 categories: 15.9% of metabolic processes genes,30.2% of cellular metabolic processes genes,
4.8% of biological regulation genes,3.2% of other functions genes, and unknown genes. Thirty nine ¢cDNA fragments
from kidney ¢DNA subtractive library were sequenced, and they could be subdivided into 3 categories: 5.1% of
metabolic processes genes,28.2% of cellular metabolic processes genes,20.5% of biological regulation genes, and
46.2% unknown genes. A series of genes related to vitamin C biosynthesis have been obtained in this study, which
includes cytochrome ¢ oxidase, glucose 1-dehydrogenase, a-glucosidase, [-1,3-D-glucanase, cellulase, alginate
lyase and ferritin. This research provides the basic data to further study the biosynthesis and metabolism of vitamin C
in abalone. [Journal of Fishery Sciences of China,2010,17 (4): 619-629]

Key words: Haliotis discus hannai Ino.; hepatopancreas; kidney; vitamin C; suppression subtractive hybridization;

subtractive cDNA library.
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