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WA, o B A e R EE AR R BOFRA LT T, R F T ERIEFK PCR R RALE
PCR # &K \ifFrT CAERR LR b o Rk, 5 R R L cDNA A4S PCR F 4 F 5 5 e & R 4948
F%!/%ﬁx —2(; YA DNA A ARG 38 89 o3 0y B An 2F 4 B IR ) 1 By 514 438 bp A= 667 bp 49 A 2
E*féﬁ?‘@%}?[ﬂ KB R F RN AT R EAME] 2 A SNP; 4 Fr % 45 5L g B A IR 39 £ & LR
“Pfuv, B RBEEAR R ARER, TR hF0, RNERREFTOFET, BRBERIREK
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[1-2] [16-18]
“97,, 2
1978  Clark D (H. iris) e .
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> , (63.38%=4.08)mm,
) (28.9x6.4)g 2008 4
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(hdlam)!*?! (hdcel)!"?! (H. 1n .
discus discus)o- (hdamyl)!'¥ (3] 2009 12
cDNA 4
; mRNA WK-3000 ( <+0.1°C)
[16]
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(2020.5)C
1.2 Hjx,# , RNA (BioFlux
. ) RNA, 20°C
20C 120d ,
s RNAwait
RNA, -80C 1.4 RAZZF PCR 5|4kt
DNA B-actin
1.3 DNA #=% RNA #)3RE o-
4 SQ cDNA R Primer Premier 5.0
DNA (Omega ) DNA , PCR , 1
#1 SIYHEXER
Tab.1 Primers used in this study
(5-3")
B-actin — F: GGTATCCTCACCCTCAAGT AY380809.1  269~443 175bp

R: GGGTCATCTTTTCACGGTTG

F: TGGAAGGCACTCGGACAACT
EC4.223 R: GGTCGCAGAAACCGTCAATC AB110094.1 401~516 116bp

F: GGCGTTGACCGTGTCTTGT
EC3.2.1.6 R: GATGACTGGCTGGTTGTCTATGT AB488493 636~812 177bp

F: CAACCAAGCCAACACTGAC
o- EC3.2.1.1 R: CTGAGCCTGACCACCAAT EF103352.1 1092~1279 188bp

F: GACGGAGGTGGAGGGCTTCT
EC3.2.14 R: GTTACAGTGTCAATACCCGCATC AB125892.1 1306~1467 162bp

1.5 3o e A

cDNA
DNA ¢DNA , PCR ’ A
! PCR 20 uL, . ¢cDNA 1uL, 1L (10pmol/L), 2x
cDNA 2.5 ng, 10pmol/L, Taq  0.5U SYBR Green 10uL, 20uL
1 94°C 5 min; 94°C 30 s, 58°C 30 s, . 95°C 30s L 95C 5
72°C 1 min, 35 ; 72°C 10 min 60°C 30s, 40
1.5% ,
PMDIST | Eeori 18 BIELIEE S
Trans1-T1, LB 37°C 12~14h PCR ,
PCR , LB 95%~105%, 2
3700 5~6h’ [18-19] EZIO—I/K
v 1(K )
1.6 ¥& = PCR 4 SPSS(Ver.11.5)
cDNA , 4 N (% +SE)
PCR 1.5 , NCBI BLAST
1.5% GenBank
S AN

1.7 ﬁﬁi% PCR 5-#7 2 EEENN
DNA 5 ’ 4 , 2.1 Y HMEBIEEG R

2 , PCR Ct , P-actin hdaly hdlam hdamyl
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hdcel 96.6% 101.3% 104.4% ACT ACC(  2), ; (3)
93.4% 96.4% s , DNA ( 2) a- ( 3
829bp 626bp,
22 4HSBEMBARGTHER 6670p  438bp ,
DNA cDNA SNP( ) )
, 1 PCR 1.5%
, | 1, 24 SBEKIBEAMBARRAGAR
B-actin 4 %#']‘i
, ; cDNA cDNA 1
100~200bp , ; 4 B-actin
DNA , s (hdcel) a-
cDNA , - (hdamyl) (hdaly) (hdlam)
600bp 800bp
, cDNA , >
a- (hdamyl)
2.3 ¥ M5 Fe SNP
I PP, L2 2.5 S H 4 FEEBEAMEBARALHN
(1) c¢DNA FE K G FAA N
B-actin (hdaly) Real-time PCR 4
(hdlam) a- (hdamyl) (hdcel) , 2
175bp 116bp 177bp 188 bp , 4
162bp, , , ,
2 > 5
;) 4
2 DNA (AB125892.1) o-
8349 8361 ,
: GGC  GGT, a- (P<0.01)
1000 bp
700 bp
500 bp
200 bp
100 bp
1 P-actin hdaly hdlam hdamyl hdcel
Fig.1 PCR products of B-actin, hdaly, hdlam, hdamyl and hdcel gene
P, B-actin, P,-Ps  Ps-Py hdaly hdlam hdamyl hdcel P;-Ps cDNA ,P¢-Py  DNA M, M,

Lane P;: PCR products generated by B-actin. Lanes P,-Ps: PCR products generated by hdaly, hdlam, hdamyl and hdcel gene as cDNA template
respectively. Lanes P¢-Py: PCR product generated by hdaly, hdlam, hdamyl and hdcel gene as DNA template respectively
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8330 TC AAG GGC TGG CTC CCT GGE GGC TCC ATC AC TAC ACT CCA TGC GGA CAG GCG

425 K G W L P G G S I T Y T P C G Q A
8383 TGG AGA GAC AAG TGG GGC TCC AAC AGA TAT GCA GGTCAATCTACTAGGCATAACAT
442 W R D K W G S N R Y A A

8439 TTAGGCGTATTTCATTTTAAAACAAATTGGGGTGCGAAAATAATAAAAAGCAATTCTTCAT
8500 AATCACGATAGGAGTCCACGGCTCTGTTGAGAGAAACTTAAATGCGTGAATTAATAGTTA
8560 ATAATTACAACATGAAATCAGCATGAAAATGTACCTAGCTAGTGTACGTATTCGCCAGTGT
8621 GCAAGAATAACAAGAACCTGAGCTTATTTGTAGATGATCTTAGCTACGACCCATAAATGAT
8682 CAATATAAAGAAATGCACTAAACAAGAAATACATTTCGGTGAAGTAACCCTATGATAAGAG
8743 TGCCATTTGCTTAATTTCCCCAGCAGTTGTACCTTTTACGCCGAATGGAATCTGTTTCAAC
8804 AGATGATCGAGACTGACAATGGCTAAGTGGGAAAGTTGTATTCATGTCAAAGAGTTTTTT
8864 GCAATCAGGAAAATAGAGGAGTTGCTAGCGGATGCATGTAGTAATAAGGTGAGGAC@TT
8923 ATAGGTTBTCATTTTCGTAAAACCAAATTTAATCAGTTGCACTTTGGTCATGTTGTACAAG
8984 ACCAAAATGTCTAGAAATATAAACGCCAACATAGACTTGATGTTCACTGTATGTTACAAA
9044 GTATCCCTTTGACTGGGCTTGTGTCTTTTGACTCTGCAGCC AAC TCT GCA TTC GCC GCT

454 N S A F A A
9103 CTG GTG GCT GCT
461 L V A A
2 DNA
Fig.2 Sequence analysis of DNA amplification products of cellulase gene
SNP ; 2

The white parts in exon are the two SNP loci. The gray parts in intron are the two inserted bases.

1111 CAA GGA CCC CCT CAG AAC GGC GAC ATG AGT ACT AAG CCG GTAACC ATC AAGTATG

365 Q G P P Q N G D M S T K P V T I N
TAAAGTATATCCAGGATCCAATATACACTTTATGTTTCAGATCTTCTCTACCTTTCCCTTGTC
TAAGCATATGAGAAATTCTTCAAGCAAACACGTTTCTGGAGAAAATGTAGATTTGTTATAG
GGTTATAACGAACTCAGATGGACCACTAATTTTAGTTTGTTACAGTCGTAGGTCGTTTTAG
GCCTATATACAGCATATATACAGGAAATGGCCTGGTCAAAAAGACAAGTTCGTTATATCTG
TCAATTCGCCATAAGCGTGTTCGTTATATACGTAATTTACTGAAGTAGTGAGTGAGTGA GT
TGGGTTTGACGCCGCTTTGAACAGTATTCCAGTTATATCATATATATGATTCCTGAACGTAG
ATGGGGAACAACACCATTCATATTTGTACATTACGTAATCTAGAGGCCATTGTTTTGTTTTT

1161 AGT GGT ATG GTC TGT GGT AAC GGC TGG ACG TGT GAG CAC CGATGG CGC CAG ATG

382 G M vV C G N G W T C E H R W R Q M
1213 TAC AAC ATG GTT GCC TTC AGG AAC ATA GCG GGT TAC TCC GGG TTATCAA
399 Y N M VvV A F R N I A G Y S G L S

3 a- DNA

Fig.3 Sequence analysis of DNA amplification products of a-amylase gene
s a-
The gray part of the sequence is exon. The white part is intron that was discovered

K2 AMSERBBERARYBHEARARPHENRIEE

Tab.2 The expression of four polysaccharide lyase genes of Haliotis discus hannai Ino in different tissues

(x107)

(Hdaly) 0.80+0.19° 47.11+10.53° 10.52+8.55%  41.94+17.25%  244426.39+34981.90°
(Hdlam) 0.14+0.03° 43.63+6.39 3.43+0.93° 28.2146.31° 2280.38+151.56°
a- (Hdamyl) 0.77+0.40° 45.11+5.73° 2431£15.97%  37.06+16.91° 4399.16+365.63°
(Hdcel) 0.39+0.18*° 40.87+6.19° 7.66+1.71% 36.58+21.25° 69872.92+£6156.43°
+ (n=3); (P<0.01)

3 ‘iﬂ'ﬁ’_\n EZO]
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B-actin
hdcel

hdamyl

hdaly

hdlam

Fig.4 Four kinds of polysaccharide lyase gene expression
tested by Semi-quantitative PCR

[~V

I : gill, II: muscle, III: antenna, IV: pallium, V: digestive gland
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Expression of polysaccharidase enzymes in the F,adults of a
mass selected Pacific abalone strain

HE Qing-guo” ?, WANG Shao-wen"?, LI Jia-gi"" 2, LIU Xiao"

(1. Institute of Oceanology, Chinese Academy of Sciences, Qingdao 266071, China;2. Graduate School,
Chinese Academy of Sciences, Beijing 100049, China)

Received: May, 5, 2015
Key words: Haliotis discus hannai Ino; alginate lyase; amylase; cellulase; mRNA expression

Abstract: Alginatelyase, laminarinase, a-amylase and cellulase gene segments were amplified in DNA and cDNA

templates from the 2-year-old F, adults of 97 selected Pacific abalone strain with primers designed based on pub-

lished ¢cDNA sequences of these genes. Sequencing of these gene segments revealed one intron of 438 bp in the

a-amylase gene, one intron of 667 bp in the cellulase gene, and two SNPS in both exon and intron of the cellulase.

Semi-quantitative RT-PCR and Real-time PCR analyses showed that the four enzymes were mainly expressed in the

digestive gland, with the alginatelyase gene expression the highest, followed by the cellulose gene, suggesting that

alginate may be one of the most important carbohydrate sources in the selected abalone strain fed with kelp. The

results in this study may form the basis for further studies on the expression of polysaccharidases of the 97 strain at

different developmental stages, fed with different macroalgae and under different aquatic environments.
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