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( , 2006)
(Santelices et al, 1989; Malta et al, 1999),

B

(Shimada et al, 2003; Her-
nandez et al, 1997; Ohno et al, 2001; Morand et al,
1996; Fletcher, 1996; Raffaelli et al, 1998)

( , 2006), (Ulva)
(Enteromorpha) (Chaetomorpha)
(Cladophora) ,

(Raffaelli et al, 1998) Hiroshima
Hakata (Shimada et al, 2003)
(Hernandez et al, 1997)

Dichato (Ohno et al, 2001)

(Ulva linza), (
), Ulva linza Ulva linza
, 2007—2008

Chlamydomonas reinhardtii ~ Euglena gracilis  rbcL
(Dron et al, 1982; Ginrich et al, 1985),

E)

Ulva linza , Rubisco
1
1.1
Ulva linza
S 0.2% KI
10min, >
YCQ01—20 YCQ19
35—45umol/(m*s) 18 12L : 12D

, 4= (

,2005)
1.2 Ulvalinza DNA RNA
Ulva linza DNA CTAB
, 1.5ml
s 0.5ml (10mmol/L. Tris, 100mmol/L
EDTA, 1% SDS, 20pg/ml K), , 55
(Sambrook et al, 1989)
Ulva linza RNA Trizol
(Invitrogen, ),
RNA DEPC , =70
(Sambrook et al, 1989)
1.3 Ulva linza rbcL DNA cDNA
1.3.1 Ulva linza rbcL DNA
rbcL ,
GenBank Ulva linza rbcL
(Ulva linza- AB097620 Ulva procera- AY422562
Ulva prolifera- AY422554), (
):
rbcF1: 5'-GGTGTAAAAGATTACCG

TTTAACTT-3';
rbcR2: 5'-GTGAATACCACCTGAAGC
TACAGG-3'
DNA , PCR Ulva linza rbcL
DNA PCR 1 94
94  30s,57 30s,72  lmin 30 ;
72 Smin PCR TaKaRa
TA
1.3.2 Ulvalinza rbcL cDNA
RT-PCR Ulva linza rbcL cDNA
FIRST STRAND cDNA
SYNTHESIS KIT I(Bio Basic Inc, )
cDNA RNA , Oligo
cDNA -20

3min;

(dT) )

cDNA S PCR PCR
Ulva linza rbcL DNA
PCR PCR TaKaRa
TA
1.4 UlvalinzarbcL 5’ 3’

Xbal Ulva linza
DNA ,
walking) ,

(gene
TaKaRa LA PCR in vitro
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4 (

Cloning Kit (TaKaRa) rbcL 5’ ,
Ulva linza rbcL 5

2 :
RbcLR1: 5’AACCATCAGTCCATACAGTTG-3';
RbcLR2: 5’"CAGTCCATACAGTTGTCCAAG-3;

PCR TaKaRa TA

rbcL3’ 5
s Xbal , TaKaRa LA PCR in

vitro Cloning Kit (TaKaRa) rbcL3’ ,

Ulva linza rbcL 3’
2

RbcLF1: 5-GCTCATTTCTGTCGTGCTAGTG-3'
RbcLF2: 5'-TGTCGTGCTAGTGGATTATTATTAC-3'

PCR TaKaRa TA
1.5
DNAMAN(LynnonBiosoft
, ) ,
Ulva linza rbcL )
5 3’
SMS (http://www.bioinformatics.org/
sms/)  Ulva linza rbcL
2
2.1 Ulvalinza DNA RNA
Ulva linza DNA RNA
1 1( ) Ulva linza DNA ,
21kb, 1( ) 28S 18S  5.8S
RNA , Ulva linza DNA
RNA
2.2 Ulvalinza rbcL DNA cDNA
DNA cDNA rbcL
1.2kb( 2 )
PCR TA ,
1101bp  DNAMAN
, rbcL

28.08

18.08

5.85

1 U.linza DNA RNA

Fig.1 Electrophoresis image of genomic DNA and total RNA
extracted from U. linza

DNA s : RNA M:
Marker; 1: U. linza DNA
NCBI BLAST S
rbcL
rbcL

, 95%—99%
Ulva linza rbcL

2.3 Ulva linza rbcL 5’ rbcL 3’

TaKaRa LA PCR in vitro Cloning Kit (Ta-

KaRa) rbcL 5’ ,
500bp ( 2 ) PCR TA
, rbcL 5’ 474bp
TaKaRa LA PCR in vitro Cloning Kit (Ta-
KaRa) rbcL 3’ , 1100bp

2 rbcL DNA

¢cDNA PCR ()
5 3 PCR ()
Fig.2 Electrophoresis image of PCR amplified partial rbcL DNA
product and cDNA product (left), and PCR amplification products of
5" upstream sequence and 3’ downstream sequence (right)
M: Marker :1 U linza rbcL DNA

PCR ,2  rbcL cDNA PCR o B
PCR ;23 PCR
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« 2 )
TA ,
1053bp

PCR
rbcL 3’
2.4 Ulva linza rbcL

DNAMAN
Ulva linza rbcL cDNA
(NCBI : DQ813496)
rbcL s
ORF, ,
ATG
Ulva
(NCBI

TAA ,
linza rbcL
: DQ813497)
Ulva linza rbcL
2124bp,
1425bp,
, 474
rbcL 5!
225bp,
cDNA

ATG 47

B

9bp— 48bp

10
TATAAT),

TAAAAT (
35 TTGAAA(
TTGACA),

rbcL
474bp,
TAA

3/

54—98bp
, 22bp

2.5
SMS Ulva linza

rbcL

[=:]
—_—

121
181

241

30

—_

36

—_

421

48

fuird

wn
—_
—_

60

—_

66

—_

72

—_

78

[uird

84

—

90

—_

96

—

1021
1081
1141
1201

1261

1381
1441
1501
1561
1621

1681
1741
1801
1861
1921
1981
2041
2101

3
Fig.3

TCTAGARGGATTATAAGTTTGTTGGGAGGACGTATTGTGCCAARACGGGATGCAATATGC
CAAAATTGATACCTAATTGCATTAATCTAACTAATAATAGCCAATATAARCCCTCTATAT
-35 -10
GAATAAGTATTTGAAATGAAGCTTACATCTGGAAAATGGCATATTAAAATTTAATTATEF
TTGGGCAGATCGAATGGTCAATTTATTARATTTTAATTATTARARATGGCTCCACAGACT

M A P Q T
GARACAAAAGCAGGTACTGGCTTTARAGCTGGETGTARRAGATTACCGTTTAACTTATTAC
E T K A G T G F K A G V K D ¥ R L T Y Y
ACGCCTGATTATCAAGTAGAAGATACTGATATTTTAGCAGCGTTCCGTATGACTCCTCAA
T P D Y Q Vv E D T D I L A A F R M T P Q
CCAGGAGTACCGGCAGAAGAAGCAGGTGCAGCTGTTGCTGCTGAATCATCARCAGGTACT
P G V P A E EA G A A V A A E S 5 T G T
TGGACAACTGTATGGACTGATGGTTTAACATCTTTAGATCGTTATAAAGGTCGTTGTTAC
w T T v oW T D G L T S L DR ¥ K G R c ¥
GACATTGAACCATTAGGAGAAGACGACCAATATATTGCTTATATTGCTTATCCTTTAGAC
D I E P L G E D D Q ¥ I A Y I A Y P L D
TTATTTGAAGAAGGATCAGTTACRAACTTATTTACTTCAATTGTAGGTAACGTTTTTGGT
L F E E G 5 vV T N L F T 5 1 vV G N W F G
TTTAAAGCTTTACGTGCTTTACGTTTAGAAGATTTACGTATTCCACCAGCTTATGTTARA
F K A L R A L R L E D L R I P P A Y V K
ACATTCCAAGGTCCACCGCATGGTATTCAGGTTGAACGTGATAAATTAAACARATATGGT
T F Q G P P H G I 0V E R D K L N K Y G
CGTGGTTTATTAGGTTGTACGATTAAACCAAAATTAGGTCTTTCAGCTARARACTATGGA
R G L L G c T 1I K P K L G L 5 A K N Y G
CGTGCTGTTTATGAATGTTTACGAGGTGGTCTTGATTTTACARAAGACGATGARAACGTA
R A V Y E cC L R G G L D F T K D D E N V
AACTCACAACCTTTCATGCGTTGGCGTGACCGTTTCTTATTTACTGCTGAAGCAATTTAC
N S5 Q P F MR W R D R F L F T A E A I Y
ARATCTCAATCTGARACTGGTGAGGTTARAGGACATTACTTARATGCAACTGCGGGTACA
K 5 0Q S E T G E Vv K G H Y L N A T A G T
TGTGAAGARATGATGGAACGTGGTCAATTTGCTARAGATTTAGGTGTTCCAATTATTATG
C E E M M E R G Q F A K D L G V P I I M
CATGACTACATTACTGGTGGTTTTACAGCTAACACTTCATTAGCTCATTTCTGTCGTGCT
H D Y I T G G F T A N T S L A H F C R A
AGTGGATTATTATTACATATTCACCGTGCTATGCACGCTGTTATTGACCGTCAACGTAAT
5 G L L L H I H R A M H AV I D R Q@ R N
CACGGTATTCACTTCCGAGTATTAGCGARAATTTTACGTATGTCAGGTGGTGATCACTTA
H G I H F R WV L A K I L R M S G G D H L
CACTCAGGAACAGTAGTAGGTAARATTAGAAGGTGAACGTGARATTACTTTAGGTTTCGTT
H s 6T WV V G K L E G E R E I T L G F V
GACTTAATGCGTGATGATTACATTGARARAGATCGTAGTCGTGGTATTTACTTTACACRA
DL M R D D Y I E K D R 5 R G I Y F T Q
GATTGGGTTAGTTTACCAGGTACAATGCCTGTAGCTTCAGGTGGTATTCACGTTTGGCAT
D W V s L P G T M P WV A 5 G G I H V W H
ATGCCGGCATTAGTTGAARTTTTTGGTGACGACGCATGTTTACAATTCGGTGGTGGTACA
M P A L WV E I F G D D A c L Q F G G G T
TTAGGACACCCTTGGGGTAATGCTCCAGGAGCCGCTGCAARACCGTGTTGCTTTAGAAGCT
L G H P WG N A FP G A A A N R VvV A2 L E A
TGTACACAAGCTCGAAACGAGGGACGTGATTTAGCATCTGAAGGTGGTGACGTAATTCGT
C T Q A R N E G R D L A S E G G DV I R
GCTGCTTGTAAATGGAGTCCTGAATTAGCTGCAGCTTGTGAAGTATGGARAGARATTARA
A A C K W S P E L A A A C E Vv W K E I K
TTTGAATTTGATGCTATTGATACATTATAATATTAATTTATTTATTCCTAARATTATTAT
F E F D A I D T L *
TTAAACTATTARATAATAATTTGTTTTTCCTTATAATAATATTATATAATATTATTATAA
GGARAARATAATGGGGTATCGTCAAGTGGTAAGACATCGGGTTTTGGTCCCGACATTCGT
AGGTTCGARATCCTTCTACCCCAGATATTGACAATTTATTTACTARATAATATAATACTTT
TATTACTAATCTTTTAGTTTTATATTTATATTCGCGGGATAGAGTAGTCTGGTAGCTCGC
AAGGCTCATAACCTTGAGGTCGTAGGTTCGAATCCTACTCCAGCTARAARCARAATAATCA
ATATTATTAATATTATTATTATTAATATTATTAATATTATTATTATTATTATTAACTATT
ATTATTATTAACTATTATTATTACCCCCAGGGGAATTCGAATCCCCGTTTCCTCCGTGRAA
AGGGAGATGTCCTAGGCCTCTAGA

U. linza rbcL
Nucleotide sequence and deduced amino acid sequence of U. linza chloroplast rbcL gene
, (_) , 10 35

B A * ,
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Ulva linza rbcL ( 1), Pro CCC (1
A T 1/1000 835.8,
Ulva linza rbcL
A T , Ulva linza rbcL rbcL ,
GGT GAA GCT ATT TTA CGT Rubisco ,
, 1/1000 50, Gly GGG, , rbcL
Val GTG GTC, Arg  AGG AGA Ulva linza rbcL
CGG CGC, Lys AAG, Ile ATA ATC,
Thr ACC, Leu TTG CTG CTA CTC rbcL Ulva linza rbcL
#Fz 1 U linzarbcL EEFRB T RIFHE
Tab.l Usage rate of codons in U. linza rbcL gene
1/1000 1/1000
Gly GGG 0 0 0 Trp TGG 8 16.84 1
Gly GGA 10 21.05 0.2 End TGA 0 0 0
Gly GGT 39 82.11 0.78 Cys TGT 9 18.95 1
Gly GGC 1 2.11 0.02 Cys TGC 0 0 0
Glu GAG 2 4.21 0.06 End TAG 0 0 0
Glu GAA 29 61.05 0.94 End TAA 1 2.11 1
Asp GAT 19 40 0.61 Tyr TAT 10 21.05 0.56
Asp GAC 12 25.26 0.39 Tyr TAC 8 16.84 0.44
Val GTG 0 0 0 Leu TTG 0 0 0
Val GTA 12 25.26 0.46 Leu TTA 38 80 0.95
Val GTT 14 29.47 0.54 Phe TTT 13 27.37 0.62
Val GTC 0 0 0 Phe TTC 8 16.84 0.38
Ala GCG 3 6.32 0.07 Ser TCG 0 0 0
Ala GCA 12 25.26 0.26 Ser TCA 10 21.05 0.56
Ala GCT 30 63.16 0.65 Ser TCT 4 8.42 0.22
Ala GCC 1 2.11 0.02 Ser TCC 0 0
Arg AGG 0 0 0 Arg CGG 0 0 0
Arg AGA 0 0 0 Arg CGA 3 6.32 0.1
Ser AGT 4 8.42 0.22 Arg CGT 26 54.74 0.9
Ser AGC 0 0 0 Arg CGC 0 0 0
Lys AAG 0 0 0 Gln CAG 2 421 0.15
Lys AAA 21 4421 1 Gln CAA 11 23.16 0.85
Asn AAT 3 6.32 0.25 His CAT 6 12.63 0.43
Asn AAC 9 18.95 0.75 His CAC 8 16.84 0.57
Met ATG 11 23.16 1 Leu CTG 0 0 0
Ile ATA 0 0 0 Leu CTA 0 0 0
Tle ATT 24 50.53 1 Leu CTT 2 4.21 0.05
Tle ATC 0 0 0 Leu CTC 0 0 0
Thr ACG 2 4.21 0.06 Pro CCG 3 6.32 0.15
Thr ACA 15 31.58 0.47 Pro CCA 10 21.05 0.50
Thr ACT 15 31.58 0.47 Pro CCT 14.74 0.35
Thr ACC 0 0 0 Pro cce 0 0 0

1 1/1000
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ORF , 5’ bp , Gonium multicoccum (Volvocales) rbcL
3’ , 549bp 295bp
rbcL , (Nozaki et al, 2002) Ulva linza rbcL
rbcL ; Ulva linza rbcL
rbcL , Ulva linza rbcL
, 35 , A T
, Dunaliella salina Chlamydomonas reinhardtii
, Euglena gracilis rbcL
rbcL (Dron et al, 1982; Ginrich et al,
1985; Chai et al, 2007)
( ,2007; Dan et al, 2003) (E. , A
clathrata) T( 69%) , (Spacer) A
92.94% ( ,20006) T , cp DNA
, DNA(Nozaki et al, 2002)
) rbcL
2007 2008 , , C4
) ) rbcL
, rbcL
(2004) Rubisco ,
s Rubisco ( 77.62%), (Eisermann et al, 1990; Gruissem et al, 1985;
Rubisco , Hanley-Bowdoin, 1989; Manen et al, 1994)
(2004) , Chlamydomonas reinhardtii rbcL
s Klein (1992)
Chlamydomonas reinhardtii  rbcL
Rubisco Ulva linza ( 10 TATAATAT, 35 TTTACA)
Rubisco rbcL , Ulva , Kono  (1991) Bryopsis maxima
linza rbcL , rbcL ) ( 10
s Rubisco TACAAT, 35 TTGGTT) Ulva
linza rbcL
DNA tRNA ,
, , ( 3, Bryopsis maxima
, rbcL , Chlamydomonas reinhardtii ~ rbcL
, 1.4kb (Siemeister et al, 1990), ; , Chlamydomonas reinhardtii rbcL
10 TATAATAT

Ulva linza rbcL

, rbcL
Kono  (1991) Bryopsis
maxima  rbcL ,
2467bp ; Ginrich  (1985)
Euglena gracilis 9 , ,

Pleodorina californica rbcL 1320

(Klein et al, 1992), Ulva linza rbcL

, mRNA 3’

mRNA 3’ ,
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, 22bp ,
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3 46bp ,
(Kono et al, 1991) Ulva
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, 3
) 3 ,
(1987) 3
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(Dron

Stern

, , 2009. (Enteromorpha prolifera)
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CLONING AND SEQUENCE ANALYSIS OF THE FULL-LENGTH rbcL. GENE FROM

ULVA LINZA
YING Cheng-Qi"*?, CAI Chun-Er', YIN Shun-Ji', XU Ren’, LIN Sen-Ji¢*,
ZHOU Zhi-Gang', MA Jia-Hai', HE Pei-Min'

(1. Aquatic Genetic Resources & Aquacultural Ecology Key Lab of the Ministry of Agriculture, Shanghai Ocean University, Shanghai,

201306; 2. Research Center for Saline Fisheries Technology, East China Sea Fisheries Research Institute, Chinese Academy of Fishery

Sciences, Shanghai, 200090; 3. East Sea Department of State Oceanic Administration, People's Republic of China, Shanghai, 200137;
4. Department of Marine Sciences, University of Connecticut, Groton, CT 06340, USA)

Abstract

The full-length DNA sequence of Rubisco, the first key enzyme of photosynthesis in Ulva linza was cloned.

Firstly, partial rbcL DNA and cDNA sequence both with 1101bp in size were obtained using PCR and RT-PCR technology,
respectively, and both of their PCR products were sequenced and analyzed. The partial rbcL DNA sequence was the same

as the rbcL cDNA sequence, indicating there is no intron in the partial rbcL DNA sequence. In addition, gene walking

technology was used to clone the 5" upstream sequence and the 3" downstream sequence. The sizes of the cloned sequences

at 5' upstream and 3’ downstream were 474bp and 1053bp, respectively. Based on these three cloned sequences, a
full-length DNA sequence of 2124bp was acquired (NCBI accession number: DQ813497), which includes a coding se-

quence of 1425bp, encoding 474 amino acids. The 5’ upstream sequence is 225bp and includes a putative promoter between

—56bp—-95bp upstream the ATG codon. The 474bp long downstream sequence contains a long palindrome sequence lo-

cating between 54—98bp downstream from the termination codon and being capable of forming a 22bp stem. Codon pref-

erence analysis performed with the SMS software indicates that codons with the third base being A or T are in preference in

the rbcL gene in Ulva linza.

Key words rbcL, Ulvalinza, Full-length sequence,

Gene walking



