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Cloning and expression analysis of ( E)-B-caryophyllene synthase gene from Vifis vinifera fruit
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Abstract: Using bioinformatics method, ¢cDNA sequence of ( E)-B-caryophyllene synthase gene of Vitis
vinifera Linn. was obtained by the silico cloning method. Taking mRNA isolated from flesh of V. winifera
‘Deyin 84-1" as the ¢cDNA template, a gene with the full-length of 1 880 bp was cloned by means of
specific PCR, which is named Vo-ECar ( GenBank accession No. JF808010). And this gene includes an
opening reading frame of 1 674 bp, 3’ untranslated coding region of 209 bp and poly"( A) of 28 bp, and
it can encode 557 amino acids. The alignment result shows that the homology of nucleotide sequence of
Vv-ECar gene of V. wvinifera with that of VoGwECar2 gene of V. winifera reaches 93% , and the homology
of amino acid sequence encoded by two genes reaches 90. 8% which all have the common conserved box
DDXXD of plant terpenoid synthase family. The homology between Vo-ECar of V. winifera and terpenoid
synthase related genes of Camellia sinensis ( Linn.) O. Kuntze and Populus balsamifera subsp.
trichocarpaXP. deltoids is more than 73% . And also, the result of molecular phylogenetic tree indicates
that there is highly conservation in the amino acid sequences encoded by Vv-ECar of V. winifera with
homologous sequence of other plants. The analysis results of semi-quantitative RT-PCR and fluorescence
quantitative PCR show that Vu-ECar gene expression exists in different development stages of V. wvinifera
fruit, but its relative expression amount appears the trend of decreasing firstly and then increasing with
fruit developing with the highest relative expression amount in young fruit stage.
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6], TPS S 16 I ] 73 Ay R 5 T A > 05 5 TG A — il
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FERAR S5 7 B AW AU 1] 52 36 5 6 b ] B
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Table 1 Sequence and use of primers used for cloning of Vv—ECar gene of Vitis vinifera Linn. fruit

45 No. F3(5'—3")  Sequence(5'—3") FHiE  Use
PO1 GCAGGACTGCAGCTGACTGACTACT,, VN cDNA &1 Synthesis of cDNA
P02 GACCAGTGGTATCAACGCAGAGTACGCGGG cDNA 4 B Synthesis of cDNA
P03 ATGTCTGTTCAGTCTTCAGTGGTACTTCTT Vo—ECar :[H ORF §"3 Amplification of ORF of Vo-ECar
P04 TCATATTGGCACAGGATCAATTAGC Vo—ECar 3£ ORF §"14 Amplification of ORF of Vo-ECar
P05 TTCCACAAGTTTGAGCAGAAGAGAG Y1 Vo-ECar 3£ 3" K5 Amplification of 3'-end of Vo-ECar
P06 GGTGGTAGAGCTCGCAGGACTGCAGCTGACTG Y18 Vo—ECar 3EH 3" K Amplification of 3’-end of Vo-ECar
P07 AGTAGATGACTGGATTGGAGGT UBI §"#% Amplification of UBI
P08 GAGTATCAAAACAAAAGCATCG UBI §"#% Amplification of UBI
P09 AGATGGCTATACTCATTCTGGGAC Vo—ECar 7 RT-PCR Quantitative RT-PCR of Vo-ECar
P10 ATCTCTCCAAGCAAGCAGCA Vo—ECar 3£ RT-PCR Quantitative RT-PCR of Vo-ECar

1.2.2 RNA #3544 RHAME CTAB ke
PRIAE 45 B S B RNA; SR ] PloyA Tiract® mRNA
Isolation System IVl & i#4T mRNA #y4lift,

1.2.3 cDNA & D% mRNA Rt 514
PO J %554 B cDNA 25 1 4585, 15149 P02 ZEAf i
BT, FE2S SRS T T 42 CHRAE 1 h.75 CIRIR
10 min,:‘F‘??J(J:‘(/q‘r\%I] 2 min J5 B T-70 CHRAE4H .
1.2.4 AR FHEEAE(ORF) ¥ 3 LI Lk
cDNA AR FH5 4 P03 1 P04 #4T PCR ¥4, I I
KR EAARFL 50 pL, 17 ¢DNA 2.0 pL. 10 wmol - L™
51445 2.0 wL.5 U « pL™' Ex Taq ff 0. 50 wL. 10x
PCR buffer( Mg” plus) 5.0 pL.2.5 mmol - L' dNTP
Mixture 4. 0 wL FI X ZE K 34.5 pL, ¥ /&7 R
94 CTHZAEYE 5 min; 94 CAEPE45 s, 55 CiB k45 s,
72 C HEM 90 s, 335 MNEM; LT 72 C AP
5 min, FHBCEARFIIEL 1. 0% B IR A EE 1 X 3R A5 1)
PCR ¢ 34 7=y A7 LUk, IR H 09 v BeJTH DNA %
Ji 1mT it & el H bk R B g T34 T TA mif, DNA il
J¥ i i AR Y R A BR A R SE R,

1.2.5 ABR 3 K% PCR ¥ 3 LI iR cDNA Mtk
FA514 POS F1 P06 #E4T PCR ¥ 4 FRAGFE K Y 37 K Iiig
(3'UTR X)), iR ZR BRI 25 wl, 1% ¢cDNA 1.0
pL B4 1.0 uL.5 U « pL7"Ex Taq 0. 15 wL 10x
PCR buffer( Mg** plus) 2.5 pL.2.5 mmol - L' dNTP
Mixture 2. 0 L Al XL Z& 7K 17.35 pl, ¥ T H.

94 CTAEME S min; 94 CAEPE 40 s, 54 CIRK 40 s,
72 CHEA 40 5,35 NME ; feJ5 T 72 C LEAH 10 min,
FBTEAARFR T B 2. 0% BRBRHEBE 0T 3R 15 /9 PCR 47
By e T UK AS I, SR )5 DNA ] ieaaHR) & [l i
HAR R BOFEAT TA OB, DNA W E I T A )
HARFBRA R 5ENL,
1.2.6 A#EEF5H  FIH DNAMAN BAEXT Vo~
ECar #) ORF 3" 2R ¥ Ff 1) EAT PR 53 Hr 5 I 20 1 A1
NCBI #J BLASTn £ BLASTp ( http: // blast. ncbi. nlm.
nih. gov/Blast. cgi ) W & K] (19 4% 1 1R 1 91 Fil 28 25 1R 7
S 525 Camellia sinensis (Linn.) O. Kuntze] . B
( Populus trichocarpa Torr. et A. Gray) . 3% B JR A Bk
(Actinidia deliciosa C. F. Liang et A. R. Ferguso)
W4 ( Citrus hystrix DC.) | % ( Populus balsamifera
subsp. trichocarpaxP. deltoids ) F175 ¥ [ Toona sinensis
(A. Juss.) Roem.) HJAHN 73 AT AN 7347
1.3 Vv—-ECar ERKIRIESH

M) B 307 2R 52 B B0 RNA, ) DNase 1 i
(RNase free) {HAL AT CHCL fil1#2 , S8 /5 43 B HL 2 g,
514 PO1 35 S A5 LI cDNA AR AR , SR Y Primer -
BLAST ( http . // www. ncbi. nlm. nih. gov/tools/ primer-
blast) & i1HI5 14 P09 FI P10 #H472¢ & & RT-PCR HI
POERE PCR 08T, LU AE Vo-ECar 1E2R LK H I
WHXERBACE R, SR O E & RT-PCR Al
POLRER PCR BHE 1k, 514 P09 M1 P10 HLBEIH7E



514

b AR, S WEPRIC(E) -B-T b (3 Wik DN 14 s e B R I 17

Vo—ECar 3R 3" AEBIF X (3'UTR) , NS 5L K 2 H)
FHA% UBT 942 PE5 149 POT A1 POS 4 3R 15 A K
JE 141 bp By Br, € & RCR KW AE Rotor—
Gene ¢ it PCR Y L kAT, LMK RIRE S M
SYBR Green | B4, A MM E BRI 3 ¥k, L5
$di R H Lin —RegPCR"™' 1 Excel 2003 K {4 #F 17 43
Bro

2 HERMpHT

2.1 HERSL W-ECar EREHITE

HRAE L T JE ) Vo—ECar 1 cDNA 4> K33
JE5 1% PO3 1 P04, LU 2 it Bh < FE5 ] 8417 RN &
RNA 54559 cDNA 55 1 55 AR, I IR
1 674 bp 2K IF I EHE ORF (Bl 1-A) . FIH 5
¥ P05 il PO6 #E4T 3'RACE i, 15 24 N 209 bp
() 3" A (B 1-B) #5149 37356 1 ORF 2K Pk
18 Vo—ECar 3£ ¢DNA, 2K 4 1 880 bp, Vo—ECar 1Y
SR FYLHEKEE N 1 674 bp 9 ORF 209 bp 19 3/
B IX (3"UTR) L A2 28 bp AY poly" (A) , B4 T HA
HFRFH S A 557 MEIERR, %L HAY GenBank &
S5 N JF808010,

M A
2500 bp 750 bp
2 000 bp
500 bp
1 000 bp 250 bp

M: Marker DL3000; A: Vo—ECar 3£[H 1) ORF ;=4 ORF product of Vo-
ECar gene; B: Vo—ECar 3£ H ) 3' RACE 7= ¥ 3'RACE product of Vu-
ECar gene.

1 HEERE Vw-ECar £EM PCR # B4R
Fig. 1 PCR amplification result of Vv-ECar gene of Vitis vinifera
Linn. fruit
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VoPNECarl Fl VoPNECar2 %5 5 A~ (E) -B-1 & A i
A Y b X 7 ) AT, KB W - ECar 5
VoGwECar2 [R1JEE F 5, W3k 93% , 5 HAlh 4 A FE
R T] 5 M B # E 60% LA b, i B Y g i X 5

VoGwE Car2 W4t X 351K BEARTR] #6541 674 bp, H
HAETE 110 G625 2% 4, 0 4% 30 > Hi 45 Fi 80 A%
o, HERHEE SRR X 2 A F S gD ) = S R 1)
)R AR K 90. 8% , B FEFRFRFLALAE 51 i b
A 255 A2 A AR T A H NS 310 f2 255 314
NEA YR ARG 1 D REAR S
FEFF (DDXXD) R ] 404 4 W 26 AT 5 vh v B ARk
HRYIERCN (E) -B-T F G ML

[R) P HE X485 S 7 #5248 Vo—ECar SR BT
BRIF 91525 (JQ247185. 1) B4 (JF449450. 1) (3%
DRERIERE (AY789791. 1) #i M B (HQ652871. 1) . #%
(AY438099.1) F5H ( AB509224. 1) Z5 A5 Wy (s 25 &
it 5L R 1 90 [ 5P v 3 70% L E | Hovh 528 Fidg 1)
JEHN IR PR Rk 73% o MEARRs (18 2) Ll & i
R A G| 84—1" BAL Vu—ECar R Flr 9w 5 19 2,
FETR P 571 -5 H At A 4 TR) VR 35 R 2 1 1) 2 3 R I 31 L
A RS
2.3 EHERLEEH W-ECar EEHIRESH

3R 2 2 B RT-PCR FI78EE B PCR X4
FRIR BT Vo-ECar BRI 0 M M IEAT 40 ¥7 , 25
KUK 3, Hr s R R PO 5 PCR A& 1Y)
AR REY Vo-ECar BN BYAHRNT T B 75K E
it RT-PCR 453 —8, Sk L& 74 3 Vo-ECar

1

0.05
L1
TR

Genetic distance

1. %% Vitis vinifera Linn.; 2. 25 Camellia sinensis (Linn.) O. Kunize;
3. BR% Populus trichocarpa Torr. et A. Gray; 4. LERIRERE Actinidia
deliciosa C. F. Liang et A. R. Ferguso; 5. HiM#& Citrus hystrix DC.; 6.
¥ Populus balsamifera subsp. trichocarpa x P. deltoids.; 7. & #¢ Toona
sinensis (A. Juss.) Roem.

2 HERE W-ECa ERS5HMEYREERRBHEIERF
S B 5> F R

Fig. 2 Molecular phylogenetic tree of amino acid sequences encoded
by Vv-ECar gene from Vitis vinifera Linn. fruit and homologous genes
from other plants
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A. &5 RT - PCR 43 M1 45 5 Result of semi-quantitative RT-PCR
analysis; B: PG E R PCR 245 B Result of fluorescence quantitative
PCR analysis.

UBI. W23 N Reference gene; Sl 4 51 Young fruit stage; S2: R
% K] Fruit expanding stage; S3 . HSLH O] Fruit turning-color stage;
S4. P Fruit maturation stage.

B3 FEREARLZERE W-ECar EERIEH FEE RT-PCR
fEE PCR S #T&ER

Fig. 3 Analysis results of semi-quantitative RT-PCR and quantitative
PCR of Vv-ECar gene expression during different development stages
of Vitis vinifera Linn. fruit
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