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Y

FEE . WA B - 1,3 A RMESLF AP BUT B RIS 19, P& E3 g - 1,3 —HI R WEEGIL A i e X
B, 454 5'RACE M1 3'RACE B ARGAFZEEF M 53750 H1 3" 3 )75, L)FFN D345 1 4~ 1 277 bp B cDNA, 7£ Gen-
Bank HH# RSN EF484879, fE4 K BObg, FANHTE &M, % cDNA 15 1 4~ 1 056 bp HYFFHLIRIEHE, 4ifd 352 4~
FIERR, HPIS LS PI=7.314, HIX /T it ol 3.892 x 10*, RENH W% 755 Bl o A B g -
1, 3 BB P AT 45 s A SE R P 0 R IR . R R A B R R e v G 8505 i /S (] s 393 %) 77 6 SR AR AR At L 4721 8 Bt RT-
PCR 7747, Z5RFRW], ZEFIEFRRR NG 48 h IRFAES3RIE, RIEFVFIIERN 5 HAD R IAR 2 AR iRk, FIH
pBII21 ORI @ E 35S JA i FIIE X RAE A, BFUIEIRER PCR - Hr 4 RAE M iZ Rk Bkt g i o

KA HAESR; FREWN; B 1,3 MR MWk EA
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Cloning and characterization of 3-1,3-glucanase gene cDNA from

Brassica oleracea L.. and construction of its plant expression vector
JIN Min-feng, HOU Xi-lin*
(State Key Laboratory of Crop Genetics and Germplasm Enhancement, Nanjing Agricultural University, Nanjing 210095, China)

Abstract: A pair of degenerating primers was designed according to the conserved regions of B-1,3-glucanase gene from other plant
species and a cDNA fragment was isolated from Brassica oleracea L. using RT-PCR. Full-length ¢cDNA with 1 277 bp was acquired
by 5'RACE and 3'RACE methods. Its ORF (open read frame) encoded a polypeptide of 352 amino acids. The sequence was ac-
cepted and released by GenBank (accession number EF484879) and named as BObg. The putative protein of this gene had an iso-
electric point of 7. 314 and a calculated molecular weight of 3. 892 x 10*.  Alignment and phylogenetic tree showed it had high ho-
mologies with B-1,3-glucanase gene from other plant species. Semi quantitative RT-PCR analysis indicated this gene was up-regula-
ted expressed at 48 h after downy mildew was inoculated, while it was down-regulated expressed in the plant without inoculation and
other phases post inoculation. It was subsequently cloned into plant expression vector pBI121 and located between 35S promoter and
NOS ('nopaline synthase) terminator.

Key words: Brassica oleracea L. ; downy mildew; B-1,3-glucanase gene; plant expression vector
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1 ##5EFZE

1.1 &Y

BEAF LA B - 13, MR R SRR Rt K A T3 Fh T2 KR R R,
AT SR OB 12 h, BE 12 h, BEF20~25C),
1.2 JRIFEG & REM

R AR ARk g, 280K bk 5 B 20 °C BBRE A N AR (AHXHREE N 95% ) 24 h,
FHIBARERER VR A0 TR R IP IR, L TRREE 1 x10° mL ™", BJE IARFR 4N 0. 19% Byt - 20 1l
BRI, AR R 2 BB T N T s 45, BaRh i Bk 150 ~200 wL, $2eRP 5 SRR RN 24 h,
AR T &, DABHE K XTI, A BUEEM S 12, 24, 48 | 72, 96, 144 h M F, WAL E,
-80 CIRAF, HEFEHL RNA,
1.3 RNAHIHE

K H TRIZOL (MD Bio) E$EHUCZHMLE RNA, Fifi/5 HHJC RNase (Y DNase (TaKaRa AF]) B2 RNA
HER EA ) DNA
1.4 p-13-HRBEHBEESKFIINKE

MRPEICAAE P G B — 1,3 0 R 3% AR <7 3UF 901 3 @7 9 519 (sense: 5'-RYNGGWGTWT-
GYTAYGG-3', anti-sense: 5'-CADCCRCTYTCNGAYAC-3'), ¥ MEHEIE B —1,3 —F SOBHEFIL R (1 e X
B, 454 5'RACE F13'RACE B ARGRIFIZELR Y 557 501 3 v 241, )P S DHERAT B — 1,3 1 R b
it e H 4 K P37

5'RACE; RNy AR E L B — 1,3 —# R E o X BP ), it AR 519
gspl (5'-GCATAGCCTGGATGAGAACC-3") . gsp2 (5'-GACCCTGGGCATCACCTCGTTT-3') HI gsp3 (5'-
GCCTCCGTTTGGCTATCTGC-3"), #17 5'RACE "3, Lk gspl #EAT R LR G M cDNA 55 1 55, SREH
gsp2 Fl AAP (5'-GGC CAC GCG TCG ACT AGT ACG GGI IGG GII GGG 11G-3") #4T PCR ¥ 1% ¢DNA %5 2
B, PCR UM AR : 94 °C 3 min; 94 °C 45 s, 55 C 45 s, 72 °C 1 min, 35 PMEFF; 72 °C 10 min,
PCR FEHIFF% 100 1%, 1 WL WA, F gsp3 Ml AUAP (5'-GGC CAC GCG TCG ACT AGT AC-3") 4T
PCR #"34, HU10 pL PCR F=HyiA 7 BB 68 e i kR 2 75 4 385 1 DNA Fr B, SRJ5 R4 35 14 1% DNA [
Wealifk, %33 pGEM-T Easy Vector (Promoga) [#FATFHINRE, 5 E H Invitrogen 23 7 5E AL .

3'RACE. RIEMFCAFENM B - 1,3 —# R F M O XBEFH, &itfET5149 gspd (5'-
CCAACAACCAGCACCATTACC-3"), 47 3'RACE ¥4, Ll 3'RACE AP (5'-GGC CAC GCG TCG ACT
AGT AC (T),,-3") AT BS54 M cDNA 26 1 85, SRJ5 H gspd Al AP #E4T PCR 974 cDNA 55 2 %%,
PCR S50 b 7= 100 1%, U1 wL WAt , FH gsp4 Fil AUAP #E47 PCR 9734, 97347 ¥ Ha Ik
Je [Ty
1.5 FIoHhRBEMRENEE

A B P-4 B M K F DNAstar (http: //www. dnastar. com/) %44, F Blast #2 5 # {4 )\ GenBank
kit 11 ASRIE T ARSI 0 B — 1,3 5 R H R g i i 2 52 7y 51, FIH Clustalx (http: //
soft. studa. com/downinfo/9536. html) AKX L7 51 5 AR B 5T e B2 Y B — 1,3 —F) SR B I R 19 2 FE 1R
FPHN AT 227 5 EL X TR 28T
1.6 B-13-HEREBEEANEESRFSRESH

WOR B AP 5 A R R0 5 AN R 2647 B — 1,3 A R BERAGIE R 0 FR A 15 S 8 0. A
M-MLV (Promoga) S35 1 5% cDNA, HU1 wg it RNA F MBI B4, RS Wi B 20 1%
JAHU1 pL 547 RT-PCR, PCR S 414 H: 94 °C 3 min; 94 °C 45 s, 55 °C 45 s, 72 °C 1 min, 26 M
5 72 °C 10 min, AAIEA T RT-PCR RV BM R, DL 1 X8 — P4 38 B A W 4 i B 3R 35 3L A His-
ton3 FI51#H (hl: 5-GAAGCCTCATCGATACCGTC-3"; h2: 5'-CTACCACTACCATCATGGC-3') #4747
PCR R NAE RN IR, 9357028 1. 2% SR Wi E e P Uk 70 25
1.7 BEXB-1,3-FREBEEEYRETENLE

FRIE R B — 1,3 I RAEEGIEE N 2 KT HN I A 51 (sense: 5'-CGGGATCCCGATGAAAAT-
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GTCTGGGGTTA-3'; anti-sense: 5'-CGAGCTCGTCCAAGGAGATTAGTTGAA-3"), ¥ ¥l A BamH 1 |
Sac T A7 FURMGRAFIREL , ARSI cDNA AR #E4T PCR S0, PCR W 254K . 94 °C 3 min; 94 C
45 s, 55 C 45, 72 °C 90 s, 35 MMEFR; 72 °C 10 min, $9" 14 B DNA [RISGR ] & el , %4 2
pGEM-T Easy Vector |-, 3Rf5FikL pG-BObg F-HE47 5

S5k pG-BObg Al pBI121 #4455 BamH 1 F1 Sac 1 47 W EFY], #F pG-BObg JFkL LI 15 21 i
B 1,3 I RBHEEL A e K B 5 ) pBlI21 AR SRR Belmllfe, &8 T, DNA ¥ B ERE A5
#] pBI121-BObg Fik#k ik, Rk H PCR SEHYIM 77  Biik Rk 2 A2 B EE A )

2 GERE5HMH

2.1 B-1,3-HEEBEENEEMFETISH
AR IAAE Y B — 1,3 I SR RS P A B HRDE5 19, g s 638 B — 1,3 —#I SR pHIG
FEEM L IXBE, 454 5'RACE F1 3'RACE B ARFAFIZIEH Y 5055751 361 bp (& 1) 134751 574
bp (E2), ZFFIPHESAS B — 1,3 —HRBEMIEH 422K cDNA, EXHN BObg, FFHIHIEREY, %
FEZIHY) BObg cDNA 24 1277 bp, A5 1 4>1 056 bp FYJTAREIBEAE, Sihh 352 A& AEm, HIE FASEH
MPI=7.314, XTI A 3. 892 x 10*, #R4E NCBI CDS ( conserved domain search) 37 & ¥, H 4w
WAl & 1 MRS, AT S RS DRI K i 50 17 e, BLAST 0 &l 2RERM, 79 5 Hk
FIHSE A S AR A fe =, N 89% , S5 9F 3% (Brassica juncea ) . $ARGSF (Arabidopsis thaliana) . 4%
( Citrus sinensis) . % (Vitis vinifera) . K3 ( Glycine max ) . ¥ ( Nicotiana tabacum) . ¥4t ( Gos-
sypium hirsutum) . ¥ ( Hevea brasiliensis) . H1& (Medicago truncatula) . 7KFG ( Oryza sativa) W5
IS 5K 80% | 61% . 53% . 51% . 50% . 51% . 48% . 47% . 41% | 46% . ¥§i% cDNA J¥ 5| 4% ¢
GenBank , ¥:iC 54 EF484879
M | 2

2 000 —»=

1 000 —=|

T50 —=
bp

460 500 —=

574
500 ————

361
250 ——=

1 5'RACE &8 2 3'RACE £R
Fig. 1 Amplification result of 5'-end unknown Fig.2 Amplification result of 3’-end unknown
region by RACE region by RACE
M: DIL2000; 1. %1 % PCR /4 The first PCR product; 2. % M: DI2000; 1. PCR =4 PCR product

2 % PCR F=#J The second PCR product

SHAMFEY) B 1,3 SR AL E A SRS RDIRE R BT (B 3), BRAKFESL, B 34 1
B —1,3 —HIRMHRGEL N RAE— 3, A T AERHMEY N — 190 3, ALK BObg FEH 5 S B0 3¢ 1 iR
B,
2.2 B-13-HEREBEANEERESRESN

EFENT, B 1,3 MR EMEDIARN HA KRR, HYTEREERARE B -
1,3 R e AN N A B 4 BoR, B 1,3 —HSREEEIE N AE 7 AL SR R B R 1 48 h I}
FAREGR , ARFERFHEERD 5 AR AR R AR sk . XS5 RERW, B 1,3 —H AR S 5
BRI RN
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IKHG Oryza sativa Oh 12h 24h 48h 72h 96h 144h

Wi%S Vitis vinifera
_|__|:HW§ Citrus sinensis - BObg
HHEL Nicotiana tabacum

_:3‘(51 Glycine max
RAE Gossypium hirsutum
—H ¥ Hevea brasiliensis = ~———— Histon 3
— 1T Medicago truncatula
[ ##3T Arabidopsis thaliana e e
I Br B4 FILXp-1,3-HREBEE RT-PCR S 1

ﬁ: X’ hrassica juncea
I_|_: W AESE Bra
BB

ssica oleraces . < .
fffiﬁisnr;:’i:-;:‘::;; Fig.4 RT-PCR analysis of f-1, 3-glucanase gene
from Brassica oleracea L.

Histon3 YA PER B SR, 0 ~ 144 h RREMIE K

BFIE], Histon3 is constituted expression gene of plant. 0 — 144 h

B3 REESS B-1,3 MR E R LA

Fig. 3 Phylogenetic analysis of 3-1,3-glucosidase gene in

different plant indicate time post inoculation.
2.3 B-1,3-EREHRERNEYREZHENITE L2 3 4
N o hD by
%ﬁ?mﬂm@%mﬂu1ﬁ%m3mmlﬂ B e
Sac 1 47X EYI, ¥ pG-BObg i ki fiff U] 15 21 iy
B —1,3 RMEMHE N 2 K 7 Be 5 U pBII21 375
P75 30 i 0 B ok, % A9 B 3k 4R R 7 — e
pBI121-BObg, £ PCR #3ll5 BamH 1 #1 Sac T X
REUIRUE (1815), B —1,3 —HI M AREL N H i A B5 RikHEEMNERIRIE
Bt S A SIAE Y 238 K pBI121 B9 CaM V35S ) Fig. 5 The enzymes digesting identification
B F1 NOS & [FF 22 [1], of insert-integrated vector
1. DNA marker; 2. BamH I F1 Sac 1 XY 45E The dual di-
3 -l:‘j- -L/[’_\, gestion with both BamH I and Sac I ; 3. BamH 1 PATGFYI B UE The

single digestion with BamH I ; 4. Sac I BLEEYISIE The single diges-

TEMIRL . A, KRR MAESEEYTEA B o with Suc
1,3 ~HIRBEREEL N S SR BT DR BORFSE %) X Se S PTmAT SC R B — 1,3 — 8 SR b 5 R 0 5 A
FEK R BGATG 17 DRSFE5RIIR, AW 5E S RE I T 46K BObg BEPRABL & A5 0 S K ff il 23 06 17 PRSP &5 R 3K
HR Ak S 55 BT DIHEN , WEHEOK I 0% 17 IRSFE5H AT RB 2 B — 1,3 —H R = 5 A W P i) U g
B,

V2R RN, B 1,3 “HREMS S5HEYN 2 IER AT R, BiEass, NMITFEE .
R K . 52 KE . Bl T 2E RO AR IR g A RO i HL R A A EC TR S ) R R
—1 B 1,3 R R N AR B . KR . SEA SRR, B - 1,3 —H R AL
TV TR B K A B R A RE Y B - 1,3 R, AN R DI Ah, KRS SR T LIE K
KA, WORHAMBE DERMFRE, MR N ALE BObg T EM 1A S RIS R R, B
TR FE I B A T AL KO R 3Rk HEFP AR &N T T 48 h if KA i, HAREHNFRIA ST,
FAXA LN B ZFRERIA FRBNEN, 25 T HEEFRERNB RN,

VMR B — 1,3 R MR LR S A MY, v s I B e 0. et B R
KE B — 1,3 55 S G R A W) R 2K pBI121-glu AR ARATE (A tumefaciens) LBA4404 Z K
B, ME T TR AL TR Bk LBA4404 (pBII21-glu) , T LAMIH N EAL XS S 64T T AL
WAk, FART KPR R LD R G SRR B PO A i g 45 R, 3 efk g —1,3 —fi R
TR RE DR B TR M0 35 X6 ST AS 22 W% T8 ( Rhizoctonia solani) FEPR AR FEEE BT PE D) R AHT W 554k
2, BRI B - 1,3 A LT R 3 [N A BN R ) 2 1R 2844 pBLGC AR 5 H 15 AL il =%
AP H165, FHAS 2] THLRIREE R WA AERE, 5 3 PR AR ()30 (R B SR TR AW B ( Sclerotinia scleroti-
orium) ARIEFEH | A3 FE A R LG IR B Boe v 5 KL T BREEAN B — 1,3 — 7 S Al L A
SAEPAYURM R CK19 Hh, IRAS T PR . REFERFER D AR LIPS SRR B - 13
FERL, I TERE T 2 FERE DIARIAE AR B - 1,3 FIREREIL N, IR T EAAEE R 1,3 -
IR BEBGSE R A Y ek Ak, ot — 2Dl SR AR B B R PR A AR AL T AT RE

SE 3k
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