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PREEHBEEERE BoRS1 HEHXHEENN S HR

The Study of Transformation of Tobacco with the Stress
Responsible Gene BoRS1 from Brassica oleracea var.
acephala
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B E BARTARGEOMAEEEE BoRSI A T # 4k p355-2300:: gus :: noster 2425, K #3274 BoRS1
& B 6 M AU R i B p355-2300 :: BoRS1:: noster, # A RHEAF AN MERSFT TEAML, PCREMNSEE LAWY
£ H BoRSI 2R AR FAFELHMERTM Y. RI-PCR M EF, EFREHHLEBEHBE T BRS1 A A FAEEF.
H BoRSIMEG AT HAHEEBEHETAY BRSIABA AR R EAPRTIRER AT —LGHR.

XK@ BoRSI AN, M¥E, T ¥abig
hESEE Q785 TREFRIAAD A &S 1000-3061 [ 2005 103-0489-04

Abstract Transgenic tobacco plants expressing a siress responsive gene BoRS1, isolated from Brassica oleracea var. acephala ,
under the control of the 355 promoter of the Cauliflower mosaic virus were produced. Some plants were further used to test the
effect of high level BoRS1 expression on drought stress resistance. The presence of transgene in putative transgenic plants was
confirmed by PCR analysis. Thiny-six among 130 transformants showed amplification of predicted fragment of BoRS1 while no
amplification was observed in the control. Some transgenic lines confirmed by PCR analysis were analyzed through semi-
quantitative one-step RT-PCR for the expression of BoRS1 gene. Amplification of 1.4 kb ¢cDNA product revealed transcription of
BoRSY gene. Meanwhile, differential intensity of the ¢DNA band indicated variable expression levels of the transgene among
different transformed lines. The water loss of detached leaves from the transgenic plants was slower than that of the control.
Transgenic tobaccos and the non-transgenic controls were used for further drought stress experiments by using different
concentration of mannilol. The transformants showed higher tolerance to drought stress than non-transgenic plants and different
transgenic lines exhibited different tolerance during drought stress. These results showed that the BoRS1 gene probably play role

in enhancing the ability to drought stress.
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FF 8 30 455 7 o B 1R 0 P B DA B BR B K B
FERA TR ERHYERLEmHER CIE
TAMISR AT H BN SReEEE. Em THATNH
PR FHLN EmE S e E £V RLEAY
EMIAATRRNERAE - MAYRT WX
EHMEHECAYENEYEERERYS R BRI R
by

HMEMARE TRAT - R EERSE AMRERT
WS MR BRENSHEHDERBETEHANERBER
e . [ H BN ERELEREGEREYAR
PR ETE B i A4 R T B R L AP R S 20
BERBT—FgE """ . AR AT yERACERGINE
TEFFA2EH EREXEEFEFEEFLYFFHBFL
. Ht WxeEREETARARARE, P ExEEHE ¥
FHME R EHYRSEE TENAS, —HEVRE
mbEsS— I EELS. mMSa FHREHEAEYEN
Mt SRR ERN TREYAGHERENES. &
WESGHEAMYEEEPHESESTFIRALRER
Eik B 2 AR AR R R B ) H A IR BT P 0 A

B EE R HTREFREAEEMIEL.

BIMMBF 5 A, & mRNA 7K F L WK H & Bl u
BoRS1 B EE R BAR BEESHWARGEFES HS
B BoRS| A ARSMEKE(FFALEERERAE
99 R e EAEH. A, HEEEN _REHE
XETHMEEM I . HREN EHRATER, LR
SET LA ERIEY QS NER, e A2 (L G
—RREMNHER. A KT RN &EE S
£ BRS|I EMM B HERBEHNF SRS TS BER
RS A E AT, BoRS1 EEEPHEBRKBERE
SkNTEMRE S TEEERM KL TREW, XS LEA
EORRDYBEAAE —EHAMEST . REXEF
SRR SESMNIE, W E AN BRSL BEOF AT HEEK
A EE -EHER. ATH—S TRZERBEN
et B LA SR A RAT B T T 8 S R TE A BoRST
HESARMEE R, TE CaMVISS BE TR FTHRERE
HERESEPEIEREL. VRBHFAEREMERTEH
BHG T TERARR &R S IETREHTREHENN
HTEMAEIE—EFA. NS EERATHEYHEEZAT
BEMTRSIEE.

1 #EE 7%

1.1 #HHE5ERA

1.1.1 B %k R R . A B FF 8 ( Escherichia coli ) DHSa AR 15
AT % ( Agrobacterium tumefaciens ) EHA105 . 8 #) % ik 4 o] £
{4 p355-2300 :: gus :: noster( B % £ W) E E-3CK-
ETHEYLEDSERREPOZRERE:

1.1.2 HOMHREAL A8 (MW aHa ) HEA-
TR W TNENEDEARE P LERERT.

RFEHBERELY B+ FEF (0mgl) + HBEER
(25mg/L) + FHEH (T5mg/l).

MY EAETRHERER. SAEFETNHEDER
2.6g/L. HEBE 30g/1. MS ¥i (Sigma)d.41/L, pH (HIH 2 5.8.
HEFEH MS, BEAT NAA 0. 1mg/L I 6-BA O.5mg/L, 7 fL B FF 5
MS, BT NAA 0.lmg/L . 6-BA 0.5mg/L. Cef 250mg/L #1 Kan
50mg/L, 4 #3555 75 MS; B NAA 0. lmg/L . Cef 250mg/L.
#0 Kan 25mg/L.

1.1.3 B i4M 57 E T4 DNA 1K . DNA 7 F BRI
DL-2000 1 T-easy-vector ¥ & TaKaRa 22 7. Taq DNA B 5 M
WME e T EY THEAR. B EWCR R & 0Bl E
MeEwA rLEESEY IRERAR. FHARNMWA LS
XA HBRATE . WEEFEEL Y DNA SRR L
B& R RO TRELKISHE) LA KA H .
1.2 EBHE

1.2.1 fHE EXH K p23007 -BoRS1 (9 FI B A BamH 1 H
Sac | 0 FE 8540 2 B0 3 A9 P A R K p35S-2300 1k gus o
noster, B U B X R B, L4 RSFI(5'-GAAGA TCTAA ATGGA
TTTGA CACGT CCT-3'. 5 6135 B8 41 {45 Bg! 11 ) F0 7 RSR1(5'-
CGAGC TC CCC AGATT CTCAA AGTTG TT-3', 3 @SB 5
Sace 1 VAT AR FB SR IHIMUMLSHBENER,
2 i A Teeasy-vector 1, R85 Al Bel Il ( BemH | R {2 88) 1
Sac | XA pT-easy- BoRS1 5 B B H B IR PIE T HF /Y p35S-
2300 :; noster KA B L HEBBTR RFHFLMEDER
KA p355-2300 ;: BoRSL ::

nos ter nos ter

CaMV33s nst promoter
BoRS1
\bn o —— I K—
, 1.8kb |

npt 11
Sacl BglI1
Bl E4AEN p355-2300 :: BoRS1 :: noster
By T-DNA K BR & [H
Fig.1 Structure of T-region in the

plasmid p355-230C :: BoRS1 :: noster

noster -

CaMV 358355 promoter of cauliflower mosaic virus; NPT I :the region
for kanamycin resistance; mnos: terminator of nopaline synthatase;

BoRSt: cDNA;RB.LB: right and left borders of T-DNA respectively.

W A S A G S IE 65 5, 3R E 4 OB p35S-2300
:: BoRS1 :: noster, F 7R Bl i % 1L ) /R 32 75 R 4T B8 EHALOS
WHE, BHEREEERMSRATHAES. SHMkR
TEET 2 Ll R EEFED 28CTHEF HEF L mL
A SO mL BT HEEEERE 2BCHERE 0Dy =06~
1LO:RIEHIERDE O MR, B s, ERFER
W ODgo =0.6~1.0.
1.2.2 oSk E REEEE BUEE LE SO K
B A ERKSEE 0.8 cm x 0.8 em A& WM& A
AP FE Y, F 150 /min 5 # B0 28°CH R B 48 10 min
FREHSHALHART ERE R, Hor8F R4 MS, 5
FEL BT BCTEAGHBER. 3dIEHEE M5, BF
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B, FBCAEG A ABIESR, 9285, U TFHFHHZ
A MS, PR, 4 AE ITHHEHEAMS, BEHRES
TBCEL W EBESETHERER. — AR, KEn
HERUEROE & PCRITERBAREE P H KK
B4Ek EUFREBALPRIE.

1.2.3 #HEEMEMPCREMN A SDS b RMREER
HHEO DNAEAERH T PCRE P, PCR REEERE R
2.54L 10 x PCR 28 sk, 1.5uL MgCl, , 2mmol/L dNTP B & %1,
10umol/L 5% RSF1 #1 RSRI & 1pL , 1u Taq 88,01 4dH,0 £
B sl W EABKIES, % PCR (L £ M CHEH
3min 5 #4735 TEF . BT K 94CEH 1min, 58 TR X
Lmin, 72°C @ 2min, B 5, FE R TE 72CEM 10min, B 1500
PCREMEZ 19 ERERKEX S EFARKRABAEN
",

1.2.4 HEEMENEER 5 PCR 507 HHLER PCR
PHYE BT (% 5 5 14.17.24.28.37.44,54.70,71.77.90.95.
130), FH L s -Hypal /&b B RNA REGAA & A 4h
42 B {8 RNA(%E DNase £b3) . LARFAE B E RNA M
X, A lpg £ RNA fE52F & & — 4 RT-PCR { One-step
RNA PCR &7 & , TaKaRa) M B 4R , UL RSF2(5'-ATGGA TTTGA
CACGT CCTTC-3" )} RSR2(5-TCTGC CGCCT CGTAT CTTGTC-
IMEAGI T PCR KM, HRESOCEBTRER
30min,95C T 2min, R G 7E (95T for 30s, 59C for 30s,
72°C for 2min) ¥ 3% 25 B 5 . B Jg 2°CEEK [0min. FIFEHE
A actin . £ T #5149 actF(5'-GTGAC AATGG AACTG GAATG
G-3')Fl actR (5’ -AGACG GAGGA TAGCG TGAGG-3' )BT # 4T
RT-PCR R YERFT B . 10pL PCR =8 & 1% AR
Bk SRR AL THE,

1.2.5 FHEEWERTHESH B PCREMNZERENTS
HERS A BAS3INHHAM HHAGTHMERSHEE LR,
BFEHIERITMBRE . FFEBRREE 2~4 HH &
FRATRTHESW.8MHEZEME=th. "B TERE
—TEXNRFMETIEHAMR TR . E£0h,1h,2h3 h,6h,
12 b,24 h,36 h,48 h,72 h,% h 1 120 h i - R E W E, H#
HHERRSE LH— 0, SRS RERAMN LKA
Wi THEES.

1.2.6 %% BoRS1 # R #HE i) H 5 BEBh A of K- AL H 100
mmol/L 200 mmol/L.250 mmol/L F 300 mmol/L HEM KB,
SRLEEAEKTE 6~8 F HiHI IR PCR S LIRS
(BETEEHEP): 100 mmol/L b EBHEEE (6 2,37 S)H0
FA 4 # 3L 3 # .200 mmol/L 4E 3B PHHE H1 (106 5,37 S FIAH
L 3 #%,250 mmol/L AE RN (116 5,37 SHFMPAEE
3 $£.300 mmol/L AL EEFAE # (54 5,37 SHOFBAHE M 4L 3 ¥k,
CHERLEEE RAGEEEPEBRER T RRK.

2 #R53#

2.1 HEAGESHREAHRERPCREN
SIEERLEEHESEH B LER REEREER

FBEG EBRAXENES BB Hd BoBHEER. 41
EHHM 2%, HERBHEHMAHEEABARES FRE
~PTHEHBALT BRERE A TRE M.

Al SDS ¥/ Bl b HE A BR#Y 2 DNA, EL 2uL & DNA
HEBGHEITTPCRY M RO MHELEY B08. HPH 36
RENB THSERW R PCR BN HLRH 27.7% (B
2), BRVFELEZEACES IR THEAREEEA
i,

1 2 3 4 5 6 7 8 6 10 11 12 13

H2 #EFRMATEPCRIEN
Fig.2 The PCR analysis of transgenic tobaccos
1: DL2000 DNA marker; 2:p2300° - BoRS1; 3:WT control ; 4

~ 13 transgenic plants.

2.2 BoRS1BEEHBERTHEENREIN

B RS PCREMERHMAHHEEE, H 1
4ok B RNA 845 , 4 RSF2 # RSR2 fE B3Ik i — 5
RT-PCR K LR M A ERE S PIZEESA G nRNA EEK
F, HRFH, BRSI BAE p3SS B FREI T REAERER
EHE (RS H 37.77 & 95 SHk) ob Rk, R AR &
RUESEFE—FEEREI),

M 14 17 24 28 37 4 54 70 71 77 95 130 -

B3 ¥@E—% RT-PCREMER
Fig.3 The result of one step RT-PCR analysis
1:DL2000 DNA marker; 2 ~ 13: transformants; 14: WT control .

2.3 HEFAAEWTHRR

HERYEEERAEAGFSEN AR EFE TR
HATH, e E, BT EHMMEE L, BHAR
HBk S E L BRRY B X R (E 4),

M SR DUE & R 2 E A B A B O T ke (R Y
EKBREEATRAS, £F KM 120 TREELLEH
M EHBXH, BEXREAMOER, kL KEE
Bt MAHEHEERER UL KEER. SiowERA, 53t
AL FEAKZANHEL XA EER ARRERLA
BRAERARE. X HHRVEIRY BRSI EENER
REREEEEEPEEY AT BEFYNSRE—SBE
FRE TR TRER.

2.4 ¥ BoRS1 EAMENHENBBERLE

ATEERRAEEEREXN TEDAMRZES AR
FHEMHEEEAN ARSZERARHTT F LA
B, £RER: 100 mmol/L HEELB THRARELF R
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100r ~WT =13 =18 —37
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40 \\‘
W72 3 6 12 24 36 48 72 9% 120

Drying time/h

Fresh weight rate/%

a4 EFEARNHMASEESHAHXER
Fig.4 The relationship of the fresh weight rate and drying time
for transgenic tobacco leaves{LSD; os = 1.91)

B, 200 mmol/L AH )5 30 h A B HAm F FRILAE
ERZ 3JGRARANEREE OJEHRE WA RK
WA BFA, 250 mmol/L 1 300 mmoVL AL FE 1 d FRE R
AHEEREER S AN AT 4dE . BHEEL
PSR AHEESAHAERHEHRERHRR 745,
BAPES A5 96,250 mmol/L AL WA AR A ML B BB M E
#3000 mmo/LHEE T FEREBHEE B —HAEKR
%, B 5 XH7E 250 mmol/L F 300 mmol/L H BFREALB T K
BEARNEIMHERFER. X —SREAHEEBEHEHK
S LHAEEEEEREERNE T REBEKMEED, B
BEEAMBETREEMNT BRSI XERAZRRNA P E
THRSGER, RETARTHEESRNEH. TAXHR
bR EMARNEENEREZAER B SRAREZEES, X
RESEERERFHEARRATHREBRERX,

250mmol/L  300mmol/l.  250mmol/L 3061;1m01n'L

A5 HREDALR

Fig.5 The

Left in each photo: un-transgenic WT, positive line (116),

positive line {37) from above by anticlockwise: Right in each

photo; un-transgenic WT, positive line (54), positive line
{37) from above by anticlockwise.

GAULBIRGR.EHAN, BoRS1 REE - EBHE
BEMR BRI K BB RE S . BR, h THY KD B
EPRRMRE - T EEEREMMEROEEER, EZH
PR SR EEY ESHRANABEEEUREFES
HEEW . BoRSI EAGMERGTRAB T —EME
A AZRLEEREYHEENEUREEAYTER
if B o B0 b 137 5 A SE R AW BRI

itol stress expen
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