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BE  OYESIANFIERIRSE SRR R, R 7AW 25 7 B T A S A i I 2 & 2 T 1A i 1408 1 R DR Bt ery1Ac
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AR AERESE b, R AMBAT R S R R BUR B RR AR SE R EPSPS 43 B NI, RAFHT i f 7
FERI BB AR ™ Y, U A0 7 Bl R A, T OG- RS R BRSO barflTSient & A4k
WFFE AR WARE. BT TR AR 52 bs, M3 T [R5 A Bt LB Kl ery LACHIL Bk 3 71 5 I bar P> 97t
PEIE R R RIS SR AR AL A, SRRV AT S, Ptk se e, B IRIAT T HBRHEA AP SO BT
FIEINFIRRIRR, I LhbarKE AR IS IC LN, N7 T RIS SR A AL R .

1 RS

11 ##

L1 AEPAEL BB AR R 72-204 WG 7RV TR 2= B Bk 5 TR B fit.

1.1.2 WS IR KWt BEDHSath A RAE, TR pSKARBt (BN KA &) FpSKARbar ({5 bar
SENFIE R ARG S P, FEE SR 168 3 PR Z k14 YA FE AL

113 35 5 Fh BRI P DI Klenow [ T4 DNA & H:/ . T4 DNA R A HEF ANTPs 268 [ 35 [H Promega
A¥]; Vent DNA Z A0 H Biolabs 23 wl; DNA [BIMGR G H RIS AP HeAR A R A s 2REHrad il 7
%4 Roche 24 A ) DIG-High Prime DNA Labeling and Detection Starter Kit I; fiFRET 4 2%l &) Amershan 23 #]
Fe s FRER R [ P ek A p Al

12 7%

12,1 Fem S A Bk Ry it 2k pSKARBbar ) #y i #2445 2 /A pSK ARbar, HISpelligd]. 4. |5l
WK/ 1. 2kb B bar 3 RIAE N I 3R B B HINOtIBE D) 8/ pSKARBt, 4NV [RIW 5 5511 1 1 1 Brid
B, THIEEALT, BEY)S e SR EH L A pSKARBbar (K1) .

atpB psbA3’ aadA Prrn - Prrn Bt psbA3’ Prrn bar psbA3’  rbcL

g § e & | o B

Pl P2
Fig. 1 Schematic diagram of sugar beet chloroplast expression vector pSKARBt/bar

122 MK S Gordon Kamm " J7ikhl 4 &K/ AADNAT-4if; R 5% [EBio-Rad 2 w3 1)
PDS-1000/He: Mt 25, S804 EHASE2S inches-Hg, #RiliFEE 49 cm, W24 41100 psi, SR 0k H
1.0 pm. AP BUEKTMSEFRAEP G I B ORI em) FERAMEM, SEBRIRT
AMSEFRAEMP ML e, G 5, # P IR TR IR (25 C) hHigR2 d, B NIEFE /MU 7R AE(MS + 6BA
1.5 mg/L + NAA 0.2 mg/L + MM % 2 Spe 20 mg/L) L15i5%, Frofb gk sf)n, HIHE T RFRIE (MS +
6BA 0.5 mg/L + NAA 1.0 mg/L + Spc 20 mg/L) 8f, (MS + 6BA 0.5mg/L + NAA 1.0 mg/L + PPT 10 mg/L) i}
I%, FERE AR IR (AR SR ZEEE ANM RIS IR0 L gkal Rt 9%, AR —IREEFRIEN LIRGEA) |, ZJRRpHl
BNEMEIRIE (MS + NAA 0.5 mg/L + Spe 20 mg/L) 5{ (MS + NAA 0.5 mg/L + PPT 10 mg/L) HFE53%, 1§
A AMERR S, AL
1.2.3  BEFEDIRIFR PCR Al LU FEDR TS 234K DNA W, $RBO S ek, R R &
153 A 54 H 0 B LA IE H (102 DR 15 4 G BT S A4 B DR 2 vp B BEDRURE R 1) IR AR RS 519
A B E AR AR A FRA R b 55 A 7] 5E K.

SNAK ZR YK 50uL. Bl 10xPCR buffer SpL; 4xdNTP (%% 12.5mM) 1uL; 5954 (12.5uM) 1pL; 3
i514) (12.5uM) 1pL; A4 DNA 1uL; Taq B (3U/uL) 1uL; H,O 40uL) .
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Table 1 The list of primers,sequences and DNA fragments

primers sequences DNA fragments (kb)

homologous fragment P1:5-TCACTCGAGAAGTAGTAGGATTG-3’
primers in Fig. 1 P2:5’-GCGATATCCAACACTTGCTTTAG-3’ 7.0

Bt crylAc gene primers P3:5’-GACCATGGATAACAATCCGAACATCAATG-3’ 3.5
P4:5’-GAGGTCGACGTATGTATTACTAGAAAATAACATAG-3’

bar gene primers P5:5’-TTAGGAAGTAACCATGAGCCC-3’ 0.6
P6:5’-ACGGATCAGATCTCGGTGAC-3’

SV :

A A %€ : 95°C Sminy 25, Se#kAT 10 AMEFS, Bl: 95°C Imin, 51°C 2min, 72°C 2min, RJ5HEAT
N 20 NMIEER, Bl 95°C 1min, 51°C 2min, 72°C 2min, 10 MEFR; 95°C 1min, 41°C 2min, 72°C 2min30sec,
10 MEFR; 72°C 10min, 4 °C 10min.

Bt crylAc #:[X: 95°C 5min, 95°C Imin, 55°C 1min30sec, 72°C 2 min; 30 MEHR, 72°C 10min, 4°C 10min.

bar L[x: 95°C 5min; 95°C Imin, 55°C Imin, 72°C 2 min; 30 MG, 72°C 10min, 4°C10min.
1.2.4 HEREKIAIFEFISouthern blothy il 235 LABt crylAcH: A Bt M bar ik Ay #8447 Southern 2448, #4841
Fric4Roche /A 1] [fIDIG-High Prime DNA Labeling and Detection Starter Kit I/ W T #:4E. T 4¢Bt
crylAcE A AL 5 —1~726 bpIECOR T BEDI Fr B, i sE iz REATECOR T WD), [MIW726 bp Fr BAAEER
EFIERRIC, [RIRENT IR 4% 3k R A AR I 2R A DN ABEA TECOR T AiEY), HI- KBt crylAcHE [N, if F T4 Mibar
B IR P 6 55 R R AR I 2R /A DNABEA T BamHI . HindIIIXUAF ). HL9K, #%5K i Bio-Rad Model 785 Vacuum
blotter system J°5 inches-Hg [k JJ FH#30 min. THZYAT . Aess b Wcpklel
1.2.5  HSERHFRAED AR BURE SISk, TV DR F i 2 i K H 5 7 ik ( Barathra
brassicae ), LAMFAERUEHS AN, RN (UOHTHE) — AN, BRSPS 44 L (RIS 454
JAEREA T F I EAA 10 emBi gL, 40 B8, SR TSR, Jomii6h/ 8h), FARIMIKER, M
PRl 5 52X s, Rk R AR K ERIL, HRHE6RM I, Gt Ter- I fEiG4) PR .
1.2.6  HAERHRROBREAPIERE SRk, B EMEDGRIE 100 mg/LIPPT, 785 A
SEREARIE B CRITWIG HE B B A ) 3R CIE T K3k, DLEFAERSEERO XTI, SR T, H59R=
MIE/ME16 h/ 8 h, RS ARk 1 .

2 ERESH

2.1 WMEFEEEFEEHRNRE

SR JE R A 23 LA 45 1R TR pSK AR B/ bar 560 1 L 2 o B S AR, #5405 (R R LE 7 Spe e B 4 1h B
FREERETE (PUERRIE) , 238G, FEM B B RD) K gk N, Rk KOREDI R, BT Spe
PR TR TP AR — IR, N O PPTHL MG R h & 2 Ak TR G, BANAEMRIEFR AT, 10Re 4
RIRTAAR, MM JE, BALERT, HSRA320RPUIE AR, ol o Btk AR AT T PPTR L 7 K258 I
1% G PUIEFEAR I R D) B AL £ o A S TR 0k IR AT S AR 158D 5 2 IR aRAR.
2.2 FHEREHKPCRIEN
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SRS IP3 . P4 KPS, PO FIR32RRTORPUIEMIFEEATPCRY 38, DA Ak (T AR AR by B PR XS
W DABARJOR A BHAE XTI, &5 A 27 A3 5 1T O/ MBEFF I H 4% (E2AL B, Ui IX 278k 344
AT HNEEEA.

FIFHS 49 P1. P2 X 32 £k TO ARBUIEAARIEAT PCR 9744, DLISAEAS [F] 4R A AR I R AL RE RS, W SR
B — 4% 7.0 kb (4501, I Bt JEIR crylAc & bar FEK OV i B & 2 SRR FE R 4L, JFik 3584
[F5iAk, QR 8P4 —4% 0.8 kb 45415, WIUEH] Bt JLIA crylAc, bar JDi R 28 45 3-SR L A 41 b ek
ghSL. [ L 27 KRR 20 B (1 ARTIE 3-5 R4 [IRFH 14 H 0.8 kb A1 7.0 kb P& (K 2C, 2-4
VKIB) , HTRE (2 BB 6-8 IREKAL) Ry 7.0 kb (USAT (K& 2C, 5KIE) , MR AME 5 RO R ER
BIAY It —2% 0.8 kb 14k, ULIIEXSEFESE IR AR S R P, 2 A TR DR PR A1 B 0 AH AR AR T ES In i
WA AL N AL, 1F 2 RIRE 6-8 IRARAS WA B 5E &R Ak 10 5 4ME 5 MR IRBHTE, HohurknT &8
SEAE R 0 128 Tk R o SZ AR R IR DR 5 AR T i .

7.0kb

0.8kb

Fig. 2 The PCR analysis of transgenic sugar beet plants

A. Bt gene; B. bar gene; M, marker ADNA/HIndIII; 1, Negative control: chloroplast DNA from untransformed wild type sugar beet; 2, Positive control: DNA
from plasmid pSKARB/bar; 3-7: transgenic plants

C. DNA fragments in Fig.1 P1, P2 middle; M, marker ADNA/HindIIL; 1, Positive control: DNA from plasmid pSKARBU/bar; 2-5:transgenic plants; 6, Negative
control: chloroplast DNA from untransformed wild type sugar beet

2.3 FEEEE#Southern blot#m

i AE B PCRAG I 25 SR (9 IE A 1, R PCRASTIN 52 BH P 1 % LA MR EAT T Southern blotill, A%
T RipSARB/bar b BHPEXS I, DA A AL I FI SRR MO BIVEXT IR &5 3R Pra i bR A5 5
Bt crylAc X barfE K Zu4s 45 B3 5t (£50.7kbA10.6kb) 584 HHAF (EI3) . IFSE T 3 PRI KR PCRAY I 25
R IERITE, Bt crylACKHEEE . bard BRI S O A N SRR R 4 .

1 2 3 4 5 6 1 2 3 4 5 6

0.6kb 0.7kb

A

Fig. 3 PCR-Southern blot analysis of chloroplast DNA isolated from the transgenic plants

A. Bt gene; 1, Negative control: chloroplast DNA from untransformed wild type sugar beet; 2, Positive control: DNA from plasmid pSKARBt/bar; 3-6:
transgenic plants B. bar gene; 1, Positive control: DNA from plasmid pSKARBt/bar; 2, Negative control: chloroplast DNA from untransformed wild type

sugar beet; 3-6: transgenic plants
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2.4 FHEFEIHITHHMEN R

TEHGHS 7 8 1 IR AW 357 52 BH M ) 3 S DRI AR it JEAT AR R U SG:, SLrPBTB2. BTBS. BTB32 4402
OO IE M IE AR, LA N VAR IE e SE AR, DARIEIEIRIE SRR AR Jy X I, AN A B R 5 45 218
RH WA, SHRMESRES (B4, £2) . WETITEH: FREEEKYRARLNE, BFER, 42%
i 196 PO A FE R AR AIBTBS  (BTB4MXT KR ABTB2 (BTBIRIGT AR ) A%t W vy -85 146 0 ik 1 6
DR UbAh, AFERARECR LSRR, 2 P AR 225, ) Re5 SR A0 19 [F) BTG RS FE AN [F) A
K. HE WD AR RSAETNERET Ao, i RS SMEE A I S A 5 B
WL AN PSR R ik Ry, A% Rt ACHE g A SN (KB K ery LACHE 5 56 IR RAR -4 1 rh 45 3]
Kik.

Table 2 Bioassay of transgenic sugar beet leaves resistance to Barathra brassicae

Lines* Insects gross Insects died ~ Average weight(mg)  Lethal rate(%)
BTBI (5) 15 7 45 46.7
BTB2 (6) 15 10 38 66.7
BTB4 (3) 15 5 52 333
BTBS5 (6) 15 12 20 80.0
BTB7 (5) 15 9 32 60.0
BTB9 (5) 15 10 37 66.7
BTBI10 (5) 15 10 37 66.7
BTBI13 (4) 15 9 30 60.0
BTBI16 (5) 15 9 31 60.0
BTB20 (3) 15 7 28 46.7
BTB21 (3) 15 7 29 46.7
BTB24 (4) 15 8 30 53.3
BTB30 (5) 15 9 29 60.0
BTB32 (5) 15 11 36 66.7

CK 15 0 87 0

*: number in bracket is times of subculture explants on MS medium containing 10 mg/ L PPT

Fig. 4 Bioassay of transgenic sugar beet leaves resistance to Barathra brassicae
A, Transgenic plant; B, Negative control: wild type sugar beet

2.5 FHEFBEHRBRERHEM K
MR ¥R TR PPT (AEIR, —RJa WS4 R (&1 5), oo bR W 8 R B 3o 63k S U BB, ik oK A3l
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MJa T — S EERE AL, T2 7y TR RIE ] 23854 bar kA R 5 DRTAEL IR IR B A o Bk 71 F)
bk, mERERIENR, SN bar FEPR 7R R B PR RR I S A 45 23R8,

Fig. 5 Resistance test to PPT of transgenic sugar beet plants

A.  Negative control: wild type sugar beet (nearside: undaubed PPT; starboard: 3 days after
daubed PPT ); B. Transgenic sugar beet plant (6 days after daubed PPT)

3 e

2R A BOR 7 2 A Z BRI E D TR 82 00, CAEANERERI S AR
IR HREDAREIR ) 328 S A A B DR (R R 35 5 Th R A T IR RE. B H AT b, AR UmTr. 4%
FLOA KRS e Mde. KEL SESEZFEY T T SR AL SO A ). ETIRAG
FA R 2 Ty 5 itk CRIVEEAG (K A 5 R B A I SR A TR I A2 AR D S84 [l A IR I 2 (R B R DR AR R L A
BRI R 3R AT, R 2 Llaad AKE R S b ic B AHIF S S L 3R B PP T B 71, Pl ik
2 RARATRIE AN XA (25801 L5 22 RARAIRTEAR 45 B i 7 ok B i [ S AR A, PCRAGHIIN &5 SRAR W,
FeA AR R AL RE SR AL ARARIRBIE I i, AE25TRTIE 6 AR Fe AL RLRR h R AN BT A Y A6l
BEE RAYPL B AL A TR BI5E xR Bk, 28801k 2 AR A4S & SEBLRH SR M 2 AR AL A [ AL Fy it — 20
WoAE TARIEAEBEAT b HT, v 2 A R AT PR [R] AR JEE 1 AT 28050, R AT ST Y PRI A i
FEXRFE ) IR AL AN A T 2 e IR T IE TR E.

VB W 2R AR AL AR N T 1 32 ARG BIAE AT K, (H el TR 2 Bk ) 2 AR SR DR A 42 1 91 R A0,
AR IZBRM) 2 N 32 207 R I, H ATk st ettt stidc 2 A p ek Rl ar b T RAE N
2R AR A A PR R AR, RN SO R AR AR 2 . ARSI AL fHE AR AR R AL,
WFFURE L T RIS AR AR R, RIS RIS REAT T 2Rt s (Rl s 2 K
TR IR IR, E T IE BRI S A R (TR RSN AW AE R AT, D
BT BRI, SRAIIE RS A Tk AT 1 LATH SR A A SN (1 S PR A T IR A A AR (R I
BER TR TR PR TH SA IS IAR S, A3 TR GBI %, @it 3.
JiiE SN, BRAT T AR RE IR bR, AT ST T TS SRR AR R I AR SN A
SR EEIEAT FOA T 2D RESE A RH SR 2R AR B LA PR AL 1 ORAIE, R IRt 0 B i S A SR D 2 4 3 B R SR A
PIEAT M 2 AL PR BE PR AR, 3B e T SRR L AL K 2 AR R T L

FeTbarkE N AATE 20, AT 2R Dbardk VR4 ffi e b ic e Y, AEAEWFFTA RN SO T 53 5h—



Yk S5EYYESRE  Prog. Biochem. Biophys. -7-

ANk bR icaadARE N, FEFE AL G IOEFE 70 A1 IR S 2k F IR GRARE SR IN LA Speifi ik, 2 )i 115 LAPPT i i
A KerryZ5 W FTIA Jybar ik 7R -2k o FLAR T AN REIRAF e AR, RAT#5 DI A mT B, ARATT7E 5 PPTI
B B EEIHE T PIPPTI A AR GERIRR, FomiDTPEIA 100 mg/l, EXFREAT SR AR AL IR AR ROR
ARG ENTCIESRAT B ALK, AT N I B 307 T 2R AR A GS2 5 AT T2 T4 B P I GS 15
b, AN BEAE A AT bar KA I SR AR SR B AL VUM 22 I, SR 1 B0 5 mT LLIR BB AT A 4 R
L2yt AW, Ubar kAR IfE AR L H IR L AR w1 laad AZE IR AR T, BUFHPELE A,

S barKE R HTrE i ik b ic A Ry IO 0, E T T3 07 T TR AT A H R REA T AL TT i
(FIHE, HLA AR PPTIODUIEAFAE 2257, L, A5 2 BEREATIRANIIY,  (EfFbar B RAEAE A fif i brid
3T S (KB
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Establishment of a gene efficient transformation system in chloroplast Sugar
beet(Beta Vulgaris L)and obtainment of insect and herbicide resistant Sugar beet
plants*

[N : 1,2 s 3)FF 1
CUI Jie", LIBin-Sheng"”, YANG Qian”", CHENG Da-You"
("Food science and engineering college, Harbin Institute of Technology, Harbin, 150086, China; 2 Forest botanical garden Heilongjiang, Harbin, 150040,
China; ¥ Department of Bioscience and Technology, Harbin Institute of Technology, Harbin, 150001, China)

Abstract: Insects pests and weeds are the main factors that reduce the yield of sugar beet.Genetic engineering
breeding is a effective method to breed insect-resisitant and herbicide-resisitant sugar beet. The aim of this study
was to establish an transformation system for alien genes in Sugar beet chloroplast in order to solve those problems.
The chloroplast transformation vector pSKARBt/bar, which carries Bt crylAc gene and bar gene expression
cassettes, was constructed by using molecular method. The Bt gene expression cassette contained the 3.5 kb Bt
crylAc gene from wild type under the control of the strong light-induced psbA promoter and terminator from Sugar
beet chloroplast, The bar gene expression cassette contained the bar gene under the control of 16S promoter and
terminator from Sugar beet chloroplast, the atpB and rbcL gene from chloroplast genome Sugar beet as the
homologous fragment, the bar gene as the selective marker. Plasmid pSKARBt/bar were transformed into
petioles of sugar beet with particle bombardment method. The petioles first of all were selected on MS medium by
adding spectinomycin(20mg/L) and plant growth regulators 6BA 1.5mg/L and NAA 0.2mg/L .When new buds
appeared, the new buds were transfered on MS subculture medium by adding spectinomycin(20mg/L) and plant
growth regulators 6BA 0.5mg/L and NAA 1.0mg/L one time, and then were transfered on MS subculture medium
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with herbicide (PPT 10mg/L) for several times. The seedlings were transfered on MS rhizogenesis medium
supplemented with herbicide (PPT 10mg/L) and transgenitic plants were obtained at last. The integration of Bt and
bar gene were confirmed by PCR and Southern blotting analysis, transgenic plants showed that the Bt and bar gene
were transferred and integrated stably into the chloroplast genome of Sugar beet. Transgenic plants with tolerance
to both PPT and the pest by bioassays were demonstrated, expressed insecticidal activity(the mortality of larvaes
was 33%~80%) and herbicide resisitant and it indicated that the relevant protein had been expressed already. That
the bar gene can be also used as an efficient selective marker gene besides antibiotic resistant markers in plant
transformation. Efficient transformation system in Sugar beet chloroplast had been establishmented and in our
experiment.
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