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Development of Bialaphos Resistant Transgenic Tobacco
Plants by Pollination and Utilization of Fertilization Cycle
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The herbicide bialaphos is a potent inhibitor of glutamine synthetase in higher plants. A bialaphos resistance (bar) gene
encoding for an acetyltransferase was isolated from genomic DNA of Pseudomonas syringae pv tabaci. The bar gene was
ligated to the binary vector pBI121. Pistils of tobacco plants were treated with the bar gene containing plasmid DNA at
various times after pollination. When the treatment was applied at 30 and 40 h after pollination, a number of transgenic
plants were obtained. Primary transformants (To generation) and their progenies (T2, Ts) were resistant to both bialaphos
and kanamycin at a dosage lathal to untransformed control plants. Stable integration of bar gene into chromosomal DNA
was proven by Southern blot analysis of genomic DNA isolated from T1 progenies. These results show that the bialaphos
resistant plants could be obtained by treatment to pistils with the exogenous bar gene through the fertilization cycle of

tobacco.
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24 #93(Kondo et al, 1973), L 7]3tol] djsiM = B3
H i o} (Murakami et al, 1986: Thompson et al., 1987;
Kumada et al, 1988).

AF7A BN A zAE Flde FHAE #H5Y
o}(Shan et al, 1986), ¥ (Toki et al, 1992)Fo] A A3 A
7AA B)AdelA] A ZA Q] glyphosate, bialaphosel] o 3fe] 3
d7F e AEol ML Hewk & ATl A& bialaphos
-3 A (bar gene)E A EY N3r]e) AH ={ste
direct transformation ¥}H-& o] &3}l v|MHYA] A A4
e AGAEE 2= FulE B=ed o2 53] 9ld

Mz % uy
NEVT

2 Algo] A14d ABr: Dul(Nicotiana tabacum L. cv
Wisconsin 38) o], 2ol A oF 304 st F 43id A
AL ol 45491c,

Plasmid DNA £H|

o) BHARES 27| A F(Pseudomonas syringae
pv. tabaci)©3 YE cloning® A|2A] A&A $A-x}H bar
gene) &= ALHBERSS] Dr. Toki2F¥ #9le. o A=
AE#YelA L& 7453 binary vector pBI 121¢] B-
glucuronidase (gus)f-42} F-9& A A8} Lxol| bar H3
A X33} A E plasmid pARKSE 3HE%1Hh pARKSS]
ZN e E coli HB 1012 &£232 o489, plasmid
DNA¥ Bimboim} Doly(1979) uhge] os 32 3}t

T8 % Plasmid DNA X{Z2|

20 #Le] WFSol 8-3]€ plasmid DNA 40 pg& 3%
whol-2 w R (H3BO3 100 mg/L, Ca(NO3)2 4H20 300 mg/L,
MgS0s 7H20 200 mg/L, KNO3 100 mg/L, Sucrose 10%) 1.8
mLe] &£¢8 k. DNA £¢9& £ 17019 micro
pipette2 2 10 LY FF = FFE AAT dedd
Ackdel] HelslgL, DNA XA+ A2 F 0, 4,
30, 35, 40, 45, 50, S5A|7ke] 73t Fof] 333l DNA A
A ZHE g9k Zeo] HA A& Kameya (1992) 5o B
23 APARE Fxe%7] WEoich DNA A7t ¢
22 udEAE H9YA DNAZF AZsA] ¢EF a8
Fol 297t 23 sk 4 A A4E FL 3|1
A2 utEo g fsigch. DNANEE sAgT a7l
T A AEE E2TFE AHSEg

Kanamycin X{&tA] Al20| Met

DNA 2] ¥ o 462 ¥ 7 4279 nFelz ¥
FAE 28l 24 BES FAE oD 10%4%e
3027 G5 2%9) sodium hypochlorite &< &AA 15
7 Ed AE s a3 4EaE 33 MAS F
hormone §37}2] MS (Murashige and Skoog, 1962) 7]-2-w)
2 24| kanamycin 80 mg/L3} agar 08%S E§Hgh 13wy
Aol FAE A4 ook 25°Ce] H2A stollA 097 W
et Fol AN o] FAEZ AT AukE At
AL AR 5 AN Avakge.

TiMCHQ] KanamycinZ} Bialaphos A&t HS

3 F 35X AT 3¢ DNANEF2 HE A
kanamycin #)34 AEFA YAz FAHA AE
10/4AE Z= A7keid So TIAHe] 242 FH
kanamycin®} bialaphos A 3A ZH5& 315 c)

Z AT FAe A7l vpis $Ug Ees &
w Ab#dt 5| hormone 37} MS 7]£ZA el kanamycin
80 mg/LuHE Z 3l wjx|, bialaphos 10 mg/Le-e E3st
wj %), kanamycins} bialaphos& 2% EF3 1Fujx|d] F
A5 27t AT e 5°C P24 oA Py
t}. Kanamycin?} bialaphose 2|34 7AZF2 & F 309
Fo 24} sk

Southern-blot &4

TiAt 2 F2A3 A E2A 9 wild type] lE FE] 7
Zt 224 A& AR QAALE FEAANA BY% F
CTAB®(Rogers and Bendich 1988)¢)] 2]&] A3 DNAE
Z23}9ch. DNA 10 pg& BamHlz} EcoR122 2543
sle] H7]odFoll & 08% agrose gelo] ¥¥3 F nylon
membraneol|] A Z o} Hybridization2 Southern(1975) %}
o met J3iet probe3tAlE 913 1KbO] bar FHE
(3nos terminator®3) pARKS plasmid DNA & A|st&EA
BamH13} EcoRl22 AHegsld dgen, 2 m3L
digoxigenin-labelling kits (BMjit, Germany) 2] u}ol] Fa}e
labelling 3}%=. Band®] ZHE& & membraned] LA
NBT(Nitro-blue tetrazolium)$} BCIP(5-bromo-4-chloro-3-
indoly-phosphate) & 7|23 FA] Aol oa Pl
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6-7d) A= AN HUEW TR 20 enF =Y AL F
3 2E A ok Azl A4 F 0] AAd F
o] x2)3}3] X, bialaphose AZAZE ARHIT Y& vl
EHAHEAE 2%, 3%)E AHEeth AHsEE #A8F
EQB g/L)E FAHLE 051, 2 4, 5(g/L)& AE 33t

IR

DNA A ¥ 779 37]2 F8 AL nfeddH F
A kanamycino] E3HE MSwjA|o] 353t 23 DNAE
Az)atA] F& FolA 9L FA ik 109 Fo A
W8 Hgieh 2 £ F 30-404)7F Apol2] DNA Az
FollA 85 FA5elE kanamycine] W& MFFE B
o F A ESo| 28 3livh(Fig 1). A3 A& Fdu
S Table 1014 BejF 715} 7o] DNA X]A|7]d nte}
ol 7}k Qlont 8 F 3HBAzke] A3 F2] DNA A+
ol A °F 073%-088%% 7} A vebdeh = 2 A3
TFAME FEE AT AFTFY FANA I F2 4
=2 A AEA 2H8H.

TiA 2] 1059 4] &g kanamycins} bialaphos &}
A A B2l 2ARE A3, A AM: kanamyein
7} bialaphos T&t 34 fFAFAe] 312 Fej=HYt 2
o, F& IHATAM 20AE Mg 3Ae] Mendelian
FA A G224 Eese] A HEF L, UiAL

Table 1. Frequency of kanamycin-resistant seedlings from flowers
treated with pARKS plasmid DNA.

Time of DNA treatment Number of Number of resistant Frequence of

after pollination pods seedlings? resistant seedling

(hours) (%)
0 7(0)p 0(0) 0(0)
24 8(0) 0(0) 0(0)
30 9(5) 23(17) 042 (057)
3% 8(8) 35 (42) 073 (0.88)
40 9(9) 12(25) 022 (046)
0 9(9) 0(3) 0 (055)
5 9(9) 0(0) 0(0)

aAbout 600 seeds per pod were tested for kanamycin resistance.
SNumbers in parentheses indicate data obtained when stigmata were

removed.
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bialaphosel] j sjA k- $AHAE AFHE epfAt
kanamycinel] @ sjM= w|A RS R Fgieh 1Kbe] bar
FAe] FHE probe: o] §3te GA A DNAY
Southern hybridization® & A3} wild typeo)Al: band7}
veRz] ekokot HAAR A EA 9 DNAGAME 1IKbY
el bar FRA7}F EA3e Ao Bl HAHFig. 2).
EAA e A vpaelel] gk A2A A FFE Fig
34 2o 75 vlane] 4855 3 yLE HER
A Foll A wild typeo] Hjel Az A 09 Fo =
F AR AR T o] A AE8AE 28 AA7}
9HA 2 o3 a7}t gllch 223 wild typeo] i

Figure 1. Seedling culture on MS agar medium containing
kanamyecin sulfate (80 mg/L) for 20 days. A: Wild type seedlings
B: Seedlings obtained from To seeds. Arrow indicates kanamycin-
resistant seedings.

Figure 3. Growth inhibiting effect of bialaphos in wild types and
bialaphos resistant tobacco plants. Transgenic and wild type plants
were sprayed with Basta of 05, 1, 2, 3, 4, 5(g/L) per 18 m? Trangenic
plants (B, C) survived bialaphos spraying and grew to maturity
while the control plants (A) stopped growing and died. The
photograph shows plants 20 days after spraying.
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Figure 2. Profiles of pARKS5 map (A) and Southern-blot
hybridization (B). pARK5 carming bar gene (800bp BamH1-Sacl
fragment), and the fragment replaced the B-glucuronidase gene with
the same restriction sites on the plant vector pBI12], locating the
bar gene between the 35S promotor of CaMV and the nopaline
synthase (nos) terminator of pTiCS8. P: Pstl, H: HE: EcoRl.
The double arrow site was used as probe. Hybridization was carred
out using the digoxigenin-labeled BamHI and EcoRI (1kb). Lane
1: Wild type plant. Lane 2, 3, 4: Bialaphos-resistant plants. In lane
2,3, and 4, a band of 1kb showed bar gene and 3nos terminator.
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