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Promoter and Diphtheria Toxin A Gene
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ABSTRACT The objectives of this study were to investigate the genetic and phenotypic features of male sterile
transformants by pollen-specific expression of diphtheria toxin gene and to find out inheritance patterns of transgene
to the next generation. When backcrossed (BC) progenies were tested for expression of kanamycin resistance (KmF),
9 lines out of 13 lines, except 4 lines (BC15-13, BC,5-23, BC,5-28, BC,5-32), showed the ratio of Km® to kanamycin
sensitive (Km®), from 1:30 to all Km®. As a result, they were much lower than Mendelian segregation of a dominant
gene. To determine whether male sterility is a heritable and stable trait, 5 male sterile plants (BC:5-13, BC;5-14,
BC:5-23, BC:5-32, BC15-33 lines) which had different transgene copy numbers were backcrossed as female parents
with pollens from wild type. To confirm the existence of the DTx-A gene in the genome of the progenies, PCR was
conducted using specific primers of the DTx-A coding region. A PCR band of 428 bp was obtained from each
generation, which is the predicted size of the DTx-A gene fragment. Trangenes were inherited to the next BC4To
progenies and showed male sterility, however, based on the copy numbers of DTx-A gene male sterile plants did not
show predicted ratio. When male sterile plants were backcrossed with fertile plants, fruit capsule sizes and seed
settings were relatively reduced from those of selfing wild type plants. The fruit sizes and seed settings were reduced
in proportion to the increase in the copy number of DTx-A gene.
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Fig. 1. Construct of a chimeric gene used in this work. The chimeric pBPE5 was constructed by fusing the 383 bp GBAN215-6
promoter with the coding region of the A chain of diphtheria toxin gene (DTx-A). The NPTIlI gene was included as a
selectable marker. Restriction sites are abbreviated as follows: E, EcoRl; K, Kpnl; S, Sacl
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Table 1. Segregation of kanamycin resistance in progenies
from back-crossing between male sterile transformants ()
transformed with pBPE5 (nptll/GBAN215-6/DTx-A) and
wild type plants (9).

Copy Germination Segregation of KmP

Plant fine 1 mber’ ratio Kan™ : Kan®" (Ratio)
5-3 >2 61 / 63 2:59 (1:30)
5-4 >2 73173 2:71(1: 35
5-10 >6 52 / 54 0:52(0: 52
5-13 1 74 | 74 12:62(1:5)
5-14 >2 62 / 62 1:61(1: 61
5-18 1 ND’ ND
5-21 1 ND ND
5-23 >2 69 / 71 1:68 (1:68)
5-24 >4 99 / 100 2:97 (1:49)
5-25 ND 99 / 100 2:97 (1: 49
5-28 ND 85/ 92 8:77 (1: 10)
5-32 >2 67 / 69 3:64 (1: 16)
5-33 1 62 | 62 17 :45(1: 3

“Copy number of DTx-A gene was determined by Southern blot

analysis.

YNot determined.
*Kanamycin resistance.
“Kanamycin sensitive.
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ARgsta] 91e PCR AHZ9) 428bp Z719] WI=E old 4= 9I9]

FAE o83t PCRF kanamycin AFA HAE 59
5

om FAEY AEE A% FAHE ACE Uehd HgHoR
A H 3L A& & F AAKFig. 2).

7} A A Al & —;—%7}%‘4 il
S gRletal AAZQ] 3 Eolg At Tlwo] FHEoEN
LAY SAEEYS HxﬂiTEH
S Hola HolfxArt S 4ti7hA]
A obgF o7 AdEE Zoz yel
WrHTable 2, 3). 12y} BC,ToHE BCaTo7kA1Y] 2 Srfjoll A<
A= BCiTod 459 2o] 3HE 5o] BAN215 ZZRE | 9%
FAABA ] AolAA} copy G4 3EE Kan“/Kan® HIE
o 2% of F3E A= @kt WA 1 copyE 7HIAL e BS =
5-13°]4} 5-33 Z)A12] Tl A= 15 T2 1:39] HlE&S FA51%
I A7 ARE AR o= Hgdls B3EA oy o= 4
T AUEEE A HE-S RSk t(Table 2). T8 2 copy ©]
AL 7T Q' YA 2704|(5-237 5-32) 2] Tl ME 2 Al
oA 24 tE Hle-S Bl 53] 3 copy o4 HE 5-149 ¥
ol 2k Aol A 1 Hlgo] & ApolE Bt o|e} 22 A
£ BC4To AltiolME & &= IAEE] BCaTo A% 2 AN

1 2 3 4 5 6 7 8

Fig. 2. Detection of DTx-A gene in progenies of transgenic
plants by PCR. Two synthetic primers, 5-AACTTTTCTTCG
TACCAC-3 and 5'-GCTTTCGCCTGTTCCCAG-3', from the
sequence of DTx-A gene were used for PCR. The expected
size of DTx-A (428 bp) of PCR products were appeared.
1: BC;To 5-13; 2: BCsTo 5-13; 3: BC4To 5-13-1; 4: BC;To
5-33; 5: BCsTo 5-33; 6. BCsTo 5-33-1; 7: BC,To 5-14; 8:
SR1 (negative control).



Table 2. Segregation of kanamycin resistance from BCiTo to BCsTo progenies of back-crossing between male sterile transformants

(%) and wild type plants ().

Transgenic plant Copy no. BC:To BC.To BGsTo
' Kan™ : Kan™ R:S Kan" : Kan® R:S Kan" : Kan® R:S
5-13 1 12 : 62 1:5 96 : 542 1:6 217 . 1222 1:6
5-14 >3 1:61 1:61 66 : 1275 1:19 47 . 1218 1:26
5-23 >2 1:68 1:68 92 : 1028 1:11 125 : 1229 1:10
5-32 >2 3:64 1:16 151 : 1024 1:7 146 : 1333 1:9
5-33 1 17 : 45 1:3 296 : 863 1:3 314 : 1067 1:3

“Copy number of DTx-A gene was determined by southern blot analysis.
YKanamycin resistance.

*Kanamycin sensitive.

Table 3. Segregation of kanamycin resistance of BCsTo progenies of back-crossing between male sterile
wild type plants (9).

transformants (%) and

Plant no.  Kan™ : Kan® (s it'g) Plant no.  Kan" : Kan® (2 a:t'g) Plant no.  Kan" : Kan® (E a:tu;)

131 28 1 277 1:10 231 4 : 80 1:20 331 70 : 274 1:4

2 25 : 296 1:12 2 4:76 1:19 2 42 : 259 1:6

3 18 : 267 1:15 3 7 : 153 1:22 3 97 : 268 1:3

4 32 : 272 1:9 4 15: 234 1:16 4 64 : 346 1:5

5 37 : 278 1:8 5 14 : 298 1:21 5 62 : 344 1:6

6 19 : 301 1:16 6 15 : 305 1:20 6 62 : 245 1:4

7 34 : 305 1:9 7 21 : 301 1:14 7 77 1 93 1:1

8 19: 141 1:7 8 12 : 228 1:19 8 125 : 184 1:1

9 15 : 225 1:15 9 7:73 1:10 9 117 : 213 1:2

10 26 : 292 1:11 10 13 : 307 1:24 10 45 : 125 1:3

11 35 : 286 1:8 11 9:311 1:35 11 120 : 250 1:2

12 13 : 227 1:17 12 11 : 310 1:28 12 143 : 225 1:2

13 16 : 222 1:14 13 17 : 303 1:18 13 106 : 167 1:2

14 24 . 296 1:12 14 114 : 207 1:2

15 27 1 283 1:10 15 10: 74 1:7

16 77 1 204 1:3

14-1 5: 307 1:61 32-1 15 : 145 1:10 17 115 : 263 1:2

2 2: 320 1: 160 2 20 : 220 1:11 18 107 : 252 1:2

3 4 : 316 1:79 3 12 : 148 1:12 19 101 : 267 1:3

4 1:143 1: 143 4 38 : 281 1:7 20 19 : 66 1:3

5 3:317 1: 106 5 23 : 238 1:10 21 58 : 105 1:2

6 25 : 294 1:12 22 60 : 112 1:2

7 6:74 1:12 23 167 : 272 1:2

8 28 1 292 1:10 24 147 : 282 1:2

9 10: 70 1:7 25 113 : 272 1:2

10 17 : 223 1:13 26 135 : 231 1:2

27 72 1 126 1:2

28 94 : 188 1:2

29 140 : 220 1:2

30 144 . 267 1:2

*Kanamycin resistance.
YKanamycin sensitive.
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Hl&S A AY 52 2 X}O]é Bty d2xozg 7 3 7 (Pappenheimer, 1997) & $%E0| T2 7 H, GBAN215-60] &4
ASS HolfAzs Foo Hgdos destay Adgwe Sdis A% =@ufe] genomelol] B2 EAjshd ol Aient ofie} 4
o $48U4E T2 fASOY 1 HIES 7 Aol HolE &9 Q¥ OE ZAGNE SHBOH Yehle Aow 248
DTx-A 24| copy<roll wet 2fo]E BolAu e 22 34 & UTHKim 5, 1997). BIszgt A= #o] sHESo]fHHPS))
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Fig. 3. Difference of seed settings between wilde-type and male sterile tobacco plants after cross-fertilization.
(A) Ovule from male sterile plants at 5 days after fertilization.
(B) Ovule from wild type plants at 20 days after fertilization.
(C) Ovule from male sterile plants at 20 days after fertilization.
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