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1. BB RHERESER AT ZEHR ARG R RSP HHRBREITTRE
pGNY -2 b8 AalT ZEE3 RATEM BRI (NHE X EMWMEBH: P.sieboldii X
P.deltoides) 345 60 Z¥kEAERBE, XHS 20 %7 AalT EEBHTE 3 B [A5, Al12,
A18] £ PCR H¥, PCR Southern X LW #— £ EW AT EACEAEBHERA L,
FEBRELBEM, AS. AL2 FIHEHEYX — BB (Lymantria dispar) S1RARFEBRE R
tE, AI8 X —#SEER (Lymantria dispar) HIBUAHE ., SXTEMAL, @REE A12,
AS BT R B EHE M, WHREERARE/, FEGREREZT/NFXE, Elisa 4
FIEMAA AalT BEAEL, X RER AT REAEEREBM P EEA X EL, EE
YRR E RS,

2. YL A AaIT BRARFEREBLER (TH) BBEERED: FLREE AalT BH
MHAEHEH (R1, R2, R3. R4) AXZHM TI FARA, T AalT BR 5 AalT EFEH
NPTTI 2 H# GUS BE L 5F k. NPTH EETE R1. R4 Bk T1 RSP HER &
O EE/RHA, R, RIKEME T HCH A S AREARE/RM AR, NPTH A
a[fEk 4 T 244G, 7€ R2. R, R4 = sk, EIRFB I HELE Y GUS
Fivk, H RI M FIEEEaE TL/SAPILEE Rk B GUS BIH:, GUS S
MEA S, FIeAE T HMAEE . X 40 #k GUS FMEF 17 # GUS R T1 /54 PCR
T AalT ZEEMEERS, SR GUS MRS EIN PCR FAYE, GUS BAMERIK+
A 3 W E W PCR M, iEAESRITNERAEFRENE IS AT XERNTES
EHARRZAH GUS IFHHEREGLET, X ER4HERR I F 4 DNA #17 Southern 223540 #r,
HERFREL#—FHEAT AT ZREESESEAHKAERA L, RATLREH, RI,
R2. R3. R4 MUBk PCR FAHEE BRI BT X ¥ . (Heliothis armigera) #h#H
MPiYE, R, R4 Bikk T1 ERMFIEBRERIETXS], R2. R3 Mtk Ti FROAERE
HEAREL, FAHL AalT MLk BET Elisa 4972 B, Hk R12, R4l MEBHRIKPER, X
H5EfMRENRERMAN. UEERERY, AT EEEREEAY S TLERERS
R, HEERRPAREALFEYEFHENER™Y.
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Insecticidal Activity and Expression of
Insect-Specific Neurotoxin AalT Gene in
Transgenic Plants and Their Progeny

This paper mainly consists of two parts:

1. Production of transgenic poplar containing AalT gene and analysis on their insecticidal ac-
tivity

AalT gene which has been inserted into binary vector pGNY-2 was transferred into poplar
(P.sieboldii X P.deltoides) by Agrobacterium-mediated leaf-disc gene transfer system. We ob-
tained more than 60 regenerated Populus (P. sieboldii X P .deltoides) plants. PCR and PCR-
Southern analysis showed that there were three plants containing AalT gene integrated into poplar
genome among 20 regenerated Populus (P . sieboldii X P.deltoides) plants. These three plants
showed the toxicity to first instar larvae of Lymantria dispar in a varied degree, when compared
with the control. Two transgenic Populus plants significantly reduced feeding and weight gained
by the first instar larvae of Lymantria dispar and also increased the mortality rate of the larvae.
Elisa analysis proved that the AalT protein was expressed in these two transgenic Populus
(P. sieboldii X P.deltoides) plants. Our results demonstrated that AalT gene was expressed in
transgenic Populus {P.sieboldii X P .deltoides) plants efficiently and the AalT protein product
had normal insecticidal activity.

2.Studies on inheritance and expression of AalT gene in the progeny T1 of transgenic tobac-
co plants through self-pollination

The inheritance and expression of AalT gene, NPTII gene and GUS gene, which were two-
linked with AalT gene in the binary vector, have been analyzed in the progeny from four insect-
resistant transgenic tobacco TOU plants. The patterns of phenotype expression of NPTII gene in
the progeny from transgenic plants R1 and R4 were consistent with Mendelian inheritance pat-
terns. In the progeny from another two transgenic plants, R2and R3, however, it could’t be in-
terpreted by Mendelian inheritance. NPTII gene may be lost or silenced in these plants.

The progen from transgenic plants R2, R3and R4 with kanamycin resistance also showed
positive GUS activity. But nearly half of the progeny plants from transgenic plants R1 with kana-
mycin resistance showed that negative GUS activity. The severe loss of GUS activity in these pla-
nts may also result from gene silencing. PCR analysis showed that not only forty progeny plants
exhibiting positive GUS activity contained AalT gene, but also three GUS-negative progeny pla-
nts contained AalT gene. Southern blot analysis of some progeny plants proved the integration of

AalT gene in tobacco genome at molecular level. In the Bioassay, compared with the control,



all progeny plants containing AalT gene showed resistance to the second instar larvae of Heliothis
armigera in a varied degree. The progeny plants from transgenic tobacco Rland R4 exhibited dif-
ferent resistance level and those from R2 and R3 showed similar resistance to the Heliothis armig-
era larvae. Elisa analysis with antibody of AalT protein showed that the expression levels of AalT
gene in plants R12, R14, R15, R41 and R42 were high. This was consistent with their high
resisance to Heliothis armigera larvae. The results above indicatied that AalT gene in transgenic
plants was inherited by progeny efficiently and could also confer resistance to pest larvae through
expessing in these progeny plants.

Keywords: AalT gene, transgenic plants, insecticidal activity
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Tubulin Gene Enpression and Regulation
in Rice and the Production, Analysis of
Transgenic Tobacco Plants with a poxy5 gene

At the early stage of rice grain development, the total a-tubulin as well as OSTubA land
OSTubA2mRNA were more abundant followed by a significant decrease at later stages. However,
the OSTubA3 mRNA remained constant during rice grain development with a slight increase at
the time of pollen release. Among three isotypes of a-tubulin, OSTubA3 mRNA accumulated
preferentially in roots compared with that in seedlings, leaves, coleoptiles, flowers and seeds.

Plant hormone TAA promotes coleoptile elongation. When rice coleoptiles were treated with
10 pmolfL. TAA for 2h, the transcriptional accumulation of OSTubA3 and total o-and B-tubulin
increased . Another hormone ABA, inhibits coleoptile elongation. After 12h treatment with a con-
centration of 50 pmol/L of ABA, the mRNA accumulation of a-and B-tubulin were strongly inhib-
ited. However, both hormones had no effect on tubulin protetn synthesis. These data indicated
that the expression of rice tubulin gene is regulated at the transcriptional level by the IAA or AB-
A. Anti-microtubule herbicide oryzalin has been found to bind tubulin heterodimer and depolymer-
ize the microtubules that resulted in inhibition of rice coleoptile elongation. Coleoptiles treated
with 1, 10, 50 pmol/L of oryzalin for 24 h caused dramatic decrease in a-and f-tubulin protein
accumulation, but no changes were detected with their corresponding mRNA. This suggested
that tubulin synthesis was modulated at the translational level by oryzalin. Taken together, in re-
sponse to hormone or oryzalin treatment, the tubulin gene expression in rice was regulated at two
different level, either transcriptional or translational. This is not in agreement with what has been
found in animal system, where it has been well documented that tubulin synthesis is regulated in
almost all animal system at post-transcriptional level due to mRNA instability, that results in the
reduction of both amount of steady state of mRNA and protein. Data suggested that there might
be different mechanisms in controlling plant and animal tubulin gene expression.

To the best of our knowledge, it is the first time to date that the differential expression of
three isotypes of rice a-tubulin gene has been studied. The effects of plant hormone and anti-mi-
crotubule drug oryzalin of rice tubulin expression lead to a hypothesis that the mechanism for reg-
ulation of tubulin gene expression in plants might be different from animals. The above two as-
pects have not been reported in the literature. ’

Transgenic tobacco plants with different insertion sites (1~7) of poxy5 gene in its sense or
antisense orientation were obtained. F1 seeds of all the transgenic plants were collected. By analyz-

ing the number of insertion sites and the level of transcriptional expression, it was found that



the transgenic plants S1, S2, $4, S13, S19 with less insertion sites {1—~3) showed middle or
higher level of paryS expression, while, plants 89, S10, S17, 520 with multiple-site insertion
(more than 4) had no or low expression. These results futther support the concept that multiple
copy number may lead to gene silencing in transgenic plants.

In Southern blot analysis of paxy5 transgenic tobacco plants, a common band was found in
all samples including control plants when hybridization was performed at low stringency (37TC)
. It disappeared when temperature was increased to 42°C . Most likely this common band was en-
dougenous annexin sequence in tobacco. It could be also speculated that the homology between to-
bacoo and arabidopsis annexin was low. To date, the annexin gene has not been cloned from to-
bacco.

Preliminary biochemical analysis showed that guaiacol peroxidase activity was increased about
1 fold in transgenic plants S13 and S19, which had higher transcriptional expression of poxy5
gene.

All above mentioned results have not been documented in previous literature.

Keywords: rice, tubulin, expression, tobacoo, oxidative stress, pary3
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Cloning fo Glucose Oxidase Gene and
Its Expression in E . coli and Plants

In response to pathogen attack, a series of defense mechanisms in plants are triggered in-
cluding hypersensitive response, expression of defense genes and finally, leading to the induction
of systemic acquired resistance. All these responses are related to the rapid production of active ox-
ygen species {(AOS) during the early stage of plantpathogen interaction. The AOS, such as su-
peroxide anion, hydroxyl radical, and hydrogen peroxide, produced in oxidative burst, are ex-
tremely important both as microbicidal reagents to inhibit pathogen growth and as signal molecules
to trigger the expression of plant defense system.

Glucose oxidase (GO) catalysis the oxidation of glucose resulting in the production of glu-
conic acid and hydrogen peroxide.A number of bacteria and fungi produce GO, but is has not
been found in animals and plants. In the present work we have cloned the GO gene from As-
pergillus niger through PCR amplification and constructed an E . coli expression vector harboring
the GO gene. The expression level of GO accounts for 2.39% of the total E.coli soluble pro-
tein. Western analysis with rabbit anti-GO serum confirmed that the protein expressed in E . coli
is glucose oxidase.

The plant expression vector pBGO, harboring the GO gene driven by CaMV 35S promoter,
was constructed and used for transformation of tobacco, potato and cotton. Southern analysis of
transgenic plants demonstrated that the GO gene was integrated into the genome of tobacco, po-
tato and cotton. Northern and Western analysis showed that GO was expressed both at transcrip-
tional and translational level in transgenic tobacco plants. The maximum amount of hydrogen per-
oxide in transgenic tobaceo can be as high as 610 pmol/1., which is about 5 times higher than that
of the non-transgenic plants. While disease challenge rset of transgenic tobacco by inoculation of
Alternaria alternata and Phytophthora parasitica pv Nicotianae are being carried out, it is evi-
dent that the soft rot-resistance in tubers of transgenic potato has been improved significantly . Co-
tton plants resistant to Fusarium oxysporum and Verticillium dahliae have been screened out as
well.

Many plant pathogens cause vascular diseases. Therefore, a profilin2 promoter, specifically
expressed in vascular bundles, was cloned through PCR amplification and was hooked to the GO
gene to construct a plant expression vector pFGO. Southern analysis of transgenic potato plants
showed that the GO gene was integrated into the potato genome.Histochemical assay indicated
that the GO gene was specifically expressed in the vascular bundles and the tubers of transgenic
potato exhibited high level of soft rot resistance.
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It is concluded through our study that the hydrogen peroxide produced by GO both in consti-
tutive expression (CaMV 3558/GO) or vascular-specific expression (Profilin2/GO), can confer
soft rot resistance in transgenic potato. To the best of our knowledge the transgenic tobacco and
cotton expressing GO are first reported in present work. The high level of hydrogen peroxide pro-
duced via GO expression in transgenic tobacco and the obtaining of cotton plants resistant to
Fusarium oxysporum and Verticillium dahliae suggest that the introduction of GO gene into plants
may become a new genetic engineering strategy for producing transgenic plants with a broad spec-
trum disease-resistance to a wide range of plant pathogens.

Key words: Oxidative burst, Hydrogen peroxide, Glucose oxidase, Disease resistance
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HEEMEMEAREEARND FRIC %R
REASBENLS DY & DNA FRICEVEIL

HE5F ERR

¥+ F HEE BIRR
+ & fFUBREERM
F ot RRBEER

K F BSA (Bulked Segregant Analysis, BSA) 7k, MEREBT 241N 5HBEBHE
HAGHER (Ms) FEHH RAPD 70, OAO0Ly M OTl1y0 XFH MRS Ms BEF
1, OAO1,5 Ms BIEBIBEE N 18.24cM; OTlle SEEEAEMIERZE 7.48cM LIA,

BB A T 3 MR LS PRI 8 OT1 L B LR TR EHE fiE Rt #7718 938538
BIFTHRIC EP11yy, BP0 IR A KBEHLS 1T 1 DNA (Extended Random Primer Am-
plified DNA, ERPAD) #7it. X —#Ric BH I SCAR #RiCHR R, BARAFTEREMNE,
A EE AR OPTIL FFI A/ 3 WMEE A, T, C, G MBBELAMS31Y, HK 10
B, UAREF R ABARM®ES OT11 —C+OT11 - G HME--FEBI WE F S OT1 1,48
Rl — A F ERIS T, FEMES Xt &l b, MNP AR 8 1~ HMsY, HEEm
16 318 . F—F AT ARG EL OT11 ~-CT+0T11 -GA, EKBE&HT, ©F
HRYTHEEES OTl g, MBI — 47 H B EPT1lygw. Wi B BEESTIERX—H RS
OT1 g 2b F Rl —fL 5 o

ERPAD #iC7EiR KR F . BRIk, VISR AMEREER M TR EE B EE I
BIf) RAPD #RiE. X 33 MHEBRRZMAT A, EPTllw EEMFELSHFERH K+,
RAOFAETGLRRBERREXRH B, REREY, ETATHBASES ORRGR
AT EN Ms BRHEF ., EPTI o ERBRIMHEAXREZ 3 REF I FEKLK
RZEZ A Ms BEEEH, FRNAEREEDT 90%. SCAR RIS HTIESL, 7E ERPAD
AP ERMRE PR A, XENEKEHLG P DNA fRiC 7 B4 T Bis iR
. FAS|Y OPA10 FEK KNS | #3HH B 3 & 8020 #4T T ERPAD #RiCHHIMABIFT.
FH OPT11 IEBEVLS I M3K18 T —L27E 8020 1 J341 Z [AIRBLELA# A ERPAD #7i0. X4
¥RIE X ERPAD #RCH BN R R TH5 IR,

XA BHEHEATER fSFiic EkEEYLSI%T 3 DNA (ERPAD)  RAPD
SCAR H#i (Brassica oleracea var. capitata)



