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INTRODUCTION

Tobacco (Nicotiana tabacum) is suscep-
tible host to viral, bacterial and fungal pathogens
(TSWYV, PVY, CMYV, Ps. syringae pv. tabaci,
Phytophthora parasitica Dast var. nicotianae)
and parasites (broomrape). They significantly de-
crease quality and quantity of tobacco produc-
tion.

The most effective and economical
method to control plant diseases is to develop
resistant commercial tobacco cultivars. A num-
ber of approaches have been used for this pur-
pose (selection, mutagenesis, genetic transforma-
tion).

The integration and expression of foreign
genes in plants by genetic transformation is now
a routine procedure for many species. Genetic
transformation has been used for the production
of transgenic crop plants with herbicide tolerance
(16), resistance to fungal (2), viral (17) and bac-
terial (12) diseases.

Recent developments in plant genetic are
focused on the integration of multiple transgenes
into the plant genome and coordinate expression
of these transgenes.

A number of tobacco transformations for
introduction of genes conferring resistance to
biotic stress were performed in the
AgroBiolnstitute.

By introduction of Np gene, CP gene and
replicase gene, transgenic lines from different
tobacco cultivars with increased and complete
resistance to TSWYV, PVY and CMV respectively

were obtained. The inheritance of transgenes was
investigated in the next generations and it was
proved that resistance to TSWV, PVY and CMV
is stable.

High level of resistance to Pseudomonas
syringae p.v. tabaci was obtained in transgenic
tobacco plants expressing the 7t gene. Stable
inheritance and expression of transgene was fol-
lowed up to R9 generation.

Broomrape (Orobanche ramosa L.) is an
obligate root parasite of tobacco. The basic idea
for broomrape control is to apply the herbicides
in the field with herbicide resistant tobacco. Sev-
eral tobacco cultivars were successfully trans-
formed with bar gene conferring resistance to the
herbicide Basta, ahas3R and P450 2C9 genes for
resistance to herbicide Glean, and P450 1A1 gene
for resistance to Tolurex®. The genes were intro-
duced into tobacco plants by Agrobacterium
tumefaciens mediated transformation. Under
greenhouse conditions the transgenic plants
showed resistance to Basta®, Glean® and Tolurex®
in doses 3 to 10 times higher then normally ap-
plied in the field.

The aim of our work was to combine
genes conferring resistance to pathogens and the
herbicide Glean® in one tobacco line by sexual
crosses. We chose four different transgenic to-
bacco lines from cultivar Nevrokop 1146 resis-
tant to TSWYV (14), PVY (8), P. syringae pv. to-
bacco (1) and the herbicide Glean® (15) respec-
tively created in the AgroBiolnstitute.
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Fig. 1 Schematic presentation of the cross I and the cross II.

MATERIALS AND METHODS

Plant material

Four different transgenic lines originat-
ing from tobacco cultivar Nevrokop 1146 resis-
tant to TSWV (L1 in R9 generation), PVY (L2
in R2), Pseudomonas syringae pv. tabaci (L3 in
R9) and herbicide Glean® (L4 in R1) were used
for the experiments.

The transgenic tobacco lines were sexu-
ally crossed to combine the traits in pairs (Fig.
1). In the cross I genes for resistance to TSWV
and Glean® were combined (L1 x L4, L4 x L1).
In the cross II genes for resistance to PVY and P,
syringae pv. tabaci were combined (L2 x L3, L3
x L2).

Selected plants from F1 generation after
tests for resistance to TSWV and Glean® for the
cross I and tests for resistance to PVY and P,
syringae pv. tabaci for the cross Il were self pol-
linated.

Tests for resistance:

Test for resistance to TSWV - The to-
bacco plants were mechanically inoculated at 2-
3 leaf stage. The inoculum was prepared by grind-
ing (1:5 w/v) of TSWV infected leaves on ice in
buffer (pH 7.0) containing 0.1 M Na,HPO.12H,0,
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Seven randomly selected numbers from
the cross [ were analyzed in F2 generation - [ 57/
7 and 1 57/11 (originating from F1 generation of
the cross 1 57); 1 12/10 and I 12/4 (from I 12); 1
61/2and 161/19 (from 1 61); and 1 27/12 (from I
27). Totally 165 plants were tested for resistance
to TSWV and Glean®.

From the cross II eight randomly selected
numbers were chosen for analyses in F2 genera-
tion - II 10/26 and I1 10/29 (originating from F1
generation of the cross 11 10); 11 44/15 and 11 44/
16 (from II 44); 11 19/4 and 11 19/19 16 (from II
19); 11 15/20 and 11 15/35 16 (from II 15). To-
tally 240 plants were tested for resistance to PVY
and P, syringae pv. tabaci.

0.1 MKH,PO,, 5% Na,SO;, 0.2% ascorbic acid,
2% PVP. The inoculated leaves were rinsed with
water after 5 min. The resistant plants were se-
lected after three weeks.
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Test for resistance to chlorsulfuron (her-
bicide Glean®) - The herbicide was applied on
the tobacco plants at vegetative stage 4-5 leaves.
Sixty plants were planted on 4m? and were
sprayed with the herbicide in concentration 5 mg/
m?. The resistant plants were selected after 2
weeks.

Test for resistance to PVY - The tobacco
plants were tested as described for TSWV. After
three weeks the new growth leaves were analyzed
for virus infection, using DAS-ELISA method (3).

PCR analyses

Genomic DNA was isolated from tobacco
leaf tissue as described by Dellaporta (4).

PCR amplification was carried out by
Ready to Go PCR Beats (Amersham Pharmacia
Biotech INC).

For PCR amplification of the Np gene
conferring resistance to TSWV the primers 5'-
GGCAAAGACCTTGAGT-3'and 5'-
CTTTGCTTTTCAGCAC-3' were used. The
PCR program was 94 °C for 5 min, 94 °C for 30
sec, 60 °C for 45 sec, 72 °C for 1 min and 72 °C
for 5 min (33 cycles). The amplification frag-
ment was 550bp.

Gene ahas3R confer resistance to herbi-
cide Glean®. For the amplification of the 750bp
gene  fragment the  primers 5'-

Southern blot analyses

A total DNA was extracted from the leaf
material according to Dellaporta (4). Twenty pg
of DNA were digested with Xbal for the plants
from the cross I and with EcoRI for the plants
from the cross II. Digested DNA probes were
fractioned by electrophoresis in 0.8 % agarose
gels. The DNA were blotted to Hybond-N+ mem-
branes (Amersham) and hybridized to a DIG la-

Test for resistance to Ps. syringae pv.
tabaci - Detached leaf bioassay was performed.
The plants were inoculated with Bulgarian iso-
late of the Ps. syringae pv. tabaci. Bacteria was
grown on nutrient dextrose agar at 28°C in the
dark for 24 h. Bacteria was suspended in sterile
water (OD600=0.6). The tobacco leaves were
placed in Petri dishes at high humidity, 28°C and
12 h light. After 10 days resistant plants were
selected.

ACGATGAGTTGTCCCTGCAG-3' and 5'-
AGATCTCGTTCTCCCTTTCC-3' were used.
The PCR program was 94 °C for 3 min, 94 °C
for 1 min, 62 °C for 1 min, 72 °C for 1 min and
72 °C for 5 min (30 cycles).

Gene ttr encoding resistance to Ps.
syringae pv. tabaci is 723bp. CP gene encoding
resistance to PVY is 1327bp. For the PCR analy-
ses of these two genes the primers for their CaMV
35S promoter and nos terminator with following
sequences: 5~ AAACCTCCTCGGATTCCATTG-3'
and 5-CCATCTCATAAATAACGTCATGCAT-3'
were used. The program was 94 °C for 5 min, 94 °C
for 30 sec, 57 °C for 1 min, 72 °C for 1 min and
72 °C for 10 min (30 cycles).

beled DNA probes. DNA fragments of the fourth
transgenes were labeled with the specific prim-
ers for the transgenes by using PCR DIG Probe
Synthesis Kit (Roche Diagnostics GmbH). De-
tection of signals was performed according to
DIG Luminescent Detection Kit for Nucleic Ac-
ids (Roche Diagnostics GmbH).

RESULTS AND DISCUSSION

Cross 1
Analyses of plants from F'1 generation

To combine genes for resistance to
TSWYV and the herbicide Glean® sexual crosses
between transgenic tobacco plants from the line
L1 and the line L4 and the reverse ones were
performed (cross I). More than 78 crosses were
realized and seed samples were collected. Four
of them were randomly chosen for examination

-127(@L4xL1), 161 (L4xL1), 112 (L1xL4)
and I 57 (L1 x L4). The seeds from selected
crosses germinated normally and all plants were
typical in appearance for the cultivar. The plants
were tested for resistance to TSWV and the her-
bicide Glean®.
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Tests for resistance to TSWV and the herbicide Glean®

Tobacco plants were mechanically inocu-
lated with TSWV at the 2-3 leaf stage. Three
weeks after the treatment all F1 plants from the
cross I showed no symptoms and were consid-
ered as resistant (Fig. 2). The control plants
(nontransgenic tobacco Nevrokop 1146) were
systemically infected. The results showed that
resistance to TWSV was inherited in all plants
of the cross I from the transgenic parental line
L1 that had stable resistance to TSWV up to R9
generation.

The same plants from the cross I were
sprayed with the herbicide Glean® (Fig. 3). The

control plants demonstrated typical traits of sen-
sitivity to the chlorsulfuron and ten days after
treatment died. Different levels of resistance to
Glean® were observed in the four different
crosses, ranging from 100% to 43%. All tested
plants from the crosses I 12 and [ 57 were com-
pletely resistant to the herbicide. From the crosses
127 and I 61 resistant were 32 (53%) and 26
(43%) plants respectively. Segregation in F1
progeny of the cross [ was expected because the
parental line L4 used for the crosses was not
homozygous for the gene conferring resistance
to the herbicide Glean®.

Fig. 2 Tobacco plants tree weeks after TSWV infection
1 - resistant plant from the cross I, F1 generation; 2 - control non transgenic plant

Fig. 3 Tobacco plants from the cross I (F1 generation) ten days after treatment

with the herbicide Glean®

1 - resistant plant; 2 - susceptible plant; 3 - control plant
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PCR analyses

The presence of genes conferring resis-
tance to TSWV (Np) and Glean® (ahas3R) in
plant genome was confirmed by PCR analyses.
Five plants from each cross of 127,157,161 and
I 12 were randomly chosen for further experi-
ments. PCR products for the specific genes
proved the integration of both transgenes in the
selected plants. PCR products with the expected
size (550bp for the gene Np and 750bp for the

Analyses of plants from F2 generation

Resistant plants from F1generation were
self pollinated and seed samples were collected.
The tests for resistance to TSWV and Glean®
were done in F2 generation. Seven randomly se-
lected numbers were chosen for further experi-

ahas3R gene) were obtained in all selected plants
from the cross I (data not shown). No signal was
detected from the control DNA extracted from
nontransgenic tobacco plants. The PCR analy-
ses revealed that the Np gene and the ahas3R
gene were inherited in the tested plants from the
cross I and determined their resistance to TSWV
and the herbicide Glean®.

ments - [ 57/7 and [ 57/11 (two plants that gener-
ated from the cross I 57 of F1 generation), [ 12/
10and I 12/4 (from112),161/2and 1 61/19 (from
161)and 127/12 (from I 27).

Tests for resistance to TSWV and the herbicide Glean®

The plants from F2 generation were in-
oculated with TSWYV and were sprayed with the
herbicide Glean® as described for the plants from
F1 generation. Only 4 plants (three were from
the cross I 61 and one was from the cross [ 27)
were systemically infected with TSWYV and were
considered as susceptible to the virus. PCR analy-
ses were performed to investigate whether the
Np gene was present in the genome of the sus-
ceptible plants. No signal for the transgene was
detected in the analyzed plants.

The plants from F2 generation of the
cross | demonstrated different level of resistance

to the herbicide Glean® varying from 93% to 50%
(Table 1). The plants from cross [ 57/11 demon-
strated the highest level of resistance to the her-
bicide (93%). A lower resistance to sulfonylurea
was shown by plants from the cross [ 57/7, 161/
2,161/19 and 1 12/4 - 71%, 77%, 70% and 67%
respectively. The plants from the cross 1 27/12
and [ 12/10 demonstrated the lowest resistance
to Glean® among all tested plants- 60% and 50%
respectively.

The deviation from the Mendelian seg-
regation is usually explained by different
transgene copy number and/or integration site (5).

Number of the Number of tested | Resistant plants
Cross plants (%)

112/4 30 67

112/10 8 50

157/11 30 93

157/7 17 71

16172 30 77

161/19 20 70

127/12 30 60

Table 1 Resistance of plants from the cross I, F2 generation to the herbicide Glean®

Some plants delayed in the growth after
treatment with the herbicide Glean®. To exam-
ine whether the ahas3R gene is present in the
plant genome, PCR analyses were performed.
The results showed that the ahas3R was present
in some of the analyzed plants. In these cases

susceptibility of the plants could be a result of
transgene inactivation.

Combining of transgenes in one plant can
result in the inactivation of one or more of intro-
duced genes. The expression of transgenes var-
ies and there are many examples where transgenic
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trait is not expressed or disappears in subsequent
generations, despite of the presence of the
transgene. This loss of trait, but not of the
transgene is known as gene silencing and can take
two forms, transcriptional or post transcriptional
(6). There are examples for gene silencing when
homologous transgenes or a transgene with ho-
mology to an endogenous gene are present in the
same genome (9, 11, 13).

DNA hybridization analyses Southern
blot analyses on 14 randomly selected plants from
F2 generation were performed with non radioac-
tively labeled specific probes for the Np and the

ahas3R gene (Fig. 4 A, B).

All tested plants from the cross I and the
parental line L1 showed one copy of the Np gene.
No signal was detected on control DNA extracted
from non transgenic tobacco plants.

Positive signal for the ahas3R gene in all
studied plants from the cross I and the parental
line L4 was detected. Six of the plants were with
one copy and eight plants had two copies of the
ahas3R gene. No signal was detected on control
DNA from non transgenic control plants. In all
analyzed tobacco plants endogenous ALS gene
was detected due to the high homology with the
transgene ahas3R.

— — N = S e — — —
A

Fig. 4 DNA hybridization analyses of selected plants from the cross I, F2 generation.
Specific probes for the Np gene (A) and the ahas3R gene (B) were non radioactively
labeled. Lanes 1-8 - plants from the cross [; Lane 9 - parental line L1;

Lane 10 parental line L4; Lane 11 - non transgenic cv. Nevrokop 1146

Cross 11
Analyses of plants from F1 generation

To combine genes for resistance to PVY
and P, syringae pv. tabaci sexual crosses between
plants from the lines L2 and L3, and reverse
crosses were performed. More than 57 crosses
were done and seed samples were collected. Four
of them were randomly chosen for examination

-1 10(L2xL3), 1144 (L2xL3), T 15(L3xL2)
and IT 19 (L3 x L2). The seeds from selected
crosses germinated normally and all plants were
typical in appearance for the cultivar. The plants
were tested for resistance to PVY and Ps.
syringae pv. tabaci.

Tests for resistance to PVY and Ps. syringae pv. tabaci.

Tobacco plants were mechanically inocu-
lated with PVY (Fig. 5). At the time of inocula-
tion accidentally cross virus infection had oc-
curred in the green house. Only plants that
showed no typical symptoms of PVY infection,
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three weeks after inoculation, were chosen for
ELISA test. From the cross II 10 32 plants were
selected and 28 of them were ELISA negative.
Thirty plants from the cross Il 44 were selected
and 25 of them had no coat protein. From the
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cross I1 19 12 plants were chosen and 11 of them
demonstrated negative results. Only 10 plants
from the cross II 15 were symptomless and 9 of
them were ELISA negative. The presence of sus-
ceptible plants in F1 progeny of the cross I was
due to the heterozygosity of the gene conferring
resistance to PVY of the parental line L2 used
for the crosses.

Plants from the crosses II 10 and II 44
showed higher percentage of resistance to PVY
than the plants originating from the crosses I1 15
and I1 19. The crosses 11 15 and 11 19 were gener-
ated from the cross L2 x L3, where the gene con-
ferring resistance to PVY came from the mother
line, whereas the crosses 11 10 and II 44 were
originated from the reverse cross (L3 x L2).

Fig. 5 Resistance to PVY of tobacco plants from the cross II, F1 generation
1 - resistant plant; 2 - susceptible plant; 3 - control non transgenic plant

Plants from the cross II were tested for
resistance to Ps. syringae pv. tabaci by detached
leaf bioassay (Fig. 6). Typical infection symp-
toms were observed on control tobacco leaves
three weeks after inoculation with the bacteria.
All leaves from the plants of the cross II were
not affected after bacterial inoculation. We con-

sidered these plants as resistant to Ps. syringae
pv. tabaci. The results indicated that resistance
was inherited in all tested plants of the cross 11
from the parental line L3 that had stable resis-
tance to Ps. syringae pv. tabaci up to R9 genera-
tion.

Fig. 6 Detached leaf bioassay of tobacco plants for resistance to Ps. syringae pv. tabaci
1 - control non transgenic plant; 2 - resistant plant from the cross 11, F1 generation

PCR analyses

Five plants resistant to both PVY and Ps.
syringae pv. tabaci from each cross of 11 10, 11
44,11 19 and 1115 were randomly chosen for the

PCR analyses. Primers for 35S promoter and nos
terminator were used for the amplification of the
CP gene (conferring resistance to PVY) and the
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ttr gene (coding resistance to Ps. syringae pv.
tabaci). In all tested plans from the cross I two
fragments with the expected sizes were obtained
(data not shown). No signal was detected with

Analyses of plants from F2 generation

Resistant plants from F1 generation were
self pollinated and seed samples were collected.
Tests for resistance to PVY and Ps. syringae pv.
tabaci were carried on in F2 generation. Eight
randomly selected numbers were chosen for fur-

DNA from the control tobacco plants. The PCR
analyses of the selected plants from the cross 11
demonstrated that the CP gene and the ttr gene
were inherited in the tested plants.

ther experiments - I 10/26 and II 10/29 (two
plants that were generated from the cross II 10
of F1 generation), I1 44/15 and 11 44/16 (from I1
44),1119/4 and 11 19/19 16 (from IT 19), IT 15/20
and IT 15/35 16 (from II 15).

Tests for resistance to PVY and Ps. syringae pv. tabaci

Tests for resistance to PVY and Ps.
syringae pv. tabaci were performed as described
for the plants of F1 generation.

Different levels of resistance to PVY,
ranging from 90% to 40% were observed (Table
2). The highest resistance to the virus infection
was found in plants of F2 generation from the
crosses II 10/26 (90%) and I1 10/29 (87 %). In-

termediate level of resistance showed plants from
the crosses I 44/15 (77%) and 11 44/16 (70%).
The rest of crosses of F2 generation were more
susceptible to PVY infection. They demonstrated
resistance to the virus varying as follows: I1 19/4
(57%), 11 19/19 (50%), I1 15/20 (50%) and IT 15/
35 (40%).

Number of the Number of tested | Resistant plants
Cross plants (%)

11 10/29 30 87

11 10/26 30 90

1144/15 30 77

1144/16 30 70

1119/4 30 57

1119/19 30 50

11 15/35 30 40

11 15/20 30 50

Table 2 Resistance of plants from the cross II, F2 generation to PVY

Plants from F2 generation of the cross II
were tested for resistance to Ps. syringae pv.
tabaci by detached leaf bioassay. Most of the in-
fected with the bacteria tobacco leaves showed
no symptoms of infection and the plants were
considered as resistant to Ps. syringae pv. tabaci.
However, on some of the inoculated leaves from
different crosses, chlorotic halos caused by the
production of bacterial tabtoxin appeared. No
further spread of chlorosis was observed. This
might result from hypersensitive response. Typi-
cal symptoms of Pseudomonas infection, that are
necrotic lesions surrounded by yellow halo, were
observed on a few tobacco leaves. To examine
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whether the ttr gene was present in the plant ge-
nome PCR analyses were performed. Plants with
different level of chlorosis were chosen. The re-
sults showed that only plants with typical symp-
toms of Pseudomonas infection had lost the #r
gene. The transgene was lost in the susceptible
plants in F2 generation most probably as a result
of recombination events. Positive signal for the
ttr gene was observed of the plants with the lo-
calized chlorotic spot on the infected leaves.
However, further studies are needed to investi-
gate whether the chlorotic symptoms were a re-
sult of transgene silencing.
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DNA hybridization analyses

Southern blot analyses on 16 randomly
selected plants from F2 generation were per-
formed. Specific probes for the CP gene and the
ttr gene were non radioactively labeled.

All tested plants from F2 generation of
the cross II and the parental line L.2 showed more
than two copies of the CP gene (Fig.7). High copy
number of the transgene could lead to the lower
gene expression than the single copy due to me-

thylation. This might be the reason for the lack
of Mendelian inheritance for the resistance to
PVY in F2 generation (7, 10).

Positive signal for the transgene ##7 in all
analyzed plants from F2 generation of the cross
II and the parental line L3 was detected (data not
shown). No hybridization signal was detected
from the control DNA.

— o .-——
4 — -
a i

e

Fig. 7 DNA hybridization analyses of selected plants from the cross II, F2 generation
Non radioactively labeled specific probes for the CP gene were used.
Lanes 1-8 - plants from the cross II; Lane 9 - parental line L2;
Lane 10 - parental line L3; Lane 11 - non transgenic tobacco

CONCLUSION

Promising results for combining genes
for resistance to TSWYV, PVY, Pseudomonas
syringae pv. tabaci and the herbicide Glean® in
pairs by sexual crosses of four transgenic tobacco

lines were obtain. Further crosses will be per-
formed in order to combine four traits in one to-
bacco line.
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TPAHCTEHUYEH TYTYH CO KOMIINIEKCHA OTIIOPHOCT HA
BAKTEPUCKUA
N BUPYCHU BOJECTU U HA XEPBULIUAOT Glean®

Ileruja Jouesa, P. bauBaposa, C. Cnasos, . Kamenosa, M. Jankynosa
AzpoBuoHncinuinyiu-Kocitiun6poo
byzapuja

PE3UME

Co3faBambeTO TYTYHCKU pacTeHuja OTIIOPHU HA Pa3/InyHK ATOreHU UMa TEOPETCKO
U NMPaKTUYHO 3Hauewe. LlenaTa Ha 0 BOj Tpyj € la ce 1o0Ke JUHKUja TYTYH CO KOMIIJIEKCHA
OTHOPHOCT Ha 0aKTEePHUCKH U BUPYCHU OojiecTu u Ha xepoununor  Glean®. Kako noveren
pacTuTeJIeH MaTepujall ce 3eMEeHHM YeTUPU Pa3INYHU TPAHCTEHUYHU JIMHUU CO MOTEKJIO Off
coprara Hespokon 1146 ornopuu Ha TSWV, PVY, Pseudomonas syringaepyv. tabaci n Ha Glean®.
OBue TYTYHCKM JIMHUU Ce BKPCTYBAHU 3a KOMOMHHUpPamwke HA CBOjcTBaTa  BO MapoBu. Bo
kpcrockaTa I komOuHupaHa e ornopHocta Ha TSWV u Glean®. Ha pacrenujaTa oft
notoMcTBOTO ®1 McnuTyBaHa UM € OTIIOPHOCTA 11O MaT Ha 3apa3yBame co TSWV 1 npckame
co Glean®. Bo kpcrockata Il komOuHMpaHa e ornopHocta cnpemMaPVY u P. syringae pv. tabaci
u Bo F1 reHepanujaTta ce npoBepyBa OTIOPHOCTA U Ha [iBaTa NaTOreHa 110 U3BpII  €HaTa
BelITayKa MHOKYyJanuja. OTIOPHUTE TYTYHCKH pacTeHHUja Off IOTOMCTBOTO Ha ceKoja
KoMOuHanuja ce cenekTupanu Bp3 6aza HaELISA TtectoT u PCR ananusara. Bo oBaa ¢a3sa Ha
UCTpaxKyBamaTa pe3ylTaTUTe BETYyBaaT YCIETHO KOMOMHUPakE Ha OTIIOPHOCTA CIIPEMA CUTE
TpH natoreHu u xepounuaoT Glean® kaj cekoja TuHMUjA TYTYH.
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