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Figure 1- The T-DNA map of the recombinant pBI21-BCH plasmid containing bean
chitinase gene. LB: left border, RB: right border, chi: chitinase, nptll: neomycin
phosphotransferase, P-CaMV 35S: Cauliflower Mosaic Virus 35S promoter, P-nos:
nopaline synthase promoter, T-nos: nopaline synthase terminator.
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Figure 2- A: Leaf blade with induced shoot in shoot-inducing medium, B: Regenerated
green kanamycin-resistant shoots, and C: Chlorotic shoot formed on selection medium,
D and E: Root formation of transgenic lines on root-inducing medium containing
activated charcoal and proline, respectively, F: Root formation of transgenic lines in
liquid root-inducing medium with high levels of IBA, G: Leaf malformation in a
representative transgenic line containing chi gene, H: Normal (right) and very slow
growth (left) of two transgenic lines.
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Table 1- Root inducing percentage in transgenic and putative transgenic sugar beet
plants using various root inducing treatments. Means followed by the same letters are
not significantly different at P < 0.01 according to Duncan's Multiple Range Test.
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Figure 3- PCR analysis of putative transgenic sugar beet plants with the chi gene specific
primers. M: 1 kb DNA ladder, 1: a 872 bp amplified fragment within Agrobacterium
containing pBI-BCH plasmid as positive control, 2-5: putative transgenic plants of SBSI-
02, 6-9: putative transgenic plants of SBSI-04, 10: non-transformed plant as the first
negative control, 11: A PCR reaction without DNA template as the second negative
control.
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Figure 4- Dot blot analysis of PCR positive sugar beet lines with the DIG-labeled specific
probe. A1-A5: Various dilutions of PCR product using Agrobacterium containing pBI-
BCH plasmid as positive control, B1-B6 and C1-C6: PCR positive lines of SBSI-02 and
SBSI-04 genotypes, respectively, D1 and D2: A mixture including extracted DNA of non-
transformed plant and 5 and 10 pg dilutions of PCR product using Agrobacterium
containing pBI-BCH plasmid (Reconstruction), D3-D4: non-transformed plant as the
first negative control, D5-D6: water as the second negative control.
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Figure 5- Western blot analysis of T, transgenic sugar beet lines contains bean chi gene.
Lane M: Bio-Rad’s kaleidoscope prestained protein standard, Lanes 1-5, transgenic
plants, Lanes 7 and 8: non-transgenic plants SBSI-02 and SBSI-04 as negative control.
The arrow marks the expected 31 kDa chitinase protein band.
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Figure 6- Fungal infection symptoms in sugar beet leaf discs 10 days after inoculation
with Alternaria alternata. A: non-transformed control plant, and B: T, transgenic lines.
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Figure 7- Percentage of infection of sugar beet detached leaf discs inoculated with
Alternaria alternata. (chi) Ty transgenic lines and (NT) non-transformed control plants.
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Figure 6- Bioassay of transgenic T, sugar beet lines containing chi gene against
Alternaria alternata at the whole plant level. A: Leaf chlorosis and necrotic lesions
around the inoculation site in non-transformed control plant, B: A transgenic line
without any disease symptoms as representative. The photo was taken 14 days after
inoculation.
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Table 2- Percentage of infection of sugar beet detached leaf discs inoculated with
Alternaria alternata. Means followed by the same letters are not significantly different at
P <0.01 according to Duncan's Multiple Range Test.
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Average of infected leaf discs area (%)

onle 31 3,

N Sl S ooation
Transgenic plant Non-transformed control plant
0+0.00¥ 0+0.00¥ 1
0+0.00¥ 0+0.00¥ | 2
0+0.00¥ 11.00+0.57' 3
0+0.00¥ 28.00£0.57° 4
0+0.00¢ 59.00+0.57¢ 5
0£0.00* 79.00%0.57° 6
8.00£0.57 94.00£0.57° 7
14.00£0.57" 100.00£0.00? 8
19.0020.57¢ 100.00+0.00? 9
25.00£0.57 100.0020.00° 10
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Figure 11- Percentage of infection of sugar beet leaf plants inoculated with Alternaria
alternata. (chi) T, transgenic lines and (NT) non-transformed control plants.
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Table 3- Percentage of infection of sugar beet leaf plants inoculated with Alternaria
alternata. Means followed by the same letters are not significantly different at P < 0.01
according to Duncan's Multiple Range Test.
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Average of infected leaf area (%)

sonle 31w 5
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0+0.00' 40.00+0.57° 11
0+0.00' 65.00+0.57° 12
0+0.00' 85.00+0.57° 13
0+0.00' 100.0040.00° 14
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Abstract

Fungal diseases are the major factors of sugar beet yield losses worldwide. Expression
of pathogenesis-related proteins such as chitinases is considered as one of the plant defense
responses against pathogens. Chitinases are cell wall degrading enzymes which have been
shown to have high antifungal activity against a wide range of phytopathogenic fungi. In this
study, two diploid sugar beet genotypes, SBSI-02 and SBSI-04, were used for transformation
through Agrobacterium tumefaciens strain LBA4404 harboring the pBI-BCH plasmid
containing the chi gene under the control of the CaMV35S promoter and the nptll selectable
marker gene. Leaf blade with attached shoot bases were used as explant substratum for
transformation. Green shoots were successfully screened using different concentration of
kanamycin. PCR screening with chi-specific primer showed the presence of the transgene in
more than 50% of regenerated kanamyecin-resistant plants. Dot blot analysis confirmed the
integration of at least one copy of the chi gene into the genome of putative transgenic plants.
Western blot analysis revealed chitinase protein accumulation in transgenic plants. The
content of chitinase protein varied among the five Ty transgenic plants. Bioassay analysis
using detached leaves and at the whole plant level revealed increased resistance of Ty
transgenic sugar beet lines against the fungal pathogen Alternaria alternata compared to non-
transformed control plants.

Keywords: Sugar beet (Beta vulgaris L.), Agrobacterium tumefaciens, chitinase gene,
transformation, Alternaria alternata.
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