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ABSTRACT

Turnip mosaic virus (TuMV) a species of the genus Potyvirus in the family Potyviridae, is one of the most prevalent
viruses of canola fields in Iran. So far, commercial resistant lines or varieties against TUMV have not been known in
Iran. In this research, the possibility of inducing resistant to TuMV in transgenic canola lines carrying a short
fragment of the coat protein gene of the virus was evaluated. Therefore, a 130 nucleotide fragment of TuMV coat
protein gene, as sense or antisense orientations, were cloned in the pFGC5941 vector independently and then were
transformed to canola cotyledonary (Hayola R-Line 401 variety) explants using Agrobacterium tumefaciens strain
LBA4404. Selection and confirmation of transgenic TO and T1 lines were carried out via PCR and glufosinate
ammonium herbicide (selective marker) resistance assay under greenhouse conditions. After virus inoculation to T1
lines, resistance assay was done by the scoring system. The obtained results confirmed that transgenic lines with
sense construction did not show any resistant. However, several transgenic lines with antisense construction showed a
different level of resistant to TuMV including delay in symptoms appearance and a decrease in symptoms severity (0-
30% of T1 progeny) or symptoms recovery (10-66% of T1 progeny). This is the first report of increased resistant
against TuMV via transformation of a short viral fragment sequence with the antisense orientation in canola.
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Figure 1. Designed nucleotide sequences with enzyme restriction sites. A: sense construction. B: Antisense construction
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Figure 3. Electrophoresis patterns of PCR products using extracted DNA from transgenic canola TO lines by specific
pFGC5941 primers. Line M: 1kb marker (GenRuler™ 1kb DNA ladder, Fermentas). Line PC: pFGC5941 cloned
vector with the sense sequence as the positive control. Lines 1-2: the transgenic canola with the sense construct. Lines
3-4: non-transgenic detected lines. Lines 5-9: transgenic lines with the sense construct. NC Line: non-transgenic line
as the negative control.
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Figure 4. Treatment of the canola leaf using glufosinate ammonium herbicide. Leaf of the non-transgenic canola

showing yellowing and necrosis symptoms after five (A) and 10 (B) days of treatment. Leaf of the transgenic canola
with no observed changes after 10 days of treatment (C).
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Table 1. TO transgenic lines properties of Hayola 401 R-Line

Construct Orientation FGC5941 PCR VirD PCR Glufosinate ammonium Seed production with the

of sequence  (FGC5941 primers)  (VirD primers) resistant assay good germination potency
pFGC-CP-S-1 Sense + - + +
pFGC-CP-S-2 Sense + - + +
pFGC-CP-S-5 Sense + - + -
pFGC-CP-S-6 Sense + - + -
pFGC-CP-AS-1 Antisense + - + -
pFGC-CP-AS-3 Antisense + - + +
pFGC-CP-AS-5 Antisense + - + +
pFGC-CP-AS-7 Antisense + - + +
pFGC-CP-AS-8 Antisense + - + +
pFGC-CP-AS-10 Antisense + + +
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Figure 5. Electrophoresis pattern of PCR products of amplified 130 nucleotides fragment as sense or antisense orientations
with specific primers (CP-130F and CP-130R) in transgenic T1 with transgenic probability. The 800bp band product was
amplified by specific primers for Acetyl-CoA gene as an internal control for the PCR assay. Line M: 50bp molecular marker
(GenRuler™ 50bp DNA ladder, Fermentas). Line 1: the pFGC5941 vector with sense fragment as the positive control.
Lines 2-19: transgenic plants with the 130 bp fragment. Line NC: non-transgenic line T1 as the negative control.
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Figure 6. Evaluation of resistance of transgenic plants T1 to TuMV. A: transgenic line T1 as the negative control with
scale number 6 as the symptom severity. B: the transgenic line with no symptoms (scale number 0). C: the transgenic
plant with the scale number 4 with symptoms gentle recovery in new leaves.
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Table 2. Results of evaluation of T1 Lines against TuUMV

Plant numbers (percentage)

Plant numbers (percentage)

Plant numbers (percentage)

TO Parent tranps:%r::ne d with 1-3 scoring and delay with 4-6 scoring and with 4-6 scoring and
number symptoms appearance symptoms recovery not-symptoms recovery
(Resistance) (Intermediate Resistance) (Susceptible)
IN-S-1 14 0 (0%) 0 (0%) 14 (100%)
IN-S-2 22 0 (0%) 0 (0%) 14 (100%)
OUT-S-3 10 0 (0%) 2 (10%) 8 (80%)
OUT-S-5 26 8 (30%) 5 (62%) 13 (50%)
OUT-S-7 10 0 (0%) 3 (30%) 7 (70%)
OUT-S-8 14 3(21%) 5 (35%) 8 (57%)
OUT-S-10 30 1(3.3%) 20 (66%) 9 (30%)
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