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ABSTRACT

Blackleg caused by Leptosphaeria maculans is one of the important diseases widely affecting canola
production worldwide. Effectiveness of three plant defence related genes transferred from pea (Pisum
sativum) to canola was tested against blackleg in two experiments. In the first experiment, three
transgenes including PR10.1, Chitinase, and DRR206 were transferred from transgenic Wester variety
into four commercial cultivars (Apollo, Sentry, OAC Triton, and MillenniUM 03) via backcrossing to
examine the effects of different genetic backgrounds on disease response. In the second experiment, to
study the effect of gene pyramiding on level of disease resistance, three transgenic Wester lines were
crossed. Cotyledon inoculation was performed for indoor disease screening tests of blackleg. DRR206 in
Sentry and ChitinasexDRR206 appeared to be the best combinations conferring disease resistance.
Overall, DRR206 had the highest impact on disease, probably due to delayed infection development.
Promising lines of this research could be utilized in breeding programs and cultivar release projects after
field trials.
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Table 1. Three disease resistance transgenes originated from pea in three transgenic lines of canola
Westar cultivar

Transgene Name Function

GN1 PR10.1 P. sativum pathogenesis-related protein;
477bp; GenBank locus: X13383;
Ribonuclease-like protein.

GN2 Chitinase P. sativum chitinase class | (chi2) gene
976bp; GenBank locus: PEACHI2I;
Degradation of fungal cell wall.

GN3 DRR206 P. sativum disease resistance response protein;

555bp; GenBank locus: AF115574;
Strengthening cell wall, lignin biosynthesis.
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Figure 1. Crosses, backcrosses and selfings, as well as disease screening tests in Experiment 1. AA is the
transgenic cultivar of Westar and aa is the commercial cultivar lacking the transgenes(null).
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Figure 2. Crosses and selfings, as well as disease screening tests in the second experiment. AAaa and
BBbb are the transgenic lines of Westar and aa and bb are the commercial cultivars lacking the
transgenes(null).
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Table 2. Variance analysis of blackleg disease in heterozygous stage in Experiment 1.

Source of Variation Degree of Freedom Mean of Squares Pr>F
Treatment 23 4.554%** <0.001
Transgene 5 1.974*** <0.001
Cultivar 3 23.716*** <0.001
Transgen x Cultivar 15 1.582*** <0.001
Error 552 0.025 -
Total 575 - _
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***: significant difference at 0.1% of probability level.. CV=5.9%
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Table 3. Mean comparison of blackleg disease in heterozygous stage in Experiment 1.

Genatic Transgene GN1 GN2 GN3
background i - * - * -
Sentry 6.42%¢ 8.54% 6.79%¢ 8.38% 2.58¢ 5.50°d
Apollo 8.46% 8.83? 8.88?2 8.922 8.92% 8.92%
OAC Triton 8.922 8.96 8.882 8.96 8.882 8.922
MillenniUM 03 3.71¢% 4,54 4,75 5,13 4.17¢% 5.792bcd
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Numbers show disease screening scores in 0 to 9 scale. a-e: Signicant difference between means using Duncen test in 1% of
probability level.
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Table 4. Variance analysis of blackleg disease in heterozygous stage in Experiment 2.

Source of Variation Degree of Freedom Mean of Squares Pr>F
Treatment 3 4.325%** <0.001
Error 76 0.023 -
Total 79 - i
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***: significant difference at 0.1% of probability level.. CV=5.7%
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Table 5. Mean comparison of blackleg disease in heterozygous stage in Experiment 2.

Transgene combination Blackleg score*

GN1xGN2 8.8*
GN1xGN3 6.1°
GN2xGN3 41°¢
Control (Non-transgenic Westar cultivar) 89¢

LU Hae s lem (bt i ao)0 S Jleil mhaw jo 5SSl (g, b Sl pxe S a-C
Numbers show disease screening scores in 0 to 9 scale. a-c: Signicant difference between means using Duncen test at 1% of
probability level.
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Figure 4. A sample of PCR screening of tracking of the transgenes during generations using specific primers of the target genes.

Plants showing the bands are either heterozygous or homozygous and thosethat do not show bands are null without the transgenes.
M: size marker.
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Table 6. Variance analysis of blackleg disease in homozygous stage in Experiment 1.

Source of Variation Degree of Freedom Mean of Squares Pr>F
Treatment 23 4.686*** <0.001
Transgene 5 2.214%** <0.001
Cultivar 3 24.423*** <0.001
Cultivar x Transgene 15 1.563*** <0.001
Error 552 0.027 -

Total 557 _ -
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***: significant difference at 0.1% of probability level. CV=6.2%
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Table 7. Mean comparison of blackleg disease in homozygous stage in Experiment 1.

Transgene GN1 GN2 GN3
Genetic background * - * - - -
Sentry 6.2¢ 8.6% 6.4¢ 8.0° 249 5.3¢
Apollo 8.7% 8.9 8.9 8.9 8.9 8.9°
OAC Triton 8.92 9.0 8.9% 8.9% 8.92 8.9
MillenniUM 03 3.9° 4.6° 5.0% 5.3¢ 4.0f 5.6¢

Al oo o g NS Klis a-giaiicnd A U jao (v s Lo gl daosls

Numbers show disease screening scores in 0 to 9 scale. a-g: Signicant difference between means using Duncen test at 1% of
probabilitylevel.
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Table 8. Variance analysis of blackleg disease in homozygous stage in Experiment 2.

Source of Variation Degree of Freedom Mean of Squares Pr>F
Treatment 3 ***3.563 <0.001
Error 92 0.023 -

Total 95 - -

Qo) B Ol s o po el oy /Y mhaw jo jlo diee OS] KL, FHH
*** indicates significant difference at 0.1% of probability level. CV=5.8%.

G oon S b alie bl
iyiee GNIXGN3 5 GNIXGN3 (sloces

Siles dslie oy Lialej] 6K eem e jo
Tl Sl do ) S w0 (Sls g, b e jles
s |y gl el S 4 Jsar b bl oh Glo syl &

Gt ol Blo glew 9590 j0 AT wBd oo



e a8l JEl ol (3l (5 5lons 4 Cenglie (slay el )5 1) Ko 5 (53 VY

295 Uialojl 55 9% j5en Al yo ) obw Gl (55l Lo Silis duslio -0 Jgar
Table 9. Mean comparison of blackleg disease in homozygous stage in Experiment 2.

Transgene combination Blackleg

GN1xGN2 8.1°
6.3°

GN1xGN3

GN2xGN3 43¢
83¢

Control (Non-transgenic Westar cultivar)

SIS ge3T b oy S mhans 0 o e BB AC L B yao (g ke (el cans i s lows i daools
Numbers show disease screening scores in 0 to 9 scale. a-c: Signicant difference between means using Duncen test in 1% of

probability level.
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