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Table 1. Name, origin and growth types of oilseed rape genotypes

PP i3, L S
Genotype Number (Origin) (Type of genotype)
Karajl 1 (Iran) ol (Pure line) == Y
Karaj2 2 (Iran) ol (Pure line) =)= Y
Tassillo 3 (Germany) ol (Hybrid cultivar) & e o35
Zarfam 4 (Iran) Ol ! (Pollinator cultivar) Olzdles S o3,
Talaye 5 (Germany) olJ (Pollinator cultivar) olidles .S i3
Cooper 6 (Germany) W] (Hybrid cultivar) - o V"BJ
Adriana 7 (Germany) oleJl (Hybrid cultivar) - = o3,
Karun 8 (Germany) olJI (Hybrid cultivar) - = o3,
Sarigol32 9 (Germany) olJi (Pollinator cultivar) Olidles ,§ 3
Licord 10 (Germany) olJi (Pollinator cultivar) Olzdles § 3
Hyola401 11 (Australia) Wzl (Hybrid cultivar) - = o3,
SLMO46 12 (Germany) OlJI (Pollinator cultivar) olidles S o5,
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Table 3. PCR reaction components for DNA replication using ISSR primers

wly slad s
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(s 5on) G515 Ko 55 o
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(505,50 0) S5
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Table 4. Sequence and annealing temperature of ISSR primers

No Sequence of primers Annealing No Sequence of primers Annealing
: (5-3") temperature (°C) ' (5-3) temperature (°C)
1 GAGAGAGAGAGAGAG 42 13" AGAGAGAGAGAGAGAGT 43
2" ACACACACACACACACCA 45 14" CTCTCTCTCTCTCTCTA 42
3" AGAGAGAGAGAGAGAGAA 45 15 CACACACACACACACAT 43
4" AGAGAGAGAGAGAGAGCC 45 16" TCTCTCTCTCTCTCTCC 42
5" AGAGAGAGAGAGAGAGC 42 17" ACACACACACACACACT 43
6" AGAGAGAGAGAGAGAGG 42 18"  AGAGAGAGAGAGAGAGCT 43
7 GAGAGAGAGAGAGAGAA 42 19°  AGAGAGAGAGAGAGAGCC 43
8" AGAGAGAGAGAGAGACT 42 20° GAGAGAGAGAGAGAGACC 43
9°  AGAGAGAGAGAGAGACTA 43 21" CACACACACACACACAAC 44
10 GAGAGAGAGAGAGAGATT 43 22 CTCCTCCTCCTCCTCCTC 46
117 TGTGTGTGTGTGTGTGGG 46 23" GGAGAGGAGAGGAGA 42
12 TCCTCCTCCTCCTCC 42
3 S 15 eslinal 55 5e 452 53 Ls S IS dr glayls W5 S ole ST IE
*: Primers that produce polymorphic bands were used in the analysis.
S e Bl o (s 5w gl sla sl ills a5 =0 s
Table 5. Analysis of variance for indices of drought stress in canola cultivars
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Sl s 2L -
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(Genotype) s 55 11 3.33" 4.20" 86.09™
(Error) L= 24 0.006 0.008 0.208

100.17** 93.94" 105.65" 55.96™ 32.97"* 0.621**0.724™
0.090 0.180 0.097 0.356 0.374 0.063 0.104

CV %) | Dl i o,

951 893 6.04

3.56 531 3.63 1397 20.16 27.37 36.18

A el ol Suls T ol e QLSS e 035 b3 g b Jdaas *

*: Due to non-significance of replication source, the analysis performed by completely randomized design.
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. Significant at 1% probability level
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Table 6. Eigenvalues, cumulative percentage and specific vectors of drought resistance indices and canola yield
after turning agents by Varimax in first level of stress

u olie - S bjﬁa& & Cowlo i u:i.!l.:ﬁ J:QL:A d\a}ﬁ
Component ~_ “*’ ) e o o ToL s PRTE S5 4
Eigenvalues  Cumulative % Ys SSI MP GMP STI
1 4.457 74.28 0.993 -0.042 0.532 0.972 0.978 0.970
2 1.396 97.52 0.003 0.981 0.813 0.230 0.197 0.161
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Figure 1. Two-dimensional graphs of the distribution of drought indices (A) and cultivars (B) based on the main
factors and main components in the first level of stress (1: Karajl; 2: Karaj2; 3: Tossillo; 4: Zarfam; 5: Talaye; 6:
Cooper; 7: Adriana; 8: Karun; 9: Sarigol32; 10: Licord; 11: Hyola401; 12: SLMO46)
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Table 7. Eigenvalues, cumulative percentage and specific vectors of Drought resistance indices and canola yield
after turning agents by Varimax in second level of stress

Component i (1) s o o ToL s T o
Eigenvalues  Cumulative % Ys SSI MP GMP STI

1 4.220 70.33 0.987 -0.162 0.459 0.970 0.987 0.979

2 1.679 98.31 -0.127 0.975 0.874 0.235 0.150 0.087
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Figure 2. Two-dimensional graphs of the distribution of drought indices (A) and cultivars (B) based on the main
factors and main components in the second level of stress (1: Karajl; 2: Karaj2; 3: Tossillo; 4: Zarfam; 5:
Talaye; 6: Cooper; 7: Adriana; 8: Karun; 9: Sarigol32; 10: Licord; 11: Hyola401; 12: SLMO46)
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Table 8. Correlation between drought indices at the first level of stress
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Table 9. Correlation between drought indices at the second level of stress
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Table 10. ISSR markers and obtained indicators

oyl S JS sl de slaly Aoy ot

il . osl ol s e . rl.»/w.x,: Index

Primer rimer sequence Total Polymorphic "0lymorpnism

number (5"-3) bands )tl)andg (%) PIC M RP MRPEMR
2 ACACACACACACACACCA 3 1 33.30 0.153 0.051 0.714 0.714 0.330
3 AGAGAGAGAGAGAGAGAA 5 3 60.00 0.170 0.306 2.138 0.712 1.800
4 AGAGAGAGAGAGAGAGCC 5 1 20.00 0.082 0.016 0.285 0.285 0.200
5 AGAGAGAGAGAGAGAGC 6 5 83.30 0.291 1.211 3.783 0.756 4.160
6 AGAGAGAGAGAGAGAGG 4 1 25.00 0.122 0.030 0.571 0.571 0.250
7 GAGAGAGAGAGAGAGAA 5 3 60.00 0.247 0.444 1214 0.404 1.800
8 AGAGAGAGAGAGAGACT 4 1 25.00 0.125 0.031 0.500 0.500 0.250
9 AGAGAGAGAGAGAGACTA 7 6 85.70 0.366 1.881 3.923 0.653 5.140
11 TGTGTGTGTGTGTGTGGG 9 6 66.70 0.227 0.907 1996 0.332 4.000
13 AGAGAGAGAGAGAGAGT 4 3 75.00 0.302 0.679 2.076 0.692 2.250
14 CTCTCTCTCTCTCTCTA 6 4 66.70 0.264 0.702 2.642 0.660 2.660
16 TCTCTCTCTCTCTCTCC 6 2 33.30 0.124 0.082 1.357 0.678 0.660
17 ACACACACACACACACT 10 7 70.00 0.282 1.380 4.460 0.637 4.900
18 AGAGAGAGAGAGAGAGCT 7 4 57.10 0.233 0533 1855 0.463 2.280
19 AGAGAGAGAGAGAGAGCC 8 5 62.50 0.283 0.885 3.141 0.628 3.120
20 GAGAGAGAGAGAGAGACC 8 4 50.00 0.216 0.431 2498 0.624 2.000
21 CACACACACACACACAAC 3 1 33.30 0.087 0.028 0.846 0.846 0.330
23 GGAGAGGAGAGGAGA 6 3 50.00 0.165 0.247 2356 0.785 1.500

< 106 60

(Total)
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" EMR: Effective multiplex ratio; MI: Marker index; PIC: Polymorphism information content; RP: Resolving
power; MRP: Mean resolving power
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Table 11. Genetic diversity parameters based on ISSR markers
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B Primer sequence ol odalloe S M (He) M osls
Primer (5'-3) Observed number  Effective number Nei's gene Shannon's
number of alleles of alleles diversity information index
2 ACACACACACACACACCA 1.330 1.280 0.153 0.217
3 AGAGAGAGAGAGAGAGAA 1.600 1.250 0.170 0.270
4 AGAGAGAGAGAGAGAGCC 1.200 1.130 0.018 0.119
5 AGAGAGAGAGAGAGAGC 1.830 1.480 0.290 0.437
6 AGAGAGAGAGAGAGAGG 1.250 1.240 0.122 0.170
7 GAGAGAGAGAGAGAGAA 1.600 1.450 0.246 0.357
8 AGAGAGAGAGAGAGACT 1.250 1.250 0.125 0.137
9 AGAGAGAGAGAGAGACTA 1.850 1.660 0.365 0.526
11 TGTGTGTGTGTGTGTGGG 1.660 1.360 0.226 0.345
13 AGAGAGAGAGAGAGAGT 1.750 1.520 0.301 0.442
14 CTCTCTCTCTCTCTCTA 1.660 1.470 0.263 0.386
16 TCTCTCTCTCTCTCTCC 1.330 1.220 0.124 0.183
17 ACACACACACACACACT 1.700 1.480 0.281 0.413
18 AGAGAGAGAGAGAGAGCT 1.570 1.410 0.233 0.339
19 AGAGAGAGAGAGAGAGCC 1.620 1.520 0.283 0.403
20 GAGAGAGAGAGAGAGACC 1.500 1.380 0.215 0.310
21 CACACACACACACACAAC 1.330 1.110 0.086 0.143
23 GGAGAGGAGAGGAGA 1.500 1.250 0.165 0.253
s 1.560 1.380 0.221 0.325
(Mean)
b par g 0 ST 05 Os bu g b axls &b slrens Sk Sl v a5 L0 gosled LS
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Table 12. Canonical correlation between marker number 5 and drought indices
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Table 13. Canonical correlation between marker number 9 and drought indices
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Table 14. Canonical correlation between marker number 11 and drought indices
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Table 15. Canonical correlation between marker number 14 and drought indices
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Table 16. Canonical correlation between marker number 19 and drought indices
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Abstract

In the present study, in order to evaluate the drought tolerance indices and their relationship with ISSR
markers, 12 rapeseed genotypes were studied using a factorial experiment based on completely
randomized block design under the three irrigation treatments (control and irrigation after drainage of
60 and 85% moisture content) in the greenhouse of Mohaghegh Ardabili University, Iran. Drought
tolerance genotypes were evaluated by quantitative indices including MP, GMP, SSI, STI and TOL.
Cultivars in all five of indices at two levels of stress exhibited significant differences. Regarding the
results of the mean comparison at both levels of stress, SLMO46 was identified as the most resistant
cultivar with the highest amount of MP and STI, and Karun was the most sensitive one with the
highest amount of SSI index. According to the results of factor analysis, in the first level of stress,
Sarigol32 and Karun were sensitive, and in the second level of stress, Talaye and Sarigol32 were
sensitive as well. SLMO46 was known to be resistant to stress in both levels of stress. Phenotypic
correlation of grain yield under stress and non-stress conditions was investigated in two levels of stress
with 5 drought indices. In first level of stress condition, grain yield had a positive and significant
correlation with mean productivity, geometric mean of productivity and stress tolerance index. In the
second level of stress condition, the same correlation was observed with the difference that there was
no significant correlation between drought tolerance and tolerance indices. Canonical correlation
analysis was performed between drought indices and molecular markers. Five ISSR primers (5, 9, 11,
14 and 19) with the highest polymorphic percentages were used for calculation using the first factor
coefficients. ISSR-PCR was used to identify some of the molecular markers associated with drought
tolerance indices. A total of 106 clear and score-able loci were amplified by 18 ISSR primers, of
which 60 bands (56.6%) were polymorphic. Finally, according to the results, these markers can be
used in rapeseed breeding programs for drought tolerance.
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