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Table 1. Name and origin of the studied oily sunflower lines

ool oY oS St S el oY 935S Sl S
Number Line Country  Research center  Number Line Country  Research center
1 LC1064C France ASGROW 51 H158AxLC1064C France ASGROW
2 DM2 USA USDA 52 H543/H543R France ASGROW
3 H156A/RHA274 France ASGROW 53 H156/H543R France ASGROW
4 NS-R5 France NOVARTIS 54 H543R France -
5 8A*/LC1064C France ASGROW 55 H100A/RHA274 France ASGROW
6 HAR4 USA USDA 56 H205A/83HR4 France ASGROW
7 SDB1 USA USDA 57 H156A/H543R France ASGROW
8 AS5305 France ASGROW 58 H209A/83HR4 France ASGROW
9 RHA274 USA USDA 59 H157A/LC1064 France ASGROW
10 SDR18 USA USDA 60 H100A/LC1064 France ASGROW
11 RT931 France RUSTICA 61 H100A/90R78 France ASGROW
12 NS-B5 France NOVARTIS 62 AF1POPA France NOVARTIS
13 SDB3 USA USDA 63 OES France INRAMONT
14 803-1 Serbia IFVC 64 RHA266 USA USDA
15 F1250/03 Hungary - 65 PAC2 France ENSAT
16 HA335B USA USDA 66 AS613 France ASGROW
17 TMB 51 France INRAMONT 67 11x12 Iran SPII
18 LP-CSYB France ENSAT 68 H603R France INRAMONT
19 PM1-3 USA USDA 69 NSF1 A4xR5 France NOVARTIS
20 SDR19 USA USDA 70 4 Iran SPII
21 RHA265 USA USDA 71 110 Iran SPII
22 QHP1 - - 72 28 Iran SPII
23 RT948 France RUSTICA 73 703-CHLORINA France ENSAT
24 ENSAT-283 France ENSAT 74 30 Iran SPII
25 HA337B USA USDA 75 36 Iran SPII
26 B454/03 Hungary - 76 NSF1 A5xR5 France NOVARTIS
27 H100B France ASGROW 77 1059 Iran SPII
28 HA304 USA USDA 78 38 Iran SPII
29 AS5304 France ASGROW 79 346 Iran SPII
30 RHAB858 USA USDA 80 CAY France ENSAT
A CONTROL
31 AS5306 France - 81 PLASTIPIC France ENSAT
32 AS3211 France ENSAT 82 SDB2 France INRAMONT
33 ENSAT-254 France ENSAT 83 1009370 1(100K) France ENSAT
34 ENSAT-270 France ENSAT 84 1009370 3(100K) France ENSAT
35 1009329 2(100K) France ENSAT 85 H158A/H543R France ASGROW
36 1009337 (100K) France ENSAT 86 H100A France ASGROW
37 1009350(100K)  France ENSAT 87 CSWW2X France Caussade
semences
38 5DES20QR France BRN 88 H209A/H566R France ASGROW
39 7CR13=PRH6 France C.F 89 BF1POPB France NOVARTIS
40 SSD580 France ASGROW 90 ASO0-1-POP-A France ENSAT
41 SSD581 France ASGROW 91 AS6305 France ENSAT
42 ENSAT-699 France ENSAT 92 H205A/H543R France ASGROW
43 9CSA3 France Caussade 93 H209A/LC1064  France  ASGROW
semences

44 HO049+FSB France - 94 H100A/83HR4 France ASGROW
45 5AS-F1/A2xR2 France ASGROW 95 D34 France INRAMONT
46 8ASB2 France ASGROW 96 sf 076 - -
47 12ASB3 France ASGROW 97 sf 022 - -
48 AS3232 France ENSAT 98 sf-109 - -
49 15038 Hungary - 99 sf-105 - -
50 15031 France ASGROW 100 sf-023 - -
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Table 2. Name and sequence of primers used in the present study
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(Reverse primer sequence) (Forward primer sequence) (Marker)
CCTAGCTTATGGGACGTATGGA CAAAATACCCAGGTCAAAGCA (AG)17 ORS785
TCTCACCCTTCATCTCCTTCC CCGATATTTTGACCGATATTTTGC (AG)15 ORS807
CGTGCGTGATTAACATACCC CATGGAAAGCCGAGTTCTCT (AT)s(AG)1  ORS608
GGATTTTAGTCCGCCAATCA GCGAAGGAACTGAACCGATA (AG)20 ORS609
AACTGGATTTCACAGGGAGTGTT TACGACTGACGATTCCATTTCTC (CT)26 ORS1079
ATGCAACACCCGAATCAAAG CACTTTACGCACACCAAACC (CT)13 ORS718
ACCCTTGGAGTTTAGGGATCA GGGTTTAGCAAATAATAGGCACA (CT)18 ORS1265
TATACGCACCGGAAAGAAAGTC TGCAAGGTATCCATATTCCACAA (AC)13 ORS949
GTACAAAACTTATAAATAAAACAATA GTGAAACCTTCGGACCTCTG (GM17 ORS378
GCCGTGAAACAGAGAGAGGA CCTGGAACTGAACCGAGAAC (AG)17 ORS694
CCTGAAGCGAAGAAGAATCG CGCCTTATGCTGAGAGGAAA (CT)14 ORS621
CTCCGGTGAGGATTTGGATT CCCATTCACTCCTGTTTCCA (AC)14 ORS488
CCAAACTCTGAATGATACTTGTGAC CTCCATAGCAACCACCTGAAA (AG) 7 ORS728
CATGTTTAATAGGTTTTAATTCTAGGG ACGATGCAAAGAATATACTGCAC (AC)17 ORS844
TATACGCACCGGAAAGAAAGTC TGCAAGGTATCCATATTCCACAA (AO)11 ORS878
AAACGGGAAGCAAGAATAGAACA GATTCGGAGCTGTTAGGAGGTAG (AG)18 ORS1179
GGTTGCGGTAGTGGTCTGTAGT ATACTCTTCCACCCTCAAATCCA (CT1o0 ORS1215
AAACAAACCTTTGGACGAAACTC CAATGCCATCTGTCATCAGCTAC (GT)8 ORS822
CTCCGTCACCTTAAGCACTTGTA GATGTTGATGTTGGTGAAGTTGC (GT)8(AG)25 ORS1256
GGATTTCTTTCATCTTTGTGGTG ACTATCGAACCTCCCTCCAAAC (CT)15 ORS1088
GACACCGCCAACTTAACACTT GGTACTTGGTATTCATGGGTCAT (GA)17 ORS617
ACTCGCAGTGGTAAGTCGTTAGG TGAATGATCTATGAGTGGTGATGG (CT19 ORS1064
AGAATTAAACCCAACCCGGAAC AACAAGCAAGCAAATCAACCATA (AG)12 ORS1209
TGAACTCGGTTGATTCTCTAGCC TAGAAGCGGTTGGGTTGACAGTA (AG)28 ORS1264
TGGTCGTAGAATTGTCGGTCAT GCAATCGTTTCACTCTTCCATTC (CT14 ORS1242
GCACGACCCGGATATGTAAC TGTGCTGAGGATGATATGCAG (CT9)15 ORS630
GGACTCCAACGAGAGAATCAGT TATGAGTTGGCAAGGGCTTC (AG)21 ORS733
TCCAGTTTGGTCTTGATTTGG TGGTCAACGGATTTAGAGTCAA (AG)13 ORS565
GTTCTTGCTTCGATCC GACCCGAACCACACT - HA3040
CTTTTCAATTCCCGCT GGGATGAGCTCTGTC - HA3070
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Table 3. Mean square of necrosis and rot percentage in one centimeter of basal stem in oily sunflower lines post
contamination with fungal isolates

Analysis of variance

[ DOR: 20.1001.1.23831367.1397.5.2.1.6 ]

Source of variations df NS S. m"éo(zws)* VS S. SCMO“EO(R/J'?)*
Line 99 0.10™ 52 +ras; 0.16™ 6, +rad;
Isolate 2 1.26™ 524182 +M 1.06™ SE 4182 +M
° . a-1 ¢ o a-1
Line x isolate 198 0.05 8. +18;, 0.08" S, +16,,;
Residual 600 0.05 St 0.05 St
Variance components
Fungus nMei?gs?; Vg Ve CVq
S. minor 91.2% 0.01 0.05 8.2%
S. sclerotiorum 89.9% 0.01 0.05 12.3%

[ DOI: 10.29252/pgr.5.2.1]
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“Expected mean squares are presented considering genotype and isolate as random and fixed factors,
respectively. r, a and g show the levels of replication, isolate and genotype, respectively. Vg, Ve and CVg

represents genotypic variance, environmental variance and coefficient of variation, respectively. df, MS and
E(MS) show the degree of freedom, mean square, and expected mean square, respectively.
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Figure 1. Frequency distribution of sunflower lines for resistance to basal stem rot disease isolates, scored 3 days
after basal stem inoculation based on the percentage of the area exhibiting necrosis symptoms on 1 cm of the
stem base and all around it. The horizontal axis shows the isolate name of the fungus and the vertical axis
represents the abundance of individuals (sunflower lines) in each class. J1, J2 and A37 belong to S. sclerotiorum

and M1, G2 and Al belong to S. minor.
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Figure 2. Bilateral graph for determining optimum subpopulations in studied oily sunflower germplasm (K=2)
based on microsatellite markers in Structure software.
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Figure 3. Bayesian model based-cluster analysis of studied sunflower lines by using microsatellite markers.
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Figure 4. LD plot generated by SSR marker pairs. The upper diagonal shows the amount of linkage
disequilibrium and the lower diagonal shows the levels of significance between each pair of markers.
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Table 4. Simple sequence repeat markers identified for resistance to basal stem rot disease in studied oily
sunflower germplasm using GLM and MLM

(Isolate) «l.> (Marker) 5L (OLM) (sr50s b= s (MLM) b5l ot Jte
P- marker R2 F-marker P-marker

J2 ORS822 0.0518 0.12 2.3054 0.05

S. sclerotiorum HS3070 0.0156 0.14 3.2665 0.01

A37 ORS621 0.0497 0.07 3.1282 0.04

S. sclerotiorum ORS565 0.0361 0.11 3.5259 0.03

HS3070 0.0433 0.10 2.5828 0.04
M1 ORS617 0.0428 0.07 - -

S. minor ORS844 0.0187 0.09 3.6213 0.03

) ORS1265 0.0038 0.12 5.9449 0.003

G2 ORS1209 0.0517 0.14 2.1075 0.05

S. minor ORS1088 0.048 0.04 4.0261 0.04
Al ORS608 0.0012 0.12 - -

S. minor ORS378 0.0514 0.08 3.1078 0.05

J1 ORS617 0.0042 0.12 5.876 0.004

S. sclerotiorum ORS822 0.0084 0.16 3.3505 0.008

GLM: general linear model, MLM: mixed linear model.
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Abstract

Sunflower (Helianthus annuus L.) is an important crop that its oil has nutritional and high economic
value. Basal stem rot, caused by Sclerotinia sclerotiorum and S. minor, is one of the important and
devastating disease of sunflower. The use of resistant cultivars is considered as the most important and
effective method to control the disease. In this study, the reaction of 100 oily sunflower lines to three
isolates of S. sclerotiorum and three isolates of S. minor was studied. Identification of gene loci
associated with resistance to disease was done with markers produced with 30 SSR primers pairs. The
results showed that some of sunflower genotypes had well resistant to Sclerotinia disease. Population
structure analysis using Structure software identified 2 subpopulations (K=2). Association analysis
using TASEEL software with general and mixed linear models (GLM and MLM) identified 14 and 12
loci, respectively that have significant association with resistant genes related to Sclerotinia. ORS617
locus was commonly related to genes associated with resistance to M1 from S. minor and J1 from S.
sclerotiorum. The common markers are important in sunflower breeding programs making possible
simultaneously selection for several traits and producing resistant cultivars to Sclerotinia disease.
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