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1- Ascomycetes
2- Linkage analysis
3- Association analysis
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Table 1- Name and origin of the studied oily sunflower lines
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Research center  Country Line Row Research center  Country Line Row
ASGROW Al H100A/LC1064 51 IFVC O po 803-1 1
ASGROW Al H100A/90R78 52 USDA 1S5 6] HAR4 2
ASGROW Al AS613 53 USDA 1S5 6] SDB1 3
ASGROW duslyd H100A 54 USDA 1S5 e SDR18 4
ASGROW duslyd H209A/H566R 55 USDA 1S5 e RHA274 5
ASGROW Al i H100A/83HR4 56 USDA 1] SDB3 6
ENSAT Al H205A/H543R 57 USDA S yel HA335B 7
ENSAT duslyd H209A/LC1064 58 USDA 1S5 e PM1-3 8
ENSAT Al AS5304 59 USDA 1S5 6] SDR19 9
ENSAT Al LP-CSYB 60 USDA 1S5 6] HA337B 10
ENSAT Al ENSAT-283 61 USDA 1S5 6] HA304 11
ENSAT Al AS3211 62 USDA 1S5 6] RHAB858 12
ENSAT Al AS5306 63 USDA 1S5 6] RHA266 13
ENSAT Al ENSAT-254 64 SPII oly! 344 14
ENSAT Al b ENSAT-270 65 SPII Oyl 11*12 15
ENSAT alp 1009329 2 (100K) 66 SPII ol 26 16
ENSAT auilys 1009337 (100K) 67 SPII ol 38 17
ENSAT auilyd 100935 0(100K) 68 SPII oyl 346 18
ENSAT 4wl ENSAT-699 69 SPII ol 260 19
ENSAT 4wl AS3232 70 SPII ol 262 20
ENSAT Al PAC2 71 SPII ol 1059 21
ENSAT Al 1009370-1 (100K) 72 SPII oyl 36 22
ENSAT Al 1009370 3(100K) 73 SPII oyl 30 23
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ENSAT duslyd CAY 77 ASGROW Al yd 110 27
ENSAT duslyd 703-CHLORINA 78 ASGROW duslyd LC1064C 28
NOVARTIS awil 3 NS-R5 79 ASGROW auilyd H158A*LC1064C 29
NOVARTIS dwil 3 NS-B5 80 ASGROW auilyd AS305 30
NOVARTIS awil 3 NSF1A4*R5 81 USDA el RHA265 31
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NOVARTIS Al b NSF1A5*R5 82 ASGROW auil B H100B 32
NOVARTIS Al b AF1 POPA 83 ASGROW auil B SSD580 33
NOVARTIS Al b BF1 POPB 84 ASGROW auil B SSD581 34
INRAMONT Al 3 TMB51 85 ASGROW awil 3 5AS-F1/A2*R2 35
INRAMONT Al QHP1 86 ASGROW il 8ASB2 36
INRAMONT Al 3 D34 87 ASGROW awil 3 12ASB3 37
INRAMONT Al 3 H603R 88 ASGROW Al 3 15031 38
INRAMONT Al 3 PES 89 ASGROW awil 3 H158A/LC1064C 39
INRAMONT Al 3 SDB2 90 ASGROW awil 3 H543R/H543R 40
- Al H049 C FSB 91 ASGROW auil B H156A/RHA274 41
- Ol bxe F1250/03 92 ASGROW auil B H205A/83HR4 42
- Ol ylee B454/03 93 ASGROW dulyd H158A/H543R 43
RUSTICA duslyd RT931 94 ASGROW auil B H209A/83HR4 44
RUSTICA duslyd RT948 95 ASGROW auil B H157A/LC1064 45
Caussade semences Al 3 CSWW2X 96 ASGROW Al 3 H156A/H543R 46
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Table 2- Name and sequence of primers used in the present study
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Retrotransposon primer Primer sequences (0'—Y") ISSR primer  Primer sequences (6'—>Y")
LTR- 1061 AGAGGGGAATGTGGGGGTTTCC  UBC-818 CACACACACACACACAG
LTR-1062 TCTCTATTTATAGCCGGAGAGGTG UBC-826 ACACACACACACACACAC
LTR-1063 GATCCGGTTTCACGGGACTTAC UBC-840 GAGAGAGAGAGAGAGAYT
LTR-1064 CGAAGAACAAACCGAATCACC UBC-857 ACACACACACACACACYG
LTR-1065 AGCCTCTGAAAGACTCGTTCG Al3 GTGTGTGTGTGTCC
CF GGTTTAGGTTCGTAATCCACCGCG UBC-812 GAGAGAGAGAGAGAGAA
CR ACAGACACCAGTGGCACCAAC UBC-864 ATGATGATGATGATGATG
UF(U81) TAACGGTGTTCTGTTTTGCAGG UBC-880 GGAGAGGAGAGGAGA

UR1(U82)

AGAGGGGAATGTGGGGGTTTCC - -
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1- Q matrix

2- Burn in time

3- Markov Chain Monte Carlo
4- GLM: General linear model
5- MLM: Mixed linear model
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Table 3- Simple statistics for studied traits in oily sunflower lines

Ol oS £SE  Jilas CP L st
. .. . 0
Traits Mean + SE  Minimum Maximum Cv%
390 ¥ (S5l cdydn dop 65.43+2.15 15.00 100.00 31.81
Percentage of necrotic area after 4 days
39y A S (Sogl cdpiy a0y 74.54+2.03 20.00 100.00 26.47
Percentage of necrotic area after 8 days
3903V 3l (Sogl cdpl a0y 82.20+1.73 25.00 100.00 20.44
Percentage of necrotic area after 12 days
o33 039l Gl Ve g 5.7840.20 2.10 10.75 32.98
100 seeds weight of non contaminated plants
oad oxgll s V- oy 4.86+0.18 155 9.85 35.26
100 seeds weight of contaminated plants
whVe gyl 24.95+2.23 1.42 73.71 7251
100 seeds weight loss
205 035l gy S5 2 Slos 38.22+2.00 8.30 1131 49.70
Yield per plant in non contaminated plants
o3d 03g)l gy 52 Slos 29.54+1.63 275 66.14 53.10
Yield per plant in contaminated plants
Sy S5 2,8kes 23l 29.91+2.83 0.00 89.91 78.48

Per plant yield loss

CV: Coefficient of variation
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Table 4- Partial correlation coefficients among studied traits in oily sunflower lines
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Figure 1- Bilateral graphs for determining optimum subpopulations in studied oily sunflower germplasm (K=2) based on
retrotransposon markers in Structure software
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Figure 2- Bayesian model based-cluster analysis of 100 oily sunflower lines by using IRAP and REMAP markers dada.
Numbers on the y-axis indicate the membership coefficient (Q) and on the x-axis indicate the individual’s number.
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Table 5- Identification of retrotransposon markers associated with studied traits in oily sunflower lines by using general and
mixed linear models
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Introduction

Sunflower (Helianthus annuus L.) is one of the most important crops grown mainly for edible oil. Sclerotinia
sclerotiorum (Lib.) de Bary is a common and widespread pathogen of sunflower. Sclerotinia stem rot is one of
the most damaging diseases of sunflower in world, causing average yield reductions of 10 to 20%. It causes total
production loss under favorable environmental conditions. Hence, plant improvement projects must focus on
creating of new genotypes with higher resistance against diseases. Resistance to S. sclerotiorum (Lib.) de Bary
has been described as quantitatively inherited with additive and dominant gene effects. Identification of
chromosome regions controlling partial resistance to sclerotinia stem rot can increase understanding about the
genetic control of the diseases and developing cultivars with improved partial resistance. In this study,
retrotranposon-based molecular markers associated with resistance to disease as well as some important
agromorphological traits identified using general and mixed linear models in Tassel software.

Material and Method

A collection of 100 sunflower lines, kindly provided by several research centers in Europe, Iran and the
United States, were evaluated using a 10x10 simple lattice design with two replications. Each plot comprised 2
lines 5 m long, with a spacing of 65 x 25 cm between lines and plants, respectively. The experiment was
conducted in 2015 at a farm in ‘Vaghaslo-e-Sofla’ village on Urmia. Five plants per genotype in each replication
were inoculated with a fungal isolate collected from naturally infected sunflower plants of this farm in previous
year.Some resistant and agronomical traits including percentage of necrotic area after 4, 8, 12 days inoculation,
100 seeds weight of non contaminated plants, 100 seeds weight of contaminated plants, yield per plant in non
contaminated plants, yield per plant in contaminated plants, 100 seeds weight loss, and per plant yield loss were
measured. The genetic profile of population was prepared with 28 rerotransposon markers.

Result and Discussion

Based on molecular marker data, the studied association panel was subdivided into two subpopulations
(K=2). Association analysis using mixed linear model (MLM) identified 27 loci significantly (P<0.01)
associated with studied traits. Maximum number of markers (5) was identified for percentage of necrotic area
after 4 days and yield per plant in contaminated plants. Some common markers were identified for studied traits.
Common markers for traits can be due to pleiotropic effects or linkage between genomic regions involved in
controlling traits. Results of the current study present useful information about the genetic basis of the studied
traits and can be used in different sunflower breeding programs including marker aided selection. In future
studies, C(z)ding regions of important agronomical and resistance traits could be identified by sequencing loci with
highest R*.
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Conclusions

In sum, 27 loci associated with genomic regions controlling studied agro-morphological and resistant traits
were identified. By converting identified retrotranspos-based molecular markers to SCAR, it is possible to use
them directly in breeding activities such as identification of appropriate parents for developing mapping
population, developing hybrid cultivars as well as marker assisted selection programs.
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