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Table 1- Names of the studied oily sunflower lines and their origin.

Wﬁj})@j@M})

oY 085S Sl S e oval
. value

Line Country  Research center 01 02 03
LC1064C France ASGROW 0.01 0.02 0.96
DM2 USA USDA 0.00 0.00 0.99
H156A/RHA274 France ASGROW 0.01 0.01 0.97
NS-R5 France NOVARTIS 0.94 0.01 0.04
8A*/LC1064C France ASGROW 0.51 0.01 0.47
HAR4 USA USDA 0.92 0.02 0.05
SDB1 USA USDA 0.87 0.01 0.11
AS5305 France ASGROW 0.91 0.07 0.00
RHA274 USA USDA 0.11 0.06 0.82
SDR18 USA USDA 0.01 0.02 0.96
RT931 France RUSTICA 0.98 0.00 0.01
NS-B5 France NOVARTIS 0.60 0.28 0.10
SDB3 USA USDA 0.93 0.00 0.06
803-1 Serbia IFVC 0.03 0.00 0.95
F1250/03 Hungary - 0.99 0.00 0.00
HA335B USA USDA 0.99 0.00 0.00
TMB 51 France INRAMONT 0.96 0.00 0.03
LP-CSYB France ENSAT 0.00 0.47 0.51
PM1-3 USA USDA 0.03 0.01 0.96
SDR19 USA USDA 0.85 0.01 0.14
RHA265 France ASGROW 0.96 0.02 0.02
QHP1 - - 0.19 0.04 0.76
RT948 France RUSTICA 0.97 0.01 0.02
ENSAT-283 France ENSAT 0.97 0.01 0.02
HA337B USA USDA 0.99 0.01 0.00
B454/03 Hungary - 0.87 0.04 0.09
H100B France ASGROW 0.97 0.01 0.01
HA304 USA USDA 0.98 0.01 0.01
AS5304 France ASGROW 0.13 0.15 0.71
RHAB858 USA USDA 0.01 0.43 0.56
AS5306 France - 0.06 0.03 0.90
AS3211 France ENSAT 0.87 0.01 0.11
ENSAT-254 France ENSAT 0.14 0.03 0.82
ENSAT-270 France ENSAT 0.03 0.00 0.96
1009329 2(100K) France ENSAT 0.97 0.00 0.02
1009337 (100K) France ENSAT 0.98 0.01 0.00
100935 0(100K) France ENSAT 0.97 0.02 0.01
5DES20QR France BRN 0.95 0.03 0.01
7CR13=PRH6 France C.F 0.98 0.01 0.01
SSD580 France ASGROW 0.41 0.56 0.03
SSD581 France ASGROW 0.01 0.95 0.04
ENSAT-699 France ENSAT 0.03 0.92 0.04
9CSA3 France Caussade semences 0.50 0.09 0.40
HO49+FSB France - 0.55 0.08 0.35
5AS-F1/A2xR2 France ASGROW 0.88 0.09 0.02
8ASB2 France ASGROW 0.87 0.10 0.03
12ASB3 France ASGROW 0.95 0.03 0.01
AS3232 France ENSAT 0.08 0.83 0.08
15038 Hungary - 0.01 0.93 0.06

Yo
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15031 France ASGROW 0.82 0.17 0.00
H158AxLC1064C France ASGROW 0.70 0.04 0.24
H543R/H543R France ASGROW 0.00 0.48 0.51
H156/H543R France ASGROW 0.75 0.11 0.13
H543R France - 0.49 0.28 0.22
H100A/RHA274 France ASGROW 0.10 0.88 0.01
H205A/83HR4 France ASGROW 0.71 0.25 0.02
H156A/H543R France ASGROW 0.00 0.92 0.07
H209A/83HR4 France ASGROW 0.08 0.91 0.00
H157A/LC1064 France ASGROW 0.54 0.15 0.30
H100A/LC1064 France ASGROW 0.01 0.97 0.01
H100A/90R78 France ASGROW 0.22 0.02 0.74
AF1POPA France NOVARTIS 0.94 0.02 0.03
OES France INRAMONT 0.99 0.00 0.00
RHA?266 USA USDA 0.98 0.01 0.00
PAC2 France ENSAT 0.36 0.57 0.06
AS613 France ASGROW 0.98 0.01 0.00
11x12 Iran SPII 0.80 0.17 0.02
H603R France INRAMONT 0.63 0.34 0.01
NSF1 A4xR5 France NOVARTIS 0.52 0.45 0.01
4 Iran SPII 0.03 0.95 0.00
110 Iran SPII 0.01 0.39 0.59
28 Iran SPII 0.73 0.23 0.03
703-CHLORINA France ENSAT 0.96 0.00 0.03
30 Iran SPII 0.96 0.02 0.02
36 Iran SPII 0.88 0.10 0.01
NSF1 A5xR5 France NOVARTIS 0.02 0.84 0.13
1059 Iran SPII 0.13 0.36 0.49
38 Iran SPII 0.92 0.05 0.02
346 Iran SPII 0.02 0.96 0.02
CAY France ENSAT 0.94 0.05 0.01
AE’EEQ‘ITIEI%L France ENSAT 0.02 0.97 0.00
SDB2 France INRAMONT 0.79 0.20 0.01
1009370 1(100K) France ENSAT 0.89 0.06 0.03
1009370 3(100K) France ENSAT 0.97 0.02 0.01
H158A/H543R France ASGROW 0.12 0.86 0.02
H100A France ASGROW 0.02 0.95 0.02
CSWW2X France Caussade semences 0.12 0.83 0.03
H209A/H566R France ASGROW 0.08 0.89 0.01
BF1POPB France NOVARTIS 0.01 0.98 0.00
ASO0-1-POP-A France ENSAT 0.02 0.97 0.01
AS6305 France ENSAT 0.12 0.87 0.00
H205A/H543R France ASGROW 0.018 0.972 0.011
H209A/LC1064 France ASGROW 0.95 0.03 0.01
H100A/83HR4 France ASGROW 0.22 0.76 0.01

D34 France INRAMONT - - -

sf 076 - - - - -

sf 022 - - - - -

sf-109 - - - - -

sf-105 - - - - -

sf-023 - - - - -

YooY
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Table 2. Names and sequence structure of retrotransposon primers used in the study.

IRAP (la S 5T (5'—>3) Js Jlasl gles RUAIRY!
IRAP primers Sequence (5'—3") (515 sl ax3) (L)
Annealing temperature  Band length
() (bp)
LTR 1061 AGAGGGGAATGTGGGGGTTTCC - -
LTR 1062 TCTCTATTTATAGCCGGAGAGGTG 57 750-2500
LTR 1063 GATCCGGTTTCACGGGACTTAC - -
LTR 1064 CGAAGAACAAACCGAATCACC - -
LTR 1065 AGCCTCTGAAAGACTCGTTCG 56 500-3000
CF GGTTTAGGTTCGTAATCCTCCGCG 60 500-3000
CR ACAGACACCAGTGGCACCAAC 58 250-1500
UF(U81) TAACGGTGTTCTGTTTTGCAGG 58 300-2500
UR1(U82) AGAGGGGAATGTGGGGGTTTCC 56 1000-3000

.cwlg: BL 4.&“.2.0 .b)_,ﬁ b;:-éjJ bbﬁﬁi vﬂ}\%f)} BL ;.}‘}ﬂ M).b dé,,.a_,&’ 6\.@0)‘.01 —“ d}.\:.-

L g MKl 750 glaglier 4

Table 3- Descriptive statistics of fungal infection percentage of the studied oily sunflower
germplasm in responses to Sclerotinia fungal isolates.

wlr 58 Sl Sl oS Sl 1
Pt Species 35,55 Aoy 35,55 Aoy 35,55 Aoy STDEV
Fungal Min of necrosis% Max of necrosis% Mean of necrosis%
isolate
J1 S. sclerotiorum 90 100 96.83 2.06
M1 S. minor 58.33 100 90.79 8.81
G2 S. minor 64 100 94.23 6.71
J2 S. sclerotiorum 30.67 100 90.25 10.83
Al S. minor 69.33 100 88.51 8.27
A37 S. sclerotiorum 39.33 100 82.67 14.71
Fungal isolate - ,5 «la> Resistant lines e sl sy
J1 -
M1 8A*/LC1064C, ENSAT-699, 1009370 1(100K), H209A/LC1064
G2 -
J2 H543R/H543R, 110, 1059, NSF1 A4xR5
Al -

A37 8A*/LC1064C, HAR4, RHA274, RT931, F125/03, H049+FSB, ASB28, H543R/H543R,
H100A/RHA274, H100A/LC1064, AF1POPA, OES, 1059, H100A/83HR4

STDEV: Standard deviation
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germplasm according to IRAP markers using Structure software.
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Abstract

Sclerotinia disease is important fungal disease of sunflower in Iran that reduces its growth
and yield. In this study, reactions of 100 oily sunflower lines to 6 fungal isolates of Sclerotinia
were studied and then 128 retrotransposon-based molecular markers (IRAP) were used to
identify genes controlling disease resistance. The results showed that there is high diversity in
the studied germplasm for resistance to the Sclerotinia stem rot. Population structure analysis
subdivided the studied lines into 3 subpopulations (K=3). Association analysis with general
and mixed linear models (GLM and MLM) identified 14 and 11 loci, respectively that are
significantly associated (P<0.01) with Sclerotinia disease resistant genes. Markers LTR 1063-
65, LTR 1064-65 and LTR 1062 were commonly associated with resistant to some fungal
isolates. The common markers due to facilitating simultaneous selection for resistance to
several fungal isolates can be well used in sunflower breeding programs like marker-assisted
selection (MAS).
Keywords: Associated analysis, Fungal disease, IRAP marker, Sunflower.
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