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ABSTRACT

Sunflower is an important crop that its oil has nutritional and high economic value. Sclerotinia is important fungal
disease of sunflower that reduces its growth and yield. In this study, the reaction of 100 oily sunflower lines was
studied to 6 fungal isolate of sclerotinia disease. Identification of gene loci related to resistance for disease was
done with 120 retrotransposon-based REMAP markers. The results showed that some sunflower genotypes had the
good resistant to sclerotinia disease. 8Ax/LC1064C genotype showed low necrosis percentage against two A37 (S.
sclerotiorum) and M1 (S. minor) isolates. In population structure analysis, 4 subpopulations were identified (K=4)
using STRUCTURE software. Furthermore, in association analysis based on general and mixed linear models
(GLM and MLM)using TASEEL software, nine and eight loci were identified, respectively, that were
significantly associated (P<0.01) with resistance genes controlling Sclerotinia disease According to the results, CF-
UBC826, 1061LTR-UBC818 and 1061LTR-UBCB857 markers were commonly related to the resistant genes to
some fungal isolate. Identified markers after validation and transferring to SCAR markers can be used effectively
in sunflower breeding programs for marker-assisted selection (MAS) and developing resistant cultivars to
Sclerotinia disease
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Table 1- Name and origin of the studied oily sunflower lines

Code Line Country Q value
Q1 Q2 Q3 Q4
1 LC1064C France 0.043 0.495 0.234 0.228
2 DM2 USA 0.477 0.01 0.506 0.006
3 H156 A/RHA274 France 0.109 0.706 0.083 0.101
4 NS-R5 France 0.981 0.008 0.004 0.007
5 8A*/LC1064C France 0.899 0.06 0.019 0.023
6 HAR4 USA 0.967 0.015 0.008 0.01
7 SDB1 USA 0.126 0.835 0.004 0.035
8 AS5305 France 0.071 0.021 0.01 0.898
9 RHA274 USA 0.05 0.806 0.006 0.138
10 SDR18 USA 0.029 0.09 0.009 0.872
11 RT931 France 0.566 0.038 0.093 0.303
12 NS-B5 France 0.975 0.006 0.008 0.01
13 SDB3 USA 0.037 0.932 0.011 0.02
14 803-1 Serbia 0.019 0.945 0.013 0.023
15 F125/03 Hungary 0.008 0.013 0.011 0.968
16 HA335B USA 0.011 0.011 0.011 0.968
17 TMB51 France 0.788 0.144 0.004 0.064
18 LP-CSYB France 0.009 0.015 0.968 0.009
19 PM1-3 USA 0.063 0.383 0.013 0.54
20 SDR19 USA 0.11 0.64 0.029 0.221
21 RHA265 France 0.839 0.036 0.021 0.104
22 QHP1 - 0.733 0.059 0.093 0.115
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0.01
0.046
0.006
0.398
0.054
0.761
0.339
0.006
0.014
0.038
0.032
0.022
0.42
0.303

0.032
0.014
0.038
0.006

0.014
0.277
0.961
0.406
0.817
0.899
0.713
0.024
0.018
0.177
0.108
0.034
0.881
0.795
0.908
0.972
0.804
0.755
0.032
0.402
0.03
0.306
0.152
0.614
0.941
0.262
0.406
0.958
0.87
0.005
0.575
0.118
0.871
0.724
0.281
0.805
0.89
0.072
0.024
0.041
0.014
0.032
0.424
0.865
0.923
0.924
0.927
0.009
0.027
0.891
0.893
0.024
0.033
0.026
0.013
0.012
0.071
0.865
0.091
0.511
0.151
0.868
0.477
0.037
0.013
0.015
0.058
0.023
0.708
0.103
0.926
0.062
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97 sf 022 - - - -
98 sf-109 - - - -
99 sf-105 - - - -
100 sf-023 - - - -

g 50 0oliul 3550 (So)gmmyig iy sla,S 3Ll g lisle g (slol =Y Joax
Table 2. Names and sequence structure of retrotransposon primers used in the study

Retrotransposon primers Sequence (5'—3") ISSR primers Sequence (5'—3")
1061LTR AGAGGGGAATGTGGGGGTTTCC UBC-818 CACACACACACACACAG
1062LTR TCTCTATTTATAGCCGGAGAGGT G UBC-826 ACACACACACACACACAC
1063LTR GATCCGGTTTCACGGGACTTAC UBC-840 GAGAGAGAGAGAGAGAYT
1064LTR CGAAGAACAAACCGAATCACC UBC-857 ACACACACACACACACYG
1065LTR AGCCTCTGAAAGACTCGTTCG Al3 GTGTGTGTGTGTCC

CF GGTTTAGGT TCGT AATCCT CCGCG UBC-812 GAGAGAGAGAGAGAGAA
CR ACAGACACCAGT GGCACCAAC UBC-864 ATGATGATGATGATCGATG
UF(U81) TAACGGTGTTCTGTTTTGCAGG UBC-880 GGAGAGGAGAGGAGA
UR1(U82) AGAGGGGAAT GT GGGGGTTTCC
(Burn-in) olejl 1SS Ve ve v L ST Sl Il Wools Judoxi g 4y yoxi
MCMC (Markov Chain Monte Carlo) ,| S5 Y+« « « 3 Arcsine-Squre root g, b ool 59,56 aue,s slassls

Sl ;53 a5 Y (Evanno et al., 2005) a8 ,3 ooliiul
My o) Ko jlaas ;0 (6l Structure sl 5 as
AS (oo dpmle |, QSt oL 4y o jile SO (oo 5
2 Sagae Jliol calps 0yl Jels G sle onl oS
S5l 5l g sl baomaz 5 51 S5 58 )0 gl
b9y 3l deog,S olast ples b Ky slasd (s sl
A oolaiwl (Evanno et al., 2005) o )Sea o gl
L lssime bLs)l gy 5 Lusye b Siles olules
General linear ) cogoc s Joo b ol 550 Co
wlre el Q myle 4 annly (model; GLM
Mixed linear ) bglre Jas Jow g (Comex [LSLo
olyo G yle) KHQ s 5le 4y aisly (model; MLM
Car (Gskings bl pusle + Cumer 3L
Bley 0 Sdo - Sl G 3 LSl 6 S ol

28,5 plxTASEEL 2.1

e 2L
Hlahiar g iy a5 ob plas (eb)ly 4 mlbs
salas b oadosgd] (ol 55,55 aoye 5 (gl sine
5l dslie (Y Jsuz) Wyl adllas 0,90 (2,18
@ ol (e a5 o lis aewssy (Sogdl sy
il oo Dolite aslllas )90 Slocaiss (e 5 bew

olis Coglin J1 (2B o> 4 bicases 5l plaSons

390 bl glalbes @i popdley 5 Wad o
5 ol glrosls (glyy il )l 43525 .85 S8 s
bl 2 (Z B glatlaz ply jo lagn¥ Sty (2L
ploil GenStatl2 |l3sle 5y Solas alS Gl 7,b Jow
oy pslie 5 les lagnY SSE gl 285
Loaylax o lacnY oo colais] gl iiSeny ololis
Jogine S Jih iy, b oeSle dlio
<85 el 'LSD-interaction L b _iiSen,
LSD ,olis «jgkaie pau .(Abrinbana et al., 2012)
Nl mae s e piSen
Ok Gl e W8S il by iSen
S, glaglr 4 Cod Gl lacaisiy (Sl
dwlis (Loy0 Ve ) wlas iSeny L sclerotiorum
aalls b <N/ LSD gmhw ;o a5 slacaiss oo
Olsreds asily BB (dsy0 Ve vt s iiSen )
(bl a3 jolaieds wiad a8 5 a5 s polie (>
BB anaied 5 Comex LSl SR aypes bl

Aot (glp oy

yo Bayesian g, b caslie glacasaz ) 4 lacudsss
(Pritchard et al., ) =8,5 slel Structure 2.3.3 l;3le 3
gl sl gl cpm g al as s e o Ve B
Jya> Suz oS jehie S50 latusez ) jl plaS
s Admixure Juo 3l gleicasy She goe

1. Least significant difference
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T e e Gl (gl onl l Jel> gl asls plas
Sl ao o Jl sl aalllas o y90 (g, ol SolST udly
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ol o 1) (Fogll aoys oy ,5eS a5 BAX/LCL064C
S.) M1 4 (S. sclerotiorum) A37 >, alas> g
wly lid Lagg Il 7,8 alises 4565 g0 51 (minor

W Cuz Jyame ol Golia glaadly jo Wil o

.5)..5 )‘)3 oolaul Sy90 PBLB-" 'alé)‘

Glas 4 gy olws a5 cul Jb jo ol ladsla
slecaiss (Y Jga) wiog pglae A37 B8
8AXx/LC1064C, HAR4, RHA274, RT931, F125/03, )

LP-CSYB, HA337B, 5DES20QR, HO49+FSB,
ASB28, H543R/H543R, H156A/H543R,
H100A/RHAZ274, H100A/LC1064, AF1POPA,
OES, PAC2, AS613, 110, 1059, 1009370,

cloewsss 3 A7 > B 4l 4 (H100A/83HR4
ala> 4 (H543R/H543R, 110, NSF1 A4xR5, 1059 )
dw .A3og pglie S.osclerotiorum aigs 51 J2 > 8
Ll g0 2 4 (H543R/HB43R, 110, 1059) C.isi)
ol ylas Cuaglae S.osclerotiorum a3 51 J2 4A37
8Ax/LC1064C, ENSAT-699, 1009370 ) slacsisss
4 (HIS6A/H543R) ois5 M1 aslo> 4 (1(100K),
ala> 4y (H205A/83HR4, 110) slocsys 9 G2 a4yl

Sclerotinia z,B sbaalax b oabosgll oo ,KLBT sla p¥ 10 (5 ke o sl Luils,ly 4325 Y Jso

Table 3. Analysis of variance for disease severity in sunflower lines infected by Sclerotinia isolates in
controlled conditions

S. minor
Source of variations df Sum of squares Mean of squares Variance ratio®
Line 99 10.09 0.10 2.12
Isolate 2 2.51 1.26 26.167
Line x isolate 198 9.27 0.05 0.97
Residual 600 28.84 0.05 -
S. sclerotiorum
Source of variations df Sum of squares Mean of squares Variance ratio®
Line 99 15.84 0.16 2.93
Isolate 2 211 1.06 19.317
Line x isolate 198 16.06 0.08 1.487
Residual 600 32.79 0.05 -
Partial resistant Tines
S. minor isolates M1  8Ax/LC1064C ENSAT-699 1009370 1(100K)
(France, 58.33) (France, 68.67) (France, 63.33)
G2  H156A/H543R
(France, 64.00)
Al  H205A/83HR4 110
(France, 69.67)  (Iran, 69.33)
S. sclerotiorum isolates A37  8AXx/LC1064C HAR4 RHA274 RT931 F125/03
(France, 59.33)  (USA, 52.33) (USA, 63.33) (France, 60.33) (Hungary, 48)
LP-CSYB HA337B 5DES20QR H049+FSB ASB28
(France, 68.33)  (USA, 70.33) (France, 72.67 (France, 67.33) (Farnce, 67)
H543R/H543R  H156A/H543R  H100A/RHA274 H100A/LC1064 AF1POPA
(France, 58.33) (France, 69.33) (France, 64) (France, 39.33) (France, 42)
OES PAC2 AS613 110 1059
(France, 49.33)  (France, 70.67 (France, 71.00) (Iran, 70.33) (Iran, 60)
1009370 3(100K) H100A/83HR4
(France, 58.67) (France, 47)
J2 H543R/H543R 110 NSF1 A4xR5 1059
(France, 66.33)  (Iran, 60.67) (France, 60.00) (Iran, 30.67)
J1 -

Sliil Slay o 5xKlos gy e judS aie Sy Dlay o KL Mariance ratio
Variance ratio: Mean square for a source of variation divided by the residual mean square. **: P < 0.001.

S. 4558 laaslar glm 5 S. MINOT 45g8 slaaslos gl LSD <NV mlaw jo aals U s ixe sl ), L Partial resistant lines

a3 o Lis |y o 59,50 oy g Lide i 5 a4 33l J3lo wwias oluls Sclerotiorum

Partial resistant lines for isolates of S. minor and S. sclerotiorum species were identified by investigation significant diffirence with control
(100) at LSD=0.001. The items within parenthesis show the origin and percentage of necrosis of line, respectively.
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Figure 1. Estimation of subpopulation number (K=4) in the studied oily sunflower germplasm
according to REMAP markers using STRUCTURE software.
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Figure 2. Bar plot of structure analysis of the studied oily sunflower germplasm according to 120 loci of REMAP

markers using Bayesian model. Each color shows one subpopulation or cluster. The numbers of horizontal and
vertical axis show the numbers of individual and their membership% in the groups, respectively.
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Figure 3. LD plot generated by REMAP marker pairs in oily sunflower genotypes. The upper diagonal shows
r? among each pair of markers. The lower diagonal shows the levels of significance between each pair of markers.
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Table 4. REMAP markers associated with resistance to sclerotinia stem rot disease in the studied oily
sunflower germplasm according to general linear model (GLM) and mixed linear model (MLM)

Species Trait Marker General linear model (GLM) Mixed linear model (MLM)
P-value R? F P-value
S. sclerotiorum g1 isolate CF-UBC8264 0.0069 0.0729 7.6686 0.0069

J2 isolate 1061LTR-UBC8575 0.0042 0.025 . -

A37 isolate 1061LTR-UBC8185 0.0025 0.007 9.7138 0.0025
1061LTR-UBC8572 0.0066 0.0549 9.2765 0.0031
S. minor ML isolate 1061LTR-UBC8185 0.0063 0.043 7.8244 0.0063
CF-UBC8263 0.0026 0.011 9.1645 0.0032
G2 isolate CF-UBC8264 0.005 0.021 7.914 0.0061
UR1-UBC8405 0.006 0.0669 7.1296 0.0091
Al isolate CF-UBC8181 0.0094 0.0729 7.0962 0.0094
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