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Table 1. Name and origin of sunflower lines used in the present study
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No. Line Country Group No. Line Country Group
1 DM2 USA USDA 53 H100A FRANCE ASGROW
2 HAR4 USA USDA 54 H158A/RHA274 FRANCE ASGROW
3 SDB1 USA USDA 55 H209A/H566R FRANCE ASGROW
4 SDR18 USA USDA 56 H100A/83HR4 FRANCE ASGROW
5 RHA274 USA USDA 57 H205A/H543R FRANCE ASGROW
6 SDB3 USA USDA 58 H209A/LC1064 FRANCE ASGROW
7 HA335B USA USDA 59 AS5304 FRANCE ASGROW
8 PM1-3 USA USDA 60 LP-CSYB FRANCE ENSAT
9 SDR19 USA USDA 61 ENSAT-283 FRANCE ENSAT
10 HA337B USA USDA 62 AS3211 FRANCE ENSAT
11 HA304 USA USDA 63 AS5306 FRANCE ENSAT
12 RHA858 USA USDA 64 ENSAT-254 FRANCE ENSAT
13 RHA266 USA USDA 65 ENSAT-270 FRANCE ENSAT
14 KANSAS510 USA USDA 66 1009329 2(100K) FRANCE ENSAT
15 16 IRAN SPII 67 1009337 (100K) FRANCE ENSAT
16 344 IRAN SPII 68 100935 0(100K) FRANCE ENSAT
17 11x12 IRAN SPII 69 ENSAT-699 FRANCE ENSAT
18 26 IRAN SPII 70 AS3232 FRANCE ENSAT
19 38 IRAN SPII 71 PAC2 FRANCE ENSAT
20 346 IRAN SPII 72 1009370-1(100K) FRANCE ENSAT
21 260 IRAN SPII 73 1009370 3(100K) FRANCE ENSAT
22 262 IRAN SPII 74 ENSAT-695 FRANCE ENSAT
23 1059 IRAN SPII 75 AS6305 FRANCE ENSAT
24 36 IRAN SPII 76 ASO0-1-POP-A FRANCE ENSAT
25 4 IRAN SPII 77 CAY FRANCE ENSAT
26 30 IRAN SPII 78 A-control plastipic FRANCE ENSAT
27 28 IRAN SPII 79 703-CHLORINA FRANCE ENSAT
28 110 IRAN SPII 80 NS-R5 FRANCE NOVARTIS
29 LC1064C FRANCE ASGROW 81 NS-B5 FRANCE NOVARTIS
30 H158AxLC1064C FRANCE ASGROW 82 NSF1 A4xR5 FRANCE NOVARTIS
31 AS5305 FRANCE ASGROW 83 NSF1 A5xR5 FRANCE NOVARTIS
32 RHA265 FRANCE ASGROW 84 AF1 POPA FRANCE NOVARTIS
33 H100B FRANCE ASGROW 85 BF1 POPB FRANCE NOVARTIS
34 SSD580 FRANCE ASGROW 86 TMB 51 FRANCE INRAMONT
35 SSD581 FRANCE ASGROW 87 QHP1 FRANCE INRAMONT
36 5AS-F1/A2xR2 FRANCE ASGROW 88 D34 FRANCE INRAMONT
37 8ASB2 FRANCE ASGROW 89 H603R FRANCE INRAMONT
38 12ASB3 FRANCE ASGROW 90 OES FRANCE INRAMONT
39 15038 FRANCE ASGROW 91 SDB2 FRANCE INRAMONT
40 15031 FRANCE ASGROW 92 F330/03 HUNGARY -
41 H158A/LC1064C FRANCE ASGROW 93 F1250/03 HUNGARY -
42 H543R/H543R FRANCE ASGROW 94 B454/03 HUNGARY -
43 H156A/RHA274 FRANCE ASGROW 95 F929/03 HUNGARY -
44 H156A/H543R FRANCE ASGROW 96 RT931 FRANCE RUSTICA
45 H100A/H543R FRANCE ASGROW 97 RT948 FRANCE RUSTICA
46 H100A/RHA274 FRANCE  ASGROW 98 CSWW2X FRANCE Caussade semences
47 H205A/83HR4 FRANCE  ASGROW 99 9CSAS FRANCE Caussade semences
48 H158A/H543R FRANCE ASGROW 100 7CR16=PRH6 FRANCE C.F
4 H209A/83HR4 FRANCE ASGROW 101 803-1 SERBIA IFVC
9 H157A/LC1064 FRANCE ASGROW 102 5DES20QR FRANCE BRN
50 H100A/LC1064 FRANCE ASGROW 103  11/4N-P Eastern Europe -
51 H100A/90R78 FRANCE ASGROW 104 H049+FSB FRANCE -
52 AS613 FRANCE  ASGROW 105 H543R FRANCE -
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Figure 1. SSR fingerprints of some sunflower lines using ORS 1265 primer. The first Lane from left: 100 bp
DNA ladder (Fermentas).
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Table 2. Estimation of genetic diversity in studied oily sunflower genotypes by using simple sequence repeat

(SSR) markers

ol Sy Skl Skl s Plslaas Sl gl gme Jlasl slos
Sl s | (5'-3") =, (35" oiS N Jrextes teAr;]Bg?ell![E?e
Locus Repeat motifs Forward primer (5'-3')  Reverse primer (3'-5") ~ Na  Ne (PIC) (°C)

ORS785 (AG)LT ~ CARARLACCCAGET CCIACCITATGEGAC 5 1900 0.500 57
ORS807 (AG)1s ~ SRonTATTTIGACC TCTCACCCTTCATCTC 5 2000 0.503 57
oRssos (ATIB(AC)L CATGGARAGCCGAG CGTGCGTGATTAACA 5 35 0121 57
ORS609 (AG)ZO SCCANCGAACTGAA GOATITTAGTCCECC 5 1300 0.232 57
ORSIOTI(CTIZ6 LAy r - ICACCATT AACTSSATTICACAG 2 1367 0.270 59
ORS718 (CT)13  SRCHTIACCCACAC ATCCAACACCCGAAT 2 1058 0.055 57
ORS1265(CT)18  GoOLLTACCAAATA ACCCTIGGAGTTTAG 5 1785 0.442 59
ORsi242(CT)14 ~ SSRATCCITTCACT  TOBTCOIAGAATICT 2 1331 0.250 59
HA3070 - GGGATGAGCTCTGTC CTTTTCAATTCCCGCT 3 1232 0.189 57
ORS822 (GT)8 TGt A ARRCCTTTEOA 3 2046 0.514 59
ORs1256 (CTI8(AG)2 GATCTIGATGTTGG CICCGICACCTIAAG 5 1972 0.495 59
ORSB30 (CT)I5 ~ {oroc GAGGATGA GCACGACCCGGATAT = 5 1970 0.496 54
ORS049 (AC)I3  pOCAASTIATCCAT TATACSIACCOOAMA 3 1925 0.483 57
ORS733 (AG)2L  LAonSTTCCCAAG COACICCAACGAGAG 3 2336 0.575 57
ORS1088(CT)15 ~ ATAAASGAACCTCC SOATIICTTTCATETT 2 1220 0.181 59
ORS378 (GT)L7 oo T CCaA T A 2 1079 0.498 57
ORS617 (GA)L7 ~ SOIACTICOTATIC GACACCGCCAACTTA 2 1200 0.226 57
ORS6%4 (AG)LT G AOMACTGAACC CCCOTGAAACAGAGA 5 161 0.465 57
ORS1064(CT)19  [SAATOATCIATGA ACICCOACTOGTAAG 2 1118 0.106 59
ORS1264(AG)28  Troammere 100G [SAASTSCCTTOATT 2 14 0.322 59
ORS728 (AG)7 CESCANPSCAACEA COAMETSASIMATEA 2 1aa0 0.487 57
ORSBA (AC)LT A A A AT O A CTTT 2 1720 0.424 59
ORS878 (AC)LL ~ pGCAASCIATCCAT TATICSICCOCAAM 2 1903 0.477 59
ORs1179(AG18  SATTCOSACCTETT AZACOSCANGCAAG 2 1075 0.070 59
ORS565 (AG)13  poa CAVCGOATTT TCCAGTTTGGTCTTGA 1.895 0.476 54
HA3040 - GACCCGAACCACACT GTTCTTGCTTCGATCC 3.147 0.687 57
ORs4gs (AC)l4  SUCATTCACTCCTGT CICCOGTGAGGATTT 5 g1 0.101 57
ORse21 (CT)14  GOCCITATGCTGAG COTEAAGCGAAGAAG 3 1240 0.195 57
ORs1215(CT)10  AIACTCITCCACCCT COTTOCCGTAGTEET 2 1146 0.128 59
Mean (,.le) 2.207 1.641 0.344

SE (5, leal (gllast) 0.091 0.090 0.33

1/ (sum pi2). = 350 sl P slaas :Ne «oslize gls DT sluas :Na

Na = Number of different alleles, Ne = number of effective alleles = 1 / (sum pi*2).
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Table 3. Analysis of molecular variance (AMOVA) in oily sunflower lines

o e Sle 55
ot - © c o3 Shae Sl Jloz!
Lgbb" le.rjn le.rjn [ gj.’li).)‘
Source % Stat Value  P(rand >= data)
df SS MS Est. Var.
Between 6 253.724 42.287 1.761 92 PhiPT 0.081 0.010
population
Camar O
Within 89 1774.245 19.935 19.935 8
population
&S 95 2027.969 21.696 100
Total

Ql:uja u.;.ul:.ﬁ :MS B C)Luja )}..X?m :SS Lé)‘)T a3 df 4}:1'_} Q}LL» PhiPT

PhiPT: Genetic differentiation; df: degree of freedom; SS: sum of squares and MS: mean of squares
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Table 4. Fixation index (Fst), number of migration (Nm), unbiased Nei genetic distance (Unei GD) and unbiased
Nei genetic identity (UNei ID) in oily sunflower lines.

Xos S Yoy S el patls G50k SEidel Sacals
Group X Group Y Fst Nm UNei GD UNei ID
USDA-USA ASGROW 0.027 8.994 0.012 0.988
USDA-USA NOVARTIS 0.083 2.776 0.062 0.939
ASGROW NOVARTIS 0.062 3.758 0.044 0.957
USDA-USA INRA MONTPOL 0.065 3.584 0.035 0.966
ASGROW INRA MONTPOL 0.043 5.550 0.012 0.988
NOVARTIS INRA MONTPOL 0.066 3.538 0.020 0.980
USDA-USA ENSAT 0.049 4.882 0.039 0.962
ASGROW ENSAT 0.037 6.512 0.030 0.971
NOVARTIS ENSAT 0.076 3.025 0.054 0.948
INRA MONTPOL ENSAT 0.051 4.656 0.014 0.986
USDA-USA SPII 0.060 3.944 0.050 0.951
ASGROW SPII 0.035 6.823 0.024 0.977
NOVARTIS SPII 0.075 3.069 0.051 0.950
INRA MONTPOL SPII 0.045 5.316 0.004 0.996
ENSAT SPII 0.028 8.533 0.004 0.996
USDA-USA HUNGARY 0.166 1.259 0.178 0.837
ASGROW HUNGARY 0.166 1.258 0.195 0.823
NOVARTIS HUNGARY 0.208 0.954 0.210 0.811
INRA MONTPOL HUNGARY 0.186 1.097 0.166 0.847
ENSAT HUNGARY 0.141 1.528 0.124 0.883
SPII HUNGARY 0.141 1.524 0.140 0.869

%) adssn o Aoz 5 (DOSLE Lasls (Ne) 3se Wslass (NaFreq.) T Sisl 3 (Na) Pishias oess =0 g

‘L&“.h&b‘))ﬂ &)JQ‘JﬁquLﬁoJﬁ)J(P

Table 5. Estimation of number of allels (Na), allele frequencies (Na Freq), number of effective alleles (Ne),
Shannon index (1) and the percentage of polymorphism (% P) in studied oily sunflower groups

oy S USDA- INRA
popuations Usa  ASGROW  NOVARTIS oo 20  ENSAT SPII HUNGARY
Na 0.099 0.087 0.125 0.104 0.111 0.085 0.144
Na Freq. >= 5% 0.119 0.116 0.125 0.104 0.129 0.099 0.144
Ne 0.080 0.092 0.110 0.075 0.100 0.077 0.122
| 0.050 0.049 0.058 0.054 0.062 0.047 0.061
% P 89.66  100.00 75.86 72.41 86.21 93.10 65.52
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Figure 2. Complete dendrogram based on Jaccard's similarity calculated from SSR data on 106 lines of oily

sunflower
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Figure 3. Principal component analysis of 106 sunflower lines using molecular data
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Figure 4. Determination of population structure. The Y-axis in first diagram is K index and in the second one is
Ln(PD). X-axis indicates the number of sub-group.
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Figure 5. Genetic relatedness of 106 genotypes of oily sunflower with simple sequence repeats (SSRs) analyzed
by the Structure program. Numbers on the y-axis indicate the membership coefficient and on the x-axis indicate
the genotypes code. Genotypes with the same color belong to the same subgroup.
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Abstract

Knowledge about the amount of genetic diversity and understanding relationship between genotypes
are important steps in plant germplasm conservation and breeding activities. In this study, the genetic
diversity among 106 sunflower lines was assessed by 30 microsatellite primers. A total of 71 alleles
were detected. Number of alleles in microssatellite loci ranged from 2 to 4 with the average number of
2.207 alleles per locus. The effective number of alleles ranged from 1.058 in locus ORS718 to 3.147
in locus HA3040. The average number of effective alleles was 1.641. The mean of PIC value was
0.344. Based on allele number and PIC value, SSR loci such as HA3040 and ORS733 are considered
appropriate markers for studying genetic diversity in oily sunflower. Based on the results of cluster
analysis using Jaccard's similarity coefficient and complete algorithm, the lines were grouped into four
groups. Nineteen six out of 106 genotypes were grouped according to their origins (research centers).
The highest and lowest Nei genetic distances were 0.21 and 0.004 between “NOVARTIS and
HUNGARY” and “SPII with ENSAT and INRA-MONTPOL” groups, respectively. Analysis of the
population structure revealed 5 subpopulations in the studied panel. The results show that the
assignment of lines to subpopulations is not concordance with their geographical distribution pattern.
The genetic diversity and distance revealed by SSR markers can be used in oily sunflower crossing
and breeding programs.
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