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Table 1- Sequence structure of retrotransposon primers used on confectionary
sunflower populations.
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O3 F 550§
Retrotransposon type

(5"-3) JIy
Sequence (5°-3")

355 5355 S
Retrotransposon primer

LTR

LTR

LTR

LTR

LTR
Helicopia LTR
Helicopia LTR
SURE LTR
SURE LTR

AGAGGGGAATGTGGGGGTTTCC
TCTCTATTTATAGCCGGAGAGGTG
GATCCGGTTTCACGGGACTTAC
CGAAGAACAAACCGAATCACC
AGCCTCTGAAAGACTCGTTCG
GGTTTAGGTTCGTAATCCTCCGCG
ACAGACACCAGTGGCACCAAC
TAACGGTGTTCTGTTTTGCAGG
AGAGGGGAATGTGGGGGTTTCC

1061
1062
1063
1064
1065
Cf
Cr
Uf
UR1

sl 015 T gla 055 5 o eslitul (S 5 b oS 0 5 e3l) IRAP gl S57 -2 Jyu

Table 2- IRAP primers (single primer and primer combination) used on confectionary
sunflower populations.

SHISIRY Jlasl gles Os Ao s O sldas Oe sl sla ST
Gl i) R P o S T I R ¢ IRAP
Band length Annealing  Percentage of  Number of Number of IRAP
(base pair) temperature  polymorphic  polymorphic loci primers
loci loci
2500-500 57 100 9 9 1062
3000-500 56 90 9 10 1065
3000-500 60 91 10 11 1061-1065
2000-250 53 88 8 9 1062-1065
3000-250 55 100 5 5 1063-1064
2000-250 57 83 5 6 1063-1065
3000-500 57 90 9 10 1064-1065
2000-500 60 100 9 9 CF
1500-250 58 100 18 18 Cr
2500-300 58 100 18 18 uUf
2000-250 60 91 10 11 Uf-UR1
Cane
94.8 110 116
Sum
57.3 10 10.5 e
Mean
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Figure 1- IRAP fingerprints using UF-UR1 primer on sunflower genotypes. Lanes from
left to right: M show 1kb DNA ladder (Fermentas) in base pairs; 1 to 5: individuals from
Shahroud population, 6 to 10: individuals from Hamadan population, 11 to 15:
individuals from Urmia population, 16 to 20: individuals from Marand population.
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wd]
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T T T T T T T T T T T T T T T T T T T T 1
013 015 017 019 022
Coefficient

ol yl o2 5 UPGMA (2, ST by AT 0ls SoST o 035 10 o1 S5 ,85 -2 S
IRAP s osls 3l oslizwl b g

Figure 2- Dendrogram of 10 confectionary sunflower populations based on UPGMA
algorithm and Nei genetic distance using IRAP data.
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Figure 3- Two dimensional plot of the genetic relationship among 10 sunflower
populations produced by principle coordinate analysis on IRAP data.

o s 03 3l S a e O e Ul 5 (S5 Aol (K55 e -3 g

Table 3- Genetic differentiation (PhiPT), number of migration (Nm) and Nei genetic
distance (GD) values between each pair-wise confectionary sunflower populations.

Nei Neli
Popl Pop2 PhiPT GD Nm Popl Pop2 PhiPT GD Nm

Hamedan Shahrud 0.141 0.16 1.52 Khoy Mashhad 0.131 0.21 1.65
Hamedan Khoy 0.092 0.17 2.47 Urmia Mashhad 0.177 0.23 1.15
Shahrud  Khoy 0.092 0.17 245 Marand ~ Mashhad 0.053 0.16 4.43
Hamedan Urmia 0.136 0.19 1.59 Bukan Mashhad 0.134 0.24 1.62
Shahrud  Urmia 0.030 0.14 7.98 Esfahan  Mashhad 0.090 0.17 251
Khoy Urmia 0.077 0.13 3.00 Hamedan Sanandaj 0.136 0.17 1.58
Hamedan Marand 0.144 0.18 1.48 Shahrud  Sanandaj 0.174 0.19 1.18
Shahrud ~ Marand 0.094 0.15 2.39 Khoy Sanandaj 0.159 0.20 1.32
Khoy Marand 0.061 0.13 381 Urmia Sanandaj 0.172 0.18 1.20
Urmia Marand 0.144 0.17 1.49 Marand  Sanandaj 0.098 0.17 2.29
Hamedan Bukan 0.194 0.22 1.03 Bukan Sanandaj 0.097 0.16 2.33
Shahrud  Bukan 0.146 0.19 1.46 Esfahan  Sanandaj 0.085 0.16 2.69
Khoy Bukan 0.149 0.20 1.43 Mashhad Sanandaj 0.129 0.22 1.69
Urmia Bukan 0.191 0.23 1.05 Hamedan Mianeh  0.224 0.25 0.86
Marand Bukan 0.082 0.21 2.79 Shahrud  Mianeh  0.177 0.19 1.15
Hamedan Esfahan 0.156 0.17 1.35 Khoy Mianeh  0.181 0.22 1.13
Shahrud  Esfahan  0.077 0.13 2.98 Urmia Mianeh  0.154 0.21 1.37
Khoy Esfahan 0.109 0.15 2.03 Marand  Mianeh  0.161 0.23 1.30
Urmia Esfahan 0.164 0.16 1.27 Bukan Mianeh  0.172 0.22 1.20
Marand Esfahan 0.011 0.12 23.03 Esfahan  Mianeh  0.166 0.23 1.25
Bukan Esfahan 0.048 0.15 4.92 Mashhad Mianeh  0.154 0.22 1.36
Hamedan Mashhad 0.208 0.26 0.95 Sanandaj Mianeh  0.009 0.13 27.52
Shahrud  Mashhad 0.167 0.20 1.24
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Table 4- Characteristics of amplified IRAP loci, mean of heterozygosity, effective
number of alleles, Shannon's information index and percentage of polymorphic loci in

each studied sunflower population.

=z o (| 2
) < a Z < a

05 5 o g < 2 =z < T z @

. o L > = < < < L < pd
Population <§( < Q = z X I 2 Z <

T &ao ¥ S S o 0 S 5 S
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No.BandsFred. g3 g7 g8 93 97 101 95 95 103 94
>= 50
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Bands (<=25%) 0 0 0 0 1 0 0 0
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Ne 146 145 148 149 143 144 152 145 153 148
| 0.381 0.38 0.417 0419 0382 0.377 0.423 0.386 0435 0.376
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Abstract

Genetic diversity is necessary for plant breeders to obtain new cultivars either with
high yield, better quality, more adapted to abiotic stress or more resistant to pest and
pathogens. Retrotransposons are current component of plant genomes. Ubiquitous, activity
and abundant of retrotransposons thorough the plant genome, make them useful molecular
marker. We used inter-retrotransposon amplified polymorphism (IRAP) markers to assess
genomic diversity levels and survey the activity of LTR retrotransposon elements in 10
confectionary sunflower populations. Out of 25 single and combined IRAP primers, 11
primers produced scorable and polymorphic banding patterns. A total of 116 loci were
amplified by using 11 IRAP primers on confectionary populations. 110 loci out of 116 were
polymorphic. The lowest (0.74) and highest (0.88) Nei genetic similarity was observed
between Hamedan and Mashhad and Marand and Esfahan populations, respectively. Cluster
analysis based on UPGMA algorithm grouped the studied populations in 3 main classes.
Analysis of molecular variance revealed that the high part of total variation was due to within
populations. So it will be better to do selection within populations in breeding programs. The
results showed that retrotransposons are active in sunflower genome and they are inserted in
sunflower genome as head-to-head, head-to-tail and tail-to-tail orientations. Our results
showed that retrotransposon-based molecular markers can be used as a valuable tool for
genomic assessment in sunflower.
Keywords: Cluster analysis, landrace, Retrotransposon, Sunflower, molecular marker.
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