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Code number and origin of 100 oilseed sunflower genotypes evaluated in limited irrigation experiment.Table 1

o oY el sgS el (Sl Sl wS oY el s ol (FUdad 35y b
Code Line name Country  Resarch Centre Code Line name Country  Resarch Centre
1 H100A/83HR4 Al ASGROW 51 H250A/83HR4 Al ASGROW

2 H209A/L.C1064 4l ASGROW 52 RHA265 % USDA

3 H205A/H543R 4l ASGROW 53 PM1-3 % USDA

4 AS5306 4l ENSAT 54 RT948 Al RUSTICA
5 RHAB858 | USDA 55 283-ENSAT - -

6 H209A/83HR4 4l ASGROW 56 QHP-1 Al INRAMONT
7 AS3211 audilyd ENSAT 57 SDR19 L% USDA

8 254-ENSAT ail 3 ENSAT 58 HA337B S ! USDA

9 AS5304 Al ASGROW 59 H100B Al ASGROW
10 1009329.2(100K) adlp ENSAT 60 B454/03 s oo -

11 270-ENSAT ail 3 ENSAT 61 HA304 S ! USDA
12 AS613 adlp ASGROW 62 RT931 wlp RUSTICA
13 A-FLPOPA ail 3 NOVARTIS 63 HA335B S ! USDA
14 OES Al INRAMONT 64 NS_BS Al NOVARTIS
15 H100A/LC1064 ail 3 ASGROW 65 SDB3 S ! USDA
16 RHA266 G ! USDA 66 LC1064C audl,s ASGROW
17 PAC2 4l ENSAT 67 NS-R5 Al NOVARTIS
18 H157/LC1064 ail 3 ASGROW 68 DM-2 S ! USDA
19 5DES20QR Al BRN 69 H156A/RHA274 Al ASGROW
20 15038 ail 3 ENSAT 70 SDB1 S ! USDA
21 1009337(100K) Al ENSAT 71 HAR-4 ! USDA
22 AS3232 audlyg ASGROW 72 AS5305 audl,e ASGROW
23 12AASB3 Al ASGROW 73 RHA274 Sl

24 8ASB2 ail ASGROW 74 H158A/H543R ausl ASGROW
25 9CSA3 ail sCeamu:;?:%es 75 H100A/RHA274 asl ASGROW
26 HO49+FSB b 76 H209A/H566R ail ASGROW
27 SSD-580 ail ASGROW 77 ASO-1-POP-A ausl ENSAT
28 5AS'FF1£'/°‘£EF§'2°‘S'29' il p ASGROW 78 AS6305 andl ENSAT
29 7CR1=PRH6 ail CF 79 B-FIPOPB ausl NOVARTIS
30 ENSAT699 ail ENSAT 80 D34 C% USDA
31 SSD-581 ail ASGROW 81 CAY ausl ENSAT
32 TMB-51 ails INRAMONT 82 346 Sl SPII

33 11*12 Ol SPII 83 NS-F1-As*Rs auil NOVARTIS
34 110 Ol SPII 84 36 Sl SPII

35 HB03R ails INRAMONT 85 38 Sl SPII

36 4 Ol SPII 86 SDB2 asl INRAMONT
37 703-CHLORINA ails ENSAT 87 H158A/LC1064

38 NSF1-A*Rs ails NOVARTIS 88 H156A/H543R auil ASGROW
39 28 Ol SPII 89 H543R/H543R auil ASGROW
40 30 ol SPII 90 H543R wlp -

41 F1250/03 ol lxe 91 SF076 auil ENSAT
42 SDR18 | USDA 92 B-FIPOPB

43 LP-SCYB auil B ENSAT 93 SF085 Al ENSAT
44 803-1 L IFVC 94 SF092 - -

45 1009370-1(100K) adilyd ENSAT 95 A-CONTROLPLASTIPIC

46 CSWW2S il p sceﬁ;ac%i 96 59-1 Sl SPII

47 1009370-3(100K) adilyd ENSAT 97 H-100A-90RL8

48 H158A/H543R adilyd ASGROW 98 SF109 audl,é ENSAT
49 H100A audlyg ASGROW 99 SF105 audl,é ENSAT
50 15031 audlyg ASGROW 100 SF-023 - -
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Table 2- Sequence of REMAP primers used in the preparation of molecular profile of oilseed sunflower genotypes
0935 5955 s S5 S S ol ool T sla 5527 S¥
Retrotransposon primers Sequence (5'— 3") ISSR primers Sequence (5'— 3")
1061 LTR AGAGGGGAATGTGGGGGTTTCC UBC-818 CACACACACACACACAG
1062 LTR TCTCTATTTATAGCCGGAGAGGTG UBC-826 ACACACACACACACACAC
1063 LTR GATCCGGTTTCACGGGACTTAC UBC-840 GAGAGAGAGAGAGAGAYT
1064 LTR CGAAGAACAAACCGAATCACC UBC-857 ACACACACACACACACYG
1065 LTR AGCCTCTGAAAGACTCGTTCG Al13 GTGTGTGTGTGTCC
CF GGTTTAGGTTCGTAATCCTCCGCG UBC-812 GAGAGAGAGAGAGAGAA
CR ACAGACACCAGTGGCACCAAC UBC-864 ATGATGATGATGATGATG
UF(U8L) TAACGGTGTTCTGTTTTGCAGG UBC-880 GGAGAGGAGAGGAGA
UR1(U82) AGAGGGGAATGTGGGGGTTTCC
@l Sl by o loog S o dra 0,0 5 09,5 (90 Cou g s

Laos S (959 5o Yo (555 £33 31 (SLo il ly auso
S5 3] oolial b Vb 39, 550 il eanlive abl co
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Figure 1- Neighbor Joining dendrogram of different oilseed sunflower genotypes based on 7 REMAP primer combinations

IRestriction fragment length polymorphism
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Figure 2- The results of the grouping of oilseed sunflower genotypes based on two vectors obtained from the analysis of the main

vector on REMAP marker data. A show the first group, B show the second group, and C show the third group.
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Table 4- The results of molecular analysis of variance for studied oilseed sunflower genotypes based on REMAP markers
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Figure 3- (A) Survey of Delta K changes. (B) Cluster analysis using Bayesian model for 78 studied oilseed sunflower genotypes based
on 120 REMAP markers (K=3).

Unknowns42
Unknownsd3
Unknownsdd
Unknownsds
Unknowns4é
Unknownsd4?
Unknowns48
Unknowns4d
Unknowns50
Unknowns51
Unknowns52
Unknowns53
Unknowns54
Unknowns55
Unknowns56
Unknowns57
Unknowns58
Unknowns59
Unknowns60
Unknowns61
Unknowns62
Unknowns63
Unknowns64
Unknowns65
Unknowns66
Unknowns&7
Unknowns68
Unknowns69
Unknowns70
Unknowns?71
Unknowns72
Unknowns73
Unknowns74
Unknowns75
Unknowns76

Unknown

D’ o)ll bl 3 Kowgmy Job pors ¢yl o 00idd L ylad YU Coomnd TTASSEL 13810 55 b ous slowy | (Sowguy Jolai pae ey b —F S5t
bl oo P-value susos L yhd oul 9

P value

>0.01

<0.01

<0.001

<0.0001

Figure 4- The bar plot of the linkage disequiblirum created by TASSEL software; The upper part of the diameter shows the level of

linkage disequilibrium based on the D' statistic and the lower part of the diameter shows the P-value.
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Table S- REMAP markers related with traits evaluated in studied oilseed sunflower genotypes under normal irrigation conditions
based on MLM model

P-value P-value
Character Marker Character Marker
WL 5, als s, slye
. 648183 0.0040 . 6181810 0.0079
Day to flowering Seed oil content
S o Jsb ol gl
. Cf8263 0.0087 . 648264 0.0049
Petiole length Plant height
S 5ol Cf8268 0.0053 Sl o g
. Cf8185 0.0067
Number of leaves 638263 0.0068 Leaf relative water content
Sy o sl jlad
. 658268 0.0055 . 658263 0.0040
Leaf width Stem diameter
als o,Sles
. 658268 0.0084
Seed yield

IMarker assisted selection
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Table 6- REMAP markers related with evaluated traits in studied oilseed sunflower genotypes under limited irrigation conditions
based on MLM model

P-value P-value
Character Mrker Character Maeker
Jed9 IS (sl 648408 0.0048 Sy ol 638263 0.0038
Chlorophyll 638267 0.0048 Number of leaves
content
Srdsb Cf8267 0.0074 als e, lyime Cf8181 0.0044
Leaf length Seed oil content 6181810 0.0058
Spee 638263 0.0067 wlo 5 Sles 658268 0.0091
Leaf width 658268 0.0077 Seed yield
Cf8267 0.0096
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Abstract

Introduction: Sunflower (Helianthus annuus L.) is one of the most valuable agricultural products,
mainly cultivated for edible oil. As an oilseed plant, the sunflower has the fifth place in the world
after soybeans, rapeseed, cotton and peanut. Due to climatic changes, reduction of water received
from rains and incorrect management of water consumption, the crop production experienced severe
drought stress during the growth period which causes the fluctuation and decrease of the product.
Considering the importance of studying and selecting cultivars tolerant to abiotic stresses such as
drought stress, investigating the genetic diversity for adaptive responses in sunflower cultivars and
genotypes, as well as identifying QTLs are necessary for breeding programs. The aim of this study
is to investigate genetic diversity and identify markers related to drought tolerance in the inbred lines
population of oilseed sunflower using the REAMP (retrotransposon microsatellite amplified
polymorphism) markers.

Materials and Methods: In the present research, the genetic diversity of an oilseed sunflower
population including 100 inbred lines was evaluated in terms of morpho-physiological traits using a
10x10 simple lattice design with two replications under two normal and limited irrigation conditions
during two consecutive years. Different morpho-physiological traits were measured under both
conditions. DNA extraction was done from 78 lines out of 100 investigated genotypes by CTAB
method. Then, in order to evaluate the quality and quantity of extracted DNA, 1% agarose gel
electrophoresis and spectrophotometry were used. The molecular profile of genotypes was prepared
using 7 REAMP primers combinations. Based on molecular data and Neighbor Joining algorithm in
DARWiIn 6.0.21 software the studied genotypes were grouped in three groups. Cluster and population
structure analyses as well as analysis of molecular variance were performed with GenAlEx and
Structure 2.3.3. The number of possible sub-populations (optimal K) was determined based on the
delta K (AK) method. For optimal K, the Qst matrix was calculated. Using mixed linear model (MLM)
related to Q + K matrices (matrix of population structure coefficients + matrix of kinship relations)
molecular markers associated with studied morpho-physiological traits were identified.

Results and Discussion: Based on the results of cluster analysis, the genotypes were grouped into 3
groups. Each group included genotypes from different geographical areas. The results of principal
component analysis showed that the first three components explain 71.32% of the total changes.
Principal coordinate analysis was not able to completely separate the genotypes into separate groups.
Molecular analysis of variance showed that 91% of the variation are within group and the rest 9% are
between the groups, which indicates high genetic diversity within the groups. According to the mixed
linear model, totally 20 molecular markers showed a significant relationship (P<0.01) with the studied
morpho-physiological traits under both normal and limited irrigation conditions. “6181810”” marker
with oil content and "cf8267" marker with two leaf length and leaf width traits showed a significant
relationship (P<0.01) under limited irrigation conditions. “658268” marker showed a significant
relationship with yield and leaf width traits under both normal and limited irrigation conditions.
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Observing the relationship between one marker and several traits can be derived from the effects of
pleiotropy or the linkage of genomic regions involved in the control of these traits.

Conclusion: The results obtained from this study present valuable information on the genetic basis
of studied traits that can be used for breeding and developing high performance varieties in sunflower.
In this research some common markers were identified. Identification of markers that showed linkage
with several traits in both conditions, such as “658268” and “cf8267”” markers, are more important in
the breeding program due to the possibility of simultaneous breeding of several traits.
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