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Table 1. Code, name and longitude (N) and latitude (E) of collection site of confectionery sunflower accessions used

in the present study
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Table 3. Simple statistics of evaluated charactersin confectionery sunflower accessions under normal, moderate and sever drought stressed conditions
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Figure 1. IRAP (U81-U82; the figure up) and REMAP (U82-UBC827; the figure below) fingerprints of some
confectionery sunflower genotypes
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Figure 2. Cluster analysis of confectionery sunflower accessions by using Neighbor Joining method based on
retrotransposon-based molecular markers data
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Figure 4. Cluster analysis of 48 confectionary sunflower accessions based on retrotransposon-based molecular
markers data by using Bayesian method in the software pakage of Structure. Each color shows one subpopulation or
cluster. The numbers on horizontal and vertical axes correspond to the number and the membership coefficient of
each genotype, respectively.
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Figure 5. LD plot generated by retrotransposon-based molecular marker pairsin studied confectionery sunflower
panel. The upper diagonal shows D’ among each pair of markers. The lower diagonal shows the levels of significance
between each pair of markers.

Vb 5 b 3l b ol ) «Sjelsn 5,Skes b oK
L oo ¥ g aboSles b 186 # ¢« Ser dopp b 156
G Ko s e Wbl o pdaw dnlg > dily dlae
b oo ¥ Jols Jloy (6ol Ly o alio b lasjo
M b lSe 7 oS Foje b (e ) Sy S s
¥ bl 5ojs b olSe ) ol el b oKe ¥ b S,
L e Vel jlad b (e Vel Suid (g b e
oW L e Y waiby jasls b K6 ¥ il e
Pabohw b e Y g (S dop b e )V (s)slib
gt Oy ) RE (b il o o 0
UBL-UB2 5 CR (Sgjgems gy slaglSe )3 (048 4y
(+IVF) G Sis 59 9 (+/VF) Bl Jhab Slaw 4lp
sl 5l e BSET ol & S olgiie 5 AS ok
Juis lis gl 0418 1S ol 3 allla 350 (sln,S 3]
Slaws (,slﬁ (~/*A) O G o u)).»o.g oo 5,00
s> ol oS 5 Ll 13 o5 8] 5 6L b iy
Jis] mdaws > MLM Juo (ol byl &y 505 55 i
L Ly 35 ol WY ggana 53 oP<c/1) dmys
U5 5D Jyia) 5 loled adlas 5,50 el; i
Jro bl 3 2byl 2y9e Clio b baspe oS
Cod caiy A e YY 5 OF F (K6 VYY) MLM
byl Jloy bl 5 2ad (5 @il (15 bulyd
L by Ko Joa ol lis las ol by gyl sxe
09 b ole ¥ ol (Mo ils cov calie Glaw
Sy ol b e F oSy pogs b e ¥ oSy Sits
Vb Hie b gle Ve s 0y b e ¥ ¢ Jld
b olSe B atls b 3o s b ol T b b b ol
b oo ¥ ol gl b oK ¥l | sb S5 o
V dolS b oS ) bl bmo b oK ¥ bl lad
¥ Siglsn Sl b S ¥ ogpglil 5 L o
dalg o b sl b K6 Y g b j0 wby dlawy b )15

il e o

bl )l 4300

b basye (sl Sl plolid yglate 4 cadllas cpl
bz gboodgs ;3 ol )80 6\53‘9J9é)9a?)§| u[w
oses b Jue bl bl 4o oyl
bolswe s Jio fucmed 9 Q Jio 4 dtusly (GLM)
Jiley 5 oslizel b QK e 4 4y (MLM)
33,8 ol TASSEL

LLs) 4 55 olSe WY GLM e oll 52 JS
o bolis il adllas 3y90 las b (P<</+Y) gyl sne
Olas b ko gl JSoxs oYL asyn (F Jods) i
@ Ol Vil 1) Soismd sy, byl lp
T 9 OBl pg > agism gy VL el
(VF) 2 o (55 9 Silog S g5 0 L]
Jeo ool @byl 3)90 Slao b lasi o slagSe S5l
Cos )y & 5le YO 5 SV (56 YY) GLM
 soiime bloyl Jloy (o)l g b Mo G5 Ll
cos e gl Ko ol L Ly 3y50 Slas b
W5y S5 530 b e ¥ bl ol qorde L5 Lyl
O ¥ (Jld Spolawi b 6 ¥ Sy 5yjs b 6 Y
B L oIS ) b i b ol ¥ i S5 i
S Gis b e ¥ b b gk 5ojs b olSe ¥ gk
¥ bl b b lSe ¥ ol gyl b olSe ¥ s b 3ib
0,80 b Ko ¥ Judg S L 106 ) el baes b 106
i b e Vg 3o 0wl sl b K6 ¥ o Sjglam
o llyd cov ladpe K6 FY g pdaw daly 4o ab
Pois b e ¥V S p S 59 b K6 ¥ ol s
Sis 0 b e ¥ b Sy slas b e ¥ oS,
O F e jla8 b e Vg Sojs b olSe ¥ b
Yol gb Sis 50l (Ko & b b ab 505 b
L e ¥ bl e b oo ¥ cdBln s 59 b oS
U»Lub oo NV ble b b K6 Y Bl lad
Vool AW L e ) (Jdg)lS b e ) iy


http://jcb.sanru.ac.ir/article-1-388-en.html

[ Downloaded from jcb.sanru.ac.ir on 2025-08-24 |

AR

WAB s ¥+ o )lads /i Jlo [iely; ool Mol acliingsy

bl a4y b)) 53 )90 & Joo (L) bl
Cute @l Lials 4 MM Jse 1 eolazol 45" ail
B S )l g (Cio - Sl O wlblsyl) ueg)

Lg)l.\.d O3 GL’))I Slaw ).»Sl Lg‘)’. =35 L)"I 3
b Jhe boh g (oges (Jad Jao b e S e SSLE
)l Jhe glae 4 us gl byl
50, 3l ealawwl L UBL-UB2 4 LTR1064-UBC826
o b bpe o, SL5 e 4 5500 bl Jas
D1 ololis aily 5, Slee
5 2959l Olpl Bl cunl (San puils adlllas o onds
) il clae ol B w8) Sy (Siwge b
Sly Sydie o SOUES 929 (o il 0 () 2 ogMe
Ois o L UB2-UBCB57 Silis blsyl Jke ol
byl (ol o it 5l 3529 pis 3 (Sl sy
s, Sl plge 4 bl 5l olge oplply a5l e
Grdoly o o il Jatus 5 Glae pl b diwge
gad odléswl ul))ijl.si C)Lol Caliseo

b 5l IS (phadds gy slacadgie 4 axgi L
SYsb ooy 5 5 Sl lacuser (995 > 3
oo o 3L (Bl 4 ey gl dbml caa )Y
by Jsse slaySlis I plgs o bt 4l g (oSS
o9y 2 SCAR (b, Silis sbml b pee (55 ©lao L
Hidle adles 4 (MAS) Silis SaS & Gl Mol
wbdls b puiomen (YO) g0 odlatwl  lacumes
3 sl plobd 6y olge YU R Gl bs QTL
2903 pladl Glaw oais

Jobd b (45 bl cod s pe S0 sl g oy
O ¥ Sy e b e ¥ S Sid Hig b K6 Y
L ole ¥ b Sid ja b oo ¥V (Jled Sy olaws |
Siid iy b e B @b JhE L oS Vb 50
S 59 b Ko ¥ el gl b Gl v i b s
O ¥ il b b K6 ¥ dlw 5yje b K6 ¥ bl
L oo Vo waby gadls b o6 ) dls e L
38as b e ¥ wgyslil I L e Y dg S
o b oo Y b o wld sl b 16 ¥ oSS 5glam
dolg pabolis b Ko ¥ g b o Slee b (8o ¥ ¢ So
A28l o e
byl cov (e YY) ko I35 gl sl
b ole ) Sy Sis gig b e Y el oy sk
W)l b e ¥ Jud Spoolis b K6 £ oSy 505
YV Bl 5 b e Y adls Sl i b oK YV olS
ol b e ¥ blo baso by 1806 ) Bl Jlab by 416
5,80s b K6 ) ‘d)s]}li oW L e ) by
o b e Y cab o wil ol b 16 ) o S5glan
9 L.uls MLL;O @a.u ..\>|5 PRl Al slasy l) u&o Y 9 L;}’
|, Sl Y2 SSR (ela,Silis 51 oolizl b (¥Y) oy Kan
o b (5l ine dlasl, o8 W3ges ol ol Kbl o
9 )58 Owomer o L Sufglgdygeg ST Cilire
&5 sl bl aps by, b (V) ohles
) O] 53 LiglSl sl 0 gl 038,55
5 omer Lo o (GLM) ages b Jaa 53
Hle gwyle poogde (MLM) bglre Jad Jio
o) hglings Lalgy Guwple (Q (uple) Conen
2 ol Syt bl 440 53 5 Cana 3 o (K
slaSiwgy 5 Obli)l (lpls 5 Ssde 4B b
Je 255 b sy o S8l 4 Cllo g SOLES s (e gy0
Cute gl LEals > (g)b pxe damg 3 yd ;> MLM
g Wbt iy 2l (loj ale Slho wyp 9y
G5 Q LK 3y b (gl Jan b duglin 55 ags Job
2 (YY) hler 5 drw opizmed (YO) Cuol oad 0al


http://jcb.sanru.ac.ir/article-1-388-en.html

ikt i e e (glacuser 13 5998590951 liio b basye Sgjpms g ) (sl Sl (plolid

GLM Jso bl 5 Lol oo, Soldl (olaosgs ,3 oad b)) lio b dtgy ola,Silis —F Jgas
Table 4. Retrotransposon-based molecular marker identified for eualuated traitsin confectionery sunflower panel bu

using general linear model (GLM)
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using mixed linear model (MLM)
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Abstract

In this study, 12 retro transposons-based primers (7 IRAP and 5 REMAP primers) and
general and mixed linear models (GLM and MLM) were used to identify molecular markers
associated to 22 agro morphological traits in 48 different confectionery sunflower accessions.
Studied accessions were divided into three main groups using Neighbor Joining method. Study
of population structure as a prerequisite for association analysis showed that there is two
possible subgroups (K=2) in the studied population. Based on GLM and MLM, 131 and 117
loci showed significant (P<0.01) association with assessed traits under different environmental
conditions, respectively. Common markers between some of studied traits can be possibly due
to pleiotropic effects or linkage between genomic regions involved in these traits. Obtained
results from this study offered valuable information on the genetic basis of studied traits that can
be used in breeding programs to production of high performance varieties of confectionery
sunflower.
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