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Table 1. Code and name of 50 confectionery sunflower accessions used in the present study
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1- Linkage mapping or family mapping

2- Association or linkage disequilibrium mapping or population mapping


https://jcb.sanru.ac.ir/article-1-703-en.html

[ Downloaded from jch.sanru.ac.ir on 2025-12-17 ]

VOb

039 CW) @b S (59 (APDW) &gy St (59
(APDWHYIELD) p)5 cous p (2loa plul JS Sis
39 ¢pasSle cu p (SW) &l (2 9 (SL) &> Jsbo
S5 e 039 9 (SSW) &by 5 59 (100SW) &ils s
I e Cd g 5Sojll p5 s (DHW) iy
(HI) cuslsy yadls owomen 5 (DHW-SSW) &ils s
plul JS° Sis gy 4 b 5o aib iS4 )
dplre 0395 30 (lp 1SS Ve 5l ST ey (S5 s

W)

slojlad ol b 03y Jab Jsb 50 laglls ()l

S joy Ve (sagy My 50y93 b 53 e85 plox]
ol (NPK) YeYorYe Jay ST JolS 305 L (msdgs
Slas @b cuby jl Guw g (25l ax ds o 3 .08
Jsb (LN) Sy S olass : Jols (S55)g8, 90951 il
Sp S ooy (LL) Sp S Jsb (PL) Sy
(CD) o 5 3 (SD) o e (PH) 5 £l (LW)
Sy 9 (DF) (2256 ploj e et Sl o
(YIELD) 3o )3 &by s (jg ¢jg) cus » (DM)

bl oI, 0355 B > Sujlghygeg ST lio i) il ) ales ) JS
Figurel. View of experiment conducted for studying the agro- morphological traitsin 50 confectionery sunflower
accessions

oSy Jold oSy sbSikl 5 1062 CF U8L
sl sl .3y CF-CR (CR-USL U81-U82
Veossgl deySes Ve ol e 53 e b sl
My Ve PCR 3 iy S ¥ gays DNA 55k
/¥ (500mM KCI, 500mM Tris-HCl pH 8.4)
(il ©Sp8) Vsadee B musie 21l sy S
ol isn) (S953 Sl e VO (lnl ol
a1y V/Y ((BioFluxbiotech, BioFlux, Tokyo, Japan)
Oy ojlaw <S8 ,3) Tag DNA polymerase o351 5
2 o5z lelyen 4 SHEl 1o 51 Jsag S0 Ve g (0]
Eppendorf master cycler ) JSGlo Jbyg oS
gradient Type 5331, Eppendorf AG, Hamburg,
25 & b iSly oles clads o .cd 5 plosl (Germany
2 Ayl il cdpuly gadlepe Jgl g2 dg
ped (545 > ddBd ¥ e & ol )5 ol (ga5 ;0 AF slod
s AF lo 3 il cdpuly Joli S5 5L YF L
Sy dia) Jlail glod sl ¥ ose 4 ol 5 Sl
S YY) ag glod g 4l Fo oo 4 (Sl
Shaog slod Bl By g aidy ¥ s 4 (3,5 ke

A28 Vo o 4y (3,5 ol g4 YY) ol

igj odld g (JeSUge Sl lojl

'DNA 5 bl (5l doyo 9 2,9 8 o355 2 |
<(CTAB) wlegy posigal Jites sl B9y b (0935
Voo odd glgtwl g3 DNA 08 #lyscl
10 mM Tris, 1 Mm EDTA, pH ) TE il yis S
ol g e Wl Ll 5l DNA cuas i > (8.0
TBE 3l > dop ) 38T Jj 5580l | Skl
45 mM Tris base, 45 mM Boric acid, 1 mM ) 0.5X
) s ppSs 8,5 5 syl 5,9e (EDTA pH 8.0
Gel Logic 212 )  yiwiessSlh J5 oKiws bws Jj
Ll 5 gosls 88 pbsl UV 5 ol 5 (PRO
GregbgSenl  oSzws  jl edlasl L DNA
N5+ slezse Jsb > (BioPhotometer Eppendorf)
W) =S )my‘.: Yy 9 YA+
IRAP sl STy
S5 Y g e Sl lan word cus Skl V0 )
Sz slash 55 W5 4 5 & IRAP 3kl
oISl w355 00 3l JSls Js ats sl Nog
sodlgls ad edlawl  (AexA=YDes,8) Ll
CR 5ja00 sa)Silel ol okl 350 (39jges 595

1- Deoxyribonucleic acid

2- Cetyltrimethylammonium bromide


https://jcb.sanru.ac.ir/article-1-703-en.html

[ Downloaded from jcb.sanru.ac.ir on 2025-12-17 |

VoF

93 8es (oS s 4325 5 (bl pbadss

o3lisl 390 Sgjaps Fo 5y b )SHEl Jgs g pb Y Joa

Table2. Name and sequence of retrotransposon primers used in the present study
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Table 3. Correlation coefficient among studied traits in confectionery sunflower accessions
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Table 4. Direct effects of predictor variables on response variables and measurement of collinearity in confectionery

sunflower accessions
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Figure 2. Sequential path model indicating interrelationships between seed yield and agro-morphological
characteristics in studied confectionery sunflower accessions. Yield: seed dry WelcT]ht per capitulum or
head; CW: head dry weight; CD: stem diameter; 100SW: 100 seeds weight; LW: leaf width; LN: total
number of leaves; DHW-SSW: dehulled kernel weight to single seed weight (or whole kernel weight)
ratio.
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Figure 3. IRAP (U81-U82; the figure up) and REMAP (LTR1063-UBC826; the figure below) fingerprints of some
confectionery sunflower genotypes
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Figure 4. Population structure of 50 confectionery sunflower accessions analyzed by using Bayesian clustering

approach in structure software
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Table 5. Identified common markers between yield and agro-morphological traits in terms of size of the produced

band
s cw cD 100SW LW LN DHW-SSW
Yield CR-US2 (500bp) CR-US2 (2500p)
CR-UBCBL6 (550bp)
CR-UBCBL6 (1400bp)
CF (600bp)
CF-CR (950bp)
UBL-U82 (>2000bp)
CF (800bp)
cw CF (900bp)
cD
100SW
LW CF (700bp) U82-UBC827 (250bp)
LN 1064-UBC826 (1900bp)

DHW-SSW  U82-UBC827 (2100bp)
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Abstract

This study was carried out in order to examine the contrastive relationship between seed
yield and agro-morphological traits in confectionery sunflowers at molecular and phonotypical
level via association mapping and sequential path model. In this study, 50 confectionery
sunflower populations gathered from different regions of country were studied in completely
randomized design with ten replications under pot conditions in 2012-2013. Some traits
including flowering date, physiological maturity date, number of leaves, leaf length, petiole
length, leaf width, plant height, stem diameter, head diameter, head dry weight, aerid part dry
weight, harvest index, 100-seeds weight, single seed weight, dehulled kernel weight, dehulled
kernel weight to whole kernel weight ratio, seed length, seed width, and seed dry weight per
plant were measured and calculated. Path analysis revealed direct effects of head dry weight and
head diameter on seed yield. Based on Bayesian model, the whole confectionery sunflower
popul ations were classified into three sub-populations. In order to identify molecular markers
associated with gene controlling agro-morphological traits variation, association mapping was
carried out via mixed linear model (MLM). Some common makers were identified among yield
and agro-morphological traits; six common loci between seed yield and 100-seeds weight, one
common locus between head diameter and head dry weight, head dry weight and dehulled
kernel weight to whole kernel weight ratio, seed width and 100-seeds weight, leaf width and
head dry weight, leaf width and seed yield. Identification of common markers between yield and
agro-morphological traits confirm the correlations observed at the phenotypic level.

Keywords: Linkage disequilibrium, Mixed linear model, Multicollinearity, Multiple linear
regression, Retrotransposon markers, Sunflower
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