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Abstract
Objective
This experiment was conducted in order to assess genetic variation, determine of
the best genetic structure and association analysis of safflower to identify markers

associated with different agronomic traits.

Materials and methods

In this study, 17 genotypes of safflower were planted as the randomised complete
block design at research farm of Shahid Bahonar University of Kerman in 2016.
Traits including seed yield, plant height, number of capitulum per plant, number of
seed per capitulum, 1000- seed weight, capitulum diameter, day to 50% flowering
and day to maturity were measured. The AFLP Technique was performed by the

eight EcoR1/Msel primer combinations.
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Results
In total, 147 polymorphic bands were generated with average 81.58 polymorphic

percentage. Cluster analysis using UPGMA and Jacard as similarity index
discriminated safflower genotypes into two groups. Based on GLM and MLM
model, 45 and 39 markers had significant association with the studied traits,
respectively. M14/E6-10, M14/E11-16, M14/E11-13, M3/E10-14 and M4/E36-12
markers with seed yield, M3/E10-12, M3/E36-29, M59/E36-21 and M14/E11-10
with capitulum number per plant, M4/E36-8, M59/E36-21, M3/E10-9, M14/E11-
14 and M14/E11-13 with number of seed per capitulum, M4/E36-19, M4/E36-12,
M14/E11-1 and M4/E10-1 with 1000- seed weight, M4/E10-2, M59/E36-21,

M3/E36-30, M4/E10-11 and M4/E36-24 with plant height, M3/E36-24, M3/E36-6,
M3/E10-20 and M4/E36-18 with capitulum diameter, M14/E11-10, M3/E36-30

and M59/E36-21 with day to 50% flowering, M14/E11-10 and M59/E36-22

markers with day to maturity in both models.

Conclusions
Detected AFLP markers with strong effects in this study could be desirable
candidates for the marker-assisted selection in breeding programs and conversion
into other specific markers.

Keywords: Association analysis, marker coefficient of determination, cluster analysis,

mixed linear model.
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Table 1. Safflower Genotypes used in this study

Lise g S 0l Lo g &S 0l

Origin Genotype code Number Origin Genotype code Number
Iran Darab13 10 USA HARTMAN 1
Iran Golmehr 11 Iran Mahali Yazd 2
Iran Isfahan22 12 Syria Syrian 3
Iran Zarghan279 13 USA TN79670 4
Iran Padideh 14 Iran Mahali Bonab 5
unknown TN79717 15 Iran Sahebe dorosht 6
Iran Shotor mel riz 16 unknown TN79639 7
France P1198877 17 USA S-541 8
Iran Isfahan14 9
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Table 2. Primer combinations used to analyze AFLP in safflower

ST S Sl gl ST S ST el
Msel/ EcoRI Primer combination Primer name Msel/ EcoRI Primer Primer name
combination
CTG/ AGC M14/E11l CTT/ AAC M4/ E10
CTG/ ACC M14/ E36 CAA/ ACC M3/ E36
CTA/ ACC M59/ E36 CAA/ AAC M3/ E10
CTT/ACC M4/ E36 CTT/ AGC M4/ E11
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Figure 1. The sample of simulated gel image using the QlAxcel system
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Table 3. Molecular Indexes for eight AFLP primer combinations in 17 genotypes of

safflower
Skl S oasls JSbas wbohw ol Kbas asp Sl jesls oMbl gl
Primer ool Polymorphic s Polymorphic (MI) (PIC) Sinis
combination  ghanoon bands Total ~ Percentage  pnjarker Polymorphic
Index Band index information
content
M14/ E11 0.38 22 26 84.61 4.84 0.22
M14/ E6 0.51 14 19 73.68 4.62 0.33
M59/ E36 0.28 17 23 73.91 2.72 0.16
M4/ E36
0.34 22 25 88.00 4.40 0.20
M4/ E10 0.45 9 12 75.00 2.70 0.30
M3/ E36 0.47 31 35 88.57 9.61 0.31
M3/ E10 0.38 24 27 88.88 5.52 0.23
M4/ E11
0.43 8 10 80.00 2.32 0.29
OSlee 0.40 18.37 - 81.58 4.59 0.26
Y
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Figure 2. Classification of 17 safflower genotypes using UPGMA method
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Table 4. The principle component analysis based on AFLP markers data in the 17

safflower genotypes

Component 43

10 9 8 7 6 5 4 3 2 1

5075 5.625 6.056 6.728 6978 7.551 8.626 9.711 10443 10.891 Percent.io)
MM).)

77.683 72.607 66.982 60.927 54.199 47.221 39.670 31.045 21.333 10.891 additive percent

e ¢l K e oy e ool pls (¥ JS5) wb sdmlie K=3 )5 AK Jlae oy gils] gy gl 4 4o g5 b

350 lacig) Jl5 &S (12,8 cpl Jlin] (el )5 cpl 53 0ad sdalde b LUST al Cll dw b ply (g 3590
K mon 53 35 ) 1) 355 35 Jl (ol pide ol (San 138 (my (B JS3) a3 0o (L 1) 03k bglne g5l aslllas
2L alie Spiie WL g Opalee cde a i clacures ;> cul Sae I Slghd puiomen 9 Asb o3 &)l 4
9 1N WY g 4 SO,5 ol Curen 1) ¥ e cus a3Ls (Mousavi Derazmahalleh et al. 2014)
Pl o ol €55 Sl FSE by ool 5 ol s 55 e 9 Yl T 35 oaima s FSE (VL yolia 25, o/

sl e

oy
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Figure 3. Biplot diagram of the principle component analysis based on the the first two

principal components in the 17 safflower genotypes

Deltak = mean{|L"(K}|) f sd{L{K))

20 |-

aanpe K G5! 4 (Evanno’s method) gils! (g, g i 41590 £ S

Figure 4. The result of Evanno’s method in optimal K selection
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Figure 5. Bar plot of structure analysis of eight AFLP Primer Combinations by
STRUCTURE software in the 17 safflower genotypes, the numbers on horizontal and
vertical axes correspond to the genotypes and the membership coefficient of each

individual, respectively. People of the same color type belong to the same group

S adlex jl auste QLS 3 Cpmar JSLe aje caa AFLP SLE 1 oslitl g e e i )lS
(Achleitner et al. 2008) v, (Kraakman et al. 2004) 4~ (Ebrahimi et al. 2017; Kumer et al. 2015)
ol 0 5,155 (Dadras et al. 2014) 5545 4
Lls)l ,S5lis YA 5 ¥0 casy 4 & ol lis MLM 5 GLM Juo (bl (bls)l oo 3 bld )l 4y 350
9d olly dopd b L el Gy GLM Jue bl 0zl adlllas )90 Slio L a0 )3 8 gaw 53 )l ixe
oolol 32 9 392 pmite o )d SYIM B 203 YAV 51 Jue RZ g ¥A/V- B YY) 5 (S5lss R?) (SiLts o Loy 005 a5
sl GLM 4 cos MM Jas )3 adllas 3)50 Slao byl dme g by sla,SoLis sliws a5 dad o oyl adllas
93 Jbize bliyl (gl lo Silis (5 Bl ek MLM s )3 aiglity g5 by 9 Cumer Hlbs oS5 b e
o (Yuetal 2006) 395 0 GLM Juo a5 s jd gze ,S5Ui5 dlaws ialS aseis )3 g (siglingd Ladlgy Jud & cuto
oxoen A5 ab 5 (Dadras et al. 2014) ), Kes 5 Dadras (Zhao et al. 2007) ., Kes 3 Zha0 buwg gbs
iy GLM s & s MLM e 5 (dlalasde LB ialS cio o (gl by Silis (e ey 45 3 L5 b
Je > (K) ssighings by, 5 (Q) Cmon sl a5 33905 ol (Achleitner et al. 2008) oo 5yt

IATA)
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a5 oxind L Jao RZ Vb jlus e o conl 183 5bLs 3l o liio b ;0L Lalg) gy 9 Cumer ylib Lo guocaas
ol )3 (bl 4o el caa (glol Cilies (sla g, duglie Al o LM & s MLM g 5 (30 055
Vanniarajan et ) &, 4 (Zhang et al. 2012) )3 (Ebrahimi et al. 2017) 5,5 ales jl caliso ylalS ) 3]
el el [SLE b cds b))l oy s by, oo ) So MLM Jae &S cul o3l ol (al. 2012
A3l 5,08 g lllas (gl smsbio (Gl olsie 4 5150 MM Jse ol ;0 yaseie AFLP (¢l Sl
M14/E11-13 M14/E11-16 MI4/E6-10 ol Sibis 45 s olis MLM 3 GLM Jus ja obol 5 gl
3l 5l 1y (P<O.03) o lssine 5 o8 bl (S 5 pySo) s 5,Skac o |, MA/ES6-12 5 M3/E10-14
G YYA o b |y o ) eaisd il g oy oyt 45 39 MAJEB6-12 Sl oSl oy i lol (5 50 o)
bl 5o ab Jlia js cao b b 5, Slas Cuio pogMe g o 0 45 MLM 3 GLM Jso lwl p iy & YY/VY
b el cpl (5 90 Jgan) oy L 0568 50 il sluw )KL b ylejen bls)l MIA/ELL-13 S5l puiomen 35 S jrdio
S juto slo QTL 3 (Shi et al. 2009) 1 Sen 5 Shi ol Slins 1l 0355 1S (sloy] o Stogss b ssisels J
2] 395 o s Sl s a5 P ey 3kt o L350 ol 5 B398 (el |y i gl 5 3kee
Se Bl sk Gl S oo JpuS ] 3 Sles pulitn il 5 i j5b 4 45 p5i5 ) (3, Shes 5 30 slag)
céw L M14/E11-13 y M14/E11-14 M3/E10-9 M59/E36-21 MA/E36-8 sl ,Silis .51 5,500 o
aibylg Joyd o s 4 MIA/ELL-13 Slis ol lis jld gxe jlows (Siwwed Jdo g3 y2 45 0j98 40 &l sl
bolid )68 3wl slad b J5e S lgie & GLM g MLM s 3 i & 003 Y2 5 VY 905 5V (b
{790 Jgrz) 2

MLM Jso b gy 55 058 315 o by et 005 uslslids ;LS gty oy 1 45 ol s adlllas o) il
Sy 5 0358 s ko L Jdo g y» > MI4/E11-10 5 MBO/E36-21 M3/E36-29 M3/EL0-12 cla Silis
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it o iy MIAELL-10 oLt 05 s D531 3 05 3l o slyy GLM g MLM o 3o s 4 7
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Table 5. AFLP markers associated with different agronomic traits in safflower based on

general linear model (GLM)

Marker P-Value Sl Marker P-Value Sl
R2Marker R2 Marker
caby yasls &l > Slos
Harvest index Grain yield (Kg ha?)
M3/E36-26 0.0234 0.2669 M14/E11-16 0.0287 0.2317
M3/E36-29 0.0234 0.2669 MB3/E10-14 0.0193 0.2684
M59/E36-9 0.0201 0.2777 M14/E6-10 0.0186 0.2606
M59/E36-12 0.0201 0.2777 M14/E11-13 0.0161 0.2702
M4/E36-17 0.0201 0.2777 M4/E36-12 0.0058 0.3318
M3/E10-7 0.0153 0.2972 By )3 0395 Jass
0j98 »> &by sluss Number of capitulum per plant
Number of seeds per capitulum M4/E36- 24 0.0271 0.2765
M4/E36-8 0.0174 0.3045 M59/E36-21 0.0239 0.2865
M14/E11-14 0.0111 0.3371 M3/E10-9 0.0239 0.2865
M59/E36-21 0.0103 0.3429 M3/E36-29 0.0182 0.3076
M3/E10-9 0.0103 0.3429 MB3/E10-12 0.017 0.3129
M14/E11-13 0.0074 0.3656 M14/E11-10 0.0028 0.4369
oS ¢l M59/E36-22 0.0028 0.4374
Plant height aly i o5
M3/E36-30 0.0275 0.2884 1000-seed weight
M59/E36-21 0.0257 0.2941 M4/E36-19 0.027 0.2893
M4/E10-2 0.0238 0.3003 M14/E11-22 0.02 0.3139
M4/E36-24 0.0066 0.3989 M4/E36-12 0.0134 0.3458
25 70+ b 5, M4/E10-1 0.0107 0.3632
Day to 50% flowering M14/E11-1 0.0057 0.4089
M3/E36-30 0.0253 0.2311 0j98 yla
M14/E11-10 0.0104 0.2862 Capitulum diameter
M59/E36-21 0.0036 0.3443 M3/E10-7 0.026 0.261
Sy B 5 M3/E36-24 0.0232 0.2695
Day to maturity M59/E36-21 0.0227 0.2708
M14/E11-10 0.0297 0.2523 M3/E10-9 0.0227 0.2708
M4/E36-24 0.0269 0.2595 M3/E10-20 0.0211 0.2764
M59/E36-21 0.000701 0.481 M4/E36-18 0.0172 0.291
M3/E36-6 0.0162 0.2954
OA
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(MLM)
Table 6. AFLP markers associated with different agronomic traits in safflower based on
mixed linear model (MLM)

ol Plabe Sl o wapd| S Plite S (s capo
Marker P-Value R2Marker Marker P-Value R2Marker
Cuilbdy adls &l 5, Sas
Harvest index Grain yield (Kg ha?)
M59/E36-9 0.0201 0.1732 M14/E6-10 0.0232 0.164
M59/E36-12 0.0201 0.1732 M14/E11-16 0.0174 0.1768
M4/E36-17 0.0201 0.1732 M14/E11-13 0.0154 0.182
M3/E36-26 0.0152 0.1853 M3/E10-14 0.0154 0.1821
M3/E36-29 0.0152 0.1853 M4/E36-12 0.0049 0.2277
M3/E10-7 0.0097 0.2042 D ) 0)95 dlua
0595 »> 4l dluss Number of capitula per plant
Number of seeds per capitulum M14/E11-19 0.0268 0.1732
M4/E36-8 0.0285 0.1632 M3/E10-12 0.0177 0.1935
M59/E36-21 0.0183 0.184 M3/E36-29 0.0175 0.1941
M3/E10-9 0.0183 0.184 M59/E36-22 0.0046 0.2529
M14/E11-14 0.0081 0.2197 M14/E11-10 0.0026 0.2756
M14/E11-13 0.0077 0.2219 SLBULIVIP
olS £lis)| 1000-seed weight
Plant height M4/E36-19 0.017 0.2059
M4/E10-2 0.0289 0.1812 M4/E36-12 0.0096 0.2335
M59/E36-21 0.0252 0.1885 M14/E11-1 0.0093 0.2352
M3/E36-30 0.0204 0.1996 M4/E10-1 0.0092 0.2354
M4/E10-11 0.0082 0.2445 0jg8 skab
M4/E36-24 0.0054 0.2638 Capitulum diameter
@ADL ) M3/E36-24 0.0245 0.1513
Day to 50% flowering M3/E36-6 0.0191 0.1616
M14/E11-10 0.0138 0.1701 M3/E10-20 0.018 0.1641
M3/E36-30 0.012 0.1754 M4/E36-18 0.0173 0.1657
M59/E36-21 0.0046 0.2096 Sy U gy
Day to maturity
M14/E11-10 0.0275 0.1638
M59/E36-21 0.00079 0.302

AR
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