Agricultural Biotechnology Journal 0

p-ISSN 2228-6705

Shahid Bahonar e-ISSN 2228-6500 Iranian Biotechnology
University of Kerman Socie
Association Analysis of Agronomic Traits of Foxtail Millet Germplasm

using AFLP Marker

Akram Aminizadeh
Post graduate student of Plant Breeding Department, Shahid Bahonar University of

Kerman, Kerman, Iran. Tel: +989135787820, Email: akram.aminizadeh@yahoo.com

Ghasem Mohammadi-Nejad

Associate Professor of Plant Breeding, Faculty of Agriculture & Research and
Technology Institute of Plant Production (RTIPP), Shahid-Bahonar University of
Kerman, Kerman, Iran. Tel: +989133415937, Email: Mohammadinejad@uk.ac.ir

Babak Nakhoda

*Corresponding Author: Assistant professor of molecular physiology research
department, Agricultural Biotechnology Research Institute, Iran Agricultural Research,
Education and Extension Organization, Karaj, Iran. Tel: +989123677137, Email:

b.nakhoda@gmail.com

Abstract
Objective
Considering the importance and application of informative markers in the plant
breeding programs, the current research aimed to identify the markers related to

morphological traits using the association analysis in foxtail millet genotypes.

Materials and methods

The current study attempts to identify molecular markers relevant to
morphological traits of 30 foxtail millet (Setaria italica L.) genotypes by applying
an association analysis through a Mixed Linear Model (MLM). In order to avoid
false linkage, a population structure study was first performed and 9 probable subgroups

were observed in the studied genotypes.

Results
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Association analysis, having taken the structure of the population and kinship
relations into consideration in the 30 foxtail millet genotypes in question,
represented 38 points of linkage with 12 morphological traits. The coefficient of
determination at a highly significant level (P<0.01) was variable from 0.102 and

0.328. The results showed that among the 12 primer combinations of AFLP used in this
study, M-CTG/E-AAC, M-CTT/E-AAC and M-CTA/E-AAC were the most efficient in
investigating the variety of the genotypes. Also, a number of markers such as M-
CAA/E-AAC, M-CTG/E-AGC and M-CTT/E-AAC were connected to several traits
such as height, leaf length and width, number of tillers, 1000- seed weight and grain
yield, among which the highest connection was with M-CTT/E-AAC.

Conclusion

Identifying joint markers is of paramount importance in plant breeding plans because
they make simultaneous selection of several traits possible. These markers can be used
in screening germplasms in the presence of close linkages with the controlling genes.
They also can be used in QTL identification programs in genotyping of foxtail millet
cross populations. Therefore, the findings of this study can be applied in primary
selection and breeding plans of foxtail millet using a Marker-Assisted Selection (MAS)

process.
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Table 1. Origin of foxtail millet genotypes used in this study

(Lize ) pU \ ) (Lo ) pb quigjas ) (Lize ) pU GSP S )
Origin <wiys; Number Origin Code  Number Origin Code  Number
Code
V= dpudio V=5l
- S85 21 s36 11 s6 1
Mashhad-1 Shiraz-1
AR Y-oleyS
s97 22 - s37 12 sl1 2
Mazanderan-2 Kerman-3
Y-3j Y= Sguiio ¥-oleyS
s104 23 s38 13 sl2 3
Yazd-2 Mashhad-2 Kerman-4
Y-oj Y- dguiio s>y
s105 24 s39 14 sl6 4
Yazd-3 Mashhad-3 Birjand-4
V- ool Yotz
s123 25 - S44 15 s17 5
Esfahan-1 Birjand-2
Y-y
- s124 26 - S54 16 s18 6
Birjand-3
- e F-5d b
s126 27 s55 17 s22 7
Esfahan-2 Tabas-4 Tabas-4
T V=il Pk
s135 28 s60 18 s29 8
Khozestan-6 Shiraz-2 Tabas-6
V- obwjes V=3l V=38 s
s136 29 s66 19 s30 9
Khozestan-2 Shiraz-3 Shahrekord-2
- gliiss - P8
s140 30 s68 20 s33 10
Khozestan-4 Ilam-1 Shahrekord-4
YYA
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Table 2. Descriptive statistics of foxtail millet genotypes

(%) &55 curs Al Jilo Jna Bl OoSle
CV (%) Max Min SD Mean
(cm) el )|
20.95 123.00 44.75 19.16 91.48
Plant height (cm)
FESTI KW
43.56 4.00 1.00 1.13 2.60 ’
Number of fertile tillers
g?)g iy
42.14 20.85 5.36 5.33 12.66
Number of leaves
S
24.28 2.56 0.95 0.42 1.75 fem) S 20
Leaf width (cm)
S
27.32 40.00 13.70 7.24 26.51 fem) S Ji
Leaf length (cm)
H
37.87 29.46 5.77 6.04 15.95 (em) Jyssl Job
Panicle length (cm)
Sl shas
47.17 4.00 1.00 0.92 1.96 Number of panicles per
plant
56.90 28.17 322 6.87 12.08 (8) 032 5 05
Plant weight (g)
(8) wor < aly s
53.08 12.18 1.86 2.65 4.99 Grain weight per plant
(2
0 i o
19.61 426 1.68 0.55 2.85 (8) 4ol s
1000-Grain weight (g)
b K,
33.90 2.00 1.00 0.50 1.50
Grain color
Sy S
31.14 2.00 1.00 0.49 1.60
Bristle color
- 0.40 0.00 0.09 0.046 o
Plant lodging
JoSly 55 ails slaws
45.97 2028.79 223.0 500.13 1087.80 Number of grains per
panicle
kg/h) als > Slos
44.14 2499.17 340.86 517.52 1172.22 (ke/h) b >
Grain yield (kg/ha)
kg/h) 5 Sas
44.28 13578.78 2631.28 3075.97 6945.22 (ke/h) Salle: >
Biological yield (kg/ha)
catlsy pasls
50.62 53.73 9.30 9.62 19.02 g U»
Harvest index
A
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Table 3. Result of coefficient of correlation between evaluated traits in foxtail millet

genotypes
1 2 3 4 5 6 7 8 9 10 11 12
Plant height gl 1 1
Number of fertile tillers asw slas 2 0.06 1

Number of leaves & sluws 3 0.14 074" 1

Leaf width &, 5, 4 049" 0002 008 1
Leaf length 5, Jsbo 5 060" -0.007 0009 0.5 1
Panicle length JsSb Jsb 6 032 015 -0.006 045" 033 1

Number of panicles  JsSub slus
0.13 0.78™ 0.66™ 0.029 0.02 -02 1
per plant

1000-Grain weight 4ils)lia 54

0
N
i
J
Y
H

0.17 017 024 005 0.02 -0.13 1
Number of J35b 55 ails slass
9 016 008 0.16 047" 033 037 -0.04 -0.09 1
grains per panicle
Grain yield «l 5Sles 10 041" 038 0527 0497 0.37° 025 0.36° 0.15 0.68” 1

Biological yield GjglgnsSloe 11 044" 055" 0.56™ 0.58" 0.45" 0.22 0.52" -0.03 0.56™ 0.76" 1

Harvest index by asls 12 -0.028 -0.33  -0.15 -0.19 0.10 0.10 -0.3 025 0.10 0.17 -0.42" 1

P58 oy WA L oo 153 o 55 51 i D o (oS 1 55303 DNA gl gl o
e 80,5 (Bl a2 p> A )58 4 g b 03l 3 wle ol JBIs 5 cullasl Sged ol (sladiu 59y 2 ST N9 U
CtS g ceS wyp gl s ploul s oS L Saghai Maroof (1984) ig, L g Sy ) DNA zl 5l i
3= AFLP clislojl s sslisl YA« 5 Y8+ (sl zoo Job )3 yiogidg Sl § o ys 5 5,81 J5 5 o)yl DNA
odlswl Msel g ECORT sy w31 93 51 LS ol plosil (sl b ploil pois o5 L Vs et al. (1995) S5, ol
S sl IS i oyt b S 5 VY Ll e 51 87 05 o0l (68T S 5 Y 51 bl iS5 dlo o 5 3338
b J5 oy sl el ey ol 93,5 eolitel QIAXEL DNA 55 jl lasl 5585 SKS&5 g sdnlin jolate 4

Al e deel S
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Table 4. Primer combinations used for AFLP analysis in foxtail millet

EcoRT & bgye la Sl Msel & bgyo sla)5le] 0l
Primer combination EcoRI Primer combination Msel Number

EcoRT+AAC Mse1+CAA 1

EcoR 1+AGC Mse1+CAA 2

EcoR1+ACC Mse1+CAA 3

EcoR1+AAC Mse 1 +CTT 4
EcoRT+AGC Mse 1+CTT 5

EcoRT+ACC Mse 1+CTT 6
EcoRT+AAC Mse 1 +CTG 7
EcoRT+AGC Mse 1+CTG 8
EcoR1+ACC Mse 1 +CTG 9
EcoRT+AAC MseT+CTA 10
EcoRT+AGC MseT+CTA 11
EcoRT+ACC Mse 1+CTA 12

Iy DNA 45905 VY laad SS& SUlg JuwSLS 0l cawl jls PCR Jgamo 5115 pl oz 4 59, opl 3o

oS L adSges 5yg89,580 .08 Lal lojen |y diges 48 Wl co axdd yo 13 9.3,05 55T & 55 90 YU zgbg b 4ida ¥ )
=y Sl Jmols s ile g 1545 aule Blocalculator 38l » 5 b sl .03 plosl High Resolution Cartridge
S Veeees 9Burn-in , V- +++ L Admixture cJbs > Structure 2.3.4 ;80 o, il ooliiwl U cpran jlid L
a0d s et diutg K olwl o ol p0 ol oy (K jo (gl )15 Lo L) Ve BY GIK calises j0lde 0 MCMC
Structure |l;8l p 5 5l Jools comes i3 Lo gl I (Curen Jlibbo L 5lo) Q Lwsle Evano et al. (2005) i,
QHK gy s odlarl Tassel 2.1 153l 5 51 CSu55ld)90 lio b b Silis oy b)) 505 yasidio (s .05 2] et
caly3) Q e 5 (3131 (535555 ) K ) ol LoDl o o 0 ol lis 5 US55 LS ) gyt sl
P9y Pl glaan o o aaly (dad sl die b avalie )3 b9y (ol &5 005 polee 9 4iS o0 346 o L ] (Cipmen jlS Lo
L bsyo o, Slisg 15 |sl (MLM) s Jse <00 4 Tassel [l58le 5 )3 (39, ol (YU et al. 2006) ! (¢ a0
aalyy jl ooliwl U (6,550 slapadli cpiomon 548 GBl o/« 5l xS P-value jolie 4 av g5 b dalllae 3y90 law

LD dewle 5 slaJge,8 o GenAlEx 6.5

YA
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'"PIC=1-p2—q2 () abasl,
"Ne =1/(p” +q") (¥ i,
T=—1x(pxIn(p) +qxIn(q) (¥ e

YMI = PIC X €515 )i s (¥ oo,

VY ol s Ol Byge b 1L oyt b (6)558T cuS 5 VY o odlitl ()55l CuS 5 Ve goecnae
S5y S A5 31 gt o5 5, Sl Sy WL YO gy 05l o o > AFLP s S3ET S 5
25L Shs oy yieS g 6L ¥ b M-CTA/E-AAC (6,55l oS 5 55 Gygo o 5L sl o st 200 5L YV/AY (6,55l
LSs s leMbl dlgime (adlis bwgio b saalie 1L VY slus L M-CAA/E-ACC (o,55l el 5 > G g0 b
9 VA o lsme o yieS s M-CAA/E-ACC S 5 s sleio g +/Y+Q ol l5ee oy 9 390 +/YYS L il (PIC)
il jalad Y s oaima s (S5 s MLl lgime (i 35 Vb 29: M-CAA/E-AAC o 5 & 3leie
M- S5 4lp) MIFA G (M-CAA/E-ACC S 55 (glp) OMEY [y (JSSais duo s aiels (Acharya et al. 2011)
M-CTG/E-AAC (5Ll oluS 5 JSbxs Vb oy 4 dog5 b g YOINY L ply o] :55ke 9 (CTG/E-AAC
5 el 3 338 ) Sy lsisds wlgt LS 5 ol el sl olg o M-CTA/E-AAC 3 M-CTT/E-AAC
s osliil Ly 1) b ySilss S8 )38 9 (L (M) 6,0l (ad b il Jos (aligyed 1)) slocuis) S
5L ol gty s M-CTA/E-AAC (6 ST 5 55 o dpalons SHET ) ol S35 sloli
Sl sla S 5 e 09 (FIVY) [adlis ol (lise o558 (s M-CTA/E-ACC S 5 ¢ (A/VY) (5,550
B Jodn) 3559y (5 9 il (el (lise cpyieS g oyt b w5 4 M-CAA/E-AAC ¢ M-CAA/E-ACC
Iy o Olime Cpyimiiun 9 <10 1) JSi sis cleMbl lawgio SSR[S5Las Y¥ 5 ookl b o5, (95 2 sladlan yolul 5

[(Baskaran et al. 2014) sl costs <V 1y ol Glie o iaS g +/A-

'. Polymorphism content information
2, No. of Effective Alleles

3, Shannon index

4. Marker index

YAY
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Table 5. Diversity statistic for 12 AFLP primer combinations in 30 foxtail millet genotypes

sz SleMb! gl

o9l asls “diz slasbio ) J5 olass
£l a: JSs wis b sl cSikl S
(Ne) S O s (PIC) . N ) s
‘)J "
No. of (MI) Polymorphism Polymorphic Primer
. Shannon Polymorphic Total L
Effective  Marker ] content bands combination
index percentage Bands
Alleles index information
1.27 4.83 0.314 0.186 63.41 26 41 M-CAA/E-AAC
1.35 8.35 0.384 0.238 83.33 35 42 M-CTT/E-AAC
1.39 8.07 0.403 0.252 86.48 32 37 M-CTG/E-AAC
1.35 9.17 0.374 0.229 83.33 40 48 M-CTA/E-AAC
1.31 5.03 0.348 0.209 77.41 24 31 M-CAA/E-AGC
1.36 6.20 0.369 0.229 67.50 27 40 M-CTT/E-AGC
1.34 7.57 0.353 0.216 76.08 35 46 M-CTG/E-AGC
1.39 6.22 0.378 0.239 74.28 26 35 M-CTA/E-AGC
1.49 5.26 0.478 0.309 58.62 17 29 M-CAA/E-ACC
1.32 6.52 0.345 0.210 77.50 31 40 M-CTT/E-ACC
1.47 5.98 0.442 0.285 80.76 21 26 M-CTG/E-ACC
1.36 4.73 0.360 0.225 75.00 21 21 M-CTA/E-ACC
16.46 77.98 4.55 2.83 903.74 335 443 Total
1.37 6.49 0.38 0.24 75.31 27.9 36.9 Mean

01D L)L““" ) L}&M) .—\_Ai [GSEWRY) ij] a_old )l.uw 9 UPGMA 0“9) u»l.ml).: L;IM? & o0 alllas L)”l »

Lacss plyS 9,05 ool (bl sl (JgSlge (slaodly (ol (2bgypd (1)) i3 Vo (sladgs wjod jl ol pl,5 )0

Ot obly (pimen 8D )15 CuSgis Ve paw 09,5 5 Cuigif B pod 09,5 el VO gl 09,5 )3 d sl 095 Ao 4y

dLb)iwa )I J_»ol> dl_lboib uuLwI = Cumes> )LoLw (Y Js.w) RL% Z\\ﬂ/\‘; Lba).w;% a9)° L)“"l")|9 9 ZA;/O\E Lb).m:%

uaseie (K=9) age K sie i (), (2005) Evanno et al. lawgs o 4,1 (60l pué (g, 5l odliwl b J9Sge

b o3l MM i) I oigd lao g ) S5Li5 o baily) (o)

YAY
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Figure 1. Sample photo gel simulated by QIAxcel for combining M-CTT/E-AAC
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Table 6. Association analysis for important agronomic traits in 30 foxtails millet genotypes

based on MLM model
R? P value Marker Slis Trait céw
0.102 0.0088 M-CAA/E-AAC-6
0.119 0.004 M-CTT/E-AAC-29 £lis)
0.118 0.0042 M-CTG/E-AGC-10 Plant height
0.105 0.0076 M-CTG/E-AGC-12
0.127 0.0071 M-CTT/E-AAC-20
0.152 0.0025 M-CTT/E-AAC-22
0.132 0.0056 M-CTT/E-AAC-24 sy
0.133 0.0055 M-CTT/E-AAC-32 No. of tiller per plant
0.124 0.0078 M-CTG/E-AAC-13
0.151 0.0027 M-CTA/E-AGC-12
0.194 0.0036 M-CAA/E-AAC-36
0.163 0.0089 M-CTT/E-AAC-27 Sy ooy
0.194 0.0036 M-CTA/E-AGC-32 Leaf width
0.167 0.008 M-CTA/E-ACC-35
0227 0.0026 M-CAA/E-AAC-13 g
0.210 0.0041 M-CTT/E-AAC-27 7 o
0.220 0.0031 M-CTG/E-AGC-22 leaf length
0.190 0.007 M-CTT/E-AGC-24 No. of panicle per plant JySul, slaus

MLM Juao (wlwlys (2lgyed 0355 Gad iy Yo 52 (815w Sl sl (bLI,1 4505 Jga
Table 6. Association analysis for important agronomic traits in 30 foxtail millet genotypes

based on MLM model

R? P value Marker il Trait caw
0.121 0.00062 M-CTA/E-AAC-30 b L
0.107 0.0017 M-CTT/E-AGC-6 SR 0
0.108 0.0016 M-CTA/E-ACC-6 harvest index
0.175 0.0042 M-CAA/E-AGC-46
0.175 0.0052 M-CAA/E-AGC-48 o Jim s
0.175 0.0052 M-CAA/E-AGC-49 1000~ Grain weight
0.166 0.0068 M-CTT/E-AGC-28
0277 0.0014 M-CTT/E-AAC-10 st oo sl
0.328 0.00035 M-CTT/E-ACC-3 =) .
0.197 0.0099 M-CTT/E-ACC-18 No. of Grains per panicle
0.158 0.0089 M-CAA/E-AAC-13 o o
0.217 0.0014 M-CTG/E-AAC-13 (oS B Oi
0.197 0.0028 M-CTG/E-ACC-14 Grain weight per plant
0.145 0.0027 M-CAA/E-AAC-13 o 6
0.126 0.0089 M-CTA/E-AAC-26 4 Js s
0.122 0.0071 M-CTG/E-ACC-7 Plant weight
0.165 0.0068 M-CTG/E-AGC-6 R
0.175 0.0044 M-CTG/E-AGC-10 Grain yield
0.154 0.0095 M-CAA/E-ACC-2 (ke/ha)
0.121 0.0094 M-CTG/E-AAC-3 Biological yield S,jps 3,Sles
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Figure 2. Classification of 30 foxtail millet genotypes using UPGMA method.
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