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Table 1. Characteristics of maize genotypes usétkipresent study
Subpopulation membership

Genotype Number in Preparation

Genotype name . Subpopulation percentage
code barplot site Green Red  Mixed
1 1 Te”ptat‘c)la(l\é‘g"te' ISt \ashhad ~ Green 72 928
2 2 K1263-1388 Mashhad Green 0.7 99.3
4 3 36-N/M-K3653/2 Mashhad Green 8.2 91.8
5 4 89-4* Mashhad Green 0.8 99.2
6 5 9/K1911 Mashhad Green 0.6 99.4
7 6 74*/1388 Mashhad Green 4.8 95.2
8 7 8/K1911 Mashhad Green 1.2 98.8
9 8 25*%/89 Mashhad Green 8.2 91.8
10 9 K1264 /1 Mashhad Green 1 99
11 10 48*1390 Mashhad Green 1 99
12 11 13/K19/1 Mashhad Green 5.4 94.6
13 12 11K1910 Mashhad Green 0.7 99.3
14 13 5/K1911 Mashhad Green 1 99
15 14 4/K1911 Mashhad Green 3 97
16 15 7/K1911 Mashhad Green 0.7 99.3
17 16 6/K19/1 Mashhad Green 3 97
18 17 2K1911 Mashhad Green 0.9 99.1
19 18 55-N- K3640/S Mashhad Green 2.4 97.6
20 19 43*89 (Red cob corn)  Mashhad Green 0.5 99.5
21 20 172*/89 Mashhad Green 0.5 99.5
22 21 67*/88 Mashhad Green 1.4 98.6
23 22 23*89 Mashhad Green 2.4 97.6
24 23 10/K 19/1 Mashhad Green 0.6 99.4
25 24 1*/89 (Red cob corn)  Mashhad Green 1.3 98.7
26 25 34%/1399 Mashhad Green 2.5 97.5
27 26 20*1399 Mashhad Green 3.4 96.6
28 27 SZ/QPM/SU.KMA Mashhad Green 5.4 94.6
(Indonesia)
29 28 K19/1 Mashhad Green 7.2 92.8
30 29 K166 B/89 Mashhad Green 5.8 94.2
31 30 163*/6/15 Mashhad Green 5.6 94.4
32 31 KE70012/ 1-12 -1388 Mashhad Green 8.1 91.9
34 32 A679/420N89 Mashhad Green 2.9 97.1
35 33 K18-B /1392 (I_ndonesia- Mashhad Green 07 99.3
Colombia)

36 34 66*1388 Mashhad Mixed 475 525 Vv
37 35 70*1388 Mashhad Green 1.6 98.4
38 36 14*/89 Mashhad Green 0.9 99.1
39 37 6*/88 Mashhad Green 2.3 97.7
40 38 3K19/1 Mashhad Green 1.4 98.6
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Table 1. Continued aslol =\ Jgo
Genotype Number in Preparation b lati Subpopulation membership
code barplot Genotype name site Subpopulation percentage _
Green Red Mixed
41 39 K1263/1 (Sterilized) Mashhad Green 2.3 97.7
42 40 1387/193/Chase* Mashhad Mixed 554 446 Vv
43 41 K615/1 Mashhad Red 98.9 1.1
44 42 39*/89 (Shcer) Mashhad Red 99.2 0.8
45 43 16*/89 Mashhad Red 98.2 1.8
46 44 115 139é301rr(1\)Nhlte cob Mashhad Red 98.1 19
47 45 138*/89 Mashhad Red 97.8 2.2
48 46 K19%/1392 (Isolate) ~ Mashhad Red 947 53
49 47 P13L2 Mashhad Red 97.7 2.3
50 55 P19L17 Kahia Kermanshah Red 99.2 0.8
51 56 P15L16 Kermanshah Red 99.3 0.7
52 57 P6L1 Kermanshah Red 99.4 0.6
53 58 P3L2 Kermanshah Red 99.2 0.8
54 59 P14L1 Kahia Kermanshah Red 97.7 2.3
55 60 P19I3 Kermanshah Red 99.6 0.4
56 61 P9L3 Kahia Kermanshah Red 99 1
57 62 P15 L16 Kahia Kermanshah Red 99.5 0.5
58 63 P11L7 Kermanshah Red 99.1 0.9
59 64 P14L2 Kermanshah Red 99.5 0.5
60 65 P14L2 Kermanshah Red 98.3 1.7
61 66 P10L5 Kermanshah Red 99 1
62 67 P16L6 Kahia Kermanshah Red 99.2 0.8
63 68 P16L4 Kahia Kermanshah Red 98.4 1.6
64 69 P15L4 Kermanshah Red 98.4 1.6
65 70 P1L4 (Dialell- Karaj) Kermanshah Red 98.3 1.7
67 71 P11L6 Kermanshah Red 97.5 2.5
68 72 PIL6 Kermanshah Red 99.4 0.6
69 73 P13L3 Kermanshah Red 99.3 0.7
70 74 P3L11 Kermanshah Red 99.3 0.7
71 75 P3L1 Kermanshah Red 98.9 1.1
72 76 P10L7 Kermanshah Red 98.1 1.9
73 77 P16L12 Kahia Kermanshah Red 99.2 0.8
74 78 plL15 Kahia Kermanshah Red 99.2 0.8
75 79 P19L5 Kahia Kermanshah Red 96.1 3.9
76 80 P10L9 Karaj Red 96.1 3.9
77 81 K615/1 Karaj Red 98.4 1.6
78 82 Mo17-I Karaj Red 98.1 1.9
79 83 OHA43/1-42 Karaj Red 98.7 1.3
80 84 K12264/ 5-1 Karaj Red 99.1 0.9
81 85 R=59 Karaj Red 99.2 0.8
82 86 K615/1 Karaj Red 93.1 6.9
83 87 B73 Karaj Red 97.2 2.8
84 88 OH43/1042 (Paternal) Karaj Red 98.2 1.8
85 89 R59 (Paternal) Karaj Red 97.7 2.3
86 48 Super sweet-1387 Basin Mashhad Red 99.2 0.8
87 49 197/ Power Hense-S2 Mashhad Red 96.2 3.8
88 50 Challenged 1389/st  Mashhad Red 98.4 1.6
89 51 Sweet white/ 1390 Mashhad Red 99.1 0.9
90 52 1390 Sweet 3151* Mashhad Red 99.2 0.8
91 53 52*Sweet Mashhad Red 97.1 2.9
92 54 Popcom-53 ord4 1o shhad Red 989 1.1
(Linear)

93 90 W37a Karaj Red 98.2 1.8
94 91 KS13 Karaj Red 98.3 1.7

95 92 R319 Karaj Red 98.9 1.1
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Table 1. Continued

dalol =Y Jga

Subpopulation

Genotype  Number in Genotype name Prep_aranon Subpopulation  membership (%)
code barplot site -
GreenRed Mixed
96 93 R59 (Paternal) Karaj Red 89.4 10.6
97 94 W153R Karaj Red 96.6 3.4
98 95 K1533 Popcorn Karaj Red 955 45
*| -
99 96 R59"R (Double cross- Red 949 51
maternal)
100 97 B73(RFC or CMS) Karaj Red 99.3 0.7
101 98 1264/ 1 Karaj Red 90.5 95
102 99 MO17-Il Karaj Red 95.2 4.8
103 100 ZK472221 Karaj Red 96.3 3.7
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Table 2. Characteristics of the ISSR primers urdtié present study

Primer Primer sequence  Annealing Multiplied Polymorphic  Band size (Minimum-
name (3 - 5) T Temperature (°C) bands bands Maximum)(bp)
UBC890 VHV(GT)> 56 7 7 600-1700
B9 (GGT)2CAAG 35 4 3 500-1000
Al2 (GA)sCC 42 5 5 600-1700
UBC807 (AG)sT 46 5 3 300-2500
UBC 811 (GA)sC 48 2 2 750-1000
UBC812 (GA)sA 42 7 7 600-1700
UBC820 (GT)eC 52 6 6 500-1500
UBC825 (AC);T 52 8 8 300-2000
UBC827 (AC)sG 54 7 7 750-2200
UBC835 (AG)sYC 52 3 3 750-2500
UBC841 (GA)sYC 41 6 6 350-1000
UBC 848 (CA)RG 55 7 7 450-1600
UBC867 (GGC) 40 3 3 500-1000
uUBC884 HBH(AG), 40 3 3 550-650
UBC885 (AC)YT 40 4 4 500-1000
A7 (AG)1cT 52 4 4 500-1000
T R=AIT, Y= GIC, B=T/GIC; D = AIT/G, H = AITICV = AIG/C
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Table 3. Descriptive statistics of the studied rhoipgical characters in maize lines in the currestarch

Character Mean Minimum Maximum  Coefficient of variation
Plant height 149.87 58 252 17
Plant height until first ear 60.49 20 142 27
Leaf length 75.15 41 84 13
Leaf width 7.36 4 11 14
Ear number 1.78 1 3 3
Chlorophyll content 40.94 20 89 23
Grain weight per plant 43.36 0.5 151 69
Cob’s dry weight 14.52 1.38 40 a7
Cob’s diameter in first part 2.54 0.8 4 20
Cob’s diameter in middle part 2.26 0.6 6 23
Cob’s length 13 4 21 26
Plant dry weight 51 15 135 36
Days to tassel emergence 68.88 42 93 45
Days to first ear emergence 78.10 60 93 7
Days to second ear emergence 85.93 71 103 7
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Table 4. The results of association analysis withWmodel in maize using ISSR markers

Trait Locus
P-marker F-marker
ubc827(1700) 0.00 9.78
Plant height ubc812(1000) 0.00 8.69
B9(700) 0.00 12.67
ubc827(1700) 0.00 8.6
Plant height until first ear B9(700) 0.00 9.9
ubc812(1000) 0.00 9.47
Leaf length ubc884(550) 0.01 7.88
Ear number ubc867(1000) 0.00 11.1
825(1000) 0.00 93.31
ubc841(350) 0.01 6.25
Grain weight per plant ubc841(500) 0.01 6.23
ubc885(600) 0.01 6.34
; . ubc841(500) 0.01 6.61
Cob’s weight ubc885(600) 0.01 6.56
. L ubc841(500) 0.00 13.79
Cob’s diameter in first part
ubc812(1000) 0.00 11.79
ubc812(1000) 0.00 11.3
Cob’s diameter in middle part ubc848(1500) 0.00 8.45
ubc835(750) - -
ubc885(500) 0.01 7.98
Cob’s length
ubc827(1700) 0.00 8.72
Plant dry weight ubc848(750) - -
ubc841(350) 0.00 11.37
Days to tassel emergence ubc820(1500) 0.01 7.36
ubc820(1500) 0.01 6.89
Days to first ear emergence ubc8B4(550) 0.00 8.46
4 ¢ ubc841(350) 0.01 6.59

QTL S ain S azgi 1) Cuo  udgid Ol o 5lasjo
codle JIQTL g0 5 codle 51 QTL g0 ¢ aljdl 3
5l (Li etal, 2016 ) Kea 5 J ocils jadl
Slio b gy SNP SLas FY (bl ) 455 b
0,5 olulis Db g asg glas)|
solal b (Sergioet al., 2003 ) See g 9oy
b gy SSR Sl ez 3,85 Jl> )0 Comezr S
R T L i als s Shoe suziS S slas
Sssm sbog S 15 -AVFF 5 -VVIEY AT AD/FY
Syt ) 0o )3 BITY-VVVA a5 055,8 5,155 A 5 V.Y
Oen g Seiegs oS Azgl I, Cdo oS
19 Camex S5 5l eoliw! L (Domenyuket al., 2002
&ly atwgs ISSR Slis & slaws ()3 F2 6,85 >
AoV 35 6lp dtws ISSR SLes VY g a5y glas )|
Ol g b3 (0 gladdlas jo .ase,s olobis

\ .

S 8des al Bl ) pie Jole SG e ol S 0515

Cardwell, 1982; Zhangt al.,) cwl #,khe &,3
Syd 50 Ploglas )l g wig glas )l s 5l Slas (2014
Caietal., ) oo olS oS5 s ;o oliwas 156
oS elsa a4 Slas ol (Sos sle 2 o0 (2012
YU o515 4 aS s dewgi 1) olaaiy jlg U osS oo S5
ol ralially o Slee ot cud 5 ol 4y g anil Jooxie
S 3 Kl (slaadllas o (LI et al, 2016
QTL & g glas,l o sl (Zhanget al., 2006
45..\.;&; ‘:L.HL»-A.AJ q 5/\ ‘f AR (;H*‘j—“-' 6&05;})
Egoza ,0 o] den 5 0oy 10/VA-0/0) QTL ,»
0,8 Azl |y Cho ouieid Ol 3l as s YAITVY
5 ealidl SIQTL g0 e 358 1 LQTL 51 S
eyl slp gl sals olas codié 5l e QTL L
FAD JS jo a8 wis,S olulis QTL 7o Db s>



WWAY lo /gl o,les [ piiad 0,90 [dMe laios

Syd )0 Suielsd g0 Slao b b ye slojlgaless; s (g olulids

Layd e L5|°)‘9-‘°L4}€.)Q-.1-3 6L®Ql.io aS B o QLM.;
Swgw Jolss pac ;0 Slho oaisS J i8S 09 (>l
O3 ol Sldlas ;5 (5590 by wilys oo 5 s

g solazwl oS U"‘ )

2 Sy (KB g glem 4 Zueglis 5 ISSR la Silis
wlols F2 5,85 Jbo 5o Comer o 5 oslizul L &)
ISSR ;la Silis 4> 51 (Barakatet al., 2009 o
B sl S L ol asw o eolawl 55
oy b gaopd Lol i )l cupolie (Barakatet al., 2009

86 87 88 89

92 93 94 95

96 97 98 99 100 101 102 103

UBCB827 ,Xilis 5l eolitwl b 5,5 J5 5,999 Sl gy anlllas 0,590 )3 lacmV 5l goloss ,0 oo odgs sla,lgs =) IS
Figure 1. Fingerprint of the some studied maizediproduced by agarose gel electrophoresis usirg8@B
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Figure 2. Bilateral graphs from Structure softw@reetermine optimum subpopulations (K=2) in thel&d
maize germplasm using ISSR markers
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Abstract

Maize ¢Zea maysL.) as a model plant is important from agricultufeed and industrial point view.
Most of economically important traits and morphabadjtraits are controlled by several genes anal als
influenced by environment effects and hence possessmplicated genetic control. This research was
aimed to study the genetic control and identifimatf genomic regions controlling agro-morphologica
traits in maize germplasm using association arabgproach. Maize inbred lines were evaluated based
on morphological and 16 ISSR primers. Results ofpinological and genetically evaluations trials
revealed existence of genetic variability in thedstd germplasm which is mandatory item for
successful association analysis study. Analysisopiulation structure using 81 ISSR loci divided the
population into 2 sub-populations. Among studieed, lines 1387/193/chase (Mashhad population)
and 66*1388 (Mashhad population) showed maximunegemdmixture. Association analysis using
MLM model represented 25 ISSR loci which possesgguificant relation with studied traits. Positive
markers identified in this research, could effeslifvapplied in marker assisted selection programs t
achieve suitable parental lines and also improveémietait of interest. Also, this is resulted tlater
simple sequence regions have acceptable abilityparfdrmance in association mapping of maize.
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