Agricultural Biotechnology Journal 0

p-ISSN 2228-6705
Shahud Bahonar e-ISSN 2228-6500 Iraman Biotechnology
University of Kerman Society
Association Analysis of Agronomic Traits in Common Millet (Punicum

miliaceam) under Drought Stress Conditions Using AFLP Marker

Zahra Alizadeh
MSc Graduate, College of Agriculture, Shahid Bahonar University of Kerman, Iran. Email:
Zahra298051@yahoo.com

Fatemeh Ebrahimi
*Assistant Professor, Research & Technology Institute of Plant Production, Shahid Bahonar
University of Kerman, Iran. Tel: +989133970869, Email: fa.ebrahimi@uk.ac.ir

Ghasem Mohammadi Nejad
Associate Professor, College of Agriculture and Research & Technology Institute of Plant

Production, Shahid Bahonar University of Kerman, Iran. Email: mohammadinejad@uk.ac.ir

Babak Nakhoda
*Assistant Professor, Agricultural Biotechnology Research Institute, Seed and Plant Improvement
Institute, Karaj, Iran. Email: b.nakhoda@abrii.ac.ir

Abstract
Objective
The aim of this research was to identify marker loci associated with some agronomic

traits under drought stress conditions in Common millet.

Materials and methods

In this study, 30 genotypes of Common millet were planted as augmented design at
research farm of Shahid Bahonar University of Kerman in April 2016. In order to induce
stress irrigation was stopped at 50% panicling stage. Traits including grain vyield,
biological yield, 1000- grain weight, number of grain in tiller, number of tiller in plant,
panicle length, number of panicle branches, plant height, number of leaf in plant, leaf


mailto:Zahra298051@yahoo.com
http://rtipp.uk.ac.ir/
mailto:fa.ebrahimi@uk.ac.ir
http://rtipp.uk.ac.ir/
http://rtipp.uk.ac.ir/
mailto:mohammadinejad@uk.ac.ir
mailto:b.nakhoda@abrii.ac.ir

(VWA 5y F 0,loud VY 2,93) (55,5 LS (559095 gt oo

length, leaf width and harvest index were measured. The AFLP Technique was
performed by the six ECOR1/Msel primer combinations.

Results

In total, 246 polymorphic bands were generated and the average percentage
polymorphic was 89.13%. Association analysis based on GLM and MLM model
indicated that 52 and 64 markers associated to traits under drought stress condition,
respectively. Among them, four markers (M4/E10-65, M4/E10-74, M4/E10-67 and
M59/E36-105) with grain yield, three markers (M59/E36-84, M10/E1-244 and M10/E1-
245) with 1000- grain weight, two markers (M59/E36-106 and M10/E1-224) with
number of tiller in plant and five markers (M3/E2-31, M3/E2-35, M3/E2-38, M59/E36-
114 and M4/E8-128) with number of grain in tiller showed highly significant and strong

relationship under drought stress condition in both models.

Conclusions

In this study, several common genetic locations for the studied traits were identified. The
existence of common markers between different traits may be due to pleiotropic effects
or to linked genomic regions affecting several traits.
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4. Pre-amplification
5. polymorphism information content
6. Marker index
7. Shannon index
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8. Burn-in
9. Markov Chain Monte Carlo
10. Fixation Index
11. General linear model
12. Mixed linear model
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Table 1. Common millet Genotypes used in this study.

wlilpe (o bl Job L Cigii S oladd
Latitiude Longitude Origin Genotype code  Number

31.03 61.49 Zabol 2 P9 1
33.59 56.92 Tabas 2 P20 2
32.37 48.39 Dezfol P21 3
32.32 50.85 Shahrekord 3 P25 4
34.32 47.07 Kermanshah 1 P29 5
34.36 58.67 Gonabad P32 6
33.86 57.43 boshroye P40 7
27.09 56.45 Hormozgan P44 8
38.07 46.28 Tabriz4 P50 9
32.01 51.85 Mahyar Shahreza P52 10
29.61 52.53 Shiraz 1 P58 11
32.69 47.26 Elam 4 P71 12
38.27 50.36 Gilan 1 P74 13
32.34 51.50 Mobarakeh 1 P75 14
39.38 48.34 Bile Savar P76 15
38.27 50.36 Gilan 2 P80 16
28.18 55.54 Haje abad P82 17
32.34 51.50 Mobarakeh 2 P89 18
27.91 57.71 Kahnooj P98 19
32.15 54.4 Yazd 6 P100 20

28 58 Roodbar jonob P107 21
30.15 56.58 Kerman 2 P109 22
30.15 56.58 Kerman 3 P111 23
30.12 55.11 Sharbabak P112 24
27.52 57.88 Ghale Ganj P118 25
27.40 57.49 Manojan P122 26
32.33 49.09 Khozestan 5 P126 27
28.06 57.27 Faryab P132 28
32.33 49.09 Khozestan 8 P133 29
29.88 57.73 Golbaf Cc4 30
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Table 2. Meteorological information during the growing season of Common millet in
kerman.

R o Cughby WBSTas e Cugby JBlas b pSlas Lod Jlas olo
S, Maximum Minimum Maximum Minimum month
Rainfall  relative humidity relative Temperature  temperature
(mm) (%) humidity (%) °C) (°C)
7.6 98 1 36.6 32 i)
May
0 42 1 37.9 12.2 N
June
0 34 3 40.9 12.8 1
July
2.2 69 2 40.3 10.7 o340
August
0 34 2 36.3 10.3 1928
September

(9020 (3351 33 AFLP 4505 (615 o3liis! 3590 (5,5 5E1 bS5 .Y Jos

Table 3. Primer combinations used to analyze AFLP in Common millet.

Sillesy P Flles s P
Msel/ EcoRI Primer name Msel/ EcoRI Primer name
Primer combination Primer combination
CTT /AGG M4/E8 CTT /AAC M4/E10
CAA /ACT MB3/E2 CTT/AGC M4/E11
CTA /ACC M59/E36 CAT /AAG M10/ E1

oad &) ¥ Jgn 13 ooigid Ol o pd g Ol dleld iSlis ¢ Jlas ¢ Ske 2ol 1o mwighd b,
Py 58 Clyuss o (b 1o )d ADTO L aily 5,Sloe caalllas 3y50 laio o )3 355 o0 dlan Mo aS jslailan o]
Ot E55 (S ol 0y (olaitl o 4 lao plo 4y G |y 95 i cnlally 9 Cudly (Sits G5 Laylyd
S G5 Ll )3 8o YWAY 5 s p YW INO L i 0 Sy Jsb 5 S oye Slao & bgype (2b)l 3590 (loceiss
Sadlas 5)50 (5)) slaguss 4 oy (lis (Sasly s glagadls awbre 5 (558 (2bj)l polsl 2 addlas ol @S g

g gBlg o (b3l 4 o5 dalllas ;5 Wl o g Wdl o Y93 p lieo yid > oYL £oS
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Table 4. Mean, Minimum, Maximum, Range and Phenotypic coefficient of variation of assessed
traits in 30 Common millet genotypes under drought stress conditions.

(%0) (g8 Ol gt Gy oo Ol gt diald ST Blos 0o Cdeo
Phenotypic Coefficient of Range Maximum Minimum Mean Trait
variation (%)
56.25 648 774 126 278 abgh Al oluss
Number of grain in Panicle
35.27 16 20 4 9.26 JoSl eblesil slass
Number of panicle branches
65.74 5060.46  5729.03  668.57 2052.64 Soielom 2,5des
Biological yield (Kg ha?)
85.25 2705.06  2802.43 97.37  650.83 &l 3,8des
Grain yield (Kg ha)
52 7 8 1 3.74 Doy ,d adgs dlaws
Number of Panicle in plant
27.05 18.40 27.62 9.22 18.45 JsSsb Jsb
Panicle length (cm)
35.68 34.35 48.91 1456  30.71 by atls
Harvest index (%)
32.07 73.90 103.81 29.91  68.90 olS glis)|
Plant height (cm)
53.15 43 48 5 16.03 By 3 Sy olaws
Number of leaf in plant
23.45 1.70 2.50 0.80 15 Sy oye
leaf width (cm)
25.42 5.60 8.99 3.39 5.10 &l e 059
1000-grain weight (g)
23.92 22.67 34.48 1181  21.89 Sy Job

leaf length (cm)

bwgia . gl JS5 a5 YFF waalllan cpl 5 Juols 5L YVE ) ggema o A M £95) (5,505 s pad L

S g 4 w5lg5 oo ) Silis ol a5 ol ol ko IS5 dix (VU o yd ol 30 AN (6 S51ET LS 5 jd (JSKo wis oy
0il >l glaactyy 13 AFLP (ol Slis 5l eslisl 5 soles Jos Jgare 03] slogeisl) SiSi 5 (alwlid 55 3ias )38 13
lgio polia (B Jin) 392 yeito (MA/ELL) +/¥Y b (MIO/EL) /-8 1y PIC sl adlliao sl ;5 bl o Atodguw Jgono
2ol ol sy IS5 at i Jlglhd Silo Al 55,5 0 () e 2 gl e S U o 51 (PIC) IS s el
Sonp slglingd ey pled ¢y YLPIC e b ola,Slis ol pls (Wei et al. 2005) ol () o slaciss;
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a9l pasls ( JSokis s Sl o) obs)l sl ,5os claylee 51 (Thimmappaiah et al. 2008) wws wbo

asls gy VY g /%D iy 4 MIO/EL s MAIELL LS 5 ) by adlis ol 3 o Jblis g Sl e a5 col

S iyt S0 L 1y e g stibes 5 0 pieS i & (VIVO) MAIELLy (F1F) MIO/EL (g jaslys oS 5 o (M) (,Solis

Y alie Sl 5 1l 4y Cons MATELLy MB/E2 oS 35 95 (6,55l S 5 5y 51 5 3o ol (2,555 (el sl

C’L‘" C)?-I Mbun O})] dlnawy) );lo., 5 u.S); u;);.\w uLuf); C)?-I dl)_gb.g ol uaLa.‘:é] 3> A |) d)f;l.w dL:aUaSLiS )'l

Kumar 2007) sl cillas obipls ) adllas cgn calio Sl e 4 AFLP gla,S5lis jogas )3 1,50 (5,155 L

(et al. 2015; Johnson et al.

eme 3l gy Vo 3 AFLP (65 T (S 5 (i (g1t Jogo sl pms L 0 S

Table 5. Molecular Indexes for six AFLP primer combinations in 30 genotypes of Common

mille.
O] g s ls WS e oy e W Wb dlaw e W S
(PIC) (S sy Sy Polymorphic s S ol Sl
Polymorphic (Mm1) percentage Sb Polymorphic Shanoon Primer
information Marker Total bands Index combination
content index Band
0.16 6.42 90.69 43 39 0.26 M3/E2
0.15 6.70 89.58 48 43 0.25 M4/E10
0.12 5.12 86.95 46 40 0.23 M59/E36
0.14 6.33 90 50 45 0.25 M4/E8
0.21 7.75 87.80 41 36 0.35 M4/E11
0.09 4.24 89.58 48 43 0.17 M10/E1
0.15 6.09 89.13 46 41 0.25 le

A K Jaie oy Lo (Evanno et al. 2005) o, Sen 5 gilgl isy s (ube | iCumos (SW5 W Le 4y 300

).»)\c wwuml.w W ul?wl )Le?l.s).sl).: W) ¥ J)&OWLS‘)JK)L\.M u.:).».e(v u.;l).:L.: (\ JS\M:)MOA.&L“A k:4 ).)

58S o5 ol i oDy py3 ol 5 00 sanliie ayid bS] 0l o pB) e sty g5 ,Sk FSE iyl poolie

2355, 3l 065 pois 5l olb sy Cusl Sae 3,5 s (Y USS) amd o ol 1y wdl balsee £55 5l dalllas 550 (slacuisss

¢
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2L alie Syte )L b g @ynlee cde 4 daliseo (clacares ) cul (Koo M Slgld pioman g 15k 03y @)l a0 K cones
.(Mousavi Derazmahalleh et al. 2014)
Deltak = mean(|L"(K)}|) /f sd{L{K})

250 |

200 |

ol - - - - -

5
K
e K o<l 4> (Evanno’s method) gilg) (w9, g li .Y JS5

Figure 1 .The result of Evanno's method in optimal K selection

Genotypes

JPley by AFLP (gpulp oSy o I Jols gbodly jUdle ajed oMl ¥ JSW
S 2 41 3,8 5 Gl Gy 5 iy Syl & G3908 5 BB oo 3lasl STRUCTURE
W1 gl alin 29,5 aliino ST, g, 31,31 alb o0

Figure 2. Bar plot of structure analysis of six AFLP Primer Combinations by STRUCTURE
software. 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.
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350 Slao b S5l Y 5 5F iy 4 &S b lis GLM y MLM sl Jso (ol 5 (b5l &350 1 bl 4] 4y 3505
Poisine s Jilas &5 sl S5 4 o3V (V55 Joln) 8235 faisine s Lol (K38 (5 Ll 55 Jpass 03] aollns
Sl 3aw ol adllas )3 cusl ol 48,5 a3 )3 (D<) doys S ingdy ol 3 4L 5 Glio o b3, 4 jos <l
MLM Jso y3 s855lings Lalgy g Cames lisls e85 a8ly 3.l jialf GLM Jso 4 cows MLM Jas olal o 5 sxe
Yuet) o5 by gls ool 2980 sighings buly) s 42 Cute (19)0 o sime L3I gl (sla ) S0Lis (55 Bl e,
Slg o MLM  Jao (olulys osds jaseie AFLP (ola S5l opl ol .l osis a0l 0 (al. 2006; Dadras et al. 2014
A8l i Ollas gl (i g S0 sl
dgr yuiie oyd OY BVA G ,SLs yo bawgs 0l dn g (dgid uilylg doyd b \SOLE e o s GLM o ol
o oy s atals a5 5l Lis MM e zols b cyouss 3m)3 0A 5 YD 51 gy oyl )3 Jso RZ psioman (Y Jgio)
RZ YU o (Cowl onis 0313 (L5 Jio R? & bgyyo zul) b cpasd 2o 3 YA B YF o R? 5 (5 Jgi) o yd ¥V b VY S5
& s MM Jae 5 JS5L5 e ctpd 0ot 33k OLM & s MLM e 5, Jse 55 simslis Jao
G215 3 o s oy G331 (K) skt gs Ly 5 (Q) umon sl a8 5 MLM s 9 003 s als GLM s
Comaz )l sl o (5300 Jo MLM s 135 (7 Jga2) 295 (oo el GLM o & s |y J0US (e 2

Came 3l oS 5 a5 03905 Lo (Achleitner et al. 2008) |, s Achleitner .asb o cliw b S5l bulgy () g

I3 MLM i (ool oy (S35 55 Ly 5 Jgesa 55 33 00 ol el g i 4 Ly (sl il
it o S K & IS5

M59/E36- s M4/E10-67.M4/E10-74 MA/E10-65 ¢l ,55Lis MLM s j3 a8 sl oylis o)l 4 o5 ol

osdla y55ie (510,55 GLM e 5 5 (i (il ly dsrgs 2o VF 5 W YF IVF b i & s 3,Skec o | 105

s w5 bl s cos aily 5 Slas 4 bgyye lpis 5l o )d VY g YA XY @0 B 4 b e 4 MBI/E36-102 Sl

s g il 3 Slae @law L MA/EL0-67 Silis plojen bLsyl (Y & Jolis) sxils (P<</+)) 68 9 )15 dme sl b5

M4/EL10-74 M4A/EL0-65 [slo,Silis lojen bls)l e MLM Juo » (Sis a5 bulyd cov &g ;0 Sp

b g w9r5asb Bl s 0 cunl (S Jdo 93 5o )3 iy (adlis g 4l 5,Sles cio L M59/E36-1054, M59/E36-102
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3 > (b iz S99 S (o0 J5S]) Chdio iz (lojen ol & ABL (698 Sl I L (295 el 3 0 ez 2929
.( Ebrahimi et al. 2017; Hoshyardel et al. 2014) 1sb o cucnl b jluw Slao plin olojed #Mol b 5l 2l

A A0 b sy 4 MA/EB-152, M3/E2-32 M3/E2-23 M3/E2-19 lo,Sslis MLM o gl bl
JHe 35 (F Jgia) 2mih Soglan 0 8ee Cio b (P/00) 5 (e jlnr 5 (698 bls)] (aigid Clpnis 4295 203V 500
)Nl (VY Jgin) 20ols Glis g aime sl bl (Sis (25 Lailyd 53 Syjgls 3, 8kee o b 3L 4 ol GLM
OS5 Ll s o Jde 93 b )3 35 Wiy D Sy ol Cdio b Sjglaw 3,Skes Cho p ogMe M3/E2-32 4 M3/E2-19
WS oo JpS ) 3, as pulline jiE g maiias job & &S pgif ) (03)Shes 5 (03) 5 Sla; Bl ol L (Sten (St
.(Slafer 2003; Shi et al. 2009) x> ;5 55 cho S Jolis 5 o959k @l

G5 5 fisine s bls) M10/E1-245, M10/E1-244 MB59/E36-84 (clo,Sslis MLM Jss oll
AL ogMay (398 sl Sl GLM s 3 5 (7 Jgaz) &b jli (9 cdvo b agh 303 VY 5 VY OF L i & (P</1))
ol (Sts i balyd )3 (g)lb dine sl bLI) 4l Jlio 59 G b dng 05 V4 5 VO YO DA L 5 4 M3/E2-11
sl )3 45l oo Sl ) ] 3,Shos elinl potpo sl Slao 51 Lo &l Jlim 159 o 45 bl 1Y Jgds) w3l
S )18 oolil 5)90 (Suid 5 Ll 53 0L bl ol g (oM

M59/E36-114 M4/E8-M3/E2-38 M3/E2-35 M3/E2-31 sl SsLis GLM s MLM sa 55y Lol
Oied 00 ol (Sis G bylud cod ades pd ab ol Glas b (P<E/4Y) (gl re jlas 5 58 bLs,I 128
55 Johis) A5l _Stusan ol 15,1 L adss )3 4l 314 ko 3 09Me MB/E2-38 4 M3/E2-35 M3/E2-31 ln Sl
MSO/E36- sl )Silis MLM oo (olsl 2 a8 ol Lt (Sis (25 bl o (Jgame 03] sloaisi3 5 (bl 4329 (Y
ine sl blo)| gy )5 ades 2l o b a1y Y | o M10/E1-246 5 M10/E1-224 M4/E8-156 106
MA4/E10-69 MI0/E1-224 MB5I/E36-106 (clo,Silis GLM Jao ol 5 5 Jsis) aizils (p<-/+1) oo
N imo s blo)| (Sits L5 Lyl cov g, adsd olas caw | MA/EL0-76, MA/EL0-72 MA4/E10-71
Sy ol wlas L MA/EL0-76 M4A/EL0-72 M4A/EL0-71 M4A/EL0-69 ¢la,Silis GLM Jse j> aisls (p<+/+V)
MA4/E8-127 MA/ES-147 MAJES-137 (oo, Silis (¥ Jsda) 1sls ot (o)l sine 5 slojan bloyl wigs )3 ads 3lass
5 kulyd cou (P</0)) ) (sine o B JsSih Jobo cio L GLM s MLM . Jae 53 50 > MIO/EL-217
@ agd olly 4 203 YV 5 Y8 L MAJEB-14T (SiLis &y plgicee bo)SLis ol oo 31V 95 Jghin) wishs ol (S
MLM Jso gl b paseie JsSuib Jsbo et b b pe S5LE (e lyis @ o835 o)l MLM s GLM e )5 55
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s bls,) M4A/E11-199, M4/E11-197 M4/E11-196 M4/E11-194 . M4/EB-146 |a,Silis a5 oy ol
MB/E4- Silis 5 ,s5he (b, Silis sl ol Sid i ylyd o JoSly coblad] sl o b (P<+/+1) (oo sine
AV Jpie) s2dls (P<+1+) syl sinn bl 55 JsSl cblassl sass o b GLM sy, > 157

S i bl s cos M3/E2-38 3 M3/E2-35 M3/E2-31 (¢la,Silis GLM g MLM Jse ol bl 5
4 LY 52 3l adlas ol gl obol oV o 5 Jshis) B3gs Ll olS £lisy] s b (P<+/+1) ()b sine ylams bl
o, S5l oyl oy 310l Lo (Sis i bl yds cos (gl me bl 659y 55 S dlaws o LGLM s MLM e 3 s
3 Y s co s L MA/EL0-76 4 M4A/EL0-72 M4A/EL0-71 M4A/EL0-69 MB/E2-29 (ol Silis 4 oy (oo
Cov Sy oy o by LI 5 i 5 Sy b b b MAJEB-145 SiLis cyimen (Y 55 Jshin) 3,5 o)L3l Jue 0
o oles MLM . Jua jloslazal b (blsjl 4o (Y 5 7 Jolaa) 350y (lis (6> (sine b3 Juo 93 50 53 (S (s Ly
o b (P<+/Y) gyl dme ylm bLS,I clyls M59/E36-105 § M4/E10-74 M4/E10-65 M4A/EL0-70 (sl S5Lis o5
5 MBY/E36-102 M4/EL10-74 MA/EL0-65 lo,Silis (5 Jodo ) Ldg (Suid i bl p3 cuiby jasls
s 1y (P<1+3) oy sime Jlms bl (Suid i bl j> cuslyy jasls céo L GLM Jue ol , M59/E36-105
(Y Jodz) wols

Cuilys adllas 3)50 (5] Guigiy Yo 50 (g¥iglings Ll 9 Cumer Hld Lo (38,5 a3 3 b (bl ajos IS 5k 4
L )l les pasuie 1) (St A5 Ll yd o (Jgeme ) 1 YU el 5 (698 jlaw I3 L AFLP (sla SSLES
Collard et al. ) ausl ,Slis SaS 4 Gl I esliul b osnl cldlle gly Jlons] oosilS wlg o (YU Cpns o pd) (595
sloesliyy > aseio Jg b 5,5 (155 b SCAR oola] gla Sl 4 1S53 () s b olyicee span (2005
oS i (Ebrahimi et al. 2017) 5, s g0 ,S5li5 a8 dy Sl 5l ookl b K5 do g Sis 3blo can o)yl >l
o3 aily gn o5 S b 05 b lin 555 Sl S £ Jin hn 310 S35 5y Lo 30 453 (i
Sl T 8 AT ol S5 355 S5 B o815 pie 4 by ol (e i 3 (sl SIS RE o i )

.(Debibakas et al. 2014; Yang et al. 2010) b W otz bléze 5l g 400
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Table 6. AFLP markers associated with agronomic traits in Common millet under drought
stress conditions based on mixed linear model (MLM).

O gl P jlase Sl O G g P jlase AW
Solis P-Value Marker ol P-Value Marker
R? Marker R? Marker
abes 40 by dlusws JoSuly cbledsl slass
Number of grain in Panicle Number of panicle branches
0.23 0.002 M3/E2- 31 0.15 0.004 M4/E8- 146
0.23 0.002 M3/E2- 35 0.15 0.004 M4/E11- 194
0.23 0.002 M3/E2- 38 0.15 0.004 M4/E11- 196
0.18 0.007 M59/E36- 114 0.15 0.004 M4/E11- 197
0.25 0.001 MA4/E8- 128 0.15 0.004 M4/E11- 199
So59am 3 Slas &by >, Slos
Biological yield (Kg ha?) Grain yield (Kg ha't)
0.15 0.005 M3/E2-19 0.24 0.0002 M4/E10- 65
0.18 0.002 M3/E2- 23 0.17 0.0006 M4/E10- 67
0.15 0.005 M3/E2- 32 0.24 0.0002 M4/E10- 74
0.19 0.001 M4/E8- 152 0.14 0.001 M59/E36- 105
D2 5> ddgs Sl Jssst Jsb
Number of Panicle in plant Panicle length (cm)
0.13 0.006 M59/E36- 106 0.16 0.009 M4/ES8- 127
0.13 0.007 M4/E8- 156 0.24 0.005 M4/E8- 137
0.14 0.004 M10/E1- 224 0.27 0.0003 M4/ES8- 147
0.12 0.008 M10/E1- 246 0.16 0.009 M10/E1- 217
bl adls olS £lis)|
Harvest index Plant height (cm)
0.47 0.00001 M4/E10- 65 0.26 0.001 M3/E2- 31
0.21 0.009 M4/E10- 70 0.26 0.001 M3/E2- 35
0.47 0.00001 M4/E10- 74 0.26 0.001 M3/E2- 38
0.25 0.003 M59/E36- 105
Number of leaf in plant %4 > Sy slus leaf width (cm) S, o,e
0.18 0.001 M3/E2- 19 0.22 0.003 MB3/E2- 12
0.24 0.0001 M3/E2- 29 0.23 0.003 M3/E2- 15
0.18 0.001 M3/E2- 32 0.24 0.002 M59/E36- 92
013 0.009 M4/E10- 67 0.23 0.003 M4/E8- 148
0.24 0.0001 M4/E10- 69 0.23 0.003 M10/E1- 204
0.24 0.0001 M4/E10- 71 0.23 0.003 M10/E1- 214
0.24 0.0001 M4/E10- 72
0.24 0.0001 M4/E10- 76
0.18 0.001 MA4/E8- 144
(9) 1000-grain weight &l i o3 leaf length (cm) &S, Jgbo
0.16 0.009 M59/E36- 84 0.23 0.007 MA4/E8- 145
0.22 0.001 M10/E1- 244
0.22 0.001 M10/E1- 245
Y14
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Table 7. AFLP markers associated with agronomic traits in Common millet under drought
stress conditions based on general linear model (GLM).

O G o Pyl P O G o Pyl SNl
JUHIY P-Value Marker ol P-Value Marker
R? Marker R? Marker
abgs 40 diby dluws JsSb cbleiil dlass
Number of grain in Panicle Number of panicle branches
0.25 0.002 M3/E2- 31 0.25 0.006 MA4/E8- 146
0.25 0.002 M3/E2- 35 0.28 0.003 M4/E8- 157
0.25 0.002 M3/E2- 38 0.29 0.002 MA4/E11- 194
0.20 0.007 M59/E36- 114 0.29 0.002 M4/E11- 196
0.27 0.001 M4/E8- 128 0.29 0.002 M4/E11- 197
0.29 0.002 M4/E11- 199
Biological yield (Kg ha!) <3590a0 3,Sles Grain yield (Kg ha?)  als 5 ,Sles
0.25 0.006 M3/E2- 15 0.50 0.00003 M4/E10- 65
0.28 0.004 M3/E2- 19 0.43 0.0001 M4/E10- 67
0.36 0.0001 M3/E2- 23 0.50 0.00003 M4/E10- 74
0.28 0.004 M3/E2- 32 0.29 0.003 M59/E36- 105
0.27 0.006 M4/E10- 48 0.23 0.008 M59/E36- 102
0.25 0.006 MA4/E8- 148
0.34 0.001 M4/E8- 152
0.25 0.006 M10/E1- 204
0.25 0.006 M10/E1- 214
Number of Panicle in plant <5 ;> 4 sl Panicle length (cm)  JsSl Jobo
0.23 0.008 M4/E10- 69 0.21 0.009 M4/ES8- 127
0.23 0.008 M4/E10- 71 0.24 0.005 M4/E8- 137
0.23 0.008 M4/E10- 72 0.36 0.0003 M4/ES8- 147
0.23 0.008 M4/E10- 76 0.23 0.006 M10/E1- 217
0.27 0.003 M59/E36- 106
0.26 0.004 M10/E1- 224
Harvest index <l jasls Plant height (cm) L5 ¢l
0.51 0.0001 M4/E10- 65 0.31 0.002 M3/E2- 31
0.51 0.0001 M4/E10- 74 0.31 0.002 M3/E2- 35
0.27 0.003 M59/E36- 105 0.31 0.002 M3/E2- 38
0.24 0.006 M59/E36- 102
Number of leaf in plant «q )3 5, slaws leaf width (cm) S, o
0.37 0.0005 M3/E2- 19 0.23 0.003 M3/E2- 12
0.46 0.00006 M3/E2- 29 0.24 0.002 M3/E2- 15
0.37 0.0005 M3/E2- 32 0.26 0.001 M59/E36- 92
0.27 0.005 M4/E10- 50 0.24 0.002 MA4/E8- 148
0.27 0.005 M4/E10- 59 0.24 0.002 M10/E1- 204
0.28 0.004 M4/E10- 67 0.24 0.002 M10/E1- 214
Number of leaf in plant &g )5 5, slaws (g) 1000-grain weight «ls 58 34
0.46 0.00006 M4/E10- 69 0.19 0.007 M3/E2- 11
0.46 0.00006 M4/E10- 71 0.18 0.009 M59/E36- 84
0.46 0.00008 M4/E10- 72 0.25 0.001 M10/E1- 244
0.46 0.00008 M4/E10- 76 0.25 0.001 M10/E1- 245
0.32 0.001 MA4/E8- 144
leaf length (cm) &S, Jgbo
0.25 0.007 MA4/E8- 145
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A0-Y+F (V) A (5y0liS s pgr g i .calisee cuslS clagS1,5 L (Allium sativum L.)

9 3,8das (6ol o8 56 (WAY) 1l (ghamme 195 1,3 gy e sl lgyb (Shiome thoma (IS Dlg oo oMYl 45
AYAWY (W) F (65,0liS pole cimgim cale dlome .y, 4565 aw Ol 1 ookl o35L

=hi QLS pole dome > 5 ady) Clio (L)l pbadds (WWAY) Lo jaese (5585 Lo ple (A el g aomme Lo ollas
FEV-YOV (FF)Y oy

b elnd 5b3g) tilye (Wbl S 03l Ko fpns (oo po fipmna (6350 LD a0 (Ml (5 Hlgn doroflyd (gm0 g0
byl jleslats Th gll fojped B oo g5 Cumar HlS Lo 425 9 () €95 (oo y 0 (WAT) s 912

NO+ =\WWA ‘([3) ¥ d})Bm 5)9195\;9.\; PICI SSR
RAAEARLY .OI).Q‘S olRusly ¢l L] P ol ‘Q}g% sl Sl (\\"AV) w8 a0l s 53‘}9& udob 0,8 (L) dosre S

» =l olis (bl oba i (W) aes (Sl il €181 Lo juay €Ly 00l5 gy 55el,8 Jo,lden

AFY WY (M)A ely; olals oMol asliiags, - (Nicotiana tabacum L) 5,5 slaysiss
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