DOI: 10.22059/ijfcs.2016.57867

olx! )3 olS eole

hslh}ﬁlin M oslaiat b li’vd 5\4’3)&".3‘ Sba 9 lhw§) 5..’6;009; EIETYY
W9l U g by dikaie 98 50 (KB T 4 oo s W g olgal 3y
*“6;5.‘.4 o> 9 fee!}w AW “_,.;,al.: Lo yows!
g){:f e@iﬁb g‘_g)'JJLiS ASES)s sCJULA C)*wl K] C.F‘)J' 5‘9; JL_J.'.'»‘} E) 6}753 a}'?'_,aiufi‘é Al E) \
u.a}}\s.\.:.lf e\g..ﬁb @m‘b c\.’.a K 6},,\.’:5 ST gdb\:f Q‘.\._J‘,S e})f _)L;..i.a"b Y
OYRENVITY iy padl fra,l = VFRE/0/10 12l )5 o )b)

(<]

Slagiss LS 5 Js Glagis, 3 el (KiS 4 e (K85 RS Sdomw
Sed b rags opl ailes p il OLE 53 Cdv opl s sl 1 (6 eem) (A
TN s g (K55 25 oy (Jl) gole dasme 33 o bgw B0 (oY) 355 5 055 0T
A Il s SAS ;e g3 55 (SES 5 4 Jeou bl 5yleale 5, LS
0255 (GMP) ()50 1 skt rKile (STI) 25 4 Jooi pasld &k 5 i 55 (suos £
b Ui s ol s 5 G 5 Shes cpimman 3 (Y1) (5l Lasli 5 (MP) 5> Shes oie
Jome 5 pletod (oo i5 a4 1) WOT cailain g3 2 3 Slad s D ) eslitul
A AT S TUAY 8 6 EY IV FE Y0 O & A biled Gl sl 2 b oS oo
olgale 5y Gl L Ll glad s o b plebd Joois laca 53 Ol gou adlae 5
Sy (¢ 5 5,05) (slo)l 555 Jls 05 53 amlis 35 e 038 a4 1, LS, 5 03,
Satta54 (gla KL 4 3ls 0L 5 pBapls S §) Lo 2 WOT o 42 SOLLE Sl s5ean
e by 5 Kls Sis 4 Jes glaasls b g )ls sas Lol Satt345  Satt648 Satt142
R B X W Y P I I I P PR P CH S T - e
55 0T 51 0l 39,000 HUS1 5 ASL (K3 25 4 Josl LS o (055 (15 b Do g gy 5o

Bp o (S G L 005k 53 baw s Shes 5 g sl

OFISVOY ) 1¥A0 Loy o) 8 less FV 5,50

P Sop Cadgizme Sy plied (Sas il

Gl .l oo jled 4 bgw ko Slas g odgs
Vgame a4 S slogl; 5wl dloye
$,985 plprear &5 Glal ohst Gk yo (oL
il s O,lg Wl oo Hladh 4 Sisdes ¢ S
Jozs S5 AL Ko ssw 5l (Zare et al., 2004)
bgw o3l52e 5 Sl oz Sl (S35 55 4
sladan I (S (Sas p5 4 Jow sl
sty 4T Ll ool oS ol Sgeg 5o 5650 il
g a8loggy Slgw olS U a olows gy el

doNdo
(5L¢=)‘)l4 B 61.4.‘-5) oL:f [P )| é" Q‘}.».CAJ b}w
9y wabd (oSl aajelol sy b (Mol
Ak oy el sy o by de 5 LI S
V-FAAVYAY squ> YOV Jlo o Sl 5o Lgw
o LS ;0 2 5ol S VYT o Shee (S5l b LS
Aooos Sga> Yo\Y JL.:)J Q‘ﬁ‘)oﬁl:’.}*"wﬁ)'

2 Sk YO sg0 5 Slas (Kb b g S
(FAO, 2014) ol 0095 S

E-mail: hossein.sabouri@ghec.ac.ir; hos.sabouri@gmail.com

SAVVYEYANY o el


http://dx.doi.org/10.22059/ijfcs.2016.57867

YYAD Sl o) 8 Ll FY 5,90 oyl el)5 lalS agle VFY

=

) Y coyp @ bgw Gy, ARgR 0
s Kefengl W Jol> oS g dusl s>
5 <ol vgeS i Lkl s o Nannongl138-2
Al sl GRS g aey e 0 (Jloy) gole byls
s,Slkee b L3, ;s QTL V4 4 (Du et al., 2009b)
Vo sleds coole g it Loyl ii g0 y0 0 wgr yo alls
SiE 4 Cewles a3l L LU s QTL
@l K Sigey 05,5 65, QTL \ wios slulis
09,5 53, QTL Y 5 as,50 )0 aigy o ails o Sles
g S 5wy o wils o Sles (6l C2 Sivgu
Skb! oyl wisg ol e g0 ;0 LQTL Koo
als o Slas gy F ite GLQTL lolis azals
Lo sz o (Sis 4 Canlis a3l g Gy o
8350 dgetp Sl (ot ObLE oot wilgi oo alizes
Sk bgw o S 5 llys e ol
L (Du et al., 20093) (5,50 idgh ;O ‘yidred
Slio ey QTL VWV womar slos 5l oolicul
3 S 5 bl 0 S p ol Cendg b b e
Y} TR IR N RV W S H £ L P TS
oS T cumdy b ladye olas gl oLQTL
WS 5 as)ze lalyd 9o s p0 a5 wad b,
IS IRIRYEN

ol jslaieas (2011) Abdel-Haleem et al.
3 sladts; 0SS (o093 SIS5 (Pl
S Eie oS Fg Al gt sladS) Caner S
Oy s S colaul Benning 4 PI1416937 83
P SiS ) sy ((SES 4 Cwglie gla )l
Cuoglin b baiye (5508 sloaiy ) oolinul b lacssss
o1y o Giegh bl sl sals plulis Sis 4
5 ols plil Lol e slasre Ll s o Jlo 9o
GmO3  QTL GMOl (Satt383) gy ek o
, GM20 (Sat_299) GMO8 (Satt429) .(Satt339)
Ao, OY S o as wiad glulis GmO4 (Sct_191)
S8 g, s e

gy b, Sl 0l g LQTL lel fpess
Si9re 5 ool o5 Sy oad plulid (g cnl @
ol S5 S 4y ol slaalsyy plonl 31 s
Lol pod 98 1A (Nicholas, 2006)

sl azer 38 oSl 5 1l STl Jeie
Loolyon acyie ;o qeslie 5 008 (oodsid
ol 5 osllas (Sojslsnd olio Lol
.(Miladinovi¢ et al., 2015) »,5 colatwl b

K ol g Jod slagazls 5l sl
bl 5 Sbasl s ansdS Jeluie s, Sal,
Fernandez ol 4 .cul wlus 5 Jooxio slops,
@l lgies (STI) i a4 Josss _asls (1992)
5 i Luls o YU o Slhee a5 slagd, sl
A ),k slogd, plgiear g wls 25 s
Bouslama & .05 ocolawl isd oo (5,135p0
(YS) o Sloe (5,ll a=Ls (1984) Schapaugh
(1997) Gavuzzi et al. 5 Lgw (53, siwgh o 1,
e DN (59; ey b1 (YD) o Sles a3l
Lo, ity e (YD) o Shae (a5l io s
o5 ey gl a0 Slee Glie o
sacasylis (YSI) o,Sles (5)lul asli 05 oo
W)y el 5 4 o) (S Saeglie (e
Sfdkee b o Shes ala (VL Ol b (o3,
S Syl G5 g 9 QA danme 90 2 50 (YL

IV oyl 5 laghs, oo o
ol glaaal p jo glal jisn SO obls 2ol
aon 5l i &5 ), ety cnl G ye ol
SeS 4y bl wad oo ool g 039 Az 43050
kel sty Glp peie S plsrear Sl
kS Glaghy; @ 5 bgw 5o Sl (S
Jed ol oad eolital  JoSse (sl sl
ool Lgw o JsSse sla,Silis 5 (glos s
Slio b oS ol b, Sl 5,8 Ll ol sud
Sly s ool igd oo oljen LQTL 5 (o5
sl Sl jee o8l Wil Gloaory wlao
Aloais a8 I 54y 00 s jebay QTL & aingy
S eslital b calize lio gy LQTL sz
Ll wigdoo (plolid calise (So05 sladins;
OS5 sl (Mol sloasli )5 s j5boa
ool om SS o e g diies oolinul LB
SIS 52y ainey (nl jo o8 Clidd g ol
.(Burton & Miranda, 2013)



VFY e b bgw &8 00 baS ) g baed; (sauseg,S Slasren 1)) ) Sen 5 o 0ls

by 9y 9 3lge
slyme bl
a8, Voo Juls 0,8 WYY Ll egh ol e
YY) olyan a4 il slo 856 F7 s 5 azb iy
99 )0 (SiS 5 by gole bae 90 50 Lige o8
WAY Gl g ke 5o (ogslians 5 b ddlaie
20550 51248 5 a3, el el o |2l 4

R PR W 43‘)‘ \ Jsd? o

G5 4 Jasl Lo lis bS5 QL
Lz b, Slad olyem 4y (g ol b« Sis
oty ) S sl jlael el cab olulis
Iy oads glulis bo Silis jlel ol Wlgh oo aS
Wb oSl aneg S (SlyFes (o) p ST (2L
odnliiwady owisid sbrools o (JeUge slo,SSlis
ol (S 55 Cov g gole bl e golesl )

Salyo Lalay Bas (ol b 5o iegh ool aS

BrhoS (ol )0 (o) 20590 Sl0dS ) 5 Lo, Sledlbl ) Jgax
Tablel. Information of studied varieties and lines in the present study

Row Characterize Row Characterize Row Characterize
1 Nemaha x Savoy (1)* 51 Sahar x Katoul (9) 101 Sahar x K779 (5)
2 Nemaha x Savoy (2) 52 Hamilton x Gorgan 3 (3) 102  Sepide x K778 (3)
3 Nemaha x Savoy (4) 53 Williams x Katoul (9) 103 For a x Macon (3)
4 NemahaxSavoy (5) 54 Williams x Katoul (5) 104 Forax LD 10 (1)
5 Kottman x Kitimisharo (1) 55 Williams x Katoul (4) 105  Williams x K778 (2)
6 Kottman x Kitimisharo (2) 56 Sahar x Williams (8) 106 Crawford x Lan (3)
7 Kottman x Kitimisharo (3) 57 Williams x Katoul (2) 107 Crawford x Vilana (4)
8 Spry x Kitimisharo (1) 58 Sahar x Williams (10) 108  Williams x Vilana (4)
9 Spry x Kitimisharo (2) 59 Sahar x K778 (1) 109 Mustang x Delsoy 4210
10 Spry x Kitimisharo (4) 60 Sahar x K778 (3) 110 Spry x Savoy
11 Spry x Kitimisharo (5) 61 Sahar x K778 (7) 111 Pershing x Epps
12 Charleston x Mustang (1) 62 Clary x Nigeria (10) 112 Williams x Diana (1)
13 Charleston x Mustang (2) 63 Sahar x Hamilton (3) 113 Sahar x Collombus (4)
14 Charleston x Mustang (3) 64 Sahar x Hamilton (4) 114  Sahar x Collombus (13)
15 Spry x Savoy (3) 65 Sahar x Hamilton (8) 115  Sahar x Crawford (1)
16 Spry x Savoy (4) 66 Graham x Nigeria (9) 116 Black Williams x Lan (4)
17 Spry x Savoy (5) 67 Sahar x Hamilton (10) 117 Black Williams x Epps (10)
18 Williams x K778 (3) 68 Graham x Nigeria (2) 118 Sahar x K188(5)
19 Williams x K778 (4) 69 Clary x Nigeria (9) 119 Sahar x Hamilton (1)
20 Williams x K778 (5) 70 Graham x Nigeria (8) 120  Sahar xLBK (1)
21 Williams x Hamilton (1) 71 Graham x Nigeria (8) 121 DPKxFora(1)
22 Williams x Hamilton (2) 72 Graham x Nigeria (5)
23 Williams x Hamilton (3) 73 Clary x Nigeria (5)
24 Williams x Hamilton (4) 74 Clary x Nigeria (3)
25 Hamilton x Katoul (12) 75 H7
26 Hamilton x Williams (2) 76 L17
27 Hamilton x Williams (3) 77 WEDb
28 Gorgan3 x K778 (1) 78 PE
29  Gorgan3 x K778 (2) 79  DW
30 Gorgan3 x K778 (3) 80 M7
31 Gorgan3 x K778 (8) 81 M9
32 Gorgan 3 x K778 (9) 82 sari
33 Gorgan3xK778 (10) 83 Caspian
34 Gorgan3 x K778 (11) 84 Sahar
35 Gorgan3 x K778 (12) 85 Katoul
36 Gorgan3 x Williams (2) 86 Williams
37 Gorgan3 x Williams (4) 87 SG20
38 Gorgan3 x Williams (7) 88 Safiabadi
39 Hamilton x Katoul (8) 89 L504
40 Hamilton x Katoul (4) 90 Selection 7
41 Gorgan3 x Katoul (4) 91 Selection 53
42 Sahar x Gorgan 3 (1) 92 Selection 55
43 Sahar x Gorgan 3 (3) 93 Selection 81
44 Hamilton x Katoul (3) 94 Selection106
45 Hamilton x Katoul (2) 95 Selection 170
46 Sahar x Katoul (3) 96 Hamilton x Sepid (8)
47 Sahar x Katoul (4) 97 Sahar x Sepide (1)
48 Sahar x Katoul (5) 98 Sepide x TISRF (5)
49 Sahar x Katoul (7) 99 Hamilton x Fora (3)
50 Sahar x Katoul (8) 100 Hamilton x K778 (3)

ol 00 03551 35150 19,8 FT s ,0 abogs pa 85, 5l ol ot & (1 soims uSts SN oS, ,o (gl o
*: For each line, its cross of constituent presented in the brackets with line number in F7 generation.
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Table 2. Information of used microsatellite markers in the present study

Marker name

Forward sequence

Reverse sequence

Sat_343
Sat_345
Satt339
Sat_091
Satt572
Satt471
Satt454
Satt648
Sat_171
Satt385
Sat_312
Satt210
Satt478
Satt581
Satt302
Satt142
Sat_175
Satt317
Satt249
Satt287
Satt458
Satt154
Sat_292

GCGCAACCATAGCCTCTAAAGTAATAAGTT
GCGGTAGGTACGATCATATCGTGTGACTATT
TAATATGCTTTAAGTGGTGTGGTTATG
CTTCTGGATAGTTGGGACTGATA
GCGGAGCATGTAAATCCAGCCTATTGA
GCGCCCAAAACTATCTAGTAATTCTT
GCTTTTCTTAGAACACAAATTACAAG
ATGATTCGCACTAATGAATAGTTTT
GCGCTCCTCTTTTTTTCACTTTC
AATCGAGGATTCACTTGAT
GCGCCTCCCATTACTTCGGATTAGTTA
GCGAAAAACGTCAGGTCAATGACTGAAA
CAGCCAAGCAAAAGATAAATAATA
CCAAAGCTGAGCAGCTGATAACT
GCGAACTGTAGTTTACTAAAAATAAGTG
GGACAACAACAGCGTTTTTAC
GCGTCATTGTTAAAACTTAGTGTCTAATAAA
GCGAACAAACTTTCTATACATGATAACA
GCGGCAAATTGTTATTGTGAGAC
GGGGTGAATGAATGTCAAGATGA
TTGGGTTGACCGTGAGAGGGAGAA
AGATACTAACAAGAGGCATAAAACT
GCGGCCCCCAATTATTATATGTTC

GCGGGCTTCTTTATGTTCTGCTGATA
GCGAAGTGGGAAATCAATTCTCACGAGATTG
GTTAAGCAGTTCCTCTCATCACG
GGAACAGGTCGTGAAAAGTTAT
GCGGGCTAACTTATGTTACTAAACAAT
GGGCTATCAAATTGACTAAAGCCAAA
CAACCATGATAAATGTGAGTGAG
GGCACAGTAACGAAGAGTAT
GCGCGTGGGATTTTGGTATTTTT
CATTGGGCCACACAACAAC
GCGAACGCAACAAATAATCAAACATC
GCGGGGCTTAGATATAAAAAAAAAGATG
TCCCCCACAAGAGAACAAGAAGGT
CCCTCACTCCTAGATTATTTGTTGT
GCGGACTGAATTAATATTGGTGTTGAATT
TTTGCCACAAAGTTAATTAATGTC
GCGGTCAAAGTCAGTTAGTGAAAGAGA
GCGGGTATATTTTTGTACATAAGTTGGAA
GGCCAGTGTTGAGGGATTTAGA
GCGCGAGGTATCAACACAATTACT
GCGAACCACAAACAACAATCTTCA
AAAGAAACGGAACTAATACTACATT
GCGAAGGGTTTAGCTTTGCTTATG

Satt650 CAGTTGGCTGGTCAAATC
Sat_418 GCGTCATGTCGCTACTAA

TCTGGGTTACTTTTATTGTCA
GCGTGGCTACACAACTTTT
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Table 3. Correlation coefficients between sensitive and tolerance indices with genotypes yield under normal and stress

YSI MP GMP STI SSI

TOL Yl
Yield under Rasht normal conditions 0.904™ 0.412"
Yield under Rasht drought conditions -0.007 0.502™

Yield under Gonbad normal conditions 0.869" 0.551"
Yield under Gonbad drought conditions 0.086 0.530™

-0.478™ 0.9477 0.795" 0.770" 0.4877
0.501™ 0.676™ 0.869™ 0.854™ -0.501"
-0.553" 0.944™ 0.868™ 0.857" 0.553"
0.298™ 0.786™ 0.885™ 0.873™ -0.298"
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Figure 1. Dendrogram derived from cluster analysis
of soybean advanced lines and varieties by Ward
method based on tolerance indices under normal and
drought stress in Rasht. Number and information of
varieties and lines has been showed in table 1.
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Figure 2. Dendrogram derived from cluster analysis of
soybean advanced lines and varieties by Ward method
based on tolerance indices under normal and drought

stress in Gonbad-Kavous. Number and information of
varieties and lines has been showed in table 1.
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Table 4. Memberships of groups derived from cluster analysis with the average and deviation of the total average for
tolerance indices in Rasht and Gonbad-Kavous. Number and information of varieties and lines has been showed in table 1.

Index
Group Genotypes GMP VP STI vi
Tolerant 1,8,9,11, 15, 16, 25, 26, 27, 32, 34, 36, 37.848 43330 0.844 1.454 Group average
genotypes 37,39, 42,44, 46, 49, 52, 54, 56, 58, 63, o
in Rasht 65, 66, 67, 68, 70, 71, 72, 82,86, 87, 88, 11975 13.748 0.402 0.454 Deviation from the total mean
91, 95,98, 103, 111, 112, 115, 117
Tolerant 2,5,8,9,11, 25, 30, 31, 33, 37, 38, 42, 34.792 37298 1.263 1.424 Group average
G s 43,44, 45, ‘(152,‘%,%%,58%,59% 62,63,64,  113%6 12460 0638 0.424 Deviation from the total mean
. - 2,3,4,5,10, 30, 38,41, 43, 47, 48, 50, 23.724 25346 0321 1.007 Group average
Seg”;'ngf{,‘;'et;"e 51,53, 55, 57, 60, 62, 64, 69, 74, 75, 76, o
in Rasht 79, 80, 8489, 92, 93, 102, 104, 107, 108, -2.150 -4.236 -0.121 0.007 Deviation from the total mean
109, 113, 114, 119
10, 12, 14, 16, 19, 20, 21, 22, 23, 24, 26, 22308 22990 0513 0.986 Group average
. . 27,29, 32, 35, 36, 39, 40, 41, 46, 51, 52,
Se”;'r;gfnsg;"e 55, 56, 58, 60, 61, 70, 72, 75, 77, 78, 84,
i Gornd Kayous  £5:87,86,89,01,92,04,95,96,07,98,  -1338 -1848 -0112 -0.014 Deviation from the total mean
100, 101, 104, 105, 106, 107, 109, 111,
114, 115, 116, 118, 120
Sensitive 6,7,12,13, 14,17, 18, 19, 20, 21, 22, 23, 15598 19.425 0.144 0.529 Group average
genotypes 24, 28,29, 31, 33, 35, 40, 59, 61, 73, 77, o
in Rasht 78, 81, 83, 85, 90, 94, 96, 97, 99, 200, -10.275 -10.157 -0.299 -0.471 Deviation from the total mean
101, 105, 106, 110, 116, 118, 120, 121
Sensitive 1,3,4,6,7,13,15,17,18,28,54,57,59, 16.628 17.362 0.272 0.663 Group average
65, 67, 68, 69, 74, 76, 79, 81, 82, 83, 90,
- genotypes 93,102,103, 108, 110, 112, 113,117,  -7.378 -7.476 -0.353 -0.337 Deviation from the total mean
in Gonbad-Kavous 110 121
25.873 29.582 0.443 1.000 Total average in Rasht
23.646 24.838 0.625 1.000 Total average in Gonbad-Kavous
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Figure 3. Dendrogram derived from cluster analysis
of soybean advanced lines and varieties by Nieghbor
Joining method using microsatllite markers. Number
and information of varieties and lines has been
showed in table 1.
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Table 5. The results of stepwise regression analysis for yield and tolerance indeces with microsatllite markers in
Rasht and Gonbad-Kavous

. . . Regression Model coefficient
Location Dependent variable Marker Linkage group coefficient of determination
Yield under normal conditions Satt454 LG-Al 0.277" 0.069
Yield under drought conditions Satt454 LG-Al 0.224™ 0.062
Yield under drought conditions Satt142 LG-H 0.206™
Rasht Yl Satt454 LG-Al 0.190: 0.077
Yi Satt142 LG-H 0.172
MP Satt454 LG-Al 0.284" 0.073
GMP Satt454 LG-Al 0.259™ 0.059
STI Satt454 LG-Al 0.221" 0.041
Yield under normal conditions Satt454 LG-Al 0.352" 0.151
Yield under normal conditions Satt142 LG-H 0.269™
Yield under drought conditions Satt648 LG-Al 0.218" 0.058
Yield under drought conditions Satt345 LG-Dla 0.197"
Yl Satt648 LG-Al 0.189" 0.058
Yl Satt345 LG-Dla 0.173"
Gonbad- MP Satt454 LG-AL 03377 0.153
Kavous MP Satt142 LG-H 0.256 .
MP Satt471 LG-Al 0.182
GMP Satt454 LG-Al 0.309" 0.129
GMP Satt142 LG-H 0.235"
GMP Satt471 LG-Al 0.183"
STI Satt454 LG-Al 0.338" 0.147
STI Satt142 LG-H 0.234"
STI Satt471 LG-Al 0.187"
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ABSTRACT

The complexity of the genetic control of drought tolerance makes inevitable using of molecular methods
with biometric approaches to its improvement in plants. Present study was conducted by 121 advanced
lines and varieties of soybean under two moisture levels, normal and drought stress with 21 microsatellite
markers linked to drought tolerance in two regions, namely, Rasht and Gonbad-Kavous. Grouping of
genotypes using cluster analysis based on stress tolerance index (STI), geometric mean productivity
(GMP), mean productivity (MP), yield index (Y1) and plant yield in normal and stress condition allocated
them to three clusters sensitive, semi-sensitive and tolerant in both of regions. According to the results,
genotypes 8, 9, 11, 25, 34, 37, 42, 44, 49, 63, 66 and 86 identified as tolerant genotypes in both regions.
In addition, cluster analysis based on microsatellite markers divided lines and varieties to three groups.
Comparison of three dendrograms represented a high conformity among clustering. In addition, the
stepwise regression analysis revealed Satt454, Satt142, Satt648 and Satt345 had a significant relationship
to tolerant indices and explained between 4-15 percent of variation variably. The results could be a
conformation to importance of these microsatellites in association with genomic regions related to
drought tolerance in present genetic background. It is expected to use of these validated markers to
improve of soybean against to drought stress.
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