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' TOL: Tolerance

¥ SSI: Stress Susceptibility Index

¥ SI: Stress Intensity

*HAM: Harmonic Mean

5YI: Yield Index

* GMP: Geometric Mean Productivity
Y'YSI: Yield Stability Index

A STI: Stress Tolerance Index

* MP: Mean Productivity
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Fig. 1. Chickpea protein banding patterns using SDS-PAGE
(1) ILC-482, (2) Azad, (3) Arman, (4) Hashem
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Table 1. Jaccard’s similarity matrix based on protein marker (Molecular Data)

ILC-482 Azad Arman Hashem
ILC-482 1
Azad 0.8 1

Arman 0.78 0.83 1

Hashem 0.87 0.87 0.84 1
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e
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Fig. 2. Dendrogram for Cicer aretinum cultivars based on SDS-PAGE markers via UPGMA method
(1) ILC-482, (2) Azad, (3) Arman, (4) Hashem
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Table 2. Jaccard’s similarity matrix of chickpea cultivars based on agronomy data in drought stress condition

ILC-482
ILC-482 1
Azad 0.30
Arman 0.0
Hashem 0.143

1

0.20

Azad Arman Hashem
1
0.166 1

1
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Table 3. Jaccard’s similarity matrix of chickpea cultivars based on agronomy data in supplementary irrigation

1LC-482
ILC-482 1
Azad 0.166
Arman 0.0
Hashem 0.2

1
0.25
0.55

Azad Arman Hashem
1
0.143 1
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Fig. 3. View Biplot indices in chickpea cultivars based on main elements of the first and second
(HAM: Harmonic Mean; YI: Yield Index; GMP: Geometric Mean Productivity; YSI: Yield Stability Index; STI: Stress Tolerance
Index; TOL: Tolerance; YS: Yield Stress; YP: Yield Potential; SSI: Stress Susceptibility Index; MP: Mean productivity)
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Table 4. Eigen values and eigenvectors cumulative share index of drought tolerance and yield in both conditions

s ojg polie SR e
¥ Eigen Eigenvectors SSI MP HAM Yl STI YSI GMP TOL YS YP
Component .
values cumulative
1 61.709 0.617 0.115 0.397 0.375 0.344 0401 -0.115 0.399 0.106 0.344 0.328
2 38.274 0.383 -0.490 -0.088 0.184 0.265  0.046 0.490 0.068 -0.493 0265  -0.297
3 0.0017 0 -0.156  0.305 -0.691 0.261  0.145 0.156 -0.390 0.085 0.261 0.254
(HAM: Harmonic Mean; Y1: Yield Index; GMP: Geometric Mean Productivity; YSI: Yield Stability Index; STI: Stress Tolerance Index; TOL: Tolerance;
YS: Yield Stress; YP: Yield Potential; SSI: Stress Susceptibility Index; MP: Mean productivity)
Iy eSS gyl Ll g nas Loyl o lacadedy o Slas S & Joxi g p s Swsod
a=>¢ L .(Blum, 1988; Ganjeali et al., 2008) wilos ges e HAM 3 Y1 sla a3 li a2 o olis 5080
5 e Siod HAM 5 Y1 sla asli aS ol a4 wylo il ol j0 0, Sdae b C/AAY ) il 5 a) e
5ol e eiols plas i bl o o Shee b oYUl 00, Slee b e Ko HAM (23l (o xon
555 G 6l cmlie sloylre Glsieas o asli oy S SSI a3l (+1AF) ojls (St s Lyl

Blum, 1988; )MJ; - L,’S_Mo A oo gla
(Elshazly & Warboys, 1989
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Table 5. Correlation coefficient drought stress tolerance index

YP YS TOL GMP YSI STI Yl HAM MP SSI
YP 1
YS 0.394 1
TOL 0.775 -0.275 1
GMP 0.730 0.916 0.134 1
YSI -0.790 0.252 el -0.157 1
STI 0.758 0.898 0.175 0.999* -0.199 1
YI 0.394 1** -0.275 0.916 0.252 0.898 1
HAM 0.549 0.984* -0.102 0.972* 0.078 0.961* -0.984* 1
MP 0.902 0.753 0.425 0.953* -0.447 0.966* 0.753 0.856 1
SSI 0.790 -0.252 1** 0.157 -1 0.199 -0.252 -0.078 0.447 1

*, **: Significant at 0.05 and 0.01 levels, respectively

R B g O T K e WL

(HAM: Harmonic Mean; Y1: Yield Index; GMP: Geometric Mean Productivity; YSI: Yield Stability Index; STI: Stress Tolerance Index; TOL: Tolerance;
YS: Yield Stress; YP: Yield Potential; SSI: Stress Susceptibility Index; MP: Mean productivity)
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Table 6. Correlation coefficient between agronomy traits in Cicer aretinum cultivars under study in
drought stress condition

Pod Pod Width 100 Seed Percent of Number of
width length canopy weight pod null 2seed pod
i psh el wblegy SR e
pls Sahgd
Lulps 5o ails o Shes Seed yield in drought stress
Sed condition
8 asls olass Number of sub branch
oS yo el olass Number of pod in plant
ol el Plant height
forerte o olS slass Number of plant.m™
als o ,e Pod width 1
el Jsb Pod length 0.441 1
=3l o Width canopy -0.963* 0.236 1
Ao+ - s 100 Seed weight -0.405 -0.943 -0.266 1
pls (Ssy 2o Percent of pod null 0.233 -0.013 0.089 0.336 1
Saduge el slass Number of 2seed pod 0.104 0.865 -0.025 -0.951* -0.474 1
JelS 226l b 5, Day to complete podding 0.441 -0.143 0.641 -0.130 -0.634 0.024

* & **: Significant at 0.05 and 0.01 levels, respectively.
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Continue the Table 6. Correlation coefficient between agronomy traits in Cicer aretinum cultivars under study in
drought stress condition

Seed yield in drought Number of Number of Plant
stress condition sub branch  pod in plant height
o bl pl yo il 8 Slos asL slawy 30 pls ooy
. _ ol gl
S =P obs
Lulp o als 5 ,Slas Seed yield in drought stress 1
S s condition
=P L olass Number of sub branch -0.189 1
olS 5o pls olas Number of pod in plant 0.424 0.678 1
LS glas)| Plant height 0.609 -0.875 -0.421 1
&oyaye o oS olass Number of plant.m? -0.154 -0.689 -0.945 0.587
el oye Pod width 0.438 -0.943 -0.395 0.910
pls Jsb Pod length 0.159 -0.228 0.370 0.086
28 oe Width canopy 0.278 -0.996** -0.625 0.913
PSR 100 Seed weight 0.155 0.289 -0.126 0.004
PIRRE PRRWS Percent of pod null -0.973* 0.002 0.495 0.469
Sodgs pls olass Number of 2seed pod -0.344 -0.009 0.240 -0.313
JolS 20pl b 5, Day to complete podding -0.524 -0.705 -0.965* 0.355

doy3) g oo, Jlaisl mhaw (o ls cre cud g4y g

#*

* & **: Significant at 0.05 and 0.01 levels, respectively.

(oSS 55T Jlasl) J oS bagl oo 53 3955 o8l 30 andllae 3590 (1)) Sl (s 00l (Siwnod <y —Y oo
Table 7. Correlation coefficient between agronomy traits in Cicer aretinum cultivars under study in control condition

Pod Pod Width 100 Seed  Percent of Number of
width length canopy weight pod null 2seed pod
- . e : S wey Pl slas
plipye plidsb  ePl e dildheysy . .
el S 99
Lalys o als o Sles Seed Yield in supplementary
oS5 5] irrigationcondition
S8 4L slaws Number of sub branch
olS )5 pls slass Number of pod in plant
oS glas )| Height plant
Eayayio o olS olass Number of plant
el oy Pod width 1
pls Jsb Pod length 0.637 1
ol e Width canopy 0.771 0.073 1
als o 39 Hundred seed weight -0.840 -0.664 -0.729 1
ol (So aoye Percent of pod null -0.145 -0.709 0.127 0.556 1
g pls olass Number of 2seed pod 0.732 0.280 0.483 -0.247 0.458 1
ol 206l5 b 5, Day to complete poding -0.385 -0.831 -0.060 0.721 0.696** 0.235

* & **: Significant at 0.05 and 0.01 levels, respectively.
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Continue the Table 7. Correlation coefficient between agronomy traits in Cicer aretinum cultivars under study in
control condition

Seed yield in
Number Number
supplementary . Plant Number of Pod
L of sub of pod in - 2 .
irrigation branch lant height plant.m width
condition P
S il o Slos
e Sliolas el olas oS ola e
skl kalpd . s oS gl G
; o= oL o ey ol
oS
Lalpl yo ails o ,Slas Seed yield in supplementary 1
PN irrigation condition
£ 58 a3l olass Number of sub branch -0.155 1
ol o pls sloss Number of pod in plant 0.675 0.789 1
oL glis)| Plant height -0.846 0.378 -0.625 1
e e s oS laws Number of plant 0.008 -0.127 0.345 0.428 1
els oye Pod width -0.895 0.533 -0.830 0.951* 0.140 1
ols Jgbo Pod length -0.676 -0.154 -0.100 0.831 0.712 0.637
2P e Width canopy -0.758 0.574 -0.948 0.539 -0.522 0.771
alol e y5g 100 Seed weight 0.994** -0.056 0.615 -0.794 0.043 -0.840
ol (Se a0 Percent of pod null 0.487 0.757 -0.313 -0.310 -0.333 -0.145
Gdugs pls slows Number of 2seed pod 0.352 0.897 -0.731 0.692 0.271 0.732
ol mols b 5, Day to complete podding 0.671 0.570 -0.093 -0.533 -0.368 -0.385

doyo) g ao,0l Jlasl mhaw (o jls Je o gy *F g F
* & **: Significant at 0.05 and 0.01 levels, respectively.
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Fig. 5. Seed yield in drought and non-drought stress (supplementary irrigation) condition
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Introduction

Abiotic stress limits crop productivity, and plays a major role in determining the distribution of plant
species across different types of environments. Chickpea (Cicer arietinum L.) is an important legume crop in
Iran. Genetic diversity information is crucial for the choice of proper parents to establish new breeding
programs. A number of molecular techniques have been developed to unveil the genetic potentials of plant
materials. One of the most important methods for studying genetic diversity is using of Sodium Dodecyl
Sulfate Polyacrylamide Gel Electrophoresis (SDS-PAGE) analysis of seed protein.SDS-PAGE seems to be a
reliable molecular marker to investigate the genetic diversity of chickpea genotypes in IRAN. SDS-PAGE is
practically a reliable method because seed storage proteins are largely independent of environmental
fluctuation. The main objectives of present research was: (1) to investigate the power of SDS-PAGE markers
for estimation of genetic diversity among some chickpea genotypes in west of Iran, (2) to investigate the
genetic relationships between chickpea genotypes and (3) to determine and studying main drought indexes in
chickpea genotypes could be selected main cultivars in drought and non-drought condition. This information
will be useful to improve techniques for sampling chickpea genetic variation which might increase efficiency
of conservation of germplasm.

Materials & Methods

Field experiment was carried out with four chickpea cultivars, based on randomized complete blocks
design (RCBD) with three replications at the research farm of the Payame Noor University center of
Asadabad in two different conditions (Drought conditions and supplementary irrigation) during 2010
cropping season. The cultivars were taken from Dryland Agricultural Research Institute, Sararood. In this
study, seed protein profile of four chickpea cultivars include Arman, Hashem, Azad and ILC-482, were
analyzed by Sodium Dodecyl Sulfate Polyacrylamide Gel Electrophoresis (SDS-PAGE using 12/5%
polyacrylamide). Protein extraction and gel electrophoresis was done By Laemmle (1970) Method. The
seeds were powdered separately by liquid nitrogen. Cultivars seed protein were extracted by extraction
buffer. At end of electrophoresis, protein bands were revealed by Coomassie Brilliant Blue R-250 staining.
Biplot, 3D Plot, coefficient jaccard, cluster analysis and other analyses were done using the statistical
software MSTAT-C, NTSYS and SPSS. The data for each cultivar was collected on a plot basis.

Results & Discussion

SDS-PAGE analysis showed significant differences between four cultivars chickpea at 17 and 25 kilo
Dalton (kDa) bands. There are strong and weak proteins bands differences between cultivars. On the basis of
SDS-PAGE results, 28.75 protein bands were observed with the Molecular Weight (MW) of 14 to 100 kDa.
The presence of protein bands about 17 (kDa) in protein pattern of ILC-482, Hashem and Azad Cultivars and
the absence of protein bands with approximate molecular weight 14 (kDa) in protein pattern of Arman
cultivar can be used as protein markers for these chickpea cultivars. The specific proteins bands of seed may
be used as markers for identification of the genotypes. Correlation between agronomic and molecular traits
was assessed using Mantel test and significant positive correlation was observed between them. The results
of drought stress indices and Biplot analysis suggested Arman genotype was the most tolerant. Biplot
analysis also showed HAM and Y1 selection indices were the best to identify drought tolerant genotypes.
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Conclusion

In most cases, an intermediate level of polymorphism have been reported with SDS-PAGE markers, and
this study showed a considerable amount of polymorphism. We recommend further studies to be conducted
by using number of chickpea genotypes as well as bigger and DNA molecular markers. Results of this study
can be used in germplasm management practices, developing plant geneticist and breeders for planning
future explorations, and crop improvement purposes.
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