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Based on Agronomic Traits and RAPD Marker
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Table 1. Number, code and collection site of chickpea accessions

oot 05 &Sk s sl Joe oo 03 &SSL s SosTger Joe oo 03 eSSl s Soslper Jo

No. Gene bank code Collection site No. Gene bank code Collection site No. Gene bank code Collection site
1 215002 Markazi S5~ 38 215563 Unknown aslil 75 216063 Unknown wst il
2 215004 Markazi S5 39 215567 Unknown aslal 76 216066 Unknown wst il
3 215039 Markazi -5 40 215611 Unknown sl 77 216084 Azarbayejan East S Ol y3T
4 215040 Markazi S5 41 215618 Unknown aslal 78 216107 Unknown ]
5 215047 Unknown aslal 42 215620 Unknown wlil 79 216118 Unknown ]
6 215052 Unknown ] 43 215626 Unknown ] 80 216124 Unknown alil
7 215056 Unknown ] 44 215634 Unknown ] 81 216142 Unknown aslil
8 215079 Mazandaran Ol 45 215654 Unknown sl 82 216147 Unknown aslib
9 215161 Unknown aslil 46 215664 Unknown aslal 83 216149 Unknown wst il
10 215170 Unknown aslal 47 215671 Unknown aslil 84 216155 Unknown

11 215171 Unknown aslal 48 215685 Unknown aslal 85 216167 Unknown

12 215223 Unknown aslal 49 215686 Unknown aslal 86 216185 Unknown

13 215256 Unknown aslal 50 215690 Unknown aslal 87 216189 Unknown

14 215259 Unknown aslal 51 215701 Unknown alal 88 216193 Tehran

15 215265 Unknown sl 52 215743 Unknown sl 89 216194 Unknown aslib
16 215279 Unknown aslab 53 215745 Unknown aslab 90 216195 Esfahan Ol
17 215280 Unknown aslal 54 215754 Unknown aslal 91 216214 Unknown ]
18 215295 Unknown bt 55 215767 Unknown bt 92 216223 Kermanshah oLzl S°
19 215296 Unknown bt 56 215799 ownUnkn bt 93 216228 Azarbayejan East S Olml,5T
20 215331 Unknown aslal 57 215813 Unknown aslal 94 216238 Unknown

21 215347 Unknown alal 58 215843 Unknown alal 95 216265 Tehran

22 215363 Unknown sl 59 215858 rasanKho Olul & 96 216227 Unknown

23 215377 Khorasan Olul & 60 215886 Unknown sl 97 216279 Unknown

24 215404 Unknown sl 61 215887 Azarbayejan East S Olml,3T 98 216289 Unknown

25 215437 Khorasan Olul & 62 215909 Azarbayejan astE S5 Obmly3T 99 216310 Esfahan

26 215474 Khorasan Olul &~ 63 215913 Unknown bt 100 216313 Azarbayejan East S0

27 215447 Unknown aslal 64 215920 Unknown alal 101 216324 Unknown

28 215480 Unknown aslal 65 215936 Khorasan Olul > 102 216325 Unknown

29 215484 Unknown sl 66 215940 Unknown aslal 103 216333 Unknown

30 215505 Unknown sl 67 215941 Unknown il 104 216356 Unknown

31 215529 Unknown aslal 68 215944 Unknown aslal 105 216364 Unknown

32 215537 Khorasan Olul & 69 215948 Unknown sl Arman - Iccarda 15,851
33 215538 Khorasan Olul 5 70 215950 Khorasan Olul 5 Jam - Fars )
34 215543 Fars ook 71 215979 Unknown alab Hashem - Iccarda 15,851
35 215551 Unknown aslal 72 215989 Unknown alal Bivanij - Kermanshah oliile 7
36 215557 Unknown aslal 73 215995 Unknown 4l 1ILC-482 - Turkey 4S5
37 215559 Unknown alit 74 216001 Unknown alit
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Table 2. Measured agronomic traits for evaluation of genetic variation in chickpea

accessions
. . Cadle 253

Traits e Symbol 1:;\;/
50% Date of flowering P31 DF-50% 1
50% Date of podding P ONET0 DP-50% 2
90% Date of Maturity S ey T8 R DM-90% 3
Canopy wide =55 e CanW 4
Soil and plant analyzer derision 8 1 dds JS O SPAD 5
First pPod height (cm) o g SV O sl gLl PH-1P 6
Plant height (cm) < gl PH 7
Pod length (cm) SO Jsb PL 8
Pod diameter (cm) OOl ki PW 9
Number of seed per pod e 5 4ils sldas NSPP 10
Number of primary branches adsl gla 4l sl NBP 11
100 Seed weight (g) als Ve 05 100SW 12
Grain yield (g) 633, Skes GY 13
Harvest index Sl el HI 14
Fertility percent ok o) FER% 15

055 L OY o led (glmes 5 s 5 (6 by
LAY 50,5 YAIDF 055 L0V o 5 Y18
sﬁwol},‘d%‘gl,\wfmvm;)
2 oS VM 5 Sles LA )bt o35 5 6
dzals 3, Shas Ol g 2S4S
Sl AT g >J_§L¢:— Sl (Y Jgus)
Lcwyacdb, eslsgalsl chasls
e 8hyls A > VA/FA (YY/Y (YY/AS
Osopan S5 955 Do (g ding 55
PR D &b %;»X:M)./A' &0t
VAL XYL 3 5 e a5 JS 700 5,0
Ly Ol el oo Ol o 28 o> Y/4Y
UMS.A.M@QL&} Cy}ﬁ ol als
sl g 4l 3, Shes Sliw L5 51,5l

Slecals et li ol an 4 ad gl slaasli

0%

o3 Dslis Sy 140 5,5

tizs (PS1%) 55 552 g0 pL5 )1

BRI RS VT P U PU Yy Ny
Uiles S 3,58 elyf 35w el )
¢Ali et al., 2001 «Cheghamirza, 2007)
(Farshadfar et al., 1995
g p 355 Do S0l 4yl b
Loy g 9lS o e Chw dn Gl
sl o8 sy IS 0l 5 sl
At adeion ol 5 Laes s o (6513 ime
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L 6ol3 sne Ot Y Jlazm] pelans 3 48
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Table 3. Mean comparison of seed yield (g/plant) of chickpea accessions and cultivars

055 ojlad als s Slas o35 ojlads 4l 5 Sl 035 ojlads als 5 Slas 035 ojlad 4l 5 Sl
Accession No. Seed yield Accession No. Seed yield Accession No. Seed yield Accession No. Seed yield
1 6.46¢ 30 6.71c 57 28.56a 82 23.44a
2 3.70¢ 31 7.89¢ 58 11.88¢ 83 12.52¢
6 10.26¢ 32 7.69¢ 59 14.54b 84 16.44a
7 3.88¢c 33 10.71c¢ 60 10.31c 85 8.27¢c
8 2.81c 34 10.09¢ 62 21.52a 86 14.27b
9 10.44c 35 12.9%9b 63 10.21¢ 87 9.51¢
10 7.94c 37 9.57¢ 64 6.36¢ 88 0.06d
11 7.80c 38 7.80c 65 14.06b 89 6.46¢
12 8.47¢c 39 20.98a 66 10.46¢ 90 11.27¢
13 8.04c 40 11.00c 67 13.98b 91 8.66c
14 10.65¢ 41 7.60c 68 9.47¢c 92 7.05¢
15 9.03¢ 42 9.38¢ 69 16.03a 93 14.55b
16 10.62¢ 43 10.24¢ 70 7.75¢ 94 12.06¢
17 8.99¢ 44 9.23¢ 71 8.58¢ 95 12.91b
18 4.75¢ 45 13.34b 72 11.31c 96 19.17a
19 8.26¢ 46 14.13b 73 15.15a 97 3.49¢
20 11.61c 47 10.09¢ 74 13.68b 98 6.60c
21 12.30c 48 9.44c¢ 75 12.82¢ 99 10.29¢
22 7.25¢ 50 14.02b 76 13.80b 100 9.73¢
23 11.69¢ 51 17.57a 77 11.48¢ 101 5.98¢
25 7.70¢ 52 24.06a 78 14.41b 102 7.79¢
26 9.27¢ 54 19.20a 79 11.89¢ 103 10.28¢
28 10.36¢ 55 15.52a 80 6.37¢c 104 7.59¢
29 7.88¢c 56 14.35b 81 11.13¢ 105 741c
1SS ils 5 Shee
A5 Check cultivars EREN 1Mean Replication VS Sl 9.47
Replication Seed yield
1 Arman-1 V-0l,T 6.67¢ 2Mean Replication Y5155 Sl 6.49
1 Jam-1 Vo 10.98¢ 3Mean Replication YIS Sl 5.35
1 Hashem-1 V-pls 2.65¢ 4Mean Replication P50 Se 8.20
1 Bivanij-1 T 15.39a Main Mean bl (wSke 7.37
1 ILC-1 ILC-1 11.67¢
- 0, T . e
2 Arman-2 ook 5.80c 1Factor Correction NeuaEll 2.09
2 Jam-2 e 8.30c 2Factor Correction Yoo 5556 -0.89
2 Hashem-2 Al 2.76¢ 3torFac Correction Yo 0556 -2.03
2 Bivanij-2 iz 8.39¢ 4Factor Correction P 2556 0.83
2 ILC-2 ILC-2 7.19¢
3 Arman-3 -0t 3.12¢ Coefficient of Variation S 22.89%
3 Jam-3 e 7.10¢
3 Hashem-3 Fopls 3.63¢ LSD5% 5.456
3 Bivanij-3 e 6.15¢ LSD1% 7.657
3 ILC-3 ILC-3 6.74c
4 Arman-4 F-ob,T 731c S.OV. 5 e df. 65T e s MS Sl Kol
4 Jam-4 o 10.54¢ Block sh 3 16.62%*
4 Hashem-4 Fople 3.57¢ Genotype tel 4 32.62%*
4 Bivanij-4 F-gise 9.65¢ Error e 12 2.85
4 ILC-4 ILC-4 9.95¢ Total K 19

Means Checks:7.37 — Coefficient of Variation: 22.89%
A: Positive Significant Difference with Mean Checks (P<0.01)
B: Positive Significant Difference with Mean Checks (P<0.05)

C: No significant with Checks Means
D: Negative Significant Difference with Mean Checks(P<0.05)
E: Negative Significant Difference with Mean Checks(P<0.01)

For details of accession see Table 1.

oy

YYAR 10l i oy VY tladals Sl

(P<0.01) basals oKl b ot I3 ine oslis :A

(P<0.05) sl Kol b o yls ine o5l B
bals 580l b ls ine b sl :C

(P<0.05) tasals Kol b it s ons o5li5 1D
(P<0.01) Kol L ite s ime o5l E

g anl o ) Jgd 4 bhes 5 Slasedn sl
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Fig. 1. Dendrogram obtained with the dissimilarity of the agronomic characteristics by
ward's method algorithm for accessions and cultivars of chickpea

For details of accession see Table 1.
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Table 4. Correlation coefficients between seed yield and different traits in chickpea accessions and cultivars

PL PW  NSPP NPB SPAD  PH-1P PH 100SW HI FER%  DF-50%  DP-50% DM-90% CanW

SY 053 0.030 -0.005 0057 -0.120 -0.169  -0.138 0.180 0.459" 0.071 -0.208" -0.201° -0.100 0.232"
* and **: Significant at the 5% and 1% probability levels, respectively. TN 578 Jazl elas 53 515 gxe 5 4 KR ¥
For abbreviations see Table 2. g ansrl e ¥ J gl 4 Sl ylazs (gl

o 3030 Do ol o6l 5 laes i (stivay 8 5 slate & et w4 -0 U
Table 5. Discriminant analysis for grouping of chickpea accessions and cultivars based on measuring traits

old ot sloos & Group 1 Jsles 8 Group 2 5s 055 Total s
Predicted sl WS sl oy sl WS
groupes Number Percent Number Percent Number Percent
1 68 94.1 0 0 68 94.1
2 0 0 33 100 33 100
Grouping is confirmed about 96%. el 0 1B 788 ey S

3}5ddk$“f5)‘ﬁu°-’f)-’f“%)-’(5‘ﬁw)ﬁJ))AQWQ:Q\:A—? Jgd
Table 6. Means of traits for two clusters including different accessions and cultivars of chickpea

PL PW NSPP NPB SPAD PH-IP PH SW SY HI Fer%  DF-50%  DP-50% DM-90% CanW
ICluster V=38 176 0.73 1.20 1.95 54.49 9.86 24.80 17.71 13.47 0.53 44.39 60.21 68.77 85.69 38.95
2Cluster vz 1,76 0.75 1.02 2.24 54.55 13.42 27.87 20.83 9.33 0.44 4481 65.02 73.86 88.49 38.87

For abbreviations see Table 2. g dael e ¥ Jd 4 Ol jlassl gl
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Table 7. Factor analysis with varimax rotation for agronomic characters in chickpea accessions and cultivars

V ele Y el ¥ el ¥ el 5 Jole 5 Jole
Trait — Factor 1 Factor 2 Factor 3 Factor 4 Factor 5 Factor 6
PL SMe J b 0.178 0.781 9.573E-02 0.195 7.848E-02 1.884E-03
PW SN ki 3.102E-02 0.898 -8.54E-03 -5.01E-02 -3.90E-02 1.229E-02
NSPP OMNE 3 ails sl -4.830E-02 -0.117 -9.79E-02 0.850 -2.79E-02 -0.152
NPB sl gl el olies 4.285E-02 2.625E-02 0.104 -6.44E-02 -4.47E-02 0.931
SPAD &y o5 S Ol -0.303 0.207 0.562 0.343 -0.301 -3.53E-02
PH-1P O e SO sl el 0.428 0.184 0.703 -2.90E-02 -3.37E-02 0.101
PH Spglsl 0.250 -4.40E-02 0.856 -4.63E-02 -2.19E-02 5.643E-02
100SW SIEARRNVET) -6.21E-02 0.712 0.337 -0.380 0.176 0.142
GY 63, Shes -0.153 6.118E-02  -8.90E-02 5.923E-02 0.904 -2.77E-02
HI Sl esls -0.612 3.793E-03 0.107 0.253 0.474 -0.279
FER% Sol Lo 9.82E-02 0.209 0.226 0.596 0.167 0.434
DF-50% > e b 0.892 9.878E-02 0.188 8.186E-02 -9.67E-02 4.360E-02
DP-50% PO &6 0.869 5.097E-02 0.159 -4.26E-02 -0.118 8.148E-02
DM-90% S s 1A G 0.865 4.018E-02 9.294E-02 1.813E-02 7.077E-02 -8.62E-02
CanW =55 o 3.384E-02 0.214 0.492 -5.19E-02 0.406 0.173
Relative variance s ool 20.574 14.147 13.793 9.752 9.310 8.249
Cumulative variance xS bl 20.574 34.721 48.514 58.266 67.576 75.825

For abbreviations see Table 2. 255 anl e ¥ Jod 4 Sl jlassl gl
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Fig. 2. RAPD fingerprinting produced in chickpea accession No. 23 to 45 by UBC18
primer, M: Size marker

RAPD S5Ls5 3l osliul 3 g5 o6l 5 Uaos 55 oy p 1 ool s —A I
Table 8. The results of chickpea accessions and cultivars using RAPD marker

ST el %}&T S Jlast sles JS slaws AL AL sl Sk doys Sl (gl g sarls
o) 55T (H IS JIESutes Sl
Primer Primer sequence 5’ Annealing Total Number of (POL) (PIC) Marker
name to 3’ tempreture number of  polymorphic  Polymorphic  Polymorphic index
of primer bands band percent information
content

UBC1 CCTGGGCTTC 37 20 11 55.00 0.24 13.20
UBC9 CCTGCGCTTA 30 28 18 64.28 0.47 30.21
UBCI18 GGGCCGTTTA 30 18 11 61.11 0.12 7.33
UBC31 CCGGCCTTCC 30 18 10 55.55 0.09 5.26
UBC52 TTCCCGGAGC 30 18 10 55.55 0.24 13.33
E7 AGATGCAGCC 40 22 15 68.18 0.30 20.45
OPC10 TGTCTGGGTG 37 15 6 40.00 0.66 26.40
OPCO07 GTCCCGACGA 40 25 16 64.00 0.35 22.40
T19 GTCCGTATGG 40 24 18 75.00 0.55 41.27
E10 CACCAGGTGA 40 25 13 52.00 0.15 7.80
OPC08 TGGACCGGTG 40 21 12 57.14 0.23 13.14
ul17 ACCTGGGGAG 37 16 10 62.50 0.33 20.63
ull AGACCCAGAG 40 19 15 78.94 0.17 13.46
OPC15 GACGGATCAG 40 23 13 56.52 0.26 14.69
A7 GAAACGGGTG 40 23 12 52.17 0.11 5.73
ABI CCGTCGGTAG 40 19 11 57.89 0.13 7.74
OPC13 AAGCCTCGTC 40 20 9 45.00 0.38 17.24
Cc9 CTCACCGTCC 35 23 9 39.13 0.25 9.78
Cl6 CACACTCCAG 40 20 8 40.00 0.21 8.40
T18 GATGCCAGAC 40 23 7 30.43 0.35 10.65
E17 CTACTGCCGT 40 21 13 61.90 0.22 13.86
T9 CACCCCTGAG 40 24 17 70.83 0.45 31.87
El6 GGTGACTGTG 37 23 10 43.47 0.16 7.05
E19 ACGGCGTATG 40 26 11 44.00 0.23 10.12
D12 CACCGTATCC 40 27 26 96.29 0.37 35.63
OPC04 CCGCATCTAC 35 23 10 43.47 0.25 10.92
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Fig. 3. Dendrogram illustrating genetic relationships among accessions and cultivars
using RAPD, based on Jaccard similarity and UPGMA method

For details of accession see Table 1.

ol s Cillas MalS 28 4 o
PARIS| IS PIE N DY RU I I
3,5 alis (g o plul ILC- 482 3,
s aS d il ly Ko Cald oy S
ol S, 5ls g0 5 b ko 8
$lros,S 53 on ol Slaths 4 4 25
Job b4 e g L as S 515 gl
Tswml}:y\wngqﬁaU\
S g 1y ST bl Sl sy YYY/FS
Sl il g 0 56855 S Ul il e
adlje 5 \V/P o33 adl go chuoy3 VWIVY 35,5 e
_.U_;quﬁj:bdfﬁﬂjlesl\/\fr}w
S oslinal U (oS5 655 o) p 3

o (DNA L;ujisw @ by glaosls

ovy

J}J«W‘f\ d}.&-&hn:};s&w‘_g‘ﬂ

3 e gk 51OV Gl Ll
P e s g el )l 4 g 7 5
by Cald o maS s e Sl ol
93 ol ILC-482 v;;))\“ oyled 03 7 4
):).sg}gbjléjjlﬂ\f&llwréjjo:j
PR PN 3 1 U S U PP
Sl Sl s 55 (S5 S5 5
Jolo oll add jo s elal dzsls Koo
Sleslewl b Jol Slia e a4y 4 2 )
pLi)l 5 Laos s SAS, oSl esls
Ol g o5 SN 588 8 S5 s 3588
iz b (P SE) A ) oS )
03 3 acalllas 350 pL5 )1 5 Laes 55 513 5o
S ol sites S LS w5 50y 8


www.SID.ir

#3285 g5

ol Olamses 44 s planl add e an GBI s 55 glaes g STy sl = F I
RAPDJ.<JLLJ ol

Fig. 4. Dispersion of chickpea accessions based on three coordinates estimated using
RAPD markers

For details of accessions see Table 1.
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Fig. 5. Grouping accessions and cultivars of chickpea using of RAPD marker based
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