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ABSTRACT

Alfalfa (Medicago sativa L.) is one of the important forage crops producing highly nutritious biomass and
adaptability. In this study the genetic diversity among 19 genotypes of Medicago sativa was evaluated based on the
molecular and cytogenetic markers. Molecular studies were carried out based on eight Inter Simple Sequence Repeat
(ISSR) primers. Cytogenetic data were obtained by karyotype analysis with mitotic chromosomes. There were
significant differences between cytogenetic characterictics (P<0.01). The genotypes ES-211, ES-027, ES 037, ES-
065, and ES-199 had the greatest chromatin content and the highest asymmetrical value as well. The greatest amount
of asymmetry index (Al) belonged to ES211, E119 while the least value of Al was ES037. The genotype ES119 had
the greatest CV¢, Mean centromeric asymmetry (Mca), r-value and relative length (RL%) characterictics. Analysis
of banding patterns of eight ISSR primers revealed 29 polymorphic bands. A total of 29 polymorphic fragments were
scored and the average of polymorphic information content (PIC) was 0.32. The number of polymorphic fragments
for each primer varied from three to six with mean of 4.62 polymorphic fragments per primer. The mean polymorphic
percentage was 86%. The Cluster analysis of molecular data classified all 19 genotypes into three different groups.
According to the karyotypic characterictics, all genotypes were grouped to three clusters as well.
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Table 1. Gene bank code and origin of alfalfa
genotypes
. Gen - Gen
Number  Origin bank code Number  Origin bank code

Esfahanl ES-211 11 Flavorjan  Es-083
Sharood ES-027 12 Kodi2 Es-058
Esfahan2 Es-037 13 Kerman  Es-036
Kodil Es-199 14 Zardasht  Es-065
Yazd Es-024 15 Sirjan Es-006
Keristari  Es-054 16 Gorgan  Es-050
FAO KR-3003 17 Esfahan3 Es-126
Torbati  Es-032 18 Mashad  Es-031
Tehran  Es-011 19 Unknown  G-19
Birjand  Es-034
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13. Relative length of chromosome
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Figure 1. Metaphase cells in the studied genotypes of alfalfa
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Table 2. Parameters of karyotype asymmetry in studied genotypes of alfalfa

Genotype Al A2 Stebbins VRC DRL TF% Al CV¢ Mca r-value RL%
ES-211 0.312 0.178 2A 2.38 4.52 40.03 0.66 3.71 0.20 0.39 5.44
ES-027 0.350 0.154 1A 2.67 3.65 3891 0.59 3.83 0.22 0.42 6.10
Es-037 0.272 0.008 2A 2.90 2.77 40.29 0.03 3.70 0.16 0.35 6.63
Es-199 0.362 0.010 2A 2.95 2.79 38.10 0.04 3.92 0.23 0.44 6.75
Es-024 0.281 0.116 1A 2.27 2.81 40.28 0.42 3.60 0.17 0.36 5.19
Es-054 0.225 0.128 1A 214 2.95 43.39 0.44 343 0.13 0.31 4.90
KR-3003 0.278 0.144 2A 2.10 3.45 41.39 0.52 3.59 0.17 0.35 4.80
Es-032 0.264 0.012 1A 2.18 2.61 42.02 0.04 3.56 0.16 0.34 5.00
Es-011 0.269 0.112 1A 2.23 249 41.97 0.40 3.56 0.16 0.34 5.11
Es-034 0.292 0.013 2A 2.19 321 40.51 0.05 3.67 0.18 0.37 5.00
Es-083 0.305 0.119 1A 1.99 2.83 40.77 0.44 3.66 0.18 0.37 4.56
Es-058 0.201 0.104 1A 2.03 240 44.08 0.35 3.38 0.12 0.29 4.65
Es-036 0.326 0.136 1A 2.10 3.20 39.93 0.51 3.73 0.20 0.39 481
Es-065 0.292 0.016 1A 2.58 391 39.92 0.06 3.71 0.18 0.37 5.90
Es-006 0.344 0.098 1A 2.07 2.32 39.92 0.37 3.80 0.21 0.41 4.74
Es-050 0.254 0.119 1A 2.30 2.57 42.55 0.42 351 0.15 0.33 5.25
Es-126 0.308 0.118 1A 2.23 2.72 40.76 0.43 3.67 0.18 0.37 5.09
Es-031 0.274 0.113 1A 2.18 2.58 41.74 0.40 3.58 0.16 0.35 4.99
G-19 0.320 0.150 2A 2.23 3.39 39.90 0.56 3.71 0.20 0.39 5.09

axigy G Bols ois )5 sla Sy puibly 4525 ¥ Jgo
Table 3. Analysis of variance of karyotypic characteristics of M. satica genotypes

S.0v D.F.

Mean of Squers

CL L S AR Cl
Genotypes 18 0.383**  0.143**  0.045**  0.001** 0.045**
Error 76 0.002 0.001 0.001 0.0001 0.006
CV (%) 1.92% 2.64% 3.75% 2.86% 5.11%

** Significantsat 1% probability levels.
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Table 4. Mean comparison for karyotypic characteritics of M. sativa genotypes based on LSD method at 1% of
probability level

Genotypes (CL) (L ©) (CI). . (AR) .
Chromosome length Long arm Short arm Centromeric index Arm ratio
ES-211 2.381¢ 1.42¢ 0.953% 0.404°%" 1.520%%
ES-027 2.666" 1.62° 1.037° 0.391" 1.593%
Es-037 2.900° 1.61° 1.168° 0.405%" 1.420%%
Es-199 2.952% 1.79° 1.125° 0.382 1.653°
Es-024 2.270° 1.333° 0.937% 0.416%f 1.444%
Es-054 2.145% 1.2147 0.931%® 0.436% 1.311%
KR-3003 2.10" 1.233N 0.871% 0.417°%%f 1.425%M0
Es-032 2.185™ 1.2609" 0.918%f 0.421° 1.388""
Es-011 2.234° 1.297¢0 0.938% 0.421° 1.399°fh
Es-034 2.187% 1.277% 0.886° 0.408%1 1.4760%f
Es-083 1.993! 1.181% 0.813" 0.409¢%f0 1.4740f
Es-058 2.0331 1.137% 0.896° 0.443° 1.27I"
Es-036 2.1032" 1.263% 0.840°%" 0.401%" 1.536%
Es-065 2.582° 1.491° 1.031° 0.404°%" 1.4730cef
Es-006 2.072N 1.2580% 0.814" 0.3949" 1.567%°
Es-050 2.296° 1.319° 0.977¢ 0.426™ 1.365"
Es-126 2.228° 1.320°f 0.908%f 0.408°%f 1.477 et
Es-031 2.181% 1.271% 0.911%f 0.418% 1.418¢%M0
G-19 2.227 1.338° 0.888° 0.403°%" 1,524
LSD 0.074 0.052 0.052 0.016 0.129
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Table 5. Simple coefficient correlation between karyotypic characteristics in studied M. sativa genotypes

Characters Chromosome length Long Shortarm  Centromeric index  Arm ratio Inter chromosme Asymmetry
(CL) arm (L) (S) Cn (AR) index (Al)
L 0.973** 1
S 0.965** 0.871** 1
Cl -0.555* -0.699** -0.288 1
AR 0.437 0.617** 0.157 -0.972** 1
Al 0.372 0.558* 0.090 -0.964** 0.990** 1
A2 -0.452 -0.353 -0/467* 0.159 -0/170 0.350

** Significantsat 1% probability levels.
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Figure 2. Dendrogram based on Ward method of cluster analysis for karyotypic characteristics
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Table 6. ISSR primers used in this study and some summary results

Number Number of Percent of Polymorphic
Primer number Primer sequence of bands polymorphism polymorphism information
band band content

IS1 5'- ACACACACACACACACYC-3' 3 3 100% 0.27
1S3 5'- GAGAGAGAGAGAGAGAYC-3' 5 5 100% 0.35
1S5 5'- AGAGAGAGAGAGAGAGC-3' 7 4 57.14% 0.22
1S9 5'- CTCTCTCTCTCTCTCTG-3' 3 3 100% 0.46
1S13 5'- AGAGAGAGAGAGAGAGYT-3' 6 6 100% 0.47
I1S14 5'- GACAGACAGACAGACA -3 4 2 50% 0.24
IS15 5'- GGATGGATGGATGGAT -3' 6 3 50% 0.36
I1S16 5'-DBDACACACACACACACA-3 3 3 100% 0.22
Mean 4.62 3.62 86% 0.32
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Table 7. Similarity matrix for studying alfalfa genotypes based on Dice’s coefficient
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