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Abstract

Background and Objective: Elymus hispidus (Opiz) Melderis var. villosus (Hackel) Assadi is a
key forage grass species with modrate nutritional value and notable resistance to environmental
stresses. Investigating the cytogenetic diversity of this species can improve understanding of its
genetic structure and support its effective utilization in breeding programs. The aim of this study
was to evaluate the karyotypic diversity of 24 different genotypes from various regions of Iran by
analyzing chromosomal traits and karyotypic indices.

Materials and Methods: Twenty-four genotypes of E. hispidus var. villosus, collected from diverse
regions of Iran and preserved in the National Natural Resources Gene Bank, were provided. Seeds
were sown in Petri dishes and prepared for cytogenetic evaluation at the Agricultural and Natural
Resources Research Center of Kermanshah Province, Iran. Metaphase chromosomes were prepared
from young root cells using conventional staining and observed under a light microscope.
Chromosomal parameters, including total chromosome length (CL), long arm length (LA), short
arm length (SA), and 19 additional karyotypic indices, were measured. Data were analyzed using
analysis of variance (ANOVA) to assess significant differences among genotypes, followed by
correlation analysis and hierarchical clustering. Karyotype symmetry indices and Stebbins’
classification system were used to determine the degree of evolutionary advancement and structural
symmetry among genotypes.

Results: All studied genotypes were hexaploid (2n=6x=42), but exhibited considerable variation in
karyotypic formula. Genotype 19 had the highest total form percentage (TF%) and the lowest
intrachromosomal asymmetry index (Al), indicating a more symmetrical karyotype and lower
evolutionary advancement, whereas genotype 14 showed greater asymmetry and a higher degree of
chromosomal evolution. ANOVA revealed significant differences (p < 0.01) among genotypes for
all chromosomal traits. The longest chromosomes were observed in genotypes 23 and 10, while
genotypes 6 and 7 had the shortest chromosomes. Cluster analysis grouped the genotypes into three
distinct clusters, which corresponded with patterns observed in Al, A2 (interchromosomal
asymmetry), coefficient of variation of chromosome length (CVcl), centromeric index variation
(CVeci), and Stebbins’ classification. Significant positive correlations were observed between total
chromosome length, arm lengths, and indices such as relative chromatin value (VRC), difference in
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relative chromosome length (DRL), and karyotype asymmetry index (Al), suggesting high genetic
potential and breeding capacity within these genotypes.

Conclusion: This study demonstrated substantial cytogenetic and karyotypic diversity within E.
hispidus var. villosus, highlighting its value as a genetic resource for breeding and genetic
improvement programs. Significant variation in chromosomal indices, including chromosome
length, arm proportions, and symmetry metrics, reflects a high degree of structural diversity. Such
diversity can be exploited to select genotypes with superior forage yield and quality. Utilizing
intraspecific diversity, particularly through crosses between genotypes with high genetic distance
(based on cluster analysis), can lead to heterosis and improve both quantitative and qualitative traits.
These genotypes can be effectively used in intraspecific crossing programs to develop new varieties
with higher tolerance to environmental stresses, enhanced forage yield, and increased sustainability
of rangeland exploitation.
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Table 1. List of 24 genotypes from the Natural Resources Gene Bank for cytogenetic studies

Genotype Accession Origin

number code Province County location
1 6-10 Chaharmahal & Bakhtiari Shahrekord ChaharTagh
2 13-13 Kohkiluyeh &Boyer Ahmad Yasuj Patavah
3 4007 Isfahan Fariden Fariden
4 13-3 Isfahan Semirom Qalaeh Arzoomand
5 7-10 Chaharmahal & Bakhtiari Lordgand Sabzkuh
6 13-6 Alborz Karaj Karaj
7 Bijarl Kurdistan Bijar KuhNasar
8 8-10 Chaharmahal & Bakhtiari Borojen BidGhatar
9 5-7 Fars Eqlid Dajkord
10 13-12 Isfahan Semirom Semirom
11 13-14 Isfahan Semirom CheshmeKhooni
12 4-11 Lorestan KhoramAbad Rimleh
13 Qochi2 West Azerbaijan Salmas Gardneh Qochi
14 13-1 Isfahan Semirom Qalaeh Arzoomand
15 13-2 Isfahan Semirom Qalaeh Arzoomand
16 13-8 Isfahan Semirom Hana research farm
17 4-8 Kohkiluyeh &Boyer Ahmad Yasuj Meimand
18 8-6 Kohkiluyeh &Boyer Ahmad Yasuj Firozabad
19 7-8 Fars Eqlid Bidsobhan
20 7-6 Fars Eqlid Pasalki
21 316 Alborz Karaj Dizin
22 168 Isfahan Isfahan Isfahan
23 313 Mazandaran Nur Balade
24 314 Golestan Gorgan KhoshYilagh
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Table 2. Chromosomal parameters, and their abbreviations

Name if traits abbreviations cio ol
Long arm length LA ok sl Jsb
Short arm length CL e S JS Ik
Total chromosome length SA oS o3l Jsb
Interchromosomal asymmetry index A2 w3555 5 om o3t o\l Lasla
Difference of relative chromosome length DRL 0355535 oo Jsb B!
Haploid chromosome length index HCL Ak s ges S Usb Lasla
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Chromosome size similarity index rec

Relative chromatin value

Karyotype asymmetry index

Coefficient of variation of chromosome length
Coefficient of variation of centromeric index
Arm form percentage

Arano’s karyotype asymmetry index
Long-to-short arm ratio

Karyotype symmetry index

Mean centromeric index

Mean centromeric asymmetry

Overall karyotype symmetry index

Arm ratio

Centromeric index
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Table 2. Karyotypic formulas, chromosomal parameters, and symmetry indices

Chromosomal parameter or asymmetry index Formula Reference

Arm ratio AR =LA/SA -
‘E » Chromosome length CL=LA+SA -

[

§ *E‘E: r-value SA/LA -
S £ Relative length of chromosome RL% = (CL/XCL) x 100 -
G ° Centromeric index Cl =SA/CL -

Chromosome type

Defined terms in Levan

(Levan et al., 1964)

Karyotypic parameters or asymmetry indices

Form percentage of chromosome

F% = (SA/ZCL) x 100

Total chromosome length of the haploid HCL = 2CL
Total form percentage TF% = (ZSA/2CL) x 100
S. class asymmetry index A-C,1-4

Arano index of karyotype asymmetry
Intrachromosomal asymmetry index
Interchromosomal asymmetry index
Symmetry index

Mean centromeric index

Degree of karyotype asymmetry
Mean centromeric asymmetry
Relative CV of chromosome length
Relative CV of centromeric index
Asymmetry index

Difference of relative length

Value of relative chromatin

Index of chromosome size resemblance

Centromeric gradient
Dispersion index
Index of karyotype symmetry

CV of chromosome length

AsK% = (3 LA/Y.CL) x 100
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XCI=YCl/n

A = (Zpi-qi/pi + qi)/n

XCA=Ax100

CVcl = (SCL/XCL) x 100 = A2 x 100

CVci = (SCI/XCI) x 100

Al = (CVCL x CVCI)/100

DRL = [RL%Max- RL%Min]

VRC = XCLi/n

Rec = (3i = 1CLi/LC/n) x 100
Short arm length

CG% = (. ) x 100

Chromosome length

= (CG% x CV)/100
short arm length

Syi = ) x 100

long arm length
CV = (SD/ Mean) x100

(Huziwara, 1962)
(Stebbins, 1971)
(Arano, 1963)
(Zarco, 1986)
(Zarco, 1986)

(Watanabe et al., 1999)
(Paszko, 2006)
(Paszko, 2006)

(Arano, 1980)
(Huziwara, 1962)

(Greilhuber & Speta, 1976)

(Lavania & Srivastava, 1999)

(Greilhuber & Speta, 1976)
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LA = Long arm length; SA = Short arm length; CL = Total chromosome length; i = Homologous group number; x = Mean; S = Standard

deviation; n = Number of haploid chromosomes in the genotype.
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Figure 2. Distribution of E. hispidusvar. villosus genotypes based on the values of intrachromosomal and
interchromosomal asymmetry indices (A1 and A2).

The codes and origins of the genotypes are provided in Tablel
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Figure 3. Distribution of E. hispidus var. villosus genotypes based on the values of Coefficient of Variation of
Chromosome Length (CVcl) and Coefficient of Variation of Centromeric Index (CVci). The codes and origins of
the genotypes are provided in Table 1.
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Table 3. Karyotypic information of the studied E. hispidus var. villosus genotypes

Genotype SC K.F VRC DRL TF% Al A2 Cvcl CVci Ai HCL

1 2B 19m+2sm 11401 3391 41.845 0.275 0182 18.207 2.024 0.369 239.431
2 1B 17m+4sm  10.615 3.810 41527 0.287 0.200 20.032 1669 0.334 222.919
3 1B 20m+lsm  11.202 3.018 42193 0.263 0.167 16.687 2258 0.377 235.246
4 2B 19m+2sm 11115 2875 41.721 0274 0173 17.251 1650 0.285 233.407
5 1B 18m+3sm  11.114 3.661 41.893 0.274 0192 19.158 2.242 0.429 233.388
6 1B 18m+3sm  10.033 3383 42040 0266 0.179 17919 2040 0.366 210.686
7 2B 14m+7sm  11.049 3334 40.798 0.293 0174 17411 1229 0.214 232.026
8 1A 19m+2sm 11424 3196 41.302 0.289 0.177 17.676 2.298  0.406 239.909
9 1A 17m+4sm 10223 2.824 41438 0.284 0.164 16.363 1932 0.316 214.686
10 1A 20m+lsm 11398 2.835 42544 0257 0.163 16.289 1993 0.325 239.353
11 1B 20m+lsm  11.250 3433 42731 0.247 0181 18.114 1796 0.325 236.257
12 1A 21m 10.134 2,700 42382 0.259 0151 15.090 2132 0.322 212.816
13 2A  14m+7sm  10.855 2457 39995 0320 0.139 13921 1687 0.235 227.950
14 2B 17m+4sm 11160 3.630 39.872 0321 0199 19.864 1.857 0.369 234.355
15 2A 18m+3sm 11112 3.086 41612 0279 0.172 17233 1985 0.342 233.344
16 1A 16m+5sm 10297 3.336 40.888 0.298 0.176 17.641 2.056 0.363 216.238
17 1A 18m+3sm  10.605 3.018 41.273 0.287 0.161 16.082 1.751 0.282 222.701
18 1A 20m+lsm  10.694 2980 42226 0.262 0.170 17.012 1938 0.330 224578
19 1A 21m 10407 2955 43293 0231 0173 17.258 2.088 0.360 218.543
20 1A 18m+3sm 12164 3113 41.742 0280 0.171 17.133 2254 0.386 255.434
21 1A 19m+2sm  10.808 3.111 42310 0.261 0.163 16.323 2.075 0.339 226.967
22 2A 14m+7sm 10320 3.120 41841 0271 0.167 16.658 1.830  0.305 216.711
23 2A 14m+7sm 11837 2726 41054 0292 0.162 16163 1919 0.310 248.583
24 2A  16m+bsm  10.756 2,959 40451 0.315 0.157 15711 1942 0.305 225.873

Mean 10916 3123 41624 0279 0171 17.133 1944 0.333 229.230

StDev 0538 0327 0831 0.022 0.014 1388 0241 0.049 11.310

SEM 0.110 0.067 0170 0.004 0.003 0.283 0.049 0.010 2.310

s Jﬁ.,\:- 4alsl
Continuation of Table 3.
Genotype DI rec F% ASK% r-value S% Xci Xca Cl AR

1 3.824 73074 1993  57.890 0.725 47967 0416 49341 138344 0416  1.442
2 2291 68521 1977  58.188 0.713 45174 0412 51752  140.120 0412  1.445
3 4672 73771 2009 57537 0.737 53.251 0422  46.640 136.368 0418  1.393
4 1465 75322 1987  58.007 0.726 54520 0417  49.262  139.036 0417  1.423
5 2255 69.714 1995  57.835 0.726 46.405 0418 48684  138.055 0416  1.415
6 2149 70476  2.002  57.659 0.734 49936 0419 47524  137.154 0420 1411
7 1830 70.190 1.943  58.929 0.707 50.862 0.408 54436 144441 0426 1325
8 2.698 72479 1967  58.433 0.711 51357 0413 51682 141479 0414 1439
9 3751 75202 1973  58.266 0.716 55407 0414 51108  140.610 0413 1.441
10 1789 75154 2.026  57.191 0.743 55250 0424 44765 134428 0426 1325
11 2.642 70404 2.035 57.000 0.753 49.238 0427 43220 133392 0426  1.356
12 2291 75962 2.018 57.320 0.741 56.932 0424 44965 135248 0422  1.367
13 2.004 79531 1905  59.727 0.680 58.960 0.401 58946 149336 0.399 1532
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Genotype DI rec F% ASK% r-value S% Xci Xca syi Cl AR
14 3.470 70266 1.899  59.858 0.679 46.433 0401 58770  150.126  0.400 1.522
15 2.113 73.195 1.982 58.116 0.721 52.572 0.415 50.440 139.662 0.414 1.443
16 2,789 72909 1947 58818 0.702 48.926 0410 53.626  143.852 0410 1.461
17 1232 72845 1965  58.442 0.713 53.827 0413 51.332 141600 0413 1.439
18 1.704 73941 2011 57491 0.738 53.729 0421 46460  136.150 0.420 1.395
19 2.820 74726 2.062  56.416 0.769 53.635 0.432 39.941 130313 0429 1331
20 2,722 73568 1988  58.010 0.720 51.905 0417 49.840 138.972 0403 1.428
21 2,783 73113 2.015 57.410 0.739 52236  0.422 46213 135689 0421  1.399
22 1485 71775 1992  57.866 0.729 52.980 0.416  49.673  138.299 0415 1.449
23 3.574 76.696 1.955 58.690 0.708 56.101 0.412 52.575 142.957 0.410 1.431
24 2060 75927 1926  59.268 0.685 52.816  0.403 57.404 146520 0.401 1512

Mean 2.517 73.282 1.982 58.099 0.721 52.101 0.416 49.942 139.670 0.415 1422
StDev 0.851 2.576 0.040 0.833 0.022 3481 0.008 4.696 4.820 0.008  0.056
SEM 0.174 0.526 0.008 0.170 0.004 0.710 0.002 0.959 0.985 0.002  0.011

The codes and origins of the genotypes are provided in Table 1
Karyotypic information of the abbreviation are provided in Table 2
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Table 4. Mean squares, means, and descriptive statistics of karyotypic traits in the studied genotypes of E. hispidus var. villosus.

Genotypes Chromosome length (CL) (um) Long arm length (LA) (um) Short arm length (SA) (um)
1 11.40 6.60 4,77
2 10.63 6.17 4.40
3 11.28 6.46 4.74
4 11.12 6.45 4.63
5 11.11 6.43 4.65
6 10.02 5.78 421
7 10.12 5.77 4.35
8 11.40 6.67 4.72
9 10.20 5.95 423
10 11.69 6.81 4.84
11 11.25 6.41 4.80
12 10.17 5.80 4.29
13 10.89 6.48 4.37
14 11.17 6.68 4.44
15 11.17 6.45 4.62
16 10.29 6.05 421
17 10.28 6.19 4.37
18 10.63 6.17 452
19 10.39 5.87 4.50
20 11.24 6.48 452
21 10.88 6.23 457
22 10.32 5.97 431
23 11.86 6.96 4.86
24 10.76 6.37 4.35
Mean Square 0.272** 0.57** 1.496**
Mean 10.85 6.30 451
StDev 0.532 0.334 0.207
SEM 0.109 0.068 0.042

**: Significant at the 1% level

The codes and origins of the genotypes are provided in Tablel
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Figure 4. Correlation of studied karyotypic traits in E. hispidus var. villosus genotypes. The intensity of the color
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indicates the value of the Pearson correlation coefficient.
The codes and origins of the genotypes are provided in Table 1
Karyotypic information (The abbreviation are provided in Table 2)
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Figure 5. Dendrogram of cluster analysis of cytogenetic traits for the studied E. hispidusvar. villosus genotypes
using Ward’s method
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