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ABSTRACT
Due to its adaptability to environmental stresses such as drought and salinity, as well as

its favorable forage quality, Elymus hispidus var. villosus plays a key role in sustainable
rangeland management and forage production in arid and semi-arid ecosystems. This
study was conducted to identify ISSR molecular markers associated with
morphological traits and forage quality in 24 genotypes of this species. Morphological
traits including plant height, number of stems per plant, flag leaf length, and dry forage
yield, along with quality traits such as crude protein percentage, dry matter
digestibility, and acid detergent fiber, were evaluated using near-infrared reflectance
spectroscopy (NIR). Molecular analysis using 13 ISSR primers revealed a
polymorphism rate of 97.94% and high genetic diversity among the genotypes,
confirmed by PIC, EMR, MI, and RP indices. Analysis of variance showed significant
differences in morphological traits (at 1% and 5% levels), while forage quality traits
exhibited more limited variation. Mean comparison identified genotypes 23 and 10 as
promising candidates for breeding programs due to their superior performance and
morphological traits. Phenotypic correlations revealed a significant positive association
(at the 5% level) between dry forage yield and plant height, internode length, and flag
leaf length, with a stronger correlation (at the 1% level) with the number of stems per
plant. Stepwise regression analysis demonstrated a significant association of marker
IS11 with seven traits, and markers UBC880, UBC825, and UBC808 with several
traits. These findings highlight the efficiency of ISSR markers in enhancing genetic
improvement strategies for sustainable forage production.
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Table 1. List of 24 genotypes selected from the Natural Resources Gene Bank
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Table 2. Analysis of variance for morphological traits and forage quality in the studied genotypes
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Table 3. Comparison of mean morphological traits and forage quality in the studied genotypes using Duncan's method at
the 5% level.

Genotype PLH INL NSS FLL SPL NSB DW DMD CP WsC ASH ADF
1 69.01e 16.70a-f 11.00a-f  111lae  15.21a-e 20.47b 2636fgh 40.89% 1491bc  46.93ab  827a-e  46.93ab
2 69.01e 11.43g 9.973b-f 10.38b-e  13.0la-e 17.53b-e 2693efg 3793ab  1542abc  50.13ab  830a-e  50.13ab
3 73.24cde  17.02a-d  11.20a-f  11.99a-d 16.89ab  18.27bcd 2995def  38.39%ab  1547abc  50.06ab  8.94abc  50.06ab
4 79.03b-e  1539%-g 11.27a-f  1140ae  15.75a-e  17.13b-e 2762def ~ 39.52ab 16.46a 4893ab  846a-e  48.93ab
5 80.6lae  14.82a-g 11.27af 113%-e  15.27a-e 20.27b 3590bc 40.54ab  15.16abc  47.31ab  8.73a-d  47.3lab
6 7791b-e  1299-g 11.33a-e  10.22b-e  12.22de 15.53b-e 2097hi 39.40ab 14.47c 48.16ab  8.05de  48.16ab
7 74.07cde  14.63a-g 11.10a-f 11.35a-e 17.14ab 14.80cde 1430j 39.12ab  15.28abc  48.79ab  8.49%a-e  48.79b
8 78.05b-e 17.61ab 12.60ab  12.25abc 17.27a 15.67b-e 2794def ~ 3957ab  15.64abc  4894ab  8.98ab  48.94ab
9 7241cde  12.43c-g 10.60a-f 9.81cde 12.29cde  16.67b-e 2977def 39.49ab  15.68abc  48.6lab  8.67a-d  48.61lab
10 86.71ab 18.89% 11.47ad 12.83ab 1567a-e  19.67b-e 4556a 40.96a  15.56abc  47.32ab  8.88a-d  47.32ab
1 77.92b-e 18.61a 12.67a 11.49-e 16.95ab 17.33b-e 3708b 3897ab  14.8lbc  4867ab  850a-e  48.67ab
12 7889%-e  1240d-g  10.27a-f  1053ae  1352a-e  17.33b-e 2925def  39.13ab  154labc  4870ab  8.07cde  48.70ab
13 74.03cde  14.18a-g 8.800ef 9.457de 1547a-e  19.00bcd  3356bcd  40.24ab  15.39%abc  47.77ab  8.29a-e  47.77ab
14 77.85b-e  16.97a-d  10.40a-f 1286ab  16.33a-d  18.67bcd  3294bcde  39.15ab  15.67abc  48.68ab  8.18b-e  48.68ab
15 84.0labc  17.62ab 11.20a-f  11.8la-d  13.90a-e 14.67de 3365bcd  38.83ab  14.80bc  49.25ab  8.65a-d  49.25ab
16 78.36b-e  12.87b-g 8.667f 10.77a-e 12.87b-e  17.80b-e 2545f-i 40.45ab  1547abc  47.42ab 9.06a  47.42ab
17 78.780-e  12.10efg  9.867c-f  10.7lae  1329%:-e  15.80b-e 3049c-f 3846b  15.04abc  49.44ab  832a-e  49.44ab
18 80.3lae  17.17a-d  9.467def = 10.49%-e  13.8la-e 20.53b 2160ghi ~ 39.28ab  16.03ab  4879ab  8.28a-e  48.79%b
19 78.27h-e 11.92fg 1051a-f  11.3%-e  1453ae  17.73b-e 2001i 41.17a 14.96bc 46530  843a-e  46.53b
20 79.30b-e 18.66a 1167a-d  11.27a-e 16.94ab 16.07b-e 2772def  3849b  14.79bc  4858ab 7.73e 48.58ab
21 78.00b-e  1559a-g 12.27abc  1148ae  14.98a-e 19.93bc 2753def ~ 40.34ab  14.71bc  47.39%ab  8.03de  39.47ab
22 70.99de 11.78g 9.733c-f 8.827e 11.67e 12.97e 2602fgh  40.74ab  16.14ab  47.40ab  8.1lb-e  40.47ab
23 82.06a-d  17.30abc  12.20abc  12.47abc  15.76a-e 35.80a 4525a 36.79b 14.94bc 5097a  81%-e  50.97a
24 90.71a 16.83a-e 12.80a 13.15a 16.57abc  18.87bcd 3054c-f 40.93a  15.76abc  47.72ab  8.96ab  47.72ab
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Table 4. Correlation between morphological traits and forage quality

wlie PLH INL NSS FLL SPL NSB Dw DMD CP WSC ADF
INL 436*
NSS 410* .604**
FLL 640** .691** .657**
SPL .248 T40%* .594** 707**
NSB .239 .293 211 .362 212
Dw 423* 456* .285 A407* .220 544**
DMD .065 -.124 -.107 -.076 .096 -.331 -.186
CcpP -.017 -.088 -.289 -.084 .047 -.145 -.057 .185
WSC .057 -.130 110 -.157 -.085 -.243 -.395 -.078 -.506*
ADF -.010 .143 128 147 128 .306 .220 -.951** .032 -.099
ASH .285 .154 116 .383 .199 -.072 77 .275 .302 -.226 -.060
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Figure 1. Dendrogram of cluster analysis of morphological traits and forage quality for the studied genotypes using the
UPGMA method
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Figure 2. Banding pattern of the 24 genotypes studied using the 1S6 primer
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Table 5. Molecular parameters calculated in ISSR primers

skl Sl Na NPB PP% EMR PIC MI RP

Primers Primer sequence
1S6 5-CACACACACACACACAG-3' 7 7 100 7 0.372 2,601 4.583
UBC884 5-AGAGAGAGAGAGAG-3' 8 7 87.50 7 0.370 2.592 5.917
1S11 5-ACACACACACACACACC-3' 14 14 100 14 0.361 5.049 9.167
SI4 5-GACAGACAGACAGACA-3' 10 10 100 10 0.401 4.014 7.000
UBC808 5-AGAGAGAGAGAGAGAGC-3' 7 7 100 7 0.467 3.267 5.917
UBC811 5-GAGAGAGAGAGAGAGAC-3' 4 4 100 4 0.259 1.035 3.667
UBC823 5-TCTCTCTCTCTCTCTCC-3' 6 6 100 6 0.299 1.795 2.750
UBC825 5-ACACACACACACACACG-3' 6 6 100 6 0.353 2118 4.000
UBC886 5-CTCCTCCTCCTCCTCCTC-3' 6 6 100 6 0.418 2,507 4.333
UBC880 5-GGAGGAGGAGGAGGAGA-3' 5 5 100 5 0.347 1.733 3.583
UBC840 5-GAGAGAGAGAGAGAGA-3' 7 6 85.71 6 0.367 2.199 6.250
UBC835 5-AGAGAGAGAGAGAGAG-3' 7 7 100 7 0.397 2781 6.083
UBC842 5-GAGAGAGAGAGAGAGAT-3' 2 2 100 2 0.491 0.983 1.917

ke 6.846 6.692 97.940 6.692 0.377 2,513 5.013
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Figure 3. Frequency distribution diagram of genetic distances between the studied genotypes
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Figure 4. Dendrogram obtained from ISSR marker data for the studied genotypes.
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Table 6. Linkage mapping of ISSR molecular markers and morphological traits and forage quality of E. hispidus var. villosus

Traits  Primers Adjusted R R Square B Beta Sig  Traits  Primers Adjusted R R Square B Beta  Sig
Square Change Square Change
IS11 242 275 7.012 404 009 NSB 1S11 409 435 8.427 562 .000
UBC825 564 135 6.038 620 015 1S6 .596 197 4.599 367 .003
UBC880 750 173 7.441 629 001 UBC825 525 546 1284277 686  .000
PLH UBC825 804 .053 4.038 420 023 DW UBCs811 652 137 232978 158 .007
1S14 848 041 -5.306  -449  .023 1S11 758 107 391.933  -265 .005
UBC835 .885 032 -3792  -321  .022 IS11 142 179 -798 -275  .039
UBC823 929 .033 -1.068  -110 .005 DMD UBC808 291 174 843 390  .027
UBC825 .200 234 5.019 972 017 UBC880 AT 192 2.145 -549  .009
UBC880 .358 179 -4613  -947  .019 UBC823 578 107 829 384 .026
UBC808 552 197 5.470 912 005 UBC880 277 .308 895 752 .005
INL IS11 671 117 -5.752  -880 .010 CcP IS11 AT7 215 -528 -515  .006
1S14 757 .082 -3387 -565 .012 UBC886 677 .196 -.550 -517  .001
UBC886 862 .089 -2.865 -478  .001 1S14 224 .258 .348 375 011
1S11 913 041 3.872 440 005 WSsC UBC811 373 170 414 363 .021
UBC835 .261 293 1.285 426 006 UBC886 525 .159 -.244 -319 012
NSS 1S14 .390 149 1.292 522 027 UBC842 .662 134 408 534 .007
UBC808 570 .183 1590 574 005 IS11 .258 .290 1181 413 .007
UBC825 684 113 .858 376 010 ADF  UBC823 497 251 1.365 -641  .003
FLL UBC808 425 179 1.458 560 014 UBC880 679 .180 1.786 464 002
UBC880 538 123 1426 -674 022 UBC808 .189 224 .348 407 019
UBC880 276 .308 -3164 -930 .005 ASH 1S11 .380 210 332 A77 011
UBC808 517 251 4433 1059 .002 UBC835 516 145 .336 393 .016
SpL IS11 632 120 -3342  -732 013
UBC825 751 114 1.036 287 004
UBC823 856 .093 1951 -574  .001
UBC840 .892 .033 -994  -292 017
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