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Abstract

Background and Objective: Cocksfoot (Dactylis glomerata L.) is a major cool-season perennial
forage grass widely distributed in the rangelands of Iran and extensively used for livestock grazing
and forage production. In grass breeding programs, knowledge of genetic variation is essential for
achieving sustainable biomass production, broad adaptation, and long-term genetic improvement.
Genetic diversity is the cornerstone of grass breeding because it enables effective parental selection,
facilitates the exploitation of heterosis in polycross and synthetic varieties, and enhances yield
stability and tolerance to biotic and abiotic stresses. Therefore, this study was conducted to investigate
the genetic diversity of superior cocksfoot (Dactylis glomerata L.) genotypes using agronomic traits
and ISSR molecular markers.

Materials and Methods: Twenty superior genotypes, previously selected based on forage yield,
flowering date, and resistance to rust disease, were evaluated for both agronomic traits and ISSR
molecular markers. The field experiment was conducted at the research farm of the Agricultural
Biotechnology Research Institute, Tabriz, Iran, in 2020. Fifteen clonal plants from each genotype
were established in compost-filled pots. After growth under greenhouse conditions, the seedlings
were transplanted to the field. The experiment was arranged in a randomized complete block design
with three replications. In each plot, five plants of each genotype were established at a spacing of 60
x 60 cm. No data were collected during the establishment year. Data on heading date, pollination
date, plant height, panicle length, tiller number, crown diameter, seed yield, and forage dry matter
yield at the first and second harvests were recorded in 2022. The data were subjected to analysis of
variance, and mean comparisons were performed using the LSD test at the 5% probability level.
Agronomic data were further classified using Ward’s cluster analysis. For molecular analysis, 29
ISSR primers were employed. Band presence or absence was scored, and genetic diversity
parameters, including the number of effective alleles (Ne), Shannon’s information index (I), and
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expected heterozygosity (He), were estimated. Genetic relationships among genotypes were
evaluated using the Neighbor-Joining clustering method and principal component analysis (PCA).
Results: The results of the field experiment revealed significant differences among genotypes for all
measured traits. Genotypes Dgl, Dg6, Dgl12, Dg13, and Dg18 exhibited superior forage dry matter
and seed yields compared with the remaining genotypes. Cluster analysis based on agronomic traits
classified the 20 cocksfoot genotypes into four distinct groups, containing 3, 8, 4, and 5 genotypes,
respectively. Molecular analysis identified 346 alleles, of which 337 (97.4%) were polymorphic. The
number of alleles per primer ranged from 7 to 20, with an average of 11.93 alleles. The mean values
of Shannon’s information index, expected heterozygosity, and the number of effective alleles were
0.447, 0.315, and 1.533, respectively, indicating substantial genetic diversity among the evaluated
genotypes. Cluster analysis based on ISSR markers also grouped the genotypes into four clusters,
with cluster IV exhibiting the highest level of genetic divergence and diversity. The PCA results
confirmed the clustering pattern obtained from the molecular data. The genetic similarity matrix, with
coefficients ranging from 0.41 to 1.00, suggested that genetically distant clones could serve as suitable
parental materials for polycross breeding to maximize heterosis. A comparison of the clustering
patterns derived from ISSR markers and agronomic traits indicated that the grouping of genotypes
was not fully consistent between the two analytical approaches.

Conclusion: Based on band clarity, reproducibility, and discriminatory ability, ISSR03, ISSR25,
ISSR06, ISSR32, ISSR17, and ISSR15 were identified as the most informative markers for assessing
genetic diversity in cocksfoot. Furthermore, the lowest Jaccard similarity coefficient (higher genetic
distances) was observed between genotype Dgl3 and genotypes Dgl7, Dgl8, and Dgl9.
Accordingly, genotypes Dgl, Dg6, Dgl2, Dgl3, and Dgl8 demonstrated superior agronomic
performance while also belonging to distinct groups with relatively greater genetic distances. These
genotypes are therefore recommended as promising parental candidates for polycross or synthetic
breeding programs aimed at maximizing heterosis and broadening the genetic base of cocksfoot
cultivars.

Keywords: Cocksfoot (Dactylis glomerata L.), forage yield, genetic diversity, ISSR markers, cluster
analysis
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Table 1. List of selected genotypes of cocksfoot (Dactylis glomerata) and their collection locations

Row  Genotype Population No. Initial Code Collection and Seed Preparation Location

1 Dgl D.g-05 RCATO041051 Szarvas, Hungary

2 Dg2 D.g-06 RCAT041050 Mosonmagyarovar, Hungary.

3 Dg3 D.g-15 4000/44 Seed Production Station, Semnan province, Shahroud, Iran.
4 Dg4 D.g-16 4000/25 Seed Bank, Shahid Fozveh Research Station. Isfahan, Iran.
5 Dg5 D.g-17 4000/24 Seed Bank, Shahid Fozveh Research Station. Isfahan, Iran.
6 Dg6 D.g-22 RCATO041111 Zalatarnok, Hungary.

7 Dg7 D.g-25 RCATO041111 Zalatarnok, Hungary.

8 Dg8 D.g-18 RCAT041052 Felsodinnye, Hungary.

9 Dg9 D.g-12 4000/26 Seed Bank, Shahid Fozveh Research Station. Isfahan, Iran.
10 Dg10 D.g-23 4000/2 Seed Bank, Shahid Fozveh Research Station. Isfahan, Iran.
11 Dgl1 D.g-10 4000/29 Foreign

12 Dg12 D.g-17 4000/24 Seed Bank, Shahid Fozveh Research Station. Isfahan, Iran.
13 Dg13 D.g-11 RCATO041052 Felsodinnye, Hungary.

14 Dgl4 D.g-20 4000/44 Shahroud, Seed Production StationSemnan, Iran.

15 Dg15 D.g-18 RCATO041052 Felsodinnye, Hungary.

16 Dgl6 D.g-04 RCATO041050 Mosonmagyarovar, Hungary.

17 Dgl7 D.g-18 RCAT041052 Felsodinnye, Hungary.

18 Dg18 D.g-24 4000/31 Lorak Farm, Najafabad, Isfahan, Iran.

19 Dg19 D.g-19 4000/2 Seed Bank, Shahid Fozveh Research Station. Isfahan, Iran.
20 Dg20 D.g-06 RCATO041050 Mosonmagyarovar, Hungary.
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Table 2. Result of Analysis of variance in 20 Superior Genotypes of cocksfoot (D. glomerata)

Traits MS CV%
Block (df=2) Genotype (df=19) Error (df=38)
Days to heading 14.46 80.94™ 11.87 9.47
Days to pollination 26.01 30.95™ 5.31 4.02
Plant height (cm) 437.45 168.18™ 4553 5.64
Panicle length (cm) 33.80 47.27 11.15 18.76
Number of tillers at first cut 1187.46 2756.6™ 517.80 15.98
Crown diameter at first cut (cm) 23.26 18.89™ 6.04 9.26
Dry forage yield at first cut (g plant™ %) 13725.30 6007.7" 1875.95 14.63
Seed yield at first cut (g plant™ 1) 216.26 343.03" 83.91 27.31
Canopy diameter (cm) 5.71 64.75" 28.66 10.01
Dry forage yield at second cut (g plant™ 1) 172.31 741.35™ 301.01 30.14
Crown diameter at second cut (cm) 72.21 23.99" 6.35 8.88
Annual dry forage yield (g plant™ ) 16954.11 8785.8™ 2883.80 15.59

*k x

Aoy ) g a0 0 Jlisl mhaw jo jls piee oS 5 4 ¥
*and ** denote statistical significance at the 5% and 1% levels of probability, respectively
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Table 3. Mean comparison of yield and morphological traits in the top 20 genotypes of cocksfoot (D. glomerata)

Genotypes Days to Days to Plant Panicle Tillers Crown DM yield Seed Canopy DM yield Crown Annual
heading pollination Height Length Number diameter Cutl yield Diameter Cut2 diameter DM vyield
(cm) (cm) cutl(cm) (9p” ) (gp” %)  Cutl(cm) (9p” Y Cut2(cm) (9p” Y
Dgl 46.67° 61.67° 122.00 18.00 152.002 28.00° 346.67° 35.00° 54.67 39.33 29.33 386.007
Dg2 35.33 57.00 97.33 13.33 161.672 25.33 275.33 42.00? 50.00 22.33 25.00 278.67
Dg3 39.00 58.00 123.33 17.67 101.00 27.33 276.67 32.00 50.33 32.00 28.672 308.67
Dg4 40.00 59.672 130.672 17.33 109.67 22.00 293.00 21.33 48.00 43.00 23.33 336.00
Dg5 28.67 52.00 113.67 17.00 116.33 24.67 236.00 25.00 48.00 36.00 24.67 272.00
Dg6 31.67 54.33 118.67 20.33? 175.332 28.332 379.002 42.332 57.332 66.67a 30.672 445.67°
Dg7 34.33 54.33 118.00 15.00 162.332 27.672 286.67 36.67 52.33 40.67 28.00? 327.33
Dg8 36.00 57.00 128.332 14.00 108.00 25.00 286.67 32.00 58.00? 36.67 25.00 323.33
Dg9 40.00 60.672 110.00 12.33 118.67 24.00 315.672 30.33 55.332 52.00 25.67 367.672
Dg10 38.33 58.33 125.332 14.33 169.672 22.33 349.332 47.67° 57.672 62.67° 26.00 412.00?
Dg11 37.00 59.00 109.67 14.33 84.67 23.67 209.00 23.00 52.00 39.33 28.332 248.33
Dg12 37.67 53.67 112.67 16.67 186.672 30.002 312.67° 43.33% 60.00? 73.00° 33.002 385.672
Dg13 41.00° 57.67 105.00 17.00 183.002 28.332 249.67 18.33 50.33 36.33 29.00? 286.00
Dg14 42.332 60.332 119.67 20.33? 166.002 25.33 305.33 36.33 46.67 41.33 27.00 346.67
Dg15 29.00 49.67 134.672 27.00? 140.00 30.00? 298.67 19.33 62.00? 81.332 32.672 380.00?
Dg16 39.67 59.672 120.00 15.33 143.33 25.33 270.00 31.67 46.67 35.33 27.33 305.33
Dgl7 32.33 55.67 124.332 23.67° 180.672 25.67 300.67 19.67 56.00? 68.67° 30.002 369.332
Dg18 37.67 60.672 133.332 25.67° 124.00 29.002 385.00° 44.67° 55.002 52.00 31.33 437.00?
Dg19 29.67 55.33 124.332 18.33 139.00 30.002 296.67 57.672 50.33 54.67° 33.672 351.33
Dg20 41.00° 59.672 120.00 18.33 126.00 28.332 264.33 31.33 59.00° 57.33¢ 31.67° 321.67
LSD 5% 5.69 3.81 11.18 5.52 37.61 4.06 71.59 22.49 8.85 29.16 4.16 88.68

Slosls polasl 3 a1, Slads op i LSD 5% ¢505] ululp Wloids pabeina Gm b oS gt o s Oliv o:50ke

In each column means followed by letter a has the highest values according to LSD 5%



O\ YUL«.ZJ"VA@Q\ﬂ]%@}ffgugcw\j&ﬁjow:d&kqﬂ

45 sls QLHCLJ Koe S0 Y ALY b cw s

o) e ls |y (S5 g5 5 SaSly o pin F as
)

o olio al  lad 3 a0
09 5 ¥ 0 pldile Cigs Yo laass 4 as el
\c)\ﬂ A A dwyjéua);(\ ﬁu)w;)\ﬁulw

Dendrogram
Ward Linkage, Pearson Distance

14.66

9.77

Distance

Clusterl Cluster2

Cluster3

AN

oq'@ S S S " qosca D >
QQQQOQQQQQQQQQQOQQQQ OQQQQQQQQ

Clusterd

Observations

5o VY Sl sloe 1 B ke 658 51 e o5 Yo oo Ward (55, & glad b a5l Jols ol S50 - IS

S Bse Olio
Figure 1: Dendrogram obtained from cluster analysis (Ward method) of 20 selected genotypes of D. glomerata based on 12
morphological traits
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Table 4: Name, sequence, annealing temperature (Tm), total number band, Number of polymorphic bands,
polymorphism (%), Number of Effective Alleles(Ne), Shannon's Index (1) and Expected Heterozygosity (He) in

genotypes of D. glomerata using ISSR markers

Marker Name Marker Sequence Melting Temp (°C) N PPB PPB% He Ne |
ISSR0O1 *(CA)8RG 52 12 12 100 0.239 1401 0.375
ISSR02 (GA)BYT 52 12 11 91 0.216 1.361 0.341
ISSR03 "(GA)8YG 52 20 20 100 0.259 1412 0.410
ISSR04 (AG)8YT 52 11 11 100 0.258 1.432  0.402
ISSR05 (AG)8T 52 13 13 100 0.366 1.615 0.546
ISSR06 (GA)BT 52 12 11 91 0.343 1571 0516
ISSRO7 (GA)BA 52 11 10 90 0.289 1489 0.435
ISSR08 CCC (GT)7 52 9 9 100 0.315 1516 0.484
ISSR10 (GT)8T 52 10 10 100 0.412 1.723  0.600
ISSR11 (TC)8C 52 7 7 100 0.247 1.382 0.399
ISSR12 (AG)8GCC 52 12 11 91 0.324 1527 0.490
ISSR15 (AC)8YT 52 14 14 100 0.281 1456 0.434
ISSR16 (AC)8YA 52 13 13 100 0.320 1.523  0.490
ISSR17 (AC)8YG 52 16 16 100 0.329 1543 0.502
ISSR18 (GACA)4 52 9 9 100 0.274 1417 0.436
ISSR19 (GGAGA)3 52 10 9 90 0.288 1475 0.439
ISSR20 (GA)BYA 52 11 10 90 0.270 1.455 0.413
ISSR22 (GGGGT)3 52 10 9 90 0.239 1.377 0.380
ISSR23 (AC)8GCT 52 11 11 100 0.325 1526  0.497
ISSR24 (AC)8TG 52 12 12 100 0.398 1690 0.583
ISSR25 (TCC)5TG 52 18 18 100 0.315 1530 0.478
ISSR27 (AG)8TC 52 10 10 100 0.295 1.489  0.449
ISSR28 (GA)8GCC 52 10 10 100 0.424 1788  0.607
ISSR29 ACT ACG ACT (TG)7 52 13 13 100 0.412 1.725  0.600
ISSR31 CGT AGT CGT (CA)7 52 9 9 100 0.370 1.660 0.537
ISSR32 AGT CGT AGT (AC)7 52 16 15 93 0.371 1.640 0.371
ISSR39 (CA)BRG 50 11 11 100 0.367 1645 0.544
ISSR41 (GA)SYT 50 11 10 90 0.371 1.640 0.550
ISSR42 (AG)BYT 50 13 13 100 0.303 1512 0.462

Overall Average 11.93 11.62 97 0.317 1.535 0.474

#*R: A+G, wEY C+T,

Ne: W1 3 slaw (Number of Effective Alleles)

I: sl 2>l (Shannon's Index)

He: [l 5550 w5555 (Expected Heterozygosity)

PPB: JS:a oo ,s (Percentage of Polymorphic Bands)

PPBY%: wwui) 55 b 4o 5 (Polymorphism Percentage)
N: bl slas (Number of Bands)
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Figure 3. Dendrogram of UPGMA cluster analysis of 20 D. glomerata genotypes using 29 polymorphic ISSR markers
based on Jaccard similarity coefficient.
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Table 4. Similarity matrix between genotypes of D. glomerata using ISSR markers

Genotypes Dgl Dg2 Dg3 Dg4 Dgs Dgé Dg7 Dg8 Dg9 Dgl0 Dgll Dgl2 Dgl3 Dgl4d Dgl5 Dglé Dgl7 Dgl8 Dgl9 Dg20

Dgl 1.00
Dg2 0.66 1.00

Dg3 062 0.63 1.00

Dg4 059 059 071 1.00

Dg5 054 054 070 065 1.00

Dg6 057 054 062 062 072 1.00

Dg7 050 054 058 055 056 068 1.00

Dgs 054 047 054 055 064 063 066 1.00

Dg9 049 046 055 055 060 059 064 077 1.00

Dg10 049 053 054 052 055 059 064 0.63 0.66 1.00

Dgll 050 048 052 050 059 058 060 068 068 072 1.00

Dg12 046 049 054 048 051 054 059 060 060 062 071 1.00

Dg13 047 044 045 044 044 046 042 047 045 051 046 047 1.00

Dgl4 047 053 054 052 050 052 061 058 054 058 058 061 049 1.00

Dg15 052 052 055 049 054 057 061 057 057 062 064 059 048 067 1.00

Dg16 051 053 057 049 058 060 060 063 062 065 065 061 048 067 074 1.00

Dg17 043 051 053 050 050 052 057 048 051 055 057 054 041 065 062 064 1.00

Dg18 045 049 048 048 050 052 055 048 051 057 052 047 041 054 061 061 072 1.00
Dg19 046 049 049 048 045 049 057 051 053 052 056 055 041 063 061 059 072 064 1.00

Dg20 053 052 052 052 053 056 056 059 058 061 069 058 046 061 060 065 065 059 066 1.00
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