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Abstract

Background and Obijectives: Knowledge of genetic diversity in forage plants is crucial for breeding
and developing synthetic varieties with optimal adaptability and performance. Smooth bromegrass
(Bromus inermis Leyss.), due to its relatively high resistance to drought and unfavorable climatic
conditions, holds particular importance in the semi-steppe rangelands of Iran. Assessing the level of
genetic diversity in forage grasses is essential for parent selection in breeding programs, and the use
of molecular markers reduces both the time and cost of these projects. This study aimed to investigate
the genetic diversity and determine the degree of similarity among 20 selected genotypes of smooth
bromegrass using ISSR molecular markers, to identify suitable genotypes for breeding improved
varieties.

Materials and Methods: Twenty genotypes of smooth bromegrass, previously selected from
domestic and foreign germplasm resources, were evaluated using 34 ISSR primers. DNA was
extracted from leaf tissue, and its quality and quantity were assessed using a NanoDrop device.
Polymerase chain reaction (PCR) was performed under optimized conditions, and the resulting
products were electrophoresed on agarose gel. Presence or absence of bands was recorded as a binary
matrix. Marker efficiency was determined by calculating polymorphism information content (PIC),
including percentage of polymorphic loci, effective number of alleles (Ne), Shannon's index (1), and
expected heterozygosity (He). Genetic structure was analyzed using UPGMA clustering based on
Jaccard’s coefficient and principal component analysis (PCA). All computations were conducted
using MEGA, POPGENE software, and R packages.

Results: A total of 400 alleles were identified, of which 355 were polymorphic, indicating high
genetic diversity among the genotypes. Diversity indices revealed moderate to high genetic variation,
with an average effective number of alleles of 1.533, Shannon's index of 0.447, and expected
heterozygosity of 0.315. Cluster analysis grouped the genotypes into four clusters, with the fourth
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cluster exhibiting the highest diversity and identified as a potential source for introducing new traits
through targeted crosses. The results of PCA also confirmed these groupings, highlighting
considerable genetic divergence among genotypes. ISSR markers were recognized as a highly
efficient, cost-effective, and reproducible tool for genetic analysis this plant species.

Conclusion: ISSR24, ISSR07, ISSR06, ISSR13, ISSR14, and ISSR35 markers produced the highest
number of clear, repeatable, and polymorphic bands, making them suitable, cost-effective tools for
investigating genetic diversity in smooth bromegrass and applicable in breeding programs aimed at
improving forage yield. Eight to twelve superior genotypes-including B.in06, B.in14, B.in19, B.in17,
B.in12, B.in16, B.in08, and B.in15-were identified across three clusters with appropriate genetic
distances, providing a foundation for creating improved synthetic varieties.

Keywords: Bromus inermis Leyss., genetic diversity, ISSR primers, synthetic varieties.



Sl (S5 fsY 7

(Bromus inermis Leyss.) oy cile oo SO §5 S5 Eg (v g
i PB I Mg setaio 4 ISSR  Jeg0 (sl 57 5T 31 ooliul b

e Lo 5" el @lo ol iy
Al e «8305W8S s 5 il Dl plasle (355LaS 550 s oty 988 b 5 Bl (65518 (6555 g 00ty 5lslind -
olal s sos\aS oy s sl liios plosle (55,5LaS (655) 555G s o Rtin s 3 5505 o 5 o p et (655 5LaS (655) 5555 s 008t 53 (Bl —Y
Olal G ($0s\aS s s G5l el plesle (635508 (65555 s oK 5y 5558 0 5 Lt e (65,51 (555555 s 008in s 3 Ll W stme ki 5 =Y

m_riza51@gmail.com : s Sl

VE VYA Sl a0 VTV g el sl VEeE 0N sl st

ol
€58 3 0 ang s Shas 5 ()85l b St 26,1 w55 5 (ool 54 > S 2 labsle Gl s (S pot S idae 5 aile
dad 5‘«"‘ 55 Gloss Cuedl 5l el sl byl oy Sas 4 VL Lm, Cwslie JJs 4 (Bromus inermis Leyss.) Saiycile
3l ol 3 2ol bt 53 cplly Sl sl sl she sl ol 3 5s (K5 55 prlane S Pl sy 55 5 ol i
ol B i (Mol laess s e e s Pl Gl Gae 2l e o JsSUse sl Klas 5l eolial sl o ls,s5 »
SISSR JSUse sla Siles 3l el b 658 ool 51 st ool Yo olen sisliu i ol ol 5 (S85 £05 (o BB

Al ol sl )y e scw 5 plulis

sas QUl )l 5 3y Deys wlie o 5l S Olidos 53 o Setyile 458 51 e (s Yo waalllan ) s 5 300
oKias b o] ok 5 oS ey 5 0 sl (S 8L I DNAL) i S 515 JoS0se fb3) 3,50 ISSR ST 5l aslizal L i
Jolo oY pame 5 ai ol s g s 5 5lwlidd s jme 5l eslisnal L (PCR) 5asdy ele s (as8ly s 8 s oot
Lags F oo (BINary Matrix) g 555 e ile &) 50h Bl g pas b 5pam 5l Jols slaasls wins ;55,83 5,81 J5 65
5 () osle pasls (Ne) W1 55e shw ( JSane sy Jals (PIC) JSinin OBl (glgme la Slis LIS st sl
Shadlze Jdow 55,8l oo ol JUPGMA iy S 2, 51 Sis Skl Jolos () 10 aelna (He) sl 5 5o &w:i..)ﬁﬂ*
435 ¢l R sy sPOPGENE , MEGA (sl 15l 5 b linlons S a2 53isl(PCA) ol Kislen

b 55 0l W (S5 o8 ool 48 Wo g (Kzain JTY00 ol el 5148 az plolis WT ¥+ - slass g pama o il
osle Lasle A/0FY T ji5e slaw S0l aSissbay 12,0 13 YL b o sie e (S5 g5 45 ol ol g5 slapas L
oler adsn 4 ssm i oy 8 Sl 5o L Lo sladss e ad (oIS /N0 sl 50 Lt S5 50 5 < /FFY
Jeo gl s B me aadan (sa S 5 b 5l e Dlao (0 S 3505 sl el mte plsteaop Sl casls 1 8 ol o0 i
ISSR (sla Siles .catls Vs boisis o a5 b6 S5 ol STs 25 05,8 aul |y sames S ool 55 ol Sales slaailse
g5 olWlae sl T oV Gl 5 was weslis (S5 lisle o 5 plase slacsgh lelis L a8 13 ol ien

Sl olas o ity ISSR35 5 ISSR14SSR13 USSROG ISSRO7 ISSR24 sla Solis 48 sls olis a3y gl 2isnd e


mailto:m_riza51@gmail.com

A

\UL«.ZJ"Y’&Q\j.\ﬁé}ffohgcw\j&ﬁjbw@kcqj:.‘.

23 S5 g5 o Sl amlie Ll esle 5 ol IS5 Sl plsie 4 a8 2 S ol 1) 0l S5 ol (S5 an
A Sl Gl piman i) S s e 5 Sdae 35 Sl n o 04 (Mol Slaasl 5o Al e 5 de Sessdile (a5
4w ;5 &5 B.iN15 4 B.in08 B.in16 B.in12 B.in17 B.in19 B.inl4 B.iN06 s wss ol Seivcile 5 g VY U

.Mwmréja\qu"\b;\jwbﬁjM\éhxw&;&ajﬁbjkku&}s

5 (2n=8x=56) 1,k L 4,5 & B. inermis x5
U B P IS TR FY R W S S TR A &
oh My Glp s sbaaSs ol 5 b ool

(Molnar, 1988) suly o (5,5 2 St 5 ol S b

S s Slasls oS plsea baae ol 5o oS
dj)ﬁuum J'SfﬁgﬂTM b\i«...u‘ A.ZJLA LSJLLL‘?U
&thgjﬁ J.J.Ma a\.ﬁg U"‘ uLz.u\ RGO IR APTR ALY u\.@.a..a\
558 ol ) o b 585l 5 (Sas 4 YL canslie sl
)\ojjsjwu&,kw}ajiu;)\éwhmr\qd\
seios ol 53 edd solina] G 835 51 A oz L]
S5 & Sheslawal ¢l Ol ) &S en g liw )lme )
aly p Cudbse (o il e ol5a sbaasl , o iy
Wl 03 2108 (S5 755 51 6 S0 2 e L

dbﬁm 5594 J}ﬁy 6L5J<3Uu o sl s
sy 28 5 ol el JoSse sla,ls) olyiea ISSR
Hoas o he AL Gl Gaa S s (S5 e Jdow
B. 4\3; BL ;w.) tj.b ‘;Lﬂ\w d\j \Aﬁu J‘ )‘ e:\.&;‘.w\
Sy cwle Glacsss Ol 5o L4 Klg . inermis
b o4 ISSR 6\.::)?\3\,:;5 A8 KaS ANl i,
paniis Sy Cilise g 55 S8 5 lelin 5 VL
onl Sl eslimal a8 wlesls las A3 sla imy s Ko, 0 Jlasa
3l s Lalyy 5500 53 sie DML Wlg e b Sl
oS ol Gtz sbacmenr (S5 Slsle s bowss om
2 o594 G cp) (Mohammadi et al, 2022) .S ol

2, SSR s ST« S g5 Sayaike 1S sl

doddo
¢b L 45 (Bromus inermis Leyss.)  yus ol (w50 2
5SS s e axxliz (Smooth brome) Sz cile
VU caoslie JWsay 48 cl BrOMUS 63 dtes » st oS
53 opad e o8l Ll U 5l S 4
(Palitand s,ls 6oL cuedl (SKisans 5 o o blie
Gees sbrazy, L dluas oS ol DeKeyser, 2022)
‘cﬁ"f 2% 9 ey rﬁu‘ Sl s pele ba
3ble 53 4 5 @"‘f Sl beoss 5 S slaelSl >
ol el 5 Shes LT s K oS &S Kasany
.(Bam et al, 2022; Unal and Mutlu, 2015) 5 ls 5 ,,\S
S e a5 358 0 S 2o, 5 oR ey Saasdile
i, g 4 LS ) s b s 5 ams e S8
00 oz )l S (il 30 S 5o sage B 5 AS e
Ll s 5l s b by el polis gl glo e il

(Molnar, 1988) el s L3 olsn 5 ol
R T Y S S o e
055 ol S, e lo s s 51 (Bromus) . se s
able LYL 6,85l 2Uls wbe glawe gs\-buf}.ﬁ L
5 St aas (250 o4 Ol Jaime slos 5 oL LS

(Mohammadi et al, ol o5 Slaw (5 iy Comdl rund
aolS ) sl ey 4 ool sl 2022)
Sidang 5 Sas sl Lol 5L i
5 S Saaady LU ae) s oS Ollas Ll slassls

) s rbu‘ X 6\.&;*}%...:) BEl n\.;s/ u-’\ Uﬂrj



e w85 S5 g5 o

b slossS 5l S s ol 5 Ay
ol (Maleki et al, 2021) sos olxsl Sz ale
g0l sl o Sas 4 by e sbaosls 4l Lo 55
Sladi 5ai 0 5 0 o] K55 Solons 4 Cnslie 5 Slasles S
5 Sooskas ui)yT 5 Olidss S e 05 Kb adsl s
Sai oap oldol okl b sl
(EPLON; 6),\@_? ) 5 (https://esfahan.areeo.ac.ir)
A el by e Ol s bedl e ulad
by 5 ololne 55a8 5l 20 sl R cnimes
aibte 53 (HIFA) ol ) lxe Agrobotany avese o5 SSb
58 cpl 28 s conle 4 ax 5 L a4 Tapioszele
Wl e oline gbosled Wl oalin oS 4 Lbowss

sl anzls g plae S5 o Shs

YA

5 S5 55 Jeles s ISR (sle Klas S sl
el s S Sadydile Coue glcs 55 (S5 Jol
lsle 5 Sae 35 5 polie pL)) dan 5 4 Kl 57 oo G ()
ol S sy ol syl 5 a8 SS 88 ) s
T B T N TS 37| EL U Tt K
Shslay s ol e el 5 (K55 TS o AR ol Gaa
Sl Sl 5 oslind b 68 ol ) camte i35 Y0 ol
Gl ol clie slacwsy olelis 5 ISSR J S

R PP

b gy 9 dlge
LS ol
sl b3l C’L’ ol (W K) S i 9s S

Wl sl par Jow 5 Satyiile comte Gbgw 55 St -\ Jsox

Table 1. List of selected genotypes of B. inermis and their collection areas

Row  Genotype Population Number Primary Seed Code Province County/ Location

1 B.in01 B.i-ul 2000/40 Isfahan (IR) Semirom

2 B.in02 B.i-03 43/2000 Isfahan (IR) Seed Bank of Fozveh
3 B.in03 B.i-04 18/2000 Isfahan (IR) Seed Bank of Fozveh
4 B.in04 B.i-11 RCAT040601 Hungary* Kotelek

5 B.in05 B.i-13 18/2000 Isfahan (IR) Seed Bank of Fozveh
6 B.in06 B.i-15 18/2000 Isfahan (IR) Seed Bank of Fozveh
7 B.in07 B.i-18 RCAT041016 Hungary* Babolna

8 B.in08 B.i-19 RCAT064835 Hungary* Uzsa

9 B.in09 B.i-23 RCAT041861 Hungary* Kerekegyhaza

10 B.in10 B.i-25 25/2000 Isfahan (IR) Seed Bank of Fozveh
11 B.inl1 B.i-16 25/2000 Isfahan (IR) Seed Bank of Fozveh
12 B.in12 B.i-08 48/2000 Isfahan (IR) Fereydunshahr

13 B.in13 B.i-06 RCATO041016 Hungary* Babolna

14 B.in14 B.i-15 18/2000 Isfahan (IR) Seed Bank of Fozveh
15 B.in15 B.i-19 RCAT064835 Hungary* Uzsa

16 B.in16 B.i-01 40/2000 Isfahan (IR) Semirom

17 B.inl7 B.i-08 48/2000 Isfahan (IR) Fereydunshahr

18 B.in18 B.i-16 25/2000 Isfahan (IR) Seed Bank of Fozveh
19 B.in19 B.i-09 9T/2000 Hamedan Hamedan

20 B.in20 B.i-13 18/2000 Isfahan (IR) Seed Bank of Fozveh

sz caly s Tapioszele aibi ;s (HIFA) gl ;e Agrobotany ace s 51 s lxe slacwi 557

s The Hungarian genotypes were obtained from Hungarian Institute of Agrobotany (HIFA), Tapioszele, Hungary
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Table 2. Name, sequence, annealing temperature (Tm), total number band, Number of polymorphic bands, polymorphism (%), Number of
Effective Alleles(Ne), Shannon's Index (I) and Expected Heterozygosity (He) for estimation of genetic variation in genotypes of Bromus inermis

Marker

Melting

Name Marker Sequence Point (°C) N PPB PPB% He Ne |
ISSRO1 *(CA)sRG 52 7 5 71 0.273 1.494 0.390
ISSR02 **(GA)sYT 52 11 10 91 0.321 1.575 0.480
ISSR03 (GA)8YG 52 15 9 60 0.238 1.427 0.348
ISSR04 (AG)sYT 52 14 11 78 0.363 1.683 0.514
ISSR05 (AG)sT 52 11 10 91 0.259 1.431 0.398
ISSR06 (GA)ST 52 17 15 88 0.275 1.450 0.421
ISSRO7 (GA)BA 52 18 16 89 0.315 1.522 0.473
ISSR09 (CA)sA 52 9 9 100 0.193 1.285 0.320
ISSR11 (TC)sC 52 11 10 91 0.323 1.597 0.467
ISSR12 (AG)sGCC 52 16 16 100 0.235 1.364 0.380
ISSR13 (AG)sYA 52 17 17 100 0.358 1.628 0.531
ISSR14 (GT)sYA 52 17 17 100 0.305 1.508 0.463
ISSR15 (AC)sYT 52 12 10 83 0.369 1.671 0.539
ISSR16 (AC)sYA 52 8 5 63 0.248 1.424 0.365
ISSR17 (AC)sYG 52 10 8 80 0.321 1.543 0.457
ISSR18 (GACA)4 52 10 10 100 0.358 1.602 0.536
ISSR19 (GGAGA)s 52 11 9 82 0.357 1.643 0.519
ISSR20 (GABYA 52 6 4 67 0.254 1.431 0.376
ISSR21 (GA)RC 52 7 6 86 0.326 1.578 0.481
ISSR22 (GGGGT)s 52 7 6 86 0.364 1.650 0.527
ISSR23 (AC)sGCT 52 13 13 100 0.312 1.536 0.471
ISSR24 (AC)sTG 52 19 19 100 0.407 1.727 0.591
ISSR25 (TCC)sTG 52 14 14 100 0.343 1.560 0.520
ISSR26 (AC)sGT 52 9 9 100 0.340 1.563 0.514
ISSR27 (AG)sTC 52 8 7 88 0.382 1.701 0.548
ISSR28 (GA)sGCC 52 14 13 93 0.304 1.524 0.457
ISSR31 CGT AGT CGT (CA)7 52 9 8 89 0.355 1.635 0.518
ISSR32 AGT CGT AGT (AC)7 52 14 13 93 0.389 1.708 0.562
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ISSR35 (CA)1G 52 17 17 100 0.304 1.493 0.468
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Overall average 11.76 10.44 88.75 0.315 1.532 0.447
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Figure 2. Dendrogram generated by UPGMA cluster analysis among 20 Bromus inermis genotypes using 34 ISSR
markers based on Jaccard similarity coefficient.
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Figure 3. Biplot of 20 Bromus inermis genotypes based on the first two principal coordinate components using 34
ISSR markers.
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Table 3. Similarity matrix between genotypes of B. inermis using ISSR markers based on Jaccard similarity coefficient.

Genotype B.inl B.in2 B.in3 B.in4 B.n5 B.n6 B.n7 B.in8 B.in9 B.in1l0 B.in1l B.in12 B.in13 B.in14 B.in15 B.in16 B.in17 B.in18 B.in19  B.in20
B.inl# 1.00

B.in2 0.63 1.00

B.in3 0.63 0.63 1.00

B.in4 0.60 0.59 0.71 1.00

B.in5 0.64 0.59 0.70 0.71 1.00

B.in6 0.56 0.56 0.65 0.66 0.75 1.00

B.in7 0.53 0.55 0.58 0.59 0.67 0.72 1.00

B.in8 0.56 0.53 0.61 0.60 0.71 0.68 0.74 1.00

B.in9 0.59 0.52 0.61 0.62 0.67 0.74 0.72 0.74 1.00

B.in10 0.55 0.54 0.57 0.55 0.60 0.62 0.67 0.69 0.68 1.00

B.in11 0.50 0.53 0.54 0.53 0.59 0.62 0.61 0.62 0.65 0.69 1.00

B.in12 0.50 0.55 0.53 0.51 0.57 0.60 0.60 0.61 0.62 0.70 0.78 1.00

B.in13 0.48 0.53 0.54 0.54 0.56 0.57 0.61 0.60 0.58 0.65 0.63 0.70 1.00

B.in14 0.59 051 0.61 0.54 0.62 0.60 0.60 0.63 0.68 0.65 0.58 0.61 0.59 1.00

B.in15 0.39 0.39 0.43 0.41 0.42 0.44 0.44 0.45 0.46 0.50 0.47 0.43 0.47 0.50 1.00

B.in16 0.50 0.50 0.56 0.53 0.55 0.57 0.57 0.59 0.61 0.61 0.58 0.59 0.57 0.66 0.51 1.00

B.in17 0.52 0.51 0.54 0.53 0.58 0.58 0.58 0.58 0.63 0.59 0.57 0.58 0.60 0.64 0.50 0.72 1.00

B.in18 0.48 0.48 0.51 0.50 0.52 0.51 0.52 0.56 0.54 0.57 0.63 0.62 0.53 0.54 0.44 0.63 0.68 1.00

B.in19 0.54 0.53 0.57 0.54 0.59 0.59 0.58 0.57 0.61 0.57 0.58 0.59 0.55 0.62 0.44 0.70 0.69 0.66 1.00
B.in20 0.37 0.37 0.41 0.38 0.40 0.39 041 0.41 0.39 0.45 0.43 0.41 0.41 0.39 0.51 0.45 0.46 0.47 0.48 1.00

# The names and information of the genotypes is presented in Table 2 Cawl 0aal ¥ Jgaz 0 lacSg clasin g pb
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