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Transferability and polymorphism of barley SSR markers in analysis of
phylogenetic relationships of Triticum and Hordeum genera
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Table 1. Name of wheat and barley cultivars and their wild relative species
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Barley cultivars and wild relatives
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Wheat cultivars and wild relatives

Eram (H)*

Gohar jou (H)

Afzal (H)

Fajr 30 (H)

Sina (H)

Karoon (H)

Walfajr (H)

Nimrooz (H)

Nosrat (H)

Ashar (H)

Yea 188 (H)

Aras (H)

Steptoe (H)

Shirin (H)

Loot (H)

Seyed Tajaddin (H)

Sahara 3771 (H)

H. morineum TN-02-216 ()
H. morineum TN-02-290 ()
H. spontaneum TN-02-1306 (H)

Zagros (ABD)

Sivand (ABD)

Shahriyar (ABD)

Ohadi (ABD)

Azar2 (ABD)

Tekab (ABD)

Homa (ABD)

Karim (ABD)

Sardari (ABD)

T. urartu kc-55045 (A)

T. urartu kc-55047 (A)

T. urartu kc-55043 (A)

T. araraticum kc-55099 (AG)
T. araraticum kc-55061 (AG)
T. araraticum kc-55060 (AG)
T. araraticum kc-55058 (AG)
T. boeoticum kc-55035 (A)

T. boeoticum kc-55033 (A)

T. boeoticum kc-55034 (A)

T. boeoticum kc-55036 (A)

The genome of studied species
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Fig. 1. The banding pattern of SC07970 barley microsatellite marker in the species of Triticum and Hordeum genus

Lapsssms S S w0 p 53550 5 p oS F Sl i Sa S 55 g o)l salesny sl SOl (5 JUas Y Juor

Table 2. Transferability of barley microsatellite markers in Triticumand Hordeum species

All accessions

Total Amp.  Poly.

1H 15 4 0
% 2H 30 8 4
2 3H 17 3 1
E 4 15 9 6
S SH 43 10 6
& 6H 16 8 2
g 14 3 2

Total 150 45 21

Hordeum Triticum
Mono.  Amp. Poly. Mono. Poly.
4 13 4 9 0
4 26 11 15 3
2 15 2 13 1
3 13 7 6 5
4 39 11 28 5
6 13 4 9 2
1 12 4 8 2
24 131 43 88 18
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Table 3. Description of barley SSR markers in Triticum species including chromosome location, annealing temperature, frequency of common allele, number

of alleles, gene diversity and polymorphic information content

S p333055 Solakad o 3141 Jlas! gles el HT sl 3 P sl S PCERUSICHE AR
Marker Chromosome Fragment size (bp) Annealing temperature Frequency of common allele Number of allele Gen diversity Polymorphic information content
GBM1422 4H 150-170 60 0.80 2 0.32 0.26
GBM1405 3H 260-285 60 0.66 4 0.50 0.45
GBM1299 4H 150-192 58 0.65 3 0.50 0.44
GBM1446 2H 200-215 59 0.50 3 0.54 0.44
GBM1364 4H 135-150 59 0.85 2 0.25 0.22
GBM1366 2H 150-183 60 0.65 2 0.45 0.35
GBM1440 2H 105-114 60 0.47 3 0.61 0.53
GBM1432 H 280-295 60 0.55 2 0.49 0.37
GBM1423 6H 250-263 60 0.70 4 0.46 0.42
SC02306 5H 105-111 60 0.94 2 0.10 0.09
SC02503 5H 115-135 59 0.55 2 0.49 0.37
SC03907 5H 112-135 59 0.85 2 0.25 0.22
SC05599 6H 150-180 60 0.61 3 0.51 0.42
SC07970 H 125-225 60 0.70 5 0.48 0.46
SC14079 4H 120-130 59 0.75 4 041 0.37
SC15334 5H 175-190 59 0.88 2 0.19 0.17
SC16991 5H 135-154 59 0.70 4 0.47 0.44
SC18005 4H 150-175 59 0.55 2 0.49 0.37
SC25691 4H 210-218 59 0.55 2 0.49 0.37
SC02093 5H 185-198 59 0.60 4 0.54 0.47
SC00334 2H 205-210 59 0.95 2 0.09 0.09
Mean 5ol 0.68 2.8 041 0.35



https://dor.isc.ac/dor/20.1001.1.15625540.1395.18.2.2.3
http://agrobreedjournal.ir/article-1-634-fa.html

[ Downloaded from agrobreedjournal.ir on 2026-02-22 ]

[ DOR: 20.1001.1.15625540.1395.18.2.2.3 ]

sl Sl JSa ks 5 (g dy Jist

(GBM1432 GBM1149 s L 254, T
53l Ly (+/+4) SC16991 5 SC02503 (GBM1423
3 M ik Sl (gl g iy olazs| /Y
Rt e e 19 Kl L /A LS /08
GBM1423 sls SilL___25 4 14> SC07970

SC02503 5 SC16991 (GBM1149 (GBM1432
(F Jgdor) L35 I3 1y 3lie oy 2aS

Lo psbanss 5 p5St 5 Gloa iz f smazes 5
W §garme 3 (S i 55T i WA Sl eslizl
Lo S5 55358 5 058 5 sla i 53 JT
V4 L5 (GBM1364) ¥ I Loa JIT sl (0 Jgdr)
T (sl 3 ki 0740 550 L (SCO7970)
SMie o 5 s (5115 SC00834 SiLss (gl s
Se o S (slls GBM1405 Sl 5 (+/4Y)
S el s /Y Ll 0T 5 Kke 535 (/FY)
330 e 108 S L AD B NE I 5 6 S
5 S 1u> 3 5 4 SC00334 5 SCO7970 (sla STLes
Azl 1y Lasle ol sl

5§05 (Zhang et al., 2014) S an 5 815
5oV 5 (5 ey e S S A (S ksl
Y+ SEST-SSR KLt ¥4l sl Ly 1y ool
L HTYY p samn 53 055 8 (s 2 SSR SO
s 8 S oKl s o JTHNF Sl
LoV /oA 5 SIS de el (gl 5 mos
SO 5,58 5 855,5) 55 S ENAL ok
5okl s e /OF LKL L VAL /0A
56 dUias! (Castillo et al, 2010) ol ,LSaa
e el salen s VIV 5 oyl pale s WY JSCauk
D8 swy 3 H. chilensesia-j«;jf)a(.\fD
s b6 iSS THETVY (o SSlas VW lisls
Y4 L Sy caesls OLaH. chilense e300
L LT YO cp oo 53 sy St i SSLS
H. chilense =3 53 M 3 b S5l ol 5l esliul

HTANS oKL LA LY 51 T slaws 5 L 2S5

ol 2SS H. chilense a5 8 53 s SH5LETVY
Yo s el S D eyl Lt V4 g ez 3 disls
LT 5 JUsS b sl sy JSCotr 5o Sl
5V eslemwl 9Ll (Buyukuna-Ball and Akaya, 2002)
Syg0 Mf,; s S o lsaleyy sla ST
0L 2S5 paE 53 e KLl Lisls 3 o
s Sk Jy Lisls

2 S buy SHLeT e ¥ Sleslinul L
HTYVA 5 Kle 50 6Y UT aals b Y709 ¢ o
3 8 S5 058 5 i 53 oKl a Sl
GBM1422 gls St 4 JIT sl ws o 28
(SC02306 (GBM1432 (GBM1366 GBML1364
SC18005  (SC15334  (SC03907  (SC02503
Sl a0 OT oy 5 b 5 93 L 'SC00334 5 SC25601
als T (Sl sl glo T = L SCO7970
S e oSSl &S s T ey 55 487 IT)
L5 SC00334 Slos (g ,— +/40 31 (5,13 1, —ilsl
5 S 5y ke GBM1440 Silis g +/FY
JJT 95 035 Sylane Jlaz=l 48”5 ¢ 55 Jilas
EY S 5 cdeas e DL 1y 3 6 95 5l ol
s /FY 5 Kke L (SCO0334) +/+4 5 (GBM1440)
Sl b /0 B /08 1 IS Sledbl (gl s
L5 4 PIC Ol e o i 5 4y ke /YD
5SC00334 gla i 4y 0T o 2aS” s GBM1440
(¥ Jgder) Coils olazst| SCO2306

3y5mn ST i VO Sl psSa)sm i 5
el i FY 5 iS5 ST S VYY) coslinal
548 2SS PTATY ¢ samme 5o sy Ol JSskr
o HTsluw ST 535 a2 VB Y 1 T slaws
als HT Sl 3 . cbls ol SCO7970 KL
(GBM1423 GBM1432 GBM1149 sla L (sl
5 (+/80) Jldie oy 5 i 1,15 SC16991 5 SCO2503
Wl 1y (/N0) Sldie o S  SCO7970 Kilis (sl
Jola 5 (+/81) SCO7970 Silss w35 ¢ 55 S


https://dor.isc.ac/dor/20.1001.1.15625540.1395.18.2.2.3
http://agrobreedjournal.ir/article-1-634-fa.html

[ Downloaded from agrobreedjournal.ir on 2026-02-22 ]

[ DOR: 20.1001.1.15625540.1395.18.2.2.3 ]

A0 Olsls ¥ o3lad ot dl 01l 2155 p sk als”
SIS o DA (gl e 5 S5 55 ¢ T ol s JT Sl 3 (sl (glos 095 305,5 oolr Jolb psiny go uior (S5 8 )5 s o)l sale 5 (gl S0t oo ot —F U goor
Table 4. Description of barley SSR markers in Hordeum species including chromosome location, annealing temperature, frequency of common allele, number

of alleles, gene diversity and polymorphic information content

S 533255 Silalad o 3101 Jlasl gles oL T Sls 3 I slas Sips Sk DMl Ol e
Marker Chromosome Fragment size (bp) Annealing temperature Frequency of common allele Number of allele Gene diversity Polymorphic information content
GBM1364 4H 135-150 59 0.68 2 0.43 0.33
GBM1299 4H 150-200 58 0.70 4 0.46 0.42
GBM1422 4H 150-185 60 0.50 4 0.64 0.58
GBM1405 3H 280-295 60 0.55 3 0.56 0.48
GBM1440 2H 140-152 60 0.80 2 0.32 0.26
GBM1366 2H 150-183 60 0.75 3 0.39 0.34
GBM1423 6H 230-250 60 0.95 2 0.09 0.09
GBM1432 7H 280-295 60 0.95 2 0.09 0.09
SC25691 4H 200-225 59 0.68 4 0.48 0.43
SC16991 5H 150-175 59 0.95 2 0.09 0.09
SC07970 H 160-300 60 0.15 14 0.91 0.90
SC05599 6H 175-190 60 0.85 2 0.25 0.22
SC02093 5H 175-185 59 0.65 3 0.48 0.40
SC02306 5H 190-220 60 0.45 4 0.68 0.63
SC02503 5H 150-180 59 0.95 2 0.09 0.09
SC03907 5H 120-150 59 0.47 5 0.69 0.65
SC00334 2H 190-210 59 0.90 3 0.18 0.17
GBM1408 2H 220-230 60 0.75 2 0.37 0.30
GBM1411 1H 300-310 60 0.70 2 0.42 0.33
GBM1459 2H 160-175 60 0.55 2 0.79 0.37
GBM1480 1H 250-280 60 0.60 2 0.48 0.36
GBM1475 2H 140-150 60 0.63 2 0.46 0.35
GBM1149 2H 190-200 60 0.95 2 0.09 0.09
GBM1158 2H 260-275 60 0.75 2 0.37 0.30
GBM1276 6H 350-360 56 0.80 2 0.32 0.26
BMACO0508 3H 160-180 58 0.47 3 0.54 0.44
GBM1400 6H 155-172 60 0.75 3 0.40 0.36
GBM1434 1H 163-182 60 0.60 3 0.51 0.42
GBM1501 4H 270-284 56 0.63 3 0.52 0.45
GBM1516 7H 100-110 59 0.75 3 0.39 0.34
GBM1227 5H 155-172 60 0.64 2 0.45 0.35
GBM1229 5H 120-135 60 0.90 3 0.18 0.17
GBM1231 5H 165-182 59 0.60 4 0.57 0.52
GBM1446 2H 200-215 59 0.78 3 0.34 0.31
SC14079 4H 125-147 59 0.68 4 0.48 0.43
SC15334 5H 150-190 59 0.60 4 0.56 0.50
SC15864 H 160-177 59 0.50 4 0.58 0.50
SC04163 1H 180-195 59 0.75 5 0.42 0.40
SC05939 5H 155-170 59 0.55 2 0.49 0.37
SC07106 5H 155-165 59 0.63 2 0.46 0.35
SC08447 2H 160-175 59 0.90 3 0.18 0.17
SC03381 2H 210-226 59 0.45 3 0.64 0.57
GBM1364 4H 135-150 59 0.45 2 0.17 0.35
Mean - SL. 0.68 3.11 0.42 0.36
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Table 5. Description of barley SSR markers in Triticumand Hordeum species including chromosome location, annealing temperature, frequency of common allele,

number of alleles, gene diversity and polymorphic information content.

[ Downloaded from agrobreedjournal.ir on 2026-02-22 ]
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Marker Chromosome  Fragment size (bp)  Annealing temperature ~ Frequency of common allele ~ Number of allele  Gen diversity ~ Polymorphic information content
GBM1364 4H 135-150 59 0.58 2 0.48 0.36
GBM1299  4H 145-200 58 0.40 5 0.69 0.63
GBM1422  4H 150-185 60 0.55 5 0.62 0.57
GBM1405 3H 260-295 60 0.31 4 0.73 0.68
GBM1440 2H 105-152 60 0.58 3 0.53 0.45
GBM1366 2H 150-183 60 0.55 3 0.56 0.48
GBM1423  6H 230-263 60 0.50 5 0.61 0.54
GBM1432 7H 280-295 60 0.47 4 0.64 0.58
SC25691 4H 200-225 59 0.62 4 0.54 0.48
SC14079 4H 120-147 59 0.43 5 0.67 0.62
SC16991 5H 135-175 59 0.52 7 0.65 0.61
SC07970 7H 125-300 60 0.35 19 0.85 0.84
SC05599 6H 150-190 60 0.60 4 0.54 0.47
SC02093 5H 175-198 59 0.62 4 0.55 0.50
SC02306 5H 105-220 60 0.55 4 0.60 0.54
SC02503 5H 115-180 59 0.47 3 0.63 0.56
SC03907 5H 112-150 59 0.43 6 0.69 0.64
SC00334 2H 190-210 59 0.92 4 0.14 0.13
Mean Sl 0.52 5.05 0.59 0.54

[ DOR: 20.1001.1.15625540.1395.18.2.2.3 ]
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Fig. 2. Grouping of Triticumand Hordeum genotypes based on barley SSR markers data using Neighbor-

Joining algorithm and Kimura-2-Parameters coefficient
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Table 6. Within species genetic diversity parameters based on barley SSR markers

Index =L Wild barley H. wulgare

T. boeoticum T. araraticum T. urartu T. aestivum

Number of different allele 2.05(0.15)" 2.61(0.55)
Number of effective allele 1.94(0.15) 2.09(0.46)

(
Shannon index 0.63(0.08) 0.60(0.14)
Number of private allele 0.55(0.20) 1.16(0.62)
Unbiased gen diversity 0.51(0.06) 0.34(0.07)

1.66(0.16) 1.66(0.16) 15(0.14)  1.38(0.16)
1.74(0.12) 1.54(0.12) 1.40(0.13)  1.16(0.08)
0.37(0.08) 0.41(0.08) 0.30(0.08)  0.15(0.07)
0.22(0.10) 0.11(0.11) 0.16(0.09)  0.33(0.11)
0.28(0.06) 0.32(0.06) 0.25(0.07)  0.27(0.04)

*Digits within parenthesis indicate standard error
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Transferability and polymorphism of barley SSR markers in analysis of
phylogenetic relationships of Triticum and Hordeum genera

Alipour, Kh.%, S. A. Mohammadi?, M. Moghadam?® and B. Sadeghzadeh*

ABSTRACT

Alipour, Kh., S. A. Mohammadi, M. Moghadam and B. Sadeghzadeh. 2016. Transferability and polymorphism of barley
SSR markers in analysis of phylogenetic relationships of Triticum and Hordeum genera. Iranian Journal of Crop Sciences.

18(2): 104-119. (In Persian).

Triticum and Hordeum are two genera of Triticeae family with important cultivated species. Analysis of
phylogenetic relationships of cultivated species and wild relatives of these genera is essential for their efficient
use in breeding programs. In the present study, phylogenetic relationships of four Triticum and three Hordeum
species were assessed using 150 barley microsatellite primer pairs. In total, 49 primer pairs amplified products in
the both genera and 19 only in Hordeum species. Out of the 49 amplified markers, 21 were only polymorphic in
Triticum species and in total, 59 alleles ranging from 2 to 5 with an average of 2.80 alleles per locus were
amplified. In Hordeum genus using 43 polymorphic markers, 123 alleles with an average of 3.02 allele per locus
and range of 2 to 14 were obtained. In two genera species, 18 polymorphic primer pairs amplified 91 alleles
ranging from 2 to 19 with an average of 5.05 and gene diversity varied from 0.14 to 0.85 with a mean value of
0.59. Cluster analysis using Neighbor-Joining algorithm and Kimura-2-parameter distance coefficient and
principal coordinate analysis separated the species of the two genera. In a cluster of Triticum genus, species were
grouped based on their ploidy levels and bread wheat cultivars were separated from its wild relatives, and
species with A genomes were grouped together. In Hordeum genus, cultivated barley was also separated from
their wild relatives. Results of the present study show the efficiency of barley SSR markers in analysis of
phylogenetic relationships of Triticum and Hordeum genera. In addition to reasonable transferability and
polymorphism of the used markers in the species of both genera, they could also group the species based on their

genomic constitution and evolutionary relationships.
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