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Table 1-Bread wheat cultivars used in this study.

Cultivar cultivar

cultivar 5 Cultivar

- = = -
Rasool J s Bzostaya (..., 5 mv-17 mv-17  Roshan i
Omid Lol Sabalan .. Chamran Ol o Alamout & gl
Moghan 2 i Sholeh o Hirmand Ls o Gaspard 558
Karzaj 3 3 o5 Star Skt Ws-82-9 Ws-82-9  Shiraz S e
Dez 35 Hamoon O sala Akbari &S| Tous o sb
Sardari ol Azadi sl Zarin s Bahar e
Darab2 9 ol Mahdavi Gslge  £Aagros S Bam o~
Niknejd sl K Shahpasand Koy oL Ghods 3 Alvand £l
Karaj 2 2 =S Marvdasht - :,, 4 Tajan o VeeNac sy o,

Excalibur 1< s Azar 2 2 5

]
Kavir sS Pishtaz ki
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coabasl 53 eslizul 3590 0098l 3, sl SHET bl -2 Ju
Table 2- The names of the SSR primer pairs used in the experiment.

&

Jlasl gles
Sl ! _ By Annealing
Name of = G S G temp.
primer Forward 3" —5~ Reverse 5 —3’ (°C)
gwm304 AGGAAACAGAAATATCGCGG AGGACTGTGGGGAATGAATG 58
barc328 GCGTTGGGACACTTCGTATATCTTCT TTGCATTATT(’Z(.;[.TATTGGGGAG 68
wmc48 GAGGGTTCTGAAATGTTTTGCC ACGTGCTAGGGAGGTATCTTGC 63
barc121 ACTGATCAGCAATGTCAACTGAA CCGGTGTCTTTS CTAACGCTAT 64
gwm413 TGCTTGTCTAGATTGCTTGGG GATCGTCTCGTCCTTGGCA 60
gwme17 GATCTTGGCGCTGAGAGAGA CTCCGATGGATTACTCGCAC 62
xgwm601 ATCGAGGACGACATGAAGGT TTAAGTTGCTGCCAATGTTCC 62
xwmc420 ATCGTCAACAAAATCTGAAGTG TTACTTTTGCTGAGAAAACCCT 60
xwmc89 ATGTCCACGTGCTAGGGAGGTA TTGCCTCCCAAGACGAAATAAC 66
gdm132 ACCGCTCGGAGAAAATCC AGGGGGGCAGAGGTAGG 56
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Table 3- Analysis of variance for morpho-physiological traits in bread wheat cultivars.
(MS) oo o oS
1000 35 ST Oxs 5 b5,
a3 4l b 3lad JAJ\K b ow 4l
gy <2 1000-GW: ST DF: S DFG:
GY: 1000- NT: Days to DM: Days to
By ¢ Grain grain Number flowerin Days to filling
SOV, =¥k gf yield weight of tillers g maturity grain
Replicati kY 2 3.32 #* 0.21 763.28 ** 3.45 #* 7.96 ** 101.19 ==
on
Cultivar ey 39 1.20 ** 1.76 == 1570.76 ==  90.93 ** 21.65 == 44.35 **
Error Uast 78 0.26 0.14 150.97 0.56 1.86 5.74
/.CV o 14.85 6.14 11.52 0.51 0.72 5.58
Ol S
(MS) e e Sle
ol e CIM
o wles S a8 b s s
3151 <
V: » gk SLA: Chl. a Chl. b:
N ¢ Viabilit LA: Specific ~ Chlorophyll ~ Chlorophy!ll
SOV, =¥t df y Leafarea  leaf area a b
Replicati SIS 2 0.02 **  2656.76 62.84 51.48 #* 24.30
on
Cultivar 5, 39 0.02* 612.66 * 20.00* 20.29 *
7379.67
Error st 78 0.002 1024.10 340.88 10.24 8.61
/.CV e 6.02 29.59 13.25 19.82 25.73
Ol s
MJA\}O Jk:a‘ch.—:)b)‘b‘;w%jq**}*

*and **: significant at 0.05 and 0.01 probability level, respectively.
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Table 4- correlation coefficients for morpho-physiological traits in

bread wheat

cultivars.
D ! o) - .
a N 5 an ¢ _’% ) 20N 2 R ‘é ¢
i %ﬁzoﬁé“p%E?\%ﬁED‘\leBL
,‘ (=) < g Al A ] A ] \/15 i c
Traits N
GY 1 0.03 0.56" -0.05 0.16 0.06
200GW 1 0.04 -0.21 -0.04 0.29
NT 1 -0.009 0.021 -0.03
DF 1 0.75 -0.90™
DTM 1 -0.59™
DFG 1
U TP R B R I
N R S el A
Traits ° © <
GY 0.21 -0.10 0.29 -0.001 -0.16
200GW -0.003 -0.03 0.16 -0.18 -0.01
NT 0.38" 0.11 0.16 -0.03 -0.11
DF 0.08 0.55™ 0.34" 0.07 0.337
DTM 0.06 0.38" 0.45™ 0.008 0.23
DFG -0.03 -0.48™ -0.25 -0.14 -0.45™
F 1 -0.16 0.33" -0.01 -0.10
LA 1 0.14 0.02 0.08
SLA 1 0.14 0.10
Chl. a 1 0.55™
Chl.b 1
o) g0 JL«.’alcE.-:):Jhdw%jq**}*
*and ** : significant at 0.05 and 0.01 probability level, respectively.
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Table 4- Mean comparsion for morpho-physiological traits in bread wheat cultivars.

o
e . G5 " . .
o 200 055 S JdsAs Jds s
Gy s 4y sliss 573! T O jﬁ C]a“ SLA a b
© (Tonha 200GW oot wbes S Sae, o LA (cmig Chl-a Chlb
Cultivar 1) (gr) NT v DF DM DFG  (cm) n (Mg (ugn
Mahdavi  ¢,i.. 3.633a- 5536j- 117d-h 9%a 1459 190b 45cd 809g- 153.6 144  88d-
i n m a-d b-h g
Pishtaz ski, 4.065a- 6.676c- 114d-i 93ae 1459 190b  45cd 58.9 126.2 10.6 7.4
’ d f kim c-g gh efg
Excalibu  u<.st  2.735f1 6.113e- 114d-i 8lefg 138h 1816 43.6 477 108.9 195 16.2
r | d cd klm fg abc abc
x
Bahar e 3.900a- 6.395d- 155ab  87af 1456 190b 445 1205d- 1456 19.4 12.9
f i g cd k a-f a-d b-f
Rasool J s 1.9501 6.826 b- 74.5 9l1a-e 1459 189b 43cd 79g-m 1303 148 196a
f Imn c-g b-h
Chamran .. 2.725f1 6.243d- 102.6f- 77fg 1459 1893 45cd 995e- 1426 19.3 15.3
j k b m b-g a-d a-d
Akbari s,s!  38l5a- 6550d- 101gl 82cg 139 h 190b 51 ab 711i-m 1371 16.2 12 b-
h g b-g a-g g
Zarin o 3453a- 6.355d- 845jn 77 fg 1455 1893 423  1492c- 1249 16.2 9d-g
j i g b cde h c-g a-g
Roshan o4s, 4380ab  8740a 117.6d- 89ae 1455 190.6 436  1453c- 165.6a 159 133
h g b cd i bc a-g a-f
Moghan  2,k. 3.765a-  5.306 130.3b- 94ad 1459 190b 45cd 795g- 1197 15.7 8.1
2 h Imn e m d-g a-h efg
Karaj2 28 4525a 6.180e- 805k-n 93ae 1453 1893 44cd 835fm 136.8 16.9 13.2
j g b b-g a-g a-f
Karaj3 3z5 4.090 41900 1206c- 85a-g 160c 1945 3169 1143d- 1376 16.7 16.4
abc h a | b-g a-g abc
Azar2 2,3 4263  7.430bc 123c-g 85ag 1459 190b 45cd 67.8j-m 1383 14.7 7.5
abc b-g b-h efg
Darab2  2_(,s 3.240b- 5.675h- 856 jn 94a-d 1459 190b 45cd 87.1fm 1278 224a 119
k n c-g b-g
Niknejad .5 <5 3.800a- 6.495d- 120.5¢c- 93ae 145g 1893 43.6 50.8 156.4 165 12b-g
h h h b cd klm a-d a-g
Kavir .S 2716g- 6506d- 993g-l 90ae 145g 1893 44cd 715i-m 1358 82 h 54g
| g b b-g
Dez 35 2.263k- 5.785¢- 61 no 749 1459 189b 475 1164d- 1284 12.2 6.5 fg
| n abc | c-g c-h
Hirmand ... 3.445a- 7.055 86.6j-n 91ae 145g 190b 45cd 925e- 1533 15.1 13 a-f
j bcd m a-e a-h
mv-17  mv-17 2415kl 5210n 823k-n 93a-e 150e 190.6 37f 75.4h-  159.4 18,5 12.8
b m a-d a-f b-f
Marvdas s, . 4.226 5796g- 106e-k 90a-e 1459 190b 45cd 1544c- 186a 16.8 8.4
ht i abc n g a-g efg
Sabalan M. 3.925a- 5.240 1345 82c-g 1473 190b 426  202.2bc 1453 13.9 8.3
d mn bcd f cde a-g b-h efg
Star Jkw  3.170c- 6.780b- 1115d- 84b-g 145g 1893 443 1605c- 136.8 19.4 10.1
k f j b cd f b-g abc c-g
Hamun RPN 4.226 6.625 111.3d- 85a-g 145g 189.3 443 432Im 1279 12d-h 102
abc def j b cd c-g c-g
Alvand L 3445a- 5680h- 123cg 90ae 150e 190b 416  96.8e- 1435 18.3 12.2
j n de m a-g a-f b-g
Ghods 5 4385ab 5510 j- 134.6 96ab 1453 190b 446  1415c- 1193 19.8 114
n bcd g cd j d-g ab b-g
Bam o 2.465i-1 6.405d- 46 0 35h 1453 1893 44cd 1768cd 110fg 16.7 13.8
i g b a-g a-e
Azadi <olsT 3585a- 44450 715mn  87af 1456  189.3 43.6 69j-m 1556 18.8 11.6
j g b cd a-d a-e b-g
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¢ &
Omid W 3.133c- 6.936b- 955h- 94abc 163b 197a 34fg 121.3d- 1747 215 17.1
k e m k ab ab ab
Shiraz e 4.310 5.313 1105d- 85a-g 146fg 190b 426 54.4 149.6 20.6 11.7
abc Imn j cde klm a-f ab b-g
Alamut ol 3510a- 6.170e- 1285c¢c- 82d-g 1455 1893 423 64.8 130.1 16.8 13.6
j j f g b cde klm c-g a-g a-e
Zagros <3 2675h- 6.135e- 826kn 89ae 145g 189b 44cd 59.1 126.5 13.8 7.1
| k klm c-g b-h efg
VeeNac i, 2730f1 5313 1046e- 93a-e 138h 179e 46bcd 1045d- 102g 165 8.6d-
Imn k m a-g g
Tajan e 2.820e- 6.110e- 100.6 95ab  138h  189.3 52a 55.2 124.3 16.1 9.6 c-
| | b klm c-g a-g g
Sardari  ,. 3.766a- 6.876d- 170 a 9% a 1459 190b  45cd 1747cd 149a- 119 8.5d-
h i f e-h g
Sholeh Jo:  4.360ab  6.056f- 116.5d- 83cg 145g 189.3 443 357m 1322 11.2 8.4 d-
m h b cd b-g fgh g
ws-82-9 ws- 2.903d- 7.506b 86 j-n 96 a 1459 185.6 475 75h-m 1506 16a-g 8.7d-
82-9 | c abc a-f g
Gaspard .8 3.130c- 5333k- 1015f 89af 1605 191b  38ef 165.4 1422 149 11.9
‘ k n k c cde b-g b-h b-g
Shahpas ol 2505i-1 5.600i- 89.3i-m 9lae 1656 197a 31.3g 316.8a 1314 14.2 134
and n a c-g b-h a-f
Bezustay  k.,; 3.693a- 6.400d- 1443bc 89af 153d 190b  38ef 250.7b 1582 17ag 123
a h i a-d b-f
Tous ~y  3.873a- 5.273 119c-h  9la-e 1455 190b  43cd 100e-m 145.6 15.4 13.7
g mn g a-f a-h a-e

LTS a3 (5ol5 an SN O g o 3 S e D b e KL
Means followed by similar letters in each column are not significantly different at 5% probability level.

$55 0651 53 ST 2 sl JoK)se 5o S =6 Jsa
Table 6- Molocular analysis for each primer in bread wheat cultivars.
L}JT sl

salie Ul slws

_ _ L5
- S N P VT3 S WP S PR “’Al
Number Number . . o Ol
of of ol odalie JM\ Sy 40 Shannon g;’ &}Lw
ST ORI ey oy M Nl e
ygosity heterozygosity 0 )
Primer (No) (Ng) (Ho) (He)
barc 328 2 1.43 0.71 0.46 0.48 0.30
gdm 132 4 1.51 0.56 0.48 0.42 0.28
gwm 304 3 1.34 0.35 0.30 0.43 0.28
wmc 48 4 1.33 0.58 0.42 0.35 0.21
barc 121 4 1.39 0.41 0.34 0.37 0.23
gwm 617 5 1.33 0.69 0.5 0.37 0.22
gwm 601 2 1.17 0.1 0.09 0.42 0.25
wmc 89 5 1.46 0.64 0.46 0.40 0.25
wmc 420 2 1.63 0.28 0.24 0.53 0.35

Mean+SE 3.44+1.16 1.40+0.35 0.48+0.20 0.36+0.13 0.38+0.22 0.24+0.17

224



(1393 [l 1 o)leds 6 0,93) 5SS (55 5SS g Aome

L &.:a&)iij‘jf“.ﬁ syls sl ¢x§ Slidles §
a3l s B olS SLisles S e
-85 5 Blla g S Sl s Oyan oyl
S35 K 4 el ol Sl ABL 28
(Safarpoor, 2008) > s .

g5 5 () L 0pl cldbl jasls
Kl 9 a sl s () L (Nei) o S
O5ls Latls 458 abes ol 5,
St Gl T 0le (6 S50l sl (s skns
Kl sl atls ) e M K
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Figure 1- Dendrogram resulted from cluster analysis for morpho-physiological traits in

bread wheat cultivars.
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Figure 2- Dendrogram resulted from cluster analysis based on microsatellite data in
bread wheat cultivars.
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Evaluation of genetic diversity in bread wheat cultivars (Triticum aestivum L.) using
morpho-physiological traits and SSR markers

Nazari M.}, Abdolshahi R.*?
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Abstract

Genetic diversity is a requirement for success in the breeding programs. In order to
evaluate genetic diversity of 40 bread wheat genotypes through morpho-physiological traits
and SSR markers, wheat genotypes were cultivated in Shahid Bahonar university research
field in a randomized complete block design with 3 replications during 2011-2012. Wheat
genotypes showed a considerable genetic diversity for all traits. Fertile tillers had the highest
correlation with grain yield. In SSR experiment, 9 primers showed remarkable polymorphism.
Considering all genotypes, 31 polymorphic bands with the mean of 3.4 per each primer were
detected. The average expected heterozygosis was 0.36 for all loci. Wmc 420 had the highest
diversity in evaluated population. Cluster analysis was performed based on Ward’s method
and cultivars were classified based on the similarity. The cluster Information can be used in
the breeding programs for yield improvement in drought prone environments.
Keywords: Genetic diversity, bread wheat, SSR marker, morpho-physiologic traits, cluster
analysis.
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