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Abstract

To evaluate genetic diversity between Sistan common
wheat cultivars, it was used 10 SSRs primers associated
to stem, leaf and yellow rusts resistance genes. The
lowest (3) and highest (7) allele number were generated
by 12C, SCS719 and Xgdm116 primers and Xgwm443
primer, respectively (4.55 allele per each primer). The
highest genetic diversity (0.39) and MI (2.29) was
related to Xgdmill6 and Xgwm533 primers,
respectively; also, the lowest genetic diversity (0.1) and
M1 (0.33) was related to Xcfd36 primer. Xgdm36
primer showed the highest Ne, Shannon diversity and
Nei diversity (1.45, 0.63 and 0.44, respectively); on the
other hand, Xcfd36 primer the lowest Ne, Shannon
diversity and Nei diversity (1.18, 0.19 and 0.11,
respectively). The highest polymorphic bands between
wheat cultivars were related to Arg. Arg and Aflak
showed the least diversity for resistance to yellow rust
and leaf rust, respectively. Also, Arg had the highest
diversity for three types of rusts. The Xgdml16,
Xwmc810 and SCS719 primers had more effect on
identification of wheat cultivars. Finally, Arg cultivar
can be recommended as a donor parent in wheat
breeding programs for rust resistance. To gain the
highest heterosis, it can be suggested hybridization
between Arg and Hirmand cultivars.
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3. Black rust or stem rust
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Table 1. Name and characterisitic of wheat cultivars were used in this research
Ro Cultivar Stem Leafrust  Yellow rust Pedigree References
name  Rust
. HD5/160/Tob/Cno3/238 . . - .
1 Sl - Resistant ~ Resistant ~ 54//Nai60/Tit/Son4/64/ (Dadrezaci & .Nazarl, 2015; Mirzania et al.,
Aflak LR/Son64 2015; Anonymous, 2017)
2 . - Resistant Resistant Attila/GF-gy54 (Spii, 2015)
Ofogh
255 _ : - ; (Sarani etal., 2011; Mirzania et al., 2015;
3 Kair Resistant Resistant  Stm/3/Kal//\/534/Jit716 Anonymous, 2017; Dadrezaei & Nazari, 2015)
4 i’l - Resistant Resistant Inia/1-66-22 (Amini Sefidab et al., 2012; Anonymous, 2017)
rg
3| o . - (Mirzania et al., 2015; Anonymous, 2017,
[Shaan- _ " Han ", » ’ ) ,
> Sistan Resistant Resistant Bank"s"/Vee"s Dadrezaei & Nazari, 2015)
n
Lo yus B . . (Dadrezaei & Nazari, 2015; Sarani et al., 2011;
6 Hirmand Resistant Resistant Byt/4/Jar//an//Sr70/3/J Mirzania et al., 2015; Anonymous, 2017)
s'up
conln (Dadrezaei & Nazari, 2015)

7 o - Susceptible  Susceptible Falat/Roshan (Akbari Moghadam et al., 2004; Saeeidi, 2005;
Hamoon Sarani et al., 2011; Anonymous, 2017)
‘i’iﬁ Susceptible  Susceptible Native (Sarani etal., 2011; Anonymous, 2017)

-Alg
Y . . . (Sarani et al., 2011; Bakhtiar et al., 2015;
A d _ ) ) ) )
9 Bolani Susceptible  Susceptible Native Anonymous, 2017)
s

10 SV Susceptible  Susceptible Native (Bijan Zadeh et al., 2011)

K-bolani

o3l 5y90 SSRS (sl T5leT (K5 & Canglite )5 40 (Siwnly g5 (Jlasl (glod ¢ Jlg5 pb Y Jod>
Table 2. Name, Sequence, Tm and kind of association to rust resistance gene (s) of SSRs markers

Genes

o Genes
Primer name Chromo§omal Reverse Seguenge ™m (C°) association to Resistance Reference
Location /Forward 5-3 rust
. Alleles
resistance
F GTTGAGCTTTTCAGTTCGGC .
Xgwmé44 7D R ACTGGCATCCACTGAGCTG 59.5 Leaf Rust Lr19 (Xlggoeé)al.,
F CCATGATTTATTAAATTCCACC
Xgwmd443 5B R GGGTCTTCATCCGCAACTCT 53 Leaf Rust Lr52 (Hlelzaggse)t al.,
6B Leaf Rust
Xgwm33 And F AAGGCGAATCAAACGGAATA 595 and Yellow Sr2 (Hayden et al.,
3B Rust 2004)
R GTTGCTTTAGGGAAAAGCC
F CTCGTCGATTAGCAGTGAG (Cherukuri et
SCS719 7D R TCGTCCAGATCAGAATGTG 55 StemRust  Lr24/Sr24 al., 2003)
F GGCACCGATGCTTCCA (Yangetal,
Xwmc810 5B R GCCCCACCTCCE 53.3 YellowRust  Yr88375 2008)
F TTAGAGTTTTGCAGCGCCTT (Sunetal.,
XCFd36 b R GCAAAGTGTAGCCGAGGAAG 00 LeafRust Lral 2009)
F GCTGCAATGCAAGGTCTCTT (Yangetal,
Xgdm116 5D R GATGTGGCTTTCTAAGGCAA 55.8 YellowRust  Yr88375 2008)
F AAGGCGAATCAAACGGAAT (Spielmeyer et
Xgwm533 3B R GTTGCTTTAGGGGAAAAGCC 62 Yellow Rust  Yr88375 al,, 2003)
F ACGAACAAGGGGAAGACG (Bernardo et
X3B028F08 38 R TTTCGGTAGTTGGGGGATGC 60 StemRust Sr2 al,, 2013)
CCAGCTCGCATACATACCATCC .
12C c F A 598  LeafRust  Lrl9 (Prz'g%igf"”
R CATCCTTTGGGGACCTC
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Figure 1. Band pattern produced in SSRs marker using Xgwm533 primer
(Numbers 1 to 10 are row of cultivars and M is the size of the Simbio DM2300)
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Table 3. Amplified band(AB), Polymorphic bands(PB), Percentage of Polymorphism(PP),

Effective number of alleles(Ne), Diversity Index(DlI), Shannon's Information index(l), Nei gene
Diversity(h) and Marker Index(MI) of all primers

Primer Name DI h I Ne MI PP PB AB
12C 0.27 0.17 0.30 1.23 0.81 100 3 3
SCS 719 0.31 0.33 0.47 1.62 0.93 100 3 3
Xgdm116 0.39 0.44 0.63 1.81 1.18 100 3 3
Xwmc 810 0.33 0.32 0.48 1.59 2 100 6 6
Xcfd36 0.11 0.11 0.19 1.18 0.33 75 3 4
Xgwmd44 0.25 0.23 0.37 1.38 0.32 100 6 6
Xgwm133 0.28 0.22 0.36 1.36 1.68 100 6 6
Xgwm443 0.24 0.22 0.37 1.36 1.73 100 7 7
Xgwm533 0.32 0.29 0.44 1.50 2.98 100 3 3

I 3lass (PP) JS5 iz sl Ko sy (PB) Uit (sl S 3lass fAB) o 115 (slalSe slass ¥ Jguo

adlllas 3590 pB)) 53 (H) (5 5 (1) pls 955 a3l (NE) 30
Table 4. Amplified band (AB), Polymorphic bands (PB), Percentage of Polymorphism (PP),
Effective number of alleles (Ne), Diversity Index (DI), Shannon's Information index (1), Nei gene
Diversity (h) and Marker Index (M) in all cultivars

Row Cultivar name AB PB PP Na Ne h |

1 Aflak 48 15 31.25 1.36 1.27 0.15 0.21
2 Ofogh 41 7 17.07 1.17 1.12 0.06 0.01
3 Kavir 37 11 29.73 1.26 1.17 0.10 0.15
4 Arg 43 17 39.53 141 1.27 0.16 0.23
5 Sistan 46 12 26.09 1.29 1.21 0.11 0.17
6 Hirmand 46 5 10.87 1.12 1.07 0.04 0.06
7 Hamoon 44 9 20.45 1.21 1.11 0.07 0.11
8 K-Afgh 45 9 20.00 1.21 1.13 0.07 0.11
9 Bolani 33 8 24.24 1.19 1.13 0.07 0.11
10 K-Bolani 48 6 12.50 1.14 1.13 0.07 0.11

5 cobazs] b o)l wtis,S A obazsl Sl a5 Sl Sl (ody b 53 0 ST clauily sliws ) pb 0 Jois

959 i (uSSke

Table 5. Cultivars name (CN), Amplified band per cultivar (ABC), Specific allele produced per
each primer (SAP), Primers that produce the proprietary band (PPB), the size of specific band

(SSB) and the mean of heterozygocity (NSB)
PB

CN ABC SAP P SSB NSB
4 Xgwm133 129, 113
Aflak 48 SCS719 700 0.51
Xcfd36 195
Ofogh 41 0 - - 0.07
Kavir 37 0 - - 0.103
5 Xwmc810 195
Arg 43 Xgwm44 176, 165 0.061
Xgwm533 285, 305
. 2 Xgwm44 160
Sistan 46 12C 100 0.02
Hirmand 46 0 - - 0.04
Hamoon 44 0 - - 0.075
K-Afgh 45 1 Xgwm443 204 0.08
Bolani 33 0 - - 0.07
K-Bolani 48 0 0.071
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Table 6. Molecular variance on 10 Sistan native wheat cultivars using SSRs marker

S.0.V Df SS MS Molecular variance Diversity (%)
Between cultivars 9 103.167 11.443 2.721 45
Within cultivars 20 66.000 3.30 3.300 55
Total 29 169.167 6.021 100
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Figure 2. Cluster analysis of wheat cultivars in Sistan based on yellow rust disease according to
microsatellite markers, Nei and Lee similarity matrix and UPGMA method using Mega 6 software
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Figure 3. Cluster analysis of wheat cultivars in Sistan based on brown rust disease according to
microsatellite markers, Nei and Lee similarity matrix and UPGMA method using Mega 6 software
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