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\- RNA-based markers; RBMs

Y- Expressed sequence tag; EST

v- Inter small RNA polymorphism; iSNAP
f- Targeted fingerprinting markers; TFMs

0- Conserved region amplification polymorphism; CoRAP
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Table 1. Characteristics and collection location of Aegilops wild species used in this research

Species scientific name

6;)%&» Joe ol ZD)
Province of collection

0355 sluas
Genome  Accession No.

Aegilops caudata

Ilam, Lorestan CcC 8
East Azerbaijan, Ilam, Lorestan, Fars, Chaharmahal and

Aegilops crassa Bakhtiari, Kermanshah DDMM 14
. . Ardabil,Chaharmahal and Bakhtiari, East Azerbaijan, Fars, Gilan,
Aegilops cylandrica Ilam, Kermanshah, Khuzestan, Kurdistan, Lorestan, Zanjan bbcc 19
Aegilops neglecta Ardabil, East Azerbaijan, Fars, llam, Kermanshah UUuMM 11
Aegilops speltoides Ilam, Kermanshah SS 6
Aegilops tauschii Ardabil, Gilan, Golestan, Mazandaran, Zanjan DD 20
. . Ardabil, Chaharmahal and Bakhtiari, East Azerbaijan, llam,
Aegilops t | ) . uucc 16
egriops friuncialis Kermanshah, Khuzestan, Kurdistan, Lorestan, Zanjan
Aegilops umbelulata East Azerbaijan, Fars, Gilan, llam, Kermanshah, Khuzestan uu 17

ol i Cow oyl el 28 silaes) sy i | bl
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4- Principal Coordinates Analysis; PCoA
\ - Inter-population differentiation; Gst
\\- Gene flow; Nm

\ Y- Total Heterozygosity; Ht

Yoools 3 ale o)l e 5 e JlE ol 5 K5 Dlakos ale

Ll sl ams 55 5 558 s CSD2 5 CSDL sLRNA
- 2 sl 5 3T sl e SSG), cll
5 S o) MiR160b .(Bej and Basak, 2014) ss 8
ol 55 UV waal 5 oL 8 oz b ablis 55 RNA
2o 1 ole Gl Al asle (ool Ol 5 5 55l 2
(Bej and Basak, 2014) sls olis bz o) b ablae
o5 sl b aklis 55 RNA 5 S ) :/miR169gR
Nz 0o s 0l B st 5 S i des )
Bej and ) caslesls olis ol Lalpl i sl oS
Jezs 5o 1y 2B cp ege 05 cp) $SOS1 o5 .(Basak, 2014
i/ 0552 sl Ko oSS 5 )b oS o)sh 4
5o Ay lyiea S0S1 el ey sla 5o gl
N K SV P PP B35 9 e O oA
:MnSoD , CAT g5 .(Quintero et al., 2002) s,ls
1) 20y JSo3l, SOD el 5T 165 s
5 CAT Lug 3o Sl 5 a8 Jas HO2
Sode hs SN oSl 4 5 S S,
i 2] 53 4 2d SOD (glap 550 51 S MNSOD

(Gratao, et al., 2005) s ,ls &

asls Jolo e 525
s2xle 5 (PIC) "olodbl IS ws glsime
s Sl G s sl (M) T Sl
(Powell et al., 1996) s solizw) andlas o) 55 solaze
Toad sanlie P slaw sl sn s slo el
55855 D205l jasls (Ne) ¥ jise T slas (Na)
oxzed 5 (UHE) Yous sanlie e 55059 2 (HE) 7
4 4 5 (AMOVA) " J s by a2

L. Polymorphism Information Content; PIC
2. Marker Index; Ml

3_ Observed number of allels; Na

¥- Effective number of allels; Ne

0- Shannon's information index; |

#- Nei's gene diversity; He

v- Unbiased expected heterozygosity; uHe

A- Analysis of Molecular Variance; AMOVA
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Figure 1. Band pattern of A1+Mir169gR combined primer in some Ageilops accessions using acrylamide gel
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Table 2. Characteristics and composition of CORAP primers and calculated indices for them

Sl

sl

Ao &) gioa

Slleb Skl s A3l Jis A3l Jis Eoobalowe am el

Primer Primer (53" b (53" ol Wame e e R

name composition Fixed primer sequence Arbitrary primer sequence TA e bil ol Ml

B NPB PPB PIC

CoRAP1 Al1+Mir398 TATAGCTGTGTTCTCAGGTC GACTGCGTACGCACGCTG 38 37 97.36 0.95 11.98
CoRAP2 Al1+Mirl160b CTCCCTGTATGCCACTCATC GACTGCGTACGCACGCTG 25 25 96 0.92 6.94
CoRAP3 Al+Mirl69qg GGCTGCGAAGAAATGAATA GACTGCGTACGCACGCTG 36 36 100 0.95 9.13
CoRAP4 Al+Sosl.1IR  TCATCTTCTCCTACCGCCCTG GACTGCGTACGCACGCTG 28 28 100 0.94 9.13
CoRAP5  Al+MnSoD.f CAGAGGGTGCTGCTTTACAA  GACTGCGTACGCACGCTG 40 40 100 0.95 10.44
CoRAP6 Al+Catalase = TGTACTACTCGGACGACAAG GACTGCGTACGCACGCTG 36 36 100 0.95 11.72
CoRAP7 A2+Mir398 TATAGCTGTGTTCTCAGGTC GACTGCGTACGCACGCAA 38 37 97.36 0.94 6.89
CoRAPS8 A2+Mir160b CTCCCTGTATGCCACTCATC GACTGCGTACGCACGCAA 38 38 100 0.95 12.23
CoRAP9 A2+Mirl69g GGCTGCGAAGAAATGAATA GACTGCGTACGCACGCAA 36 36 100 0.95 13.49
CoRAP10  A2+Sosl.1IR  TCATCTTCTCCTACCGCCCTG GACTGCGTACGCACGCAA 46 46 100 0.96 10.17
CoRAP11  A2+MnSoD.f CAGAGGGTGCTGCTTTACAA  GACTGCGTACGCACGCAA 38 37 97.36 0.95 8.07
CoRAP12  A2+Catalase ~ TGTACTACTCGGACGACAAG GACTGCGTACGCACGCAA 27 27 100 0.93 8.03

Mean 355 3516 99.06 0.95 9.85

TAB: total amplified bands, NPB: number of polymorphic bands, PPB: percentage of polymorphic bands, PIC: polymorphism information content,
MI: marker index.
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Table 3. Analysis of molecular variance for Aegilops species using CORAP markers

Ol i mle @bl ax s Ol o § gaze Sl e 5800 ot b;‘j o=bols oboly 2o s
SOV df SS MS Estimated variance Variance%
s 7 3571.65 510.23 35.21 53.64
Between Population
T "”ﬁ 103 3086.38 29.96 29.96 46.36
Within Population
& 110 6658.03 100

Total

Ageilops 5558 ;3 CORAP b olis ol 55 0k 2 cmeds sooasla —F Jous
Table 4: Indices of gene flow prediction using CoRAP markers in Ageilops species

Gst Hs

Nm Fst

0.56 0.13 0.24

0.47 0.45

.,\Mbdawubu_, &5 ol ‘Jgo;;:“‘,i,{)}fb Camazr 39,0 _;:,,M‘,iijjju WCamazr O plad Ji..\;\w A Fst , Nm Ht Hs Gst

CoRAP Zilss 3l ealiel U Ageilops cbas S s

55 S 0 Sy sl el -0 Jsue

Table 5. Genetic diversity estimated parameters in Aegilops species using CoRAP markers

Py 8555 sl ¢35 O P L S ess T slass W7 slass
Species Number of Genome sl s se & ol S s 0% saalin
accessions uHe H | Ne Na
Ae. caudata 8 C 0.16 0.15 0.22 1.25 1.00
Ae. crassa 14 DM 0.12 0.11 0.18 1.19 0.93
Ae. cvlandrica 19 DC 0.15 0.15 0.23 1.25 1.08
Ae. nealecta 11 UM 0.12 0.11 0.17 1.20 0.80
Ae. speltoides 6 S 0.13 0.12 0.19 1.21 0.89
Ae. tauschii 20 D 0.13 0.12 0.20 1.21 1.01
Ae. triuncialis 16 uc 0.14 0.14 0.21 1.23 1.04
Ae. umbelulata 17 U 0.11 0.11 0.17 1.19 0.88
Mean 111 0.133 0.126 0.196 1.21 0.95

Na: observed number of alleles, Ne: number of effective alleles, I: Shannon’s information index, He: Nei’s gene diversity, uHe:

Unbiased Heterozygosity

Ae. 5 Ae. Caudata LS a4 by,e cwja
Ae. neglecta Ae. crassa 5 +/\0 ol L cylandrica
& o2xle e +/\Y Jlaae L Ae. umbelulata
Sl AV Sl Glatads b/ e bwgra Gl (1) opls
&l +/YY 5 Ae. umbelulata , Ae. neglecta sl S

05 YU 4 4>y L ooy exe Ae. cylandrica &8

AD Jsir) (S5 58 s ol 3l oslinud |

awls L -/9% L0 (NA) s somlie PI slows Low g2e
Ae. a4 Fae cwsa VAL /A e
g5 sexle B 5l s, Ae. cylandria 5 neglecta
sboasle e 5l (S0 olsea (H) Nei S

o2l cnl ke o aS g cp i (S5 L~ o



I VUK St ¢

5 et 05 S 3.2 8 L5 el 05 8 s neglecta
s Ae.cylandrica | Lo o slaes s JS o jay past
53 by s 0y S 5 5 038 sls Ae. crassa
s Ae. umbelulata , Ae. truncialis L Ls . £,
il olad a8 s allas 5y 25 50 Lo
Ae. &5 o35 53 om alas VL (Sess ales
235 35 o 58 s ok Sl eas L;,,TCA:, speltoides
5 okl S 51 sas o5l Ae. cylandrica xS
558 5l eag Ko a e (S5 calis on a8 5 2O
-4 Ae. umbelulata x5 3| o555 K 5 Ae. crassa
c‘ﬂw BERREE™ r.)’%‘ 5 ol 5l eas d)ﬂ@-’.' s
5 Ae. truncialis £,5 53 oo alas o ri slu,S
5 Ae. neglecta «,5 55 o 55 5 Ae. umbelulata
Ae. &5 55 o S5 alas o xS 5 Ae. cylanrica

. sunlie Ae. umbelulata , crassa

Y\ Y

555 55 o Nel S5 555 5 50 JI slaw sl asls
9 o) &S e g . Ae. caudata , Ae. cylandrica
08 om0 2V IS s S5 g sl 45
Ae. neglecta «,5 55 blis 55 dited )y 3550 sl
a5 L1 I8 555 pa5 S A umbelulata
(0 Joan) ammals (S5 g5 gl bl ol
sba S o S5 kil eun gxes S
Ageilops

(v JCa) adlas 5,50 s S sanes S r‘ﬁﬁ)-ﬁ-’
05 8 s a1y Los sy shi3] i 005 WY sl
Lo Gy ol Jols sl 65 5 5 8 s o
sboss ol by e pss 55 8 5 Ae. caudata &8 4
oy Pl psw 558 55 5 Ae. tuaschii 4,8
S5 ey S =4 Ae. Speltoides x5 4 gl
Ae. 55 ey plas ol emay ooyl &S w8

|

Ae. crassa

L {{_1 —
—————— 3%

Ae. cylandrica

-

Ae. neglecta

Ae. speltoides

Ae. tauschii

Ae. triuncialis

045

Dice Coefficient

CoRAP sl SLis 5l aslinad b G sl 5T sloos 5 (glad s> 4 5m —¥ K
Figure 2. Cluster analysis for Aegilops accessions using CoRAP markers
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Figure 3. Principal coordinate analysis (PCoA) for Aegilops accessions using CoORAP markers
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Abstract

Aegilops range grasses (Poaceae family) as one of the most important ancestors of wheat is a
rich source of stresses tolerance genes. For this, the fingerprinting of genetic relationships in
accessions belonging to eight species of Aegilops was studied using targeted genes-related
CoRAP molecular markers. In designing the fixed primers, six genes CAT, MnSoD, SoSl1,
miR398, miR160b and miR169gR responsible for abiotic stresses tolerance were used. The
lowest and highest polymorphic information contents were related to CoRAP2 and CoRAP10
primers with 0.92 and 0.96, respectively. The marker index varied from 6.89 in CoORAP7 primer
to 13.49 in CoRAP9 primer. Low gene flow (Nm) and high differentiation (Gst) was observed
between species. Also, the Fst index equal to 0.45 showed that the studied populations were
completely separated. Due to the high values of the effective allele number and Nei genetic
diversity, two species Ae. cylandrica and Ae. caudata showed high intra-specific diversity. The
greatest similarity was observed between two species Ae. truncialis and Ae. umbelulata as well
as Ae. neglecta and Ae. cylanrica. Cluster analysis appropriately divided species into distinct
groups, and principal coordinate analysis confirmed the results of cluster analysis. Using
structure analysis of the population, the mode of gene flow and genetic intermixture among
species were in accordance with the grouping results of cluster analysis and PCoA biplot.
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