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Abstract
Objective
The aim of this study was to determine the relationships and genetic diversity between and within

wild species of Aegilops using EST-derived TRAP molecular markers.

Materials and Methods
In this study, genetic diversity and relationships among eight wild species of Aegilops collected

from 14 provinces of Iran were evaluated using 24 TRAP primer combinations.

Results

The mean of PIC for studied primers was 0.95 and the lowest and highest values of this index
were related to TRAP20 (0.92) and TRAP10 (0.97), respectively. Also, the mean of Ml was 10.77
and the lowest and highest values were related to TRAP3 (6.95) and TRAP17 (17.34),
respectively. The molecular analysis of variance showed 60% variance between species and 40%
variance within species. Estimated genetic parameters showed that the highest levels of Na (1.07),
Ne (1.26), 1 (0.23) and uHe (0.16) belonged to Ae. truncialis and the maximum Nei gene diversity
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(0.14) was related to Ae truncialis, Ae. umbelulata and Ae. neglecta. Minimum values of Nei gene
diversity (0.09), Shannon index (0.14), No. of effective alleles (1.16) and No. of observed alleles
(0.79) was observed for Ae. crassa. The least genetic similarity was observed between Ae. crassa
with Ae. cylandrica and Ae. umbelulata and the most similarity between Ae. triuncialis and Ae.
umbelulata. Being in the same group of Ae. umbelulata and Ae. truncialis with cluster analysis
and PCOA confirmed the high genetic similarity of these species.

Conclusions

The results showed high genetic diversity among and within species. Molecular analysis of
variance revealed higher genetic diversity between species, indicating low gene flow and Fst, as
well as a high genetic differentiation between species.
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2-Targeted region amplified polymorphism; TRAP
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Table 1. PCR temperature cycles program for TRAP primers

(31, Kssl 4 y3) Sl (458) Ol o o sl Steps J>1
Temperature (°C) Time (s)  No. of cycle

94 180 1 Denaturation (s jleccs s

94 45 Denaturation (s e iy

36-38 50 5 Annealling  g5LT Jlas!

72 70 Extention L.

94 50 Denaturation (¢ jlecs iy

53-55 50 35 Annealling gL Jlas!

72 90 Extention L.

72 600 1 Final extention g L

s lgzme ad (pajlaal (+) 8l dg2g pas 5 (V) 8l dg2g ululy oad iS5 Clalad 0313 Julodi g 4 520

S gy slaiods (MI'= PICXEMR, EMR= N, (Np /N)?) 5,555 asli 5 (PIC'=1-YPi?) cledl
S5z ol sl i N g NP g Il Jlg )3 =Pl o Jge )8 ] )3 23,5 dpuslore adlllae (] 13 03latsl 350 (sl 3Lt
sanlio P olas (asli (oxglisgs wyp sla el )l (Powell et al. 1996) cul S5l G 5l Jols (slasil JS sluss
31 odlizal by (UHEY) oanlite )50 (timssSajgrim (HE) (5 55 e85 (1) 0l 55 (NET) Sgo ST slas (NaT) 00
s (NMY) 55 ol dGSTY) Cumen o 2l 55 ol a8 slaasls 5 GENAIEX ver 6.501 13l
09 9 O B E95 e pglateds 13 dusle POPGENE 32 I8l 55 1 eslisl b (HE') S (g9 0
oy & Sladss e ]S, g b (S5f alol uile s bl (AMOVA) Jssle (il ly 45085 daaiss
Sdn 93 53903 glalss 4o Al 13 b musy NTSYS PC 2 138l 3 5l eolisisl b laodgs (suiseg,S jglaiea; UPGMA

43,5 oy GENAIEX ver 6.501 ljéls 5 5l eslazul L (PCOA) Lol claiske 4 4555

I~ Polymorphism information content; PIC
2- Marker index; Ml

3-Observed number of allels; Na
4-Effective number of allels; Ne
5-Shannon's information index; |

-Nei's gene diversity; He

7-Unbiased Expected Heterozygosity; uHe
8-Inter-population differentiation; Gst
-Gene flow; Nm

10-Total Heterozygosity; Ht
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Table 2. Characteristics and composition of TRAP primers and calculated indices for them

BEFCTEE

(53) el S36T g

(5—3") culs S5l Jlgs

>

Loy

Slass

Slass

@Sl JSs - ISbae el S

Primer Primer Arbitrary Primer sequence Fixed Primer sequence
name composition Ml ool bsb JSass b
PIC PPB NPB TAB
TRAP1 M1+Mir398 GACTGCGTACGAATTCAC TATAGCTGTGTTCTCAGGTCG 1585  0.96 100 28 28
TRAP2 M1+Mirl60b2f GACTGCGTACGAATTCAC CTCCCTGTATGCCACTCATC 16.97  0.95 100 25 25
TRAP3 M1+Mirl69gR GACTGCGTACGAATTCAC GGCTGCGAAGAAATGAATAA 695 094  96.77 30 31
TRAP4 M1+S0sl.1R ~ GACTGCGTACGAATTCAC TCATCTTCTCCTACCGCCCTGC 853  0.93 100 21 21
TRAP5 M1+MnSoD.f GACTGCGTACGAATTCAC CAGAGGGTGCTGCTTTACAA 1051  0.95 100 37 37
TRAP6 M1+Catalase =~ GACTGCGTACGAATTCAC TGTACTACTCGGACGACAAG 1253 0.95 100 30 30
TRAP7 M2+Mir398 GACTGCGTACGAATTGAC TATAGCTGTGTTCTCAGGTCG  11.79  0.95 100 25 25
TRAP8 M2+Mirl60b2f GACTGCGTACGAATTGAC CTCCCTGTATGCCACTCATC 869 094 100 29 29
TRAP9 M2+Mirl69gR GACTGCGTACGAATTGAC GGCTGCGAAGAAATGAATAA 859  0.95 100 37 37
TRAP10 M2+Sosl.IR  GACTGCGTACGAATTGAC TCATCTTCTCCTACCGCCCTGC 9.65  0.97 100 49 49
TRAP11 M2+MnsoD.f GACTGCGTACGAATTGAC CAGAGGGTGCTGCTTTACAA 9.82 0.95 97.56 40 41
TRAP12 M2+ Catalase =~ GACTGCGTACGAATTGAC TGTACTACTCGGACGACAAG 10.40 0.94 100 26 26
TRAP13 em2+Mir398.f GACTGCGTACGCACGCTGC TATAGCTGTGTTCTCAGGTCG 1055  0.95 100 38 38
TRAP14 em2+Mirl60b2f GACTGCGTACGCACGCTGC CTCCCTGTATGCCACTCATC 993 094 100 34 34
TRAP15 em2+Mirl69gR GACTGCGTACGCACGCTGC GGCTGCGAAGAAATGAATAA 1051  0.95 100 38 38
TRAP16 em2+Sosl.IR GACTGCGTACGCACGCTGC TCATCTTCTCCTACCGCCCTGC 14.71  0.96 100 46 46
TRAP17 em2+MnSoD.f GACTGCGTACGCACGCTGC CAGAGGGTGCTGCTTTACAA 1734 096  97.95 48 49
TRAP18 em2+ Catalase GACTGCGTACGCACGCTGC TGTACTACTCGGACGACAAG 1283 096  98.18 54 55
TRAP19 M3+Mirl60b2f GACTGCGTACGCACGCGAC TATAGCTGTGTTCTCAGGTCG 585  0.93 0.96 24 25
TRAP20 M3+MIirl69gR GACTGCGTACGCACGCGAC CTCCCTGTATGCCACTCATC 594 092 100 28 28
TRAP21 M3+So0sl.1R GACTGCGTACGCACGCGAC GGCTGCGAAGAAATGAATAA 1165 0.96 95.45 42 44
TRAP22 M3+MnSoD.f GACTGCGTACGCACGCGAC TCATCTTCTCCTACCGCCCTGC 553 096  96.15 25 26
TRAP23 M3+ Catalase =~ GACTGCGTACGCACGCGAC CAGAGGGTGCTGCTTTACAA 1246  0.96 100 41 41
oSl 10.77 095 99.04 34.56 31'9

odlazwl L;Lm)f)'Léj iy g (diBe S oyt 30 (6,0 it CudilB sniad L cileMb]  ISSxis (slgie ad s

ool lsls 5 Laseis BB o T olass 4y 45 Wil o 5,8 95 o 5T Ky Lawgs 0 ool LISiin gt Jlos]

IYA I, PIC Lasls TRAP SINA L ks Cudgi; YO (St g9 (o , -(Prevost et al. 1999) coul awuly
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Figure 1. Banding pattern amplified by M2+mirl69gR primers composition in some

Aegilops accessions using acrylamide gel. M: 50bp ladder (Sinaclon)
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Table 3. Molecular Analysis of Variance of Aegilops accessions using TRAP markers

by 22> Selwoly Sl oSibe Slupegsene
sl 4y Oy xuo
Variance % Estimated o. (MS) (SS)
(df) (S.0.V)
Variance

60 80.20 1148.17 8037.25 7 (Among SDECiES) Ub:b'; O

40 54.26 54.26 5588.90 103 (Within Species) laaiss s,

100 13626.16 110 Total s
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Table 4. Estimation of genetic parameters in Aegilops accessions using TRAP markers

Na

Ne

H

uHe

055 55 sl Specious 48
Genome  Variants

No
0.89 1.21 0.18 0.12 0.13 C 8 Ae.Caudata
0.79 1.16 0.14 0.09 0.09 DM 14 Ae.crassa
0.95 1.21 0.19 0.12 0.12 DC 19 Ae.cylandrica
1.04 1.25 0.22 0.14 0.15 UM 11 Ae.neglecta
0.90 1.23 0.20 0.13 0.14 S 6 Ae.speltoides
1.03 1.22 0.20 0.13 0.13 D 20 Ae.tauschii
1.07 1.26 0.23 0.15 0.16 uc 16 Ae.triuncialis
1.00 1.24 0.22 0.14 0.15 u 17 Ae.umbelulata
0.96 1.22 0.198 0.127 0.134 Mean Jiu 111

oalive T slutai 5 3 0n JT sl PTsltas o 5ls 55 755 5 (55 755 sl 350 o iS55 2 Sibles o 54 Na s Ne o H wHe

AL e 0kd

TRAP (bS5l (ol 2 (aghi 51 gladisS (o (Swii§ s el p .0 Jgor

Table 5. Coefficients of genetic similarity among Aegilops species accessions based on TRAP

markers
Ae. Ae. Ae. Ae. Ae. Ae. Ae. Ae.
caudata crassa cylandrica neglecta speltoides tauschii triuncialis umbelulata
Ae. caudata - 0.77 0.81 0.81 0.78 0.78 0.83 0.80
Ae. crassa - 0.75 0.77 0.76 0.78 0.76 0.75
Ae. cylandrica - 0.82 0.80 0.83 0.82 0.79
Ae. neglecta - 0.80 0.80 0.82 0.81
Ae. speltoides - 0.81 0.80 0.78
Ae. tauschii - 0.83 0.79
Ae. triuncialis - 0.89
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Figure 2. Cluster analysis for Aegilops accessions using TRAP markers
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Figure 3. Biplot of principal coordinate analysis (PCoA) for Aegilops accessions using TRAP

markers
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