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Abstract

Objective

Aegilops species possessing the U genome are the most widely distributed species in the world.
Considering the limitation in the genetic diversity in cultivated wheat, the use of wild relatives
and other species of Aegilops can be provided a rich and diverse gene pool of new and ideal alleles
for breeders. Therefore, the main goals of the present study were investigation of genetic diversity
and population structure in Aegilops accessions collected from different regions of Iran using the
CBDP markers.

Materials and methods

In this study, the genetic diversity among 77 Aegilops accessions collected from 18 provinces in
Iran and belonging to five species including Ae. biuncialis (UUMM genome), Ae. columnaris
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(UUMM genome) Ae. Neglecta (UUMM genome), Ae. triuncialis (UUCC genome), Ae.
umbellulata (UU genome) , was evaluated using 15 CBDP primers. The obtained molecular data

were subjected to statistical analyses using GenAlEx ver. 6.502, DARwin ver. 6, and Structure
ver. 2.3.4 softwares.

Results

A total of 189 polymorphic fragments were amplified using 15 used CBDP primers (95.27%).
The PIC index ranged from 0.28 (CBDP15) to 0.42 (CBDP-2 CBDP-4) with an average of 0.35.
The results of analysis of molecular variance (AMOVA) revealed that the highest proportion of
genetic variance referred to within species (76%). Among all species, Ae. triuncialis showed the
highest values of genetic parameters. The highest level of genetic similarity was found between
Ae. biuncialis with Ae. columnaris (0.905) and Ae.biuncialis with Ae. neglecta (0.879). Although
cluster analysis based on CBDP data classified all accessions into three main groups the grouping
pattern was exactly in accordance with the genomic constitution of species. Moreover, the
clustering pattern was confirmed by a principal coordinate’s analysis (PCoA). The population
structure analysis further confirmed the results obtained from the cluster analysis and PCoA, so
all studied accessions were grouped based on their genomic structure, degree of genetic similarity,
and geographic similarities.

Conclusions

Results of the present study showed a high usefulness of CBDP markers in evaluating the genetic
diversity in the Aegilops germplasm. Therefore, it seems that this marker technigue can be used
in programs related to the preparation of genetic maps and molecular phylogenetic studies. Also,
the existence of high genetic diversity among some Iranian Aegilops species can provides a
significant prospect for breeders to use them in pre-breeding programs in wheat.
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iy As
gl g Jo KL &g5 A3y Gl e Je SSL 495 )
%)) %))
Sampeling Gene . Sampeling Gene .
bank Species Row bank Species Row
area area
code code
Azar Sh 28061  Ae. triuncialis 40 Azar Gh 50074 Ae. biuncialis 1
Gilan 28804  Ae. triuncialis 41  Kermanshah 29766 Ae. biuncialis 2
Gilan 29454  Ae. triuncialis 42 Zanjan 27737 Ae. biuncialis 3
Mazandaran 29440  Ae. triuncialis 43  Kermanshah 29763 Ae. biuncialis 4
Markazi 28250  Ae. triuncialis 44 Azar Gh 28655 Ae. biuncialis 5
Khorasan R 28053  Ae. triuncialis 45 Kordestan 29854  Ae. columnaris 6
Khorasan R 28023  Ae. triuncialis 46 Azar Gh 28301  Ae. columnaris 7
Khorasan R 27868  Ae. triuncialis 47 Azar Gh 27758  Ae. columnaris 8
Fars 28162 Ae.umbellulata 48 Azar Gh 28297  Ae. columnaris 9
Khozestan 28515 Ae.umbellulata 49 Alborz 29413  Ae. columnaris 10
Hamedan 28113 Ae.umbellulata 50 Kermanshah 29798 Ae. neglecta 11
Lorestan 28682 Ae.umbellulata 51 Kordestan 29878 Ae. neglecta 12
Kordestan 28836 Ae.umbellulata 52 Azar Gh 28742 Ae. neglecta 13
Hamedan 29837 Ae.umbellulata 53 Azar Gh 28935 Ae. neglecta 14
Kermanshah 29776 Ae.umbellulata 54  Kermanshah 28374 Ae. neglecta 15
Azar Gh 27759 Ae.umbellulata 55 Kermanshah 28956 Ae. neglecta 16
Ghazvin 29985 Ae.umbellulata 56 Lorestan 28022 Ae. neglecta 17
Azar Sh 28630 Ae.umbellulata 57 Alborz 29129 Ae. triuncialis 18
Azar Sh 28632 Ae.umbellulata 58 Alborz 28641 Ae. triuncialis 19
Azar Gh 28335 Ae.umbellulata 59 Semnan 29183 Ae. triuncialis 20
Azar Gh 28894 Ae.umbellulata 60 Semnan 29389 Ae. triuncialis 21
Azar Gh 28298 Ae.umbellulata 61 Markazi 28244 Ae. triuncialis 22
Azar Gh 28300 Ae.umbellulata 62 Markazi 29135 Ae. triuncialis 23
Azar Gh 28326 Ae.umbellulata 63 Zanjan 28814  Ae. triuncialis 24
Fars 28163 Ae.umbellulata 64 Zanjan 27893  Ae. triuncialis 25
Azar Gh 28920 Ae.umbellulata 65 Ghazvin 28653 Ae. triuncialis 26
Azar Gh 28321 Ae.umbellulata 66 Ghazvin 28807 Ae. triuncialis 27
Kermanshah 28359 Ae. umbellulata 67 Golestan 28128 Ae. triuncialis 28
Kermanshah 28563 Ae. umbellulata 68 Golestan 28140 Ae. triuncialis 29
Kermanshah 28408 Ae.umbellulata 69 Fars 28152 Ae. triuncialis 30
Kermanshah 28354 Ae.umbellulata 70 Fars 28156 Ae. triuncialis 31
Kermanshah 28355 Ae.umbellulata 71 Fars 28150 Ae. triuncialis 32
Kermanshah 28346 Ae.umbellulata 72 Azar Gh 27929 Ae. triuncialis 33
llam 28223 Ae.umbellulata 73 Azar Sh 27937 Ae. triuncialis 34
llam 28467 Ae.umbellulata 74 Azar Gh 27949 Ae. triuncialis 35
llam 28222 Ae.umbellulata 75 Azar Gh 27757 Ae. triuncialis 36
llam 28468 Ae.umbellulata 76 Azar Gh 27922 Ae. triuncialis 37
llam 28203 Ae.umbellulata 77 Azar Gh 50075 Ae. triuncialis 38
Azar Sh 28091 Ae. triuncialis 39
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a3 VY (clod j3 didd Vo e 0 S5l Lls dxwgi 9 3,5 lo d > VY (clod ;5 4l A Sote 4 (gl oy 5581
2oy M0 58T 5 559995l 51 ool b oss iS5 lead alS PCR (gla jiiSTy (clys! 5 o 28,5 & jg 51,5 oo
Yoo (slmodls 4 sdal Cuwdty Slahad (o] s 0D (£ ol S5, (ol ik S y5) Safeview ;| oslaznl b § S5
S, SE IS gyt selatons 5 S5 (g5 soodls ol g Jpi (00 1S5 ) S, 5 (o0 2S5 s )
S @lalad slaws (NTF) oids iS5 @ladad sliws Jols Sl Sl 0aiS cpuns slo a3l 1 (S ol oolil
Llgy wlol 5 (M) ,Slis a3 ls 5 (RP) ples @508 (PIC) JSsas oleMb] (PPB) clakad  JS5 s> 2o yd (NPF)

L5 dlxe POWENL (1996) Lawgs osis 41|

Lol (Su5 95 oyt GBas L ol yod 4 CBDP sbay,55 LT colaseiive .Y Joua

Table2. Characteristics of CBDP markers and their genetic diversity features
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o R : Las s ) 5
O —r) 55
e I I e
MI Ro PIC  PPB NPB NTB Ta(C?) Sequence (5'—3') Primer
512 2213 037 875 14 16 4456 TGAGCACGATCCAATAGC  CBDP-1
591 1712 042 100 14 14 4456 TGAGCACGATCCAATAAT  CBDP-2
392 1418 036 9166 11 12 4456 TGAGCACGATCCAATACC  CBDP-3
582 1748 042 100 14 14 4456 TGAGCACGATCCAATAAG  CBDP-4
648 1509 038 100 17 17 4456 TGAGCACGATCCAATCTA  CBDP-5
297 992 030 100 10 10 4456 TGAGCACGATCCAATCAG  CBDP-6
450 1821 035 100 13 13 4456 TGAGCACGATCCAATCGA  CBDP-7
451 1639 035 100 13 13 4456 TGAGCACGATCCAATCGG ~ CBDP-8
470 1826 036 100 13 13 4456 TGAGCACGATCCAATGAT  CBDP-9
286 1021 029 909 10 11 4456 TGAGCACGATCCAATGTT  CBDP-10
522 1621 037 100 14 14 4456 TGAGCACGATCCAATTGC CBDP-11
531 1891 038 100 14 14 4456 TGAGCACGATCCAATATA  CBDP-12
386 1348 032 9231 12 13 4456 TGAGCACGATCCAATGAG CBDP-13
395 1410 036 9166 11 12 4456 TGAGCACGATCCAATGCG CBDP-14
255 1600  0.28 75 9 12 44-56  TGAGCACGATCCAATTGA  CBDP-15
45 1585 035 9527 126  13.2 Mean
vy
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CBDP-) \Y b (CBDP-6) V+ }1 (NTP) o 1155 cludad S slass 5391 (oo R0/YY) IS5 ttz dokad VAR 3115 )
(NPB) JSs sis clabad sluss 3gs Voo BVD oy (PPB) JSis ais labad so > il s el gy puiite WY (ko L 9 (B
JS 3 VIS cuSilio b g 4akad VY L CBDP-5 S5l ;5 olass oyt  deka & L CBDP-15 ,SiLis > sl oyt b
3)90 Sadiges )3 3290 (JSSa gaw (31 (L ) LB Glapiuse Guly i 5 M) g e b Sl
5 w55 g5 adlas ( JgSlge eMol e sladalyy 5> (65N i 98 QLI e gl glojlime 5| (S oy
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CBDP-15 551 5 (+/¥Y) i CBDP-4 5 CBDP-2 (gl S5l o 350 /¥ JSutir ledlbl lyine paslis
SIFA o (CBDP-5) Y/00 oy (slyes diolds (gyls 35 S5l MI [asls ol ol 1y PIC ol (+/YA) ppia
e s YAV 5 VoYY pslia by 5 a5 4 CBDP-1 g CBDP-10 (sl 55T cpuioman 005 oL |, (CBDP-5)
Felly 93 55530 lapasli oy o dg: adllae 3)50 XS 3 d9290 (SuBf £95 oy 0 (RP) jeled €538 (s
SN s Sy 2Ul57 a3Ls 95 cal 125 25,055 0 loag cupmnl 51 (RP) SiS& )38 5 (PIC) ISsaiy oMl
W3 e Lt |y ladiges plad )15 5 (S5 95 (2l ) odd 03 IS 4 sl Sl Jousl g pise S e 0,

3% 93 o Sl S g 4SS b 9o b o sl PIC (23l 5)le 4 (Powell et al. 1996)
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E95 a3 G5 365 I (Sf g9 oy 0 2V bl CBDP (L i g bl 3529 iulejl ol
(PIC) IS5 win (glgme oMbl S olul 5 5 SSR g CBDP SCOT 55kl duws bawgs piiS musMip )} oS
3 CBDP S5l 5 ol (¢ yiodges leMl )] 4y 1318 SSR 4 SCOT 55kl o3 jl CBDP 55kT oS ol o 3158
» owemen (Pour-Aboghadareh et al. 2022) sl oo paS wuodlbipy; (S5 £95 (wyp sy 26 )8 J9S50 wimw
&S 15 ol PIC g M1 claadls wyp b g ISSR 9 CBDP (55l piuwm 93 bawg T. dUTUM o395 4F vy p
= (Shaygan et al. 2021) s puollS S5 95 oy slp ISSR sl S5l 4 cows CBDP ¢la 5511
o olly e 5 203 V8 (295 (9,0 iy e &S 3 lis CBDP S3e1 V0 JsSg0 (il l 4525 5| Juol>
eolipss o 5 0900 0y 2Vl (S5 g95 CBDP (sla)Slel cutls Sl plgi e oliol ool 2 209 2103 YF (295
9039 (Soike (S Alwe) (Sh> Ais5 o 4 bgyye () sladiged (soled & Cunl (ul JS0lo 4l ) aimd o LS puS
cladiges le 3 Si £95 Vb o gy ol lods (¢glaes cilisie oldlis bl 5l lnaiges don & bl
(Bokaei et al. 2023) s> cows livyglaes Joxe 4 byl re SVb ()85l 4 oo o 1) 465 o 53 dgng0 (S
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Dumolin-Lapegue et al. ) wb Liol38l byl @olgs cp 5> (S5 £95 o) o 40 g yui |y adiges S (5195
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sile (K55 £33 (slayially g B ) Ko sl pS (siglingd (sladisS 5 (S5 £ i s &
2oy g (H) 5 (S5 g95 pasli (1) ools cledMbl asls (Ne) o cla P sl (Na) osi osnlie o JT sliss
L (Na) ori osalie (sla P sliss ol oad odls olis ¥ Jgas 55 o)l s 9 amsle (PPL) 55 sla Ko (S5 s
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o IVE Sile b (H) 5 (S) 95 padls gy 2 lis Ae. triuncialis &5 o 1) oljse oyt g COlUMNAris
slosiall & g 45 315 s PR 5 Sie b (PPL) IS53 103 (a5 5 +/FR e Lagia b (1) il bl
2 25 baS plo e ) (K)o Glie e bl Ae. triuncialis cladss yulol oul s 0nd 5)9ly (S
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G55 ) S5 g55 slapasls polie o yuie CBDP Sl lawgs (upshes] cilisee clodisS o 1 )50 sladlllae
Ae. &5 (Ssj g5 aw (9 YU .(Eslamzadeh-Hessari et al. 2023) .5 saalie Ae. triuncialis
slaasss (Van-Slageren 1994) sly cous Lis calisee sblio y> 4565 opl (g03,m8 381y & ol e 1, triuncialis
N8 4 2lys paiS el (gl (o yid 53 (oo lgie 4 Wl e (S £95 VL skaw L pS wudlip) 5l 0ad (olulid
aixo 9 ) sla 55 & Caoglie Sieud)l slays g (S5 E95 YL pdaw 4 ax g5 L a5 (ANMad 2023) 1544 03
e (Xing et al. 1993; Aghaee-Sarbarzeh et al. 2001; Arora et al. 2021) Ae. triuncialis <45

23,5 o duogi pAS @)/Lo\uw slrdslyy 5o aigs Qg'l 5l b (500 yh

CBDP (5la L5 Lawsd sl Saigs 9 0143 3,1 (S5 gl il ol ¥ Sy

Table 3. Genetic diversity parameters of Aegilops species exhibited CBDP markers

. L‘) . Lu) l . Dlm
L;Ltbdl&o Joyd o o h _ L;LQJH _
L S Sl bl ‘ pY5 g sl 45
J—i“‘ -\A> odalin
opls & Fge
[
Percentage of Shannpn Nie_ Number Number Number
olymorphic genet!c genet!c Of. of Genome of
P yl P diversity  diversity  effective  observed .
oci - - accessions
index index alleles alleles
PPL | H Ne Na
61.62 0.34 0.23 1.41 1.51 UUMM 5 Ae. biuncialis
50.51 0.27 0.18 1.32 1.33 UUMM 5 Ae. columnaris
69.70 0.39 0.27 1.48 1.62 UUMM 7 Ae. neglecta
85.35 0.48 0.33 1.57 1.81 uucc 30 Ae. triuncialis
81.82 0.44 0.3 1.53 1.77 uu 30 Ae. umbellulata
69.80 0.39 0.26 1.46 1.61 Mean

O 4l e (e 4 39 RO B IVAR (G (Sl 4l S gy ol 3 5 (S) 4l culps polie

a5 (F Jodo) 13,5 samliio (-/AVR) Ae. neglecta 4 Ae. biuncialis 4 (-/2-a) Ae. columnaris L, Ae. biuncialis
SBsS ( 3 l culpd ghaw A sk &) dl e adigS ol > UUMM S e o35 39 Judsas Vel aoes oy
a0 U Siie poif 5939 Jubd 4 Ylainl gadg0 cpl 45 K09 j13y95 10 (oYL polie I Guis ol 55 0l adllas
S oas sxglaan ksl CBAS (S5 £55 (st > bS] 53 ool Sty @l b Gillao g (g2 3590
5 Ae. biuncialis slaass oo 1y (S55 alis lise cpyiw RAPD ¢ ISSR Sl g5 lawgs o\bgs calisie sblie

sl sl GBS (5> sasedio (Sfsled e o b &Sl 4y axgi b aizil ol g 03905 255 Ae. Neglecta

A
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(Thomas and Bebeli 2010)

CBDP (sl S5l (ol 32 oy 31 (sLoaiss (s (S5 LSl pd £ Jgoa

Table 4. Coefficients of genetic similarity among Aegilops species based on CBDP markers

Ae. umbellulata Ae. triuncialis Ae. neglecta Ae. columnaris Ae. biuncialis

1 Ae. biuncialis
1 0.905 Ae. columnaris
1 0.863 0.879 Ae. neglecta
1 0.856 0.813 0.866 Ae. triuncialis
1 0.859 0.835 0.789 0.862 Ae. umbellulata

s Neighbor joining 2,550l 5l eslisl b (plades 450 wad b)) SlbaisS oy Laly) §3:85 () sskaio &
JS5) 48,5 118 095wy Sale] ol 3 ilisie (sladisS 485 @50 saii0g S el 2 g 5 plonl 5 ST alols (g e
D903 YA &5 (6550 &) LD SB[ 5l 393 (o955 Sl ol (3095 (] 53 (gy 0 3)90 (S5 (sladiges ()
Gadiges g ped adss > UU pgis L Ae. umbellulata ssslos g0 YA wisss G 3 UUCC 5455 L Ae. triuncialis
L5 (a009,5 pgw adgs 1> UUMM pg5 L Ae. biuncialis 4.5 4w o Ae. cOlumnaris . Ae. neglecta « b, e
Ag05 93 9 AL. triuncialis jl ages S 5 Ae. umbellulata |us' > 5 9o asss > Ae. biuncialis jl 4ges 93 (e
Jdsas Yl gasge opl a5 18,5 )15 UUMM pgis b (S5 sladiges JUS 15 g pow 09,5 ;5 Ae. umbellulata |
alllas L idos 5 adlpe bl o 9 U Siido pgif pogadas 5 (osi5 slacapbio (ol 1 ladigas cul Yl ol B
95 Lo 1 Grlaie adigad (saineg S 45 45 (3]3S SCOT 5 CBDP (sla Sl lawgs puiS wusdlyp )5 sloaisS (5
9 ol 9 Al oo 8ol s A5 @up )3 > Sifsld Slalllao o (S5 £ (i Sl 0SSNl g Casl o3y o]
il bl 390 ST (S byy adlae 5 DNA IS5 s> ggas (sl gl (6N i
sdnlie wa 4 5 slbasls ) > (gladed 4355 gaeg,S )0 g 5aoS opl » Cwixes (Ghobadi et al. 2021)
@ sl 48)5 ©jg0 aiges (lailaio g oy bulyd ol g g0y 3)90 (K0T ladiged (gb0g)S (> & 39
Ae. S sladiges g ad)S 5 SKuss LS s oliile,S g #MI lisl 93 5 Ae. umbellulata sladiges 457 o0
2o pll sy 50 gl (nl b Galate )l (sl 098 05 G 0 s 5 (Bd o3l 9> triuncialis
L Guaie aosgs gaueg,S CBDP ¢ SCOT JASSR 55kl aw lawg 1,1 Ae. triuncialis s slacogs g,

(Khodaee et al. 2021) 13 sols lis lagyT oLl ax bayl,i
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Figure 1. Cluster analysis for Aegilops accessions using CBDP markers through the
Neighbor-Joining method and Jaccard's coefficients
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30 515 225 3,90 1) (saineg Sl 55 PCOA gl 5 ol ot Gupslel slasisS 51 (S )3 1y (Siifold Laly, pasece

AY

Agricultural Biotechnology Journal;  Print ISSN: 2228-6705,  Electronic ISSN: 2228-6500

5, ST,



RN,

VEF (o San o SIS

o 90 slbdigS )d (eadgl Calisie pglaw o S5y by, bjl > owies ((ESlamzadeh-Hessari et al. 2023)
b baodgs (sizog,S 5 039 selate PCOA 455 b (slased 410 gl a8 a3 by SCOT ,55Uis Lawgs upshil o poscsts 5
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Figure 2. Biplot of principal coordinate analysis (PCoA) for Aegilops accessions using CBDP
markers
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Deltak = mean(|L"(K}|) / sd(L(K))

25
201
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Delta K
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K

ool iT sBdisS Cures Ldlw a0 43 Delta K ol 5me 3,91 ¥ SO
Figure 3. Estimation of Delta K in population structure analysis of Aegilops species
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Figure 4. Q-Multiple Plot of Aegilops species using CBDP markers
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