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Assessment of genetic diversity among three different species of
Aegilops sp. using CBDP, SCoT and ISSR markers

v . s ¥ i, . \ PR
SAogh W gl e ol e de 0Ll Lo e el J 58
Ol sl eeliile S ¢ adll ST oKl eliile S a1y ;‘_;a\.:f ol 5 S5 5SS 0,8 S (g gmdils )
Ol eolile S o oDl 13T olKls colisle S sl s alS (galing 5 (859 555 5m 05 S SLiils =Y

Ol gl eoliile S ¢ oDl 15T oKl eliile S a1y gdasz Sl 5 858555 50 05,5 (O Lkl =Y

Ghobadi Gh', Etminan A", Mehrabi AM?, Shooshtari L3

1- PhD Student, Department of Biotechnology and Plant Breeding, Kermanshah
Branch, Islamic Azad University, Kermanshah, Iran
2- Associate Professor, Department of Biotechnology and Plant Breeding,
Kermanshah Branch, Islamic Azad University, Kermanshah, Iran
3- Assistant Professors, Department of Biotechnology and Plant Breeding,
Kermanshah Branch, Islamic Azad University, Kermanshah, Iran

alietminan55@yahoo.com: S5 xSl oy (D3 J gis sk 55 3
OBV VYA 5y sl = VB0 /0 il ) oS>
O il (S digT 9 395 0 sladd P (g OINL 85 (2 Fees 3 (2 g 3T i

5 E9 3 (AT 510 Ll O 9 dlosgls Fblie 30 03194 (g W1y i
PAT (5354 (Slddol » 10 LOT 3l coliiw! (&g 15 Gude DMLl puiF  Jiog Olaiglis o5

(4]
ISSR 3 SCOT (CBDP (gla 3T .cd F 515 wsyp 3390 Wolite DNA LSl 4w jf S S e

Az Okl ol Hlade fawgio .A0ge wiT 1y I Wi 4aka8 10T 9 1Yo Y. Loy
Mol Cawwddy +/FR 9 +/¥E +/FY Cui§4 ISSR 9 SCOT (CBDP sla 55T o1y (PIC) i
SLodld S 4 3oxi 89 b O ol Cawlio § Vb <O Oy 9 I oudd Ol o«
Mol™ Gis09 57~ ol 45 35 (Sudinb Lol 695 dw 33 1) dxlllan 3390yt 1o b SIS
P99 by 4 amd g b S el p 9 (S5 S b Gudaie
G145 o il 319 g 45 318 L3 SCOT 4 ISSR (CBDP slassls wlil » (AMOVA)
dw o 0 iyl pogdle bl oo 5 £ Ol H Ao B £Y 9 Ao 30 £0 (o0 TN L
S Sl ol g1y solais! ST dlowi oy i Ae. triuncialis 495 adlta 3590 4ig5”
Bg5 cpl 8P pazmin S5 dan) 9 Y £905 ;Tbled Wilgl 0 Egogo ool &5 810 DL LS
45 018 OIS dxlllan Dygo 4595 dw 0900 1) () £ 1 Vb e Gaddd cpl s .abb
ol S (G154 Sl 30 G Gl (ST Mgl YL by 3 S
M 9 cwlio (S BEKCIST (S LS i 4w B 45 3503 etk Guiod (SABL piczod
E995 4 SCOT g CBDP (sl ;5L 31 ool budy 4o 571 il oo a8 Eg0 (owip Sy
Sl Sl » sl patin pgi) JW8 (g S I 50 3990 Moz plul 5 1)

10 Cumer sl | Sola do 9 Solas

RIS
1£0) 30l o oled (b 0595
FIY - M0 dxio



https://mg.genetics.ir/article-1-1764-en.html

[ Downloaded from mg.genetics.ir on 2025-07-18 ]

O, 5 Olebl Lo e

b w,lngM&,?u)a S Eg wiy

ISSR Sl wile 55 (6 KW wie cnl > (@l 2014
L g5 oSS s pbe 2SS ST G Sl eslinal b o 55 el
Jsas 5 AS e Ol ps5 oo Shes 5 e Als bl
S Sl glos 5 e I b ol ST 51 (5,50 6
L o 0L 1 VL (6l SO 5 anils (5 e 35
.(Singh et al. 2014)

S asl LS Aol iy aw 5l CBDP gl Sl lsls
ol ol 5 ol anea Olgew CCAAT Jiy ol as e
oha) 0 Gl 3 oS IS E N B JIp el ST
aw U g5 5 0,5 o 13 (CCAAT o cbla= Jig 5l
25 sl sl Jele &S SHRTY lenl s sl 5 S 5
oslizal L aib o calises sla SHET 51 Lol sl sla Sl
b Yor u& Jsb Loyl 5l luks CBDP sla S5l 5l
b PCR Jsame 5 55 dalss 25 LB A5lS 5 £
(Singh et al. 2014) s 505 S5 5,871 slad} s, » Ol5 o
S Sbae 4 e 3 Collard and Mackill (2009) lalUas
okt Chliz ol S g p e 55 Ledde (5 LS it
sl S5l Lusl SCOT Lol « as ATG 0sa8 Gl bl
(ATG) 5Ll 0308 jslms ibly sla JIg bl » 55 SCOT
WS 5 Al Job b ST ) leas b
S s il 5 Wleds b ods chli- JIy K e
Ll il e csline SusG LY slgsl s asdS S
53 oS eld cbli> 4l K SHll Jlasl sl oS3yl
b Klas ) cnd OlalS slads s ST Osas Gl bl
Al U ) LS S 31 s oS ik 3 58
3L Gl LSS 5 5 STl 5l ol sl sla Sl
Sl Dl AL e 5 ulis S Ol
.(Collard and Mackill 2009)

S cul GLa S Gl (Aegilops sp.) skl e
ol e S5 1 el r.x;fw.’;}jo\.ujuﬁjﬁ- R g
s 0Ll i Olsli g 5l (ol Liles ek S
5 e S plal 4 e gl st a5 sl

doddo

Slr 3l 5 s L glajlnl ol 51 SO DNA gle KL
5 S0P (A laeadl p5 plsl s (S5 g8 Slallas
(g olid 5 5 wle sleda Glolslag
Gl izmen 5 S8l bl g 5 KK
S LLS e 1 el sy (SE5 a5l e bl
Siags eyl 5 Glual Ll Sl & ol
SlS Clsen ccwle agss Ll sy sl ooslan
Lin (53500 hu AT Ole 5 slezel ol (5200 SS
S o ol e e SIS Sl s ol ses oS
Loarg b ss Ledds sla Sl el oL syl edle
S s @S 5 b (Al e S s
o 1AL ke LS 5 Shes b dies jsbay L5 e
ool 5 K55 g lllas gl S A sl Sl
(Paliwal et al. 2013) W15, 4

Sl g e L ae S K ISSR L
b Jese SHLT Kl oslinal b oS ol Sloeds slo s
5 e axkiss o o 055 5 Sl olpalen; sl I
Jpame Olgea ) Lols I3 jasie Cidse S5l oS
51 8T 4 L ISSR sla SHlel >l b S o 55 Lle
L Ol 5 5l Jool Jguamms dguama 5 3,00 o935 JIs
Sl b SIL 5 8T 05 5 53 a2 Ol
b ST ol IS Ol 5 s S5 (Slaily sltas o5
5l 220 PCR it gla SOLES 51 (ol b anmlin o
50 ol 3tz Slan s VU (6 A SS 51 L sl S
iS5 osara (S5 s Slllae 5 Sl
Reddy et al. 2002; ) dib o oLy 5,08 shils alS
.(Lalhruaitluanga and Prasad 2009

e b JS05e Gl is, Chiin b S gom
Gl KL Olge Cod oS Lledd Gome L (SOl
KL el 51 K CBDP Slis i s e edial 35 dodita
ol Il 3l ol o5 lals 25 il oS AL e
(A 0) sesn CAAT wax jsbne o Jls o
Singh et ) .ol sk pr5 Ladda Lo 5 oe o

VPN 50l /Y o ol [ add 0590 [ oy g9 S5 -



https://mg.genetics.ir/article-1-1764-en.html

[ Downloaded from mg.genetics.ir on 2025-07-18 ]

b o 3T Callisee 45957 dw )0 (S5 EgN (w2

AL 5 Oluabsl Lo e

Ae. Ae. triuncialis <58 aw 3l a5l calie iS)
s byl i 5l e .0 dsd) 55 Ae. crassa  cylindrica
sz 3L 5l el DNA ol sl sl S S5 s,
Doyle and Doyle ) CTAB 5, 5l eslizal L oS G S
5055520 5l ealizal b a5 DNA oS 5 A5 bl (1987
W23 8 B s 3550 oy /A 55T U5

cilihe ST g0 Foome 3> ops Slalss i g
55 eslial 355 sla S5l 4 by e Sledbl oS o eslizad
=l > PCR s Sl ¢LQJ 33 el ol LI Y Jgas
V5 DNA il S ¥ ol 2l Sn Yo 5815 ol
@X) s So Ve s egmms ol s o T SBT 2l S
b S50 Jlasl sles g3luaing g .3 PCR master Mix
oas o 3G gl i8Sl 5 A oozl ibsl S gy
A el T-100 Jos Biorad IS 5 5

53 sl ssluand puly e SO ol 2S1s e ples aali
ol s 10 5 ai3s 0 e 4 ol S Sle ax 55 48 (sles
s A8 gl s 4l 10 S a4 (gleanduly ol
£ 4 a) b B0 S w S5kl Jlasl ol 5 sl
(O30l e k) SSHET ngs ok g slas L3 (8, S0
4 g by 5 oS Ble a3 VY gl s 4l A S
Sl S Sl am VY gles j3addsV e

o509 S (3, sl eslaial LPCR sty s el iSO olakas
dhoasey Jol sl U5 5 S8 Ao s V/0 8T U5 s
35 gl S gl e S (e, Safeview
Cysoh AL asjlal 5 o Gel documentation oS
el (WL a5y 5 b 25y pde Sl i fa) K Lo
030l b s 0 3550 Gladgad o KB aheols 550 i
Lo g0d (Sbyos S skiaty 5 o plol 3,51 alols oy, |
B <=L>,_;\ Neighbor joining (NJ) iy, 4 Gladsr 4
Slaslle 5 sk cal Slp AS s dbgiie sla ol S5y
MEGA ver. 5.1  (Perrier et al. 2003) DARwin ver. 6
s skea b S 3 eslizal 5 56 (Tamura et al. 2011)
SN bl s dalumer o 5 0as0 5 Jd s
Aoy ol Soh gla bl 5,50 zan 5 (AMOVA)

Pour-) Wil wwlyl Hlew f'xf s bl
.(Aboghaddareh et al. 2018a

S l e li3T S S o Saes 31 S Ae. cylindrica
55 S Gl Al (s AWLA S1 Gl
Ae. 5,8 511, C pp5aS <l DC g5 b dn skl 5 65 S
el 03 405 3L s Ae. tauschii 4,5 511, D ¢ 5 s coudata
SUC es5 Jse s Ll 501 48 &G 50 Ae. triuncialis
LSS £l 53 5 AL o (TN=EXSTA) o5 pos S 2
b s L Bl 5 SuSly Olne o te sk
DSl add bl Celyls Ay sladases I (gles 1S
Crr Ol sboend 5 O o dld Al WS
3 orr Sl sl 5 oo gl el sl o
2 68 Gl Sl (Al fedes Olpen B4 o
(Kilian et al. 2011) K5, » Jlad 4 O,

G168 skl a8 Lo asle 55 Ae. crassa S
e ll i 0 G Vo (L a5 LSl JLS
S e Ol 5 A3l rs s gl sl
ol il e OLSSIBG g sy (SEF w4 e b0
L5kl 5 55 sl shls Klg e o5 v 5 5165
L3, DDM 13501558 | 5 DM

Sl cilime St A s (S5 g Sl Shasn
Ae. Ae. triuncialis ©,8 4w & Glae Olpl gla w5
SCOT Kl aw 3l eslixad L Ae. crassa  cylindrical
ol 3l Gda ol 43S 413 ey, 3,50 ISSR 5 CBDP
50 A58 Gl Sl el 2D aslie 5 b5l e
A sl p05 00 S5 g8 Ol e 52 2L
5 SIS Sl il slaw S S 5o ol kil 5 il
L 85 Ladda éuﬁ;w S el CL& aglie piman
Al e ISSR Ll islas sla SOl

L gy 9 9lge
oS Ve Jals Gl s asdllas 3550 aLS sl
Yoo bels Olnl cilire (olg S edd soslaen sk


https://mg.genetics.ir/article-1-1764-en.html

[ Downloaded from mg.genetics.ir on 2025-07-18 ]

O, 5 Olebl Lo e

b u».g}l&jTM#,?eu)e S Eg wiy

o=zl 3 CBDP 5 SCoT (sla 56T Shs w0 a5 L S
(S5 Lebda e KL Olssa 25 Glp e b b
s e b Sle L oaslie 3 ba Sl ol 51 eslinal
55 g0 0303 e 5 ISSR

SCOT 4 CDDP dSSR (5 Sl s e LIS anglis 3
sl 53 oYL LB SCOT (sls Sl &S ol ols 55158
oS 4 xS Loy A Dls cilis o651 ey S 5 (S5
43 (PIC) d&.ﬂ,\.} Sl Ol (6,55 lakad slias 05
5 ISSR la Silis 51 miy CSlhe 4 SCOT  (sla SLis
ol adles 5l ol s JS ke sl Cse; CDDP
L oS5 Lo Llg e SCOT (sla Silis oS sls Ol oliises
5 SES gl 5 gt ISSRO WL b SLE L.
(Hamidi et al. 2014) W, a5 5 ;80 Sliw Ly, )y
£55 o 0> IRAP 5 SCOT (la Slis oylS amlis o
Sl Sl oS U Latie oy aien S| 00 K3
b i (/BN i JSEas Sledbl Olge SCOT
OLES s cpl &S S o a3 (/7Y) IRAP (sls SOl
=U15 IRAP & s SCOT (sla SLis 45 ol ol sk
adlles 3550 Sacome 53 35 e oo b AL 3 YL
28 s adsS 3 e (Sorkheh 2016) .l
5 ISSR SCOT (¢ Sl s 4wl 53 CBDP (sl Sl
534S ol 0L O by 48 @3 S 13 s 3,5 RAPD
Rt 035 Lls a4 CBDP (sla Lt ¢ (S5 ¢35 (s
ot s W ST les o5 5 JSader el sl
5 Comexr Ll o 06 e S G SUE en
(Tiwari etal. 2016) Lib o ol L5, slaes s (sdes S

e Seis (1) 0sls Lasls (PPL) Sk gla oS )
e T slaas 5 (Na) edd edalie sla T slaxs (He)
Peakall and ) GenAlEX- ver 6.5 ,lls 5 51 eslizal L (Ne)

A (’L?L;\ (Smouse 2006

el old LY Jsds 3 b ST il 655 4w
LUl S slaas 555 0 Mo Jsdr 0l 53 a5 €850k
Cos ISSR LS s IS ke lakil sl 5 el 35
qa;jptyy&i\éw\%@jMMﬁszq
53 Ygame 5 ool 5l LB ISSR (sla S5l cncd 5 Cusle
ol ods S ml ) alie 55 S Slids L
Heidari et al. 2017; Khodaee et al. 2021; Nouri et al. )
Ciliee gla Lz gl MI 5 PIC sla jasls ke (2021
Sl gl g oMY SCOT SKlis gl p +/¥E) (g3 5dma el s
5 ol slie oa L (ISSRSiLis gl +/¥4 5 CBDP
S5 gl o ke 2D 5 LS e s
s O35 ey e Slay s aalllae s s
St dlad 4 Olg5 e 50 1, ISSR Sl s Ml ool
OF S caale w0 x5 L Sl ool s IS el
AT gl axla Ol wlal IS b opl ol sl o
oslizul 3550 gl SHET ol sl 0 8 b 5 L5 isu
s Ol 5 (S gt 5L S 6l
.)_}a.'i L}"L»:))l &jl.kﬁ.l}-)) ‘)JKJL.VJMJAL.M:)J AMJ&:T

i BT gla st Ls ol jendy Cilitis €55 4w 1 e s 5T pinST e S E5 sz 53 oLzl 30 gla ST JIg =Y Jsd

Laoiélﬂ a.).,;l.:)ﬂﬂ

Primer Sequence B PB PP% PIC Ml
SCoT-1 CAACAATGGCTACCACCC " ! “' m o
SCoT-2 CAACAATGGCTACCACCG ! v A T e
SCoT-3 CAACAATGGCTACCACGA : A A e w
SCoT-4 CAACAATGGCTACCACGC " ! AT m w
SCoT-5 CAACAATGGCTACCACGG " A v e i
SCoT-6 ACGACATGGCGACCAACG Y ! ve m i

VPN 50l /Y o ol [ add 0590 [ oy g9 S5 -



https://mg.genetics.ir/article-1-1764-en.html

[ Downloaded from mg.genetics.ir on 2025-07-18 ]

b o 3T Callisee 45957 dw )0 (S5 EgN (w2

AL 5 Oluabsl Lo e

AY

(221

1242

SCoT-7 ACGACATGGCGACCATCG
SCoT-8 ACGACATGGCGACCACGC Y ' " e ¢
SCoT-9 ACGACATGGCGACCGCGA ! ! " Ty e
SCoT-10 CCATGGCTACCACCGGCC 't ' M A e
SCoT-11 CATGGCTACCACCGGCCC ' " & e e
SCoT-12 ACCATGGCTACCACCGCG 't " v A w
SCoT-13 GCAACAATGGCTACCACC " v v T '
SCoT-14 AACCATGGCTACCACCGC " v e Y A
SCoT-15 CACCATGGCTACCACCAT A v M T i
Sl VoA q Y Y/ VAY
ISSR-1 DBDACACACACACACACA e W A K3 LA
ISSR-2 GACAGACAGACAGACA W " v A ¢
ISSR-3 AGAGAGAGAGAGAGAGYT ‘e W A YA &n
ISSR-4 ACACACACACACACACC W Ve . K &N
ISSR-5 GAGAGAGAGAGAGAGARC W A ve 4 Yo
ISSR-6 CTCTCTCTCTCTCTCTG Vo v W % ¢
ISSR-7 CACACACACACACACAG 't W A A tt
ISSR-8 ACACACACACACACACYA " A M il YIA
ISSR-9 GTGTGTGTGTGTGTGTYG W Ve AY A &
ISSR-10 GAGAGAGAGAGAGAGAYC N Ve N A v
ISSR-11 AGAGAGAGAGAGAGAGT W Ve AY EY £y
ISSR-12 ACACACACACACACACYG i A ov A A
ISSR-13 CTCTCTCTCTCTCTCTRC M v AL A A
ISSR-14 CACACACACACACACARG ‘e W A Y &N
ISSR-15 TGTGTGTGTGTGTGTGRC ‘e " vr K et
Sl \Y/4 A AR Y74 VAN
CBDP-1 TGAGCACGATCCAAT AGC 't " v T w
CBDP-2 TGAGCACGATCCAATAAT " Y v m Yo
CBDP-3 TGAGCACGATCCAAT ACC A A " e W
CBDP-4 TGAGCACGATCCAAT AAG " ! v ko o
CBDP-5 TGAGCACGATCCAAT CTA A " 8 2 ¥/¥
CBDP-6 TGAGCACGATCCAAT CAG " A o i Yo
CBDP-7 TGAGCACGATCCAAT CGA A v M v Ve
CBDP-8 TGAGCACGATCCAAT CGG " " " A YA
CBDP-9 TGAGCACGATCCAAT GAT h " 4 o 0
CBDP-10 TGAGCACGATCCAAT GTT A v M Y i
CBDP-11 TGAGCACGATCCAAT TGC ! ! " i t
CBDP-12 TGAGCACGATCCAATATA v ¢ v i n
CBDP-13 TGAGCACGATCCAATGAG ! A M A A
CBDP-14 TGAGCACGATCCAATGCG A A " A v
CBDP-15 TGAGCACGATCCAATTGA 7 " " e o
oSke /A AV YV /Y AN



https://mg.genetics.ir/article-1-1764-en.html

[ Downloaded from mg.genetics.ir on 2025-07-18 ]

O, 5 Olebl Lo e

b w,lngM&,?u)a S Eg wiy

5255 s S 0500 b sbls e e o shen
O3 0803 A s a bty IS5 ol SSE
SCoT  slaesls bl o Js g0 bsly 4 me
baa 20 ol gl A3 el 61> &) 504 ISSR 5 CBDP
JS Sbls 5l do s TUCBDP (sla asls ulul a8 sl 0L
003 sy 4 by Ao Y 5 (258 (s 4 by
OLL ISSR (slaesls JsSUse uilsls 4o dil o 25 S
0 4 @jﬁw;ﬁ@kﬁﬁﬁwbbj do s 80 aS sls
O Blarer 0503 g5 b IS g5 5l dess 00
Pt

ON) 235 0353 lls e 35 SCOT (slaesls ol
IS8 5 Y dsd) 3 (hoys £Y) (858 G Sl i (a)s
P35 053 e O3 i sln Gl U S
o3 Sl 55 0k A s (SE5 Slges (bl
sba S 5l Gl ladures o p 50 8 Sldlas
55 daedda gla Slzs sl eslital b s 5T i Cilzses
b500 S5 g5 5 GV e SCOT b Sl s
Pour-Aboughadareh et al. 2017; ) coul sl 35158 xes
.(Pour-Aboughadareh et al. 2018b

S NJ uz})u»uﬂ,uysqkajnamwgwnﬁwm—\ e
L Ciltes 655 a4 b o oo s 5T p2nST e 3 581 alsls s Sl
CBDP 6@5:‘: )‘ oalail

o 3l eslinal b axdlas 5550 slapinS| gy S ax 5 L
Ll » neighbour-joining (NJ) w5831 b 23S a5
055 4w 3 sy S50 S S 4dS CBDP (glessls
Loy o oSt gduanas pl s &S L gdsaies Lo
035 S 3 A L e 2o S 5 e v
2 O UKS) s S 5 bt s Ok 5 4l
s 55 ISR laesls ulul i85 ey S
i S a3 65 SSE 4 aalllas 550 gla 53
w3l Jeol> ﬁlﬁbm 53 (Y JKE) s gdanas
neighbour-(NJ) viwjﬂ‘ 5 eslizul L SCOT (slaesls zudS
L ghoarws 03,5 Hlg= 5 andllas 5,40 slaiST joining
055 4 A S5 ala g s 3l s Jgl mads (Y IS
4 5 5y Ae. cylindrica 4,8 slains! slad Jels Jl
JSE 1, ISl e o5,5 Ae. crassa 4,5 3l iS]
Ae. &8 3l eliladl it VY Gl i £33 SIS Al
53 Ae. crassa &S glainSl (Ss le 4 3y Crassa
L oohen WOl 5l sy 5 S gl Vo5 Y slaes S
Sdr S 53 LS sdues S Ae. cylindrica sla S|
Iy e oy S Ae. triuncialis <8 slacinst ol 50
5y50 e Gladi S a8 sl Ol (ghuey S ol sl |LSCis
Sl ST 5 o3 Sl ax s B (S5 dols 5l e
2555 el vmcé)y‘;i oWl ISSR 3 CBDP SCoT
A S0l (S5 ans ool 1y i gad (a5 s
w1 Jeole el Soods anlis bodiles el SIS
Lasie CBDP 5 ISSR SCOT (slaesls _ulul i 2SS
Slae S Laasls cpl Sl ases 4w o plal ez ST S 550
3l bl wleds S8 KuS 5l g s p S50
S5 Jelst e 5 bpllST gduanas s Sl pde
o Sl pde ) spde sk 58 Gl e o
Ol 1y il sl oLt slaesls 5l Jol (slapl S 5505
Sl 5 S Gt ol Sl Gk
iP5 oy o3 Lol DMl 5 e e s IS

.(Souframanien and Gopalakrishna 2004) sls s

VPN 50l /Y o ol [ add 0590 [ oy g9 S5 -



https://mg.genetics.ir/article-1-1764-en.html

[ Downloaded from mg.genetics.ir on 2025-07-18 ]

by ot oo 3T CaliSeo g8 dw 5 (K Egi qwi y Ol 5 Oliabl Lo e

Sl 5 (S35 g8 s pskiea oS laddlas s pionen
L (Triticum turgidum L.) o555 f,\;f Sl 55 Corexr
53 DAITseq 3l ol 1 5 SilicODAIT (gla SLas I eslizal
(A3 V) iy Sl iy A3 pladl 055 IS e
S sdalis blamer 055 o bos sl Ols
Ebrahimi et ) >3 (1o)3 YE) oS ls B rar O
ol de Bl eSS on bty 00 A 8l 2021
Oljes o i S s 0 2050 iz Slalmer a5 AL

S e s0s 95 0L Sosba e KUK 5l G

Oges 0352 Vo el 5o 3505 513 255 Ol a8 53 O SND oy ol S a5 S el sy o1, 5 Y S0

Tl 25 Sl e G 4 Cad e 0500 &al L s @58 4 4 by o e sh 3T ST s 5,80 Aol e b
Ll o Comar S 0,3 3181 (Sus vt &P L ISSR (slacsls ;i eslizl

L3 b s Gl Il Bl s Lig o g g5 cnl 555 w4 oS
Spoddr glaY s s Lol 5l o S8e 5 0SLS
ST 5 e 0505 £55 Olpe 5333 s p o shiee 3L
(g o Sl 55 Sleosat LSS
e se P sl ld Carer S35 Gl el
A Sl IS a5 sl jerls (S
L& doloes SCOT 5 ISSR (CBDP (glaesls (K&i5 4 Couno

SOWPRE DU g PR N Ry

SNJ sy bl 2 2edlS wses 5l edsl e oS oo Y IS
L Cilises €558 a4y bg o e s 5T 2nST 0 s 5 )81 ol s Sl
SCOT slaesls ;I eslizul

adllas 3550 o sh 5T Glacumes 3 (AMOVA) IS e glaosls Luibls Y dodr

Source df SS MS Est. Var. %

A5 o \ \0 VY '8 "

CBDP #S os ov wn ¥ ) vi
5 -kl 04 £y A Voo

A3 o Y WYY YEV/A VA 0

ISSR S 050 ov N Vg VAt o0
& bl 04 WAV Yo/0 Voo

TR Y £av/) Y£0 £/ 6y

SCoT A5 03 ov q:Y/0 Vo/A Vo/A oA
JS bl 04 LGSV A Voo

- YF) 50l /Y o ol [ e adsd 090 /0y 99 S5


https://mg.genetics.ir/article-1-1764-en.html

[ Downloaded from mg.genetics.ir on 2025-07-18 ]

OLSes 5 Olebsl Lo e

b gl 5T Callides 4595 dw 30 (3 EG (g

Within Pops

34%
Among Pops
66%
Within Pops
55% Among Pops

45%
Within Pops Among Pops
58% 42%

SCOT ;5 ISSR CBDP (slaesls sl Cilises 465 a3l o s 31 ST K55 s andllas )3 S50 ilsls Ao s SS b -t S

sy pde Sl 3 SCOT slaasls elol s axls
Ly Gladerer 053 g5 Ol (e D
S5 g ke Ul s S b sy addlas
45 3 gad yaSa g1 3550 (S5 M ge a0 sazma 5o 1) 2L
S okan LAl 6,00 Db 315 laasly ys LS e
sk 5 g Sl Ol Ll s eds ol gles s
Wilg e s Wls 8 T 555 L (S5 s o o5
Talebi ) .\Sﬁf D12 eslital 5540 Ol alies glaasl 5o
Sy 53 Sledbl ol sl (et al. 2018; Zhang et al. 2017

Al 3T 58 a0 35515 (sla L el
S T slass glaaxls L 5l sls ol CBDP (gla o3ls
He) o 55 g5 5 (D 05l Sl ozl (Ne) j3
Gl b s s 3550 SLLLS (g siee sl
shls Kos 4585 53 L awslis > Ae. triuncialis 8 «Jl-
Sl pas 255 LISSR laasls Galul 1 sy (5,20 palie
23wkl glasatls ol Bl acumanr (g o s
shls Kos slad § & s Ae. cylindrical €55 5l g0 aon

Gl g s Soer g8 sl Sl e poli

VE) 5l /Y 0 jloss [ oo 095 / (s 99 Sord§ -



https://mg.genetics.ir/article-1-1764-en.html

[ Downloaded from mg.genetics.ir on 2025-07-18 ]

b o 3T Callisee 45957 dw )0 (S5 EgN (w2

AL 5 Oluabsl Lo e

i 3 s e GBS ol e SIS el S

.(Van de Wouw et al. 2010; Nielsen et al. 2014) 5, .
S8 adles 350 Glacarer 3 AL mis @S
sl o3ly Ol 0 K5 5> SCoT 4 ISSR CBDP Lgbs)ijl.:;
SSE 4 |y e okl Jlslp 55 ¢ ol ol
OLas eslial 3,50 la SLa glaesls bl 5 5 ames

'MQJ

3 Y e Shee Joily Lo g i)l b us s ol
Cserl (Govindaraj et al. 2015) Aules A 55 o las sla VT
S 55 S el o 05 e JUGT Gl g bl
O Jaeles Mol glac s el e 5 (S5l
Morgante and Salamini 2003; Novoselovic et ) &l a3 S

S5 (S ] 4 e SIS g5 5SS Gl 2016

il (gla LS (glaosls KK a0 s 5T adllas 35 50 (SlaCamarr 3 05 drsloes g5 sl arli sl slas 5 Sl -V Jpd

_ 1l 55 sl patls
Sl S 3 &
s Na Ne I He
Mean \/g \/Yo VAR N
Ae. crassa Y.
SE 8% /oY /0Y /4
Mean \/0 \/Yo YT /YY
CBDP Ae. cylindrica AR
SE /v /oY /0¥ /4
L Mean V/o V/t YA /Yo
Ae. triuncialis AN
SE /v /oY /oY /4
Mean \/8 \Y AL NA
Ae. crassa Y
SE 0% /oY /oY /4
L Mean % V/0) /8 v
ISSR Ae. cylindrica \E
SE /o /oY /oY /4
o Mean \A% \/¢ AG AR
Ae. triuncialis AN
SE /v0 /0¥ /oY /4
Mean VY \/Y OYY /o
Ae. crassa Ye
SE /A /oY /oY /4
Mean A Y XY /YN
SCoT Ae. cylindrica AN
SE /o /oY /oY /4
Mean \/0 /¥ a3 /YY
Ae. triuncialis AN
SE /Y /oY /oY /4



https://mg.genetics.ir/article-1-1764-en.html

[ Downloaded from mg.genetics.ir on 2025-07-18 ]

OLSes 5 Olebsl Lo e

b gl 5T Callides 4595 dw 30 (3 EG (g

CBDP
120 0.300
100 - - 0.250 Z = No. Bands
= 80 - - 0.200 §
g °°>‘2 mmm No. Bands Freq. >=5%
£ 60 - - 0150 §
2 o mm No. Private Bands
40 - 0.100 %
20 - 0050 T m No. LComm Bands (<=25%)
0 - . 0.000 mm No. LComm Bands (<=50%)
crassa cylindrica triuncialis Mean He
Populations
ISSR
140 0.300
120 - L
100 0.250 Fq I No. Bands
» ) - 0.200 3
2 g0 - & [ No. Bands Freq. >= 5%
£ - 0150 §
S 60 - o m No. Private Bands
Z 0 - 0100 &
20 0050 T  No. LComm Bands (<=25%)
0 - . 0.000 m No. LComm Bands (<=50%)
crassa cylindrica triuncialis Mean He
Populations
SCoT
120 0.250
100 - - 0200 z  mmmmNo. Bands
S — w
g 80 - 0.150 9>n mmm No. Bands Freq. >= 5%
£ 60 - N
2 10 - 0100 £  mmmNo. Private Bands
7 -
20 - 0.050 % i No. LComm Bands (<=25%)
o - .~ 0.000 B No. LComm Bands (<=50%)
crassa cylindrica triuncialis —— Mean He
Populations

5 ISSR (CBDP (slaesls ulul » cilizes &5 s m}l.lj&.imﬂ'\' S5 g5 adlle 53 w3550 G a5 AL &F ssS-0 Js

S T slaws sla ot ls Sl eslinad b e 0550 £ o
He) & 55 g5 5 (D 05l oMbl axls (Ne) s
slows i b IR P08 le_mu}f Bl ) CJJL&S
BYs 5l S Wl e Came opl s mie olan] gl M

MLWJ‘)gﬁ”?JWdJJ)C}J A.LMSA.‘.;-}‘

SCoT

0 JKo ooman 5 Jadr o gote Dbl Sl e sboles
ISSR (CBDP (slassls (6, 4w 18 olul s 355 0 Lasieia
B Dl L Ae. triuncialis 458 4 b s o Cunez SCOT
boalie 53 gt olasl bl w5

o ? 6@\@&;}&.&@@)@; S35 55 bl are

VFe) 3l /Y 0 ko [ pdadd 090 /oy 5 Serii -



https://mg.genetics.ir/article-1-1764-en.html

[ Downloaded from mg.genetics.ir on 2025-07-18 ]

b o 3T Callisee 45957 dw )0 (S5 EgN (w2

AL 5 Oluabsl Lo e

Glaosls bl 5 Cilisie €658 a1 e 3T iSTe S5 & adllae 53 w50 G rer 3 0l ST sladily gl Sl 2 -t Jod=
SCoT , ISSR CBDP

CBDP ISSR SCoT
> 5 & > 5 & . 5 3
@ @ @
o 2 g o 2 z o 2 =
3 =3 =1 o S = N S =1
2 - 5 2 3 2 2 2
D S =8 D S = ] > =A
8 z 8 z 8 z
2k st av Vex Vex Ny VYA 2 A 1eq vl
S Gl b sl av Vex Vex Ny VYA 1 A 1.4 vl
Ao ys 03
¥ Ve Y Y v Y o n

solat! glakil sl
S Gl L Lk sl
doys YO 315

oS B3 Ll slaes

doys 0l

= ol sas 5,158 (Etminan et al. 2019) r.uf ey
a8 o (S5 55 o p 3 SCOT gls Sl g
S S i g p S s gl K03 a8 pere

.(Gholamian et al. 2019) ol sl 3,158 50

IS S o

2 USs5e SIS e o e s (SE5 al
b S5 il SR s (S5 S Gl bl
o Mallim 5 e slaeadly o5 5l g ame slacsisl (B
s o2l sl .(Novoselovic et al. 2016) Al o Mol slse
sl G LS o g3 Pl (S5 sl glulid 5 JUs
Caenl €5 ol 5 LB als o3l5a gl Caiige
Sile s Sordanly S5 g5 Sldlas el

ISSR (5 Sl e e alie 53 IS 4 S Olpew
e K 'R = ;I CBDP , SCoT
5 ISSR L wwslie ;3 CBDP o sasa 5 SCOT sla Lt
S o Dlllas PCR 0 ftee g o gla SLES L
5 A Gl 005 3 (S5 ps gl LBl s
CBDP Sl by a8 iy 5 o5 gba S alax
LS b oS il e L Gt ¢l51 ol 51 S
eslinal «j§ dwdds [SiLES S Olsieas CBDP SLii Coale

OLL Comerr G o polant] okl Sl el es
S Comer O 3 5 Gols (S5 e edias
53 CBDP 5 SCOT 55 dwdda sla SLis 418 348 e
Jee Olgoa ol 4 S 55 o L3l 5550 35 (6 K05 Slido
23 dpmye SB5 gy Pour-Aboughadareh et al. (2019)
e 33 31 o3l b1 0Ll e e slaw S
55 3 Vb v 5 A3 5e axlllas CBDP 5 SCOT s Sl
Ls S oS il slad S 05 1 S5

536 e CBDP ol S 8 5y L& o yr ol gl
Ot skt ey 0ol Ol 5 il e S sdue S &
U PR FYTIY

ASSR Slis 4w oIS oy 3 5 Heydari et al. (2017)
p3s53 pAS M )5 L3 gl ;LT s CBDP ;5 SCoT
sba ezl 3) 50 (SR @t 4 58 85 Lssad A1
s Sld s oy g e b gduanes Gk Sl b
Soden 511 passs p kS lac 85 (ol Slass 4 40
2 oS s BB Jols s plete dues S sl pal
G5l oo ars B IS5 655 Sl il glaes S
seliaibyn 38 amen g e p Sose paasd pAS
23 S g5 5 e sl SL551 5> CBDP b Sl

Q\Ju}up..s.? B (Etminan et al. 2018) fj))b (a.lj r..w)}\:o r))"


https://mg.genetics.ir/article-1-1764-en.html

[ Downloaded from mg.genetics.ir on 2025-07-18 ]

O, 5 Olebl Lo e

b u».g}lgj‘fgzba»eb;u)a S Eg wiy

Sl S ol gbadd Sllas gl (65 kelas
5 g5 038 ST CBDP Sl Kos (o S el
2S5 ol OIS S Cnl o5 (63 Shos 5 Jled s

b S e, Sladd 5 Sl SaS a4 i S glaast

&lw

Collard BCY, Mackill DJ (2009) Start Codon Targeted
(SCoT) polymorphism: a simple novel DNA marker
technique for generating gene-targeted markers in plants.
Plant Molecular Biology Reporter 27:86-93.

Doyle JJ, Doyle KJ (1987) A rapid DNA isolation
procedure for small quantities of fresh leaf tissue.
Phytochemical Bulletin 19:11-15.

Ebrahimi P, Karami E, Etminan A, Talebi R, Mohammadi
R (2021) Genetic diversity and population structure
analysis of Durum wheat (Triticum turgidum L.)
genotypes using whole genome DArTseq-generated
SilicoDArT markers, Agricultural Biotechnology Journal
13:43-68. (In Farsi).

Etminan A, Mehrabi AA, Shooshtari L, Moradkhani H
(2018) Applicability of CBDP markers to study of genetic
diversity among some of the cultivated wheat accessions
and their ancestral species. Modern Genetics Journal
13:79-89. (In Farsi).

Etminan A, Pour-Aboughadareh A, Mehrabi AA,
Shooshtari L, Ahmadi-Rad A, Moradkhani H (2019)
Molecular characterization of the wild relatives of wheat
using CAAT-box derived polymorphism.  Plant
Biosystems 153:398-405.

Gholamian F, Etminan A, Changizi M, Khaghani S,
Gomarian M (2019) Assessment of genetic diversity in
Triticum urartu Thumanjan ex Gandilyan accessions using
start codon targeted polymorphism (SCoT) and CAATbox
derived polymorphism (CBDP) markers. Biotechnology
and Biotechnological Equipment 33:1653-1662.
Govindaraj M, Vetriventhan M, Srinivasan M (2015)
Importance of genetic diversity assessment in crop plants
and its recent advances: an overview of its analytical
perspectives. Genetics Research  International 2015,
431487-431487.

Hamidi H, Talebi R, Keshavarzi F (2014) Comparative
efficiency of functional gene-based markers, Start Codon
Targeted polymorphism (SCoT) and conserved DNA-
derived polymorphism (CDDP) with ISSR markers for
diagnostic fingerprinting in wheat (Triticum aestivum L.).
Cereal Research Communications 42:558-567.

Heidari P, Etminan A, Azizinezhad R, Khosroshahli M
(2017) Genomic variation studies in durum wheat
(Triticum turgidum ssp. durum) using CBDP, SCoT and

ISSR wile sl sla Sl plo b aglin 3 [SSLES o) )
Pl S sl 0L rass opl s ssde o3l e 3
o A Gl o aglie Gl edd 35l laasls
G sl 31 e s S 53 s AallS e CBDP SSLS (s Sl
Sl SKagpast G S5 5 Lol ey sl

ISSR markers. Indian Journal of Genetics and Plant
breeding 77:379-386.

Khodaee L, Azizinezhad R, Etminan A, Khosroshahi M
(2021) Assessment of genetic diversity among Iranian
Aegilops triuncialis accessions using ISSR, SCoT, and
CBDP markers. Journal of Genetic Engineering and
Biotechnology 19:5.

Kilian B, Mammen K, Millet E, Sharma R, Graner A,
Salamini F, Hammer K, Ozkan H (2011) Wild Crop
Relatives: Genomic and Breeding Resources: Cereals,
springer, Chapter 1.

Lalhruaitluanga H, Prasad MNV (2009) Comparative
results of RAPD and ISSR markers for genetic diversity
assessment in Melocanna baccifera Roxb. growing in
Mizoram State of India. African Journal of Biotechnology
8:6053-6062.

Morgante M, Salamini F (2003) From plant genomics to
breeding practice. Current Opinion in
Biotechnology14:214-219.

Novoselovic D, Bentley AR, Simek R, Dvojkovié¢ K,
Sorrells ME, Gosman N, Horsnell R, Drezner G, Satovi¢
Z (2016) Characterizing Croatian wheat germplasm
diversity and structure in a European context by DArT
markers. Frontiers in Plant Science 7:184.

Nielsen NH, Backes G, Stougaard J, Andersen SU, Jahoor
A (2014) Genetic diversity and population structure
analysis of European hexaploid bread wheat (Triticum
aestivum L.) varieties. PLOS ONE 9: €94000.

Nouri A, Etminan A, Golabadi M, Mehrabi AA, Rezaee A
(2021) Molecular variation and genetic relationships
among Aegilops tauschii accessions based on CAAT-box
derived polymorphism.  Agricultural  Biotechnology
Journal 13:57-74. (In Farsi).

Paliwal R, Singh R, Singh AK, Kumar S, Kumar A, Singh-
Majumdar R (2013) Molecular characterization of Giloe
(Tinospora cordifolia Willd. Miersex) accessions using
Start Codon Targeted (ScoT) markers. International
Journal of Medicinal and Aromatic Plants 3:413-422.
Peakall R, Smouse PE (2006) GENALEX 6: genetic
analysis in excel. Population genetic software for teaching
and research. Molecular Ecology Notes 6:288-295.

Perrier X, Jacquemoud-Collet J (2006) DARwin software
at available at: http://darwin.cirad.fr/

VPN 50l /Y o ol [ add 0590 [ oy g9 S5 -



https://www.scopus.com/authid/detail.uri?authorId=57221420950
https://www.scopus.com/authid/detail.uri?authorId=54797550100
https://www.scopus.com/authid/detail.uri?authorId=36959415000
https://www.scopus.com/authid/detail.uri?authorId=57221414734
https://www.scopus.com/record/display.uri?eid=2-s2.0-85099086505&origin=resultslist
https://www.scopus.com/record/display.uri?eid=2-s2.0-85099086505&origin=resultslist
https://www.scopus.com/record/display.uri?eid=2-s2.0-85099086505&origin=resultslist
https://www.frontiersin.org/people/u/297940
https://www.frontiersin.org/people/u/314442
https://www.frontiersin.org/people/u/314442
https://www.frontiersin.org/people/u/274171
https://www.frontiersin.org/people/u/274259
https://www.frontiersin.org/people/u/319146
https://www.frontiersin.org/people/u/274187
https://jab.uk.ac.ir/article_2868_7bb9ba5f5c46070fc16ab985d12f7c62.pdf?lang=en
https://jab.uk.ac.ir/article_2868_7bb9ba5f5c46070fc16ab985d12f7c62.pdf?lang=en
https://jab.uk.ac.ir/article_2868_7bb9ba5f5c46070fc16ab985d12f7c62.pdf?lang=en
http://darwin.cirad.fr/
https://mg.genetics.ir/article-1-1764-en.html

[ Downloaded from mg.genetics.ir on 2025-07-18 ]

b o 3T Callisee 45957 dw )0 (S5 EgN (w2

AL 5 Oluabsl Lo e

Pour-Aboughadareh A, Omidi M, Etminan A, Mehrabi
AA (2018a) The importance of wild wheat germplasm in
breeding for resistance to abiotic stresses. Modern
Genetics Journal 12:489-504 (In Farsi).
Pour-Aboughadareh A, Ahmadi J, Mehrabi AA, Etminan
A, Moghaddam M (2018b) Insight into the genetic
variability analysis and relationships among some
Aegilops and Triticum species, as genome progenitors of
bread wheat, using SCoT markers. Plant Biosystem
152:694-703.

Pour-Aboughadareh A, Mohmoudi M, Ahmadi J,
Moghaddam M, Mehrabi AA, Alavikia SS (2017) Agro-
morphological and molecular variability in Triticum
boeoticum accessions from Zagros Mountains,Iran.
Genetic Resources and Crop Evolution 64:545-556.
Pour-Aboughadareh A, Etminan A, Shooshtari L, Maleki
Tabrizi N (2019) Comparative Assessment of SCoT and
CBDP Markers for Investigation of Genetic Diversity
Existing in Different Aegilops Species. Agricultural
Biotechnology 11:153-174. (In Farsi).

Reddy MP, Sarla N, Siddiq EA (2002) Inter-simple
sequence repeat (ISSR) polymorphism and its application
in plant breeding. Euphytica 128:9-12.

Shaygan N, Etminan A, Majidi Hervan I, Azizinezhad
R, Mohammadi R (2021) Evaluation of molecular
diversity in breeding lines of durum wheat using SCoT
markers. Modern Genetics Journal 16:151-160. (In Farsi).
Singh AK, Rana MK, Singh S, Kumar S, Kumar R, Singh
R (2014) CAAT box-derived polymorphism (CBDP): a
novel promoter-targeted molecular marker for plants.
Journal of Plant Biochemistry and Biotechnology 23:175-
183.

Sorkheh K, Amirbakhtiar N, Ercli S (2016) Potential Start
Codon Targeted (SCoT) and interretrotransposon
amplified polymorphism (IRAP) markers for evaluation of
genetic diversity and conservation of wild pistacia species
population. Biochemical Genetics 54:368-387.
Souframanien J, Gopalakrishna T (2004) A comparative
analysis of genetic diversity in black gram genotypes using
RAPD and ISSR markers. Theoretical and Applied
Genetics 109:1687-1693.

Talebi R, Nosrati, S Etminan A, Naji AM (2018) Genetic
diversity and population structure analysis of landrace and
improved safflower (Cartamus tinctorious L.) germplasm
using arbitrary functional gene-based molecular markers.
Biotechnology and Biotechnological equipment 32:1183-
1194,

Tamura K, Peterson D, Peterson N, Stecher G, Nei M,
Kumar S (2011) MEGADS: Molecular evolutionary genetics
analysis using maximum likelihood, evolutionary distance,
and maximum parsimony methods. Molecular Biology and
Evolution 28:2731-2739.

Van de Wouw M, van Hintum T, Kik C, van Treuren R,
Visser B (2010) Genetic diversity trends in twentieth
century crop cultivars: a meta-analysis. Theoretical and
Applied Genetics 120:1241-1252.

Zhang H, Mittal N, Leamy LJ, Barazani O, Song BH
(2017) Back into the wild—apply untapped genetic
diversity of wild relatives for crop improvement.
Evolutionary Applications 10:5-24.


javascript:;
javascript:;
javascript:;
http://mg.genetics.ir/article-1-1651-en.pdf
http://mg.genetics.ir/article-1-1651-en.pdf
http://mg.genetics.ir/article-1-1651-en.pdf
https://www.tandfonline.com/author/Talebi%2C+Reza
https://www.tandfonline.com/author/Nosrati%2C+Somayeh
https://www.tandfonline.com/author/Naji%2C+Amir+Mohammad
https://www.tandfonline.com/doi/full/10.1080/13102818.2018.1499443
https://www.tandfonline.com/doi/full/10.1080/13102818.2018.1499443
https://www.tandfonline.com/doi/full/10.1080/13102818.2018.1499443
https://www.tandfonline.com/doi/full/10.1080/13102818.2018.1499443
https://mg.genetics.ir/article-1-1764-en.html
http://www.tcpdf.org

