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Investigation of genetic diversity in different accessions of
medicinal plant Trigonella foenum-graecum collected from

various geographical locations of Iran using gene targeted
markers

'K sagn TOlaabl Lo e Mgl geate T GBL Olgd ol ol
WSyl el 13T oSl (STl a1ty (L ool 5 el 05,8 OLls (6585 S mils o S )
Ol
Ol Ol el 33T o KEils o K5y 0,5 Al cop p ke oaSLiils ¢ aLS (s3l3iay 5 S5 bl Y
Olnl S Ol LSl anks e 5 S3osLES s UL POl 5 sl 658 ol Y
Ol eolisle S e odhual 13T o815 colisle S s ¢ LS (galing 5 (6580555 5w 05,5 Slils =¥

Bahramirad M?, Khaghani Sh?, Omidi M3, Etminan A* Changizi M*

1- PhD Student, Associate Professor, Department of Agronomy and Plant Breeding,
Arak Branch, Islamic Azad University, Arak, Iran
2- Professor, Genetics and Plant Breeding, Faculty of Advanced Science and
Technology, Tehran Medical Sciences, Islamic Azad University, Tehran, Iran
3- Professor, College of Agronomy and Plant Breeding, College of Agriculture and
Natural Resources University of Tehran, Karaj, Iran
4- Associate Professor, Department of Plant Breeding and Biotechnology,
Kermanshah Branch, Islamic Azad University, Kermanshah, Iran

momidi@ut.ac.ir : S5 ;S oy (DL J sts sk 5 38
(CARRVARVEL SRR @u—\\‘uwa/w:@b;@m R
& bl o s 9 (2918 oL 3 SO Trigonella foenum-graecum oode p6 b dlbdods

3 ooliwl b (S5 £ 4R Sl aligs § 9 pwgsd wieliisl ook 93 I & aiwe
bl uzmed 9 LS (50154 Sladob g (51 (Suwde OleMbl dloisl b6 sy )

Vo 3 SCOT ST Y Jold 5T 1Y SIa .cdF 5 wsy Sr90 55 Sadod LS S SB09

34T Wogei WS Adillae 390 Sy 33 1) 093§ 4xkad AY § YA i 4 CBDP 31T o
Ol (Sl (ol Lawgio 818 Ol JCENa Wb YA 9 FO Cwifd law oyl - o
4 ol Cwsddy +/YA g +/FY o554 CBDP 9 SCoT b 5 3kT &ly (PIC) o 29yl oL
P19 09 <SS Dyud Bl 51 CBDP 4 Caws SCOT S i (S 55 ¢ oL oiLis
ﬁ E I

axfllan O g0 diged o Dice ol Ly 3o Slww 3 9 UPGMA i 59831 b oS 4y 355 31 fol>
Slamen ol Olaismo 4 4 505 bl b mls ol 47 d903 (Gudiwd Lol 095 slgz 5o 1)
28 Loy 095> ibsly fin wew Sk (AMOVA) (Jgge (ibsly 4528 @mld .oabld
lade d}:&g cdxf o 390 (Sure> 05)? T om0 O L&saj}f o vgg,tg b awlio
S S EF 9 ((FF) Lol el (1/0F) JFao P dlow pld Cames £95 S sl
b duslio 38 Cumesr ol 30 gl £ 3959 Sily bl ol 45 393 IV Cumos 4 b o (+/TY)
O Al dyg0 (B Slao Ol s 1) (S8 £ 31 Y o oW (ol . Abb o (0 ple
ol BBl (!l » ogdle .3g0d odliinl (S3154 WALy 38 OT il 3 Olgi 0 45 318
9 cwlin g O ¢ S5 wwdud la LS Hlgicdy CBDP 9 SCOT 45 dgod asein sd9%

Wbl o (AL B 3O (S g5 owiy 9DNA (GBS Cg Slodel B


https://mg.genetics.ir/article-1-1717-fa.html

[ Downloaded from mg.genetics.ir on 2026-06-10 ]

OLKes 5 ool ) oo

e liSo (S gl 53 (S £ (2L

BRI ERCIEE Y PUCH IPFURCI JPCHIC UE [ PRTICHIDES
.(Rao and Hodgkin 2002) .a>

PGS Ve 058 5 allid S pl @ axs L
#05 SLS pll b alis 55 O S 5 a5 305 13
oS Sl s SR gbadh Sl o B
A S RS e isliS S Koo il il s
b S |3 s p 50 S5 el 2L s (S5 pled
o 52 05 Sl 3 OF wdly £33 4 oo f2nd S 3
.(Zahoor, 2007; Al-Maamari et al. 2020) s,ls ;1,3 b
R R e S R L N N - I SIS
g5 mon SOk AL adl el Sl L5 s
3 pd 5l bl Gua L LS 6 a8 S8l (S5
DML 0 el st oS (S5 Sl 3 1 (s S s
sbl g LB plnil s nlin sy S sl p5Y
W5 5 elS pl AS 5 oS Fool Ble b i lane
LAl agr 5 S5 Dl LIS e O Aoyl ol slaals
.(Al-Maamari et al. 2020)

Gl e 3 S Ul S0 sle SLES 055 00
Ly Dt ALS el p)5 00 (K55 pS oLl
Llodd byme e (6 0L (s cpdir ol gladle 5o
Lasds sl Slis Olge cod Sl cpl 5l glazws &S
Singh ) CBDP sla Sl Ol ool S5 g o odusls S5
d> ;I (Collard and Mackill, 2009) SCoT" , (et al. 2014
5 SIS S esp W 03 e 5 38 b Sl
Chlis oy bl b LS ) il e Cgmer Sl
S duled e bl g diadis blg 5 poe JSKads ol
Wl olad ae 5 Galar gla Sl & o i
Etminan et al. ) L s 5 .. s RAPD « AFLP JISSR
.(2018a

5052 CAAT-bOX s JI5 L clze CBDPsls SL1

S Sl Gloslil 4 Ol dsb 5 Lleas 1 b olalS glaus

! Gene targeted marker
2 CAAT-Box derived polymorphism
3 Start codon targeted

doddo

L Sl plsl 5148 ag 55 Ol pame & LS 5l (55l
Gl 3l sl glacd plie gls 2,8 oo I3 eslinal 5,5
5 Lsd e atlis oosls Ol Olgeas Of davlsa 45 dizen
Trigonella  _.le el b ades sl o Sleys ol lls
534S Sl Y2 00l 5l OlalS 31 S foenum-graecum L.
ile kaad sl LS 5 035 Dls bl VU ol 55l LS
Wile bl sl 51 o151 immen 5 G055 e
53 A 5 WIS ey Dlwse Obsa S 5 e
Mehrafarin et ) s 55 o (sluaids dadjl ool OlalS o5 S
Olidles § s alS S5 b 51 oS 5l L@l 2011
Martin et al. ) Wil o (2n=16) o550, 3de L LSk
(2011

(23013 ol G Ulgea oS pl (gal5ar 3 pge Slaal 5 S
Wil o G5 s s VL slyme b o laa s sl
Jeily S oS aad 3 5 Slllas Ly ol s &S
STplie wlige 5 3l i8S Ll alpsldcan gbo b,
.(Mehrafarin et al. 2010) .l ol fl;u'\

S5 g5 5 AT Ol il e sl e 5 S
55 el Sl il Sl s 5 (S5 e crld
D 28 LS lacmar lle 5 (S5 p 55 o e
< sl LSL“JN Sheslanal 5 odly )5 b Cupde 53 sage
3ol galiia glaael » Calual bl 5y Csls rl.'é)\ sl 6l
.(Mohammadi and Prasanna 2003)

A sba S Ll Gl Sl gl S8 phle
8 St a3 o DL &S 551 22y pba 215
s 5l i Olgar sl o 53 (S01350as Glaasl 5 (5558
=03 LS s (S5 g5 polexr 4w 25l 3 G )
Lol (Al-Maamari et al. 2020) —ol ol e 5 Lol
5 AL it bk Sl CBli- gl gl (S5 g5
Glaasl » 53 5 Cnladl S 6l 0l i Sl 65 sl
wl 00 & Dy e Sl slhe 05 55,5 g ol
F e bl sy Sl S sl (SIS



https://mg.genetics.ir/article-1-1717-fa.html

[ Downloaded from mg.genetics.ir on 2026-06-10 ]

e tliSo (S gl 53 (S £ (2L 3

OLen 5 (sl yoae

S5 55 e 03 ISSR 5 SCOT (sl Sl Sl ssliza
able 5l eas L;,)T@;- T. foenum-graecum (sla -iS|
55 55 s «(Daneshmand et al. 2017) Ol ;1 il
T. foenum- 5 T. caerulea &5 o5 3 Cike lais3
Dangi et ) RAPD ; ISSR sls SLis 31 eslizal L graecum
G5 5l i Sai 55 03 K55 55 e <@l 2004
RAPD sla Slis 31 eslized L s T. foenum-graecum
dls gl g (K55 E35 o «(Maloo et al. 2020)
«(Ahari et al. 2014) AFLP sla SSLas 3l eslizal L Ol ol o s
K55 g55 addlae 5> RAPD 4 ISSR (sla SOLES 1 sslina
T. foenum- 5 T. caerulea «5 55 3l e glacdss
AFLP sla SLis 5l eslizwl 5 (Dangi et al. 2004) graecum
T. foenum- 4,8 Jsb o ,KeiSl o3y el

3,5 o Lal (Kumar et al. 2012) graecum
s oSt 5o (S55 g g anlllas (g ) 5l Sds
sl Slas 5l eslixad L (T, foenum-graecum « 8 4 shate
53 55 dwdda s Klis LIS ), 5 CBDP , SCoT
Fobanlllas 55 (S35 6 55 Ol el 5SS 35505

Al e

gy 9 Olgo

S sl Jals ast ol s eslizal 550 alS sl
= 3 edd L;,jfco.- T. foenum-graecum «,5 | Calse
ijdwowsgﬁ Ol ) Cilzses Ll a adbaie
el o &) e 5 adlate a KK 4 ek ped sl
03 badise 5l Sa slasdy e85 DNA £l sl sl
SloblS Lyl s s azalS Wg Oy By cuis oluls
Glas DNA sl wxalS Wy 5l e i IS
S 3L 3l (Doyle and Doyle 1987) CTAB  lasl yius
ol b el glsad DNA CodS e 5 A3 ol

23813 a0l 550 Ao /A 58T U5 5,85 S
Sloyss Sty Sl esliial b o) Slabd 28 e
Sl ST s slind e ST £ 53 5l Gladk

VFoY 30l /Y o Lol [ ooz 0590 /0y g9 <S55

Vo Gl SO L ol 20 Ol Dasa ol 3 e
Sda Al e sl b S 5l Jp3 JB Ol
58 il p 5 s bl i oS e 55 0 b SIS () 255
Sladllas 5o 1 b KL ol 51 ol Sledibl (6 8580 s
Singh et ) ol s gai @l b SLald glol 5 Comaxr sl
.@al. 2014

05IS sslma By S M5 el 5 SCOT (sla S5
A ol sk U b SSET ol dileas > b (ATG) i
5 Kledd b edd bl JIg K p gae ASlS s
Sl Sl LY Gl s aids s s il
3o LEET ol Sl Jels il S st
Sllarer 53 wbe JSSLs Ol 5 Vb Al
.(Collard and Mackill 2009) .l jls, o 5 alS

w5 (S5 55 0868 Sladlas ;5 CBDP (sl SSLES 5
il alS bl S x5 sl sbcerex e
2 S5 a5 s & Ol e der Ol 3l aS ol eslizad
<ol (Heikrujam et al. 2015) Ly 5 ilses glac s 565
«(Heidari et al. 2017) ¢, r.xf N S SSELR &
005 3 s 655 03053 55 GO S Ly 5 55 )
YYA Jols Triticum sp. 5 Aegilops sp. el,5 5 >3 =~
5300 oLl (Etminan et al. 2019) calee o5 535

SS55 g5 2Ll 0> 55 SCOT (sla Sl suelcdb g 5 )8
S ALS S S ol s S o el aallae
3 Pl Y Carer (SIS e g dlex
«(Talebi et al. 2018) 18 = 05 o3 e slaanls
e sol3 olS e e S e (S5l kuls) e
sba S s s 55 2Ll (Etminan et al. 2018a) S8
Pour-) o5 5 5 k3l e 3 3l Bl s s
B W &2 adlzs  ((Aboughadareh et al. 2018
Daneshmand et al. ) T. foenum-graecum —ises gla - iS]
el 0l 5158 s (ol 5 (2017

Sl Sl S Sl sl e il sl IS
5 DNA (el 5 (S5 5 iy Gl il

4 015 o e OF 514 5,05 54 5 Trigonella sp. e 5


https://mg.genetics.ir/article-1-1717-fa.html

[ Downloaded from mg.genetics.ir on 2026-06-10 ]

OLKes 5 ool ) oo

e liSo (S gl 53 (S £ (2L

3815 S 2 555852 aas 3l eslizud LPCR &Y sz
S S sl el Gl s SIS Lo V0
(bl Sl ke e 5l e s eslinsd Safeview
S5y pde Sl Sa) K st D sen bkl ekl
A bl (WL 5 s 5 AL

Ui das 53 o pled 53 LSBT LIS ) skiens
MD TSl jaxls 5 (PIC) ot Sledbl (gl sims
aaly 51 KL 8 6l PIC jlas s ailons S5LT 8 ol
shins s ol 5l Sl jaxls 5 del s 1-3p2i
3l 5550 g A ales PIC jliis 3 IS0 el
o3lizd DiCe Alols i 51 b yod i oo (S5 ool g
G b Sl s adigel sdues S pskua 5 Al
s bl Glaay s pll ) shises Al il UPGMA
5 S5 Jeolss susl 5 ol Slasie 4 4 (glas =
3 S5 Jeolss SlslE s o sed epl Sosds gy ramen
5 (Perrier et al. 2003) DARwin ver. 6 sl 5 5l
ssked .S eslesl (Tamura et al. 2011) MEGA ver. 5.1
ool as bamex o 5 050 g8 Jdos 5w
ol (S5 gla el 3550 wames 5 (AMOVA) 50 5
() o5l Lasls (PPL) Sods sl wsSy) o)
slaas 5 (Na) ol salie b PT sliws (He) o sS555
GenAlEx- ver 6.5 5l 3lo 3 5l eslizal L (Ne) i3 sl Y
A rl?;,l (Peakall and Smouse 2006)

WA Shias §samme 3 G opl )3 eslizul 3,5 sla S5kl
Sl 1S s ged 5SS (o 2 3550 555 T s 1 L
LU OVEY ol 5l aS gosba sl Olis JSKawe kL VEY
PO 5 VA 5 5a SCOT 5 CBDP (sl 5T ogm it
V Lls 53 CBDP S50 Ve 5l aslized & ax 55 b oy L

LL slws SCOT sla S5l awge 4bas SCOT Skl

! Polymorphism information content
2 Marker index

sSinghetal. (2014) L. g ol &1l s JIs - 5| CBDP
Loy odd e g g ol 5o SCOT (gls ST

Ui bt Collard and Mackill (2009)
V 5 CBDP ST Ve woslital 5,50 o gla ST 00 )
5 Hssad bl asiladl LB gl gla S SCOT Sl

A plmil ST slaes ol s obel Jos 5 4355

uﬂLwlj.:\.AL)Ikvaq DJ;QW}wJﬁJJ_’A‘SuW‘ﬁ—\J)J}:

Sosl o Jome Ul ar il e

ol 03 gd>we
5 S CiS) aS Ol ]
a0 A
AARA N R
| | S
FVAAQN 35
AR RAARATA oliile S
1l 4 <
EALAVAL Olws S
Yoy Lol 0 5 4 LSS
11 v e
LA AT Ol 45
TY.YAYA Olans
\Y v S dbs
AR A S ol =
TEXOXP Ol sk 5 Ol
\% v Srt s
TVIAXA ¥ ol S

Master Mix s Selv Oysoa Sl Glrl S 5
AT WA ‘3:5) Lfyj DNA }:.J)J.i.:a Y ng)jlsl.«.:.w gLSf:u
Sl A S 7 s (GRS 1 e sS) ) el s S
a@w))‘a.}lfcﬁ»‘l{ﬁdbﬂb)“&&ﬁw\ckﬁb
a0 & Jols sbes 46l 5 L T-100 Jue Biorad JSG L se 5
ads ¥ Olew J‘ﬁ&ﬁlﬂa a3 AF glos Ho sl (gilaand uls
bz s SHlel Jlasl il Y0 ode 4 5l S ol 4o
5ol YO sw 4 LU G Sa Gl eldae
SIS ol amyn VY Gl g (ady amw ) 0ol o
o SCoT L;LAJ,?;L&»T Sl e fa) ads Y U 43l 4y Sdew
ar s VY gl s olg ks de 0 G il s 5 (CBDP

..\..ir\;dlc\i:ﬁs\/c;.ua.gﬂﬁddb



https://mg.genetics.ir/article-1-1717-fa.html

[ Downloaded from mg.genetics.ir on 2026-06-10 ]

e tliSo (S gl 53 (S £ (2L 3

OLen 5 (sl yoae

(Powell et al. 1996) a3 o OLis 500 53 o |y 3BT
sbul JSons jasiid Jla-l PIC 2xle s oolew
G T slias @ oS Al o 35 53 o S5BT S Law g ol
S 5 Sl arls ol wls OT Sl 3 5 Lasis LB
Loy edd iS5 Sader gkl sl 45 PIC o jalol> 5l
Blg o S Cl 6,50 Larls Ll o o SiLT
slisal 3,50 b ST S8 ool bl s e

2S5

b oalie 53 1 QST a sl o L AY) (g iy (S
A3 S 3SS (S5ET s lil 4 kL V/A) CBDP la S5kl
VY L SCOT-5 & by ye Ko UL slind o 2is cuimmes

(Ydsd=) 59 L
gl e o2 PIC) S o Sledbl (glyms jaxls
Ceal 5l il o Sl K L Sl & plejasls
Sl s LT sl 4 jaxle ol ol oyt slois
Ly ol sl MSidr aseis Jlasl 5 o3 g axusly O]

oz ysl p idu AT Glaatls of ena T. FORNUM-graecum csla Sl S} 55 oo p o3 o3litul 3,50 sl ST JIg -YJsu

Skl ST i B PB PP% PIC Ml
1 CDBP-1 TGAGCACGATCCAAT AGC VY 1 4\ YO Y/AO
2 CDBP-2 TGAGCACGATCCAATAAT A v AV Y \/fe
3 CDBP-3 TGAGCACGATCCAAT ACC 1 q AY YO /Y0
4 CDBP-4 TGAGCACGATCCAAT AAG q A A4 Y /08
5 CDBP-5 TGAGCACGATCCAAT CTA v o vy yias \/50
6 CDBP-6 TGAGCACGATCCAAT CAG Ve q q T /Ay
7 CDBP-7 TGAGCACGATCCAAT CGA A o Y YF s
8 CDBP-8 TGAGCACGATCCAAT CGG V. q 4. Nias v/ay
9 CDBP-9 TGAGCACGATCCAAT GAT A v AV Yy \/O¥
10 CDBP-10 TGAGCACGATCCAAT GTT V. A Ar Ys YIAA
ook ar VIA AY AL \Ans
11 SCoT-1 CAACAATGGCTACCACCA VY ). A¥ s ¥/5e
12 SCoT-2 CAACAATGGCTACCACCC 1 1 - OFF VF
13 SCoT-3 CAACAATGGCTACCACCG W A v /¥Y \Aks
14 SCoT-4 CAACAATGGCTACCACCT Ve A v A /Y4
15 SCoT-5 CAACAATGGCTACCACGA A VY A0 NALd AR
16 SCoT-6 CAACAATGGCTACCACGC Ve A A Y \ai
17 SCoT-7 CAACAATGGCTACCACGG Ve 4 4 AN /7
oSle WA 4 AY in% \rAxd

Solas el Kot Sledbl gl (JSoda Aoy Kok Ll sl L S slas Sl 554 MI 5 PIC PP PB TB

VFoY 30l /Y o Lol [ ooz 0590 /0y g9 <S55

LS


https://mg.genetics.ir/article-1-1717-fa.html

[ Downloaded from mg.genetics.ir on 2026-06-10 ]

O‘)li&-ﬂ}‘_;d—:“)w

e iliSo 6&0“' 39 g;.g‘.aj E¥ glﬁ})‘

S5 ool s Sl s edalie (Olo S Olid @ Glase
VU D als bl sy ol bl el 5))@{

ol 0 031 QLL.:

200

150

0.2 04 0.6 0.8

40 units 780 Dissimilarity values
Min value = 0.02752 mean= (0.35413 Max value = 0.63077

e bl s eks 50 (S5 Jeolsh Sl s - S
Sheslaal b dlls slainst K33 &3 adlas s uls alis e
CBDP ;SCoT sl Silis

2l Sl s UPGMA o), S olal 2 2dS a5
ol 55 Sl 53 1y aadlae sy lacs s els alols
b slacs 55 cduanas pl 53 (Y JK3) 55 gduazas
A3 es S S o sdas sba Gd Cyr 5 5S4 8w
Sl Sl L o ek slacgs) S
SS sl LS g8l znls s sble glacs 6
Baes) s 5 G Jlod Gbls (slac 5 51 b oo o 5
s RIS 53 O s S 5 (Ol s Olens Sl 55
03 S Loy S L ool Aol lls ol
s by 88 Jld ks gl 55 51 ISt 55 0l
L Galate e 35 gty $350> U ax 81 fol> s o
ol bl bl sy bl chv, Jowe oLl i s
Mals 1y JsShe (glaosls ool o 3131 (sve s S Ol 5 ond b
2 85 Sobear e il LT oL S|, Glas
el S 4 by inS] 3 oS A5 sdalie 35040 51 (sle,ls
bl L i ST sduazas s Sl S ahols L Ll e
S 5 s Sl e S 65,5 ss s IS0 slaesls

S ST Gl SKoa Sledlbl lgme Laxls Sl
L aS el sty +/FV 5 /YA Ll 5 54 SCOT 5 CBDP
C0) L b Kl s Laxls ool Slaie Sl 4 a5
wll 5 Sl ga,m o oI 51 Sk sdel csa slis
&y PIC 3lie .55 CBDP 4 < SCOT LS (55 5
/¥% 5 CBDP-2 (gl +/Y+ - (slawsls ;s CBDP (sls S 5T
Y4 o slasls 55 SCOT sl S5kl (ol 5 CBDP-10 (sl
o Sipds 3y iie CBDP-4 (gl +/fV b CBDP-7 (i,
LSBT & base i a PIC Sl o %S 5 on iy
o MI Gaxls syl 5l Jol- = 5 CBDP ;5 SCoT
sy S,SHUT SKSE Dol o sart s S cpl sanSunl
s MD) Sl asle e o GloSa oy eslind
YAD GOV s amls LYY L, CBDP sla S5l
sl S5l s 5 CBDP-1 5 CBDP-7 sla S5l sl » o S
Slp s sa FYY LYY a5 wals L YYP 1, SCoT
ol LS sba (YJsus) 55 SCOT-5 5 SCOT-7 (sla 351
S KB LS Sl esliad 3)5e e ST oS 315 0L b
Sllas ple sl L SHET 51 Ols e 5 03 Ll n
53 ol sy Sl LS 58 eslid (S55 pss
p3083 c.,\;f b Ks oblE s K3 g5 Slalllas
f.xf =3 5 i = )5 «(Shaygan et al. 2021)
Asadi and Shooshtari, ) ste=s S (Etminan et al. 2018b)
Pour-Aboughadareh et al. ) . 5b 5T Ciles slaw 58 (2021

ol ol 058 5 (2020
5 Bl ol iy sl S35 Jels sl sk
S S wlis o b op @ ax s LS Al ol ol
AR Sl glos e pl ol S Gl e
YOl bapiaS] o (S5 Aol Ol lawge 23S
Gl s a5 5 Sl s alol Sl 45 el sy
Aol Olsme s dhools o i pwlid s bainSt o0 VL
Olses cp iy 39 ke /Y Lo /0Y 51 lacp ST o S5
Ol wbgpye) YE ojled (inS| w (/FT) S5 4ol
S 5 (Olal = Sl 5D YY oyled it L (Ol 5=
35,0 ¥ 5T ol laniaSt o (7)) (S adlols



https://mg.genetics.ir/article-1-1717-fa.html

[ Downloaded from mg.genetics.ir on 2026-06-10 ]

e tliSo (S gl 53 (S £ (2L 3

O‘)&M}d-\:ﬁ‘)}sﬂi—ﬁ

«(Bradeen et al. 2002) Daucus carota s 53 £S5 0
3 ol s a(gives S 6800l S5 4 3N L3 50 6L
Dls amdns 5 bplash ol 3 da pamie (S35 ) 4t
DB Rs o A3k g5 Mg ss ol gl Shs 05
S 535 i b s 4 bt Sa Sl 558
G g S5 gbesls g bl e S S e
5 ST U sl dl p)3 Sl Opmen Julse
2 olS S s Sl ST L 0T S e 5 iy

i by e anllan 550 Lol i 03 5o

R
%
%
%
@
R4
30
20
24
26
2%
70
o
P
&
&
~
> ~
f=

e 55 (S5 S e 00 mlE iy wlia
ol edd 515 5 AFLP gl Sl 5l eslinad U Ly
33w 6 alie gl 5,18 (Martins et al. 2006)
55 sbesls ulal sl (dues S Bkl s o s
OIS sl 3y SUam Ghlie ulal  OT ey S L
Sl oS leimar (KD 55 s 4 OlF e dhex
s Sl 5l eslied L (Bunium persicum) il o5
¢35 0 ((Pezhmanmehr et al. 2009) AFLP s RAPD
s Sl 5l eslizel L Matricaria chamomilla S

39 (Solouki et al. 2008) &.;)"}5}.9)}/: L;Lau.f}u E) ‘;jglﬁ

36
37
28

34

35
9
o
%
Ao
©

-
o

3 CBDP slaesls Wlul s UPGMA ‘;ﬁ)jﬁ\ 3 ol Al pde oy pb Sl eslild LT foenum-graecum -5 ST ¥ 2SS w4 o 51 ol fl)fj),\;: A S

521 43 T 6 12 18 17 15 16 11 14 10 19

i

13 35 34 40 39 37 36 26 30 20 22 21 26 25 24 29 23

27 32 31 33 38

T. f0BNUM- 5555 Fr 3l 2udS a5 51 ol ol S 55008 53 Ghlie b 51 ot 55 b ol ailte a0 b e slacd 53 el -7 IS

SCoT ; CBDP slaesls lul s UPGMA (;w,i)l 5ol dols o b 5l eslanal L oLdl e adleie O 5l graecum

VFoY 30l /Y o Lol [ ooz 0590 /0y g9 <S55


https://mg.genetics.ir/article-1-1717-fa.html

O‘)&mﬁ)d-‘f‘)w

e iliSo 6%0&5‘ 39 6@;3 E¥ ggjl:“})‘

O (pfeS 5 i (eon 2050 Corex O 2
AYY 5 WY ol 5 25,8 0503 (SS) Slaye g yeres
5 0k st) ¥ Camer 4 by e &S del Cewsa
250 (Ol S 5 Ol sy 5 Oles) 0 5 (Maml g 5 4 LSS
SIS 208 m e Smd 258 003 bl YLl
Sl oDy 05 53 534 yamvie 5y Gl P15 5 o
P 5 5 e Sl slaasl 53 eslinal S o

e PS03 g Olpe ade Sl dide Ll e L

SBAxr bl Gladses Guties S Jombe So3 sk
A b sladiped (M) 6,503 ol Saodis s il
asde gble sl 5l plae K, L bl adke
O pskien oS S bl 4 Jol il lledd
SSE 5 A5 omos PS5 05 bl e
e Oas G s e bpilst IS0 bl
Dye JS oliols S deoys TF S 5l 0LES i plol tima

PS5 03 sra bge Ao F7 5 A0S g s

[ Downloaded from mg.genetics.ir on 2026-06-10 ]

on 3 Jel glaesls JoSle bl s s 8 S
IR A R S I Tt ™
S il S il Slid>s 55 ISSR 5 SSR SCoT RAPD

(F JS5) il s

Thomas and Bebeli, 2010; Gholamian et al.) <.l oii

.(2019; Etminan et al. 2019
Sp Sl (S5 Slogar eSS T s
sl ols e S35 glagasls (s
e sis s sldie (Ne) e PT slaas (Na) sl slobis
(%P) IS ko sla S5 do s 5 () G sls el (He)

o303 QLS ¥ Jadr 3 OF s & A alos Comer 2 6l

s b el 5 K85 bl @i Slenls Jlased Y S

S5 bl
u-_J_J:AS 9 U'iJ:":’?’ ol rL>u| CJLwabu J’-’L\N‘ 2 NG RPN B

R oJ@L.ilAl}lV LSLA“:’“:.W BEI g_M”S)I.:JS}A LSLAJJT sl

5l eslizal L T. foenum-grascum 3 E55 o 2 andlls 3 50 Glacaner S 4 okl 3,50 5 & sl =Y J g
CBDP  SCoT sl Silis

o3l

Comar &S Na Ne | He %P
SSla VS \/Y$ JYY AT

| Ve ¥5/A
3yl gl Y% YA Y ARY2
SSla \/Y \/YA VAR VAT

1 4 ¥S/A
3yl gl Y% VA Y VRN
SSla \/¥4 \/¥E VAn% Y0

1| v FV/
3lbinl gl A4 D o/ VERNY
Sle \/VO /0¥ VAt AR

v v AY/5
Syl gl /00 A oY /N0
oSl VYA VY YA A

\Y v oy
Syl gl % Ay YA Y

Al e JSadr Gl eSS Ao 5 st O 8l Latls ige P slias eds plubid P sl o 54 %P He d Ne Na



https://mg.genetics.ir/article-1-1717-fa.html

[ Downloaded from mg.genetics.ir on 2026-06-10 ]

e tliSo (S gl 53 (S £ (2L 3

Q\)M}d-\.ﬁ‘)%ﬂ

Band patterns across populations

150 0.400
z mm No. Bands
. - 0.300 @
2 100 - & = No.Bands Freq. >= 5%
£ - 0200 § _
2 50 - = mm No. Private Bands
- 0.100 o
T No. LComm Bands (<=25%)
0 A - 0.000
1 2 3 a B No. LComm Bands (<=50%)
Populations Mean He

CBDP ;SCoT (sl SLis 5l eslizal L T. foenum-graecum S5 55 oo p 0> adllan 3550 Galoner 53 AL s Ut

e KL 5l eslizal L T. fOBNUM-Graecum (S5 ¢ 55 ooz 53 andlan 3,50 slaconar 53 olal slakil Jlsl s 5 Ll Jlsls iy —F Jods

CBDP , SCoT

Corer | 1 11 v \Y%

XL sl a4 0 VYA \Y \KA

Lo,30 Sl xi Sl s Ll sl a4 0 ARV VY. Vo

olat! glakil sl Y ¥ \
Lo,3Y0 515l xS Slsl s L L slaas

Ao y300 51 xS Sl s L Lk slaas Y 4 \Y Vv \

0503 g5 JYs O (K Wlg s b (pl S Al
53 solast] ladkl gl s sl &8 ol s SVL cmes
Ol 3 payyamin 5 (ol (S35 ane) sdasOlis Comar S
Ol o Lal 5,50 gl Glaesls pioman 355 0 AL Comes
O 31 xig Sl sl edd a8 gkl el 4S5 das e
boamar 3 6030 P mr 5 Adbe Sl hess

J}&w odalin

S S o
T a55 50 S55 655 5 s Q6 g o 0l @
Ji ble la iS5 s 52504 foenum-graecum
S sl OlE 1 (Ol &y Sl glaskul gladised) 3,3
e (SIS 55 5 ol Bl @ Ll passe
D 5 Skl e dasOLES romes il ) ASL s b3
55 Ol 5l eslizul cg> CBDP 5 SCoT sls Silis VL

VFoY 30l /Y o Lol [ ooz 0590 /0y g9 <S55

0503 ¢35 Ol soom 02 ol sy k4 s L
R I A e
Sl OLES ) ke g8 /F8 ke LIV e ¢ imar
D503 e g5 255 Sl b o S5 slie (piomas
adllan 3 el oty ¥V Ll OF Jlie oS 540 IV Comas
L T. foenum-graecum ciles glao il g5, 2 (6503
£55 31 2V v 3 ISSR 5 RAPD sla SiLzs 5 sslin
Col odd 5518 B8 cpl  gmex e S 05 S5

.(Dangi et al. 2004)
OLE 1y aalllas 5,50 slacmar 3 LAl 3y 5,10 Ko
lods LY U 55 O & by e Sledbl 5 das
ol jasia ¥ dsder 5 0 K8 bl 5l &S bolea
dzes polamtl b Tz V 5 IV O e laoy S
Srided e a by i) IV G (S
S (W) spte olasl sl T sl 51 (pes


https://mg.genetics.ir/article-1-1717-fa.html

[ Downloaded from mg.genetics.ir on 2026-06-10 ]

OLKes 5 ool ) oo

e liSo (S gl 53 (3 £ (2L

035 s L Gl Sl 4oy byl es sl
Job rlg ol 5 1 g 5 ey 55 e sla SiLis
et bl b LOT 5l 015 e 5 LS o ST 5435

e eslisal 35 LU g 5 LS55

&l

Ahari DS, Hassandokht MR, Kashi AK, Amri A (2014)
Evaluation of genetic diversity in Iranian fenugreek
(Trigonella foenum-graecum) landraces using AFLP
markers. Seed and Plant Improvement Journal 30:155-171.
(In Farsi).

Al-Maamari IT, Mumtaz Khan M, Al-Sadi AM, Igbal Q,
Al-Saady N (2020) Morphological characterization and
genetic diversity of Fenugreek (Trigonella foenum-
graecum L.) accessions in Oman Bulgarian Journal of
Agricultural Science 26:375-383.

Asadi A, Shooshtari L (2021) Assessment of somaclonal
variation in micropropagation of Damask Rose (Rosa
damascena Mill.) using molecular markers. Modern
Genetics Journal 63:327-335. (In Farsi).

Bradeen JM, Bach IC, Briard M, Le CV, Grzebelus D,
Senalik DA, Simon PW (2002) Molecular diversity
analysis of cultivated carrot (Daucus carota L.) and wild
Daucus populations reveals a genetically nonstructured
composition. Journal of the American Society for
Horticultural Science 127:383-391.

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.

Daneshmand H, Etminan AR, Qaderi A (2017) Diversity
evaluation of Trigonella foenum- graecum populations
using DNA markers and phytochemical characteristics.
Journal of Medicinal Plants 63:16.

Dangi R, Lagu MD, Choudhary LB, Ranjekar P, Gupta VS
(2004) Assessment of genetic diversity in Trigonella
foenu-graecum and Trigonella caerulea using ISSR and
RAPD markers. BMC Plant Biology 4:13.

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

Etminan A, Pour-Aboughadareh A, Noori A, Ahmadi-Rad
A, Shooshtari L, Mahdavian Z, Yousefiazar-Khanian M
(2018a) Genetic relationships and diversity among wild
Salvia accessions revealed by ISSR and SCoT markers.
Biotechnology & Biotechnological Equipment 32:610-
617.

Etminan A, Mehrabi AA, Shooshtari L, Moradkhani H
(2018b) Applicability of CBDP markers to study of
genetic diversity among some of the cultivated wheat
accessions and their ancestral species. Modern Genetics
Journal 52:79-89. (In Farsi).

Dbz STV sl &S (g sba sy (S5 g5 i
3 gas Sl Uy LB ol Jsa (sl s B 55
sl Sl IS S ba b Sl LI glaasls ulul
MI 5 PIC Lauye 5 piy JSods doys 4 4> 55 L SCOT
OLS 1y e LS CBDP sla SoLis b aslis s VL

Etminan A, Pour-Aboughadaren 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.

Heidari P, Etminan A, Azizinezhad R, Khosroshahli M
(2017) Indian Journal of Genetics and Plant breeding
77:379-386.

Heikrujam M, Kumar J, Agrawal V (2015) Genetic
diversity analysis among male and female Jojoba
genotypes employing gene targeted molecular markers,
start codon targeted (SCoT) polymorphism and CAAT
boxderived polymorphism (CBDP) markers. Meta Gene
5:90-97.

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.

Kumar V N, Srivastava A, Singh M K, Vyas S, Gupta K,
Katudia K, Vaidya S, Chaudhary A and Ghosh S K (2012)
Genetic diversity and identification of variety—specific
AFLP markers in fenugreek (Trigonella

foenum—graecum). African Journal of Biotechnology

11:4323-9

Maloo SR, Sharma R, Jain D, Choudhary S, Soan H
(2020) Assessment of genetic diversity in fenugreek
(Trigonella foenum-graecum) genotypes using
morphological and molecular markers. Indian Journal of
Agricultural Sciences 90:25-30

Martin E, Akan H, Ekici M and Aytac Z (2011) Karyotype
analyses of ten sections of Trigonella (Fabaceae). Comp.
Cytogenet 5:105-121.

Martins SR, Vences FJ, Saenz de Miera LE, Barrosa MR,
Carnide V (2006) RAPD analysis of genetic diversity
among and within Portuguese landraces of common white
bean (Phaseolus vulgaris L.). Journal of the American
Society for Horticultural Science 108:133-142.

Mehrafarin A, Qaderi A, Rezazadeh Sh, Naghdi Badi H,
Noormohammadi Gh, and Zand E (2010) Bioengineering
of Important Secondary Metabolites and Metabolic
Pathways in Fenugreek (Trigonella foenumgraecum L.).
Journal of Medicinal Plants 9:1-18.

Mehrafarin A, Rezazadeh Sh, Naghdi Badi H,
Noormohammadi, Zand E and Qaderi A (2011) A Review

VPY 5l 1Y o Loy /poazs 0599 / (0 g5 S -



https://journals.ashs.org/jashs/view/journals/jashs/jashs-overview.xml
https://journals.ashs.org/jashs/view/journals/jashs/jashs-overview.xml
https://www.researchgate.net/profile/Radheshyam-Sharma
https://www.researchgate.net/profile/Sharda-Choudhary-2
https://journals.ashs.org/jashs/view/journals/jashs/jashs-overview.xml
https://journals.ashs.org/jashs/view/journals/jashs/jashs-overview.xml
https://mg.genetics.ir/article-1-1717-fa.html

[ Downloaded from mg.genetics.ir on 2026-06-10 ]

e tliSo (S gl 53 (S £ (2L 3

OLen 5 (sl yoae

on Biology, Cultivation and Biotechnology of Fenugreek
(Trigonella foenum-graecum L.) as a Valuable Medicinal
Plant and Multipurpose. Journal of Medicinal Plants 10:6-
24,

Mohammadi SA, Prasanna BM (2003) Analysis of genetic
diversity in crop plants-salient statistical tools and
considerations. Crop Science 43:1235-1248.

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, Flori A, Bonnot F (2003) Data analysis
methods. In: Hamon P, Seguin M, Perrier X, Glaszmann
JC (Eds.), Genetic Diversity of Cultivated Tropical Plants,
London, Plymouth, UK 43-76.

Pezhmanmehr M, Hassani ME, Jahansooz F, Najafi AA,
Sefidkon F, Mardi M, Pirseiedi M (2009) Assessment of
genetic diversity in some Iranian populations of Bunium
persicum using RAPD and AFLP markers. Iranian Journal
of Biotechnology 7:93-100.

Pour-Aboughadareh A, Ahmadi J, Mehrabi AA, Etminan
A, Moghaddam M (2018) 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, Etminan A, Shooshtari L, Maleki
Tabrizi N (2020) Comparative Assessment of SCoT and
CBDP Markers for Investigation of Genetic Diversity
Existing in Different Aegilops Species. Agricultural
Biotechnology 11:153-174. (In Farsi).

Powell W, Morgante M, Andre C, Hanafey M, Vogel J,
Tingey S, Rafalski A (1996) The comparison of RFLP,
RAPD, AFLP and SSR (microsatellite) markers for
germplasm analysis. Molecular Breeding 2:225-238.

Rao VR, Hodgkin T (2002) Genetic diversity and
conservation and utilization of plant genetic resources.
Plant Cell, Tissue and Organ Culture 68:1-19.

Shaygan N, Etminan A, Majidi Hervan |, 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.

VFoY 30l /Y o Lol [ ooz 0590 /0y g9 <S55

Solouki M, Mehdikhani H, Zeinali H, Emamjomeh AA
(2008) Study of genetic diversity in Chamomile
(Matricaria chamomilla) based on morphological traits
and molecular markers. Journal of the American Society
for Horticultural Science 117:281-287.

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) MEGAS: molecular evolutionary genetics
analysis using maximum likelihood, evolutionary distance,
and maximum parsimony methods. Molecular Biology
Evolution 28:2731-2739.

Thomas KG, Bebeli PJ (2010) Genetic diversity of Greek
Aegilops species using different types of nuclear genome
markers. Molecular Phylogenetics and Evolution 56:951-
961.

Zahoor, A (2007) Country report on plant genetic
resources for food and agriculture. Pakistan Agricultural
Research Council 79.


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://journals.ashs.org/jashs/view/journals/jashs/jashs-overview.xml
https://journals.ashs.org/jashs/view/journals/jashs/jashs-overview.xml
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-1-1717-fa.html
http://www.tcpdf.org

