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Abstract

Obijective

Determination of genetic variation in plant material is an initial step for identification,
preservation and maintenance of heritable reserves as well as the basis for genetic
research and breeding programs. The aim of this research was to study the genetic
diversity and categorization of cumin ecotypes collected from North, Razavi and South
Khorasan provinces based on RAPD and ISSR markers. Ultimately, the aim was to
answer the following questions: Is there a genetic diversity between cumin populations
and is there a correlation between the genetic diversity and geographic diversity of cumin

ecotypes?



Materials and methods

In this research, 20 different cumin ecotypes were cultivated for DNA extraction in the
College of Agriculture of university of Birjand. The quantity and quality of the extracted
DNA were evaluated using Nano drop and 1% agarose gel electrophoresis. For genetic

variation, nine primers of RAPD and 30 ISSR primers were used.

Results

The results of the analysis of molecular variance (AMOVA) showed that there were
variations between and within populations. Based on the RAPD and ISSR markers, 10
and 9 percent of the variation were between populations and 90 and 91 percent were
within populations, respectively. Based on the RAPD and ISSR markers the percentage of
polymorphism 62% and 70%, the mean of polymorphic content was 0.26 and 0.3, the
mean of Shannon's information index was 1.37 and 1.9, and the mean of the information
index 2.1 and 2.76 were obtained, respectively. The results PCoA showed that for the
RAPD marker, the first two components were accounted 40.4% and for ISSR marker,
however, the first four components were accounted for 49.6% of the variation. The
cluster analysis based on the similarity matrix grouped the ecotypes in 6 and 7 clusters,

respectively.

Conclusions

According to the obtained information, such as the polymorphism, the large amplitude
between the similarity coefficients (jacquard) and the grouping of ecotypes in distinct
clusters, there is a genetic diversity between the studied cumin ecotypes. The other hand,
in most cases, there was the correlation between the genetic variation in the collected
ecotypes and geographic location.
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OLS CuiS ) wdaw ISl ot 5 e 03 2507 oS ol S 43000 4 o555 vy oS o a0
Koocheki et al. ) coul osly olaisl s9s 4 1y 198 )3 ely; LS cuiS pj mdaw S 51 aoyd 0/22 ¢ j9iS gyl
(2004

Ll ()l 53 o et 9 45,5 S o JolS5 31 el oS 3ol ol 5wl (S35 655
(Uzun & Yesiloglu 2012) 1S o e |y aLS clacames sl g i 5l )5 jlo &5 cul (S59)om
& iy LSS )3 i slaSiag J o2l b b a3l o (S5 g5 1 o058 oolizal Jis 4 e (530515
el e cold g (S laacgeme (Sus g5 e .(Farsi & Bagheri 2009) >jls,0 sl olS #Mo!
Rahman Poor et al. ) 3,5 & s JoSbe sla,Sluii b 5 ely; liv b)) ool 5 Ysane y9 slaarsis
295 e 2l ciliseo (glatigS )3 1 S bl o g K55 95 Oliee o sl DNA (sl SiLis 51.(2014
3o (SSS sljlo g il e 5o b Solis i 35 (sl adg) (slayline o S} £955 oy, -(Naghavi et al. 2013)
RAPD (LaS;lel slacy jo 5. (Kumar et al. 2009) ol ,Sibis o 51 Jools SleMbl (lise 5 oy 2y Sl
$ie 5 @y JLyé Kl (Giovannoni et al. 1991) wib o DNA oS jlude 4 5L o ool ans o090 o)j) e
3L 03y aS bl LISl 5 .S Tgr0l, dlge 4y g Wled so palyd |y e (o3l dluws > JSiais ol p DNA JIgs
(Sudupak et al. 2002) s

S iS5 s 85 Cad PCR it sy S ISSR L (sl lyale 3, o S5 Gilisen (sl L5 olon
Zamani ) wsb o calbe Sl b3y 4y pasis o)lgale 31y (6,5 4l 90 e pd 135 dlold (5 ol DNAAsbS
S 1Sy S ST plsin il i 25-16 Jobo L (csloelgalo ) acbiliog Seo 51 Ygano «SS5 (1l (et al. 2015
oyt 35 e B ilises (slaolil b glolgaloss) o slo I iS5 (sl |y (pogis 4B s slagugS oS (65l
o b ylas i a9 1ily o S5LET loie @ ookl 3590 0 lgnle}s, (sl )),S5 . (Ghasemi et al. 2010) s, .»

a5l 695 Joate DNA I gk o 4 aily o odlitul 3)90 (cla,S;5lel (Zamani et al. 2011) wil (cu59:lS s
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ol (Askari et al. 2011) sl (o by dogl oluly g 039 Juato 5b ,le b S 395 5L 3sksl )3 Ygane
(Mohammadabadi et al. 2017) ¢l 03,5 S 5 RAPD caumsls L 1y o)lgale 31, g AFLP (oo yuin SusS
13l o RAPD 5olisS (sl )5l b auglio 5 5 sVsb oyl 51 ooliiad s 4 Yioinl ISSRS (oY (g 0y,
5 omatiitio bl 4y 55T Jlasl Jlosl Liuliil 4y e a5 1S e wald 1y Jlas] VL (slod 1 onlial oSl yol ) a8
Sxpin elss s e la Sl olgin ies ISSRs (Bahador et al. 2016) 596 oo (s (s 5,S5) DNA
sLe S5l 5l osliul cuw as Ylaisl ISSR YU (¢ i, 1,S5 (Askari et al. 2010) g 0 adlis Jaze o3l
Pradeep et al.) s55 00 s dy LS5 Sliél 42 oo yol ol & 48l 0 RAPD iolisS (gl S5l | sl 13 5 5V gl
(2002

Suner & 15 polao RAPD jSiLis 23 5l oxlital L jowoj Cumes 25 & ) ST 49 (S5 g6i5 (o 2
L Laodgs ppod ), (Bahraminejad et al. 2012) szl o Uy shial )b 5loyS g oledol ¢ gz olul >
calid ol 50 LSy shial g luls 5 laiol pleyS claaiss] oS s olis AFLP? S5l s 5l eolizd
2351 3525 1) (598 Yo Sty yod Il o o)l6 9 lhows slaCumar G (B &S 05 ol b GisS] o glis
ol Calizo sblio ;I wiges 29) juwop; cuig 32 (59, » oo [ Bahraminejad & Mohammadinejad 2015)
10 46 L0956 15 acuisss a5 b Lts RAPD S512T15 l oalital L (a2 2 5 b )lgam 51 g0 dus 5 oS
laygiS 30395 93 0Mu ! ogr juwo ;03¢5 40 adlllas 4> (Baghizadeh et al. 2013) wus (caopunds canlod
ol (303 T519) w39y JSis iz L 51 3ga a8 o W5 3L 88 ggeme 13 ISSR ST 10 b yleaslidl g 4y ygu0
BAD s 2ot 09,5 dw 4 Gigi) 3) I (SBf Al cu o jlodlinul b Lol claadge & 4305 5 (sladgs @ jo0
(Rostami Ahmadvandi et al. 2013)

12 ola S1S), o S5 Loy, 5 oSS 95 (6 palcutigo yob 4 SCOT 3 RAPD ASSR  cla Silis
Ciliseo gblie Sl o (6glaes oo (S5 55 sy 52 -(MadhUIT 2012) sls (lis (255 & 1) oo 25 S
blie (s 5 8391 (55 €95 gslaw Cupiier U (sl jl (bl adlate gy ISSR)SiLis sl oslizal b (il )5S
E35 oy Oig3 oxl j) aa (Kapital et al. 2015) 15,8 )8 cslis coglgl ) 3,155 2 (5508 (55 95 51 &5
Syl ol 1 (92 5 059 Jlad oS gl [load pslasn jrso ) SlocaisS] sunaie 5 (S35
0l (6 yglaen slacaimen o LT a8 395 03l el b Jlgwr opl a0 b sl ol i coles 1 .54 ISSR g RAPD
oSl LT 4yl s )b s92g bLiyl (alalin 95 9 il (slacasST €55 o 225 3929 (K55 €95 oot

$s |y 18l oo naisi§ S5 4 26 ISSR 3 RAPD

2. Amplified Fragment Length Polymorphism
A
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&S 138 ilejl ISSR 5516130 3 RAPD Silel 5 yiolojl oyl plosil (clp cd)S )13 sy 390 o pd S5 5,57 5

(2 Joaz) cd)5 415 onlatl 3,90 caishy ojlis JSsws &S ISSR 55115 ¢ RAPD Skl 5 cols 5o

adlllae 3,50 (51 cagST. 1 Jooa

Table 1. The studied ecotypes

o)l el o )lo el o)l el o )lod el
Number Name  Number  Name Number  Name Number Name
1 o993y 6 Slgs 11 Oyl 16 sl
Ferdows Khaf Esfeden Taibad
2 R 7 sLLs 12 o s 17 Sd
Birjand Gonabad Sabzevar Bardaskan
3 055 12; 8 b 13 o)yl 18 gy
Zirkooh Tabas Esfarayen Roshtkhar
4 oS 9 bl 14 A yoo 19 390
Kashmar Sarayan Sarbisheh Mood
5 Chusg 10 o 15 S 20 o
Khousf Ghoochan Mashhad Torbate-Jam

S i 5 X2 o3lal uSyoyiume PCR yidg Koo /5 Jolis 2 9,00 15 Ll oo )3 jlye s slopumss STy
cbale L DNA js Seo o 5 JgosSi 10 cdale 1 (2 J22) ISSR 55T, RAPD S5l 25 S S5 cpslS L

(8 Jgss) 13 plos) s g 325,500 515 5 25 S0 5 .55 50
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Sl 9 awy 55K Olaswin .2 Joda

Table 2. Specifications of RAPD and ISSR primers

Jlasl (slos Sy Skl Jlasl les Sy Skl
53.9 5'- (AG)8RC-3' ISSR4 33 "TGCGGCTGAG -3-'5 RAP1
51.6 5'- (AG)8YT-3' ISSR5 33 'GGCACTGAGG--3-'5 RAP2
521 5'-(TC)9C-3 ISSR6 33 '‘GTGCCTAACC-3-'5 RAP3
43.5 5'-(CT)8T-3 ISSR7 33 '‘GATGACCGCG -3-'5 RAP4
58.1 5-(TTG)6C-3' ISSR8 33 'TGCGGCTGAG -3-5 RAPS
64.8 5'-hbdb(GACC)4-3' ISSR9 33 'GGCACTGAGG--3-'5 RAP6
43.1 5-(TC)8RT-3' ISSR10 33 'GTGCCTAACC -3-5 RAP7

45 5'-(GACA)4-3' ISSR11 33 '‘GATGACCGCG -3-'5 RAP8
42.3 5'-(CT)8RC-3 ISSR12 33 'CAATCGCCGT -3-5 RAP9
43.1 5'-(GA)BYG-3' ISSR13 50 'AG)8T-3) -5 ISSR1
43.1 5'-(GA)8YC-3' ISSR14 50 'GA)8T-3) -5 ISSR2
49.2 5-(AC)7T-3 ISSR15 53.9 'CT)8RG-3) -'5 ISSR3

Sy 9 lowlolsl SLES sl T ow o STy (lod aliy 3 Jgas

Table 3. The PCR reaction temperature program for the ISSR and RAPD markers

RAPD ISSR
N oy (°Cllex sl ol (°C) Lo Jolye
FESe FESe

2min 94 1 4min 94 Initial denaturation aJgl ;b cus il

1min 92 30s 94 Denaturation ¢l cus s

35 1min 35 44 30s Tm-5 Annealing L]
2min 72 30s 72 Extension L.

5min 72 1 7min 72 Final extension ks L

i 438,513 )0 oS o] 51 A iy S HET 6w cuwlie JUad! lod .ol )55ET Lgd (sled :TM

AY
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DNASize ,2JsSeo gy olise il yiae o sl 20 30,5 XBI0 TBE J3l 55 5,61 100 4 Jf slacSaly
b 6yl ppSe g osnlie bl o5 5 S by 4Bl puSs Glabad b 3,5 J5 Sals (90 35 Marker
b gl 4 fb o Lol Imagel1.44 ¢ Total lab TL120 cla,l38le 5 5l oolitul b osel cunss (sla wSe
Srglaer slacwissl ( oldlis SleMbl @ ang b (25 jliel 5| L .l jolaid] jho die Sb Heis pis g G die
WP 5 D Sl (1503 09)5 )3 (29> Oluld 5 09)5 ) Jlad 5 g9, lul)B) 09,5 93 4 il blajl o
slaylg dlis (el cpl dslxe caa 1 Kb 1o 15,5 dulxe pj (JoSle (slaadli .cé )5 sl o)l sla

Ladal, jloolil b ,S5ET jo JISanis (clyime (PIC) IS xin (slyime (adli 13,5 wuidi by JS 5 St

sl s ol Sl 5 PIC=1-Spy Pi w0 L 1 oo, s o
M1) jS5Lizs asls el coss & JSania Glalys slasd 308 Jiia wops jl Gasls ol EMR) (IS ki e
sl (Anderson et al. 1993; Powell et al. 1996)  ISCi wix (clyioo (adli 3 o ISt Cond jasls
H) (Nei & Li 1979; Nei ) — 5 g9 uasls (Kimura & crow 1973) (Ne) ji50 s JT sl (Na) b 1
O sheosSeioin HS) Lacoines (9,0 (tiwsSajo i (1) (Lewontin 1972) 5l sledbl jasls {1987
L (Wright 1951) Ft sl 5 2 a5l estisal b (HE) S eosojosia (NM) 55 ooy (pe35 (DSH) o

A doloes 3 alayl 5l 03lizl

Fst = 1— Hs/Ht (3) Ht = Hs + Dst (2)

alis coys Dice L (Nei & Li 1979) J g o alis cups) culps (K55 9 )bl Gluogas o p

Lynch &) il e powsbio (cols Lalps sl oS o (UNTaolis co i cosle allas aliss oy (Jaccard) s
229N 51 2o ol )3 0 drloms 381> Canled cals ol 2 3131 (S5 calis o5 ol > (Milligan 1994
a9l Lacdgy aieg)S jobite 4 5 g SutibgS (Sted oy g 4b olatul (gladigs 5 5l UPGMA
XLstat l58lo,5 b oam 93 &My 03 ploul 212 aseus NTSYSPC 580 o5 5l oolitl b a5 w3 osliial ol cilasse
POPGENL.3 ,lj3la,5 5l Laay jos plu slp s GENALEX 6.0 ljle 5 jl oslizal b JsSbo il g 4 jos 2015

W 03 lew!
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b 150 o3ga50 y3 2]yl DNA eSS cpiomod g adiges (Vb i oaimd i a5 59 2/1 1 117 03950 5 landiges

PCR jl Jol> s iges olsie 42 18 okl £S5 50 1 28 & clle (g3l 38 5l am 032 525 So )3 2,550 800

ol o o3l L 2 9 1S 55 ISSR15 g RAP8 S51eT 1 onlisunl b juwo ) (sla caioS]

CEINRI

RAPDS 551 ;1 05kl U jowd 5 canisS1 20 iS5 51 Juols (Mg (58011 JSWS

Figure 1. Banding patterns of 20 ecotypes amplified using primers RAPD8

ISSR15 )51 31 05lisiuol U jowwt a5 canisS1 20 iS5 5 Juols (g Mg (g1 2 JSW

Figure 2. Banding patterns of 20 ecotypes amplified using primers ISSR15

a0 ol IS5 s lgs 31 a8 595 50 aylg JS slaws a5 (4 Jgas) s olis RAPD 55619 51 Jols ol

Joyd Cpyiar 5 odnlive 1oy3 B3 533y o sdmline JSiis deopd 3 dusloee duoyd B2 JS IS5 s duo >
L O/13 oy S5 at lsiomo (asls 2 cutin 1T 4y late ] 02508 9 )la 9 99 oSl 4 by ISt
o by IS s (s (a3l (68 g sl SHET 4 by ISty (st (aSl it A5 Ao 0137

4 bgpe (BI17) Jude o i g g S50 a0 bgsype (012) Jlde oy jiaS oo IS5 sin Carnd (adls Dy cuin Sl

At
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gy S5l & Blaie S5 (ad L ey 5 (0107) iy 55161 &0 Blaie S0Lts (Sl (2 208 22 it gy 5 93 5 314]
Sl olaisl se3 4 (16/3) cusn (S5IET 1, Jlade oyt o (A7) gy S5l 1y S8 @)u8 adli oy 208 50 (1/56)
olSule S 3 SHLET el ol (ISBatn <Y o 30 (0137) Jag S5l 4y bogsjo (ISt (slytme sl ot
it D izmed oz SHET Al e dhe 005 (gl gd lacesss pled sl SOUE ol gyl )b (6 Sl
d9: L 1) s g 3y g @Vl oty Slaz SS3UT il cadls 1y JS0LS (Sl g IS5 i s (a8 e
g Ciliseo (o 3l jew 0 (S9y 2 395 w5 ikt laixe (ANderson et al. 1993; Powell et al. 1996)
£55 Loyt Je olsie 4y il 03,5 wMel 0o s B0 51 5 1y IS5 win ao 3 RAPD jS5Lis 1 olis b Lo b coglie
Rostami-Ahmadvandi et) 1.3 55/3 JS° ISsxs aoys RAPD (S5l 13 5l oolitl b jowo pj cagS142 S5
G55 o> 86 IS dumys RAPD KL 31 aolizul | o urisS1 32 S5 55 oy o b 5 (. 2013
S eolle 55 150 oS )3 Gyl ey p jow b oy 59y » llllae (Baghizadeh et al. 2013) coul ous
250 218 &5 s wJg 5L 1191 slaw RAPD (55161 20U o 5 <aiqST105 oy 53 315 s 00) 50 (3 695 3439
9y y= o35 905l RAPD 55121400 51 Sos Laizs )3 el oty 1813 St win a0 > bawgio 9 209y S 2> o
Db 58 (1 Sile 9 6212 IS inin liae uSile bingy i 1L 321 a8 i S5 5L 508 sl jw 005 4 g 12
LLod 5l 595 o ddanMo 45 shailen (Madhuri 2012; Choudhary et al. 2015) 1 o> ,S5El yo 3 JSinis
2y callas (Madhuri, 2012) clualio b g adllas oas oanlie g5 olime
i a0l L IS5 s 5 69 415 99 IS slass 1 aS (4 Jsas) ol olis ISSR 551 15 51 Jobs gl
Blee o (5208 g (1086 ) 53 S5l @ bgsye Sz oy ot 351 20386 580 (0 9 20 70 U IS
a0 5l e S3ET cul 2 (0136 ) i ST & by ISt (slyime (Sl o i 0 (10,0 50) L2 S5l o,
oid Sl 4 bgype (SSaiz (s (el (i8S et |y pB)l (S5 alold cundlys olizl 350 (sl S3lE]
5 (5/44) et SLETas by po IS dp Cond (a8l by ol ) o] ik 0 o bl oS 5
ST S5 ass gt (O17) s SSS0ET 1y JS0085 sl e (OI5T) o 5561 s Logsyo e (38
252 (I57) 15 55LeT ay bgryo o o iy 5 (412) Jog S5l & bgsyo SS&5 )8 (s (208 (L/0) cotn
35 (a3 )3 392y QLS (cagr b 0395 (o 3 (B (S g9 o b ol 3 ISSR S5l Sl ol gl
Rostami-) ssls (3,35 32/7 1, IS swis aoyd ISSR [551e1 22 51 onlaiul Ly jawo s cssoS1 42 S5

(Ahmadvandi et al. 2013
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02 i 95120 4 ST ol pwligl gty (S5 58T (6152 o drmlone (S5 (ol )by 4 Jgor
Table 4. The calculated genetic parameters for RAPD and ISSR primers in 20 cumin

ecotypes
RP Ml EMR PIC PC NPB NFB Marker RP MI EMR PIC PC NPB NFB Marker

42 033 13 02567 2 3 ISSR4 7.3 051 18 028 60 3 5 RAP1
6.1 0.71 22 03275 3 4 ISSR5 84 13 42 03183 5 6 RAP2
7 017 1 018 50 2 4 ISSR6 5.4 0.23 13 0.17 67 2 3 RAP3
86 0.86 2.7 032 67 4 6 ISSR7 8 16 42 03783 5 6 RAP4
95 196 54 036 78 7 9 ISSR8 4.7 0.07 0.2 03480 4 5 RAPS
78 116 3.6 03371 5 7 ISSR9 9.1 058 23 02557 4 7 RAP6
6.5 1.08 3.2 03480 4 5 ISSR10 53 022 1 02250 2 4 RAP7
123 086 3.1 02763 5 8 ISSR11 163013 1 01333 3 9 RAPS8
6.3 0.69 2.7 0.26 67 4 6 ISSR12 6.5 052 1.8 02960 3 5 RAP9
10.1 1.53 45 03475 6 8 ISSR13 1.25054 28 0195 5 9 ISSR1
54 093 32 029 80 4 5 ISSR14 13 1.78 51 03586 6 7 ISSR2
175128 44 02964 7 11 ISSR15 1.7 1.08 0.57 030 72 5 7 ISSR3

Slysze (adli :PIC (Kb doyd :PC JSsss sl sl :NPB ou 25 slassl sl :NFB Sl :M

305 ggamme o b3 ygl Sg3g 4 |y JSinin slaog,S 53T 27 ¢ zbeojl 5,50 ISSR 551100 51 S5 cladllas

2> JSbaiz 8L 612 Sl g 00> D540 Siai :Silos o 3 g Widgy Stz Ll 516 169 o s 15 i,

L gl jw sl opsj o 50 03 0 daliie £9i5 29 o dlasMe a5 polaslen (Madhuri, 2012) ws ons Slel

9 ol g Gluld Gl dus 2l Sy & 255 s ggd9e ol &l i Slllas il & S 48, )1, sl S
s Mzl 5155 LT lgn

Gemgeioi oo (5 Ja2) RAPD SHET 1o saaw 005 (s o5T )3 (S (gl yiol o

D39 sy any Fst g Cmar o (ewsajosid (35 0l cCupmod (o E55 pd ez (190 Shasejosie JS

s bgiye oyieS o (04T) et ST & bigyye S twssSa gyt cymyisi ol ey 0/09 5 0/04 20/5 0/09 .0/35

SHEl 5 (0/43) oz S5kl s |y Camon (3903 (imsSjord Slie o yieS 9 o e S92 (0/30) e g gy 5541

szals (0127) cam o
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Table 5. The calculated parameters using Nei analysis for RAPD and ISSR markers in 20

cumin ecotypes

Fst

Dst

Nm

Gst

Hs

Ht

Marker

Fst Dst Nm

Gst

Hs

Ht

Marker

0.02
0.03
0.01
0.09
0.23
0.14
0.06
0.01
0.00
0.01
0.03
0.02
0.06

0.01
0.01
0.01
0.04
0.09
0.05
0.02
0.01
0.00
0.01
0.02
0.01
0.02

127.3
120.6
374.7
12.3
2.2
5.1
65.6
245.7
728.6
200.5
125.2
44.4
158.3

0.02
0.03
0.02
0.09
0.23
0.14
0.06
0.01
0.001
0.02
0.03
0.02
0.06

0.39
0.48
0.47
0.41
0.30
0.28
0.39
0.46
0.26
0.39
0.31
0.42
0.39

0.39
0.49
0.48
0.45
0.39
0.33
0.41
0.46
0.26
0.41
0.33
0.43
0.41

ISSR4
ISSR5
ISSR6
ISSR7
ISSR8
ISSR9
ISSR10
ISSR11
ISSR12
ISSR13
ISSR14
ISSR15

Mean

0.08 0.04 45.6
0.02 0.02 36.4
0.18 0.07 27.2
0.04 0.02 16.1
0.09 0.03 6.8
0.10 0.03 10.0
0.11 0.03 14.7
0.22 0.10 4.35
0.02 0.01 2238
0.09 0.04 205
0.08 0.03 115.8
0.09 0.04 148.9
0.02 0.01 57.6

0.08
0.02
0.18
0.04
0.90
0.10
0.11
0.22
0.02
0.09
0.08
0.09
0.02

0.40
0.42
0.36
0.43
0.27
0.30
0.27
0.37
0.36
0.35
0.41
0.43
0.47

0.44
0.43
0.43
0.45
0.30
0.33
0.30
0.47
0.36
0.39
0.44
0.47
0.48

RAP1
RAP2
RAP3
RAP4
RAP5
RAP6
RAP7
RAPS
RAP9

Mean
ISSR1
ISSR2
ISSR3

Dst =5 oLy

NM Lacczen fpm 95 o (GSE dlacunes (9,0 (s jg i tHS (JS L uwssjg o (HE

BCura (e (SawsSo gy

Otrier (A135) e STy (55 Loy e S 5 (B516) o JS3ET ) (55 ol oliee ooyt

(0/01) a5 jS5LsT @y bgyyo capmon (pr (sisiejor (S o (0/10) cucn 55T @y gy yo comar oy (iwsSojop

il (0/02) & S5kl Fst Oliwe o yieS s (0/22) ccn S5kl Fst Olise oy e

b o (4) can g dw Sl 4 by Pl o yieS el sy 96 RAPD [551eT (ol n T sliws uSilio
by yigo sl I olas oy y2eS el oty 582 550 (sl I slaw xSk 395 (10) 5l 5 93 55T 0 bga o L T slss

S £35S okind (L Yl a5 35 (U24) s 55T & bgyye yige sla W1 slass oy ¢ (2/88) cam 55T o

AY

ol LS ]y
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Table 6. The calculated genetic diversity parameters using RAPD and ISSR markers in 20

cumin ecotypes

| H Ne Na Marker | H Ne Na Marker
114 0.77 3.36 4 ISSR4 1.88 1.31 5.41 6 RAP1
205 147 5.88 6 ISSR5 3.08 2.14 8.89 10 RAP2
134 0.9 3.82 4 ISSR6 1.27 0.88 3.59 4 RAP3
261 184 7.42 8 ISSR7 3.22 2.27 9.24 10 RAP4
387 259 11.24 14 ISSR8 1.94 1.24 5.85 8 RAP5
264 173 7.73 10 ISSR9 2.09 1.37 6.17 8 RAP6
244 169 7.06 8 ISSR10 0.96 0.61 2.88 4 RAP7
328 233 9.44 10 ISSR11 1.96 1.39 5.62 6 RAPS
170 104 5.46 8 ISSR12 1.65 1.09 471 6 RAP9
354 242 10.26 12 ISSR13 2.10 1.37 582 6.9 Mean
198 132 6.35 8 ISSR14 32 2.25 9.18 10 ISSR1
428 296 12.26 14 ISSR15 3.96 2.80 11.3 12 ISSR2
276 190 8.02 9.2 Mean 3.35 2.39 9.59 10 ISSR3

(o 0adls e 39 YL 54 2101 137 Csp v gl Sledbl (adli § 5 (S5 g5 (adld (,wSike

53 s 3l o badsis ket )3 55T ol oYU bl om0l Jlas 53T 3 EMR 5 MIPIC (ysili jasls

SleMbl asli 5 (5 (55 £95 (6ke RAPD (Slis S8 oy qn)lho ) slocumon I (S (S} 5,85 5 £55 (o

9 oy Sl o S48 asdllas | S 45 (Hashemi et al. 2008) w8 1535 0/273 5 0/18 s a1, gl

O/61) cin 53215 3122 5 221) Jar 561 & by 55 4 50 D] il 5 (S5 55 ol

5 (0196

O ez (o E55 b Cumad (190 ShamsSejo i oS (awsSeg e Sike (B Jgaz) ISSR 5Ll o

oy el s 01057 5 0/023 (158/30 0/6 0739 0741 5 4 FSt g cinon cpps (cwgSo joyid < 55

Oise 08 5y S92 (0/26) 12 S5l oy bgypo o y08 5 (0/49) iy 55T & bguyo IS timsSojopin

Caned Oy E55 oy (i g (0/26) 12 55T o (0/48) gy (S5l & bgypo i ds Capmo (1933 (siawsSjg i

4 (0/001 5 0/0003 (0/001) 12 32T Iy iy e 5 0(/23 5 /091 0/23) s SHET I, St 5 pmos 2 (sissSej i
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Figure 3. Analysis of variance of 20 cumin ecotypes using the RAPD marker
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Figure 4. Analysis of variance of 20 cumin ecotypes using the ISSR marker
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Table 7. Cophenetic correlation coefficients based on SM, J, DICE and UV1 in RAPD and
ISSR markers

ISSR RAPD Kb gy
UPGMA Single Complete UPGMA Single Complete Cophenetic coefficient
0.69” 0.68™  0.69" 0.86™ 079" 0.83" SM
0.85" 078" 0.78" 0.87"  0.79”  0.84" J
0.83™ 0777 077" 0.83™ 072" 0.80™ DICE
0.73" 0.65™  0.63" 0.82™ 072" 0.80™ uv1

oy S Jless ! mdaw 50 b ixe -
9 b Js 4 UPGMA 12,630l g oy ooyt olgis @ 0,81 alis o pd odal vy colpsd 4 406 b
ol g4ty ab@ oS oy lsie 4 (ISSR g RAPD (il )3 0185 5 0/87 s 4)) (Sison i 0 5V
SeidgS o i A5 plsl ISSR (S5l 22 51 oalistl b awe 5 oS 142 S5 95 (ouyp (Sl 45 )00 Guis j> . 505
Iy newsST (5 Jsis) RAPD jSilis (ol o (slduidgs 4550 51 Juols gl el cowds 081 L ol 5,8l oy bl o
5 ok 058 5 iz y 93 8 GlacS ST S 09,5 05 )0 352 09)5 5 93 ol gl g5 35e3 (i 09,5 i )
ScigS] Jold pgd 09,5 18,5 )8 (Swd g S lg e eyl e oplptul (il (SoGisST 93 09,5 125 )0 9 Cwgs
olyady 5 Slod lacisS pylaz 09,5 13 cddapn 5 Olrsd GlacaisS] pow 09,5 )3 39 ST placu 3 g 2lali pellS
dgdice dlaMo bag ) g bng S 5 alaa Mo Ly 2855 (sl 390 ST el Jub did 09,5 53 9 SLLS 98T L iy 09,5
Ot bt alolh Jlie plais 4 098 oldlie dols 5 lacames (S alols (o (Bl b adgs | pan 0 &
lord gBly 09,5 S5y Jg (eshsS 400 51 (i) w8lco 5Ll gt LB 3 bl b Jlas Gluls 5> el
S § alold Ly a5 595 g0 alaxMo Wb 0g)S ol (qwyp b g0 (LS 1y (aldlii I (S5 alols cond pae ) &S

A (o0 Cund oLl alolé )

1)
Agricultural Biotechnology Journal; Printing ISSN: 2228-6705, Electronic ISSN: 2228-6500



Ferdows
Birjand

. — Zirkoch
- . Tabas
Ehoosf

Sarayan
. Esfaraye
Sfeden
Sabzevar
Mashhad
Bardaskan
— kashmar
Tayebad
Torbatjam
Ghoochan
Sarbizheh
Ehaf

Roshtlchar
Gonabad
Mood

=

(e

Sy SSUE (bl g aalllan 3590 Jamwd s (S oST (G09S UK

Figure 5. Grouping of cumin ecotypes based on RAPD marker
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Figure 6. Grouping of cumin ecotypes based on ISSR marker
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Figure 7. Biplot of 20 cumin ecotypes using the RAPD marker
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Figure 8. Biplot of 20 cumin ecotypes using the ISSR marker

e
el (92,8 oSl Ll 65518 5 M5 (6ygld i 005 (1381) 181 e (g29050 s e (5,3,
b oleyS il Jues 9055 (sl Camer (S5} g5 asdllan (1395) (), ¢ ymel (6 pus L ysommo (o3blaaxa ¢ puily y3leo

49-56 (13)7 .ISSR (sl ,5 Lt I ol

q0
Agricultural Biotechnology Journal; Printing ISSN: 2228-6705, Electronic ISSN: 2228-6500



$loslil b sly (S5 3 Camen Hla p0 (S5 £95 Loy (1389) Lo jsamco (o3llnama ¢ oyl 035 (3L« sl (5 ,Sone
56-49 ((2)5 (ISSR) o lsale sy oy (sl oS

Ao 28 slea @l )bl . bils pMol Jgol (1388) Lo Jlae (63 oo oyl
ol ol Ol g L] duwge . JoSUge (sla,S5Lis (1392) pusld 00Ul s ljee (8L 0,8 s yese (g9

ol

References

Anderson JA, Churchill GA, Sutrique JE et al. (1993) Optimizing parental selection for genetic
linkage maps. Genome Biol 36, 181-186.

Askari N, Baghizadeh A, Mohammadabadi MR (2010) Study of genetic diversity in four
populations of Raeini cashmere goat using ISSR markers. Modern Genet J 5, 49-56 (In
Persian).

Askari N, Mohammadabadi MR, Baghizadeh A (2011) ISSR markers for assessing DNA
polymorphism and genetic characterization of cattle, goat and sheep populations. Iran J
Biotechnol 9, 222-229.

Bagheri AA, Mahmoodi AA (2002) Cumin production and processing technology. Department
of agronomy, Faculty of Agriculture, Ferdowsi University Press 143-150 (In Persian).

Baghizadeh A, Salar Karimi M, Pourseyedi SH (2013) Genetic diversity assessment of Iranian
green cumin genotypes by RAPD molecular markers. Intl J Agron Plant Prod 4, 472-479.

Bahador Y, Mohammadabadi MR, Khezri A et al. (2016) Study of Genetic Diversity in Honey
Bee Populations in Kerman Province using ISSR Markers. Res Anim Prod 7, 186-192 (In
Persian).

Bahraminejad AR, Mohammadi-Nejad GH, Abdul Kadir M, Bin- Yusop MR (2012) Molecular
diversity of Cumin (Cuminum cyminum L) using RAPD markers. Aust J Crop Sci 6, 194-
199.

Choudhary SH, Meena RS, Singh R, Panwar A (2015) Analysis of diversity among cumin
(Cuminum cyminum) cultivars using RAPD markers. Indian J Agr Sci 85, 117-121.

Farsi M, Bagheri AR (2009) Principles of Plant Breeding. Mashhad University Jihad
Publications. 368 pp (In Persian).

Ghasemi M, Baghizadeh A, Mohammadabadi MR (2010) Determination of genetic
polymorphism in Kerman Holstein and Jersey cattle population using ISSR markers. Aust
J Basic Appl Sci 4, 5758-5760.

Giovannoni JJ, Wing RA, Ganal MW, Tanksley SD (1991) Isolation of molecular markers from
specific chromosomal intervals using DNA pools from existing mapping populations.
Nucleic Acids Res 19, 6553-6558.

a1
Agricultural Biotechnology Journal; Printing ISSN: 2228-6705, Electronic ISSN: 2228-6500




1398 c‘)')ls.o@ 9 Lu’hb

Hashemi H, Safarnejad A, Bagheri AR (2008) Study of genetic diversity of Bunium Persicum
Boiss using RAPD markers. Iranian J Rangelands and Forest Plant Breed 16 (2): 246-238.

Kafi M, Rashed-Mohassel MH, Koocheki A, Mollafilabi A (2002) Cumin Production
Technology and Processing. Ferdowsi University Press, Mashhad, Iran.

Kapital B, Feyissa T, Yohannes P, Said M (2015) Molecular diversity study of black cumin
(Nigella sativa L) from Ethiopia as revealed by Inter Simple Sequence Repeat (ISSR)
markers. Afr J Biotechnol 14, 1543-1551.

Kimura M, Crow JF (1963) The measurement of effective population number. Evolution 17,
279-288.

Koocheki AR, Nasiri-Mahallati M, Najafi F (2004) Biological diversity of medicinal and
aromatic plants in Iranian ecosystems. Iran Agric Res 2, 208-215.

Kumar P, Gupta VK, Misra AK et al. (2009) Potential of molecular markers in plant
biotechnology. Plant Omics 2, 141-162.

Lewontin RC (1972) The apportionment of human diversity. Evolution Biology 6: 381-398.

Lynch M, Milligan B (1994) Analysis of population-genetic structure using RAPD markers.
Mol Ecol 3, 91-99.

Madhuri P (2012) Appraisal of Genetic Diversity in Cuminum cyminum L using Molecular
Markers. Intl J of Life Sci 3, 143-156.

Mohammadabadi MR, Esfandyarpoor E, Mousapour A (2017) Using Inter Simple Sequence
Repeat Multi-Loci Markers for Studying Genetic Diversity in Kermani Sheep. J Res Dev
5, 154.

Naghavi MR, Gharehyazi B, Hosseini-Salekdeh GH (2013) Molecular markers. University of
Tehran Publications, Tehran. 340 pp (In Persian).

Nei M (1987) Molecular evolutionary genetics. New York: Columbia University Press.512 pp.

Nei M, Li WH (1979) Mathematical model for studying genetic variation in terms of restriction
endonucleases. Proceedings of the Natural Academy of Science of the USA 76, 5269-
5273.

Powell W, Morgante M, Andre C et al. (1996) The comparison of RFLP, RAPD, AFLP and
SSR (microsatellite) markers for germplasm analysis. Mol Breed 2, 225-238.

Rostami-Ahmadvandi H, Cheghamirza K, Kahrizi D, Bahraminejad S (2013) Comparison of
morpho-agronomic traits versus RAPD and ISSR markers in order to evaluate genetic
diversity among Cuminum cyminum L accessions. Aust J Crop Sci 7, 367-361.

Singh SK, Kakani RK, Meena RS et al. (2012) Genetic diversity among Indian varieties of
foeniculum wvulgare and Cuminum cyminum L based on nuclear ribosomal DNA and
RAPD analyses. Intl J of Agri and Stat Sci 8(2)493-502.

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




Sudupak MA, Akkoya MS, Kence A (2002) Analysis of relationships among perennial and
annual cicer species growing in Turkey using RAPD markers. Theor Appl Genet 105,
1220-1228.

Uzun A, Yesiloglu T (2012) Genetic diversity in citrus, genetic diversity in plants, Prof.
Mahmut Caliskan (Ed.), ISBN: 978-953-51-0185-7, In Tech, Available from:
http://www.intechopen.com/books/ genetic diversity- in-plants/genetic-diversity-in-citrus
PP: 213-231.

Wright S (1951) The genetical structure of populations. Ann of Eur Genet 15, 323-354.

Zamani P, Akhondi M, Mohammadabadi MR (2015) Associations of inter simple sequence

repeat loci with predicted breeding values of body weight in Sheep. Small Rumint Res
132, 123-127.
Zamani P, Akhondi M, Mohammadabadi MR et al. (2011) Genetic variation of Mehraban sheep
using two inter simple sequence repeat (ISSR) markers. Afr J Biotechnol 10, 1812-1817.

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




