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Abstract
Objective
This study aimed to investigate the genetic diversity of different genotypes of this
valuable medicinal plant under the same culture condition which can be used as an

introduction to domestication, germplasm conservation, and possible cross in the future.

Materials and Methods
In this study, after preparing 20 different genotypes from all over Iran, they were

cultivated in complete randomized blocks design with three replications under the same
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condition. After extraction of DNA, the survey of genetic diversity using 12 ISSR
markers from 15 markers was conducted by polymerase chain reaction (PCR). The
essential oil for each genotype was extracted by water distillation. The dry yield based on
gr/m? and essential oil content (w/w, based on dry weight) were measured. Furthermore,
the correlation of molecular markers with dry yield and essential oil content from each
genotype was determined using stepwise regression.

Results

The mean percentage of polymorphism determined in all the genotypes was 91.97. The
number of polymorphic bands for each primer varied from 5 to 9 and a total of 89
replicate bands were scored, of which 82 bands showed polymorphism. The average
content of primer information polymorphism (PIC) was estimated to be 0.31 and the IS1
primer showed the highest PIC (0.46). The Ni and Shannon indices for IS1 primers were
0.43 and 0.61, respectively. Cluster analysis using the Jaccard similarity coefficient and
UPGMA algorithm divided the studied genotypes into four groups. The highest genetic
distance was observed between Khuzestan and Qazvin genotypes with a coefficient of
0.39 and the lowest between Kerman-2 and Kerman-4 genotypes with a similarity
coefficient of 0.77. Stepwise regression showed that the 1S10 primer has a coefficient of
0.70 with the essential oil percentage and dry matter yield.

Conclusion

The results of this study showed that ISSR markers can be effectively used to study the
genetic diversity of wild mint genotypes and will provide the possibility of breeding. So
that, IS1 and 1S10 primers were introduced as the best markers. Also, Khuzestan and

Qazvin genotypes had the highest genetic distance.
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Table 1. Geographic location and summer climatic conditions of the studied M. longifolia
genotypes
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Table 2. Nucleotide sequence and coding of ISSR primers used in this study
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dga3 0litl (g Dliiod )3 g gy Glaceins] o> wudlp)S dsgaree 4138 sl ol 3l Ol 9
gl 5 el boiss slulir 5 Jsd BB Uls PIC (asls i cpies LIST S50 S5 Sk
oS3l by S5 aix diops (it b odlisiol RAPD ST I oy W5y (slacasss] o 55 (ol polaion,
3l osd dwle (PIC) JSsais SledMbl (glgize piomad 5 (555 duoyd AY/YY oy jieS g doyd Voo oalitol 590
ORo3 )3 (wyp Dyse (J5Sge slayasli ple oo, (Hassanpor Reihani et al. 2018) 5 yuiie </YAY 5 </VOA
Ol e )lg g )3 ) S o Jewily o bz g 3 2D e S plgsa (M) (S0l a3 ls ol
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2o A B YOV (o 55 "EMR (asls 039050 390 1IS1 5 1S7 (sla S51eT 4 leite cus it (ol ol oy yidias g oy pieS
Oty 5l L 1S10 5 1ST 55T g3 ¢ IS jobay waizsly ISL 5 1S7 (gl S5l 1) jladio sl piy 5 (oS &S Sy

) Bsdiee (Byme 355l )3 (g gy (S5 €55 o S Smslie g SIET lgsa (KL o as s

Dgr b s Yoo B Yer odga0m0 > adllae 390 (sl )Sel bawgs osds LS5 (slasily o5l ogMeay (Y g

Obis ) S5 3 IST 5 1S3 sla S5l bawgs ot 8y iy Ve ) 0as iS5 GLDNA (g3l (o g e
ol 0 00l

Moy 5 o5 58 (asls e cslo I B o aamlio (sl I a5 (sloasla ) dnSHET ol psliien

2l Al oyl 5 & oadld ekl b biguig) om alds 5 (Se8j alold i 03)5 edlitel b slasl
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V. Polymorphic Information Content
v. Marker Index
v. Effective Multiplex Ration
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Figure 2. Banding pattern resulting from genomic DNA replication of different wild mint
genotypes by 1S3 (left) and 1S7 (right) primers

ISSR (g ,5 581 13 uwd (6503101 JoVg0 £ (L Had Ll Y Joua
Table 3. Molecular diversity indexes measured in ISSR primers

. Sl
Sl ) e s

s oz o sl slaws b ol )
' oasls e .‘.)‘ . il kU K o3l Sieleb
LAt s widyge s SSSar SSae ot oanlis - Max) o s,

s e (Polymorph (Polymor Min Band rimer )

E)Iao o M) “:E ic phicBand (TO@l  gang (Size (Name
(EMR) PIC) percentage)  Num)  Band 0 gize
Num.) (bp)

9 4.14 0.46 100 9 9 250 2500 1S1 1
8.1 2.92 0.36 90 9 10 200 2000 1S2 2
5.14 1.08 0.21 85.71 6 7 250 2000 1S3 3
514 1.29 0.25 85.71 6 7 250 2500 1S5 4
6.13 2.02 0.33 87.5 7 8 200 1000 1S6 5
3.57 057 0.16 71.43 5 7 300 1500 1S7 6

6 15 0.25 100 6 6 500 1500 1S8 7

7 2.24 0.32 100 7 7 400 2000 1S9 8

9 3.96 0.44 100 9 9 400 3000 1S10 9
417 1.63 0.39 83.33 5 6 500 2500 1511 10

8 1.92 0.24 100 8 8 400 2000 IS13 11
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S5kl el cewd a4 g pls Lasls wlely dius S il oo)la Sl 3 isg aigr addllae 3y90 clacuiess S
5 ol sl blsd 1 IS7 4 1S3 S5l cpl il 39 £55 cypieS (shio 1S7 5 1S3 5561 5 985 s sl IS
i L g Laogto yalia (glls o yasli ol Blod 5, S5LT ol aizdls 50085 5l lacaisi] lod 15 6 yiaS ot &

(¥ o) ol s 1IST 9 1S3 gla S5l (3 1) 955 oy yiaS 3939 55 S (slakil s )> golis 1509

E (LA Ls (wlwly (pdig digy aalllan 3590 Sgif (b))l € Jg
Table 4. Evaluation of wild mint genotypes Variation based on diversity indices

opls pasls 5 sl (Ne) 5o W oluss (Na) ous sanlie Y slass

; . Sl
Shannon's Nei's Ne/Na  Number of effective  Number of observed ori
) \ rimer
index index allele allele
0.61 0.43 0.89 16.04 18 1S1
0.53 0.36 0.86 16.38 19 1S2
0.42 0.28 0.79 10.32 13 1S3
0.44 0.3 0.81 10.57 13 IS5
0.51 0.36 0.87 13.11 15 1S6
0.36 0.24 0.8 9.6 12 IS7
0.53 0.35 0.8 9.54 12 IS8
0.58 0.4 0.85 11.92 14 1S9
0.61 0.42 0.88 15.84 18 1S10
0.48 0.33 0.85 9.39 11 1IS11
0.47 0.31 0.76 12.17 16 1S13
0.48 0.32 0.79 7.86 10 1S15
0.51 0.34 0.83 11.90 14.25 Ol
Mean
Slixe Sl
0.21 016 004 2.89 2.95 Standard
Deviation

LUPGMA 3,651 ¢ 3,51 alis o s a8 ol oLis juld 5 3,8l sl gollas aliss colps gly ko 29051
oy bl p sdal Comsds ol 4 a3 b ol (cabadgd Bg) 9 WLET o s oy ycwlie plged F= /AL Siuen

OGS VAL (38 5 liwjsd Sloadis) 5 cupd cnpbin VY e b ¥-plo)S 5 Y-plo)S slacassiy 3,1 alis

Sl oy G35 e lre § (S5 bl oo o)lp] (cdog g slacuiei) YL ggl ol gl e (S
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)90 SBCwigif oy SY odgamme Su dlold )3 pl 590 iy b 35 L s L .(Khorshidi et al. 2018) xgs

) 845 s (ol 095" Jlaz 4y aslllas

I8 Jl 0355 33 ol o 5 Jlad ST b (ol 9 Yool Jlowole oS <oss) w3 Sl (¥ JS
VY pad 69y S ey zupe yio p p,S AVE/AD s 3 Slas (:S0ko 5 4oy VY uslul do)d (1SSko Jgl dwd jo 0128,5
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PSS EVEIND g o VIV i jdy Sid 03le 5,Sloe 5 uilul doyd 1 S0ko 09,5 (pl )3 .88 130 1) (85000 5 liwjes
2955 33 09)5 (nl SCgS ()3 YL 45 0MBI LIS &5 D (ol 09,5 o s &y po3 09,5 b (503l @y o
P93 09,5 > Sitd o3bo 3y Shoe g bl Gline (ke 39 (V- Jlod Gl 3 9 V= Jlod (Lol ) casgi 9 ol pous
I3 (02938 5 st Lol (gl ))) il 4w 59 p)laz 09,5 13 35 oo o i p)S FAVIY § 203 YIVA (i iy
bl (Sl g (JiSge £65 o dlge (B 3 4501 U gy 0 3090 slacis] )3 ladsd 4 jos 4 by e gl
28 )3 5,8 asllas glaog,S j0 ciidly Hly 8 vb jolore blio 4 olacuis) S (gysbds bl dgg illas
095 S 3 o2 L ygd (bl Aol L clacaisii b (Y-l Jbeojloz 9 V-l Jbroslor locedsis)
bt Jdvan aslgs oo 45 Wb o boudigss cnl YL (S5 gl Sl yol nl (pliwjss 9 (B 5o y0) Sload (guipains
g5 4,51 (Nybom & Bartish 2000) a_sl sblis il oy 2L dlse (S5 o5 b Lol ol53lj oonldl L)y
2193 35k 35 (6)500 )SUsS gy 9 F9x0 Lalpd > (BLS (glacumer (S Ul (ped )3 (e A (SLEBle> S
Sy 35195 o0 el g SIS cunpd lais diile (Jaxe (Sl S g (souldl il (392 dloriz g dloSG) (o)
w2k oLl (Moshrefi-Araghi et al. 2019) 45,13 51 aLS slacures (Sui55 calus 9 g5 s le
slacures L duwlio ;0 4G5 o by cilisee glbls LIS o Jg aslie ol byl s j5 a5 LS slacares 34 0
(Volis et al. 2001) was o oylis ,KouSG b (gt (S5 canld i oAby Sglate ouldl byl i 3 457 alS
hol Sinlen adlge aw Lolul ol 0 plosil 3,81 alis L jile ololy (PCOA) Lol claie 4 456
Canlio jloms @595 0aimd i odal Cawday Cpob dae 53,8 angi |y JeSge (slmodly &y 5l aoyd YANY 9050 45

4 Gl (a3 VO (S Ll adlllas y ol Casddy ol b s () sl peij Job )3 ISSR (gl Silis cs s,

V. Principal coordinate analysis
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g ool 4 pxie (gladgd 43S glp JoSe gy oleicd Lol slaadie 4 4355 (Zinodini et al. 2014) cusls
ol wloly Lol claddlie 4 4io0 F IS6 bt 4 g b 2gd o (550 (slaodls jl leMb] oSlis zlscul 4
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g ety ol Sinlon bailie 4 45 ololy bows; (W8T lp alie baws ouls JoSlge sbrodly Loluly
55 (opn » Sladlls 3 cuils blo)l bl (ol alols b jlge jiiw j> cilisee slaads ) ey (Sasly
Cumbge g adlhe dy90 slacassST oy ISSR (cla SLis 5l oolisl L (CUMINUM CYMINUM) 5w 0p5 (slacasss]

(Hossein Jafari et al. 2020) cusls s959 bls )l 3,lg0 i ;5 byl oLdl e

) I
049 056 063 0.70 077
Coefficient

S ol JoSUge slaodls ulwl p UPGMA (g, ooy digy (Slacasipi} (slawdgs 41529 .Y JSUS
ISSR 4 350

Figure 2. Cluster Analysis of Wild mint Genotypes Using UPGMA Method Based on
Molecular Data of ISSR Analysis
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Figure 3. Population grouping based on principal component analysis (PCoA) and cluster
analysis
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Figure 5. Variation of essential oil content (A) and dry yield (B) among different genotypes
of wild mint
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Table 5. Standardized coefficients associated with ISSR markers and yield and essential
oil content in stepwise regression

P ,lade t,lade Lo 5lkiwl o i O G pud ol Cdo
p value t value Standardized beta coefficients R? marker trait
0.000 -14.974 -0.788 -0.717 1S105  eslol aop
0.000 10.368 0.429 0.554 IS1s

0.000 11.271 0.557 0.074 1S15;

0.000 6.173 0.327 0.107 1S15;

0.001 4.576 0.190 0.143 1S135

0.000 -6.983 -0.299 -0.002 1S10;

0.004 -3.762 -0.146 -0.023 1S64

0.009 3.205 0.152 -0.027 1S9

0.039 2.377 0.129 0.631 1S13

0.000 -27.997 -0.451 -0.693 IS10s s 5 Shoe
0.000 -23.151 -0.416 -0.463 1S61

0.000 -25.335 -0.536 -0.400 1S33

0.000 22.906 0.354 0.401 1S25

0.000 -9.141 -0.143 -0.245 1S10;

0.000 10.708 0.197 0.185 1S15;

0.000 10.863 0.203 -0.031 1S29

0.000 5.830 0.106 0.365 IS1,

0.003 -4.318 -0.085 -0.451 1S8s5

0.003 -4.253 -0.057 -0.273 IS14

0.016 3.040 0.052 -0.392 1S2,

gel.

3o ol J5 9y 1) )L e ladil gl Sas By oSl g 5
In the primer column the lowercase letters indicate the band assortment for each primer on the
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