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Abstract
Objective

Ajowan (Trachyspermum copticum) is a medicinal species that is very useful and is used to treat
stomach problems and some other diseases. This study aimed to fingerprint Ajowan accessions
collected from different geographical regions of Iran by using ISSR markers and identifying
markers linked with agro-morphological traits through an association mapping approach.
Materials and methods

In this study, a number of 40 Ajowan genotypes related to 10 different populations from different
regions of Iran were collected, and then their morphological characteristics were recorded in
greenhouse conditions. Leaf samples were taken from each genotype and ISSR fingerprinting was
done after DNA extraction.

Results

The results of descriptive statistics indicate the existence of genetic diversity in the germplasm of
the studied Ajowan in terms of morphological characteristics and the highest and lowest

coefficients of phenotypic variation were obtained for the number of seeds formed and the number
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of flowers per umbrella, respectively. Results of DNA fingerprinting using 12 ISSR primers lead
to the amplification of 153 loci, 93 of which were polymorphic and the rest were monomorphic.
Analysis of molecular variance depicted that 37% and 63% of total variation belonged to between
and within populations. In this research private markers were detected for accessions collected
from Hamedan and Rafsanjan. The study of population structure related to 40 Ajowan genotypes
using ISSR data and STRUCTURE software placed them in two different subpopulations. Using
an association mapping approach, significant positive markers for biological yield, shoot dry
weight, harvest index, number of lateral branches, number of seeds formed, 100-seed weight,
mean internode length, umbrella per flower, stem diameter, and single plant yield, number of
umbrellas, number of leaves, number of flowers in an inflorescence and leaf length were
identified.

Conclusions

In this research, the UBC807-2, UBC812-10, UBC818-8, UBC840-5, UBC848-4, UBC857-11,
and UBC857-6 markers control more than one trait simultaneously and can thus be bred in
breeding programs of Ajowan to a simultaneous selection of multiple traits.
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Figure 1. Geographical attributes of provinces that Ajowan samples were collected
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Table 1. Characteristics of Ajowan genotypes used in the present study
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Table 2. Name and sequence of ISSR primers used in the present study

Primer 5k sl Sequence Jig Annealing temperature  Jlas! sl
UBC812 5'- (GA)sAA-3’ 45
UBC818 5'- (CA)7G-3' 45
UBC807 5'- (AG)sT-3' 46
UBC825 5'- (AC)sT-3’ 60

A7 5'- (AG)10T-3' 50
Al13 5'- (GT)sCC-3’ 48
UBC857 5'- (AC)sYG-3' 40
UBC840 5'- (GA)sYT-3' 43
UBC849 5'- (GT)sCG-3' 56
CAG5 5'-(CAQ)s-3' 60
UBC848 5'-(CA)sRG-3' 57
UBC810 5'- (GA)gT-3' 48
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cd)S pbol (K) culie slacunes pj & ewis) 38 (lbdind 5 Cured Hidlo 30 4jo0 Structure 2.3.4
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Table 3. Descriptive statistics related to morphological traits in Ajowan genotypes

e Gl 5 Dl po
Cde Oelee Standard Jla> Ao Phenotypic coefficient
Trait Mean deviation Min Max of variation
SD 2.48 0.88 1 6.03 35.39
PH 60.04 12.14 26 99 20.21
NB 5.36 1.23 2 9 22.93
NL 22 8.13 8 50 36.95
NLIet 73.64 36.64 17 236 49.75
NU 23.86 9.28 11 60 38.89
NUI 7.37 2.05 4 15 27.79
NFU 14.2 2.15 9 20 15.12
NFWI 91.89 25.83 46 200 28.11
LL 6.47 111 4 10.3 17.08
I 6.59 1.25 3.3 8.8 19.05
DWAP 1.9 1.07 0.46 7.01 56.28
HSW 0.08 0.02 0.06 0.15 18.34
SPY 1.09 0.63 0.29 3.36 57.56
BY 3.05 1.52 0.96 9.9 50
NS 1599.29 3.16 331.19 31.33 197.58
HI 0.36 0.1 0.14 0.66 27.18
RPL 24.31 7.57 11 41 31.14
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Figure 2. Bilateral graphs for determining optimum subpopulations in studied Ajowan
accessions (K=2) based on ISSR markers in Structure software
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Figure 3. Bayesian model based-cluster analysis of studied Ajowan accessions by using ISSR
markers. Numbers on the y-axis indicate the membership coefficient (Q) and on the x-axis
indicate the individual’s number
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Figure 4. Linkage disequilibrium plot (LD plot). Diameter lower and upper indicating
linkage disequilibrium and p-value statistics for each pair of marker, respectively.
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Table 4. The results of association analysis with MLM in Ajowan using ISSR markers

MLM
Trait Locus F_Marker p_Marker
BY <jglgm o Sles Al13-6 8.30 0.01
UBC840-8 6.98 0.01
DWAP  slsa plasl SCas )5 A7-10 14.37 0.00
UBC 810-11 10.52 0.00
HI el el Al3-1 14.64 0.00
UBC 812-10 7.04 0.01
HSW  wils ws (54 UBC 848-3 7.89 0.01
I o Sbe bawgts Jsbo UBC 812-10 22.58 0.00
LL Sy Jsb UBC 848-4 14.37 0.00
UBC 857-11 10.63 0.00
UBC 857-6 6.73 0.01
NB sl sl a5l sass UBC 812-13 8.42 0.01
UBC 818-8 7.15 0.01
NFWI 31 5 5 po S8 olaws UBC 807-2 8.18 0.01
UBC 840-5 7.62 0.01
UBC 818-10 7.29 0.01
S polass UBC 857-11 9.40 0.00
NL UBC 818-8 8.65 0.01
UBC 857-6 7.62 0.01
NS oo JoSas ,ds olaws UBC 848-4 11.41 0.00
CAg5-1 6.97 0.01
NU o slaws UBC 812-10 17.73 0.00
UBC 840-5 7.16 0.01
A13-10 6.86 0.01
UBC 807-2 6.73 0.01
NUI 031 5 5o ,8 08 s UBC 807-5 6.82 0.01
PH oS glas ) UBC 857-12 9.93 0.00
UBC 807-9 8.58 0.01
UBC 849-13 7.30 0.01
SD adls jhas UBC 812-10 7.31 0.01
SPY wig G o Shee UBC 812-10 17.87 0.00
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