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Article Info ABSTRACT
Article type: Background and Objectives: Gladiolus (Gladiolus spp.) is used as a cut
Full Length Research Paper  flower, garden ornamental plant and potted plant. Iran is one of the
distribution centers of this ornamental plant. In breeding and release of new
Article history: cultivars, access to diverse germplasm is a vital and essential resource for
rucie history- the production of new genotypes with desirable characteristics, that
Received: 04.23.2023 SR - . -
Revised: 05.15.2023 fortunately, the favorable distribution of Gladiolus in Iran has provided the
Accepted: 06.03.2023 basis for its breeding. Considering that sufficient knowledge about the
amount and pattern of genetic diversity of Iran Gladiolus is necessary to
understand the genetic differentiation of diverse populations, in the present

Keywords: research, ISSR and IRAP markers were used to evaluate genetic diversity
Cluster analysis, and determine the degree of relatedness among native Gladiolus samples
Heterosis, of Iran.

Ornamental plant,

Structure analysis Materials and Methods: In order to conduct the research, 76 samples of

Gladiolus belonging to 14 populations were collected from the provinces
of llam, Kermanshah, Hamedan and Kurdistan in the spring of 2019.
The collected samples were related to two species, G. atroviolaceus and
G. segetum. In order to evaluate the genetic diversity of the samples, five
ISSR primers and three IRAP primers were used. After recording the
genetic data, genetic diversity statistics, molecular variance analysis,
cluster analysis and structure analysis were performed.

Results: Based on the results, the average of polymorphic information
content (PIC), it was estimated to be 0.38 and 0.34 for ISSR and IRAP
markers, respectively, and in the comparison between the used primers,
ISSR5 and IRAP3 were able to show a higher potential in diversity. For the
investigated populations, the Nei’s gene diversity index and Shannon's
information index were 0.166 and 0.25, respectively, which showed that
the populations have relatively high genetic diversity. The results of the
analysis of molecular variance (AMOVA) showed that the diversity within
the populations (81%) is more than the diversity between the Gladiolus
populations (19%). Cluster analysis based on NJ (Nearest Neighbor)
method and Jaccard similarity matrix assigned 76 Gladiolus samples into
five separate groups. Also, based on structure analysis, Gladiolus samples
were divided into two subpopulations.

Conclusion: The present study showed that the used markers despite were
not able to separate two species from each other and there was no perfect
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match between genetic diversity and geographic diversity, had a significant
potential in genetic differentiation of the samples. Among the primers,
ISSR5 and IRAP3 showed higher efficiency based on all genetic diversity
indices and are recommended for use in study and differentiating different
Gladiolus samples. Also, due to the existence of significant genetic
diversity within the populations, selection from within the populations is
more desirable to perform crosses and achieve heterosis and is
recommended for use in breeding programs.
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Table 1. The information on the collection location of Gladiolus samples.
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69 5-CGGGGTGGGTCGGGGTGTTAC-3’ IRAP3
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Fig. 1. DNA band profiles in some Gladiolus samples amplified by IRAP2 primer.
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Table 4. Genetic diversity statistics of five ISSR primers and three IRAP primers.
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Marker Effective In?‘(r;?r?]r:t)ir:)n F;ﬁ:%:nr:arm'nc Polymorphic ~ Polymorph (l)\lfubmamej; Primer
index Multiple Ratio Index Content percent bands
7.05 15.21 0.37 0.46 89.5 17 19 ISSR1
7.03 21.04 0.33 0.33 95.7 22 23 ISSR2
2.77 8.00 0.33 0.35 100.0 8 8 ISSR3
5.57 16.00 0.34 0.35 100.0 16 16 ISSR4
10.24 25.04 0.36 0.41 96.3 26 27 ISSR5
89 93 Total |s
6.53 17.06 0.34 0.38 96.3 17.8 18.6 Mean S
5.82 16.06 0.34 0.36 94.4 17 18 IRAP1
4.45 14.06 0.32 0.32 93.8 15 16 IRAP2
8.80 25.00 0.34 0.35 100.0 25 25 IRAP3
57 59 Total |5
6.36 18.37 0.33 0.34 96.1 19 19.6 Mean .Sl
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Table 5. Genetic diversity statistics of Gladiolus populations.
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Nei's gene diversity Shannon Information Polymorphic Nu'rr}ber of Number of Population
Index Index percent specific bands bands
0.165 0.260 57.89 2 94 llam1
0.171 0.264 55.92 0 94 Hmdn2
0.170 0.260 52.63 0 93 Krmnsh3
0.164 0.261 52.87 0 93 Krdstn4
0.164 0.253 52.63 0 89 Krmnsh5
0.165 0.256 53.95 0 88 llam6é
0.174 0.269 55.92 0 88 Krmnsh7
0.103 0.158 32.24 0 60 Hmdn8
0.140 0.217 45.39 0 76 llam9
0.147 0.229 48.03 0 87 1lam10
0.184 0.287 60.53 0 100 llam11
0.162 0.251 52.63 1 91 llam12
0.189 0.292 61.18 0 101 1lam13
0.183 0.288 63.82 0 100 llam14
0.163 0.253 53.76 0.21 89.57 b
Mean
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Table 6. Analysis of molecular variance of different populations of Gladiolus.
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PhiPT statistic ~ Variance percent SS df Source of Variations
0.001 0.188 19 43.779 569.123 13 T
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Between populations

1201.667 62 e
Within population

100
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Table 7. Coefficients of similarity (upper diameter) and distance coefficients (lower diameter) between 14

populations of Gladiolus based on Nei's genetic index.

T 3 ¥ 2 8 e T % e % E & g = :

: ¢ E : E & o: T &t &t 3z &t = : }

= = = = = = T ¢ = ¢ 2 g T = '
0.952 0943 0937 0945 0903 0935 093 0961 0959  0.936 0.956 0.906 0.953 wx llam1
0924 0921 0906 0921 0867 0894 0888 0936 0941  0.906 0.934 0.912 *x 0.048 Hmdn2
0.906 0917 0903 0902 0854 0867 0898 089 0909  0.886 0.898 *x 0.092 0.099 Krmnsh3
0.955 0934 0923 0947 0914 0935 092 0964 0.954 0.93 *x 0.108 0.068  0.045 Krdstn4
0942 0935 0929 0918 0885 0914 0915 0929 0.967 *x 0.072 0.121 0.099 0.066  Krmnsh5
0.96  0.947 0942 095 0899 0938 0941 00957 *x 0.034 0.047 0.095 0061  0.041 llamé
0.955 0934 0923 0946 0907 0937 0.926 ll 0.044  0.074 0.037 0.117 0.067 0.04 Krmnsh7
0.935 092 0914 0943 0904 0.938 ll 0.077 0061  0.089 0.083 0.108 0.118  0.073 Hmdng
0951 0914 0914 0937 0932 ll 0.064 0.065 0.064 0.09 0.068 0.142 0.112  0.067 Ilam9
0914 0897 0885 0.935 ** 0.07 0101 0098 0106 0122 0.09 0.157 0.142  0.102 Ilam10
0.945 0935 0924 ** 0.067 0065 0059 0056 0051  0.086 0.055 0.103 0.083  0.056 llam11
0.951  0.959 ** 0.08 0122 0.09 0.09 0.08 0.06 0.074 0.08 0.102 0.099  0.066 llam12
0.958 ** 0.042 0067 0109 009 0083 0069 0054 0.067 0.069 0.086 0.082  0.059 llam13

** 0.043 0.05 0056 0.09 0.05 0.067 0046 0.041 0.06 0.046 0.099 0.079  0.049 llam14
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1- Principal Coordinates Analysis (PCoA)
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Fig. 2. Bi-plot based on principal coordinate analysis (PCoA) in 14 Gladiolus populations.
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Table 8. Percentage of variation calculated for ISSR and IRAP markers by the three components of PCoA.
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Variation percent
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Fig. 3. Grouping of different glycol samples based on ISSR and IRAP markers, Jaccard similarity matrix and
NJ method.
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Fig. 4. The value of AK in each model to determine of the best K (sub-populations). The K=2 is the best
number of sub-populations.
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Table 9. Membership proportion of Gladiolus samples based on the results of STRACUTRE software.
Belonging to each group is indicated by underline and mixedness is indicated without line.

328 Olje Sy 328 Ol e Sy i Ol e
Membership proportion Membership proportion Membership proportion
Yos S Vey S iyl Yo S Vey S 4yl VoS Vey S 4 5ol
Group 2 Group 1 Sample Group 2 Group 1 Sample Group 2 Group 1 Sample
0.061 0.939 llam10-4 0.948 0.052 Krmnsh5-4 0.943 0.057 llam1-1
0.582 0.418 1lam10-5 0.846 0.154 Krmnsh5-5 0.924 0.076 llam1-2
0.056 0.944 llam11-1 0.588 0.412 llam6-1 0.883 0.117 llam1-3
0.882 0.118 llam11-2 0.840 0.160 llam6-2 0.900 0.100 llam1-4
0.355 0.645 llam11-3 0.580 0.420 1lam6-3 0.924 0.076 llam1-5
0.718 0.282 llam11-4 0.950 0.050 llam6-4 0.423 0.577 llam1-6
0.769 0.231 llam11-5 0.879 0.121 llam6-5 0.924 0.076 Hmdn2-1
0.944 0.056 llam12-1 0.697 0.303 Krmnsh7-1 0.962 0.038 Hmdn2-2
0.949 0.051 llam12-2 0.877 0.123 Krmnsh7-2 0.981 0.019 Hmdn2-3
0.871 0.129 llam12-3 0.796 0.204 Krmnsh7-3 0.962 0.038 Hmdn2-4
0.919 0.081 llam12-4 0.639 0.361 Krmnsh7-4 0.948 0.052 Hmdn2-5
0.920 0.080 llam12-5 0.479 0.521 Krmnsh7-5 0.967 0.033 Hmdn2-6
0.950 0.050 Ilam12-6 0.114 0.886 Hmdn8-1 0.901 0.099 Krmnsh3-1
0.906 0.094 Illam13-1 0.043 0.957 Hmdn8-2 0.954 0.046 Krmnsh3-2
0.939 0.061 1lam13-2 0.041 0.959 Hmdn8-3 0.963 0.037 Krmnsh3-3
0.966 0.034 1lam13-3 0.064 0.936 Hmdn8-4 0.911 0.089 Krmnsh3-4
0.938 0.062 llam13-4 0.054 0.946 Hmdn8-5 0.951 0.049 Krmnsh3-5
0.911 0.089 1lam13-5 0.336 0.664 1lam9-1 0.734 0.266 Krdstn4-1
0.534 0.466 1lam13-6 0.319 0.681 1lam9-2 0.823 0.177 Krdstn4-2
0.555 0.445 llam14-1 0.045 0.955 llam9-3 0.871 0.129 Krdstn4-3
0.492 0.508 llam14-2 0.048 0.952 llam9-4 0.746 0.254 Krdstn4-4
0.840 0.160 llam14-3 0.021 0.979 llam9-5 0.665 0.335 Krdstn4-5
0.777 0.223 llam14-4 0.037 0.963 llam10-1 0.483 0.517 Krdstn4-6
0.331 0.669 llam14-5 0.036 0.964 llam10-2 0.890 0.110 Krmnsh5-1
0.741 0.259 llam14-6 0.426 0.574 1lam10-3 0.869 0.131 Krmnsh5-2
0.607 0.393 Krmnsh5-3
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Fig. 5. Grouping of 76 genotypes of Gladiolus in two groups based on the amplified genomic regions of ISSR
and IRAP markers. In the bar plot, the Y-axis indicates membership proportion, and the X-axis indicates the
number of samples.
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