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The genus Salvia is one of the most important genera of medicinal
plants in the Lamiaceae family due to its bioactive compounds and
pharmaceutical values, requiring the identification and conservation of
its genetic resources. Retrotransposon-based molecular markers,
particularly inter Primer Binding Site (iPBS) markers, are considered
efficient approaches for assessing genetic diversity because of their
high ability to detect genetic polymorphism. In this study, the genetic
diversity and population structure of 50 ecotypes belonging to seven
Salvia species collected from the Central Zagros region of Iran were
evaluated using 10 iPBS primers. The results demonstrated the high
efficiency of iPBS markers in detecting genetic variation among the
studied species. The average percentage of polymorphic bands and
polymorphism information content (PIC) were 98.33% and 0.36,
respectively. Cluster analysis based on the Dice similarity coefficient
and Neighbor-Joining method separated the studied genotypes into
distinct genetic groups. The Mantel test showed a significant
correlation between the genetic similarity matrix and clustering pattern
(r = 0.68, p = 0.002), confirming the reliability of the obtained
grouping. Population genetic analysis revealed that S. macrosiphon
and S. spinosa populations possessed the highest levels of genetic
diversity, indicating their potential as valuable germplasm resources
for breeding programs. In contrast, S. reuterana showed the lowest
genetic diversity indices and greater genetic distance from other
populations, suggesting that it represents a genetically distinct group
requiring special attention in conservation and germplasm
management. Furthermore, S. multicaulis and S. limbata exhibited
considerable genetic differentiation due to their independent positions
in the dendrogram and higher genetic distances, highlighting their
importance for maintaining genetic diversity within the genus Salvia.
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Introduction

The genus Salvia is one of the most important genera of medicinal plants belonging to the
Lamiaceae family. Due to the presence of valuable bioactive compounds and pharmaceutical
properties, identification and conservation of its genetic resources are of great value. Molecular
markers based on retrotransposons, particularly inter-primer binding site (iPBS) markers, have
been widely used as efficient tools for assessing genetic diversity because of their high ability
to detect genetic polymorphism. Understanding the genetic diversity and population structure
of Salvia species is essential for effective germplasm conservation, and breeding selection.
Therefore, this study was designed to evaluate the genetic diversity and population structure of
different Salvia species distributed throughout the Central Zagros region of Iran using iPBS
markers.

Materials and Methods

In this study, 50 ecotypes belonging to seven Salvia species were collected from the Central
Zagros region of Iran. The genetic diversity of the collected samples were assessed using 10
iPBS primers. The obtained amplification patterns were analyzed based on polymorphism
parameters, including the percentage of polymorphic loci and polymorphism information
content (PIC). Genetic relationships among genotypes were evaluated using Dice similarity
coefficient and Neighbor-Joining clustering method. The Mantel test was performed to
determine the correlation between genetic similarity matrix and clustering pattern. Population
genetic parameters were analyzed using GenAlEx and POPGene software. In addition, analysis
of molecular variance (AMOVA) was conducted to determine the distribution of genetic
variation within and among populations.

Results and Discussion

The results showed that iPBS markers had a high ability to detect genetic diversity among the
studied Salvia species. The average percentage of polymorphic loci was 98.33%, and the mean
polymorphism information content (PIC) value was 0.36. This high level of polymorphism
indicated the efficiency of iPBS markers in detecting genetic differences among genotypes of
the Salvia genera. Cluster analysis based on Dice similarity coefficient and the Neighbor-
Joining method separated the genotypes into distinct genetic clusters. Furthermore, the Mantel
test revealed a significant correlation between the genetic similarity matrix and clustering
pattern (r=0.68, p=0.002), confirming the reliability of the obtained grouping results. The
analysis of genetic diversity among populations showed that S. macrosiphon and S. spinosa
populations exhibited the highest levels of genetic diversity among the studied populations.
This high genetic variation identifies these populations as valuable germplasm resources for the
selection of diverse parents, increasing the genetic base, and their application in breeding
programs of medicinal Salvia species. In contrast, S. reuterana stands out as a distinct genetic
lineage due to its minimal genetic diversity and significant genetic distance from other
populations, underscoring its critical role in conservation efforts. Moreover, S. multicaulis and
S. limbata demonstrated demonstrated substantial genetic differentiation as separate branches
on the dendrogram, representing distinct groups crucial for preserving Salvia diversity. The
results of analysis of molecular variance (AMOVA) showed that 93% of the genetic variation
was attributed to within-population variation, while only 7% occurred among populations,
indicating a high proportion of genetic diversity within populations.

Conclusion

This study represents the first report on the application of iPBS markers for assessing genetic
diversity among different Salvia species in Iran. The results demonstrated that this marker has
high potential for detecting polymorphism, distinguishing genetic groups, and identifying
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valuable genetic resources. The findings provide useful information for the selection of superior
germplasm, development of breeding programs, genetic resource management, and the
establishment of conservation strategies for sustainable utilization of medicinal Sa/via species.
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Table 1. Geographical information of the collected populations of Salvia spp.
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Figure 1. The quality of extracted DNA of Salvia samples using 0.8% agarose gel. (sample S1 — S9 according to table 1) .
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Table 2. The sequences of iPBS primers used for amplification of genomic regions of Salvia plant

iPBS Sl ('>r) Skl Jigs (°C) Jlas! sles
iPBS primer Primer sequences (5'—3") Annealing temperature (°C)

iPBS 1 GCTCCGATGCCA 50

iPBS 2 CTCACGATGCCA 48

iPBS 8 GCTCATCATGCCA 48

iPBS 10 TCAACGGCTCTGATACCT 48

iPBS 12 TCGCATCAACCA 48

iPBS 13 TAGATGGCACCA 48

iPBS 15 GGTCCTCATCCA 48

iPBS 17 CCATTGGGTCCA 48

iPBS 19 GCAACAACCCCA 48

iPBS 21 GAACCCTTGCCGATACCA 48
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Figure 2. iPBS-PCR amplification products of 12 Salvia spp ecotypes amplified by marker iPBS1. (Samples

S37-S48 according to table 1).
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Table 3. Diversity indices of 10 iPBS molecular markers used in this experiment

sl sl Loy Sl e Cons ol KIPRY
LSy Jren LSk el S S
Markers Number of  Percentage of  Polymorphic information Effective Multiplex Marker Resolving
Bands polymorphic bands content (PIC) Ratio (EMR) Index (MI) power (RP)
iPBS 1 11 100 0.28 11 3.17 9.52
iPBS 2 11 100 0.16 11 1.79 8.66
iPBS 8 9 100 0.59 9 5.33 7.58
iPBS 10 9 100 0.59 9 5.31 7.34
iPBS 12 8 100 0.49 8 3.97 6.16
iPBS 13 7 100 0.58 7 4.10 5.52
iPBS 15 13 100 0.10 13 1.42 9.68
iPBS 17 11 100 0.47 11 5.18 8.38
iPBS 19 83.33 0.36 4.16 1.51 4.32
iPBS 21 100 0.01 9 0.16 6.62
Mean 9.4 98.33 0.36 9.21 3.19 7.37
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Figure 3. Dendrogram of Salvia species constructed using the Neighbor-Joining (NJ) method based on Dice
similarity coefficient.
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Figure 4. Comparison of the total number of amplified bands and genetic diversity patterns across the studied populations
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Figure 6. Dendrogram of Salvia species based on Nei’s genetic distance using the UPGMA clustering method.
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