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Abstract

Background and objectives

Hypericum (Guttiferae, Hypericoideae) is a large genus comprising almost 500 species, primarily
herbs, shrubs, and a few trees, and is classified into 36 taxonomic sections. Iranian species of this
genus primarily grow in the north, northwest, and center of Iran, forming floristic elements of the
Hyrcanian mountainous areas, as well as Irano-Turanian, Mediterranean, and Zagros elements.
These species are of medicinal, commercial and horticultural value. SCoT morphological and
molecular data were used to study the genetic diversity and population structure of six species of
the genus Hypericum. One of the objectives of the present study is to determine whether SCoT
markers can effectively distinguish Hypericum species from each other.

Materials and Methods

A total of 58 individuals from geographical areas belonging to six different species of the genus
Hypericum, including: H. lysimachioides; H. asperulum; H. scabrum; H. hirtellum; H.
perforaturm and H. triquetrifolium were sampled in the provinces of East Azerbaijan, Lorestan,
Kermanshah, Isfahan and Hamedan in July and August 1400-1403. For morphological studies, 5
to 12 samples of each species were used. A total of 24 morphological traits (16 qualitative traits,
8 quantitative traits) were examined. PCoA was used to group the species. For SCoT analysis, 58
plant accessions (five to twelve samples from each population) belonging to six populations with
different ecological characteristics were used. CTAB method was used to extract genomic DNA.
10 SCoT primers were used for this study, which produced 135 polymorphic bands. UPGMA
cluster analysis was performed to analyze molecular data and determine genetic relationships.

Results

The biplot diagram of the distribution of Hypericum species based on the first and second
principal components of PCA using morphological characteristics placed plant samples of each
species together and formed separate groups. Accordingly, the greatest differentiation was
observed between the species H. triquetrifolium, H. hirtellum and H. scabrum. 135 amplified
polymorphic bands were generated across 6 Hypericum species. The size of the amplified
fragments ranged from 100 to 3000 bp. The highest and lowest number of polymorphic bands
was 22 for SCoT-3 and 7 for SCoT-15, on an average of 13.5 polymorphic bands per primer. The
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PIC of the 10 SCoT primers ranged from 0.37 (SCoT-17) to 0.64 (SCoT-16) with an average of
0.50 per primer. MI of the primers ranged from 3.44 (SCoT-16) to 5.85 (SCoT-15) with an
average of 4.7 per primer. EMR of the SCoT primers ranged from 6.22 (SCoT-15) to 11.55
(SCoT-1) with an average of 9.5 per primer. Molecular variance analysis showed that 67% of
genetic variation was between species and 33% within species. Cluster analysis was performed
using the genetic distance matrix based on the Jacard distance, using the UPGMA method, and
the species were placed in separate clusters.

Conclusion

In this study, the efficiency of the SCoT marker in the plant genome and its role in the genomic
diversity of H. perforatum species was used. The results of this study showed a high level of
genetic diversity and gene flow in the populations of 6 Hypericum species and were able to divide
the studied species into separate groups using both morphological and molecular characteristics,
and we did not encounter intermediate forms in this differentiation. The results of the SCoT
marker data were in good agreement with the morphological data. These results showed that the
SCoT marker can be used in the classification of Hypericum species and this information can be
useful in strategies for species identification, plant breeding and germplasm conservation
programs.

Keywords: Cluster Analysis, Morphology, Molecular Analysis, Species identification,
Hypericum, SCoT markers (Start Codon Targeted)
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Table 1. Name and origin of the studied species of the genus Hypericum

No Species Province Locality

Spl H. perforaturn L. Esfahan Ghameshlou, Sanjab

Sp2 H. triquetrifolium Turra Lorestan Oshtorankuh, above Tihun village
Sp3 H. lysimachioides Boiss. & Noe in Boiss. Kermanshah Islamabad

Sp4 H. asperulum Jaub. & Spach. Hamedan Nahavand

Sp5 H. scabrum L. East Azerbaijan 78 km from Mianeh to Khalkhl.
Sp6 H. hirtellum (Spach) Boiss. Lorestan Durood
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Table 2. List of selected characters and their codes in morphological studies.

No. Characters Numerical code

1 Length of basal leaves mm

2 Width of basal leaves mm

3 Length of stem leaves mm

4 Number of calyx

5 Calyx length mm

6 Calyx width mm

7 Number of petal No.

8 Seed width mm

9 Bract apex 0-acute 1- narrow 2- absence

10 State of stem 0-unbranched 1- branched

11 Shape of basal leaves 0O-linear 1- linear- lanceolate 2- lanceolate 3- lanceolate — acuminate 4- ovate 5-

ovate — broad elliptical

12 Basal leaves apex 0-acute 1- narrow

13 Basal leaves petiole 0-absence 1- presence

14 Hair of basal leaves 0-absence 1- presence

petiole
15 Shape caulin leaves 0- linear 1- linear- lanceolate 2- lanceolate 3- lanceolate — acuminate 4- ovate 5-
ovate —broad elliptical
16 Caulin leaves apex 0- acute 1- narrow

17 Caulin leaves petiole
18 Hair of caulin leaves

0-absence 1- presence
0-absence 1- presence

petiole
19 Hair of caulin leaves 0-absence 1- presence
lamina
20 Seed shape 1-kidney-round 2- kidney 3- kidney-pear shape 4- globular cubic shaped
21 Seed color 1- dark brown 2- brown 3- yellow
22 State of petal 0-absence 1- presence
23 Calyx apex 1- narrow 2- acute

24 Shape calyx 1-ovate - lanceolate 2- lanceolate 3 - linear- lanceolate
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Table 3- SCoT-PCR temperature program used in molecular study of Hypericum genus taxa

Stage Time (minutes) Temperature °C Cycle No
First Denaturation 5 94° 1
Denaturation 1 94°
Annealing 1 52-56° 40
Extension 2 72°
Final Extension 10 72° 1
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Table 4- Ingredients and volume of SCoT-PCR solution used in molecular study of Hypericum
genus taxa

Reaction components

Concentration of stock solution

Required Amount for 25uL Final concentration

Steriled ddH20 - 18 uL -
PCR buffer 10 X 2.5uL 1X
MgCL2 100 mM 0.7 uL 1.6 mM
dNTP 10m M(each) 0.5 uL 200 p M(each)
Primer 10 uM 1 uL 0.4 uM
Enzyme 5U0/uL 0.5 uL 1U/puL
DNA - 2 uL
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Table 5. Variance percentage and the coefficients of the first three factors obtained from factor
analysis of morphological traits.

Name of traits Factorl Factor2 Factor3
Number of sepals 0.93 - -
Width of sepals 0.92 - -
Length of sepals 0.85 - -
Number of petals 0.85 - -
Presence of petals 0.84 - -
Branching of stem 0.84 - -
Width of seeds 0.78 - -
Shape of stem leaves 0.71 - -
Shape of basal leaves 0.71 - -
Shape of seed - 0.84 -
Bract apex - 0.80 -
Sepals apex - 0.80 -
Caulin leaves petiole - 0.77 -
Hair of caulin leaves petiole - 0.77 -
Basal leaves apex - 0.74 -
Basal leaves petiole - 0.74 -
Petiole hairs of basal leaves - 0.74 -
Caulin leaves apex - 0.74 -
Seed color - 0.73 -
Shape of sepals - 0.70 -
Length of stem leaves - - 0.82
Length of basal leaves - - 0.81
Hairs of stem leaves - - 0.78
Width of basal leaves - - 0.71
Variance % 40.18 24.29 11.64
Com. Variance% 40.18 64.47 76.12
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Figure 1. Biplot of the distribution of Hypericum species based on the first and second principal components of PCA
using morphological characteristics.
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Figure 2. Electrophoresis gel of the studied species from DNA fragments produced by SCoT-14
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Table 6. SCoT primers and the extent of polymorphism.

Primer name Primer sequence (5’-3°) TNB NPB PPB PIC PI  EMR MI
SCoT-1 CAACAATGGCTACCACCA 13 13  100.00% 047 3.24 1155 3.88
SCoT-3 CAACAATGGCTACCACCG 22 22 100.00% 059 583 750 4.88
SCoT-5 CAACAATGGCTACCACGC 12 12 90.55% 0.57 529 929 533
SCoT-12 AAGCAATGGCTACCACCA 11 11 97.30% 0.44 425 1031 4.11
SCoT-14 ACGACATGGCGACCACGC 11 11  100.00% 0.46 4.77 1050 5.22
SCoT-15 ACGACATGGCGACCGCGA 13 7 85.59% 053 422 6.22 585
SCoT-16 CCATGGCTACCACCGGCC 18 18 100.00% 0.64 4.77 751 3.44
SCoT-17 CATGGCTACCACCGGCCC 17 17 100.00% 0.37 4.44 829 433
SCoT-20 ACCATGGCTACCACCGCG 21 20 100.00% 058 433 8.16 5.11
SCoT-21 GCAACAATGGCTACCACC 12 11  100.00% 052 4.11 870 3.22

Mean 142 135 98.38% 050 43 9.5 4.7
Total 142 135
TNB - the number of total bands, NPB: the number of polymorphic bands, PPB (%): the percentage of polymorphic bands, PI:
polymorphism index, EMR, effective multiplex ratio; MI, marker index; PIC, polymorphism information content for each of the
CBDP primers.
Hypericum) s\ks 5, 50 sas 8 )3 S5 g5 sle el =Y Jsae
Table7. Genetic diversity parameters in the studied Hypericum species.

Secies No. Na Ne [ He  UHe P%

H. perforaturn L. 5 040 1.042 039 039 041 6513%

H. triquetrifolium Turra 4 039 1054 021 020 039 23.18%

H. lysimachioides Boiss. & Noe in Boiss. 8 0.30 1.077 027 018 033 49.13%

H. asperulum Jaub. & Spach. 4 035 1.033 030 027 022 43.88%

H. scabrum L. 6 043 1.022 034 032 026 24.66%

H. hirtellum (Spach) Boiss. 7 041 1.044 029 035 030 59.55%

No = number of samples, Na= number of different alleles; Ne = number of effective alleles, [= Shannon’s information index,
He = gene diversity, UHe = unbiased gene diversity, P%= percentage of polymorphism.
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Table 8. Analysis of molecular variance (AMOVA) between and within the studied species.

Source df SS MS Est. Var. Var% OPTH
Among Pops 40 2071.26 44,55 30.15 67% 67%
Within Pops 120 354.28 1.66 7.32 33%
Total 160 3433.11 37.46 100%

(P<0.001) comar S 5559 313 o (S5 G=lsly JS i = OPT
@PT: proportion of the total genetic variance among individuals within a population (p<0.001)
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Figure 3. Dendrogram derived by UPGMA method using SCoT data to classify the Hypericum.
species.
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