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ABSTRACT: The genus Viburnum (Adoxaceae) comprises deciduous broad-leaved shrubs with a thicket-
like growth habit, and globally about 150-200 species are recognized. In Korea, several native Viburnum
taxa have recently been listed as threatened, emphasizing the need for robust genetic information to support
conservation and management. This study aimed to evaluate genetic diversity and interspecific
relationships among 33 Viburnum taxa and to establish a practical framework for their identification and
management using start codon targeted (SCoT) markers. SCoT markers were chosen because they are easier
to apply than simple sequence repeat (SSR) and generally provide richer nuclear variation than chloroplast
DNA (cpDNA), offering a simple yet informative tool for distinguishing closely related members of this
shrub genus. Seventeen SCoT primers produced 489 polymorphic bands, revealing substantial nuclear
variation among the 33 Viburnum taxa. An unweighted pair-group method with arithmetic mean (UPGMA),
we grouped the 33 accessions into four major genetic clusters, and this clustering pattern was in good
agreement with the structure inferred from principal component analysis. These clusters highlighted the
genetic isolation of the V. plicatum group and the close affinity of the V. carlesii complex, while also indicating
complex relationships among East Asian species. In contrast, V. plicatum formed Cluster IV, highlighting the
taxonomic positions of these lineages and their potential priority for conservation and breeding. Overall, the
results demonstrate that SCoT markers provide an efficient, operationally simple system for discriminating
between closely related accessions and major genetic lineages within Viburnum. The SCoT-based approach
developed here provides baseline information for species and cultivar identification. It also supports
germplasm conservation and the selection of genetically divergent parents for future breeding programs.
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1. Introduction

The genus Viburnum (Adoxaceae) comprises about 150-200 shrub species in the temperate and
subtropical regions of the Northern Hemisphere. These are plants of ecological and ornamental importance
[1]. In South Korea, 10 native Viburnum taxa have been reported, and several native Viburnum taxa are
considered vulnerable [2—4]. Among them, V. burejaeticum has been designated and protected as an
Endangered Wild Species Class II in South Korea since 2017 [5]. This situation highlights the need for
robust genetic information to support conservation and management at the national and institutional levels.

Morphology-based taxonomy alone has often been insufficient to resolve relationships among closely
related Viburnum taxa due to phenotypic plasticity and hybridization [6]. Therefore, a molecular approach
s required to achieve more reliable identification and to clarify taxonomic boundaries [1,7,8]. Chloroplast
DNA (cpDNA) and nuclear markers have been used to examine the phylogenetic and evolutionary
characteristics of Viburnum, including East Asian and Korean taxa. However, detailed interspecies
relationships are complex to specify, and a method for definitive discrimination of species characteristics
for collection is needed [3,9—12].

Marker selection, which reduces high polymorphism and analysis time in institutions that collect and
manage various plant genetic sources, is an attractive tool for identification, redundancy testing, and
representative conservation fields [13,14]. Start codon targeting (SCoT) markers are key PCR-based
markers that use primers designed around conserved ATG start codons to generate highly polymorphic,
reproducible banding profiles without prior sequence information [15-17]. These markers have been
applied to many crops and wild plants to evaluate genetic diversity and structure. They are simpler and
more efficient than SSR markers, which require time-consuming development of species-specific primers
[12,13,18]. Markers such as SCoT are handy for resolving relationships in Viburnum, as cpDNA often
shows limited sequence divergence between closely related taxa [10].

This study aims to provide a SCoT-based genetic information for the Viburnum Collection at Seoul
Botanic Park. This study investigates two main groups: the V. carlesii complex (V. carlesii, V. x burkwoodlii,
V. x carcalcephalum, V. carlesii var. botchiuense, and V. botchiuense). This complex enables detailed
analysis within closely related lineages. It includes a variety of V. plicatum forms and varieties (e.g.,
‘Rosacea’, ‘Lanarth’, and ‘Summer Snowflake’) that differ significantly in branch structure and
inflorescence morphology. Using SCoT primers, 33 Viburnum species were analyzed with Lonicera
Jjaponica as an outgroup, providing basic data for identification, systematic management, and off-site
conservation of collection plants.

2. Materials and Methods
2.1. Plant Materials and Genomic DNA Extraction

A total of 33 Viburnum taxa [19-21] and L. japonica (Caprifoliaceae) as the outgroup were analysed
(Table 1). These 33 taxa were selected to represent the major infrageneric sections of Viburnum occurring
in Korea and to span the diversity from wild native species (e.g., V. furcatum, V. wrightii) to two focal taxa
of high conservation and horticultural importance, V. burejaeticum and V. setigerum, which are priority
targets for ex situ conservation in Korea [16,18]. L. japonica was used as the outgroup because it belongs
to the order Dipsacales, as does Viburnum, but is placed outside Adoxaceae, providing a closely related yet
distinct lineage for rooting the dendrogram [16].



Ecol. Divers. 2026, 3(1), 10002. doi:10.70322/ecoldivers.2026.10002

3of 11

Table 1. The thirty-three Viburnum Taxa and outgroup (L. japonica) used in the SCoT primer analysis.

No. Species/Cultivar Origin Breeding History Source Code *

1 Viburnum dilatatum ‘Daruma’ Horticultural selection unknown unknown RHS

2 V. dilatatum ‘Michael Dodge’ Horticultural selection unknown unknown RHS

3 V. erosum ‘Mongoloid’ Horticultural selection unknown unknown HORT
4 V. opulus var. sargentii Northeast Asia unknown unknown IPNI

5 V. opulus ‘Aureum’ Horticultural selection unknown  yellow-leaved cultivar RHS

6 V. opulus ‘Xanthocarpum’ Horticultural selection unknown  yellow-fruited cultivar RHS

7 V. opulus ‘Hallasan’ Korea unknown Korean selection K-HORT
8 V. X burkwoodii UK 1920s V. carlesii X V. utile TSO/RHS
9 V. x burkwoodii ‘Mohawk’ Horticultural selection  1960s selection from‘ .V' * RHS

burkwoodii
10 V. x burkwoodii ‘Conoy’ Horticultural selection unknown compact selection RHS
11 V. X burkwoodii ‘Park Farm Hybrid’ Horticultural selection unknown unknown HORT
12 V. carlesii Hemsl. Korea 1888 wild species IPNI
13 V. erubescens ‘Eskimo’ unknown unknown unknown UNK
14 V. opulus f. hydrangeoides Japan unknown morphological form IPNI
15 V. lantana ‘Variegatum’ Europe unknown variegated cultivar RHS
16 V. lentago Canada 1753 wild species IPNI
17 V. lobophyllum Gribn China 1901 wild species IPNI
18 V. bitchiuense Makino Japan 1902 wild species IPNI
19 V. cotinifolium D. Don Himalayan region 1825 wild species IPNI
20 V. burejaeticum China 1862 wild species IPNI
21 V. plicatum ‘Rosacea’ Horticultural selection unknown unknown HORT
22 V. plicatum f. plicatum ‘Pink Sensation’  Horticultural selection unknown unknown HORT
23 V. carlesii var. bitchiuense Korea/Japan unknown wild form IPNI
24 V. x bodnantense UK 1930s V. farreri X V. grandiflorum  TSO/RHS
25 V. x bodnantense ‘Dawn’ UK 1935 selection: ‘Dawn’ RHS
26 V. rhytidophyllum China 1888 wild species IPNI
27 V. rhytidophyllum ‘Variegatum’ Horticultural selection unknown variegated cultivar RHS
28 V. macrocephalum China 1847 wild species IPNI
29 V. setigerum Hance China 1882 wild species IPNI
30 V. plicatum f. tomentosum ‘Lanarth’ UK unknown selection HORT
31 V- plicatum . tomentosum *Summet Horticultural selection unknown unknown RHS
Snowflake’
32 V. japonicum Japan/Korea 1824 wild species IPNI
33 V. x carlcephalum USA 1950s V. carlesii x V. TSO/RHS
macrocephalum
Out . . . . .
L. japonica East Asia 1784 wild species IPNI
group

* Source codes: IPNI = International Plant Names Index; RHS = Royal Horticultural Society Plant Finder; TSO = Trees and
Shrubs Online; HORT = general horticultural sources; K-HORT = Korean horticultural sources; UNK = unknown.

Plant materials were sampled from accessions preserved at Seoul Botanic Park. Genomic DNA was
extracted from 0.2 g of fresh leaf material using the i-genomic Plant DNA Extraction Kit (iNtRon
Biotechnology, Seongnam, Republic of Korea). DNA was diluted to 20 ng/uL for subsequent PCR reactions.
The sampling design emphasizes two groups: the V. carlesii complex (including V. carlesii, V. x burkwoodlii,
V. x carlcephalum, V. carlesii var. bitchiuense, and V. bitchiuense), which allows fine-scale resolution of
relationships within a closely related lineage, and a diverse set of V. plicatum (e.g., ‘Rosacea’, ‘Lanarth’,
‘Summer Snowflake’) that differ markedly in branching architecture and inflorescence morphology.
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2.2. SCoT Marker Analysis

In this study, we initially screened 60 SCoT primers and selected 17 highly polymorphic and reproducible
primers for genetic analysis (Table S1), following previously described SCoT protocols with minor
modifications [15,16]. PCR amplification was performed in a total volume of 20 puL containing 20 ng genomic
DNA, 1x PCR buffer, 2.5 mM MgClz, 0.2 mM of each dNTP, 0.5 uM primer, and 1 U Taq DNA polymerase.
PCR conditions were as follows: an initial denaturation at 95 °C for 5 min; followed by 35 cycles of 95 °C for
1 min, 50 °C for 1 min, and 72 °C for 2 min; and a final extension at 72 °C for 10 min.

2.3. Gel Electrophoresis and Data Analysis

The amplified products were separated on 1.5% agarose gels at 130 V for 120 min. Bands were scored
in a binary format (1 = present, 0 = absent). Specifically, PCR products were separated on 1.5% agarose
gels, stained with Dyne Loading Star (Dyne Bio, Seongnam, Republic of Korea), and visualized under UV
light using a Gel Doc XR+ imaging system (Bio-Rad, Hercules, CA, USA). A 100 bp DNA ladder
(NanoHelix, Daejeon, Republic of Korea) was used as a molecular size standard. All PCR amplifications
were performed in triplicate independently to confirm the reproducibility of the banding patterns.

2.4. Statistical Analysis

Pairwise Jaccard distance coefficients were calculated from the binary matrix (Table S2) using
NTSYSpc version 2.2 (Exeter Software, Setauket, NY, USA) and used to construct a UPGMA dendrogram.
[22]. Principal component analysis (PCA) was performed on the Jaccard distance matrix to visualize multilocus
patterns of variation.

3. Results
3.1. SCoT Marker Polymorphism

A total of 60 SCoT primers were initially screened, of which 17 highly polymorphic and reproducible
primers were selected for genetic analysis, generating 489 polymorphic bands. All screened primers are
listed in Table S1, and the key characteristics of the 17 selected primers are summarized in Table 2. The
number of polymorphic bands per selected primer ranged from 19 (SCoT 45) to 35 (SCoT 18), with an
average of 28.76 bands per primer. Among these, SCoT34 and SCoT48 showed relatively high
polymorphism information content (PIC) and clear, reproducible banding patterns. They were therefore
chosen as representative examples for the gel image in Figure 1.

Table 2. Sequences and polymorphism statistics of the 17 SCoT primers used for genetic analysis of Viburnum taxa.

No. Primer Sequence (5'-3") Melting Tem. (°C)  GC Content (%)  Polymorphic Bands PIC
1 SCoT12 ACGACATGGCGACCACCG 59.8 61.1 33 0.38
2 SCoT 13 ACGACATGGCGACCATCG 59.3 61.1 31 041
3 SCoT 14 CAACAATGGCTACCACCT 62.5 66.7 33 0.36
4 SCoT 16 CAACAATGGCTACCACGC 58.1 61.1 33 0.35
5 SCoT 18 CAACAATGGCTACCACGT 61.1 66.7 35 0.35
6 SCoT34 ACCATGGCTACCACCGCA 60.3 61.1 31 0.44
7 SCoT45 ACAATGGCTACCACTGAC 53.2 50.0 19 0.38
8 SCoT47 ACAATGGCTACCACTGCC 56.3 55.6 22 0.38
9 SCoT48 ACAATGGCTACCACTGGC 56.3 55.6 21 0.41
10 SCoT 50  ACAATGGCTACCACTGGG 55.5 55.6 34 0.33
11 SCoT 51 ACAATGGCTACCACTGTC 53.2 50.0 33 0.33
12 SCoT 52  ACAATGGCTACCACTGCA 55.5 50.0 28 0.36

13 SCoT 53  ACAATGGCTACCACCGAC 56.0 55.6 29 0.39
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14 SCoT 54 ACAATGGCTACCACCAGC 56.3 55.6 29 0.33
15 SCoT 55 ACAATGGCTACCACTACC 52.5 50.0 26 0.37
16 SCoT59 ACAATGGCTACCACCATC 53.2 50.0 23 0.26
17 SCoT 60 ACAATGGCTACCACCACA 55.0 50.0 27 0.38
Total 489
Mean 28.76 0.36

(b) SCoT48
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Figure 1. SCoT banding patterns of 33 Viburnum accessions and the outgroup were generated with primers SCoT 34 (a) and
SCoT 48 (b). M, 100 bp DNA ladder with size markers from 100 to 2000 bp indicated on the left (a) and right (b); lanes 1-33
correspond to the Viburnum accessions listed in Table 1, lane 34 represents the outgroup, and lane 35 was not used in the analyses.

The PIC values ranged from 0.26 to 0.44, with a mean of 0.36. According to commonly used criteria,
markers with PIC values between 0.25 and 0.50 are considered moderately informative, whereas values
below 0.25 indicate only slightly informative markers [23]. Thus, the SCoT primers used in this study are
moderately informative and provide sufficient discriminatory power for diversity and relationship analyses
in this collection. The high number of polymorphic bands per primer indicates that a compact SCoT primer
set can effectively capture genetic variation across the 33 Viburnum taxa.

3.2. Genetic Similarity and Phylogenetic Analysis (UPGMA)

The UPGMA dendrogram separated the Viburnum taxa from the outgroup, L. japonica (Figure 2).
Cluster analysis indicated substantial genetic differentiation, with four distinct clusters being recognized at
a similarity coefficient of 0.46: Cluster I contained 23 accessions, Cluster II 3, Cluster III 2, and Cluster IV
5 accessions. The largest group (Cluster I) encompassed the majority of species, whereas Clusters [I-IV
represented more restricted assemblages. The clustering pattern broadly corresponded to traditional
infrageneric sections (Tomentosa, Odontotinus, Lentago, Euviburnum, and Opulus), although several taxa
showed placements inconsistent with morphology-based classification. Pairwise Jaccard distances among
the 33 Viburnum taxa (and L. japonica as outgroup) are given in Table S2.
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Figure 2. UPGMA phylogram inferred from SCoT primer data for 33 Viburnum taxa, with L. japonica as the outgroup. Branch
lengths are proportional to Jaccard distance among taxa (scale bar). Taxon numbers correspond to those listed in Table 1, and
taxa are color-coded according to traditional section classification. Numbers above branches indicate bootstrap support values
(%) based on 1000 replicates (only values >50% are shown).

Within this structure, the V. carlesii complex (including V. carlesii, V. % burkwoodii, and V. bitchiuense)
consistently formed a subgroup in Cluster I. In contrast, V. plicatum and its forms and cultivars were placed
together in Cluster IV as a clearly separated group, emphasizing how divergent they are from the remaining taxa.

Several species, such as V. dilatatum, V. erosum, and V. wrightii, showed intermediate positions within
Cluster I, suggesting partial admixture within this cluster. V. japonicum grouped most closely with V.
burejaeticum in Cluster I1II.

3.3. Principal Component Analysis (PCA)

The first two principal components explained a substantial proportion of the total variance (PC1: 26.5%,
PC2: 15.8%), allowing a clear visualization of genetic relationships among the accessions (Figure 3). Most
Viburnum taxa were widely scattered along the two PCA axes, indicating substantial genetic diversity
within the genus. In contrast, members of the V. carlesii complex were clustered closely together, whereas
V. plicatum occupied a more distant position. This distribution pattern is consistent with the relationships
inferred from the UPGMA dendrogram.

Within the V. carlesii complex, putative hybrids such as V. x burkwoodii and V. % carlcephalum
occupied intermediate positions between their parental taxa, consistent with their hybrid origin. In contrast,
V. plicatum accessions were more widely distributed along the PC1 axis, indicating clear separation from
the V. carlesii complex but relatively weak structure within the V. plicatum group itself. This distribution
pattern was similar to the clustering pattern observed in the UPGMA dendrogram.
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Figure 3. Principal component analysis of Viburnum taxa with L. japonica as the outgroup (red cross). Sample numbers
correspond to those in Table 1.

4. Discussion
4.1. Effectiveness of SCoT Markers

The high level of polymorphism observed in this study (489 polymorphic bands; mean PIC of 0.36)
indicates that the selected SCoT primers are highly informative and reliable for assessing genetic diversity
within Viburnum. These values lie at the upper end of the ranges reported for SCoT markers in crop and
woody species, supporting the strong discriminating power of this marker system for germplasm
characterization [15,16].

4.2. Interspecific Relationships and Taxonomic Implications

The UPGMA dendrograms and PCA arrays revealed well-structured interspecific relationship patterns
that are mainly consistent with the proposed morphology and DNA-based classification of Viburnum
species [1,7,9,10]. The four genetic clusters (I-1V) showed broad concordance with traditional infrageneric
sections, as Cluster IV (V. plicatum group) corresponds to section Tomentosa, and Cluster II (V. lentago,
V. lantana, V. erabescens) to section Lentago [10]. The tight clustering of the V. carlesii complex confirms its
close taxonomic affinity. Indicates that relatively few, well-defined lineages can capture much of the genetic and
morphological variation represented by these taxa, which is advantageous for targeted breeding and ex situ
conservation planning [1,9,11,12,18]. By contrast, East Asian species such as V. dilatatum, V. erosum, and V.
wrightii showed partially intermixed positions within the main cluster, whereas V. japonicum grouped with
V. burejaeticum in Cluster III. These relationships are not entirely consistent with current morphological



Ecol. Divers. 2026, 3(1), 10002. doi:10.70322/ecoldivers.2026.10002 8 of 11

classifications. Together, suggesting a complex evolutionary history and possible historical hybridization
among East Asian Viburnum lineages. These patterns indicate that multiple, partially diverged lineages
coexist within East Asian Viburnum, and that conservation and taxonomic work in this group should
explicitly account for this hidden evolutionary complexity [3,4,8—10].

The genetic isolation of V. plicatum (Cluster IV) is particularly noteworthy. Although morphologically
classified within section Tomentosa, V. plicatum and its cultivars formed a strongly supported
monophyletic group, markedly distant from all other clusters. These patterns support a unique systematic
position and are consistent with the characteristic stratified horizontal branch described in taxonomic and
horticultural treatments, as well as with striking sterile marginal flowers [7,10,24]. The strong genetic
isolation of the V. plicatum group, together with its distinctive branching architecture and showy sterile marginal
flowers, suggests a long-term divergence from other Viburnum lineages and supports its recognition as a distinct
conservation unit and a valuable source of genetically divergent parents for breeding [1,10].

The close association of V. burejaeticum with V. japonicum in Cluster III likewise highlights their
genetic differentiation from other East Asian taxa. It suggests that this lineage represents an evolutionarily
and conservationally important component of Viburnum diversity that has so far received relatively little
detailed genetic study [1,3,4,9].

4.3. Implications for Conservation and Breeding

The genetic marker information selected here may provide basic information for the discrimination,
conservation, and management of plants of the genus Viburnum maintained at the Seoul Botanic Park
[9,10,24]. In particular, identifying genetically distant lineages such as V. plicatum and V. burejaeticum can
help minimize redundancy within the collection [1,3,4,10]. These patterns indicate that multiple, partially
diverged lineages coexist within East Asian Viburnum. They also suggest that conservation and taxonomic work
in this group should explicitly account for this hidden evolutionary complexity [9,25].

The substantial genetic distances observed between clusters (Table S2) provide a framework for
selecting genetically diverse parental combinations in future breeding programs. For example, some of the
highest pairwise Jaccard distances in Table S2 occur between members of the V. plicatum group (Cluster
IV; e.g., V. plicatum f. tomentosum ‘Lanarth’, no. 30) and taxa in the V. carlesii complex (Cluster I; e.g.,
V. carlesii, no. 12, and V. burkwoodii, nos. 8—11), indicating that such inter-cluster combinations would
maximize nuclear genetic divergence in breeding crosses. Inter-cluster crosses, particularly those involving
the genetically isolated V. plicatum lineage (Cluster IV), may maximize genetic diversity in hybrid
offspring [1,7,10,12]. In particular, genetically isolated lineages such as the V. plicatum group and the V.
burejaeticum-V. japonicum lineage should be given high priority in conservation programmes. They can
serve as strategically important parents for generating hybrids with novel combinations of ornamental and
adaptation-related traits [11,12,26].

Moreover, V. burejaeticum (no. 20) shows consistently high genetic differentiation from the main East
Asian cluster, reinforcing its status as a genetically unique lineage and a priority candidate for conservation-
oriented breeding together with V. japonicum (no. 32) in Cluster III [3,4,9]. Distinct genetic differences
between major clusters may indicate new allelic combinations that could be beneficial for resource
conservation. Furthermore, crossbreeding between genetically distant taxa may facilitate the development
of ornamental cultivars with novel or improved traits [12,26-28].

4.4. Future Perspectives

Future research should integrate these SCoT-based results with additional molecular approaches, such
as ISSR, SSR, and SNP markers, which have already been developed or applied in Viburnum and provide
complementary, codominant information on allelic and lineage variation [12,18,26]. Combining such
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multilocus molecular data with detailed morphological, anatomical, and ecological trait analyses is
expected to yield a more highly resolved phylogenetic framework and help clarify remaining taxonomic
uncertainties within the genus [1,7,9,10]. In addition, plastid phylogenomic work on Adoxaceae suggests
that including additional outgroups from closely related genera would improve root placement and allow
more rigorous tests of Viburnum monophyly in future phylogenetic analyses. In this context, Sambucus
(Adoxaceae) could serve as an appropriate outgroup candidate [3].

Integrating these SCoT data with chloroplast sequences and newly developed SSR markers from the
Viburnum collection at Seoul Botanic Park will enable finer-scale inference of demographic history, gene

flow, and population structure, thereby strengthening both taxonomic and conservation applications in
Viburnum [3,12,18,29].

5. Conclusions

This study provides the first systematic application of SCoT markers to assess genetic diversity and
interspecific relationships in the genus Viburnum. Using 17 SCoT primers, we detected 489 polymorphic
bands across 33 Viburnum taxa, including several endangered and vulnerable native species. We resolved
four distinct genetic clusters that clearly separated Viburnum from the outgroup Lonicera japonica.

The cluster pattern well reflected the independent systematic location of V. plicatum and the close
relationships in the V. carlesii complex. While revealing partially mixed groups of East Asian taxa and
distinct V. japonicum and V. burejaeticum taxa in cluster I1I, consistent with complex evolutionary histories
in these taxa. These results provide practical genetic markers that can be utilized for taxonomic
identification and help refine ex-situ strategies by selectively obtaining genetically unique lineages and
contributing to reducing intra-cluster duplication.

The pronounced genetic differentiation between the major clusters indicates that significant genetic
variation exists that has not yet been fully utilized in ornamental breeding. Crossbreeding between
genetically distant taxa may promote the development of varieties with new combinations of adaptation-
related traits and horticultural/corrosive traits. Overall, the SCoT-based framework developed here will support
long-term conservation planning, germplasm management, and the strategic selection of breeding parents in
Viburnum. Furthermore, this study highlights the value of SCoT markers as an efficient tool for managing
woody ornamental plant germplasm. It provides basic data to support long-term conservation plans for
some Viburnum resources, including endangered taxa.
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