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Abstract: Chrysanthemums represent the second most important cut flower after rose on the global
commercial market. The phenomenal importance and global popularity of chrysanthemums have
attracted breeders’ attention, resulting in the release of vast numbers of cultivars. Identifying these
cultivars is crucial to protecting breeders” intellectual property rights and improving the efficiency of
breeding. Distinguishing chrysanthemum genotypes based on their morphological characteristics
is challenging as they vary highly within this group, hence requiring the use of efficient molecular
markers. In this study, we evaluated the genetic diversity of 57 spray-type chrysanthemum cultivars
bearing white, ivory, and cream-colored flowers. A total of six loci were evaluated regarding their
polymorphism efficiency across the tested cultivars. Allele numbers ranged from 2 to 6, with a
mean of 3.5 alleles per locus. The average polymorphism information content (PIC) was 0.53 for
six SSR markers. Cluster analysis of genetic relationships using the UPGMA method showed a genetic
distance of 0.31 to 1.00, and the 57 white variants of chrysanthemum cultivars were characterized
using the tested SSR markers. However, two sets of cultivars, namely, Pure Angel-Neba and
Ladost-White wing, exhibited total genetic similarity and hence could not be discriminated. These
results provide efficient SSR markers that can be used to identify chrysanthemum cultivars (and
assess their genetic relationships) that cannot be discriminated based on phenotype.
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1. Introduction

Chrysanthemums (Chrysanthemum morifolium), belonging to the family Asteraceae, are
the second most popular ornamental crop after roses and account for the largest share of
cut flower production across the global flower market [1]. The total revenue of the floral
market was valued at 4.8 billion euros in 2019, and, despite the global pandemic caused by
SARS-CoV-2, the annual trade of the flower market has since increased to 5.6 billion euros.
Within this figure, the global cut flower turnover of chrysanthemums was estimated to
account for 313 million euros (surpassed by roses, accounting for 634 million euros) in
2021 according to the Royal FloraHolland auction [2]. Their vibrant flower colors with a
vast diversity in floral phenotype render chrysanthemums an excellent ornamental plant
with high aesthetic value. They have been used as cut flowers, potted ornamental plants, a
form of ground cover, and for landscaping [3]. Various chrysanthemum species contain
substantial amounts of biologically active components and are used for dietary and medici-
nal purposes in Asia. Flower heads from Chrysanthemum morifolium and Chrysanthemum
indicum possess highly nutritive and phytochemical components, which have been used as
medicinal tea and for cosmetic purposes [4-6]. These components have been widely used to
treat headaches, dizziness, and toxin-induced swelling. They have been reported to possess
anti-bacterial, anti-oxidant, anti-inflammatory, and anti-arthritic properties [7,8]. Also,
chrysanthemum leaves and stems contain major bioactive components similar to those
of the flower heads including flavanoids, terpenoids, volatile oils, polysaccharides, and
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phenols [9-11]. These medicinal properties have been attributed to the presence of the main
components of these parts, such as flavanoids. Among these flavanoids, linarin is reported
to be the major flavone contributing to the medicinal properties of chrysanthemums [12,13].
In addition, flavanoids from chrysanthemum exhibited anti-tumor effects on MKN45 cells,
showing the plant’s potential as an anti-tumor therapy for gastric cancer [4]. Chrysan-
themum species generally possess ploidy levels ranging from diploid to decaploid [14].
However, cultivated chrysanthemums are usually hexaploids, but they also exhibit aneu-
ploidy, constituting a stable conformation of 2n = 6x = 54. The allohexaploid background
and complex genome of the cultivated chrysanthemum results in a remarkable diversity of
floral colors, shapes, and architecture [15,16]. Genetic improvement and research regarding
chrysanthemums are lacking due to the plant’s self-incompatibility and outbreeding nature.

The increasing annual demand for chrysanthemums globally compels breeders and
researchers to produce cultivars with novel floral attributes. Substantial inbuilt genetic
variations that can be easily manipulated via vegetative cultivation methods led to the
development of a wide array of varieties, which resulted in the commercialization of
hundreds of cultivars with diverse phenotypic variations [17]. Based on the adjustment in
the required photoperiodism, the year-round breeding of these diverse cultivars has been
improved to meet the increasing demand for these plants [18]. Although the morphological
characteristics, including floral color, shape, and size, of each chrysanthemum variety are
evaluated, a vast number of cultivars are commercialized with similar floral morphological
features, making them difficult to discriminate solely on the basis of morphology. This
is because these morphological characteristics can originate from distinct environments
and are highly unstable. The commercialization of a vast number of chrysanthemum
cultivars with similar morphological characteristics poses a major concern regarding the
incorrect labelling of cultivars since there are numerous identical names among the local
varieties. The substantial diversity of these varieties poses a major challenge with regard
to identifying and classifying the cultivars on the market [19]. Apart from the floral
color of the cultivars, floral shape also offers high aesthetic value. The ornamental floral
part of a chrysanthemum called the capitulum is composed of a hermaphroditic central
disc, which is either green or yellow, and male sterile marginal ray florets, which exhibit
diverse colors specific to a given cultivar. Diverse combinations of the size of the petal, the
number of ray florets, and floral organ fusion result in different flower types, like single,
double, anemone, pompon, spoon, windmill, and pine needle [20]. The identification of
cultivars with a similar flower color and shape is critical for chrysanthemum breeding,
cultivar registration, trade, genetic improvement, and introduction into the market. The
current method of discriminating cultivars based on phenotype is insufficient due to their
enormous morphological diversity, rendering the overall process less informative and more
time consuming. Also, phenotypic characteristics are multigenic, manifesting only during
a particular growth phase, which is regulated by environmental factors, thus hindering the
ability to assess them. Hence, the genetic characterization of chrysanthemumes is required
for the classification and accurate identification of cultivars in order to guarantee breeders’
intellectual property rights [21].

Molecular markers offer researchers the ability to assess the genetic diversity within
the germplasm and discriminate and identify cultivars. Genetic studies on chrysanthe-
mums have employed a wide variety of markers [5,22,23]. However, simple sequence
repeat (SSR) markers, which are widely used to study population genetics, are multi-allelic,
abundant, co-dominant, and highly sensitive, enabling easy scoring in contrast to other
markers that are dominant, non-reproducible, and laborious [23,24]. Among the spray- and
standard-type chrysanthemumes, the spray-type plants are genetically capable of producing
a greater number of flowers per plant. The wide range of diverse colors and shapes of
spray-type chrysanthemums are highly desired, as cut flowers fetch high market prices. A
large number of spray cultivars of identical flower types and colors are commercialized
annually. The application of SSR markers is efficient for the evaluation of genetic diversity
and the discrimination of cultivars as SSR markers are polymorphic; additionally, they
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offer locus specificity, high reproducibility, and technical simplicity [25]. SSR markers have
been previously used for the discrimination of cultivated chrysanthemum cultivars [26,27];
Shim et al. [28] used 14 SSR markers to assess the genetic characterization of
147 chrysanthemum cultivars. About 11 standard-type chrysanthemum cultivars were
discriminated using two SSR markers [29]. Han et al. [30] developed the SSR database for
chrysanthemum used to discriminate chrysanthemum cultivars. However, considering
the vast number of chrysanthemum cultivars, the use of SSR markers to discriminate them
has been relatively uncommon. In this study, we performed the genetic characterization of
white-colored variants of different spray-type chrysanthemum cultivars in order to classify
and discriminate them using SSR markers.

2. Materials and Methods
2.1. Plant Material

A total of 57 white, ivory, and cream-colored spray-type chrysanthemum cultivars
were evaluated. Rooted plantlets were raised and maintained under natural greenhouse
conditions at National Institute of Horticultural and Herbal Science (NIHHS), Korea. Plants
were provided artificial light at an intensity of 100 umol photons m~2 s~! for 6 h on the
initial 40 days, with a daily photoperiod of about 14 h to 16 h. Relative humidity and
temperature of the green house was constantly maintained at 22 £ 5 °C and 70-75%,
respectively. About ten plants from each variety were used for SSR analysis.

2.2. Genomic DNA Extraction

Fresh samples of leaves from the spray-type cultivar plants were collected and frozen
in liquid nitrogen, and DNeasy Plant Mini Kit (Qiagen, Hilden, Germany) was used to
extract the genomic DNA. DNA quality and quantity were evaluated using Quick Drop
(Molecular Devices, CA, USA). A total of 25 ng uL.~! of Diluted DNA was used for SSR
analysis.

2.3. Analysis of SSR Markers via ABI Genetic Analyzer

A total of six primers were employed for the differentiation of 57 spray-type chrysan-
themum varieties. Primer pairs with higher polymorphism from previous studies were
used (20,22). List of primers’ details is presented in Table 1. PCR products were labelled
using the M13 tailing method [31]. PCR analysis was performed by amplifying 25 ng of
DNA in 20 uL PCR reaction volume containing 0.4 mM of dNTPs, Taq DNA polymerase
(0.3U) coupled with 1x buffer, and 8 pmol (5" FAM labelled) of primers. PCR was run by
applying the following cycling conditions: 5 min of 94 °C; 35 cycles of 94 °C, 58 °C, and
72 °C for 60 s, 30 s, and 45 s, respectively; and a 30 min final extension at 72 °C. PCR
product (2 uL) was initially analyzed via gel (2.5%) electrophoresis. All the primers pro-
duced clear and scorable amplification patterns. PCR analysis was performed at least thrice
to determine reproducibility. For genetic analysis, 1 pL of each PCR product was mixed
with 10 pL of Hi-Di formamide and 0.12 pL. of GeneScan-500 ROX internal size standard
per well; the resulting mixture was then analyzed using an ABI PRISM 3100XL Genetic
Analyzer (Appplied Biosystems). GeneMapper (Version 3.7) software was used to read the
fragment sizes of the PCR fragments of the corresponding SSR loci.

Table 1. Details of six SSR primer pairs that were screened to discriminate the 57 spray-type white
chrysanthemum cultivars.

Primer sequence

No Marker Repeat Motif
Forward Reverse
1 ChSSR_51 CCCCCTCTTCTTCTTCAACC CAATAGAAAGCGCGTGACAA (CCAA),
2 ChSSR_4 ACAGTACACACACAGCCAACAC  GTAATGCTTCCGTCTGCATAGC (CAA),
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Table 1. Cont.
Primer sequence
No Marker Repeat Motif
Forward Reverse
3 ChSSR_7 AGGCCCAACTTTATTCACCC CCAAATCCAATCTCCGGC (GAG)4
4 ChSSR_16 ACAAGTAGTAGGAGGAGGAGGA CAGTGTAGCCGGTACAGAAGA (AGT)s
5 ChSSR_40 GACGGATTTTGAGCTTGGAG GAACCAATAATCCCGACACC (TA)13
6 ChSSR_42 CAAAGTACTACCAAACGCGG GTAACATTGAGGGTGTAGCAGC (CA)g

2.4. Data Analysis

Microsatellite allele data, including the total allele number, heterozygosity, genetic
diversity, allele frequency, and polymorphism information content (PIC) were analyzed
using Power Marker software v3.25 [32]. The SSR amplification bands were scored as fol-
lows: 1 for present and 0 for absent. Unweighted pair group method of arithmetic averages
(UPGMA) was performed for the cluster analysis of genetic similarity, and DendroUPGMA
software was used to obtain a dendrogram. Principle Component Analysis (PCA) was
performed using PAST (v3.26) software with a bootstrap frequency of n = 500.

The number of subpopulations in the tested chrysanthemum germplasm was esti-
mated by performing population structure analysis using STRUCTURE software (v2.3.4)
(Stanford University, CA, USA) [33]. The model-based clustering carried out by
STRUCTURE provided information about the origin and admixture of the alleles among
the cultivars tested. The burn-in length and Markov Chain Monte Carlo (MCMC) iterations
were 10,000 and 20,000, respectively [34]. The cultivars were tested for K= 1 to K = 10 using
the “admixture model’. To quantify the variation in likelihood for each subpopulation (K),
fifteen independent runs were evaluated for each fixed K. The appropriate K value was
determined from LnP(K) value and the method based on the second order rate of change
of likelihood (AK) [33-35]. The true K value was determined according to the peak value
of the AK plot. Calculations and graph construction were performed using STRUCTURE
HARVESTER [36].

3. Results
3.1. Genetic Variation of SSR Markers

A total of 57 spray-type chrysanthemum cultivars with white, ivory, and cream flo-
ral colors were characterized using SSR markers. A list of the cultivars with different
flower types is shown in Table 2. Among these, 38 cultivars bore white-colored flowers,
17 cultivars had ivory-colored flowers, and 2 cultivars possessed cream-colored flowers
(Figure 1). A total of six loci were evaluated with respect to their efficiency of polymor-
phism across the selected 57 cultivars. All these SSR markers showed polymorphisms
among the chrysanthemum cultivars (Figure 2). Among these, two markers individually
amplified six and four alleles, followed by three alleles, each amplified by three markers,
and one marker amplified two alleles. A total of about 804 scorable bands were obtained for
32 different alleles in the genetic variation analysis of six SSR markers. The average allele
number was 3.5 per locus, with the range of allele numbers spanning from 2 (ChSSR_7)
to 6 (ChSSR_16) alleles. The allele size of the markers ranged from 142 to 274 bp. The
observed heterozygosity (Hp) range was about 0.67 to 0.80, with a mean of 0.75. The major
allele frequency (Mr) ranged from 0.34 to 0.65, with an average of 0.50 per locus (Table 3).
The gene diversity [37] of the 57 chrysanthemum cultivars with respect to the tested SSR
markers was about 0.52 to 0.76, with a mean of 0.57. The PIC values were not uniform
among the markers, and the PIC values of the six SSR markers were in the range from a
low of 0.33 (ChSSR_51) to a high of 0.73 (ChSSR_16), with a mean PIC of 0.53 (Table 3).
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Table 2. List of cultivars used in the study (arranged according to their flower type).
Single Pompon Anemone Semi-Double Double
Chance, Dancer, Herby,
Jerry, White Pangpang,
Neba, Roadies, Moya,
Mini, Mintee, Bacadi,
Snow Dream, Water Poke,
Jerry, Castella, Campus, Ping Pong,
Crystal, Toronto, Pasta, White Pompon, Swan. Ladost
Polla, Husky, White Mirie, ~Roletta, Super Crear,n Ford
White Andy, Oh Blang, Pompon, Gib ’F ’t Moon Festival Linekar
Pure Angel, Innocence Siberia 1bacg, rores
ey . . ’ Aroma, Puma
Snow Ball, White Wing, Pingpong, ’
Angel, Arctic Queen, Snow Pop

Chopin. Euro Speedy,
Euro, Inga, Mallorca,
Mannadu, Bolla, Sarah
Coba, Shahsuin, Prosecco,
Derilla, Dalia Cream

Figure 1. Spray-type white-colored chrysanthemum cultivars used in this study. (a) White Wing;
(b) Innocence; (¢) Oh Blang (Single-type); (d) Arctic Queen; (e) Euro; (f) Euro Speedy (Double type)
(g) Forest Aroma; (h) Inga; (i) Energy (Anemone type); (j) Snow Pompon (Pompon type); (k) Moon

Festival (Semi-Double type).
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Figure 2. Representative images of PCR amplicons of chrysanthemum varieties amplified by the
six SSR markers run on agarose gel.

Table 3. Summary of microsatellite allele data, including number of alleles, major allele fre-
quency, observed heterozygosity, polymorphism information content, and gene diversity, revealed in
57 white-colored spray-type cultivars using six SSR markers.

Gene
. 1 § ¥
S.No. Marker Product Size (bp) No. of Alleles Mar Ho PIC Diversity
1 SSR_51 197-252 3 0.63 0.75 0.33 0.44
2 KChSSR_4 248-274 4 0.36 0.80 0.67 0.69
3 KChSSR_7 240-267 2 0.65 0.67 0.35 0.44
4 KChSSR_16 185-194 6 0.34 0.80 0.73 0.76
5 KChSSR_40 146-152 3 0.45 0.67 0.61 0.56
6 KChSSR_42 142-170 3 0.59 0.80 0.51 0.52
Mean 3.5 0.50 0.75 0.53 0.57

1 Major allele frequency; § observed heterozygosity; ¥ polymorphism information content.

3.2. Analysis of Genetic Relationships between the Cultivars

The genetic relationships of the 57 spray-type varieties of chrysanthemum were evalu-
ated. The Jaccard’s similarity coefficient for all the tested SSR markers ranged from 0.31 to
1.00. An UPGMA-based dendrogram revealed the grouping of all 57 cultivars into three
major clusters (Clusters I, II, and III) at a similarity coefficient of 0.41 (Figure 3). The seven
cultivars that constituted Cluster I included three single-type white-flowered cultivars,
three single-type ivory-flowered cultivars, and one anemone-type ivory-colored cultivar.
Cluster IIT consists of an ivory single and a pompon cultivar, a white double cultivar,
and two single-type cultivars, whereas Cluster II was a larger group consisting of about
forty cultivars, with a higher number of white single cultivars [22], four anemone-type
cultivars, four pompon-type cultivars, and one semi-double-type cultivar. Ivory-colored
cultivars were represented by six single-type and four pompon-type cultivars. Both of the
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cream-colored cultivars tested were grouped in Cluster II. However, two cultivars, namely,
Swan (a white anemone type) and Mannadu (an ivory single type), were divided separately,
failing to form a group. A principal component analysis (PCA) plot was developed for
the 57 cultivars using six SSR markers (Figure 4). The pattern of grouping in the PCA plot
correlates with the cluster analysis derived via the UPGMA dendrogram and shows results
that match those of the dendrogram.

11 ArcticQueen =
" 15 Euro Speedy
= 33 Chance
> Jerryl Cluster |
52 Jerry2
- Puma
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Swan =
20 Sarah Coba
56 DaliaCream
3 Dancer
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ure Angel
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8 T Gibaeg
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Ford
23 Siberia
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o
w

Cluster Il
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4 Chopin
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ni
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i Eamesn
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3 Herbby
g 36 Roletta Cluster III

Ing_a
White Andy

~
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0.31 0.41 0.52 0.68 0.73 0.85 1.00
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Figure 3. Dendrogram depicting the classification of 57 spray-type white chrysanthemum cultivars
constructed using UPGMA analysis based on six SSR markers. The clusters are marked on the right
side of the dendrogram. The scale at the bottom is the Jaccard’s coefficient of similarity. Bootstrap
values are given as nodal values along the branches.

3.3. Population Structure Analysis

Relationships among the 57 white spray cultivars were tested via population structure,
analysis which allows one to identify the presence of subpopulations and admixtures.
The numbers of genetically distinct populations (K) and admixtures were estimated using
the STRUCTURE program. The AK algorithm analysis showed that the mean AK values
reached a maximum at K = 2 among the 15 runs. Hence, the most appropriate value
was considered to be K = 2, which indicates two subpopulations (Figure 5). The mean
value admixture plots from the 15 independent runs for K = 2 and K = 3 are shown in
Figure 6a,b. At the optimal K = 2, all 57 cultivars were grouped into two subpopulations.
Group 1 includes a total of 32 cultivars, and Group 2 consists of 25 cultivars. Among these
cultivars, twenty-four single-, one semi-double-, one double-, three pompon-, and three
anemone-type cultivars constituted Group 1, whereas Group 2 was made up of eighteen
single-, four pompon-, and three anemone-type cultivars.
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Figure 4. Plot showing the principal component analysis (PCA), which was evaluated using PAST
(v3.26) software with a bootstrap frequency of n = 500, conducted on 57 spray-type white chrysanthe-
mum cultivars based on six SSR markers.
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Figure 5. Graphical representation of estimation of the best subpopulation numbers based on the
appropriate K value. (a) Mean L (K) (£SD) over 15 runs for each K value; (b) rate of change
of likelihood distribution; (c) absolute value of the second-order rate of change of the likelihood
distribution; (d) mean of AK values of 15 independent runs, with K = 1 to K = 10 based on LnP(K)
values. The mean of AK among the 15 runs reached a peak at K = 2.
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(b)

Figure 6. Image representing the population structure for (a) K = 2 and (b) K = 3 for the
57 chrysanthemum cultivars tested. Each colored bar represents one test object according to the group
to which it belongs.

4. Discussion

The chrysanthemum species, with its large, complex genome, exhibits hexaploid-
based aneuploidy. More than 200,000 chrysanthemum cultivars are developed by breeding
around the world and commercialized [38]. The discrimination of several hundreds of
cultivars is highly difficult because the majority have similar morphological characteristics.
Molecular markers constitute an efficient tool for the assessment of genetic characterization
and the identification of a wide variety of cultivars. In this study, the genetic diversity of the
57 cultivars, including white, ivory, and cream-colored cultivars of single, double, pompon,
and anemone flower types, was analyzed using six SSR markers. These six SSR markers
generated 2 to 6 alleles with an average of 3.5 alleles per locus. The allele number per SSR
locus is comparable with other results reporting an average of 2.7 alleles and 5.6 alleles
per locus in 11 and 147 varieties of chrysanthemum tested with 7 and 14 SSR markers,
respectively [29,30]. The degree of polymorphism (PIC) for the 57 white chrysanthemum
cultivars with respect to six SSR markers was an average of 0.53, which is similar to that
related in previous reports for chrysanthemum cultivars. However, higher PIC values of 0.9
and 0.88 were also observed for 32 and 88 chrysanthemum cultivars, respectively [39,40].
Since the PIC is used to evaluate the discriminatory ability of molecular markers and
estimate the genetic diversity of genotypes, the variation in the PIC values among different
chrysanthemum genotypes could be attributed to the genetic diversity of the genotypes
and the variation in the tested number of SSR loci. The SSR markers used here enabled the
characterization of the majority of chrysanthemum cultivars into moderately supported
clusters and sub-clusters based on the UPGMA dendrogram, which revealed three clus-
ters. Cluster I consisted of seven cultivars, Cluster II was a major group constituting
forty-four cultivars, and Cluster III contained five cultivars. Group I included all single-
type cultivars, except one anemone-type cultivar. Group II comprised five anemone,
six pompon, and two semi-double varieties, while the remaining thirty-one varieties were
single-type cultivars. Group III included one pompon-, one double-, and three single-type
cultivars. However, Mannadu is a single-type cultivar that did not fall into any of these
clusters and was separated individually. The SSR markers in the present study were ob-
served to be effective in isolating the tested white-colored cultivars individually. However,
Cluster I and Cluster II of the UPGMA dendrogram have a relatively lower degree of
resolution, indicating weaker branch support between these clusters. Nevertheless, PCA
analysis revealed the respective clusters clearly compared to the UPGMA dendrogram.
This suggests that the tested number of loci were not sufficient to characterize all the
cultivars; hence, an increased number of SSR markers might have to be employed to
delimit the cultivars with stronger resolution. Also, four cultivars, namely, Pure Angel,
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Neba, Ladost, and White Wing, showed total genetic similarity. The relatively low genetic
diversity of these cultivars suggests their development with a narrow genetic background.
Two cultivars among the eleven standard types exhibited genetic similarity [25]. Analysis
of genetic identity among the varieties is useful for the protection of breeders’ intellectual
property rights. The standard chrysanthemum varieties Pingpong and White Runner have
shown higher degrees of genetic similarity that preclude discrimination [30]. In contrast,
Feng et al. [41] reported a genetic distance of 0.97, proving the higher genetic diversity
of the tested cultivars and confirming the effectiveness of the SSR markers. In another
study, the average genetic distance was about 0.67, which allowed for the differentiation
of 97 chrysanthemum cultivars into small-, large-, and medium-flower varieties using
14 SSR markers. Although the small-flower cultivars were well differentiated, the large-
and medium-flower varieties were not uniformly separated [19]. Population structure
analysis using STRUCTURE program estimated that the appropriate K value of the tested
57 white variant cultivars was K = 2, grouping the tested genotypes into two subpopula-
tions (Figure 6). It was observed that the two clusters shared a mixed population ancestry.
The cultivars Moya, Oh Blang, and Puma from Group 1 and Polla, Pingpong, Mallorca,
and Shahsuin from Group 2 exhibited a certain degree of admixing. Earlier reports showed
different degrees of of admixture in chrysanthemum populations assessed using AFLP and
RAPD markers [42,43]. Self-incompatibility, resource interchange, and the domestication
history of highly heterozygous chrysanthemums constitute the possible attributes for these
mixed populations [23,43].

5. Conclusions

In conclusion, this study provides an evaluation of the genetic relationships and a
characterization of the closely related white-colored variants of chrysanthemum cultivars.
The availability of enormous number of chrysanthemum cultivars with similar morpholog-
ical characteristics on the market and the existence of numerous synonyms for the domestic
varieties leads to the incorrect labelling of the respective cultivars. This poses a major
problem with respect to the correct identification of such cultivars. Although phenotypic
screening offers a means for the direct discrimination of genotypes, it requires a specific
growth stage to be visible, which is also prone to environment-dependent changes. Also, it
is highly difficult to assess the degree of variation if the phenotype is similar; such is the
case of the white-colored flower analyzed in the present study. Hence, cultivar identifica-
tion using molecular markers, such as the SSR markers used in the present study, offers a
practical alternative for the accurate differentiation of closely related genotypes. Therefore,
the results of this study serve as a testament to the efficacy of SSR markers with respect
to the genetic characterization of 57 white-colored variants of chrysanthemums using six
SSR marker sets. These SSR markers could also be used in the certification of protected
varieties and for the pedigree analysis of white-colored chrysanthemum varieties. The
study provides the basic data required to increase the utilization of SSR markers in genetic
analysis and breed discrimination and to broaden the selection of genetic resources through
chrysanthemum breeding. Although these cultivars have been well characterized, further
studies employing a greater number of SSR markers would be essential to discriminate the
cultivars according to their flower types.
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