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Abstract

Chrysanthemum has several hundreds of commercialized cultivars with similar morphological characters including flower
color and type. Correct labelling of the cultivars and protecting the intellectual property rights of the breeder requires an
accurate and reliable method to discriminate the cultivars. Simple sequence repeat (SSR) markers were used to identify and
discriminate the standard type cultivars in chrysanthemum. 23 SSR markers from the chrysanthemum SSR database were
used to identify eleven standard type chrysanthemum cultivars. Of the 23 SSRs, 7 markers showed polymorphic fragments.
A total of 187 alleles were obtained using 7 SSR markers in 11 cultivars. The number of alleles per locus ranged from two
to four with an average of 2.7 per locus. The polymorphism information content (PIC) of 7 SSRs ranged from 0.25 to 0.60
with an average of 0.41. Genetic relationship by cluster analysis based on unweighted pair group method with arithmetic
mean (UPGMA) method revealed a genetic distance of 0.25-1.00 among the 11 cultivars. The 11 standard type cultivars
were discriminated by the ChSSR_16 marker alone. However, two cultivars (Sei_no_issei and Makoto) showed complete
genetic similarity and could not be distinguished. Hence, the results showed that these SSR markers may prove useful in
identifying additional chrysanthemum cultivar types and to assess genetic relationships among cultivars.
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1 Introduction

Chrysanthemum (Dendranthema grandiflourm) is a species
of perennial herbaceous plant from the family Asteraceae
and is commercially important for the floral industry in vari-
ous countries including Korea. Chrysanthemum is one of the
most well-known ornamental plants and is the second most
popular cut flower after rose, traded in the global flower
market with higher economic value (Kumar et al. 2006).
Some chrysanthemum species, such as Chrysanthemum
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morifolium and Chrysanthemum indicum, have also been
widely used as a medicinal tea and for cosmetic purposes,
respectively. About 200 species were originally contained
within the genus Chrysanthemum, but the majority has been
subdivided into 38 satellite genera of the chrysanthemum
complex. This genus shows considerable variation in mor-
phology and ploidy levels (from 2n=2x=18, to 2n=36, 54,
72, up to 90) with complex evolutionary history (Liu et al.
2012). Chrysanthemum morifolium has a high ornamental
value due to the abundant diversity in the shape and color
of the flower. The high diversity in flower architecture is the
result of greater genome complexity and the allohexaploid
background of the cultivated chrysanthemum (Dowrick and
El-Bayoumi 1966). The highly heterozygous nature of cul-
tivated chrysanthemum, due to the self-incompatibility and
out-breeding, has led to a delay in its genetic improvement
(Drewlow et al. 1973).

Globally, several hundreds of chrysanthemum cultivars
have been commercialized as it has the advantage of sub-
stantial inbuilt genetic variations which can easily be manip-
ulated under cultivation methods leading to a wide array of
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phenotypic variations. Moreover, propagation of the culti-
vars is primarily achieved by vegetative cuttings and suckers
(Shudo et al. 2011). Diverse morphological features of chry-
santhemum cultivars have been evaluated, including flower
size, color, and shape. However, the vast number of varieties
has made it difficult to identify and discriminate them solely
on morphological characters as they are highly unstable
and can originate from distinct environmental conditions.
In chrysanthemum, hundreds of cultivars are commercial-
ized with similar flower morphological characters. This
poses a major problem in cultivar assignment because of
the existence of numerous synonyms among local varieties
and incorrect labelling of the cultivar. Cultivar identification
is therefore highly essential for breeding, registration, trade,
and inspection. Identification and characterization of culti-
vars will provide valuable information for their introduction
into market and genetic improvement. Hence, an effective
method for accurate identification of cultivars is essential
to ensure the correct labelling of the cultivars in the market
and to protect the intellectual property rights of the breeder
(Korir et al. 2013). Although phenotypic approaches are an
option for cultivar identification, they are less informative
and time consuming. Moreover, morphological characters
are multigenic, are often visible only at a specific growth
stage, and may be influenced by environmental factors, mak-
ing it difficult to assess them. Hence, the use of molecular
markers serves as a practical alternative for cultivar identi-
fication as it is more rapid and cost effective.

Genetic markers have wide potential applications in vari-
etal identification and revealing the genetic diversity among
germplasms. Earlier studies have used various markers
including RAPD (Random Amplified Polymorphic DNA),
AFLP (Amplified Fragment Length Polymorphism), SRAP
(Sequence Related Amplified Polymorphism), ISSR (Inter
Simple Sequence Repeats), and SCoT (Start Codon Targeted
polymorphism) markers for genetic linkage map construc-
tion and quantitative trait loci (QTL) detection (Bhattacha-
rya and da Silva 2006; Shao et al. 2010; Su et al. 2017;
Zhang et al. 2010, 2011; Feng et al. 2016) in cultivated
chrysanthemum. However, most of these markers have
limitations in cultivar identification as they are dominantly
scored, difficult to reproduce, and are laborious (Esselink
et al. 2003). In contrast, SSR markers have various advan-
tages over other markers as they have co-dominance and are
multi-allelic, relatively abundant, and widely spread across
the genome, which renders them easily scored (Powell et al.
1996). Earlier, SSR data bases were constructed and used
for various purposes including cultivar identification, seed
purity tests and identification of parent-offspring relation-
ships in crops like citrus, pear and oriental melon (Hong
et al. 2016; Kim and Nou 2016; Nguyen et al. 2019). In
recent years, SSR markers have been used in the variety
identification of chrysanthemum cultivars and a number of
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other crops (Zhang et al. 2014; Kwon et al. 2010; Caramante
et al. 2011). Recently, next generation sequencing of the
Chrysanthemum nakingense transcriptome was performed
and the SSR markers derived from the expressed sequence
tags (ESTs) were used for the identification of species (Wang
et al. 2013). Jo et al. (2015) also addressed the identifica-
tion of 50 chrysanthemum cultivars using EST-derived SSR
markers developed using next generation sequencing. An
SSR marker database was constructed and 147 chrysanthe-
mum cultivars collected in Korea were distinguished using
14 SSR markers (Shim et al. 2015). Chrysanthemum is a
commercially important crop, especially standard type cul-
tivars with long, sturdy stems and bigger flowers, which are
desired as cut flower and as part of flower arrangements, and
therefore fetch high market prices. As the morphological
features of standard type cultivars are largely similar, iden-
tification and fingerprinting of these cultivars at the genetic
level is critical for the protection of breeder’s intellectual
property rights. In this view, the present study was focused
on developing a method using SSR markers to identify and
distinguish standard type chrysanthemum cultivars that are
routinely cultivated in Korea, Japan, and China.

2 Materials and methods
2.1 Plant material

A total of eleven standard type chrysanthemum cultivars
were evaluated in this study. Iwa_no_hakusen, Zinba,
Makoto, Yuka, Sei_no_issei, and Nami are commercial
cultivars from Japan. Breeding line 11B1-609, Baekma,
Baekgang, Youngma, and Gumo are standard cultivars that
were bred at National Institute of Horticulture and Herbal
Science (NIHHS), Korea. Rooted seedlings were planted,
raised, and maintained in a greenhouse under natural light at
NIHHS. For the first 40 days, artificial light with an intensity
of 100 umol photons m~2 s™! was provided to the plants from
21:00 h to 3:00 h. The daily photoperiod varied between 14 h
to 16 h. The temperature of the greenhouse was maintained
at 22+ 5 °C and a relative humidity of 70-75%. Eight plants
from each cultivar were used both for phenotypic and SSR
analyses. Morphological characters including plant height,
flower diameter, nodal length, and days to flowering were
monitored in the selected cultivars. To investigate white
rust resistance in the tested cultivars, rooted cuttings were
planted in the greenhouse in early April and the inoculation
of white rust was performed by placing the diseased plants
with sporulating lesions among the chrysanthemum cultivar
plants. Resistance test was conducted under the minimum
night temperature of 15 °C and a relative humidity of about
100%, by spraying water on the leaves and covering them
with polyethylene film.
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2.2 Genomic DNA isolation

Fresh leaf samples were collected from all standard type
chrysanthemum cultivars, frozen in liquid nitrogen, and
stored at — 80 °C. Genomic DNA was extracted using the
DNeasy Plant Mini Kit (QIAGEN, Germany). DNA qual-
ity was checked by electrophoresis on 1% agarose gel and
the DNA concentration was quantified using Quick Drop
(Molecular Devices, USA). DNA was diluted to 25 ng uL.™!
and used for SSR analysis.

2.3 SSR analysis

Fourteen EST-SSR primer pairs with high polymorphism
and reproducibility were selected based on primary screen-
ing in a previous study (Shim et al. 2015). Nine SSR primer
pairs with high polymorphism identified in another study
were obtained (Han et al. 2019). Details of the primers are
listed in Table 1. A total of 23 SSR markers were used for
the identification and classification of 11 standard type chry-
santhemum cultivars. The M13 tailing method was used to
label the PCR products (Schuelke 2000). Each SSR marker

was amplified independently in a 20 pL reaction volume
containing 25 ng of genomic DNA, 8 pmol of each forward
(5" FAM labelled) and reverse primer, 0.4 mM dNTPs,
3 mM Mg2 +and 0.3 U of Tag DNA polymerase in 1X PCR
supplied buffer. The PCR reaction was performed in a ther-
mocycler (Veriti, Applied Biosystems, CA, USA) using the
following cycling parameters: 94 °C (5 min); 35 cycles of
94 °C (1 min), 58 °C (30 s), 72 °C (45 s); and a final exten-
sion at 72 °C (30 min). 2 L of PCR product was checked
on 2.5% agarose gel electrophoresis and detected by DNA
Loading STAR (Dyne Bio, South Korea). PCR products
(1 mL each) were combined with 10 uL of Hi-Di formamide
and 0.12 pL of GeneScan-500 ROX internal size standard
per well and analyzed on an ABI PRISM 310 OXL Genetic
Analyzer (Applied Biosystems). The PCR fragment sizes
of the SSR loci were read using GeneMapper (version 3.7)
software.

2.4 Data analysis

The total number of alleles, allele frequency, genetic diver-
sity, heterozygosity, and PIC (polymorphism information

Table 1 Details of 23 SSR primer pairs that were screened to discriminate the 11 standard type chrysanthemum cultivars

No Marker Primer sequence Repeat motif
Forward Reverse
1 ChSSR_48 TGAGATCATTCCCAACCTCC CTAGCGTCCAAAGAATTGGC (CCA);
2 ChSSR_51 CCCCCTCTTCTTCTTCAACC CAATAGAAAGCGCGTGACAA (CCAA),
3 ChSSR_52 AGTGACCCGAGCCAGATAGA CCGACAAATCATTTCCGTCT (ATA);
4 ChSSR_127 TAACAAGGGGTTTCAGCGTC TCAGGAAGAACAACCCAACC (GGT),
5 ChSSR_200 CCCAGAGAAGCGTGAGATTT TCCCCTGCTACTACCACCAC (GGT)5
6 ChSSR_222 AGCTAAAACAAACAAGCGGC GCGTTAACTGTGTCGGTTGA (ATC)s
7 ChSSR_330 CTGTTGAGCAGTTCAGGCAC GTGTGATCGAGGCGATTTTT (CAA)s
8 ChSSR_332 ACACCGAATAGGACGGACAG TTTTCTGAAGTCCCGACCAC (TGG);
9 ChSSR_380 ACCAAAGGCAGCTCACAGTT CCTCCCTCACTCATCTCTGC (TGA);
10 ChSSR_649 TCTTCCTCACACGCAAACAC AGCTGCCACTCGCTATCACT (ACC),
11 ChSSR_706 CGATCACCATTCTTTTCCCA CCGATAAGTTCGTCCTTGGT (AG)g
12 ChSSR_728 TGGTTATGGGTGACCCTGAT AAGAAAGTGCAGGCCAAGAA (ATG);s
13 ChSSR_792 AGGAAGAAGATCGACACCCA AAGTTCGGGTTTCCCCATAC (TGA),
14 ChSSR_863 CACAACCAGACAAGCCTTCA ACTAACGGCGGTAGCTGAGA (TC)¢
15 ChSSR_4 ACAGTACACACACAGCCAACAC GTAATGCTTCCGTCTGCATAGC (CAA),
16 ChSSR_7 AGGCCCAACTTTATTCACCC CCAAATCCAATCTCCGGC (GAG),
17 ChSSR_9 CATTCACACTCACCTACACACC CCTCCCTCTCTTACAATGTCAC (TCA),
18 ChSSR_16 ACAAGTAGTAGGAGGAGGAGGA CAGTGTAGCCGGTACAGAAGA (AGT)s
19 ChSSR_31 GGAAGCAAGTGTGTGGTTTC ACCTCCCCATAGAATCTTGAGC (TG)y
20 ChSSR_40 GACGGATTTTGAGCTTGGAG GAACCAATAATCCCGACACC (TA) 3
21 ChSSR_42 CAAAGTACTACCAAACGCGG GTAACATTGAGGGTGTAGCAGC (CA)q
22 ChSSR_45 AAACAGCCTGACCCAATCTC GTCATCATCCAACCACCAAC (ATT)¢
23 ChSSR_50 GATGGTGAGACATTGCGTCT GCTCAAGGATTATGGACACTGG (TTAT),

1-14 (Source: Shim et al. 2015)
15-23 (Han et al. 2019)
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content) of each SSR locus was calculated using Power
Maker version 3.25 (Liu and Muse 2005). The SSR ampli-
fication bands were scored 1 for present and O for absent.
SM (Simple Matching) similarity index was used to calcu-
late the similarity of the qualitative data. Cluster analysis of
genetic similarity data was performed using the unweighted
pair group method of arithmetic averages (UPGMA) and a
dendrogram was obtained using DendroUPGMA software.
Principle Component Analysis (PCA) was performed using
software PAST (version 3.26) with a bootstrap frequency
of n=500.

3 Results
3.1 Morphological evaluation

Growth and flowering parameters of eleven chrysanthe-
mum cultivars were evaluated (Table 2). Backma and
Iwa_no_hakusen bear white colored flowers, Youngma
and Gumo have yellow colored flowers, and the remain-
ing cultivars bear ivory colored flowers (Fig. 1). Youngma
exhibited maximum (88.3 cm) plant height, whereas Gumo
showed the lowest (53.6 cm) plant height. Flower diam-
eter ranged from 9.6 cm in Gumo to 14 cm in Baekma
and 11-609 breeding line. Peduncle length was highest
in Gumo (3 cm), followed by Baekma and Baekgang
(2.7 cm), and shortest in Makoto (1.4 cm). The mini-
mum number of days to flower ranged from 89 days in the
majority of the cultivars to 102 days in Makoto. Yuka is a
summer flowering cultivar, while all other tested cultivars
flower in winter. Makoto, 11-609, and Zinba have higher
number of side branches, whereas Nami, Baekang, and
Gumo have medium number, and Sei_no_issei showed the

lowest number of side branches. Makoto Youngma exhib-
ited medium resistance to white rust disease, whereas
Baekgang and Nami are highly resistant to white rust
(Table 3). Backma, Iwa_no_hakusen, Zinba, Sei_no_isseli,
Yuka, 11B1-609, and Gumo are susceptible to white rust.

3.2 Genetic variation of SSR markers

Polymorphism of SSR markers was analyzed in 11 stand-
ard type chrysanthemum cultivars. Among the 23 total
markers, 7 were polymorphic among the 11 cultivars. Of
the 7 SSR markers, 2 markers amplified 4 alleles each,
followed by 4 markers that produced 3 alleles each, and 2
alleles were amplified by one marker. Analysis of genetic
variation of 6 SSR markers resulted in a total of about
187 alleles. Allele size ranged from 136 to 274 bp. The
average number of alleles was about 2.7 per locus, rang-
ing from two (ChSSR_7) to four (ChSSR_16) alleles.
Figure 2 shows the results obtained for loci ChSSR_51
and ChSSR_16. Major allele frequency (M ,p) of 6 SSR
markers ranged from 0.40 to 0.65 with a mean of 0.56 per
locus. Observed heterozygosity (Hg) ranged from 0.50 to
0.75 with an average of 0.66 (Table 4).

The gene diversity (Nei 1973) among the chrysanthe-
mum cultivars ranged from 0.33 to 0.66 with an average of
0.50 for the 7 SSR markers. The PIC values, which reflect
the frequency and allele diversity among the cultivars,
were not uniformly high for all of the tested SSR markers.
The PIC values ranged from a low of 0.25 (ChSSR_863) to
a high of 0.60 (ChSSR_16) with an average PIC value of
0.41 (Table 4). Two markers, ChSSR_51 and ChSSR_16,
were considered as informative markers for the identifica-
tion of standard type chrysanthemum cultivars.

Table 2 Major morphological characteristics of the tested standard type chrysanthemum cultivars

S. No. Cultivar Flower color Flower type Days to flower Plant height ~ Flower diameter Peduncle
(cm) (cm) length (cm)
1 Baekma White Double 89 71.0 14.0 2.7
2 Iwa_no_hakusen White Double 89 67.8 13.5 22
3 Zinba Ivory Double 98 78.5 13.1 2.5
4 Makoto Ivory Double 102 60.0 11.6 14
5 Sei_no_issei Ivory Semi-double 96 78.0 13.0 2.1
6 Baekgang Ivory Double 89 75.0 12.8 2.7
7 Nami Ivory Double 96 77.6 11.8 23
8 Yuka Ivory Double 89 68.0 9.8 6.0
9 11-609 Ivory Double 89 78.0 14.0 2.0
10 Youngma Yellow Double 89 88.3 13.2 2.5
11 Gumo Yellow Double 89 53.6 9.6 3.0
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Fig.1 Standard type chrysan-
themum cultivars used in this
study. a Baekma, b Iwa_no_
hakusen, ¢ Zinba, d Makoto,
e Sei_no_issei, f Backgang, g
Nami, h Yuka, i 11B1-609, j
Youngma, k Gumo

Table 3 Evaluation of white
rust resistance in standard type
chrysanthemum cultivars

S.No  Cultivar Resistance to white rust” Resistance
No. of leaves No. of infected No. of lesion/leaf
investigated/ leaves/plant
plant
1 Baekma 243+4.6" 13.3+1.5 200.0+0.0 Susceptible
2 Iwa_no_hakusen 22.3+2.1 13.0+2.6 192.3+13.3 Susceptible
3 Zinba 25.0+2.6 11.7+£2.5 200.0£0.0 Susceptible
4 Makoto 26.3+2.3 5.7+0.6 343+12.3 Moderately resistant
5 Sei_no_issei 203+2.1 8.7+0.6 200.0+0.0 Susceptible
6 Baekgang 27.3+2.1 0.0+0.0 0.0+0.0 Resistant
7 Nami 203+2.1 0.0£0.0 0.0£0.0 Resistant
8 Yuka 26.7+3.1 9.7£4.6 200.0£0.0 Susceptible
9 11-609 27.7+4.0 153+1.5 140.7+£19.2 Susceptible
10 Youngma 19.7+0.6 3.3+0.6 5.7+2.1 Moderately resistant
11 Gumo 11.0+1.0 11.0+1.0 200.0+0.0 Susceptible

“Resistance test was conducted under a minimum of 15 °C night temperature and a relative humidity of

about 100% by spraying water on leaves and covering plants with polyethylene film

YMean + standard deviation (n=30)
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Fig.2 Representative images of (i) PCR amplicons run on agarose gel, (ii) chromatograms analyzed by ABI genetic analyzer 3100x1 of 2 SSR

markers a ChSSR_51 and b ChSSR_16

Ta.ble 4 Su.mmary of S.No.  Marker Product size (bp)  No. of alleles M AF §Ho ¥PIC  Gene diversity

microsatellite allele data

including number of alleles, 1 ChSSR_51  195-248 3.6 045 066 055 0.62

major allele frequency, observed ChSSR 863  149-179 16 066 066 025 033

heterozygosity, polymorphism

information content, and gene 3 ChSSR_4 242274 26 060 066 038 046

diversity revealed using the 7 4 ChSSR_7 235-246 2.0 0.65 050 032 041

SSR markers in 11 standard 5 ChSSR_16  164-190 4.0 040 075 060 0.66

type cultivars 6 ChSSR 31  142-162 26 057 066 046 0.53
7 ChSSR_42  136-163 2.5 062 075 037 044
Mean - - 2.7 056 066 041 0.0

TMajor allele frequency

$Observed heterozygosity

¥Polymorphism information content

3.3 Geneticrelationship analysis
among the chrysanthemum cultivars

Genetic similarity was analyzed among all the 11 stand-
ard type chrysanthemum cultivars based on the Jaccard’s
similarity coefficients for the 6 SSR markers. The similarity
value for all SSR markers ranged from 0.25 to 1.00. UPGMA
cluster analysis based on the genetic similarity values was
utilized to construct a dendrogram. All 11 chrysanthemum
cultivars could be clearly divided into three major groups
with a similarity level of 0.74 (Fig. 3). Six cultivars includ-
ing Yuka, Iwa_no_hakusen, Nami, Baekgang, Sei_no_Issei,
and Makoto were grouped into cluster I. Cluster II consisted
of 11-609 and Youngma, whereas Gumo and Zinba formed
cluster III. Interestingly, cultivar Backma failed to form a
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cluster and was individually separated. A principle compo-
nent analysis (PCA) plot was derived from the analysis of
the SSR data (Fig. 4). The grouping pattern of the PCA plot
correlated with the dendrogram obtained by UPGMA-based
cluster analysis. The cultivars were scattered throughout the
plot. In the PCA plot, Backma was placed farthest from the
remaining cultivars. The grouping pattern of other cultivars
also matched the UPGMA-based cluster analysis.

4 Discussion
Chrysanthemum species have complicated genetic back-

grounds, often showing hexaploid-based aneuploidy, as well
as highly similar morphological features making it difficult
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to discriminate among cultivars. To classify and identify

chrysanthemum cultivars, different molecular markers

including inter simple sequence repeats (ISSR) (Miao et al.

2007; Shao et al. 2010), sequence related amplified poly-
morphism (SRAP) (Fei et al. 2011), and simple sequence

repeats (Zhang et al. 2014; Chang et al. 2018) were used.
Among these, SSRs have the advantages of co-dominance,
hypervariability, and high reproducibility. SSR markers have
also been used in genetic diversity analysis, molecular map
construction, and for the assessment of intellectual property
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rights for various crops (Esselink et al. 2003; Feng et al.
2016). SSRs were earlier used for the genetic analysis of
chrysanthemum and related genera (Wang et al. 2013; Zhang
et al. 2014; Feng et al. 2016; Chang et al. 2018). The present
study reports an identification method for the discrimination
of standard type cultivars in chrysanthemum.

Earlier studies have established the SSR marker data-
base for the identification of cultivars in chrysanthemum
(Han et al. 2019; Shim et al. 2015). Fourteen SSR markers
from the chrysanthemum DNA profile database were used
to analyze the genetic relationship among the 147 chrysan-
themum varieties (Shim et al. 2015). However, only a few
studies have explored the utilization of SSR markers for
the discrimination of standard type chrysanthemum culti-
vars (Han et al. 2019). In the present investigation, 23 SSR
markers were used to identify and discriminate 11 standard
type chrysanthemum cultivars. Among the 23 SSRs, 7 SSR
markers showed polymorphism in the 11 tested standard
type cultivars. 7 SSRs generated a total of 154 alleles with
2 to 4 alleles per loci with an average of 2.7 alleles. The
mean number of alleles per SSR locus is comparable with
the results in 8 watermelon genotypes with 1 to § alleles
(average of 3.6) per each locus tested using 18 SSR markers
(Guerra-Sanz 2002). 2 to 6 alleles were reported in 13 water-
melon varieties tested with 36 SSR markers (Joobeur et al.
2006). Similarly, Shim et al. (2015) reported 3 to 10 alleles
(average of 5.6) per locus in 147 chrysanthemum cultivars
tested with 14 SSR markers, which is similar to the results
of Hong et al. 2013 for chrysanthemum cultivars. Further,
the PIC values, indicating the degree of polymorphism for
the 6 SSR markers for the 11 tested cultivars, ranged from
0.25 to 0.60 with an average PIC of 0.41. This result is close
to the earlier result for 14 SSR markers in chrysanthemum
cultivars with PICs value ranging from 0.28 to 0.78 and a
mean PIC of 0.59 (Shim et al. 2015). A higher mean PIC
value of 0.90 was reported for 32 chrysanthemum cultivars
(Feng et al. 2016) and a mean PIC of 0.79 was reported for
88 chrysanthemum cultivars by Chang et al. (2018). Jo et al.
(2015) reported PIC values of SSR markers ranging from
0.15 to 0.88 (mean PIC of 0.60) in 50 chrysanthemum culti-
vars. However, the mean PIC value was higher in Hong et al.
(2013), which was 0.88 in chrysanthemum. This variation in
PIC values is probably due to differences in the number of
SSR markers used and the genetic diversity among the spe-
cies. Two SSRs, ChSSR_51 and ChSSR_16, showed higher
polymorphism among the chrysanthemum cultivars in this
study.

The basis for selective breeding and cultivar identifi-
cation is the evaluation of genetic relationships among
populations. A UPGMA-based dendrogram, constructed
based on the SSR data, showed that the tested chrysanthe-
mum cultivars were grouped into three major groups with
a similarity matrix ranging from 0.25 to 1, while Backma
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alone separated individually. Based on the genotype of SSR
markers used in the study, among the 6 cultivars includ-
ing Yuka, Iwa_no_hakusen, Nami, Backgang, Sei_no_issei,
and Makoto that formed cluster I, Sei_no_issei and Makoto
could not be distinguished and showed complete genetic
similarity. This indicates that the genetic diversity is rela-
tively low and that those cultivars might have been devel-
oped with a narrow genetic background. In an earlier study,
standard type chrysanthemum cultivars White runner and
Pingpong showed 100% genetic similarity and could not be
distinguished (Shim et al. 2015). All cultivars in cluster I
exhibit white rust disease resistance. However, Backma and
Zinba are genetically diverged in this study, which is similar
to the results of Shim et al. (2015), who found that Backma
and Zinba showed a distant relationship.

In conclusion, this study demonstrates that our SSR
marker method is a powerful tool to evaluate genetic rela-
tionships among closely related cultivars and to identify and
discriminate among chrysanthemum cultivars. These micro-
satellites can be used to certify protected varieties and for
pedigree analysis. Further studies are necessary to verify
these results in other types of chrysanthemum cultivars.
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