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minimum and maximum similarity values ​​based on 
the Jaccard coefficient were observed to be 0.41 to 
0.80. The population structure showed an admixture 
of three different genetic pools in the examined geno-
types. The DARwin-based neighbor joining analysis 
also revealed two genotypes, namely UHFSCr-114 
and UHFSCr-122, were more prominent than the rest 
of the chrysanthemum genotypes. Furthermore, it has 
already been observed in our previous studies that 
these two newly evolved genotypes were also found 
diversified in terms of their phenotypic character-
istics. Therefore, in the present study, we observed 
high genetic variability among the studied genotypes 
as well as verified the mutant behaviour of newly 
evolved chrysanthemum genotypes at the molecu-
lar level. In addition, the current results would also 
accelerate and facilitate work on the release of highly 
diversified chrysanthemum genotypes as new culti-
vars in the near future.

Keywords  Characterization · Chrysanthemum · 
Cultivars · Genetic Diversity · Genotypes · SSR 
markers

Introduction

Chrysanthemum (Dendranthema grandiflora 
Tzvelev) is one of the widespread flower of significant 
aesthetic value. It is a segmental allohexaploid with 
a somatic chromosomal number of 54 (2n = 6x = 54) 
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(Klie et  al. 2014) and has a broad genome size of 
9.4 Gb. It is grown widely all over the world and is 
an important economic ornament in many South-
east Asian and European countries, accounting for a 
large share of the flower industry (Zhang et al. 2011). 
Chrysanthemum is cultivated in the USA, Japan, 
Netherlands, Italy, Colombia, Spain, and Germany. 
There are 6,000 chrysanthemum plant cultivars listed 
by the National Chrysanthemum Society of Britain 
(Datta 2013). In India, the total development area for 
loose flowers and cut flowers is around 1991.4 and 
867.1  ha, respectively. (Anonymous 2019). Chry-
santhemum flowers have antibacterial, antifungal, 
and antiviral properties in addition to their aesthetic 
value. It also has anti-inflammatory medicinal prop-
erties that treat swelling owing to the stinging of the 
bee, broken muscles, and allergic reactions.

Chrysanthemum is one of the forms of perennials 
that begin to bloom early and is regarded as a favour-
ite flower for the month of November. The height of 
the plant varies up to 1 m and in early winter, flow-
ers bloom with a wide variety of colors, shapes and 
sizes. The distinctive family feature is that a large 
number of flowers are arranged on the flattened axis 
to produce a compact floral head that looks like a 
single flower. The flower has two types of florets, the 
inner one is called disk floret, containing both male 
and female reproductive parts while, the outer one is 
called ray floret with only female part and is unisex-
ual. The wild taxa are characterized by their yellow 
disc florets. Chrysanthemum contains flavonoids such 
as luteolin, apigenin, acacetin, and choline. It’s also 
shown to be a rich source of vitamin B1, vitamin C, 
vitamin A, niacin, folic acid, and pantothenic acid, as 
well as calcium, magnesium, iron, and phosphorus.

Plant genetic resources are one of the most valu-
able resources available to humans, so the charac-
terization of germplasm is important to their useful 
and efficient management. A large number of culti-
vars with the necessary features are being cultivated 
due to the need to grow novel cultivars with quality 
characteristics. Many of these heirloom cultivars are 
being replaced by contemporary small genetic base 
cultivars as a result of multinational marketing and 
worldwide adoption, leading to a constant depletion 
of our traditional cultivars. Such characterization of 
germplasm is essential not only for identifying differ-
ent species and providing information on accessions 
that ensures the most effective use of germplasm 

collections but also for determining genetic connec-
tivity among them and addressing Intellectual Prop-
erty Rights (IPR) issues, as well as their use and con-
servation in any crop improvement programme.

Consequently, being an economically impor-
tant cultivated flower crop, chrysanthemum genetic 
diversity estimation becomes a critical component of 
effective breeding and development of new cultivars. 
The process of developing new varieties involves sev-
eral steps and takes a year, particularly in the case of 
horticultural fruits and plants. As may be observed in 
the numerous varieties, cultivated chrysanthemums 
exhibit a lot of genetic variation. Traditional breeding 
programmes may not be adequate to develop com-
plex traits in chrysanthemums due to the accumu-
lated genetic variability, which provides a significant 
resource of alleles for improving important decora-
tive traits. Identification of varieties and breeding 
lines becomes essential in crops like chrysanthemum, 
where the origin of varieties is often unknown.

Assessment of diversity based on morphologi-
cal parameters has always been restricted by the fact 
that they have large effects on phenotype, masking 
the influence of a related minor gene, making it dif-
ficult to identify desirable linkage for choice and their 
weakness of being extremely affected by the environ-
ment; therefore, they may not be suitable for detailed 
research. However, isozyme assessment has inher-
ent drawbacks, such as a limited number of suitable 
enzymes loci in genome expression and enzymes 
dependent on growth and seasonal development. Con-
sequently, DNA-based markers have been evolved as 
a reliable tool in germplasm identification, characteri-
zation, diversity analysis, detection of redundancies 
in gene bank collections, observing genetic changes 
during germplasm preservation, and gene tagging 
after the advent of molecular biology techniques. In 
genetic diversity/similarity assessments, DNA has 
been characterized as an optical molecule because of 
certain desirable properties, such as plasticity, ubiq-
uity and stability (Caetano-Anolles et al. 1991).

As a result, molecular markers outperform mor-
phological and biochemical identifiers when they 
are being used in interpreting genetic variation and 
interactions. Owing to their DNA level polymor-
phism identification aspect based on PCR (Polymer-
ase Chain Reaction), the genetic makers gained the 
respective popularity. Additionally, due to their abun-
dance, DNA markers became the most commonly 
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used marker type. In comparison to morphological 
and biochemical markers, the relevant environmental 
factors and growth phases do not affect DNA mark-
ers. Moreover, molecular markers have been proved 
as reliable tools in the development of genetic link-
age maps and marker-assisted selection (MAS) breed-
ing (Negi et al. 2020a). Among the various molecular 
markers, SSR markers because of their co-dominant 
inheritance, high rate of polymorphism, abundance 
in eukaryotic genomes, reproducibility and relative 
ease of analysis have become a marker of choice for 
establishing unique genetic identities or fingerprints, 
exploring genetic relatedness between accessions, 
and assessing genetic diversity within a collection 
(Schlotter 2004). Also, the SSR markers have been 
successfully employed by various researchers to study 
genetic relationships, defining elite alleles through 
interaction and association in chrysanthemum culti-
vars (Khaing et al. 2013; Li et al. 2013; Wang et al. 
2013; Zhang et al. 2014; Min-Jo et al. 2015; Liu et al. 
2015; Park et al. 2015; Feng et al. 2016; Chang et al. 
2018; Han et al. 2018).

Therefore, the present study aimed to find out the 
level of genetic diversity by characterizing the newly 
evolved genotypes with the standard cultivars of 
chrysanthemum at the molecular level by using SSR 
markers. The newly evolved genotypes have already 
been characterized by our group on phenotypic attrib-
utes viz., growth, flowering behavior, performance, 
and stability analysis in two different locations at the 
experimental farm of Department of Floriculture and 
Landscape Architecture, Dr Yashwant Singh Parmar 
University of Horticulture and Forestry, Nauni, Solan 
(HP) India and ICAR- Indian Agricultural Research 
Institute Regional Research Station, Katrain, Kullu 
(HP) India including, cultivar ‘Ajay’ for cut flower 
production (Negi et  al. 2018, 2020b, 2020c) and 
‘Surf’ as loose flower production (Negi et al. 2019) as 
standard checks, respectively.

Materials and methods

Molecular characterization

A total 36 chrysanthemum genotypes including 15 
standard cultivars and 21 newly evolved genotypes 
were considered for the molecular characterization 
(Table  1, Suppl Figs.  1, 2, 3). The CTAB method 

(Doyle and Doyle 1990) was used to isolate genomic 
DNA from young and fresh leaves of the chrysanthe-
mum genotypes. Standard spectrophotometry was used 
to assess the quantity and purity of the DNA (Aus-
ubel et  al. 1995) using a nanodrop spectrophotometer 
(Eppendorf Biophotometer, Germany). A total of 35 

Table 1   List of chrysanthemum genotypes used in molecular 
characterization

Genotype 
coding

Name of genotype Newly evolved genotype/
Cultivar

G1 UHFSChr-125 Newly evolved genotype
G2 UHFSChr -129 Newly evolved genotype
G3 UHFSChr -130 Newly evolved genotype
G4 UHFSChr -122 Newly evolved genotype
G5 UHFSChr -113 Newly evolved genotype
G6 UHFSChr -131 Newly evolved genotype
G7 UHFSChr -128 Newly evolved genotype
G8 UHFSChr -121 Newly evolved genotype
G9 UHFSChr -127 Newly evolved genotype
G10 UHFSChr -123 Newly evolved genotype
G11 UHFSChr -111 Newly evolved genotype
G12 Tata Century Cultivar
G13 Thaiching Queen Cultivar
G14 UHFSChr-124 Newly evolved genotype
G15 Fiji Yellow Cultivar
G16 UHFSChr-115 Newly evolved genotype
G17 UHFSChr-68 Newly evolved genotype
G18 UHFSChr-118 Newly evolved genotype
G19 UHFSChr-126 Newly evolved genotype
G20 Pusa Adtiya Cultivar
G21 Purnima Cultivar
G22 White Star Cultivar
G23 Ajay Cultivar
G24 UHFSChr-124 Newly evolved genotype
G25 UHFSChr-117 Newly evolved genotype
G26 Melody Cultivar
G27 Solan Shringar Cultivar
G28 Yellow Star Cultivar
G29 UHSChr-132 Newly evolved genotype
G30 Surf Cultivar
G31 Nanako Cultivar
G32 William Turner Cultivar
G33 Pusa Anmol Cultivar
G34 UHFSChr-56 Newly evolved genotype
G35 UHSChr-114 Newly evolved genotype
G36 Baaghi Cultivar
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highly polymorphic SSR primer pairs were chosen 
based on their uniform distribution across the chry-
santhemum genome for performing molecular charac-
terization studies (Wang et al. 2013; Feng et al. 2016) 
(Suppl Table 1). A final volume of 15 µl reaction mix-
ture containing 1X Taq polymerase buffer with MgCl2 
(Genei, India), 0.2 mM dNTP (Genei, India), 0.3U Taq 
DNA polymerase (Genei, India), 10  pmol SSR prim-
ers (Eurofins, India) and 50 ng/µl of genomic DNA was 
used in PCR based studies. The amplification was car-
ried out in a thermal cycler (Applied Biosystem, USA) 
with an initial denaturation step of 94 °C for 4–5 min, 
followed by 35 cycles of 94  °C for 1 min, Primer Ta 
for 1 min, and 72 °C for 1 min, with a final extension 
step of 72 °C for 8–10 min. The amplified DNA was 
thoroughly mixed with 6X loading dye before being 
separated on a 3.0% agarose gel using 50 and 100 bp 
ladders to estimate band size, and the gels were docu-
mented by using Gel Documentation System (Syngene, 
UK).

Genetic diversity analysis

The data of DNA banding profiles obtained on electro-
phoresed agarose gels based on the binary matrix was 
subsequently processed using analytical softwares viz., 
NTSYS-PC ver. 2.02i and DARwin ver.6 for analyz-
ing similarity coefficients and tree-formed dendrogram 
construction. The polymorphic information content 
(PIC) exhibited by each primer, Marker Index (MI), 
effective multiplex ratio (EMR), Resolving Power (Rp) 
along with the estimates of gene diversity for each 
population across all loci in terms of alleles per locus 
(Na), effective number of allele (Ne), Shannon’s infor-
mation index (I), observed heterozygosity (Ho) and 
expected heterozygosity (He) were calculated using 
program POPGENE 1.32 (Nei 1978; Yeh et al. 1999). 
To understand the genetic structure among the charac-
terized genotypes, investigation of the population using 
multi-locus genotypic data by estimating the frequen-
cies of population allele in situations where many indi-
viduals migrated or admixed was analyzed by using the 
software STRU​CTU​RE version 2.3.4 (Pritchard et  al. 
2000).

Results

Molecular characterization

Out of the total of 35 SSR primers, only 26 were 
found to be polymorphic and further used to amplify 
the genomic DNA of chrysanthemum genotypes for 
clear amplified banding profiles under optimal con-
ditions. In the banding pattern across 36 chrysanthe-
mum genotypes, a varying amount of polymorphism 
was identified. There were 113 amplified bands pro-
duced by the total 26 SSR primer pairs, with an aver-
age of 4.34 amplified bands per primer, of which 86 
(76.10%) were polymorphic and 27 (23.90%) were 
monomorphic. Consequently, 3.31 polymorphic and 
1.03 monomorphic bands were found on an average 
per primer (Table  2). The means; 3.73 number of 
alleles (Na), 2.60 effective number of alleles (Ne), 
1.00 Shannon index (I) were obtained, while expected 
heterozygosity (He) and observed heterozygosity 
(Ho) were observed with mean values of 0.60 and 
0.69, respectively. Maximum number of alleles pro-
duced ranged from 2 to 8 with CMeSSR014 primer. 
The mean allele frequency was 2.10, ranging from 
1.05 to 3.58, with the maximum observed in SSR 
primer 313, while minimum in SSR primer 320. 
Amplified products ranged in size from 50 to 400 bp. 
SSR primer 984 exhibited the least diversity among 
all the 26 polymorphic primers considered in the 
molecular characterization study (Fig. 1). The highest 
polymorphism of 87.5% was recorded for SSR primer 
CMeSSR014, while the lowest 50% polymorphism 
was observed among six SSR primers namely; 320, 
1484, 984, CMeSSR018, gi298296818, and 1584 
with an average of 90.53 percent. The mean values; 
0.63 polymorphic information contents (PIC), 2.44 
effective multiplex ratio (EMR), 1.78 marker index 
(MI) and 4.18 resolving power (Rp) values were were 
obtained in the inferred diversity.

Genetic diversity analysis

The chrysanthemum genotypes were divided into two 
major clusters, with cluster A including only three 
genotypes and cluster B containing 31 genotypes, 
which bifurcated at a similarity coefficient value of 
0.58 based on the Jaccard coefficient using NTSYS-pc 
program (Fig. 2). The genotypes ‘UHFSChr-122’ and 
‘UHFSChr-114’ were found to be highly diversified 
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and did not show any grouping with other chrysan-
themum genotypes. Cluster A comprised three geno-
types namely; UHFSChr-125, UHFSChr-113 and 
UHFSChr-131 merged at a similarity coefficient of 
0.64. At a similarity value of 0.60, the major cluster 
B was further subdivided into two groups B1 and B2. 
There were 28 genotypes in sub-cluster B1, which 
were further divided into two groups comprising 21 

and 7 genotypes, respectively. Similarly, in sub-clus-
ters B2, the genotype ‘William Turner’ was found 
independent whereas, the ‘UHFSChr-130’ and ‘UHF-
SChr-56’ genotypes were grouped in the same clus-
ter. The similarity coefficient of Jaccard varied from 
0.41 to 0.80, with the highest similarity between 
genotypes ’UHFSChr-111’ and ’Thaiching Queen’ 
and the lowest similarity between ‘UHFSChr-114’ 

Fig. 1   DNA profiles 
obtained using SSR primer 
984 G1 to G36: chrysanthe-
mum genotypes, L1-50 bp 
ladder, L-100 bp ladder

Fig. 2   Dendrogram obtained from SSR analysis showing genetic relationships among chrysanthemum genotypes using NTSYS pc 
ver.2.02i
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and ‘UHFSChr-122’. The factorial analysis was done 
by using DARWin ver.6 software in which the geno-
type named ‘UHFSChr-113’, ‘UHFSChr-125’ and 
‘UHFSChr-131’ were found to be grouped together. 
The genotype ‘UHFSChr-114’ was found to be dis-
tinct from the rest of the other genotypes (Fig.  3). 
Equally, the neighbor-joining cluster analysis with 
bootstrap values using DARwin software also con-
firmed the distinctiveness of these two genotypes viz., 
‘UHFSChr-114’ and ‘UHFSChr-122’ (Fig. 4) on the 
same line that was interpreted from the dendrogram 
obtained using NTSYS software.

To determine the population structure of 36 
chrysanthemum genotypes considered in the pre-
sent study, the Bayesian-based cluster analysis was 

performed using STRU​CTU​RE version 2.3.4. The 
analysis was performed using admixture model 
assumptions with correlated alleles; K was pre-
sumed to be 1–10, selected after five independ-
ent runs. STRU​CTU​RE HARVESTER software 
(Earl and von Holdt 2012) was used to collate the 
results obtained from STRU​CTU​RE software and 
the maximum value of ΔK for SSR marker data was 
observed for K = 3. The Evanno’s test also found 
a maximum peak value for Delta K at K = 3 in the 
plots of L (K) versus Delta confirming a likely 
assignment of the chrysanthemum germplasm into 
three sub-groups. The slope at K = 3 was found to 
be sharper and steeper than other values (Fig.  5). 
The 36 genotypes of chrysanthemum showed an 
admixture of three different genetic pools (Fig. 6).

Fig. 3   Factorial analysis using SSR marks in chrysanthemum genotypes
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Fig. 4   Diversity interpretation among chrysanthemum genotypes using SSR analysis

Fig. 5   Kinship value 
(K = 3) obtained among 
chrysanthemum genotypes
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Discussion

The molecular characterization, genetic diversity 
analysis and population structure analysis is one of 
the essential pre-requisites in any crop improvement 
programme. In the present study, we have accessed 
molecular characterization of 36 genotypes of chry-
santhemum containing cultivars and newly evolved 
genotypes by using 26 polymorphic SSR primer 
pairs. The number of amplified bands produced was 
found to be in the range of 2–8, while the size of 
amplified products ranged from 50–400 bp. The max-
imum and minimum polymorphism was observed 
87.50% and 50.00%, respectively (Table  2). Corre-
spondingly, maximum average percent polymorphism 
of 97.14 and 86.21 with amplicon size 135–500  bp 
and 80–400 bp was reported by Khaing et al. (2013) 
and Chang et al. (2018), respectively while, minimum 
polymorphism percentage of 31.55 with amplicon 
size 120–1070  bp was observed by Samarina et  al. 
(2021) among chrysanthemum cultivars.

In the present study, PIC, EMR, I, He, Ho, Na, Ne, 
MI, and Rp values ranged from 0.35 to 0.81, 0.5 to 
6.12, 0.35 to 1.54, 0.22 to 0.81, 0.25 to 1.00, 2 to 6, 
1.28 to 4.43, 0.17 to 4.41, and 2.11 to 7.16, respec-
tively (Table 2). Compared with the previous studies 
on chrysanthemum, Khaing et al. (2013) found PIC, 
Na and Heterozygosity value in the range of 0.22 to 
0.88, 4 to 27 and 0.18 to 0.92, respectively, whereas 
Zhang and Wang (2013) observed Na and heterozygo-
sity in the range of 2 to 14 and 0.05 to 0.89. Likewise, 

Zhang et al. (2014) found Na, Ne, I, H values in the 
range 2 to 22, 1.78 to 9.28, 0.23 to 0.65, 0.26 to 0.67, 
respectively. Min-Jo et al. (2015) observed the poly-
morphic information content and heterozygosity val-
ues range of 0–0.88 and 0–0.89 while, Yuan et  al. 
(2016) observed Na, Ne, He, Ho and I values in the 
range of 8–19, 1.89–6.24, 0.48–0.87, 0.30–0.80 and 
1.15–2.44, respectively, by using 16 newly devel-
oped SSR in chrysanthemum. Likewise, Chang 
et  al. (2018) observed Na, Ne, and I values ranging 
from 2 to 6, 1.34 to 4.74, and 0.39 to 0.66, while 
Kobeissi et  al. (2018) observed PIC ranging from 
0 (CMeSSR003, JH1, JH15, and KNUCRY-59) to 
0.79 (CMeSSR001) with Na, Ne, I, Ho and He val-
ues ranging from 1–4, 1–2.98, 0–1.09, 0–0.96 and 
0–0.54, respectively. Also, Mekapogu et  al. (2020) 
observed an average polymorphism of 0.41 with PIC 
value of 7 SSRs ranging from 0.25 to 0.60. Sama-
rina et al. (2021) observed PIC value range of 0.38 to 
0.50 and Shannon index value range of 0.31 to 0.63. 
SSRs in this sample were mainly 12 to 20  bp long 
(93.7%), suggesting a modest level of polymorphism. 
A huge amount of diversity was inferred by various 
researchers in their earlier studies that might be due 
to the number of genotypes characterized, number of 
polymorphic SSR primers used and the geographic 
origin of the genotypes for varying polymorphism 
ratios. Similarly, Liu et al. (2015) also suggested that 
the number of polymorphic SSRs could differ if more 
primer pairs were initially screened, which would pro-
vide greater validity to the predicted genetic diversity.

Fig. 6   Population structure interpretation based on SSR profiling in chrysanthemum genotypes
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In this study, Jaccard’s similarity coefficients were 
obtained in the range of 0.41–0.80 that were found 
similar to the previous studies conducted in chrysan-
themum by Chang et al. (2018) i.e., 0.53–0.88 and by 
Kumari et al. (2017) in sunflower i.e., 0.20–0.90. The 
obtained dendrogram grouped the chrysanthemum 
genotypes into two major clusters where the geno-
types ‘UHFS Chr-114’ and ‘UHFS Chr-122’ were 
reported to be most diverse (Fig.  2). These results 
were also in agreement with the previous studies 
conducted in chrysanthemum cultivars and acces-
sions (Feng et  al., (2016); Chang et  al., (2018). In 
contrast to the present findings, Olejnik et al. (2021) 
clustered 97 chrysanthemum cultivars into four major 
groups by using 14 SSR markers. The factorial analy-
sis done using DARWin software showed the geno-
type ‘UHFS Chr-114’ highly diverse from the rest of 
the other genotypes, which is in agreement with the 
results obtained in cluster analysis (Fig.  3). Similar 
to the present study, Yang et al. (2006), Zhang et al. 
(2014), Feng et  al. (2016) and Chang et  al. (2018) 
also revealed that the results of Principal Component 
Analysis (PCA) exhibited similarity with the cluster-
ing analysis.

In the present study, the population structure 
showed an admixture of three different genetic pools 
among 36 chrysanthemum genotypes (Figs.  5&6), 
and were agreement in a similar line with the previ-
ous study performed in ornamental crops like chry-
santhemum (Khaing et  al. 2013) and rose (Agarwal 
et al. 2019). Whereas, Olejnik et al. (2021) and Sama-
rina et al. (2021) observed the chrysanthemum culti-
vars grouping into four and two admixtures with peak 
values of K = 4 and K = 2, respectively. Moreover, 
domestication history, breeding, resource exchange, 
high heterozygosity, and chrysanthemum self-incom-
patibility may all contribute to these mixed popula-
tions (Anderson 2006; Zhang et al. 2010; Zhao et al. 
2010; Roein et  al. 2014). Therefore, being a cross-
pollinated crop and polyploidy level of the genome, 
chrysanthemum showed a high level of genetic vari-
ability among the studied genotypes.

The identified highly diversified newly evolved 
genotypes on the basis of molecular characteriza-
tion studies were further compared and analyzed 
based on their already studied phenotypic attrib-
utes viz., growth, flowering behavior, performance, 
and stability using standard checks namely, ‘Ajay’ 
for cut flower production (Negi et  al. 2018, 2020b, 

2020c) and ‘Surf’ as loose flower production (Negi 
et  al. 2019). The revealed molecular observations 
were found in the same line with our previous find-
ing based on phenotypic attributes conducted by 
Negi et al. (2018), where amongst the total 18 newly 
evolved genotypes, the genotype ‘UHFS Chr-122’ 
was found to be diversified with a minimum number 
of days for flowering. Also, the genotype ‘UHF Chr-
114’ was observed with a maximum height and the 
lowest stem weight (Negi et al. 2020b).

From the present study, it was concluded that SSR 
markers have been found to be an efficient tool for 
deciphering a high level of genetic diversity among the 
genotypes studied. The resulting molecular data con-
firm the divergence  in  two  newly  evolved  chrysan-
themum genotypes. These studies would assist in the 
development of  trait-specific markers and provide a 
platform  to  confirm  the actual mutant  characters  of 
these  newly developed chrysanthemum genotypes. 
Additionally,  these findings would  expedite  and 
facilitate work on the release of highly diverse chry-
santhemum genotypes as  a  new cultivar in the near 
future.
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