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ABSTRACT

Genetic diversity in roses is unparalleled to any other flower crops. A large number of rose species is grown 
all around the world. There is a rich wealth of indigenous rose species such as Rosa brunonii, R. macrophylla, R. 
moschata, R. spinossisima, R. rubiginosa, R. wichuraiana etc. are grown wild in India. They are the important source 
of genes responsible for various traits, viz. both biotic and abiotic stress tolerance, fragrance, perpetual flowering, 
hardiness which need to be protected for further use in breeding programs. Morphological markers or traits based 
species identification are best for visualization, reproducibility and easy to use, besides serving as a reality check 
for molecular studies. In this study, 31 rose species were characterized for 18 vegetative characters as per PPV FRA 
guidelines for DUS testing of rose. Genetic diversity of rose species was done based on dissimilarity calculation, 
hierarchical cluster analysis, linear discriminant analysis and principal component analysis using R software. R. 
banksiae - R. chinensis‘Viridiflora’ and R. banksiae - R. rubiginosa showed the highest diversity while R. brunonii 
and R. dumalis shows least diversity. Species were divided into five major clusters using hierarchical cluster analysis 
which was validated by linear discriminant analysis. Here, both Indian originating species R. brunonii and R. 
moschata fell into the same cluster while significant diversity noticed in R. damascena and R. wichuraiana. Results 
of principal component analysis follow a similar pattern as of dendrogram. R. banksiae was most distinctly placed 
which is well supported as only thornless species used in the study. Although no single morphological traits can be 
used to differentiate species, it is necessary to create a passport data for further studies.

Key words: Characterization, Cluster analysis, Diversity, Morphological markers, Rosa species, 
Thornless

The genus Rosa (Family: Rosaceae) is one of the 
most important genera of ornamental plants with respect 
to the economic and cultural history of humankind. 
This includes approximately 120 species distributed in 
the northern hemisphere (Wissemann 2003) and Asia is 
one of the important gene centers where the majority of 
the species are found (Broertjes and van Harten 1978). 
Conventional taxonomy (Wissemann 2003) divides the 
genus into four subgenera, three of which are monotypic: 
Hulthemia (Dumort.) Focke, Platyrhodon (Hurst) Rehder, 
and Hesperhodos Cockerell. 

The fourth sub genus, Rosa, includes about 95% of all 
species and is subdivided into 10 sections namely, Banksiae 
(Sps: R. banksiae Ait. f.), Bracteatae, Caninae (Sps: R. canina 
L.; R. rubiginosa Brotero), Carolinae, Indicae/Chinensis 
(Sps: R. chinensis Jacq.; R. gigantea Collett.; R. indica 
Hook. f.), Cinnamomeae (Sps: R.rugosa Thunb.), Gallicae 
(Sps: R. gallica L.; R. damascena Mill.; R. centifolia (L.) 
Regel), Levigatae, Pimpinellifoliae (Sps: R. sericea Lindl.; 
R. foetida Herrm.) and Synstylae (Sps: R. moschata Herrm.; 
R. multiflora Thunb.; R. wichuraiana Crep ex Desegl.).

Numerous taxonomic studies have been done in this 
genus (Cre´pin 1889, Rehder 1940, Wissemann 2003), 
however, species relationships within Rosa remain 
difficult because of intraspecific variability, polyploidy, 
interspecific hybridization and multiple names was given 
to morphological variants and hybrids. Approx. 14 to 
4,000 species of Rosa have been reported (Linnaeus 1753, 
Gandoger 1881, Cre´pin 1889, Rehder 1940, Wissemann 
2003). Of the 120 species (Most accepted) in the subgenus 
Rosa, only eight species, viz. R. chinensis, R. damascena, R. 
foetida, R. gallica, R. gigantea, R. moschata, R. multiflora 
and R. wichuraiana are said to have played an important 
role in the development of modern garden roses (Gudin 
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2000). The study of phylogeny is of utmost importance as 
to use them in various breeding programs. The phylogenetic 
relationships within genus Rosa have remained obscure 
till today due to the difficulty of grouping species and a 
complex taxonomy. There is a vast wealth of indigenous rose 
varieties and species in India which ought to be protected 
and can be further utilized for rose breeding. As many as 
16 species and four hybrid species were found growing 
wild in different phytogeographical zones of India (Rathore 
and Umesh 1992). Out of that, six wild species were found 
to be grown only in western Himalaya (R. brunonii, R. 
moschata, R. multiflora and R. cathayensis R. macrophylla 
and R. webbiana, Singh et al. 2017). Many wild species 
have been evolved to survive under abiotic stresses such 
as droughts, extreme heat and cold and biotic stresses such 
as insects, pests, and diseases. Hence, these are suitable 
to use in different breeding programs in order to develop 
varieties suitable for local agro-ecological conditions. The 
species, viz. Rosa brunonii, R. macrophylla, R. moschata, 
R. spinossisima, R. rubiginosa, R. wichuraiana, etc. provide 
genes for both biotic and abiotic stresses along with other 
traits such as fragrance, perpetual flowering, hardiness and 
some unknown traits which may become important in further 
breeding programs. The study of phylogeny that relies on 
morphological markers of any plant is the oldest one and is 
most classical. Morphological markers are the phenotypic 
markers of any plants and are the earliest markers used to 
describe the observable characters of the plant. Morphology-
based species identification is a very important source of 
information due to its visualization and reproducibility 
besides being cheaper and hence anyone can use anywhere. 
Although these are rigorous, morphology-based phylogenies 
act as a “reality check” for molecular studies till we do 
not have error proof molecular techniques (Jenner 2004).
Quick and accurate identification of species in the field/
forest/laboratory based on morphological traits is critical to 
many other areas like ecological and behavioural adaptation, 
physiology, besides systematics (Maddison 1996).

Keeping these considerations into view the present 
investigation was carried out to study the genetic relationship 
among Rosa species on the basis of morphological markers.

MATERIALS AND METHODS
The present study was carried out at the Research Farm 

of the Division of Floriculture and Landscaping, IARI, 
New Delhi during 2015-17. Thirty-one species of rose 
were collected from ICAR-Indian Agricultural Research 
Institute, New Delhi, ICAR-National Bureau of Plant 
Genetic Resources, Regional Station, Shimla, Himachal 
Pradesh and ICAR-IARI, Regional Station Katrain, 
Himachal Pradesh (Table 1). Few species with unknown 
grouping were also collected from wild sources in Katrain, 
Himachal Pradesh. The observations were recorded for 18 
vegetative characters, viz. plant growth habit, young shoot 
anthocyanin colouration, young shoot hue of anthocyanin 
colouration, prickles characteristics (Predominant colour, 
shape of lower side, curvature), leaf characteristics (Leaf 

GENETIC CHARACTERIZATION OF ROSE SPECIES

colour, glossiness of adaxial surface, leaf pubescence, leaflet 
serration of margin, terminal leaflet: length and breadth, 
terminal leaflet: shape of the blade, tip, and base) and type 
of stipule (Supplement Table). As most of the work was 
done at ICAR-IARI, New Delhi where most of the species 
do not flower, hence, flowering data were not recorded. For 
vegetative traits, scoring was done as per N-DUS guidelines 
of Rose given by PPVFRA, New Delhi (Authority, PPVFR, 
2012). For the characters which were not included in 
PPVFRA rose DUS guidelines, such as presence or absence 
of prickles on the shoot, the shape of terminal leaflet blade 
and type of stipule, a scoring pattern was created similar to 
DUS guidelines and further analysis was done.

14 sets of the variable were used for the further 
analysis of 31 genotypes. As some variables were uniform 
throughout the genotypes, they were not considered during 
dissimilarity calculation, hierarchical cluster analysis, linear 
discriminant analysis and Principal Component Analysis. 
“Pairwise dissimilarity (distances) matrix” was calculated 
between observations using “Daisy function of R” as it 
can use mixed types variables for analysis. Hierarchical 
Clustering of Rosa species was done using the same data 
by “Ward D clustering”. Ward's minimum variance method 
is suitable for finding compact clusters in R (Maechler et 
al. 2017). Linear Discriminant Analysis was also done for 
validating cluster analysis output (Venables and Ripley 
2002). Principal components analysis (PCA) was used 
to identify multidimensional relationships among various 
morphological traits used for dividing the genotypes into 
various groups (Revelle 2017). 

RESULTS AND DISCUSSION

Variability based on rose DUS guidelines of PPV FRA
Based on morphological traits, it is inferred that 

high variation is available in genus Rosa. Variations were 
noticed for almost all important vegetative characters. The 
morphological traits which were used to differentiated 
instinct species are plant growth habit, the shape of prickles, 
leaflet shape and size, leaf serration and shape of stipules. 
Plant growth ranges from upright to strongly spreading 
which can serve various purposes. The upright growing 
species like R. glutinosa and R. hybrida cv. Rose Sherbat 
can use for tall growing purposes while strongly spreading 
(Wild species 4) and moderately spreading species (e.g. R. 
indica major, and R. banksiae) can be used for breeding 
climber types of cultivars. The second important trait is 
anthocyanin colouration of young shoots and its hue. As it 
is a well-known fact that anthocyanin acts as an antioxidant 
and protects plants from various abiotic stresses and delaying 
leaf senescence (Landi et al. 2015). Hence, species having 
strong hue of anthocyanin colouration can be an effective 
source of resistance against abiotic stress. Various species 
such as R. brunonii, R. moschata, R. dumalis, R. glutinosa, 
Wild species 3 and Wild species 5 has been recorded to 
have strong anthocyanin colouration, and further these may 
be utilized for transferring the anthocyanin content trait.
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can be used where there is a problem of herbivores as they get 
stuck in prickles, and eventually die due to immobilization 
and starvation (Yamazaki et al. 2014).

The relationship between leaf serration and climate has 
been widely studied and revealed in woody and herbaceous 
species, where it is hypothesized that leaves having serrated 
margins are more active than entire leaves in terms of 
photosynthesis and transpiration besides having a higher 
surface area (Royer and Wilf 2006, Semchenko and Zobel 
2007). In general, most common serration found in rose 
is a serrate type but, few species having finer and denser 
serration was also noticed in the present study. R. rubignosa 
has a unique type of serration, i.e. crenate type while Wild 
species 4 has doubly serrate type depicting greater variation. 
Similarly, variation was also observed in leaf shape. It is 
said that the driver for evolution in leaf shape is thermos 

Prickles are special structures associated with rose. 
They are different from the thorns and spines as vascular 
bundles are not present inside and are easily removable. They 
are present in various forms and densities among species 
and cultivars (Debener and Linde 2009). As prickles make 
commercial rose cultivation difficult mainly during cultural 
practices and harvesting, search for thornless cultivars have 
been a major breeding objective of almost all the breeding 
programs (Kanli and Kazaz 2009, Zlesak 2007).

Among the species studied, R. banksiae was found 
to be completely thornless. In both Wild species 1 and Dr 
Huey, prickles were not found on the shoots even though 
few prickles were present in the mature stem. The prickle 
density was very less in R. spinossisima whereas it was 
very high in species like R. rubignosa, R. rubrifolia and R. 
damascena cv. Himroz. Species having high prickle density 

Table 1  List of rose genotypes used for morphological characterization

Species name Accession no./ Identification no Source Collected from (Lat_Lon)
Rosa nitida × R. rugosa EC 035571 ICAR-IARI, New Delhi 28.64N_77.15E
R. slancensis EC 037349 ICAR-IARI, New Delhi 28.64N_77.15E
R. indica major EC 129073 ICAR-IARI, New Delhi 28.64N_77.15E
R. macrophylla IC 564816 ICAR-IARI, New Delhi 28.64N_77.15E
R. brunonii IC 564794 ICAR-IARI, New Delhi 28.64N_77.15E
R. wichuraiana EC 033173 ICAR-IARI, New Delhi 28.64N_77.15E
R. moschata EC 018586 ICAR-IARI, New Delhi 28.64N_77.15E
R. tomentosa EC 032911 ICAR-IARI, New Delhi 28.64N_77.15E
R. dumalis EC025995 ICAR-IARI, New Delhi 28.64N_77.15E
R. multiflora EC032219 ICAR-IARI, New Delhi 28.64N_77.15E
R. glutinosa EC 025999 ICAR-IARI, New Delhi 28.64N_77.15E
R. damascena EC025987 ICAR-IARI, New Delhi 28.64N_77.15E
R. bourboniana IC010649 ICAR-IARI, New Delhi 28.64N_77.15E
R. chinensis viridiflora FLS-IARI/P10/B15-1 ICAR-IARI, New Delhi 28.64N_77.15E
R. indica var. odorata FLS-IARI/MB10-A ICAR-IARI, New Delhi 28.64N_77.15E
R. banksiae IW004421 ICAR-IARI, R.S, Katrain 32.09N_77.13E
R. rubiginosa EC026371 ICAR-NBPGR, R S, Shimla 31.09N_77.15E
Rosa sps FLS-P8/B19-2 ICAR-NBPGR, R S, Shimla 31.09N_77.15E
R. inodora EC025783 ICAR-NBPGR, R S, Shimla 31.09N_77.15E
R. spinossisima EC032847 ICAR-NBPGR, R S, Shimla 31.09N_77.15E
R. rubrifolia EC032417 ICAR-NBPGR, R S, Shimla 31.09N_77.15E
R. damascena cv. Jwala FLS-P10/B19-1 ICAR-IARI, New Delhi 28.64N_77.15E
R. damascena cv. Himroz FLS-P9/B19-1 ICAR-IARI, New Delhi 28.64N_77.15E
R. damascena cv. Rani Sahiba FLS-P8/B19-1 ICAR-IARI, New Delhi 28.64N_77.15E
R. hybrida cv. Rose Sherbat FLS-IARI/1B/R3-C4 ICAR-IARI, New Delhi 28.64N_77.15E
R. hybrida cv. Dr. Huey FLS-P11/B19-3 ICAR-IARI, New Delhi 28.64N_77.15E
Wild Species 1 FLS/2016/RW1 ICAR-IARI, RS, Katrain 32.10N_77.13E
Wild Species 2 FLS/2016/RW2 ICAR-IARI, RS, Katrain 32.10N_77.13E
Wild Species 3 FLS/2016/RW3 ICAR-IARI, RS, Katrain 32.11N_77.16E
Wild Species 4 FLS/2016/RW4 ICAR-IARI, RS, Katrain 32.09N_77.13E
Wild Species 5 FLS/2016/RW5 ICAR-IARI, RS, Katrain 32.10N_77.13E

RS, Regional station
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Rosa

are adnate in nature, i.e. it is fused together on part of the 
petiole length, but the anterior remains free. Rose stipule 

Rosa

R. banksiae

Genetic distance among Rosa species based on pairwise
dissimilarity matrix

0.05 to 0.60. R. banksiae -R. chinensis R. 
banksiae-R. rubiginosa

R. banksiae

supported by visual observations having thorn-less nature.

Eurosa
various Rosa R. banksiae as the most 
outgroup of subgenus Eurosa et al. 1997). Among all

R. brunonii
and R. dumalis

Cluster analysis of Rosa species

in the Table 3.
. R. rubiginosa, R. 

inodora, R. slancensis, R. bourboniana
R. nitida × 

and 
R. 

damascena . Jwala, R. chinensis ‘‘‘ ’, R. odorata,
R. macrophylla, R. tomentosa and R. banksiae.d Clustering
of R. chinensis ‘‘‘ ’ and’  R. odorata d into the same 

et 
al.  R. banksiae

R. brunonii, R. dumalis, R. spinossisima, R. 
moschata, R. 
brunonii, and R. dumalisd

R. damascena, R. damascena
R. damascena R. glutinosa, Rosa

sps, R. indica major, Rose Sherbat, Dr Huey and Wild 
R. 

damascena R. damascena has fallen 
R. damascena, 

and Rani Sahiba of R. damascena have fallen in the same 

found by Henuka et al. 
R. brunonii

Rosa
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R. moschata

et al. 
reported similar observations using matKK

R. wichuraiana and  falls into

Wichuraiana
from its parent R. wichuraiana and grouped into different 

et al. 2014).

Principal component analysis (PCA) of Rosa species

separated the Rosa
R. banksiae

Rosa genus are highly variable, besides

R. banksiae has been 

Cluster
Cluster 1 2 3 4 5
1 5 0 0 0 0
2 0 5 0 0 0
3 0 0 9 0 0
4 0 0 0 6 0
5 0 0 0 0 6

Rosa
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reported to be the only thornless species among the studied 
genotypes.

ACKNOWLEDGEMENT
Financial support by Department of Biotechnology, 

Ministry of Science and Technology, GoI, New Delhi for 
conducting research is highly acknowledged by the authors. 
We are also grateful to Gourav Kumar Vani for his help in 
statistical analysis.

REFERENCES

Authority, PPVFR. 2012. Protection of Plant Varieties and Farmers, 
Rights Authority. 2013. Plant Variety Journal of India. 7(8).

Broertjes and Cand van Harten A M. 1978. Application of 
mutation breeding methods in the improvement of vegetatively 
propagated crops. Elsevier, Amsterdam.

Cre´Pin F. 1889. Sketch of a new classification of roses. Journal 
of the Royal Horticultural Society 11: 217–28.

Debener T and Linde M. 2009. Exploring complex ornamental 
genomes. The rose as a model plant. Critical Reviews in Plant 
Sciences 28: 267–80.

Fernandez-Romero M D, Torres A M, Millán T, Cubero J I and 
Cabrera A. 2001. Physical mapping of ribosomal DNA on 
several species of the subgenus Rosa. TAG Theoretical and 
Applied Genetics 103(6): 835–8.

Gandoger M. 1881. Tabulae rhodologicae europaeo-orientales 
locupletissimae. F. Savy.

Gudin S. 2000. Rose breeding technologies. (In) III International 
Symposium on Rose Research and Cultivation 547: 23–33.

Henuka R, Raju D V S, Janakiram T, Namita, Krishnan S G 
and Rana J C. 2015. Characterization and analysis of genetic 
diversity among different species of rose (Rosa species) using 
morphological and molecular markers. Indian Journal of 
Agricultural Sciences 85(2): 240–5.

Jenner R A. 2004. Accepting partnership by submission? 
Morphological phylogenetics in a molecular millennium. 
Systematic Biology 53(2): 333–59.

Kanli F A and Kazaz S. 2009. Biotechnology of roses: progress 
and future prospects. Turkish Journal of Forestry 1: 167–83.

Landi M, Tattini M and Kevin S Gould. 2015. Multiple functional 
roles of anthocyanins in plant-environment interactions. 
Environmental and Experimental Botany 119: 4–17.

Linnaeus CV. 1753. Species Plantarum 1 (1). Laurentius Salvius, 
Stockholm.

Maddison W P. 1996. Molecular approaches and the growth of 
phylogenetic biology. (In) Molecular Zoology: Advances, 

Strategies and Protocols, pp 47-63. Ferraris J D and Palumbi 
S R, (Eds). Wiley-Liss, New York.

Maechler M, Rousseeuw P, Struyf A, Hubert M and Hornik K. 
2017.  Cluster Analysis Basics and Extensions. R package 
version 2.0.6.

Nicotra A B, Leigh A, Boyce C K, Jones C S, Niklas K J, Royer 
D L and Tsukaya H. 2011. The evolution and functional 
significance of leaf shape in the angiosperms. Functional Plant 
Biology 38(7): 535–52.

Rathore D S and Umesh C. 1992. Rosa species (A bulletin). National 
Bureau of Plant Genetic Resources, New Delhi.

Rehder A. 1940. Manual of cultivated trees and shrubs. The 
Macmillan Company, New York.

Revelle W. 2017. psych: Procedures for Personality and 
Psychological Research, Northwestern University, Evanston, 
Illinois, USA  Version = 1.7.8.

Royer D L and Wilf P. 2006. Why do toothed leaves correlate 
with cold climates? Gas exchange at leaf margins provides new 
insights into a classic paleotemperature proxy. International 
Journal of Plant Sciences 167: 11–8.

Semchenko M and Zobel K. 2007. The role of leaf lobation in 
elongation responses to shade in the rosette-forming forb 
Serratula tinctoria (Asteraceae). Annals of Botany 100: 83–90.

Singh S, Dhyani D, Nag A and Sharma R K. 2017. Morphological 
and molecular characterization revealed high species level 
diversity among cultivated, introduced and wild roses (Rosa 
sp.) of western Himalayan region. Genetic Resources and Crop 
Evolution 64(3): 515–30.

Venables W N and Ripley B D. 2002. Modern Applied Statistics 
with S. Fourth Edition. Springer, New York.

Wissemann V. 2003. Conventional taxonomy of wild roses. (In) 
Encyclopedia of Rose Science, pp 111-7.  Roberts A, Debener 
T and Gudin S (Eds). Academic Press, London.

Wu S, Ueda Y, Nishihara S and Matsumoto S. 2000. Phylogenetic 
analysis of Japanese Rosa using matK sequences. Breeding 
Science 50: 275–81.

Yamazaki, Kazuo, Kenichi Nakatani, and Keiko Masumoto. 2014. 
Slug caterpillars of Parasa lepida (Cramer, 1799) (Lepidoptera: 
Limacodidae) become stuck on rose prickles. Pan-Pacific 
Entomologist 90(4): 221–5.

Yan Ma, Charles, F Crane and David H Byrne. 1997. Karyotypic 
relationships among some Rosa species. Caryologia 50(3-4): 
317–26.

Zlesak David C. 2007. Rose. (In) Flower Breeding and Genetics: 
Issues, Challenges and Opportunities for the 21st Century, 
pp 695-737. Neil O Anderson (Ed.). Springer Dordrecht, The 
Netherlands.

86

GAURAV ET AL. 




