
Research review paper

Current status and biotechnological advances in genetic engineering of
ornamental plants

Pejman Azadi a,⁎, Hedayat Bagheri b, Ayoub Molaahmad Nalousi c, Farzad Nazari d, Stephen F. Chandler e

a Department of Genetic Engineering, Agricultural Biotechnology Research Institute of Iran (ABRII), Agricultural Research, Education and Extension Organization (AREEO), Karaj, Iran
b Department of Plant Biotechnology, Faculty of Agriculture Science, Buali Sina University, Hamedan, Iran
c Department of Horticultural Science, Faculty of Agriculture Science, University of Guilan, Rasht, Iran
d Department of Horticultural Science, College of Agriculture, University of Kurdistan, Sanandaj, Iran
e School of Applied Sciences, RMIT University, Bundoora, Vic, Australia

a b s t r a c ta r t i c l e i n f o

Article history:
Received 19 March 2016
Received in revised form 22 June 2016
Accepted 28 June 2016
Available online 7 July 2016

Cutflowermarkets are developing inmany countries as the international demand for cutflowers is rapidly grow-
ing. Developing new varieties with modified characteristics is an important aim in floriculture. Production of
transgenic ornamental plants can shorten the time required in the conventional breeding of a cultivar. Biotech-
nology tools in combination with conventional breeding methods have been used by cut flower breeders to
change flower color, plant architecture, post-harvest traits, and disease resistance. In this review, we describe
advances in genetic engineering that have led to the development of new cut flower varieties.
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1. Introduction

Ornamental horticulture has made an important impact within the
horticultural industry. Usually, ornamental plants are used in gardening,
landscaping, or as cut flowers. The total turnover for all aspects of flori-
culture is estimated to be more than 300 billion USD and cut flowers
make up about one-third of the global value of the ornamental plants
market (Chandler and Sanchez, 2012). Turnover of nine cut flowers in
the FloraHolland auction are summarized in Table 1 (FloraHolland Key
figures, 2015). Introduction of new cultivars with new characteristics
such as novel flower color and plant architecture is one of the main
goals of the ornamental plants industry. Although traditional

hybridization andmutation techniques have been employed extensive-
ly to develop new varieties during the last decades, these techniques
have a number of limitations and drawbacks, such as a high degree of
heterozygosity and subtractive one-point improvement (Shibata,
2008). In recent, years genetic manipulation has been employed as a
new route to overcome intrinsic barriers of traditional techniques.

Cultivation of genetically modified (GM) crops increased in 2014,
reaching 181.5 million hectares. The number of private companies and
government research institutes which use genetic engineering to pro-
duce new crop varieties are increasing. Although the main aim of
study is for food and feed use, with an emphasis on herbicide-tolerant
and insect-resistant traits, more recently, there has been increasing in-
terest on quality traits for industrial purposes (Parisi et al., 2016). Genet-
ic engineering techniques facilitate cut flower breeding. A desired gene
can be introduced into ornamental plants even if the gene does not exist
in the natural gene pool (Chandler and Brugliera, 2011). Genes that im-
prove pest and disease resistance in crops can also be used in ornamen-
tal plants. Traits such as color, fragrance, biotic and abiotic resistance,
form and architecture of flowers, flowering time, and post-harvest lon-
gevity can be modified through genetic manipulation. Despite their
value, few varieties of genetically engineered ornamental plants have
been field tested, and the only genetic engineering ornamental products
that have thus far been released for marketing are color-modified vari-
eties of carnation and rose (Tanaka and Brugliera, 2013). In the present
review, we have focused on the more recent literature on genetic
modification of top nine important cut flowers; rose, Lilium, gerbera,
chrysanthemum, lisianthus, Alstroemeria, anthurium, carnation, and
Gladiolus.

Table 1
Turnover of nine cut flowers in the FloraHolland auction in 2015.

Top 9 cut flowers sold English name Turnover
(million Euros)

1 Rosa Rose 735
2 Chrysanthemum Chrysanthemum

(Spray and disbudded)
363

3 Lilium Lily 159
4 Gerbera African Daisy 138
5 Eustoma russellianum Lisianthus 52
6 Alstroemeria Peruvian Lily 29⁎

7 Dianthus Carnation 25⁎

8 Anthurium Anthurium 25⁎

9 Gladiolus Gladiolus 9⁎

⁎ Data for 2014.
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