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Abstract 

Climate	 change	 has	 pressed	 the	 need	 to	 develop	 improved	 horticultural	 crop	
cultivars	capable	of	 tolerating	extreme	environmental	conditions	besides	sustaining	
yield	and	quality.	 Induced	mutations	provide	a	viable	option	 for	 the	generation	of	a	
novel	genetic	variation.	In	horticultural	crops,	more	than	800	mutant	cultivars	have	so	
far	been	developed,	and	a	majority	of	them	are	ornamentals	followed	by	vegetables,	
fruits,	 decorative	 trees,	 berries,	 nuts,	 ornamentals	 and	 other	 plants.	 Transgenic	
technology	has	also	led	to	the	improvement	of	horticultural	crops	for	plant	type,	fruit-
shelf	 life,	 floral	 and	quality	 assets	besides	 resistance	 to	biotic	 and	 abiotic	 stresses.	
Mutagenesis	 techniques	 have	 been	 integrated	 with	 in	 vitro	 culture	 and	 other	
molecular	 biology	 technologies,	 such	 as	 molecular	 markers	 and	 high-throughput	
mutation	screening,	thereby	becoming	more	powerful	and	effective	in	crop	breeding.	

Keywords:	 induced	mutations,	horticultural	crops,	mutant	cultivars,	transgenic	plants,	crop	improvement	
INTRODUCTION	The	 importance	 of	 agricultural	 research	 and	 food	 security	 remains	 critical	 as	 global	population	will	attain	nine	billion	people	in	2050.	The	increased	human	population	growth	will	 greatly	 impact	 our	 present	 and	 future	 agricultural	 practices	 and	 would	 require	innovative	approach	for	sustainability.	Therefore,	 improving	plant	productivity	may	lead	to	reduce	 expansion	 of	 cultivated	 land	 (Lal,	 2004a).	 There	 are	 multiple	 challenges	 such	 as	climate	change	and	extreme	weather	events	exacerbate	the	agriculture	system	and	that	may	have	 adverse	 impact	 on	 plant	 genetic	 resources,	 genetic	 diversity	 and	 erosion,	 and	 global	food	security	(Ahuja	et	al.,	2010;	Ahuja	and	Jain,	2015,	2016).	Adaptation	to	climate	change	and	 continuity	 of	 sustainability,	 major	 interventions	 are	 required	 to	 transform	 current	agricultural	 practices	 (Beddington	 et	 al.,	 2012).	 Environmental	 stress	 factors	 such	 as	drought,	 elevated	 temperature,	 salinity	 and	 rising	 CO2	 affect	 plant	 growth	 and	 pose	 a	growing	 threat	 to	 sustainable	 agriculture.	 To	 cope	 up	 climate	 change	 catastrophes,	 plants	have	 evolved	 a	 defense	 mechanism	 at	 the	 physiological,	 genetic	 and	 molecular	 levels	 to	adapt	 accordingly.	 Such	 insight	 is	 required	 to	 breed	 crops,	 isolate	mutants,	 develop	 novel	plant	 types	 or	 produce	 transgenic	 cultivars	 with	 enhanced	 tolerance	 to	 multiple	environmental	stress	factors.	The	use	of	 induced	mutations	has	played	a	key	 role	 in	 the	 improvement	of	 superior	plant	cultivars	(Ahloowalia	and	Maluszynski,	2001;	Maluszynski	et	al.,	2004;	Jain,	2005).	The	frequency	 spontaneous	 mutation	 rate	 is	 very	 low	 (1×10-6),	 and	 can’t	 be	 used	 in	 genetic	improvement	 of	 plants.	 Induced	mutations	with	 physical	 and	 chemical	mutagens	 enhance	the	mutation	rate	by	several	folds	to	enable	plant	breeders	to	incorporate	in	plant	breeding	programs	 to	 develop	 new	 plant	 cultivars	 with	 useful	 desirable	 traits.	 Moreover,	 a	 single	induced	mutant	can	have	several	traits,	e.g.	disease	resistance,	high	yield,	plant	architecture,	and	abiotic	stress.	This	 is	 in	contrast	 to	transgenic	plants	techniques,	where	in	single	gene	trait	is	expressed.	A	 large	 number	 of	 improved	 mutant	 cultivars	 have	 been	 released	 for	 commercial	
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cultivation	 in	 different	 plant	 species	 demonstrating	 potential	 of	 the	mutation	 breeding	 in	crop	breeding	(Jain,	2005;	Kharkwal	and	Shu,	2009;	Jain	and	Suprasanna,	2011;	Suprasanna	et	al.,	2015).	Induced	mutations	provide	a	viable	option	for	the	generation	of	a	novel	genetic	resource.	These	can	have	either	one	or	a	few	characters	modified	in	an	otherwise	promising	cultivar	without	significantly	altering	the	remaining	(and	often	unique)	genetic	background.	The	horticultural	 plant	 species	 are	 either	 sexually	 or	 asexually	 or	 vegetatively	propagated	and	 that	 makes	 cross-breeding	 often	 difficult	 due	 to	 long	 vegetative	 phase,	 high	heterozygosity	and	polyploidy,	 incompatibility	 including	apomixis	and	sterility.	By	 induced	mutations,	 these	 barriers	 could	 be	 taken	 care	 for	 crop	 improvement	 (Suprasanna	 and	Nakagawa,	 2012).	 Mutagenesis	 techniques	 have	 also	 been	 complemented	 with	 in	 vitro	culture	 and	 other	 molecular	 biology	 technologies,	 such	 as	 molecular	 markers	 and	 high-throughput	mutation	screening,	 thereby	offering	more	powerful	and	effective	tools	 in	crop	breeding	(Shu,	2009;	Parry	et	al.,	2009).	Plant	 genetic	 engineering	 techniques	 offer	 newer	 opportunities	 for	 horticultural	plants	 (Mou	 and	 Scorza,	 2011;	 Xiong,	 	2015).	 They	 are	 more	 relevant	 and	 feasible	 when	cultivars	often	cannot	be	bred	 through	hybridization	or	mutagenesis,	 and	unavailability	of	gene	pool	for	traits	of	interest	in	the	natural	population	(Chandler,	2013).	Transgenic	plants	are	 also	 referred	 as	 genetically	 modified	 (GM)	 plants,	 and	 well	 suited	 to	 incorporate	desirable	 genes	 into	 elite	 cultivars	 for	 improving	 traits	 including	 insect	 and	 pathogen	resistance,	 stress	 tolerance,	 nutritional	 status,	 quality,	 flower	 morphology,	 color,	 plant	architecture,	ripening	etc.	Biotechnological	approaches	including	transgenic	techniques	are	promising	 in	 improving	 yield,	 agronomic	 traits,	 product	 quality	 and	 novel	 uses	 of	horticultural	products	(Nishihara	and	Nakatsuka,	2010;	Hallerman	and	Grabau,	2016).	In	 this	 article,	 we	 present	 an	 overview	 of	 induced	 mutations	 and	 transgenic	technologies	for	the	improvement	of	horticultural	crops.	
INDUCED	MUTATIONS	The	term	mutagenesis	applies	to	methods	used	for	the	induction	of	mutations	in	plant	cells	to	improve	agronomical	valuable	traits	in	well-adopted	cultivars.	Most	mutagenic	plant	populations	 are	 generated	 by	 treating	 seeds	 or	 other	 plant	 propagules	 with	 physical	mutagens	including	X-rays,	Gamma	rays,	alpha	particles,	fast	neutrons,	UV	and	cosmic	rays;	and	 chemical	 mutagens:	 sodium	 azide,	 ethyl	 methanesulphonate,	 methyl	methanesulphonate,	hydroxylamine	and	N-methyl-N-nitrosourea.	Irradiation	usually	results	in	large-scale	deletions	while	chemical	mutagens	cause	point	mutations.	Ion	beam	radiation	and	 space	 mutagenesis	 are	 relatively	 recent	 and	 have	 generated	 great	 interest	 in	 the	induction	of	mutations.	Ion	beams	produced	by	a	cyclotron	deposit	high	energy	on	a	target	and	the	linear	energy	transfer	(LET)	ranges	from	22.5	keV	μm-1	to	4000	keV	μm-1	compared	to	 γ-rays	 and	 X-rays	 (Ryuto	 et	 al.,	 2008).	 It	 is	well	 known	 that	 high-LET	 radiation	 shows	stronger	biological	effects	than	low-LET	radiation.	Aerospace	environment	with	strong	 features	of	 cosmic	 radiation,	microgravity,	weak	geomagnetic	field	has	been	employed	to	induce	mutations.	The	space-induced	mutations	are	induced	 in	 the	 space	 environment,	 which	 is	 either	 achieved	 by	 carrying	 plant	 material	(seeds	or	plant	propagules)	in	a	recoverable	spacecraft	(satellites	and	space	shuttles)	or	high	altitude	balloons	to	generate	novel	plant	germplasm	(Liu	et	al.,	2007a).	China	has	officially	approved	60	new	 cultivars	 of	 rice,	wheat,	 cotton,	 sesame,	 pepper,	 tomato	 and	 alfalfa	with	improved	 characters	 of	 high	 yield,	 good	 quality	 and	 multiple	 resistance	 including	 some	useful	rare	mutations	(Liu	et	al.,	2007b).	
INDUCED	MUTATIONS	AND	ECONOMIC	BENEFITS	The	 International	 Atomic	 Energy	 Agency	 (IAEA)	 with	 the	 Food	 and	 Agriculture	Organization	 (FAO)	 of	 the	 United	Nations	 (UN)	 has	maintained	 ‘Mutant	 Variety	 Database’	which	 catalogues	 officially	 released	mutant	 crop	 cultivars.	 There	 are	 presently	 over	 3200	officially	released	mutant	cultivars	in	over	170	species	(FAO/IAEA	MVDB,	2016).	While	the	highest	 number	 of	 varietal	 entries	 is	 of	 cereals,	 improvement	 of	 major	 traits	 includes	resistance	to	biotic	and	abiotic	stresses,	 improved	quality	and	yield,	plant	architecture	and	
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maturity.	 The	 economic	 impact	 of	mutant	 cultivars	 has	 been	well	 documented	 suggesting	that	 mutant	 cultivars	 are	 contributing	 millions	 of	 dollars	 annually	 to	 local	 economies	(Ahloowalia	 et	 al.,	 2004;	 Jain,	 2005).	 It	 is	 estimated	 that	mutant	 cultivars	 provided	 about	$804	million	and	$11.2	billion	to	the	economies	of	Japan	and	the	US,	respectively,	in	the	late	1990’s	(Kume	et	al.,	2002).	Among	horticultural	plants,	two	cultivars	of	peppermint,	‘Todd’s	Mitcham’	 and	 ‘Murray	 Mitcham,’	 have	 become	 popular	 among	 consumers;	 Japanese	 pear	fruit	 (Pyrus	 pyriforia)	 ‘Gold	 Nijisseiki’	 and	 grapefruit	 ‘Rio	 Star’	 are	 grown	 in	 expanded	production	area	(Mba	et	al.,	2009).	
MUTAGENESIS	IN	HORTICULTURAL	PLANTS	Over	800	mutant	cultivars	of	horticultural	plants	have	been	released	and	majority	of	them	 are	 ornamentals	 for	 floral	 traits	 followed	 by	 vegetables,	 fruits,	 decorative	 trees,	berries,	nuts,	ornamentals	and	other	plants	 (FAO/IAEA	MVDB,	2016;	Figure	1A).	Mutation	breeding	 has	 been	 highly	 successful	 in	 ornamental	 plants	 e.g.	 changes	 in	 phenotypic	characteristics	like	color,	shape	or	size	of	flower	and	chlorophyll	variegation	in	leaves	can	be	readily	 detected	 (Jain,	 2006;	 Datta,	 2009).	 In	 addition,	 the	 heterozygous	 nature	 of	 many	ornamentals	results	in	high	mutation	frequency	rate.	Gamma	radiation	treatment	has	been	highly	effective	in	inducing	useful	desirable	mutations	in	the	development	of	several	mutant	cultivars	 of	 the	 ornamental	 plants.	 In	 horticultural	 plants,	 mutagenesis	 combined	 with	management	 of	 chimera	 and	 in	 vitro	 mutagenesis	 are	 the	 most	 promising	 methods	 for	developing	 new	 and	 novel	 cultivars.	 Chronic	 gamma	 radiation	 over	 acute	 irradiation	 has	resulted	in	a	number	of	useful	mutant	cultivars	(Jain	et	al.,	2010;	Datta,	2014).	In	vegetable	crops,	 tomato	 tops	 the	 list	with	 27	mutant	 cultivars.	 In	 crops	 like	 banana	 and	 date	 palm,	somatic	 embryogenic	 cultures	 have	 been	 mostly	 irradiated	 for	 the	 isolation	 of	 disease	resistant	mutants.	 For	 example,	 in	date	palm,	 several	putative	mutants	 tolerant	 to	Bayoud	disease	were	 isolated	 (Jain,	 2012).	 The	 IAEA	mutant	 cultivar	 database	 indicates	 that	 fruit	and	 vegetable	 mutants	 showed	 improved	 maturity,	 product	 quality,	 plant	 architecture	besides	disease	resistance	and	yield	 (Figure	1B).	So	 far,	 induced	mutations	have	 improved	fruit	 crop	 traits	 such	 as	 plant	 size,	 blooming	 time	 and	 fruit	 ripening,	 fruit	 color,	 self-compatibility,	self-thinning,	and	resistance	 to	pathogens.	To	date,	55	mutant	cultivars	have	been	developed	in	some	economically	important	fruit	crops	like	apple,	banana,	Strawberry,	orange,	mandarin,	pomegranate,	grape,	grapefruit	etc.	In	banana,	mutants	for	several	traits	including	 reduced	 height,	 tolerance	 to	 Fusarium	wilt,	 early	 flowering,	 large	 fruit	 size	 and	black	Sigatoka	tolerant	types	were	isolated	(Jain,	2002,	2010;	Jain	et	al.,	2011).	Among	ornamentals,	Chrysanthemum	dominates	as	the	major	ornamental	plant	with	more	than	250	entries	as	listed	mutants	followed	by	rose	with	67	entries	(FAO/IAEA	MVDB,	2016).	 Some	 notable	 mutant	 cultivars	 in	 ornamentals	 include	 Amaryllis,	 Bougainvillea,	
Canna,	 Chrysanthemum,	 Dahlia,	 Gerbera,	 Gladiolus,	 Hibiscus,	 hybrid	 lily,	 Tagetes	 sp.,	 rose,	tuberose,	Narcissus	sp.	etc.,	have	been	released	(Datta,	2009).	In	orchids,	the	released	mutant	cultivars	predominantly	 showed	better	plant	 type,	 growth	patterns,	 floral	 color	and	shape	(Table	 1).	 In	 Malaysia,	 several	 new	 cultivars	 of	 ornamental	 have	 been	 officially	 released:	
Hibiscus	rosa-sinensies	‘Siti	Hasmah	PinkBeauty’,	‘Siti	Hasmah	RedShine’	and	‘Nori’,	Cordyline	
terminalis	 ‘Teguh’,	 ‘Jaguh’	 and	 ‘Mantap’,	 Cordyline	 fruticosa	 ‘Shuhaii’,	 Duranta	 repens	‘Marginata’	 and	 ‘Variegata’,	 orchids	 (Dendrobium	 ‘Sonia	 KeenaRadiant’,	 ‘Sonia	 KeenaOval’,	‘Sonia	KeenaAhmadSobri’	 and	 ‘Sonia	 KeenaHiengDing’)	 and	Petunia	hybrid	 ‘NK	Tropicana’	(Ahmad	 et	 al.,	 2012).	 Figure	 2A	 shows	 chrysanthemum	 mutants.	 In	 Zinnia	 elegans	‘Dreamland’,	seeds	irradiated	with	75	and	100	Gy	gamma	rays	showed	interesting	mutants	for	flower	form,	color	(Figure	2B)	in	M3	generation	(Pallavi	et	al.,	unpublished	results).	
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	Figure	1.	 A.	Mutant	cultivars	in	horticulture	plants.	B.	Categorization	of	fruit	and	vegetable	mutants	based	on	improved	traits	(others:	yield/disease	resistance	traits).		Based	on	FAO/IAEA	MVDB	(2016).	Table	1.	Mutant	cultivars	of	orchids.	Based	on	FAO/IAEA	MVDB	(2016).	
Cultivar name Latin name Common name 
Cocktail Dress Cymbidium sp. Boat orchids 
Dong-i Cymbidium sp. Cymbidium
Gold One Oncidium sp. Orchid
Sherley Baby White Oncidium sp. Orchid
White Wings Alstroemeria sp. Alstroemeria 

	Figure	2.	 A.	 Gamma	 ray	 induced	 mutants	 of	 Chrysanthemum.	 B.	 Gamma	 ray	 induced	mutants	 of	 Zinnia	 elegans	 (courtesy:	 Prof.	 Leo	 D’Souza,	 Laboratory	 of	 Applied	Biology,	St.	Aloysius	College,	Mangalore,	India).	
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INDUCED	MUTATIONS	AND	TRANSGENICS:	COMPARISON	AND	PRECEDENCE	Both	induced	mutations	and	transgenic	approaches	have	been	successfully	applied	for	the	 improvement	 of	 crop	 plants.	 Induced	 mutations	 can	 be	 used	 to	 change	 or	 alter	 one	character	of	an	elite	cultivar,	 for	example,	reduction	 in	plant	height	without	compromising	the	yield,	resistance	to	diseases	and	pests,	salinity,	drought	stress	tolerance,	metal	 toxicity,	reducing	 the	anti-nutritional	 factors	etc.	Seeds	and	other	vegetative	propagules	or	 in	vitro	meristematic	tissue	can	be	used	as	the	target	material	for	mutagenesis.	Transgenics	is	a	precise	gene	transfer	method,	used	for	transferring	trait-specific	gene	or	 a	 transcription	 factor.	 However,	 plant	 regeneration	 by	 tissue	 culture	 and	 genetic	transformation,	or	in	planta	transformation	protocols	are	essential	for	gene	transfer	in	any	cultivar	(Katavic	et	al.,	1994;	Clough	and	Bent,	1998;	Trieu	et	al.,	2000;	Kumar	et	al.,	2011;	Andrieu	 et	 al.,	 2012).	 In	 induced	 mutagenesis,	 prior	 knowledge	 of	 genome	 or	 the	 gene	sequence	 information	 is	 not	 required	 as	 it	 is	 random	 and	 chance	 of	 getting	 the	 desirable	mutant	 depends	 on	 screening	 of	 large	 populations	 subsequent	 to	 mutagen	 treatment.	Recently,	molecular	markers	have	been	developed	to	identify	the	traits	at	an	early	stage	so	that	 the	 number	 of	 plants	 screened	 can	 be	 reduced	 by	 saving	 both	 time	 and	 cost.	 For	transgenics,	 prior	 knowledge	 of	 gene	 sequence	 is	 a	 prerequisite	 for	 cloning	 and	 over	expression	 in	 transgenic	 lines	 quickly	 to	 enable	 screening	 for	 the	 desirable	 trait.	 While	induced	 mutations	 are	 subjected	 to	 diplontic	 and	 haplontic	 selection,	 transgenics	 are	subjected	 to	 position	 effect	 and	 silencing	 (Mba	 et	 al.,	 2009).	 There	 are	major	 concerns	 of	biosafety	and	regulatory	approvals	to	release	a	transgenic	cultivar,	whereas	induced	mutants	don’t	require	such	approval.	The	other	limitations	of	transgenics	include	mutations	induced	through	the	transformation	process	in	some	of	the	commercialized	transgenic	crops	(Wilson	et	 al.,	 2006)	 which	 can	 be	 minimized	 by	 using	 in	 planta	 transformation	 (Bent,	 2000),	avoiding	 in	 vitro	 dedifferentiation	 steps	 during	 transformation,	 use	 of	 linearized	 gene	cassettes	 instead	 of	 using	 plasmids	 to	 avoid	 the	 plasmid	 backbone	 integration	 in	 biolistic	gene	transformation	method.	
TRANSGENIC	METHODS	AND	EXAMPLES	Vegetables	 and	 fruits	 are	 grown	 worldwide	 and	 provide	 us	 with	 the	 daily	requirements	 of	 vitamins,	 minerals	 and	 dietary	 fibre.	 These	 crops	 suffer	 from	 abiotic	stresses,	 nutritional	 imbalances	 and	 incur	 losses	 due	 to	 pest	 and	 diseases.	 Transgenic	approaches	render	plant	biotechnologists	to	insert	desirable	traits	into	elite	cultivars.	Single	or	 multiple	 genes	 can	 be	 introduced	 stably	 into	 cultivars	 by	 available	 transformation	protocols.	Several	vegetable	and	fruit	crops	are	genetically	modified	to	achieve	resistance	to	insects,	 fungi,	bacteria	and	viruses,	 tolerance	to	environmental	stresses	(drought,	cold	and	salinity)	 and	 for	 improving	 quality	 traits	 such	 as	 nutritional	 content,	 flavor	 and	 shelf	 life	(Xiong	 et	 al.,	 2015)	 (Table	 2).	 Managing	 viral	 diseases	 is	 challenging	 as	 it	 cannot	 be	controlled	by	application	of	chemicals.	Papaya	ringspot	disease	caused	by	Papaya	ringspot	virus	(PRSV)	is	the	most	debilitating	disease	that	caused	severe	destruction	of	papaya	plants	in	late	20th	century.	Transgenic	papaya	plants	expressing	the	coat	protein	gene	of	PRSV	were	resistant	to	PRSV	infection	and	have	been	used	in	Hawaii	to	control	PRSV	(Gonsalves,	2004;	Tripathi	 et	 al.,	 2007).	The	most	distressing	 fungal	disease	 is	 the	potato	 late	blight	disease	caused	 by	Phytopthora	 infestans	 and	 its	 resistance	 genes	were	 identified	 in	wild	 relatives	and	 introduced	 into	 cultivated	 potato	 plants	 by	 genetic	manipulation	 (GM)	 technology	 to	impart	blight	resistance	(Halterman	et	al.,	2008;	Jones	et	al.,	2014;	Jo	et	al.,	2014).	



224 

Table	2.	 Transgenic	 technology	 for	 improvement	 of	 vegetable	 and	 fruit	 crops.	 Source:	FAO/IAEA	MVDB	(2016).	
Plant Source Gene Character Reference 

To
m

at
o 

Arabidopsis NPR1 Disease resistance Lin et al., 2004
Sweet pepper pflp Disease resistance Huang et al., 2007

Human cathelicidin Disease resistance Jung, 2013 
Sweet pepper Bs2 Disease resistance Horvath et al., 2012

Tomato yellow leaf curl virus Intergenic region, coat protein gene, V2
gene and replication-associated gene

Disease resistance Ammara et al., 2015 

Rice and Alfalfa CHI and alfAFP Disease resistance Chen et al., 2009
Tomato THT Disease resistance Campos et al., 2014
Yeast HAL1 Salt tolerance Gisbert et al., 2000

Tomato SlSHN1 Drought tolerance Al-Abdallat et al., 2014
Erwinia uredovora CrtI Enhanced carotenoid Römer et al., 2000

Tomato α-Manand β-Hex Enhanced shelf life Meli et al.,2010
Tomato Polygalacturonase Enhanced shelf life Krieger et al., 2008

Po
ta

to
 

Solanum venturii Rpi-vnt1.1 Disease resistance Jones t al., 2014
Potato virus X and 

Potato virus Y 
Coat protein sequence of and the nuclear 

inclusion protein
Disease resistance Bai et al., 2009 

Aspergillus niger Glucose oxidase Disease resistance Wu et al., 1995
Solanum bulbocastanum RB Disease resistance Song et al., 2003; 

Halterman et al., 2008
Potato virus Y Coat protein Disease resistance Missiou et al., 2004

Pleurotus sajor-caju GPD Salt tolerance Jeong et al., 2001
Arabidopsis thaliana CBF1 Drought tolerance Nichol et al., 2015

Amaranthus hypochondriacus AmA1 Nutritive value Chakraborty et al., 2000
Petunia hybrida DFR Nutritive value Kostyn et al., 2013

Eg
gp

la
nt

 Alfalfa Glucanase Disease resistance Singh et al., 2014
Bacillus thuringiensis cryIIIA Insect resistance Jelenkovic and Billings, 

2000 
Tomato Mi-1.2 Pest resistance Goggin et al., 2006
Bacteria mtlD Abiotic stress tolerance Prabhavathi et al., 2002

C
ab

ba
ge

 

Aspergillus niger Glucose oxidase Disease resistance Lee et al., 2002
Human Cathelicidin Disease resistance Jung et al., 2012

Bacillus thuringiensis cry1Ia8 Insect resistance Yi et al., 2016

Ba
na

na
 

Petunia PhDef1/ PhDef2 Disease resistance Ghag et al., 2012
Fusarium oxysporum f. sp. 

cubense 
Velvet protein gene or FTF1 Disease resistance Ghag et al., 2014 

Sweet pepper Hrap or pflp Disease resistance Tripathi et al., 2011
Banana bunchy top virus Rep Disease resistance Shekhawat et al., 2012

Rice chitinase Disease resistance Kovács et al., 2013
Banana MusaDHN-1 Abiotic stress tolerance Shekhawat et al., 2011
Banana MusaPIP1;2 Abiotic stress tolerance Sreedharan et al., 2014
Soybean Ferritin Increased nutritional content Kumar et al., 2011

Pa
pa

ya
 

Papaya ringspot virus Coat protein gene Disease resistance Tripathi et al., 2007 

Papaya ACO1 and ACO2 Enhanced shelf life Sekeli et al., 2014 

Pl
um

 Plum pox potyvirus Coat protein gene Disease resistance Scorza et al., 2001 

Sq
ua

sh
 Cucumber mosaic virus, 

Watermelon mosaic virus 2 or 
Zucchini yellow mosaic virus 

Coat protein genes Disease resistance Tricoll et al., 1995 

Squash mosaic comovirus Coat protein gene Disease resistance Pang et al., 2000

Ap
pl

e 

Malus x domestica NPR1 Disease resistance Malnoy et al., 2006
Malus floribunda 821 Vfa1 and Vfa2 Disease resistance Malnoy et al., 2008

Malus hupehensis NPR1 Disease resistance Chen et al., 2012
Agrobacterium tumefaciens iaaM, iaaH, and ipt Disease resistance Viss et al., 2003

T4 bacteriophage and 
Hyalophora cecropia

T4L and attE Disease resistance Ko et al., 2002 

Malus x domestica MdcyMDH Abiotic stress tolerance Wang et al., 2016
Spinach SOD Abiotic stress tolerance Macarisin et al., 2008
Apple Polyphenol oxidase Improved quality Strauss et al., 2011Another	 successful	 demonstration	 is	 ‘HoneySweet’	 plum	 plants	 resistant	 to	 Sharka	disease.	 RNA	 interference	 technology	 was	 used	 to	 deliver	 effective,	 stable,	 durable	 and	
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heritable	 resistance	 in	 transgenic	 plum	 plants	 and,	 after	 extensive	 testing	 and	 risk	assessment	of	 ‘HoneySweet’	 in	 laboratory,	greenhouse	and	 in	 the	 field	 for	over	20	years	 it	has	been	cleared	 for	cultivation	 in	 the	USA	(Scorza	et	al.,	2013).	Transgenic	 tomato	plants	were	 genetically	 engineered	 to	 resist	 insect	 pests	 by	 expressing	Bacillus	 thuringiensis	 (Bt)	
cry1Ab	 gene	 (Koul	 et	 al.,	 2014)	 or	 protected	 against	 several	 viruses	 by	 using	 RNA	interference	 technology	 (Fuentes	 et	 al.,	 2016).	 Genetically	 modified	 eggplant	 (Solanum	
melongena)	expressing	Bacillus	 thuringiensis	cry1Ac	 gene	provided	high	 level	 resistance	 to	fruit	 and	 shoot	 borer	 which	 was	 difficult	 to	 control	 by	 non-GM	 methods.	 Bt-brinjal	 is	 a	successful	example	in	the	South-East	Asia	where	brinjal	is	a	popular	vegetable,	and	may	go	for	commercial	release	(Krishna	and	Qaim,	2008;	Randhawa	et	al.,	2012).	Banana	 is	 threatened	 by	 Fusarium	wilt	 disease	 (Panama	 disease)	 caused	 by	 a	 soil-borne	 root	 pathogen	 Fusarium	 oxysporum	 f.	 sp.	 cubense	 [Foc]	 (Ghag	 et	 al.,	 2015).	 Since	banana	plants	are	propagated	vegetatively,	traditional	breeding	practice	can’t	be	undertaken	to	 introduce	 resistance	 trait.	 Transgenic	 banana	 plants	 engineered	 to	 express	 defense	peptides	(Chakrabarti	et	al.,	2003;	Ghag	et	al.,	2012)	or	Foc	specific	double	stranded	RNAs	(Ghag	et	al.,	2014)	demonstrated	enhanced	resistance	to	Fusarium	wilt	disease.	The	banana	aphid-transmitted	Banana	bunchy	top	virus	(BBTV)	is	the	most	destructive	viral	pathogen	of	bananas	and	plantains,	and	lack	of	natural	sources	of	resistance	has	necessitated	the	use	of	transgenic	 technologies	 for	 obtaining	 BBTV-resistant	 banana	 cultivars.	 Shekhawat	 et	 al.	(2012)	 have	 successfully	 developed	 BBTV-resistant	 transgenic	 banana	 plants	 via	 RNA	interference	 approach	 (Figure	 3)	 by	 using	 intron-hairpin-RNA	 (ihpRNA)	 transcripts	corresponding	to	viral	master	replication	initiation	protein.	

	Figure	3.	 Transgenic	 banana	 plants	 engineered	 for	 banana	 bunchy	 top	 virus	 resistance	using	 replicase	RNAi	 construct.	 Left:	 Control	 plant	 showing	 the	 symptoms	 after	bioassay.	Right:	healthy	transgenic	plant	after	bioassay.	Although	transgenic	technology	has	more	focused	on	the	improvement	of	horticultural	crops	 to	 resist	diseases	or	 insects,	 abiotic	 stress	 factors	continue	 to	 impose	 limitations	on	yield	 and	 productivity.	 Under	 the	 climate	 change,	 there	 is	 an	 urgent	 need	 to	 develop	horticultural	 cultivars	 capable	 of	 tolerating	 extreme	 environmental	 conditions.	 Therefore,	climate-responsive	 and	 drought	 tolerant	 transgenic	 plants	 can	 be	 useful	 for	 judicial	management	 of	 water	 and	 can	 increase	 the	 total	 acreage	 under	 production.	 Transgenic	
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potato	lines	containing	the	AtCBF1	gene	under	the	control	of	the	stress-inducible	promoter	
COR15a	 were	 field	 evaluated	 for	 four	 years	 and	 results	 showed	 that	 the	 transgenic	 lines	were	 better	 endured	 to	 tolerate	 drought	 conditions	 (Nichol	 et	 al.,	 2015).	 Transcription	factors	 such	 as	 DREB	 (dehydration-responsive	 element-binding	 proteins)	 and	 WRKY	(WRKYGQK	motif	and	a	zinc	finger	region)	when	expressed	under	the	control	of	an	inducible	promoter	have	shown	multiple	stress	(cold,	salt	and	drought)	tolerance	in	grape	and	banana	(Jin	et	al.,	2009;	Shekhawat	et	al.,	2011).	GM	 technology	 can	 also	 deliver	 genes	 from	 different	 sources	 directly	 into	 the	 local	cultivars	to	increase	the	levels	of	vitamins	and/or	mineral	nutrients	thereby	increasing	the	nutritional	content	of	the	food.	Vitamin	A	deficiency	is	a	serious	problem	worldwide	causing	infant	mortality	and	clinical	conditions	such	as	partial	to	complete	blindness.	Enriching	and	accumulating	vitamin	A	precursor	carotenoid	has	been	achieved	in	few	important	fruit	and	vegetable	 crops	 like	 banana	 (Waltz,	 2014)	 and	 potatoes	 (Diretto	 et	 al.,	 2007)	 by	 stacking	genes	namely	phytoene	synthase,	phytoene	desaturase	and	lycopene	beta-cyclase.	Inorganic	nutrients	 or	 minerals	 are	 equally	 important	 and	 must	 be	 essentially	 considered	 in	fortification	programs	to	overcome	deficiencies	leading	to	prevent	threat	to	human	life.	GM	technology	 focuses	 on	 the	 enhancement	 of	 mineral	 nutrients	 in	 staple	 crops	 either	 by	increasing	 the	 solubility	 or	 mobilization	 into	 plants,	 trafficking	 and	 storage	 in	 the	 edible	organs	and	increasing	the	bioavailability	of	these	minerals.	Studies	are	underway	to	increase	iron,	zinc	and	calcium	content	in	crops	such	as	potatoes,	banana	and	carrot	(Pérez-Massot	et	al.,	2013).	Transgenic	 technology	 is	 useful	 in	 extending/increasing	 the	 shelf-	 life	 of	 fruits	 and	vegetables	 by	 regulating	 the	 genes	 responsible	 for	 ripening.	 N-glycoprotein	 modifying	enzymes,	 α-mannosidase	 and	 β-D-N-acetylhexosaminidase	 suppression	 in	 transgenic	tomatoes	 resulted	 in	 enhanced	 fruit	 shelf-	 life	 by	 30	 days	 (Meli	 et	 al.,	 2010).	 However	transgenic	 tomato	 plants	 engineered	 to	 suppress	 the	 activity	 of	 polygalacturonase,	 ACC	oxidase	 and	 ACC	 synthase	 enzyme	 demonstrated	 delay	 in	 ripening	 process	 and	 thereby	increased	 shelf-	 life	 (Gupta	 et	 al.,	 2013).	 Delayed	 fruit	 ripening	 was	 achieved	 in	 papaya,	apple,	melon	and	banana	by	repressing	either	the	ACC	synthase	or	MADS-box	genes	(Ayub	et	al.,	1996;	Tecson	Mendoza	et	al.,	2008;	Schaffer	et	al.,	2013;	Elitzur	et	al.,	2016).	Tomato	 has	 been	 extensively	 used	 for	 genetic	 manipulation	 studies.	 The	 traits	incorporated	 include	 delayed	 ripening,	 disease	 resistance,	 insect	 pest	 tolerance,	 chilling,	salinity,	drought	tolerance	nutritional	quality	improvement,	fruit	color	and	pharmaceuticals	(Hefferon,	2015).	Genetically	modified	‘Flavr	savor’	tomato	commercialized	in	1994	was	the	first	 transgenic	 tomato	 plant	 developed	 for	 delayed	 softening	 of	 fruits	 by	 suppressing	polyglaturonase	 gene	 by	 antisense	 technique.	 Tomatoes	 have	 also	 been	 engineered	 to	produce	 more	 antioxidants	 and	 animal	 feeding	 trials	 showed	 the	 reduction	 of	 cancer	incidence	(Butelli	et	al.,	2008).	Recently,	Fatima	et	al.	(2016)	studied	the	metabolomic	profile	of	transgenic	tomatoes,	grown	in	different	field	growing	conditions	like	conventional	tillage,	surface	mulching	with	polyethylene	sheets,	and	with	remains	of	cover	crop	vegetation	and	found	 that	 the	 change	 in	 metabolite	 concentrations	 in	 the	 transgenic	 plants	 similar	 to	traditionally	grown	plants.	In	 ornamentals,	 production	 of	 flowers	 and	 potted	 plants	 offers	 economic	 benefit	 to	some	developing	countries	 in	South	America,	 the	Middle	East,	Asia,	and	Africa.	The	global	value	of	 the	ornamental	 industry	 covering	production	value	of	 ornamentals	 and	 the	 value	addition	of	products	is	estimated	to	be	250-400	billion	USD	(Chandler	and	Sanchez,	2012).	Transgenic	 research	 has	 focused	 on	 creating	 a	 wider	 range	 of	 flower	 colors	 through	manipulating	either	anthocyanins	(red	and	blue	colors)	or	carotenoids	(yellow	and	orange	colors),	mainly	to	produce	novel	colors	and	to	produce	natural	dyes	 for	 industrial	purpose	(Lu	et	al.,	2003).	Transgenic	ornamental	plants	like	Petunia,	Begonia,	Torenia	with	reduced	ethylene	 activity	 exhibited	 longer	 shelf-life	 (Olsen	 et	 al.,	 2015).	 Some	 recent	 examples	 of	transgenic	ornamentals	include,	Cyclamen	persicum	(cyclamen),	Gentiana	triflora	(Japanese	gentian),	Lotus	 japonicus,	Phalaenopsis	 spp.	 (phalaenopsis),	Torenia	 hybrida	 (torenia)	 and	
Tricyrtis	 spp.	 (toad	 lily).	 The	 flower	 color	 of	 carnation	was	modified	 by	overexpression	of	heterologous	 flavonoid	 3’,5’-hydroxylase	 gene	 which	 produces	 delphinidin	 derivatives	
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(Fukui	et	al.,	2003).	They	characterized	the	pigments	responsible	for	the	shift	in	flower	color	to	blue	in	transgenic	plants.	In	Pelargonium,	transgenic	plants	transformed	with	pSAG12::ipt	(for	 auto-regulated	 cytokinin	 biosynthesis)	 showed	 delayed	 leaf	 senescence,	 increased	branching	and	reduced	internodal	length	(Garcı́a-Sogo	et	al.,	2012).	 In	addition,	 leaves	and	flowers	of	transgenic	plants	were	intensely	colored	and	reduced	in	size.	Transgenic	 carnations,	 Petunia	 and	 chrysanthemum	 overexpressing	 sense	 or	antisense	copy	of	genes	involved	in	flavonoid	biosynthesis	pathways	resulted	in	variegated	flowers	which	were	field	tested	and	commercialized	(Meyer	et	al.,	1987;	Courtney-Gutterson	et	 al.,	 1994;	 Fukui	 et	 al.,	 2003;	 Debener	 and	 Winkelmann,	 2010).	 Murata	 et	 al.	 (2015)	reported	 the	 development	 of	 transgenic	 petunia	 plants	 overexpressing	 iron	 (III)	phytosiderophore	transporter	gene	and	observed	the	deepening	of	the	flower	color	and	also	the	plants	grew	better	under	saline	conditions.	Another	dimension	of	transgenic	approaches	has	 been	 the	 modification	 in	 the	 architecture	 of	 plants	 and⁄or	 flowers,	 flowering	 time,	response	to	day	length,	and	post-harvest	life	of	potted	plants	and	cut	flowers	(Chandler	and	Sanchez,	 2012;	 Olsen	 et	 al.,	 2015).	 So	 far,	 two	GM	 ornamental	 plants,	D.	 caryophyllus	and	
Rosa	hybrida	with	modified	flower	color	are	commercialized	(Dobres,	2011).	
CONCLUSIONS	Plant	improvement	strategies	depend	on	the	exploitation	of	natural	or	induced	genetic	diversity.	 The	 use	 of	 induced	 mutagenesis	 to	 generate	 novel	 genetic	 variation	 is	 a	prerequisite	 for	 crops	 with	 limited	 genetic	 variability,	 and	 hence	 methods	 are	 in	 place	utilizing	conventional	 and	 in	vitro	culture	methods.	 In	 the	horticulture	sector,	mutants	 for	better	 plant	 architecture,	 novel	 flower,	 stress	 tolerance	 and	 improved	 yield	 have	 been	developed.	 Large	 number	 of	 mutants	 in	 horticultural	 plants,	 especially	 ornamentals,	 has	greatly	contributed	to	the	economy	of	several	countries.	In	the	present	and	future,	there	is	an	 increasing	demand	 for	 novel	 and	 improved	horticultural	 plants	 (fruits,	 vegetables,	 and	other	 horticultural	 commodities)	 to	 cater	 the	 needs	 of	 growing	 population.	 Horticultural	plants	need	to	be	developed	with	better	plasticity,	stress	tolerance,	yield	and	other	quality	attributes	 under	 the	 climate	 change.	 There	 is	 a	 slow	 progress	 in	 genetic	 improvement	 of	vegetable	 and	 fruit	 crops	 and	 hence	 greater	 efforts	 are	 required	 to	 induce	 mutations.	Mutagenesis	is	also	a	feasible	approach	as	it	is	devoid	of	the	regulatory	restrictions	normally	imposed	 on	 genetically	modified	 plants.	 Transgenic	 technology	 has	 shown	 a	 considerable	success	for	the	improvement	of	horticultural	plants	for	yield,	disease	resistance,	flower	color,	flower	longevity,	and	fragrances.	Current	transgenic	research	in	horticultural	crops	is	more	focused	 on	 the	 development	 of	 cultivars	 to	 withstand	 biotic	 and	 abiotic	 stress	 besides	nutritional	quality	 and	other	value-added	 traits.	Despite	 the	 success,	 commercialization	of	transgenic	 fruits,	 vegetables,	 nuts,	 and	 ornamentals	 is	 yet	 to	 come	 up	 in	 line	 to	 that	 of	agronomic	crops.	In	the	coming	years,	induced	mutations	and	transgenic	methods	will	foster	development	of	novel	horticultural	plants	and	commodities	to	meet	the	challenges	posed	by	ever-growing	human	population	and	climate	change.	
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