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Abstract 
Onions (Allium cepa L.) is a biennial crop of the Alliaceae family with edible portion of the bulbs is the 
enlarged leaf bases and compact stem. A wide range of landraces and cultivars harbouring immense 
genetic variation for different traits are available, species like Allium cepa, A. fistulosum and A. roylei can 
be utilized to develop cultivars resistant against different diseases along with desirable agronomic traits. 
To evaluate the genetic diversity in onion, number of molecular marker systems is available such as 
RFLP, RAPD, ISSR, SSR, CAPS and SNP but SSR markers have provided the greatest insights into 
onion diversity. Doubled haploid (DH) production is an alternative strategy for complete homozygosity 
and phenotypic uniformity to obtain inbred lines in onion along with this hybridization barrier between A. 
fistulosum and A. cepa can be overcome using A. roylei as a bridging species. Large future opportunities 
are there in onion research for various aspects like development of resistance varieties and hybrids to 
biotic and abiotic factors, improved quality standards, CMS hybrids, DH production etc. 
 
Keywords: Present status, future opportunities, onion research 
 

Introduction 
Onions (Allium cepa L.) is a biennial crop of the Alliaceae family. The edible portions of the 
bulbs are the enlarged leaf bases and compact stem. Green onions, also called scallions, are 
eaten for their immature bulb and green foliage. Besides this, onion serves as a good medicinal 
compound for cataract, cardiovascular disease and cancer due to its thrombolitic and 
antioxidant effects as stated by Vidyavati et al (2010) [101]. Several antioxidant compounds, 
mainly polyphenols such as flavonoids and sulfur-containing compounds have been described 
in onion (Gorinstein et al 2005) [44]. Major onion producers are China, India, United States, 
Turkey, Japan, Spain, Holland, Poland, and Ukraine. India is the second largest producer of 
onion in the world with an annual output of 6.50 million tonnes from an area of 0.52 million 
ha (FAOSTAT, 2014) [36]. 
The availability of diverse germplasm is a prerequisite for the success of breeding programmes 
(Glaszmann et al 2010) [42]. The species like Allium cepa, A. fistulosum and A. roylei can be 
utilized to develop cultivars resistant against different diseases along with desirable agronomic 
traits (Vu et al 2012) [102]. Onions are affected by wide range of insect pests and diseases. 
Among them, downy mildew, fusarium basal rot, white rot, black mould, purple blotch, 
stemphylium blight are the diseases affecting bulb and seed crops of onion. Germplasm from 
different countries has been evaluated for different diseases and thrips, and a few tolerant 
sources identified, which can be utilized in breeding programmes (Diaz-Montano et al 2011) [25].  
In onion, male sterility is due to interaction of cytoplasm and nuclear gene, i.e. cytoplasmic 
genetic male sterility (CGMS). The first male sterile plant was reported within the progenies of 
an onion cultivar ‘Italian Red’ (Jones and Emsweller 1936) [44], which was cytoplasmically 
inherited, and male sterility was under the control of a single recessive nuclear restorer locus 
(Jones and Clarke, 1943) [52]. In onion breeding, the traits such as size, shape, colour, 
pungency, soluble solids and disease resistance were targeted. Quantitative trait loci (QTL) 
analysis based on a genetic linkage map would be efficient for revealing the mode of 
inheritance of these traits. The first genetic linkage map of Japanese bunching onion with 
AFLP markers was constructed using reciprocally backcrossed progenies. The first onion 
genetic map was developed with the BYG15-23× AC43 F2 population using 116 markers 
(RAPD and RFLP) which consists of 12 linkage groups with average distance of 9 cM. Three 
important characters, male sterility, bulb colour and flavour (alliinase activity) mapped to 
different chromosomes (King et al 1998) [68]. A herbicide resistant gene was used to develop 
glyphosate (Round-up) resistance onions by using Agrobacterium mediated transformation, 
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but these plants have not been released commercially (Eady et 
al 2003) [28]. RNAi suppressed the activity of lachrymatory 
factor synthase, resulting in a ‘tear-less’ onion, in which 
isoalliin was not converted into thiosulfinates, which is 
desirable compound for onion flavor and human health (Eady 
et al 2008) [33]. Although reasonable progress has been made 
so far in the onion and research, many important problems 
still have to be tackled. Rapid progress could be achieved 
through the use of simple in vitro and rapid multiplication 
methods. 
 
Genetic diversity in onion 
Onion has been grown from ancient times in different regions, 
and growers have selected desirable populations according to 
their needs. A wide range of landraces and cultivars 
harbouring immense genetic variation for different traits are 

available (Brewster 2008) [14]. Threat of genetic erosion due to 
the introduction of F1 hybrids led to the collection of onion 
landraces and modern cultivars in various countries (Fritsch 
and Friesen 2002) [37]. These germplasm collections represent 
a wide range of onion gene pools and are available in various 
gene banks. Wild alliums harbour a wide range of useful traits 
but crossing barriers restrict their use (Chuda and Adamus 
2009) [22]. Interspecific hybridization in genus Allium allows 
researchers to transfer useful traits from closely related 
Alliums into bulb onion, and introgressions from Allium 
roylei, Allium galanthum and Allium fistulosum have opened 
new options for improvement (Vu et al 2012) [102]. These 
species can be utilized to develop onion cultivars resistant 
against various diseases along with desirable agronomic traits, 
such as earliness and better rooting system. 

 
Table 1: Major Allium gene Banks in the World 

 

Name of Institutes No. of Accessions Web page Country

AVRDC – The World Vegetable Center 1082 http://avrdc.org/ Taiwan

Directorate of Onion and Garlic Research 2050 http://www.dogr.res.in/ India 

European Cooperative Programme for Plant Genetic Resources 14 4002 http://eurisco.ipk-gatersleben.de Germany

N.I. Vavilov Research Institute 1888 http://www.vir.nw.ru/ Russia 

National Institute of Agrobiological Sciences 1352 http://www.nias.affrc.go.jp/index_e.html Japan 

Royal Botanic Gardens 1100 http://www.kew.org/ UK 

US Department of Agriculture 1304 http://www.usda.gov/wps/portal/usda/usdahome USA 

Warwick Crop Center 1755 http://www2.warwick.ac.uk/fac/sci/lifesci/wcc/gru/ UK 
(Khosa et al 2016) [59] 

 
(2) Need of marker technology: Characterization and 
grouping based on phenotype are influenced by 
environmental variations; molecular markers are preferred 
because of polymorphic nature, co-dominance, high 
reproducibility and easy exchange of data between 
laboratories (Joshi et al 1999) [54]. There are different marker 
systems available for crop plants such as RFLP, RAPD, ISSR, 
SSR, AFLP, SCAR, CAPS and SNP etc (Semagn et al 2006) 

[92] but SSR markers have provided the greatest insights into 
onion diversity (Khosa et al 2014) [60]. Several studies have 
revealed that short- and long-day germplasm are genetically 
distinct and these two groups subdivide further based on 
geographical origins (Mallor et al 2014) [71]. Indian short-day 
germplasm is more diverse than other exotic germplasm and 
therefore might provide a source of novel alleles for onion 
breeding (Baldwin et al 2012) [8]. Given the genetic diversity 
of the short-day germplasm from Central Asia and India, it 
would be also worth screening this material for resistant 
against various pathogens that could be utilized in breeding 
programmes. 
 
(3) Diversity analysis and varietal identification of 
Alliums: The knowledge of genetic diversity helps in the 
efficient management of germplasm and selection of parents 
for crossing so in these progress 90 RAPD primers grouped 
24 onion cultivars into northern and southern regions of India 
(Sangeeta et al 2006) [88], ten varieties of onion (A. cepa L.) 
were analysed, Bermis and India-2 were more dissimilar and 
Faridpuri and Bhati were the most genetically similar 

(Maniruzzaman et al 2010) [72]. Thirty-two onion germplasm 
resources analysed using ISSR were divided into five groups; 
the first group Yellow Sweet Spanish system, the second Bejo 
Daytona cultivar, the third Yellow Globe system, the fourth 
Yellow Globe Danvers system and the fifth group of Yellow 
Danvers system (Qijiang & Jia 2007) [88]. The genetic fidelity 
of A. ampeloprasum L. and A. sativum in vitro regenerated 
clones was studied by Gantait et al. (2010) [40] using 10 ISSR 
while Jakse et al (2005) [50] identified 398 SNP, indels and 
SSRs which distinguished 35 elite onion populations.  
 
(4) Development of SSRs in Alliums: With the development 
of different tools and techniques SSR development has been 
initiated in Alliums. To establish a genetic basis for the breed-
ing of Japanese bunching onion, Tsukazaki et al (2008) [99] 
isolated more than hundreds of SSR clones from size-
fractionated genomic DNA libraries. They were highly 
polymorphic and applicable to the related species such as bulb 
onion and these can be used for cultivar identification and 
hybrid purity determination, marker-assisted selection etc. 
The MISA (MIcroSAtellite identification tool) program 
revealed 336 dinucleotide to hexa-nucleotide SSRs among 
313 unique onion ESTs, representing a frequency of 1 SSR/25 
kb similar to 1 SSR/27.2 kb observed in a survey of higher 
plants (Cardle et al 2000) [18]. Baldwin et al (2010) [9] reported 
the application of Roche 454 technology to develop sequence 
resources for population analyses and genetic mapping. So far 
170 genomic SSRs, 9 EST-SSRs, 31 Indels and 156 CAPS 
markers have been developed. 
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Table 2: Development of simple sequence repeat (SSR) in Alliums. 
 

Method Marker Developed References 
MISA programme revealed 336 SSRs, 1 SSR/25kb Cardle et al (2000) [18] 

Normalized cDNA library 11 008 unique ESTs generate Joseph et al (2004) 
Large scale sequencing of SSR-enriched genomic DNA 

libraries 
1796 SSRs isolated Tsukazaki et al (2007) [99] 

Size fractionated genomic library 
32 SSRs and 18 bulb onion expressed sequence tags 

(EST) 
Tsukazaki et al (2008) [99] 

Roche 454 technology 
170 genomic SSRs, 9 EST SSRs,156 CAPS markers 

developed 
Baldwin et al (2010) [9] 

 
Varietal development in onion 
(1) Different coloured varieties: Systematic breeding 
programme was started as early as 1960 at Pimpalgaon 
Baswant, Nashik and later at IARI, New Delhi. Early varieties 
developed through selection procedure. The programme was 
further strengthened under a coordinated project by institutes 

of the Indian Council of Agricultural Research at National 
Horticultural Research and State Agricultural Universities 
(SAUs). As a result, 45 varieties of onion (including two F1 
hybrids and 6 varieties of multiplier onion) have been 
developed and released. 

 
Table 3: Varieties from Different Organization 

 

S. No. Organization Variety Bulb Colour Planting Season Year of Release 

1. MPKV, Rahuri 
Phule Suvarna Yellow Rabi and late Kharif 2001 

Phule Samarth (S-1) Red Late Kharif 2006 
2. IARI, N.Delhi Selection 126 Brown Rabi 2012 

3. IIHR, Bangalore 
Arka Swadista White Rabi 2010 
ArkaVishwas Dark red Kharif and Rabi 2011 

4. HAU, Hissar HOS-1 Red Rabi 2006 

5. NHRDF, Nasik 
NHRDF Red (L-28) Red Rabi 2006 

NHRDF Red (L-355) Red Rabi 2012 
6. PDKV, Akola PKV White White Rabi 2009 

7. PAU, Ludhiana 
Punjab Naroya Red Rabi 1995 
Punjab White White Rabi 1997 

8. RARS, Durgapura RO 252 Red Rabi 2010 

9. 
DOGR, 

Rajgurunagar 
Bhima Shubhra White Kharif and late Kharif 2010 

Bhima Dark Red Red Kharif 2012 
 

(3) White onion varieties: Onion varieties for dehydration 
should be pure white, globose in shape, thin necked, free from 
greening and moulds, with high pungency, TSS and yield, 
and, show field tolerance/resistance to diseases and pests. 
Bajaj et al (1979) [7] identified cv. Punjab-48 as most suitable 

for dehydration on account of its TSS (14.6%). Raina et al 
(1988) [85] recorded maximum (15.8%) TSS in Texas Yellow, 
followed by Punjab Selection (13.3%), Udaipur-102 (13.5%) 
and Punjab-48 (13.4%). 

 
Table 4: Performance of White Onion Varieties Developed in India. 

 

Name of the variety Source TSS (%) Average yield (t/ha) 
Pusa White Round IARI, New Delhi 11.13 30.0 – 32.5 

Pusa White Flat IARI, New Delhi 10.00 32.5 – 35.0 
Udaipur 102 RAU, Udaipur 10.06 30.0 – 35.0 

Agrifound White NHRDF, Nashik 10.76 20.0 – 25.0 
Phule Safed MPKV, Rahuri 10.13 25.0 – 30.0 
PKV White PDKV, Akola 09.55 25.0 – 30.0 
N-257-9-1 Agril. Deptt., M.S. 10.00 25.0 – 30.0 
Punjab-48 PAU, Ludhiana 11.00 30.0 – 32.5 

V-12 Jain Food Park, Jalgaon 15.00 35.0 – 40.0 
Nimar Local Land Race, M.P. 12.50 25.0 – 30.0 
Talaja Local Land Race, Bhavnagar 12.00 25.0 – 30.0 

 
Production of doubled haploids in onion 
Onion populations possess deleterious recessive alleles, and 
due to inbreeding depression, breeding lines can be selfed for 
only up to two or three generations. Thus, with conventional 
breeding it is difficult to obtain homozygous inbreds for 
complete genetic and phenotypic uniformity in the resultant 
hybrid. Doubled haploid (DH) production is an alternative 
strategy for complete homozygosity and phenotypic 
uniformity to obtain inbred lines in onion (Bohanec 2002) [12]. 
The major factors affecting haploid induction include 
genotype, physiological condition of donor plants, 

developmental stage of the gametes, pre-treatment, 
composition of culture medium, and physical factors during 
tissue culture (Murovec and Bohanec 2012) [77]. It has been 
observed that response of anther to haploid induction is not 
successful in onion (Keller and Korzum 1996) [57]. A high rate 
of success in onion through gynogenesis was observed by 
Bohanec (2009). 
 
(A) Factors affecting haploid induction 
(A1) Choice of explants: Gynogenic haploid induction could 
be achieved through culture of un-pollinated ovules/ ovaries/ 
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whole flower-buds (Bohanec, 2002) [12]. Keller (1990) [58] 
observed that ovule culture was the most laborious and 
yielded the lowest number of embryo regenerants. Therefore, 
this is no longer used for haploid induction in onion 
(Bohanec, 2002) [12]. Flower bud culture is the simplest way of 
inducing gynogenic haploids in onion and has been used in 
many recent studies by various workers. 
 
(A2) Developmental stage: Michalik et al (2000) [75] 
concluded that small young buds of 2.8-3mm length produced 
significantly fewer embryos than older ones of 3.5-4.5mm 
length, while displaying genotype specificity. 
 
(A3) Pre-treatment: It’s maximizing gynogenic 
responsiveness in cultured flower-buds of onion across its 

flowering season. Flower buds excised from stock plants 
maintained at 15ºC were ten times more responsive than those 
taken from plants raised under glasshouse conditions, or held 
at 10ºC. 
 
(A4) Media composition: The three most-often used 
combinations of macro- and micro-elements have been 
reported as B5 (Gamborg et al 1968) [39], BDS (Dunstan and 
Short, 1977) [27] and MS (Murashige and Skoog, 1962) [76]. 
Chen et al (2010) [20] mentioned that organic-nitrogen source, 
carbohydrates and growth regulators are the most-often 
modified components. Growth regulators in different media 
combinations required for successful gynogenesis are 
tabulated below: 

 
Table 5 

 

Growth Regulators Induction Media mg/l Reference 
IBA + BAP 2.03+1.25 Keller (1990) [58] 

2,4-D+BAP; NAA+BAP 2+0.12,1+0.12 Campion et al (1992) [17] 
BA+2,4-D 2+2 Puddephat (1999) [83] 

2,4D+BA+Putrescine+Spermidie 0.01mM+0.01mM+2mM+0.1mM Ebrahimi and Zamani (2009) [35] 
2,4-D + BAP 2+2 Jakse et al (2010) [51] 

Growth Regulators Regeneration Media mg/l Reference 
NAA+2,4D+IAA+BAP+2iP 1+0,4+1,5+2+2 Campion and Alloni (1990) [16] 

IBA+BAP+GA3 2+0,1,2+3, 5 Keller 1990 [58], Campion et al (1992) [17]

NAA+2iP 1+2 Bohanec et al (1995) [13] 
2iP+ IAA 2+1.5 Puddephat (1999) [83] 

 
(A5) Effect of genotype 
Geoffriau et al (1997) [41] reported that among genetic 
structures, inbreds regenerated significantly better than 
synthetics. Regenerants from inbreds were the most vigorous, 
whereas, synthetics were confirmed to be good donor material 
for quality embryos. 
 
(B) Genome-doubling procedures 
Grzebelus et al (2004) [45] reported oryzalin, trifluralin and 
APM as better agents than colchicines for in vitro 
chromosome doubling in onion tissue. However, APM is 
recommended due to its low toxicity. Alan et al (2007) [4] 
compared the efficiencies of three antimitotic agents (APM, 
colchicines and oryzalin) and recommended APM (100 or 
150μM) due to its low toxicity and ability to yield results 
comparable to that with colchicine (750 or 1000μM). 
It can be concluded that complete homozygosity through DH 
approach can be attained in less time than traditional breeding 
approaches. 
 
Genetic transformation in onion 
Species hybridization for plant improvement has always been 
an important tool for the introduction of genetic variation in 
the breeding of new cultivars, as wild relatives of cultivated 
species contain gene reservoirs for agronomically useful 
traits. With respect to sexual hybridization it is known already 
for a long time that the transfer of genes from one species to 
another species can be difficult. This proved to be also true 
for Allium (Kik 2002) [63]. However an important breakthrough 
in this area has recently been accomplished, namely 
Khrustaleva & Kik (1998, 2000) [61, 62]. They showed that the 
hybridization barrier between A. fistulosum and A. cepa can 
be overcome using A. roylei as a bridging species. This results 
in highly segregating so-called bridge-cross populations [A. 

cepa X (A. fistulosum X A. roylei)]. Especially the presence of 
many disease and pest resistances in A. fistulosum, but also in 
A. roylei, makes this gene pool approach very attractive for 
plant breeding purposes. 
 
(1) Regeneration system: The development of an efficient 
system for genetic transformation is a valuable extension of 
the gene transfer tools for further crop improvement. In 
Allium, various plant regeneration systems have been 
developed using different starting material. Eady (1995) [29] 
reviewed the different source materials used for in vitro 
culture of Allium species. The most successful regeneration 
systems in Allium use (im)mature embryos, root tips 
(segments), flower buds, suspension cultures or protoplasts as 
starting materials. 
  
(2) Transformation system: Recently, reports were 
published showing that genetic transformation has become 
possible in Allium and this without any doubt is a major step 
forward (Eady 2002) [30]. With report to particle bombardment, 
Klein et al (1987) [69] developed the first one a high-velocity 
microprojectile method and demonstrated that epidermal 
tissue of onion could take up foreign DNA sequences. Eady et 
al (2000) [34] developed a stable transformation protocol using 
immature embryos of A. cepa via Agrobacterium tumefaciens. 
Due to the aforementioned efforts in developing reliable 
transformation systems for Allium crops nowadays transgenic 
shallot and garlic plants containing Bt resistance genes have 
been produced which confer resistance to beet armyworm 
(Spodoptera exigua) (Zheng et al 2004a, 2004b) [104, 105]. 
Furthermore, transgenic plants containing herbicide resistance 
and antisense versions of alliinase genes are available (Eady 
2002) [30]. 
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Table 6: Genetic transformation in onion by different methods. 
 

Species Target tissue Method Result References 

A. cepa Bulb 
A. tumefaciens, 
A. rhizogenes 

Tumorigenic response and opine production Dommisse et al (1990)

A. cepa 
Microbulbs from germinating 

seeds 
Particle bombardment, A. tumefaciens Transient expression of gusA Eady et al (1996) [31] 

A. cepa Immature embryo A. tumefaciens Stable expression of nptII and m-gfp5-ER Eady et al (2000) [34] 

A. cepa 
Calli derived from mature 

embryo 
A. tumefaciens Stable expression of gusA and hpt Zheng et al (2001) [106]

A. cepa Immature embryo A. tumefaciens 
Stable expression of bar and antisense versions 

of alliinase genes 
Eady et al (2002) [30], 

(2003) [28] 

A. cepa 
Calli derived from mature 

embryo 
A. tumefaciens 

Stable expression of gusA, hpt and Bt genes 
(cry1Ca or H04) 

Zheng et al (2004) 

 
Male sterility in onion 
In onion, male sterility is due to interaction of cytoplasm and 
nuclear gene, i.e. cytoplasmic genetic male sterility (CGMS). 
The first male sterile plant was reported within the progenies 
of an onion cultivar ‘Italian Red’ (Jones and Emsweller, 
1936) [53], which was cytoplasmically inherited, and male 
sterility was under the control of a single recessive nuclear 
restorer locus (Jones and Clarke, 1943) [52]. Male sterile plants 
occur in natural populations, but the proportion of male sterile 
plants varies with the site and season. Berninger (1965) [10] 
identified a new sterile cytoplasm (T cytoplasm) in French 
cultivar ‘Jaune Paille des Vertus’. Fertility restoration in T-
cytoplasm is controlled by three independent genes 
(Scheweisguth, 1973) [89]. Globally, the CGMS system has 
been commercially exploited in onion for hybrid development 
over the last four decades. The first F1 hybrid, VL- 67, was 
released in 1973, and thereafter, an improved F1 cross “BYG-
2207 x Almora Selection-2”, was identified at VPKAS, 
Almora in 1976 and these hybrids were developed using 
exotic CGMS lines. This male sterility has been transferred to 
several breeding lines by backcross breeding method. 
Transfer of cytoplasm from related species into cultivated 
populations may produce new sources of CGMS (Havey 
1999) [49]. In an attempt to diversify the cytoplasm 
conditioning male sterility, the cytoplasm of Allium 
galanthum was backcrossed for seven generations to bulb-
onion populations. The flowers of galanthum cytoplasmic 

populations possess upwardly curved perianth and filaments 
with no anthers, making identification of male sterile plants 
easier than for either S- or T cytoplasmic male sterile onion 
plants. It is understood that these galanthum-cytoplasmic 
onion populations can be used as alternative male-sterile 
cytoplasm for the diversification of hybrid onion seed 
production. Worldwide, more than 50% of currently 
cultivated onion varieties are F1 hybrids derived from S-
cytoplasm (Pelletier et al 1995) [80]. Development of onion 
hybrids faces major obstacles because of a high rate of 
inbreeding depression while developing inbreds. 
 
(1) Marker for cytoplasmic male sterility (CMS) in onion: 
A low-density genetic map of onion (A. cepa L.) was 
developed, comprised of RFLPs and distinguished normal 
fertile (N) and sterile (S) cytoplasm of onion. There was a 
correlation between expected and observed numbers of plants 
maintaining CMS (Havey et al 2001) [48]. At least three 
restorer genes are involved in the restoration of fertility in 
CMS-T male-sterile while fertility restoration in CMS-S is 
controlled by a single gene only, rendering it suitable for the 
establishment of molecular breeding systems (Kim et al 2009) 

[66]. One SCAR marker and one RAPD marker were 
identified, which could distinguish between N and S 
cytoplasm in several Welsh onion cultivars, confirmed by 
Southern blotting (Gai & Meng 2010) [38]. 

 
Table 7: Molecular Markers for Cytoplasmic Male Sterility (CMS) analysis in Alliums. 

 

Marker Application Refernces 
RFLP identify the cytoplasmic genotypes Szklarczyk et al (2002) [96]

PCR-RFLP distinguish male-fertile (N) and male-sterile (S) cytoplasm Cho et al (2006) [21] 
RFLP CMS-T and CMS-S cytoplasm type identification Kim et al (2009) [66] 

RAPD, SSR, RFLP genomic and mitochondrial genome diversity Chaurasia et al (2010) [19] 
RAPD and CAPS high-resolution linkage map of the Ms locus Park et al (2013) [79] 

Chloroplast and mitochondrial markers study of mitochondrial genome rearrangements Kim et al (2013) [64] 
 

Quality improvement in onion  
The quality of onion cultivars is determined by bulb colour 
(anthocyanin and flavonoid content), firmness, number of 
scales, number of growing points, neck thickness, total 
soluble solids (TSS), pungency and antioxidants (Brewster 
2008, Goldman 2011) [14, 43]. Onion-processing industries 
require cultivars with single-centre bulbs, high TSS and dry 
matter, traits that are also important for storage (McCallum 
2007) [73]. Red onions tend to have higher antioxidant 
activities than yellow and white onions, although it is possible 
to breed yellow onions with high antioxidant activities due to 
their high total phenolic contents. There is huge demand for 
single centred (one growing point) bulbs for fresh market and 
onion ring industries.  
 

(1) Molecular Markers for quality traits of onion: The 
flavour precursors of onion are 1-propenyl, propyl and methyl 
cysteine sulphoxides (Randle & Lancaster 2002) [87]. 
McCallum et al (2006) [72] found a polymorphic SSR marker 
which exhibited strong disequilibrium with bulb fructan 
content and was mapped to chromosome 8 in the interspecific 
population A. cepa × A. roylei. QTL analysis revealed 
significant associations of both pungency and bulb soluble 
solids content with marker intervals on chromosomes 3 and 5 
(McCallum et al 2007) [73]. The non-structural dry matter 
content of onion bulbs consists principally of fructose, 
glucose, sucrose and fructans. Raines et al (2007) [86] 
constructed a cDNA subtraction library to differentiate the 
high and low fructan accumulating background. 
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(2) Colour improvement in onion: Bulb colour is one of the 
important traits in onion (A. cepa L). The bulb colour is due to 
flavonoid compounds and 54 kinds of flavonoids have been 
reported in onion (Slimestad et al 2007) [93]. Unusual gold-
coloured onions showed a reduced amount of quercetin, the 
most abundant flavonoid in onions. Kim et al (2004) [64] 
identified critical mutations in the chalcone isomerase (CHI) 
gene causing gold onions. The colour difference between 
yellow and red onions was revealed suggesting the involve-
ment of two complementary genes in anthocyanin production 
in the F1 hybrids (Kim et al 2005) [67]. 
 
Sources of resistance to onion diseases and pests 
Onions are prone to a wide range of insect pests and diseases. 
Among them, downy mildew, fusarium basal rot (Fusarium 
oxysporum), pink root (Pyrenochaeta terrestris), white rot 
(Sclerotium cepivorum), black mould (Aspergillus niger), 
purple blotch (Alternaria porri), stemphylium blight 
(Stemphylium vesicarium), iris yellow spot virus (IYSV) and 
onion yellow dwarf virus (OYDV) are the major diseases 
affecting bulb and seed crops of onion (Brewster 2008) [14]. 
Seven species of Allium, viz., Allium fistulosum, A. roylei, A. 
bouddhae, A. schoenoprasum, A. galanthum, A pskemense, A. 
oschaninii have shown varying degree of resistance from 
immune to susceptible to these diseases. Of these, A. 
fistulosum and A. roylei have shown multiple resistances to 
Botrytis leaf blight, downy mildew, anthracnose, Fusarium 
basal rot etc. A. bouddhae, A. schoenoprasum showed 
immune reaction to onion blast (Schwartz and Mohan, 1995) [91].  
The introduction of the downy mildew resistance gene (Pd1 
and Pd2) from A. roylei into edible Alliums in recent times 
using molecular techniques and further using molecular 
markers to follow through on the assessment of its 
incorporation is a good example of marker assisted breeding 
(Brewster 2008) [14]. Resistance to fusarium basal rot has been 
identified in different germplasms of bulb onion and other 
alliums and is governed by one, two or multiple genes 
depending on the germplasm (Taylor et al 2013) [97]. 
Tolerance to white rot, pink root, stemphylium blight, black 
mould, purple blotch and IYSV has been identified, but 

complete resistance has not been found in onion or other 
alliums (Bag et al 2014, Kale and Ajjappalavara 2014) [6, 55]. 
 
Purple Blotch Disease 
Purple blotch, caused by Alternaria porri is the most 
destructive foliar disease, prevalent in all Allium growing 
countries of the world (Kareem et al 2012) [56]. It is 
responsible for causing severe yield losses ranging from 2.5% 
to 97% in both the bulb and seed crop (Lakra 1999) [70]. Purple 
blotch control often involves frequent application of 
fungicides (Priya et al 2015) [82], biological control by 
inoculation of antagonistic fungi and bacteria and genetic 
engineering towards purple blotch resistance in onion (Eady 
et al 2003) [32]. However, these are mostly time consuming, 
costly and often ineffective due to the emergence of resistant 
races of the pathogen. In these circumstances, host resistance 
breeding could be the most effective way to control purple 
blotch disease. However, there is only a limited source of 
naturally available host plants that exhibit resistance against 
purple blotch. A few onion lines have been identified that 
exhibit resistance or moderate resistance to purple blotch in 
field screening conditions (Tripathy et al 2013) [98]. Varieties 
like Punjab-48 (S-48), Punjab Red Round, Punjab Selection 
and Punjab Naroya (PBR- 5) from PAU; Arka Lalima, Arka 
Kirthiman and Arka Pitamber from IIHR have been identified 
that shown resistance to purple blotch.  
Among insects, onion thrips (Thrips tabaci L.) causes major 
damage by reducing photosynthetic activity, making an entry 
point for pathogens and as a vector for IYSV (Bag et al 2014) 

[6]. Germplasm from different countries has been evaluated 
and a few thrips tolerant sources identified, which can be 
utilized in breeding programmes (Diaz-Montano et al 2011) 

[25]. Glossy and semi-glossy foliage has been shown to be non-
preference to thrips that minimize feeding damage in onion 
(Damon and Havey 2014) [24]. Genetic studies indicate low 
heritability for thrips resistance, and it would be desirable to 
use family based selection to increase genetic gain (Hamilton 
et al 1999) [47]. Several cultivars/germplasm accessions of 
Allium species have been evaluated worldwide and found to 
possess varying levels of resistance to different biotic stresses. 

 
Table 8: Onion Cultivars Resistance against Pests and Diseases. 

 

Pest Source of Resistance References 
Fusarium basal rot Arka Lalima, Arka Kirthiman and Arka Pitamber from IIHR Somkuwar et al (1996) [95] 

White rot IIHR Yellow; Hybrid-3-MR Somkuwar et al (1997) [94] 

Purple blotch 
(Alternaria porri) 

Fiesta-R, Punjab -48 (S-48), Punjab Red Round, Punjab Selection and 
Punjab Naroya (PBR- 5) from PAU; Arka Lalima, Arka Kirthiman and Arka 

Pitamber from IIHR 

Potandon Produce L.L.C. (2003) [81] NORV 
database Gupta and Pathak (1988) [46] 

Xanthomonas leaf blight Cometa, Blanco Duro and Redwing (white and red varieties)-T Schwartz and Gent (2005) [90] 

Thrips 
Punjab -48 (S-48), and Punjab Selection from PAU; Arka Lalima, Arka 

Kirthiman and Arka Pitamber from IIHR 
Alimousavi et al (2007) [5] 

Pink root disease 
Texas Early Grano, Yellow Sweet Spanish (commercially exotic resistant 

cultivars ) 
Nasr Esfahani and Ansari Pour, (2008) [78] 

Stemphylium leaf blight 
PI 208733 ; PI 280565 ; PI 461393 ;Asagikei- Kujyo ; PI 461398; Kujyo-

futo; PI461402; Shiobara-bansei 
USDA, ARS, National Genetic Resources 

Program. [Online Database] (2009) [100] 
 

Storage of onion 
(1) Application of pre-harvest and spray chemicals for 
onion storage 
Bufler (2009) [15] found that Copra onion variety held in 
continuous ethylene (10.6 Ml L-1) had reduced sprout growth 
compared with those held in air. Adamicki, (2004) [2] reported 
that the application of ethephon to onion plants 2 weeks prior 
to harvest was found to reduce sprout incidence by 5% after 
32 weeks of storage at 0°C; however, no significant reduction 
in rooting was observed. Cools et al. (2011) [23] reported that 
ethylene can suppress sprouting while the ethylene-binding 

inhibitor 1-methylcyclopropene (1-MCP) can also suppress 
sprout growth Bulbs fumigated with sulphur dust before 
storage under natural ventilation were found to have better 
shelf life for 16 weeks (Abbey, 2000) [1]. 
 
(2) Storage structures 
(2a.) Controlled atmospheric storage: Yamashita et al. 
(2009) [103] tested 1 °C and 80% RH in 1% O2 + 1% CO2 for 
storage up to 196 days and found that sprouting and root 
growth were inhibited in CA storage and 98.2% were 
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considered marketable, compared with 69.2% for those stored 
at -0.5 °C and 80% RH in air. 
 
(2b.) Modified atmospheric storage 
Adamicki et al. (1977) [3] found that internal breakdown was 
observed in 68.6% of the bulbs when they were stored at 1 °C 
in sealed PE bags with a CO2 concentration higher than 10%; 
they also found a similar disorder in bulbs stored at 5 °C in 
sealed PE bags, and this was probably due to the very high 
concentration of CO2 of 28.6%. 
To reduce losses during storage modified or controlled 
atmospheric storage with proper temperature management, 
shall control sprouting and weight loss against the pre-harvest 
chemical spray and prolong the time of onion storage.   
 
Future strategies 
• Shifting toward globalization and industrialization 
• Development of high yielding and disease resistant F1 

hybrids using CMS lines  
• Identification of responsive gynogenic material for DH 

production 
• Transfer of disease and pest resistant genes from other 

species of Allium to cultivated Allium cepa 
• Development of biotic and abiotic resistant inbred lines 

from local variable genetic material for production of F1 
hybrids 

• More emphasis on quality retention in onion breeding 
• Better availability of suitable F1 hybrid seed 
So in conclusion, further efforts should be made towards 
different approaches like development of high yielding and 
disease resistant F1 hybrids using CMS lines and 
identification of responsive gynogenic material for double 
haploid production. Emphasis should also be made towards 
transfer of disease and pest resistant genes from wild species 
of Allium to cultivated Allium cepa, development of biotic and 
abiotic resistant inbred lines, quality retention and better 
availability of suitable F1 hybrid seeds. 
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