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ABSTRACT

In this mini review, significance of onion as an important vegetable for
world-wide cultures hasinadvertently set thetoneto genetic diversity among
onions and its significance. This diversity study has used five data sets,
only to provetheir partia utility to properly classify thisvast genus Allium.
These studies have brought out limitations of biochemical (isozyme) data
as well as molecular data. These limitations have led to development of
techniques/concepts of RAPD, GISH and RFLP, along with refinement in
DNA isolation procedures from onion and electrophoretic separation
procedures to minimize ambiguities in interpretation of data, be it on an
evaluation of cytoplasm N, Sand T or evaluation of onion genome from
major onion producing countries. Thiswork hasthuslaid afirm foundation
for onion improvement program for inducing traits desired by consumers
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and for industrial applications.

INTRODUCTION

Onionsareoneof the oldest vegetablesknown to
mankind, used for their flavor, aromaand taste. They
areavailableinfresh, frozen, canned, pickled and de-
hydrated forms. Depending onthevariety, anonion can
be spicy and pungent or mild and sweet!™. They are
used invast number of reci pesand preparations, Span-
ning world’s almost all cultures. Onions are used, usu-
ally chopped or dliced, inalmost every type of food,
including fresh salads, cooked foods, asa spicy deco-
ration and an accompaniment to themain course. They
areused domestically or industridly asaraw materia
for avariety of food manufacturing processessuch as
dehydration, freezing, canning and pickling?.
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Onionsarecultivated species, thoughtheir wildre-
lated speciesarestill found intheareas, whicharere-
garded as botanical centersof origin for thecrop: the
south western part of Central Asia, largely covered by
Iran, Afghanistan, Pakistan and Southern Republics of
the Soviet Uniont,

GENETICDIVERSITY

Genetic diversity refersto any variationin nucle-
otides, genes, chromosomes or whole genome of or-
ganisms. Thisisthefundamentd basisand currency of
diversity asreflected from approximately 1 billion dif-
ferent genes, recognized from al theknown specieson
earth™,
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Significanceof geneticdiversity

Duringthe processof evolution, smal advantageous
characteristic changes occurring randomly have been
passed over from one generation to thenext. Thege-
netic charactersare observable structures or molecular
entitiesfrom different species, such asgene products
or metabolic pathways. A ccurate assessment of genetic
charactersandtheir relationship(s) in crop speciesisan
important component of crop improvement programs,
asit servesto provideinformation about genetic diver-
gty. Thisincludes(i) andysisof genetic variability incul-
tivars, (i) identification of diverseparental combinations
to createsegregating progenieswith maximum genetic
vaiahility for furthersdlectionand (jii) introgressngdesir-
ablegenesfrom diversegermplasmsintotheavailable
geneticbase.

Anaysisof geneticdiversity in germplasm collec-
tionsfacilitatesreliableclassfication of accessonswith
possibleutility for specific breedingpurposes. Signifi-
cant emphasisisbeing paid to comprehensiveanaysis
of geneticdiversity innumerouscrops, including major
field cropssuch aswheat (TriticumaestivumL.), rice
(Oryzasatival.), maize(ZeamaysL.), barley (Hor-
deum vulgare L.), and soybean [Glycine max (L.)
Merr.]5l,

GENETICDATASETS

Geneticdiversity could bestudied by andyzing the
numerica observationson variablesof populationsand
individuals. For thispurpose, different datasetshave
been used by scientists, most important among such
datasetsare (i) pedigreedata®, (ii) passport data/ mor-
phological datd”, (iii) biochemical dataobtained by
analysisof isozymes®, (iv) storage proteing® and (v)
DNA-based marker data, which allow morereliable
andrapid differentiation of cultivars. Sinceeach of these
data sets provide different types of information, the
choiceof anaytical method(s) depends on the (a)
objective(s) of the experiment, (b) level of resolution
required, (c) resourcesand technol ogicd infrastructure
availableand (d) operationa and time constraints, if
any!ol,

Genetic diversity playsan important rolein plant
breeding, because hybridsbetween linesof diverseori-
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gingenerdly display greater heterosisthan those be-
tween closely related strains. However, the maximum
heterossgenerally occursat an optimd or intermediate
level of diveraity. Oneof the potent techniquesof mea
suring genetic divergenceisthe D? statistics proposed
by Mahal anohis™. Subsequently, Rao™*? suggested the
application of D? gtatisticsfor the assessment of genetic
diversity in plant breeding. Thistechniquemeasuresthe
forcesof differentiation a twolevd snamdy;, intra-cluster
andinter-clugter level sand thushe psinthe sl ection of
genetically divergent parentsfor exploitationin hybrid-
ization programs.

GenusAllium

Itisalargegenusand containsseveral major agri-
culturd cropsincluding bulb onion (Alliumcepa), shdlot
(A. cepa syn. A. ascal onicum), Japanese bunching or
Welsh onion (A. fistulosum), chive (A.
schoenoprasum), garlic (A. sativum) and leek (A.
ampel oprasumsyn. A. porrum). All these common/
domesticated Alliums have abas c chromosome num-
ber of 8 and most arediploids (A. cepa: 2n=2x=16)1*3,
Classfication of suchalargegenushas proved difficult
and many ambiguitiesstill existi*4,

Initial effortsfor classification of GenusAllium

Vvedensky!™® classified the cultivated Alliumspe-
ciesintofour sections. Cepa(bulb onion), Phyllodolon
(Japanese bunching onion), Porrum (garlic and leek)
and Rhizirideum (chive). A later classification based on
morphological criteria, crossability and karyotype?d,
a so divided them among four sections (Allium, Cepa,
Fistulosaand Rhizirideum) with further divisionsinto
sub-sections. However, difficulties arose, because of
(i) few morphological charactersuponwhichtheclas-
sficationwasbased and (ii) strong barriersto crossing
separate, but morphologically similar species. There-
fore, it hasbeen suggested that there could bearolefor
genetic markersin the systematic study of the Allium
species',

Assodiation of morphologica marker(s) withagene
of interest servesasauseful tool for selection. How-
ever, morphologica markersareaffected by (a) domi-
nance and late expression, (b) deleterious effects, (C)
pleiotrophy, (d) epistasis, (€) rare polymorphisms, (f)
paucity of numbersand (g) non-tight linkages®.
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BIOCHEMICAL DATAUSINGISOZYME
MARKERS

The work on isozyme markers, started since 40
years, isregarded extremely useful inview of presence
of multipleformsof enzymesin plants. Theisozymes
are separated by starch gel dectrophoresisand visual-
ized asbandsby substrate-stainson gel's. For this pur-
pose, esterase, acid phosphatase, peroxidase, cata ase
and leucineamino peptidaseisozymesin onion seed-
lingswere used*¥.

Onthebassof dldicformsof isozymes(dlozymes),
which are co-dominant markers, heterozygous pheno-
type can bevisudized. For example, inrice, strong cor-
relation between isozyme phenotypeand characterslike
photosynthetic ability™” and seed protein content’! has
been found. However, isozyme markersbeing limited
innumber, growth stage and tissue-specific, haslimited
their use. Isozymeanaysisusing large Alliumcollec-
tionswasthefirst application of molecular markersin
onion. It wasappliedto (i) 29 popul ations, each with
30-60individuasof Alliumdouglasii, 188 accessions
of Allium cepa and 29 accessions of Allium
fistulosum?, (ii) 110 accessions of Alliumsativum®,
(iii) 300 accessions of Alliumsativum?¥ and (iv) 189
accessions of Allium cepa var. ascalonicumand Al-
lium wakegi,

MOLECULAR DATA

Molecular markers as a function of natural
variation

DNA markers, which occur asanatural variation
and are present in large number, provide several ad-
vantagesover isozyme markersby virtueof geneticin-
formation being stored?. Although plants carry out
replication of thisDNA with high accuracy and rapid-
ity, changesin DNA do occur dueto various mecha-
nismsoperating. Thesechangesmay be (i) smplebase
pair changesor (ii) large scal e changes, resulting dueto
(&) insertion, (b) deletion, (c) duplication, (d) substitu-
tion, (e) trand ocation and (f) transposition?”. There-
fore, variousmolecular marker methodol ogieshavebeen
utilized tovisualize DNA polymorphismi?®, The most
common molecular markerscurrently inuseare(i) re-
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griction fragment length polymorphism (RFLP), (ii) ran-
dom amplified polymorphicDNA (RAPD), (iii) ampli-
fied fragment length polymorphism (AFLP), (iv) Smple
sequence repeat (SSR) and (v) micro-satellite?.

RAPD (Radom Amplified Polymorphic DNA)
markers

Useof RAPD markerstoassessin-bred integrity

Commercia onion bulb growers had complained
that hybridsgrown successfully by them for few years
failed to give expected yields. Therefore, RAPD was
used for assessing in-bred integrity. The assessment
showed that in-breds used to produce hybrid-onion
seeds, (i) rarely saf-pollinated for more than two gen-
erations, (ii) retained high level of heterozygosity and
(iii) selection, drift or contamination over the period af-
fected their performance. RAPD markersidentified
between two in-bred onion lines, were used to exam-
inechangesinindependently maintained and publicaly
released in-bred onion linesand their Mendelianinher-
itance demonstrated, which reveal ed contamination,
contributingto lower yieldg®.

RAPD in conjunction with mor phological markers
for assessing geneticrelationship

The Allium cepa speci esincluded two magor crops
onthebasisof their morphological traitsand typical
reproduction mode: (i) sexually reproduced biennid on-
ionsand (ii) vegetatively propagated perennid shallots,
whichrarely flower. In addition, the seed-propagated
shdlot, arecently released variety, with anintermediate
phenotypefor life history, hasbeen used by breeders.
These specieswere analyzed using molecular markers
(RAPD) and morphological charactersof growth and
devel opment. Morphologica datarecorded from on-
ionsand vegetatively propagated shall otswas submit-
ted to multivariate statistical analysis. For molecular
marker study, European and tropical onion accessions
were chosen. Resultsindicated that seed-propagated
shalot wasmore closely rel ated to onionsthan to veg-
etatively propagated shallots, besidesageographical
geneticdiversity®y,

Useof GISH and RAPD to provehybrid status

Three vegetative crops of Cepain genusAllium
(top onion, French grey shdlot and viviparoustriploid

e, BIOCHEMISTRY

Hn Tndéan g%wumé



80 Onion diversity analysis

BCAIJ, 3(3) September 2009

Minireview ===

onion) of suspected hybridogenic origin were studied,
using genomicin stu hybridization (GISH) and RAPD
markers. Theresultsshowed that (i) in A. x proliferum,
parentd chromosomeswerederived from A. fisulosum
and A. cepa asunequivocally identified by GISH to
prove hybrid status of thiscrop and (ii) French grey
shdlot belongedto A. oschaninii onthebasisof RAPD
anadysis®,

Use of RFLP and RAPD to establish origin and
relationship between twotaxa

Theorigin of Alliumfistulosum (bunching onion)
and itsrelation to Alliumaltaicumwas examined by
(8) RFLPanalysisof fivenon-coding cpDNA regions
and (b) RAPD andysisof nuclear DNA. WhileRFLP
anaysscould distinguish thetwo species, only RAPD
andysisclarified theinter-relationship between thetwo
taxd®. RAPD and PCR-RFLPanaysiswasalso used
to establish phylogeneti c rel ati onship among collected
accessionsof shallot and Alliumx wakegi, asalsoto
assessitsorigin. Theresultsindicated thet (i) out of 100
primers, 20amplified with 112 scorablebandsfor duster
analysis, (i) out of 2 main cluster groups, one group
belonged to shallots and another to A. x wakegi and
(iii) sub-groupsof clustersreflected phenotypic differ-
entiationin shalotsand regiond specificity insomeA. x
wakegi accessiong®.

Inter-specific hybridization, performed between
wild and cultivated species of genus Alliumgenerated
hybrids, possessing characteristics of both parental
plants, asjudged by RAPD andlysig®. Similarly, inter-
specific hybrids (2n = 16) between Alliumfistulosum
L. (2n=16) and AlliumschoenoprasumL. (2n=16)
were studied using RAPD. Theresultsconfirmed the
hybridity.

Use of RAPD for assessing genetic diversity
among cultivars

RAPD markerswerealso used to estimate genetic
diversity among 24 cultivars of short-day onions. For
thispurposg, (i) total genomic DNA wasextracted and
subjected to RAPD andysisusing 90 arbitrary decamer
primers. Of these primers, (i) 15 selected primers
yielded 137 bands, 91.2% of which were polymorphic
and (ii) none produced unique banding pattern for each
cultivar. RAPD analysis(a) grouped 24 onion cultivars
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into two major clusters, from the northern region and
southernregion of Indiaand (b) showed high diversity
among thesalected onion cultivarg®,

Useof RAPD and field datafor assessing genetic
diversity amongcultivars

Feddatainvolved eva uation of 14 cultivarsfor mor-
phologica characterssuchas (i) plant height (cm), (ii)
number of leaves, (iii) bulb weght (g), (iv) bulb diameter
(cm), (v) Totd Soluble Solids(%), (vi) bolting (%), (Vii)
doubles (%), (viii) pungency (ppm) and (ix) yidd (tong/
acre), usang sandard statistica procedure. Onthebasis
of mean performanceof thesecultivars, their clustering
was undertaken, which had grouped themintofiveclus-
ters. RAPD markerswerea so used to estimate genetic
diversity among these 14 cultivars of short-day onions.
For thispurpose, total genomic DNA wasextracted us-
ing modified mini-prep protocol of Vorh et al .28, with
ease and cost effectiveness. RAPD analysiswas per-
formed using decamer primers(Figure 1) tonotethat (i)
these 31 primersyieded 77.2% polymorphic bandsand
(i) noneproduced uniquebanding pattern for each culti-
var. RAPD analysisgrouped 14 onion cultivarsinto four
clusters, onecluster with cultivarsof exotic originand
other threeincluded cultivarsof Indian origin. Compari-
sonof clustering based on RAPD aswell asfidd perfor-
manceindicated (a) high diveraty anongtheonion culti-
varssdected, (b) maximum divergenceamongtheex-
oticand Indian cultivarsand (c) potentid of RAPD mark-
ersfor identification/ mantenance of oniongermplasm
for onionimprovement!®49,

Ml 1 2 3 4 5 6 7 B8

9 10 11 12 13 14

M 1= 500 bp DNA ladder (Fermentas); 1=JV-7; 2=JV-12; 3=JV-
16; 4 = Phule Safed; 5 = Arka Kirtiman; 6 = Punjab White; 7 =
Agrifound White; 8 = Udaipur-102; 9 =Arka Pitambar; 10 =
PusaWhiteFlat; 11 = PusaWhite Round; 12 = Gujarat L ocal; 13
=ARS-1; 14=ARL-2

Figurel: Amplification RAPD profilesof 14 onion ultivars
with primer OPD-05
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RFLP (Restriction Fragment Length Polymor-
phism) markers

Thistechnique, picked from thetool box of mo-
lecular geneticists, has been available since about 15
years.

Useof RFLPtodistinguish N, Sand T cytoplasms

In oniontoo, RFL P was used to detect polymor-
phism between sterileand fertile cytoplasms. BamHI
and Hindl11 digestion of mtDNA distinguished among
N-, S- and T- cytoplasms. Undigested mitochondrial
DNA did not produce plasmid-likemoleculeson gels,
indicating that S-cytoplasm in onion doesnot possess
smdl circular DNA molecules, similar to S-cytoplasm
inmaize (Zea mays)“Y.

Evaluation of onion genomesfrom major produc-
ingcountries

Populations of bulb onion (Alliumcepa), collected
from Middle East, Centra Asiaand Indian sub-conti-
nent, were eval uated for the presence of normal (N)
male-fertileand mae-sterile(S) cytoplasm, usngthree
polymorphismsin thechloroplast genome. It reveded
prevaenceof N cytoplasm among popul ations origi-
nating from Central Asiaand confirmed it to bewild
typel“.

As some confusion had surfaced from the early
studieson source(s) of CM S extracted fromtheindig-
enoudy open-pollinated onion populations, ma e steril-
ity was evaluated in onion plantsfrom USAI, Ger-
many™, Turkey®, New Zealand*®, Holland“” and
Indid®l. Maesterility from Dutch cultivar Rijnsburger
was assumed to be S-cytoplasmic*l. However, since
it brokedown at high temperature, it was concluded to
be T-cytoplasmici“9.

Using RFLPanaysisasper Havey*, Adsul™ has
confirmed N, Sand T typesof cytoplasmin cultivarsof
Indian originand in someexotic cultivars (Figure 2).
Further, gerility intwo Indian cultivarswas confirmed
to bedifferent from Stypemal e stexility.

Even though RFLP marker system is quicker to
crosses, itistill relatively time-consuming and labor-
intensive compared to PCR, which is significantly
quicker and cheaper method of evaluating DNA poly-
morphism(,

—— M inireview

M = ADNA/ EcoRI digest (Genei, Bangalore); 1 = Male sterile;
2 = Malefertile

Figure2: RFLP analysisof onion mitochondrial DNA for
male sterility using Coxl asaprobe

Useof RFL Pand RAPD for development of onion
genetic map

A low-density genetic map of morphologica mark-
ers, RAPD and RFLP wasdevel oped asatool for (i)
studying the genome organization of onionand (ii) its
improvement. For example, (a) amapping population
of 58 F, familieswas produced from asingle F1 plant
fromthecrossof two partialy in-bred lines (Brigham
Yellow Globe 15-23 and Alisa Craig 43) and (b) seg-
regations (14 RAPDs, 110 RFL Ps) were established
for restoring maefetility in erilecytoplasmand comple-
mentary light-red bulb col ourtsY,

Advantagesof RFLPtechniqueare(i) itsrequire-
ment of small quantity (5-10 ug) of DNA, (ii) mem-
branescanbereprobed, (iii) multiplefilterscorrespond-
ingtoindividua samplescan besmultaneoudy probed
to producelinkage maps, (iv) most of themarkersare
co-dominant asisozymes, (v) right DNA probe picks
up differences (polymorphism) among the plantsand
(Vi) itscapability to detect virtudly unlimited differences.

CONCLUSION

Oniondiversty studiesassisted with molecular ap-
proacheshavehdpedindear dassficationof Alliumspe
desandthusof grest hdpinonionimprovement activities
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Conventional onion breeding hashistory of over a
century, while molecular approaches have started re-
cently. Though conventional breeding hasresultedinto
SOMesUCCesses, it istime-consuming and labour-inten-
sve. Onion breeding using molecular gpproachesistill
only adistant possibility. Inthiscontext, itishighly de-
srableto usemolecular datato assist conventional on-
ion breeding.
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