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ABSTRACT
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This mini-review has highlighted the importance of onions as vegetable
and has shown its taxonomic position among 750 species of genus Allium.
It has compared merits of Random Amplified Polymorphic DNA (RAPD)
markers vs Restriction Fragment Length Polymorphism (RFLP) and estab-
lished the superiority of RAPD over RFLP. Further, significance of RAPD
markersin onion breeding programisindicated and subsequently validated
by its multi-faceted applicationsto (i) assessin-bred integrity, (ii) establish
genetic relationship in conjunction with morphol ogical markers, (iii) prove
hybrid statusin conjunction with genomic in-situ hybridization (GI SH), (iv)
established origin and relationship between two taxa, (v) establish phylo-
genetic relationship, (vi) confirminter-specific hybrids, (vii) assessgenetic
diversity among the onion cultivarsand (viii) prepare genetic map of onion
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Status of onion sp.

cultivars.
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INTRODUCTION

Onionsareoneof the oldest vegetablesknown to
mankind, usedfor their flavor, aroma, textureand taste.
They areusedin (i) avast number of recipesand prepa-
rations, spanningworld’s almost all cultures, (ii) fresh,
frozen, fried, roasted, dehydrated, canned and pickled
statesand (jii) usualy granular, chopped or diced forms,
inalmost every type of food, including fresh salads,
cooked foods, asaspicy decoration and an accompa:
niment to themain coursg™. Depending onthevariety,
an onion can be spicy and pungent or mild and swet,
preserved domesticaly or industrialy asaraw materia
for avariety of food manufacturing processes. Infact,

onionswereoneof theearliest (Since 1941) established
dehydrated vegetablesand widely used in the manu-
facture of other processed foods?.

Onionsarecultivated species, thoughtheir wild re-
lated speciesaretill foundintheareas, which arere-
garded as botanical centersof origin for thecrop: the
south western part of central Asia, largely covered by
countriesof Iran, Afghanistan, Pakistan and Southern
Republicsof theformer Soviet Union®.

Taxonomic position of onion

GenusAllium containsmorethan 750 species, ren-
deringit ataxonomicaly complicated genus. Taxonomic
position of onion after molecular anadysisissummearized
inTABLE 114,
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TABLE 1: Taxonomic position of onion

1 Class Liliopsida
2 Sub-class Liliidae

3 Super order Liliianae

4 Order Amaryllidales
5 Family Alliaceae
6 Sub-family Allioideae

7 Tribe Allieae

8 Genus Allium

9 Species cepa

RAPD (Radom amplified polymorphic DNA)
markers

Williamset d ¥ and Wel sh and McCldland® were
thefirst toindependently devel op polymorphic mark-
es-RAPDs. In RAPD, decamer random primerswere
utilizedin PCR to generate polymorphism. Primer must
bind at two sitesin opposite orientation so asto pro-
duce each RAPD band. Absence of aparticular band
resultsfrom differencesin DNA sequences between
individudsin primer-bindingsitd”. Theseareeasily and
economically assayed and segregatein Mendelianfash-
ion. Thus, RAPD markersbehave asdominant mark-
ers and are more useful than other methods, mainly
becausethey:

1. Requirelittletime.

2. Involveutilization of universa set of primers, facili-
tating easy screening.

3. Requiresmall amount of DNA®,

4. Requirelessinvestment inlaboratory equipment and
lesslabor

5. Useasafer technique, freefrom danger(s) of radio-
activity¥,

Why RAPD markersareuseful in onion breeding

program?

Asaresult of paucity of availablegenetic markers,
onion breeding il reliesheavily on phenotypic selec-
tion methods. However, in recent years, polymorphic
DNA markershave madeamajor contributionto plant
improvement programs, particularly markers, based on
Restriction Fragment Length Polymorphisms (RFLPS).
The RFLP-based linkage mapping in Alliumspecies,
however, presents certain problemsassociated with the
relatively largesize of nuclear genomerelativeto most
other herbaceouscrops. Theun-replicated level of DNA
per cell (2C content) in A.cepais 33.5 pg compared
with merely 2.0 pg in tomato (Lycopersicon
esculentum) or 7.8 pg in maize (Zea mays)?. This
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meansthat sengitivity of the RFL P assay to reved |ow-
copy-number sequencesin onion must beseverd times
greater than that for other crops. Moreover, generation
of single-copy sequence probesfrom onionisdifficult,
because proportion of the genome comprising of such
sequencesisvery small. Although researcherson other
specieswere successful at targeting low-copy-number
sequencesto prepare genomic libraries™, attemptsto
do the samein onion werelargdly unsuccessful. Incon-
trast, random amplified polymorphic DNA (RAPD)
markerg” were useful for genetic sudiesin Alliumdue
to several meritg*2.

Meritsof using RAPD markers

RAPD (Randomly Amplified Polymorphic DNA)
hasbeen utilized (a) for theandysisof different species
without requirement of prior knowledge of genometo
beinvestigated and (b) by virtue of quick and com-
paratively economical approach to detect even small
genetic difference(9)**4. Theseinherent meritsenabled
onion scientiststo utilize RAPD for cultivar or line
identification in different onion breeding programs (Al-
lium cepal®>9; Alliumsativum*”#; triploid onion).
Itis, therefore, interesting to know asto how RAPD
procedure was used.

I solation of DNA and RAPD procedure

RAPD anays swasapplied to onion (Alliumcepa)
and other Alliumspeciesinorder to (i) assessthede-
greeof polymorphismwithinthegenusand (ii) investi-
gateif thisapproach was suitablefor genetic studies of
onion. For thispurpose, seven cultivarsof Alliumcepa
werechosen, including shdlot and snglecultivar of Japa
nese bunching onion (Alliumfistulosum), chive (Al-
lium schoenoprasum), leek (Allium ampel oprasum)
and onionwild species(Alliumroylel). Theextraction
of onion DNA of reasonable purity and quality being
difficult, severa methodswere attempted, including
extraction fromisolated nuclei™, which required fresh
starting material and gavelow yield of DNA. Withthe
exception of isolation of nucle, other methodsgaverise
to an extract highly contaminated with polysaccharides
and other impurities. M odification of the method of
Saghai-Maroof et d.? by including caesium chloride
density gradient centrifugation for purification’??, gave
DNA of reasonable purity and yield. RAPD wasdone
using Techne (UK) PHC-2 programmed thermocycler
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(1 cycleof 3mindenaturation at 94°C, 45 cyclesof 1
min at 94°C, 1 minanneding at 33°C, 2minextension
at 73’C andfina extensonat 73°C for 5min, followed
by dow cooling to ambient temperature). Seven out of
twenty primersreved ed scorabl e polymorphisms be-
tween cultivarsof A.cepa, resultinginabroad agree-
ment with previous classifications of the species stud-
ied, confirming thevalidity of the method™2.

Use of RAPD to assessin-bred integrity

Commercia onion bulb growershad complained
that hybridsgrown successfully by themfor few years
falledto giveexpectedyields. Therefore, RAPD was
used for ngin-bred integrity. The assessment
showed that in-breds used to produce hybrid-onion
seeds, (i) rarely sdlf-pollinated for morethan two gen-
erations, (ii) entertained highleve of heterozygosty and
(iii) sdlection, drift or contamination over the period af -
fected their performance. Thus, RAPD markersidenti-
fied between two in-bred onion lines, were used to ex-
amine changes in independently maintained and
publically released in-bred onion linesand their Men-
ddianinheritance demonstrated, which revealed con-
tamination, contributing to lower yieldg?,

RAPD in conjunction with mor phological markers
for assessing geneticrelationship

The Alliumcepa speciesincluded two mg or crops
onthebasisof their morphological traitsand typical
reproduction mode: (i) sexually reproduced biennial
onionsand (i) vegetatively propagated perennid shal-
lots, whichrarely flower. In addition, the seed-propa-
gated shdlot, arecently rel eased variety, with aninter-
mediate phenotypefor life history, has been used by
breeders. European and tropical accessions, besides
these specieswereanal yzed using molecular markers
(RAPD) and morphological charactersof growth and
development. Morphological datarecorded from on-
ionsand vegetatively propagated shdlotswas submit-
ted to multivariate satistica analysis. Resultsindicated
that seed-propagated shall ot wasmore closely related
to onionsthan to vegetatively propagated shalots, be-
sidesageographica genetic diversity®4,

Useof GI SH and RAPD toprovehybrid status

Three vegetative crops of Cepa in genus Allium
(top onion, French grey shalot and viviparoustriploid
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onion) of suspected hybridogenic origin were studied,
using genomicin stu hybridization (GISH) and RAPD
markers. Theresultsshowedthat (i) in A.x proliferum,
parentd chromosomeswerederived from A.fisulosum
and A.cepaasunequivocdlly identified by GISHto prove
hybrid status of thiscrop and (ii) French grey shallot
bel onged to A.oschaninii onthebasisof RAPD anay-
SEE

Use of RFLP and RAPD to establish origin and
relationship between two taxa

Theorigin of Alliumfistulosum (bunching onion)
and itsrelation to Alliumaltaicumwas examined by
(a) RFLPanalysisof five non-coding cpDNA regions
and (b) RAPD analysisof nuclear DNA. WhileRFLP
anaysiscould distinguish thetwo species, only RAPD
andysisclarified theinter-relationship between thetwo
taxa®!.

Use of RAPD and PCR-RFL P analysisto estab-
lish phylogeneticrelationship

RAPD and PCR-RFLP analysiswas aso used to
establish phylogenetic rel ationship among collected ac-
cessions of shallot and Allium x wakegi, as also to
assessitsorigin. Theresultsindicated that (i) out of 100
primers, only 20 amplified with 112 scorable bandsfor
cluster analysis, (ii) out of 2 main cluster groups, only
one group belonged to shallots, while another to
A.xwakegi and (iii) sub-groups of clustersreflected
phenotypic differentiationinshdlotsand regiond speci-
ficity insome A. x wakegi accessions?.,

Use of RAPD to confirminter-specific hybridsof
onion

Inter-specific hybridization, performed between
wild and cultivated species of genus Alliumgenerated
hybrids, possessing characteristics of both parental
plants, asjudged by RAPD anaysig?? Similarly, inter-
specific hybrids (2n = 16) between Alliumfistulosum
L. (2n=16) and Allium schoenoprasumL. (2n=16)
werestudied using RAPD. For thispurpose, (i) DNA
was isolated as per Greenwood et a.? for the re-
moval of polysaccharides, followed by Nucleon
Phytopurekit (Amersham Biosciences Corp.) and (ii)
RAPD carried out (conditions: 1 cyclefor 9 min at
94°C, 45 cyclesof 1 minat 94°C, 1 minat 45°C, 2min
a 72°Cand 1 cyclefor 5minat 72°C, usngaProgram
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Temp Control System PC-808, Astec Co. Ltd.). The
results confirmed the hybridity!9.

Use of RAPD for assessing genetic diversity
among cultivars

RAPD markerswerealso used to estimate genetic
diversity among 24 cultivars of short-day onions. For
thispurposeg, (i) total genomic DNA wasextracted and
subjected to RAPD analysis using arbitrarily 90
decamer primers. Of theseprimers, (i) only 15 selected
primersyielded 137 bands, 91.2% of which were poly-
morphicand(ii) none produced an unique banding pat-
ternfor each cultivar. RAPD anaysis(a) grouped 24
onion cultivarsinto two mgor clusters, fromthenorth-
ernregion and southern region of India, (b) showed high
divergty anongthesdected onion cultivarsand (c) indi-
cated thepotentia of markersfor identificationand main-
tenance of onion germplasm for cropimprovement(.,

Advantagesof RAPD over RFLP

Even though RFLP marker systemis 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{.,

Prepar ation of genetic map of onion

A low-dengity genetic map of morphologica mark-
ers, RAPD and RFLP was developed asatool for (i)
studying the genome organi zation of onionand (ii) its
improvement. For example, (a) amapping population
of 58 F3 familieswas produced fromasingle F1 plant
fromthe crossof two partidly in-bred lines (Brigham
Yellow Globe 15-23 and Alisa Craig 43) and (b) seg-
regations (14 RAPDs, 110 RFL Ps) were established
for restoringmdefertility in serilecytoplasmand comple-
mentary light-red bulb colourt3Y,

Use of RAPD and mor phological markersfor as-
sessing geneticdiversity among I ndian cultivars

Field datainvolved evaluation of 14 cultivarsfor
morphologica characterssuch as(i) plant height (cm),
(ii) number of leaves, (iii) bulb weight (g), (iv) bulbdi-
ameter (cm), (v) Total Soluble Solids (%), (vi) bolting
(%), (vii) doubles (%), (Viii) pungency (ppm of pyruvic
acid) and (ix) yied (tong/acre), using standard Statisti-
cal procedure. On the basis of mean performance of
thesecultivars, their clustering was undertaken, which
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Figurel: Amplification RAPD profilesof 14 onion culti-
varswith primer OPC-09(M =100bp DNA ladder (Genel,
Bangalore), 1=JV-7; 2=JV-12; 3=JV-16; 4=Phule safed;
5=Arkakirtiman; 6=Punjab white; 7=Agrifound white;
8=Udaipur-102; 9=Arka Pitambar; 10=Pusawhiteflat;
11=Pusawhiteround; 12=Gujarat Local; 13=ARS-1; 14
=ARL-2)

had grouped theminto five clusters. RAPD markers
wered so usad to estimate genetic diversity among these
14 cultivarsof short-day onions. For thispurpose, tota
genomic DNA wasextracted using modified mini-prep
protocol of Vorh et al.*3, with ease and cost effective-
ness. RAPD analysiswas performed using decamer
primers(Figurel).

Theresultsshowedthet (i) 31 primersyidded 77.2%
polymorphic bandsand (ii) none produced an unique
banding pattern for each cultivar. RAPD analysis
grouped 14 onion cultivarsinto four clusters, oneclus-
ter with cultivarsof exotic origin and other threein-
cluded cultivarsof Indian origin. Comparison of clus-
tering based on RAPD aswell asfield performance
indicated (a) high diversity among theonion cultivars
sdlected, (b) maximum divergence among the exotic
and Indian cultivarsand (c) potential of RAPD mark-
ersfor identification/maintenance of onion germplasm
for onionimprovement(=34,

CONCLUSIONS

Genus Allium contains more than 750 species.
RAPD isfound to behighly useful in resolving compli-
caionsaisingover originandinterrd aionsamong these
species. Itisasofoundto beof usein order to confirm
hybrid status of inter-specific hybrids. RAPD in conju-
gationwith other molecular/ morphol ogica approaches
isfoundtobehighly useful to assessgenetic diversity of
onion. Further, itisusedto confirmintegrity of released
hybridsandvarieties. IncombinationwithRFLP, RAPD
isfound out to be highly useful in genetic mapping
sudies.
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