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ABSTRACT

The present study was aimed to characterize the fourteen Capsicum species using SDS- PAGE seed protein profile.
The SDS- PAGE profile revealed the nine region of activity in the electrophoresis system. Each and every region
showed genetic similarity and variations between the selected fourteen species and cultivars of Capsicim. A total of

153 bandswere obtained in nine active regions of the SDS-PAGE profile.

INTRODUCTION

Nature has myriads of life forms on this planet
among whichvariation areof ubiquitousoccurrence. In
thewilderness of thetropics, plantsgrow in extreme
Stuationsaonglongitudind, latitudind and temperature
gradientsand thereforevariationswithin and between
popul ations of aspecies are not uncommon. Plant bi-
ologistsuse morphologica charactersof plantswhich
can be compared, measured counted and described to
assessthedifferencesor similaritiesin plant taxa, and
usethesecharactersfor plant identification, classifica
tion and descriptions. When charactersareused in de-
scriptionsor for identification they arecalled diagnostic
or key characters which can be either qualitative or
quantitative. Plantsexhibit naturad variationintheirform
and gtructure. Whiledl organismsvary fromindividua
toindividual, Plantsexhibit an additional of variation.
Withinagngleindividua, partsarerepeated which may
differinformand structurefrom other smilar parts. Tra-
ditionally, genetic diversity isassessed based on mor-
phologica features such asplant height, reproductive
features, day length sensitivity, local adaptation etc,
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though such, charactersexhibit enormousvariationfor
theparticular useof thecrop. Plantsexhibit naturd varia-
tioninther formand Sructure. Whiled| organismsvary
fromindividua toindividud, Plantsexhibit an additiond
of variation. Withinasingleindividual, partsarere-
peated which may differ inform and structurefrom other
smilar parts.

A widespectrum of smpleand overlapping varia-
tionsis now documented in plants 123458 Genetic
variation isaprerequisitefor any crop improvement
programme. Assessment of theextent and distribution
of geneticvariationinacrop speciesanditsrelaivesis
essential inunderstanding pattern of diversity and evo-
|utionary rel ationships between onsthat helpto
sampl egenetic resourcesin amore systematic fashion
for conservation and plant improvement.

Inrecent years, limitationsof numerical taxonomy
viz. morphol ogy, anatomy and cytol ogy have been over
come by biochemical and molecular markers. Among
thedifferent modern biochemical and molecular mark-
ers, somearerdatively chegper (Protein (SDS-PAGE)
and Isozymes (PAGE) aresimpleto usein avariety of
applicationsin plant research. Theinformation on poly-
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morphism using protein andisozymeprofilesinaset of
genotypesisuseful intagging genesof interest and ge-
netic mapping inlong runtofacilitate marker assisted
selection. The genus Capsicum is a member of the
solanaceae family. The genus Capsicum consists of
approximately 22 wild speciesand five domesticated
specied”. The present study wasintended to charac-
terizethechelliesusing the seed protein profilesand
isozyme profilesasamarker. In addition the present
study may be useful to find out the evolutionary lin-
eages, genetic similarity between the speciesand culti-
vas.

MATERIALSAND METHODS

Plants of Capsicumfrutescensvar. Fasciculatum
(L,), Capsicumbreviatum(L ), Capsicum pubescens
(L,), Capsicumfrutescenslongumvar. Conides(L ),
Capsicum baccatum (L), Capsicum frutescens
longumvar. cerasiforme (L), Capsicum frutescens
longum var. baccatum (L), Capsicum frutescens
longum Var abbreviatum (L), Capsicum chinense
(Ly), Capsicum frutescens longum (L, ), Capsicum
baccatumvar. Pendulum (L) , Capsicumbaccatum
var. melegueta (L,,), Capsicum baccatum var.
microcarpum (L) and Capsicumannuum(L ), were
collected from the Athmanilayam nursery garden,
Marthandam, Kanayakumari District. For protein
isoenzyme analysis, the fresh young leaves were
harvested from the mother plants and washed oncein
de-ionized water and mashed in apre-chilled mortar
with 500l of phosphate buffer (pH 7.0). The resultant
surry was centrifuged at 10000 rpm for 10min at 4°C
inaMikro 22 R centrifuge and the supernatant was
stored at -70°C beforeuse. SDS- PAGE wascarried
out for proteins and PAGE was carried out for
isoperoxidaseandyss. Botheectrophoressand saning
werefollowed by M anickam and Sadasivam® methods.
After electrophoresis (PAGE), the gel wasobserved
using aVilber Loubermat gel documentation system
(Germany) and banding profiles of protein and
isoenzymeof Capsicumcultivarscompared by Biogene
softwareandysis(Germany). Thesmilarity and variaion
between the cultivars were estimated by Biogene
softwareanalysisand the dendrogramswere documen
ted.

RESULTSAND DISCUSSION

Multipleregionsof activity wereobtainedfor pro-
teinelectrophoretic system P, to P,. Region 1 contained
twelve bands (Figure 1) P> (0.044) was showed by
L,-Capsicum frutescent var. fasciculatum and (L,)-
Capsicum frutescens abbreviatum; P2 (0.069) was
shared their presence commonly in L ,- Capsicum
frutescens longum var.conides, (L) - Capsicum
frutescens longum var. cerasiforme, and Capsicum
chinense(L,). P,° was showed its presence and simi-
larity in Capsicum frutescens abbreviatum, Capsicum
pubescens (L ,) and Capsicum frutescenslongum var.
conides. P* (0.016) was showed itsuniquepresentin
Capsicum baccatum var. microcarpum (L13). P2
(0.019) wasrestricted to Capsicum frutescenslongum
var. conides(L,,); P* (0.034) was showed its presence
only in Capsicum pubescens (L,). P* (0.041) was
uniqueto Caps cum frutescenslongum var. cerasiforme

Figurel: SDS-pageproten profilesof fourteen cultivars
of Capsicum: L, - Capsicum frutescensvar. Fasciculatum
; L,- Capsicumbreviatum; L, - Capsicum pubescens; L,
- Capsicum frutescens longum var. Conides; L - Capsi-
cum baccatum; L - Capsicum frutescens longum var.
Cerasiforme; L, - Capsicum frutescens longum var.
Baccatum; L, - Capsicum frutescens longum Var
abbreviatum; L - Capsicum chinense; L, - Capsicum
frutescenslongum; L, - Capsicum baccatum var. Pendu-
lum; L, - Capsicum baccatumvar. M elegueta; L, - Cap-
sicum baccatum var. Microcarpum; L, - Capsicum
annuum
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(Ly); P, (0.047) and P, (0.066) were restricted to
Capsicum baccatum.(L,); P,*° waspresent only in Cap-
sicum baccatum.Var. microcarpum (L ,); P,* showed
itsexpressiononly in Capsicum chinense(L,) and P,**
(0.100) wasrestricted to Caps cum frutescenslongum
var. abbreviatum (L,).

Region 2 showed 15 bands (Figure 1) in different
positionsP,* wasshowedits presencejointly in Capsi-
cum, pubescens (L,) and Capsicum frutescens
longum (L,,); P,? (0.140) and P,'°(0.165) were
showed their presence and similarity between Capsi-
cumfrutescensvar. fasciculatum(L ) and Capsicum
frutescenslongum (L, ); P,** (0.172) was showed by
Capsicum frutescens longum var. conides (L,) and
Capsicum baccatum (L,) and P, was showed its
presence and similarity between Caps cumfrutescens
var. fasciculatum (L,) and Capsicum frutescens
abbreviatum (L,).Band P,>(0.125) was restricted to
Capsicum frutescens var. fasciculatum (L,); P,
(0.110) was showed its presence only in Capsicum
frutescensabbreviatum (L 2); P.° (0.135) was unique
to Capsicum pubescens (L,). P,* (0.122) and P,’
(0.138) for Capsicumfrutescenslongumvar. conides
(L,). P,”* (0.176) was restricted to Capsicum
frutescenslongumvar. cerasiforme(L); P,* (0.190)
was showed its unique presencein Caps cumannum;
P,* (0.190) was showed itsexpressiononly in Capsi-
cum baccatum var. pendulam (L,,). Capsicum
frutescens longum var. abbreviatum (L) and Cap-
sicumchinense (L) werefailed to expressinthisre-
gion.
Region 3illustrated sixteen different positionsinthe
banding profile (Figured). P,* (0.216) observedin Cap-
sicumfrutescenslongumvar. conides(L4), Capicum
baccatum var. melegneta (L,,) and Capsicum
annuum(L,,) P,** (0.251) wasshowed its presencein
Capsicum frutescens abbreviatum (L), Capsicum
pubescens (L), Capsicum frutescens longum var.
conides (L), Capsicum baccatum (L,) and Capsi-
cum frutescens longum var. cerasiforme (L) and
expressed the similarity linkage between the cultivars
P,?(0.212) was shared by Capsicum pubescens(L.,)
and Capsicumfrutescenslongum(L, ). P,° (0.224)
was obtained in Capsicum frutescens abbreviatum
(L,) and Capsicum chinense (L9); P2 (0.234) was
expressed jointly in Capsicumfrutescenslongumvar.

cerasiforme (L) and Capsicum baccatumvar. pen-
dulum(L,) and P,*( 0.292) was showed its presence
in Capsicum baccatum (L) and Capsicum annuum
(L,)- P, (0.202) was showed itsexpression only in
Capsicumchinense, P,?(0.209) and P,’(0.227) were
restricted to Capsicum baccatum var. microcarpum
(L. P2 (0.224), P,'°(0.249) and P, (0.299) were
present only in Capsicum frutescens longum var.
abbreviatum (L,); P, (0.240) was obtained only in
Capsicum baccatum var. melegnueta (L,,). Capsi-
cum frutescens var. fasciculatum (L) showed its
unique expressionin P,** and P, and their Rf values
respectively 0.266 and 0.285. P," was restricted to
Capsicum baccatum var. pendulum (L ).

Region 4 contained e ghteen bandsin different po-
sition. P,?(0.305) showedits presencejointly in Cap-
sicum baccatum var.pendulum (L,,), Capsicum
baccatum var. melegneta (L,,) and Capsicum
baccatumvar. microcarpum(L ). Similar tothat P>
(0.320) was shared by Capsicumfrutescenslongum
var. baccatum (L), Capsicum baccatum. var.
melegueta (L ,,) and Capsicumannuum (L, ,). Band
P, (0.368) was observed in Capsicum frutescens
longun var. conides (L), Capsicum baccatum and
Capsicum frutescens longum (L) P,** (0.377) was
showed by Capsicum frutescens longum var-
abbreviatum (L,) and Capsicum baccatum var.
microcarpum(L ,); P,** was showed its presence com-
monly in Capsicum frutescens abbreviatum (L,).
Capsicum baccatum. var.melegueta (L ,).B and P,*
(0.301) and P,? (0.348) were present only in Capsi-
cum baccatum (L,); P2 (0.307) was restricted to
Capsicumfrutescens abbreviatum(L,); P,* (0.310),
P, (0.351) and P,*>(0.386) were showed their pres-
ence and expressed the identity for Capsicum
pubescens(L.). P,°(0.327) wasitsunique presencein
Capsicumfrutencenslongum (L, ); P,” (0.329) was
restricted to Capsicum frutescens longum var.
cerasiforme (L,); P,*° (0.357) and P,*® (0.398) were
showed their presence only in Capsicum frutescens
var. fasciculatum(L ). P,** was present only in Cap-
sicum baccatum var. pendulum (L,,); P, (0.389)
showed its unique presence in Capsicum frutescens
longum var. abbreviatum (L,) and P,*" was demon-
strated itsexpression in Capsicumfrutescenslongum
var. conides (L).
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Region 5 obtained 12 bandsin different positions
(Figurel). P.° (0.436) was showed its presence and
expressed the s milarity between Caps cum pubescens
(L,) Capsicum frutescens longum var. conides(L )
and Capicum frutescens longum (L ). P,** (0.490)
also showed the similarity between Capsicum
frutescenslongumvar abbreviatum(L). Capsicum
chinense (L,) and Capsicum baccatume var.
microcarpum(L ,.); P.,*(0.404) was showed by Cap-
sicum frutescens longum var. cerasiforme (L) and
Capsicumfrutescenslongumvar. baccatum(L.); P.*
(0.427) wasshowed itsjointly presencein Capsicum
chinense (L,) and Capsicum baccatum var.
microcarpum(L ,); P.? (0.449) was expressed com-
monly in Capsicum frutescens longum var.
abbreviatum (L) and Capsicumbaccatumvar. pen-
dulum(L,,) and P.° (0.452) was obtained in Capsi-
cumfrutescenslongumvar. baccatum(L7) and Cap-
sicum chinense (L,). P.” (0.408) was restricted to
Capsicumannuum(L., ). P2 (0.417) was present only
in Capsicumfrutescensabbreviatum(L,). P.>(0.433)
was expressed only in Capsicumfrutescenslongum
var. abbreviatum. P,” (0.442) was showed its unique
presencein Capsicumbaccatumvar. Melegueta. P,
(0.464) was obtained only in Capsicumpubescens(L )
and P_* (0.470) wasrestricted to Capsicumfrutescens
longum var. baccatum (L.).

Region 6 showed 18 bandsin different positions
(Figurel). P,°(0.536) was illustrated in Capsicum
frutescens longum (L), Capsicum baccatum var.
microcarpum (L ,,) and Capsicumannuum(L ) and
P, (0.548) was expressed in Capsicum frutescens
longumyvar. conides (L), Capsicum baccatum (L)
and Capsicum baccatum var. pendulum (L,,) and
demonstrated the s milarity and rel ationships between
cultivars. P,* (0.520) showed the similarity between
Capsicum frutescens abbreviatum (L) and Capsi-
cumfrutescenslongum(L,); P2 (0.542) was obtained
in Capsicumfrutescens abbreviatum (L) and Capsi-
cum baccatumvar. melegueta (L ,) and P*® (0.571)
showed itsjointly presence in Capsicum frutescens
longum var. conides (L,) and Capsicum baccatum.
P,'(0.502) wasredtricteditsexpressiononly in Capsi-
cumannuum(L_,); P.*(0.505) was showed itsunique
presence in Capsicum baccatum var. pendulum
(L,,):P2 (0.514) was present only in Capsicum
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chinense(L,). P.® (0.527) was obtained only in Cap-
sicum frutescens longum var. baccatum (L.); P,
(0.539) wasillustrated only in Capsicumfrutescens
longum var. abbreviatum (L,); P, *° (0.552) wasre-
stricted to Capsicum frutescens longum var.
cerasiforme (L,); P,*(0.555) was showed unique
presence in Capsicum frutescenslongum (L, ); P.*?
(0.558) and P6'7(0.589) present only in Capsicum
chinense (L,). Similar to that P, (0.561) and P_'®
(0.592) showed their presence only in Capsicum
pubescens (L.).

Region 7 contains only four bands (Figure 1) P.2
(0.617) was showed by Capsicumfrutescenslongum
(L,,) and Capsicum baccatum var. microcarpum
(L,,); P.%(0.621) was showed its presencein Capsi-
cumfrutescenslongumvar. baccatum(L ) and Cap-
sicumbaccatumvar. pendulum(L ,,); P,*(0.673) was
present in Capsicum baccatum var. microcarpum
L,,) and Capsicumannum(L,). And P! (0.614) was
restricted to Capsicum frutescens longum var.
abbreviatum(L,). Region 7 reveated therel ationship
between cultivars Capsicumfrutescenslongum(L )
and Capsicum baccatum var. microcarpum (L_,);
Capsicumfrutescenslongumvar baccatum(L.) and
Capsicum baccatumvar. pendulum(L ,,) and Capsi-
cum baccatum var. microcarpum (L,,) Capsicum
annuum (L,,).

Region 8 showed Ninebandsin different positions
(Figurel), P,°(0.771) was expressed in Capsicum
frutescans longum var. conides (L) and Capsicum
baccatum(L,). P,*(0.721) was specific to Capsicum
frutescenslongumvar. conides (L )); P,*(0.724) was
unique to Capsicum baccatum (L,); P,*(0.740) for
Capsicumfrutescenslongumvar. baccatum(L,) P,*
(0.746) for Capsicum frutescens longum var.
cerasiforme (L ); P,>(0.757) for Capsicumannuum
(L,); P,(0.788) for Capsicum baccatum var.
microcarpum (L,,) and P2 (0.791) for Capsicum
baccatumvar. melegneta (le). Other cultivarstofailed
toexpressinthisregions.

Region illustrated with four bandsin different po-
stions(Figurel). They faled to expressthesmilarity
between the cultivars. P! (0.801) was showeditsre-
stricted expression in Capsicum frutescens var.
fasciculatum(L,); P,?(0.804) demonstrated itsunique
presencein Capsicumchinense(L,). P,* (0.819) was
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present only in Capsicum frutescens longum var.
abbreviatum (L) and p,* (0.822) wasshowed only in
Capsicumbaccatumvar. pendulum (L ).

| sozymes

A zoneof activity wasobserved inisoperoxidase
enzyme system. Region one contained asingle band
(PRX1') whosepositiondid not vary in any of the cul-
tivarsused inthissystem (Figure 2). With referenceto
the morphological characters, protein profile and
isozymeanays sthevariability among thefourteen cul-
tivarsof Capsicum (Figure 2). The present study re-
ved ed that, the sel ected fourteen cultivarswereeasily
separable/ distinguishableby SDS-PAGE protein pat-
tern. Protein markersare practical, useful geneticand
biochemica markersaswel asgood estimatorsof ge-
netic variability in plant populations (Hamrick et al .,
1997). The present study a so coincided with this, the
presence or absence of chemical constituent hasbeen
found useful inthe placement of theplant intaxonomic
categories. Protein and isozymes (esterase, peroxidase)
hasbeen utilized tofind thegeneticlineageof different
plantsand cropg®101121314 The present study clearly
indicated that protein markerscould beeffectively used
for genetic diversity studiesamong Capsicumcultivars.
Theresults obtained suggested that by using protein
markersthe newly evolved Capsicumcultivar can be
eadly differentiated fromtheother varieties. Proteindi-
versity among thesevariantsintermsof smilarity indi-
catesmay be useful inidentifying diverse cross combi-
nations for deriving hybrids of Capsicum. The cla-
dogram of Capsicumreveded thegeneticamilarity and
variation among the selected cultivars (Figure 3). The
cladogram placed few cultivarscloseto each other de-
picting their genetic relatedness, sincethey weredevel -
oped from asingle parent, Capsicumfrutescent var.
fasciculatum(L ), Capsicumfrutescens abbreviatum
(L,) and Capsicumfrutescenslongum (L) and Cap-
sicumfrutescenslongum(L ) were confirmedto one
group of cluster (C1). Theother cultivars Capsicum
frutescans longum var. conides (L,), Capsicum
baccatum (L), Capsicum frutescens longum var.
cerasiforme (L), Capsicum frutescens longum var
baccatum (L.), Capsicum frutescens longum var.
abbreviatum (L), Capsicumchinense (L), Capsicum
baccatum var. pendulum (L ,,), Capsicumbaccatum
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Figure2: 1 soper oxidase pr ofilesof four teen cultivar sof
Capsicum: L, - Capsicum frutescens var. Fasciculatum
;L - Capsicum breviatum; L , - Capsicum pubescens; L ,-
Capsicum frutescenslongum var. Conides; L .- Capsicum
baccatum; L, - Capsicum frutescens longum var.
Cerasiforme; L, - Capsicum frutescens longum var.
Baccatum; L, - Capsicum frutescens longum Var
abbreviatum; L - Capsicum chinensg; L, - Capsicum
frutescenslongum; L, - Capsicum baccatum var. Pendu-
lum; L, - Capsicum baccatumvar. M elegueta; L, - Cap-
sicum baccatum var. microcarpum; L, - Capsicum
annuum

Dendrogram Homology Coefficient %: 0.0(UPGM A)
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Figure3: SDS-page cardiograms of fourteen cultivar sof
Capsicum: L, - Capsicum frutescens var. Fasciculatum;
L,- Capsicumbreviatum; L, - Capsicum pubescens; L ,-
Capsicum frutescenslongumvar. Conides; L .- Capsicum
baccatum ; L, - Capsicum frutescens longum var.
Cerasiforme; L, - Capsicum frutescens longum var.
Baccatum; L, - Capsicum frutescens longum Var
abbreviatum; L, - Capsicum chinense; L, - Capsicum
frutescenslongum; L, - Capsicum baccatum var. Pendu-
lum; L, - Capsicum baccatumvar. M elegueta; L, - Cap-
sicum baccatum var. Microcarpum; L, - Capsicum
annuum

var. melegneta (L,,), Capsicum baccatum var.
microcarpum(L ,) and Capsicumannuum(L ) were
confirmed to Cluster 2 (C2). Incluster 2, some culti-
vars were diverged to two major branches. Both
branchesof cluster 2 further diverged fromtheir origin
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node, which may be duetoinduced chromosomal ab-
errations under stress conditions. The small genetic
variation between the cultivars could be attributed to
polyploidy and the highly heterozygous nature of Cap-
sicum. The protein polymorphismin Capsicumculti-
varsshowsthat thisgene pool isstill agood resource
for breeding. The protein profiling of Capsicumhas
theutility in Caps cumbreeding programmefor select-
ingthedesirablecultivars. Thiscanidentify thecultivar
variaionwhich canbeusedforidentifying diverselines
for useasparentsin further studies. Theseresultsalso
support the classification whichisbased on seed colour,
shape, szeand morphologicd charactersof thesdected
cultivars of Capsicum.
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