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The Study of Genetic Diversity and Relationships on Carica sp.
by Means of Random Amplified Polymorphic DNA (RAPD) Analysis
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ABSTRACT

The genus of Carica comprises 21 species, rmong them three species have been domosticated and cultivated.
They are Carica papaya, Carica candamarcencis and Carfea moneica. In Indonesia, two spacies have been cultivated
viz, Coriva papava and Carica condamarcencis. Tn this stody, four accessions of Corico papeya species und one
aceession of Carica candamarcencis species were analyzed using RAPD technique. We successfully amplified a total
of 40 fragments from these DNA penome by using § random primers with GC bases content > 60% of each primer. The
rumber of fragnents of each primer ranged from 5 to 8 averaged 6.7 fragments per primer. Out of total fragmenrs, 90%
shawed as polymorphic ranged from 5 to 8 on average 6 fragments per primer. A dendogram based on the UPGMA-
link method using Mei and Li similarity and Principal Component Analvsis (PCA} plot separated the accessions into
two main groups, the Carico papaya species on the one side and the Carice candomarcencis species on the other side.
The result demonstrated that RAPD anaiysis was able to reveal genetic difference between Carica papaya and Cuarica
condamarcenciy species, as well as genetic diversity in Carica papaya species.
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INTRODUCTION improvemenl  programs a3 well a5 developing

The genus Carica comprise 21 species, and among
them, three species have been domesticated and
cultivated. Those are viz. Corica papaya L., Caricg
candamarcensis Hook and Corice monpica (Nakasone
and Paull, 1999). Among the (hroo species, only the
comimon papava, Carica papaye L. bas high coonomic
value.

Indonesia is very tich it Carica permplasm,
spreading to almost all over ndoncsian archipelago and
cultivated as |andraces (Pusat Kajian Buzh-bughan
Tropika, 20080, however, information on  the
characterization of  Corice s lack behmd.  The
characterization and quantification of genetic diversity
have long been a major goal in evolutionary biology. In
plant breeding pregrams, information on  genetic
diversity within and among, closely related crops species
is essentigl for ratiomal use of genctic resources and
particularly usefuf in  characterizing  individual
accessions and cultivars, for detecting duplications of
genetic materialz in germplasm collections, and as a
general guide in  parent’s assessment for crop

informative mapping populations tor genome mapping,

Molecular markers provide a quick and reliable
methad for estimading genetic relationships among
genotypes of gny organism (Thomann e af., 1954}
Random amplified polymorphic DNA (RAPD) analysis
{(Williams ei al, 1990} has been used for diversity
analysis in 2 vast amay of crops, widely used for the
determination of genctypes (Hasizmme of af., 1993),
gene mapping (Chmori et al., 1296) and QTL analysis
{Grandille and Tanskiley, 1996). This approach is based
on the polymerase chain reaction {PCR) (Saiki of of.,
1988} amplification of template DNA genome using
short, synthetic depxyribonucieotides of random
sequence 2% primeers. Each primer can direct the
amplification of several urrelated cegions of the genome
(Sondur ef u.rl'., 19963, The resolving power of RAPD
techiigue is soverdl folds higher than visoal and protein
markers and is much simpler and technically less
démanding than RFLP and other similar techniques
(Williams «f 2/, 1990).

Ih this study, we employed RAPD analysis to
analyse genetle diversity and relationships berween
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Cavica papava species and Carica condamarcencis
species, and among penotypes of Carica papowa
Species.

MATERJALS AND METHODS

Plawt Materials

Four accessions of Corica papava species (GM,
NM203, KD and D1M) and onc accession of Carica
candamarcenciy species (Dieng) were used in this
siudy., The accessions are part of Center for Tropicat
Fruit Studies permplaam collection.

DNA Fofation

Total DNA from each accession wag isolated using
CTAB method {Dovle and Doyle, 1987} with slight
modification. Thres hundeed mg of leave tissue was
feozen in liguid nitrogen and ground into a fine powder
using a mortar and pestle. The pulverized materials
were zansferred to a microtube and 609 pl of extraction
bui¥er [100 mM Tris-HCl pH 8.0, 20 mM EQTA, 1400
mM NaCl, 2% (w/v) cetvl rimethylammoniom bromide
(CTAB), and 0.2% (viv) mercaptoethanal] solution was
added. The tubes were vortexed for 2 few seconds and
mcubated at 60 C for 20 minues. Fallowing
incubation, 570 pl of chloroform: issamylaicohol (24:1)
{v/v) was added and mixture was shaken viporously.
The extracts wers centrifuged for 15 min at 12.000 rpm,
The supernatant transferred to a fresh microtube and
then 600 ul of cold isopropancl was added. DNA fihers
became visible upon gentle switling. The DNA was
transfirred to a frach tehe, rinsed with 70% ethanol and
dissnlved in 50-100 pl of sterilized deicnized water.
DNA  concentration  was  measured  with  [TY-
spectrophotometer {Shimadzn Corporation, Japan) at
wavelengths of 260 and 280 nm,

RAPD Anclysis

Six random primets of 10 bases in length with GC
base content = 0% of each primer was selected: 3 from
5B series, 2 from OPH (Operon Technologies, Tnc.)
series and 1 from OPM (Operon Technolegies, Inc.)
series (Table 1). PCR reactions were carvied out in a 25
pl reaction mix containing approximately 25-50 ng
template INA, 10X BCR buffer (100 mM Tris-HCl, pH
9.0 at 25 °C, 500 mM KCI, 1.6 Triton X-100), 2 mM
MgCly. 0.2 mb of each dATF, dCITP, dGTP and 4TTP,
.4 pmol of a single 10-bese primer, and 1 unit of Tag

DNA polymerase (Gene Amp). Amplification was
perfermed in Perkin Elmer thermal cycler ﬂprogrammed
for 45 cycies of cach of the following: 95 °C far 1 min,
35 °C for 1 min, and 72 "C for 2 min. A final elengation
step of § min a1 72 "C was included. Reaction products
were mixsd with 2.5 pl of leading dye (0.25%
bromphenol blue, 025% xylene cvenel and 40%
sucrose, w'v) and spun briefly in a microfuge before
Inading (Sambrook er af., 198%), and then separated on
6% polyactylamide gel by adding 7 M wra (17.9%
(v/v) acrylamid 40% (38% acrylamid, 2% N, N,
methylenediacrylamid, wiv), 7.5% {vi) 10X TBE, 1%
{v/v) ammonium persolphate 10%, 0.1% {vA) TEMED
(N, N, N, N'-tetramethylethylenediamine) and 42%
(w/v) ures) at 60 V for 5 h in TBE buffer {1 M Tris-
HCI, 0.83 M boric avid, 10 mM EDTA, pH 8.2) and
stained with ethidiom bromide, and the gels were

* illuminated wnder UY light.

Data Analysis

Each acecssion product was conzidered o be a unit
character, and scored for the presence {1} or absence (1)
of a product. Genetic similarity (F) between afl pairs of
accessions were caleulated according to MWei and Li
(1979} F=2Nab/AMa+Nb}, where Nab=number of bands
caommon in A and b, Ma=aumbor of bands prezsent n a,
MNb=number of bands present in b. The similarity indices
wete converted mbo dissimilarity (D~1-F). The resulting
digsimilarity matrix was subjected to hisrarchical cluster
analysis using the Unweighted Pair Group Method and
Arithmetic Averags {UPGMA) and was done by using
compuier progrem NTSYS-pe, version 180 {Exeter
software, New York). A principal component anglysis
(PCA) auhjcetod to separate among accessions and to
determine the relationships based on the diversity and
wis conducted wsing computer program MINITAB
release 11.12.

RESULTS AND IMSCUSSHONS

Regults

A total of 40 fragments were succesefully
generated using & random primers with GC bases
content > 6094 of each primet. The fragment number of
each primer ranging fiom 3 t0 8, on average 6.7
[ragmentis per primer (Table 1), Out of total fragments,
9084 shewed as polymomhic with canged from 5 to 8,
on average was § fragments per primer {Table 1}
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Table 1. Sequence of RAPL primers used and number of fragment amplification products

Oliponuclestide Sequenos

Primer G'to 39 No. of total fragments Mo. of polymorphic frapments
SB-05 OGOLTAACGCC 7 5
SB-06 GTCCGAACCC 7 7
SB-18 TCGGCOATAG 5 L
OPM-06 CTGGGCAACT 8 X
OPH-1% GAATCGGOCA 7 5
OPH-20 GGGAGACATC 5 5

A dendogram baszed on the UPGMA-link method
using Mei and Li similarity {1979) and priocipal
component analysis (PCA} plot were performed to
separate and examine the relstionships among the
aceessions (Figure | and Fipurc 2). The acccssions
separated into two main groups. Carica papmia (GM,
WM 203, KD and DTM) species were in one chaster and
Carica candamarcencis (Dieng) in other proup. These
results indisate that Carica papoya and Corica
candamarcencis have different pemetic characters. KD
ahd DTM accessions were the closeat, shating as many
s 14 idedtical banding values, The longcst distatee wag
obeerved between NM203 and Dieng accessions that
differed at seven loci. Among Corice  paped
pcoessions, KO and DTM mocessions were it ong group,
MM203 and GM accessions in other group.

LHizrussions.

The results demonsirale that RAPD analysis
was able to differsntiate botween spocics and could be
smploved to reveal genetic diversity among mdividual
cullivars in one species. Stiles et al (1993), indicated
thal RAPD conld be used to establish the relationships
among clogsly ralated cultivars and even individuals in
at least soime cultivars I papaya. Both resulis show that
RAPD analysis was a powerfol tool technigue w
elucidate genetic diversity between (ariea papaya and
Carice candamarcencin as well as among genotypes of
Carica papae,

A dendogram based on UPGMA-link methed
using Mei and Li stmilarity {1979 and principal
component analysis plot based on data produced from 6
primers separated the accessions in{o two main groups
{Figure | and Figute Z}. GM, NM203, KD and DTM
accessions on the one side and Dieng accession on the
other side. These results indicate that the accossions
froan ot spesies have closer relationships if compared
to other species. _

Dieng accession is & (Carica condamdarcensis
gpecies which has different characters from Carica
papaya species. The Dieng ripe fruits have a finn flash,
low acidity, fragrant and the cavity contains numerous
seeds cevered with a whitish juicy sarcotestn. This study
revealad different DNA  genome between Cavicn
papoper species and Carfea condamarcenciy species,

The Sludy oF Gemetic Miversity snd Relationships on ...

nevertheless, also revealed the same bending pattern
presence on both species which indicated presence of
genetic refationship.

Among the Carica papava spaoics group, KD and
DTM accessions show closest genetic distance. Both
accessions were collected from same region {Bogor),
however, they show several differences
morphological characters. Compared with KB and
DTM accessions, the NM203 accession has distant
genetic distance. This result could be proved based on
crigin  and the morphological characters  that
differentiate among the accessions. NM203 mcoession
come from Banten and has a pueple stem, petinle and
peduncle, The relationship between NM203 and DTM
accessions was closer than NM203 and KD accessions,
gince more monomorphic banding  pattern  wers
vhserved betwesn NM203 and DTM accessions {Figure
3}

' This study also revealed that GM accession has the

Tarest genetic distance from other Carice papayva
accessions. This difference could be distinctly on the
motphelogical characters, and predictly cavsed by
different genetic background, OM accession is a 56
inbred line varicty with green stem, petiole and
peduncle and has a broadly toothed leaf. As a S8 inbweed
ling variety, GM accession already hes characters with
high purity genetls structure and uncontaminated by
anpther alleles from another varieties. Whersas, the
other three accessions are open pollinated penotype that
have an allsles contaminated probability by other
gonotypes, The genetic diversity on Carice papayia 18
important genetic resources, that offer possibility to be
used in the fomre Carica fmprovement and breeding
program.

ACKNOWLEDGMENTS

This study was funded by special grant from
Centre for Tropical Fruit Studies of IPB through
Wationn! Strategic Rescarsh (RUSNAS) for tropical
fruit development to 5 and S5, We are also express
gratefil thanks to Centre for Crop lmprovement Studies
of [PB and Omamcntai Plant Ressarch Station of
Ministry of Apriculture for providing the facilities.

Created using

easyPDF Printer


http://www.pdfonline.com/easypdf/?gad=CLjUiqcCEgjbNejkqKEugRjG27j-AyCw_-AP

Buwl. Agrom. (30} (1) 21 — 26 (2002)

REFERENCES

Doyle, J. ., 1. L. Doyle. 1987, a rapid DNA isolation
procedure for small quantities of fresh leaf tissue,
Phytochem Bull. 12 13-15,

Grandillo, 8., & 12, Tonskley. 1996, QTL analysis of
harticuimural treitz differentiating the cultivatad
tomato  from  lhe closely related  species
Lyvcopersicon pimpinefiifoliven. Theor Appl Genet.
02 935-951, :

Hasizume, T., T, Salo, M. Hirai, 1993, Determination uvi’
genetic purity of hybrid seed in watermelon
(Citruffus lamarus) end tomato  (Lycopersicon
escuichIum} Using Random Amplified
Polymorphic BNA {RAPD). Japan ] Breed, 43:
367375

Makasone, H. ¥. R. E. Paull. 199%. Tropical Fruits.
CABR Intermnational. UK. 239-269,

MNei, M., Li, W. H 1979 Mathematical Modet for
Studying Genetics Vanation in  Terms of
Restrictton Endobucleases. Proc Nat Acad Sci, 74
5260 5271,

Ohmoei, T., M. Murata, F, Motwyoshi. 1996. Molecular
characterization of RAPD and SCAR markers,
linked to the Tm-f locus in tomato, Theor Appl
Gienet, 92; 151-156.

Pusal  Kajian  Buah-buahan  Tropika. 2000,
Pengembangan Pepeva Unggnlan Nasional. “hal,
65-83.  Owlam  Prosiding Lokakarya Riset

Unggulan Strategis  MNasional: Pengembangan
Buah-buaban Unggulan Indonasia. Bogor,

Saiki, . K., D. H. Gelfand, 5. Stoffel, 5. 1. Scharf, R.
Higuch:, G. T. Hom, K. B. Mullis, E. A. Erlich.
L388. Primer-directed enzymatic amplification of
DNA with a thermostable DNA polymerase.
Science. 223487491,

Hambrook, )1, E. F. Frisch, T. Maniatis. 1989
Maolecolar Cloning: a Laboratory Manual. Second
Edition. Cold Spring Harbor Laboratory Press.
Hew York,

Sondur, 5. N, R. M. Manshardt, J. 1. Stiles. 1996. A
genetic linkage map of papaya based on randomly
amplified polymorphic DNA markers, Theor Appl
Genet. 93:547-553,

Stiles, ). i, C. Lemme, 8. Sondur, M. B. Moshidi, R
Manshardt. 1993, Using randomly amplificd
polymorphic DNA  for  evaluating  genetic
relationships among papaya cultivars. Theor Appl
Genet. §5: 637-701.

Thormann, C.-E., M. E. Forreitz, 1.. F. A. Camango, .
. Tivang T. C. Osbom. 1994. Comparison of
RFLF and RAPD markers t¢ estimating genetic
relationships  within  and amonyg Cruciferous
species. Theor Appl Genet. 858 973984,

Williams, 1. G. K., A. B Kohelik, ¥_ I Livak, 1. A
Rafalski, §. V. Tingey. 1990. DNA
polvmorphisms amplified by arbitrary primers are
psefll a3 genctic markers. Nucleic Acid Res. 18
{22} 6531-6535,

e

Created using

easyPDF Printer
24 Ahmad Satori, Sriani SujiprtlETTE


http://www.pdfonline.com/easypdf/?gad=CLjUiqcCEgjbNejkqKEugRjG27j-AyCw_-AP

Created using

easyPDF Printer

Click here to purchase a license Lo remeve this image


http://www.pdfonline.com/easypdf/?gad=CLjUiqcCEgjbNejkqKEugRjG27j-AyCw_-AP

Created using

easyPDF Printer

Click here to purchase a license Lo remeve this image


http://www.pdfonline.com/easypdf/?gad=CLjUiqcCEgjbNejkqKEugRjG27j-AyCw_-AP

