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Abstract
hc'applicahility of random amplified polymorphic DNA (RAPD)
barkers in the cultivated rubber iree, /Ji-iea, was evalualed using 43
~ m er oligonucleotide primersin asetof24clones selected in difTcrent
Sth-East Asian countries. A total 0f2200.35-3.5 kb DN A fragments
Pwereamplified, of which 111 were polymorphic. O f these. 80 fragments
~PD markers) which were repeatable and clearly scorable across all
Sotypes were used to estimate genetic distances among the clones
I"tcd. The estimated genetic distances ranged from 0.05 (R R Il 308 and
Fj>3 5/51) to 0.73 (RRIC 100 and SCATC 88-13). A mean genetic
feunce of 0.5 indicates a rather high genetic variability among the
(t«ted clones. As expected, because of the breeding history of Hevea.
m*GMA cluster analysis and Principal Coordinate Analysis (PCoA)
~Nicated the absence ofa distinct geographical grouping. The possible
Ipplication of RAPD markers for clone ideniirication and also for

slysis o fgenetic relationships an)ong Heveaclones is discus:ied.

Cey words: Hevea brasilicnsis — cuUivar identification — gen-
rctic distance — genetic diversity — RAPD markers.

ie genetic base of the cultivated rubber tree, Hevea brasiliviws,
A assumed to be narrow; at least it is limited to a few surviving
prws of the original collection from the Amazonian rain forests
'in Brazil by Sir Henry Wickham in 1876 . It is from this small
foundation, referred to as the ‘Wickham gene pool’, that a
“spectacular yield improvement of about 10 times has been
machieved. However, the genetic advance gained in the early
-years appears to have slowed down in some of the more rccent
“phases, possibly due to the narrow genetic base, the wide use
"of clonal propagation systems, directional selection for yield
and a cyclical generation-wise assortative mating (Varghese
1992). In addition, there has been frequent bilateral exchange
of high-yielding clones between different countries, which were
|hen used as parents in biparental crosses, thereby further reduc-
the genetic base in Hevea breeding. A pedigree of the pre-
sent-day popular clones bred in Malaysia. India and other
countries reveals that most of these can be traced back to a
handful of parent clones. On the other hand, since Hevea is a
predominantly open-pollinated tree species, a certain amount
0 genetic variability is exp>ected among clones.
An*crstanding of the extent of genetic diversity among
« erent breeding materials is essential for the selection of
A nes m recombination and polycross breeding programmes
A also for the choice of component clones of clonal com-
posites for multiclone planting recommendations. However,
ormation on genetic relationships among clones is rather
*@®d. The perennial nature, the long breeding and selection

cycle, and difficulties in raising F2progenies make conventional
genetic analysis in Hevea difficult. Molecular markers such as
restriction fragment length polymorphism (RFLP) (Boistein
el al. 1980) or random amplified polymorphic DNA (R.APD)
(Williams et al. 1990) ofTer attractive alternatives to con-
ventional methods. The advantage of RAPD over RFLP
includes its relative simplicity, rapidity and the requirement of
only ver>- small amounts of genomic DNA, making the method
suitable for routine genetic studies that have to be carried out
in breeders’ laboratories. The use of RAPD to determine genetic
relationships has been demonstrated in maize (Welsh et al.
)99i), conifers (Carhonei al J99J), Indiiin mustard (Jaineial.
1994), faba bean (Link cl al. 1995), rapeseed (FOrster and
Knaak 1995) and In many other crop species.

Reports on application of moltvuJar markers in Hctea are
few. They Includc assessment of genetic variability in Wickham
and wild material using isozymes (Chevelllcr 1988) and RFLPs
(Dessect al. 1994), the estimation o f phyJogcnetic relationships
from mitochondrial DNA RFLPs (Luo el al. 1995) and the
identification of mildew resistance genes by the RAPD tech-
nique (Shoucai et al. 1994). Reports on the analysis of genetic
relationships in Hevea using RAPD markers are not known.
The longjuvenility period ofaround 7 years would make RAPD
markers an extremely useful tool for identification of cultivars
during propagation and planting. The objective of the present
investigation was to examine whether the use of RAPD markers
is feasible for clone identification in Hevea, and (o evaluate
the possibility of quantifying the exlent of genetic variability
between dlfferenl clones.

Materials and Methods

Plant materials: A total of 24 vegetatively propagated clones bred in
India. M alaysia, Indonesia. Sri Lanka. Thailand and China were used
in the presentinvestigation (Table 1). These include both primar>‘clones
resulting from natural hybridizations selected from seedling progenies
by means of plus tree or mother tree selection and also hybrid clones

from biparental crosses between heterozygous parents.

ExtractioD of DN A: Total genomic DN A was extracted from detached
mature fresh leaves and from Ilyophiiized samples according to aslightly
modified procedure described by Rogers and Bendich (1988); 50-100 mg
ofleaf tissue frozen in liquid nitrogen was ground to a fine po\~der and
mixed with five volun~es of warm (65°C) 2x CTAB extraction buffer
(2% CTAB. 20mM EDTA, IOOroMTris-HCI (pH 8.0), .L4M NacCl)
and 7/ilofproteinase K (JOmg/mJ). Al'ierincubation at 65‘°C for30min
the solution was extracted once with 1volume ofchloroform-isoamyl
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Table 1; PlatU maicrials used in the present analysis

No. Clone Parentage Country of origin
1 RRII 5 Primary' clone India

2 RRII 105 Tjirt X G1 1 India

3 RRI1I 208 Mil 32 X Av255 India

4 RRI1 308 PB5 60 X GI | India

5 RRIM 600 Tjir 1 X PB 86 M alaysia
6 PB 5/51 PB 86 X PB 24 Malaysia
7 PB 28/59 Primary clone Malaysia
8 PB 86 Primary clone M alaysia
9 PB217 PBS 51 X PB6 9 M alaysia
10 PB235 PB5 51 X PBS.78 M alaysia
1 PB260 PB 551 X PB49 Malaysia
12 PB280 Primary’ clone Malaysia
13 PB 312 RRIM 600 X PB235 Malaysia
14 PCK. 1 Tjir 1 X PR 107 India

15 Tjir 1 Primary clone Indonesia
16 Gl1 Primary clone M alaysia
17 GT 1 Primary clone Indonesia
18 SC ATC 88-13 RR!M 600 X PilB84 China

19 KRS25 Primary clone Thailand
20 HP 82/14 RRI1I 105 X RRIIl 100 India
21 HP 86/120 RRII 105 X RRII 118 India

22 RRIC 100 RRIC S2 X PB83 Sri Lanka
23 HP 86/602 RRIl 203 X PB5 51 India

24 HP 86/68 PB5 51 X RRII 208 India

alcohol (24;l). Phases were separated by cenlrifugaiion at 11OOOx"?
for 10 min at 4 C and the aqueous upper phase was recovered. The
DNA was precipitated by addition of 0.8 volume of cold isopropyl
alcohol, followed by ccnirifugation at 11000 x ~ for 8 min at 20 C, The
DNA pellet was washed with 1ml 70% alcohol, again centrifuged at
13 500xgr for 8 min at 20°C. and the final pellet dissolved in 50-100/<1
of TE buffer {{ mM Tris MCI and 0,1 mNt EDTA. pH 8). DNA con-
centrations were determined using u DNA fluoromeier (Hoefcr. Scien-
tific In-strinnents. San Francisco. California) and the DN A was diluted
lo a final concentration of IOngjtl.

RAPD assay; Decamer oligonucleotide primers from Kits A. AL. AK,
AM. AN. Q. R. S and T (Operon Technology. Alameda. California)
were used for PCR amplification of DNA following a protocol from
Quiros et al. (1991) with minor modifications. Each reaction mixture
of 25tt) comprised 0.1 niM dNTPs. 1.9mM MgClj. 1x buffer. 0.2/iM
14U Taif DNA polymerase from AGS (Angewandte Gen-
technologic Systeme GmbH. Heidelberg. Germany) and 50 ng of gen-
omic DNA. Amplifications were performed in a Perkin Elmer Cetus
Thermal Cycler TC480 with an initial cycle of 30s at 94 C, 45 cycles of
1min at 92°C. 1min al 35 C and 2 min at 72 C and a final cycle of
5min al 72" C. After amplification, the reaction products were separated

primer.

by electrophoresis at 90 V for 5h in 1.8% agarose gelsin U TAB buffer
with 0.1 /<g/ml eihidium bromide. A 1);b DNA ladder was used as
molecular weight standard. The gels were photographed under ultra-

viol'’t light on a transilluminator using a video camera.

Statistical analysis: Data were scored as discrete variables using 1 to
indicate the presence and 0 the absence of a band. Only bands repro-
ducible in repeated amplifications were considered for estimation of
genetic dislances. Gcenctic distance was estimated as a complement of
Jaccard's (1908) cocfiicient of similarity according lo the following
cquaiion:

GD, *=1- (N,) (N, + N, + N-)

where:

N, = Number of fragments found in clone i but not in clone j
N, = Number of fragments found in clone j but not in clone i
N,, = Number of fragments found in clones i and j

Thus. CiD., rclletis the proporti»>n of D N .\ fragments (RAPD markers)

(Jisiinguishing the two cloncs compared rela(i\c lo (he total number of
fragments occurring in this pair. GD values may range from 0 to 1

A pairwise distance matrix between genotypes was the basis foj
cluster analysis by the Unweighted Pair-Group Method using Arith.
metic average (UPGMA) and for Principal Coordinate Analysjj
(PCoA). Allcomputations were performed using the computer program
SYNTAX IV (Podani 1990).

Results

Out of a total of 126 random primers screened for DNA ampli.
fication using six test clones of apparenlly different pedigree, 9
primers produced clearly distinguishable amplification pro*
ducts. The remaining primers did not produce any amplification
products, or only faint bands that could not be reliably scored.
From the 97 positive primers 57 (59%) showed polymorphisms
between the six test clones. 40 primers (41%) produced only
monomorphic fragments. Out of the 57 informative primers, 42
were tested further with 24 clones. These primers amplified a
total of 220 fragments ranging from 0.35 kb to 3.5 kb, of which
111 were polymorphic. Examples of the amplification of RAPD
markers in Hevea are shown in Fig. 1. The number of poly,
morphic DNA fragments per primer ranged from 1lo 5 with

M 2 4 6 8 10 12 14 16 18 20 22

M 2 4 6 8 10 12 14 16 18 20 22 24

Fig. I: KAI'D patterns of 24 //crca cloncs generated by primers
OPAN12 (A) and OPANI16 (U). Numbers 1-24 refer to clone numbers
as listed in Table I. M indicates molecular si/e marker



cree - r.t.fIRAI’I) markers in IlInt\i lir,i\ih, in
gvaliiationjil_.—--

ace of 2.6. Only SO polymorphic b.uuls which \sorc

A scorablc ;icross all 24 clonc.s in rcpciitcd :implilic:ilions
onsidercci for ostiinaiion ofgcnctic dislancos. All Ih tcu
cloneé\ fksqg\dl could be di*in*uithod by these SO DNA poly-

on the 80 RAPI) markers scored, gcnetic distances
stimatcd between thedilTerent clones. The results revealed
"® ggofO RRM m and PB 5 51) to 0.75 (RRIC 100 and
SCATC 88-13) with an average genetic distance of 0,5 (Table
2 A dendrogram constructed by L'PGMA cluster analysis
Howed a grouping of the 24 clones into se\en clusters, the
¢ ~umber of clones in a cluster varying from one to 10 (Fig. 2).
Xhe clones are grovvpecl irrespective of iheir country of origin,
indicating the absence of any relationship between geographic
"-~diversity and genctic diversity. A principal coordinate (PCoA)
analysis based on genetic distance values also gave similar
ivresults (data not shown).

)iscussion
In Hevea, a perennial planuuion crop species with an economic
ilife span of around 30 years and an immaturity period of 7
fyears, identification of elite cultivars prior to field planting
Nassumes much significance. Since morphological variations
Among Hevea clones are not very distinct, phenotypic identi-
fication based on morphological trails is dilficult. RAPD mar*
kers have been used for cultivar identification in celery (Yang
«and Quiros 1993). broccoli and caulillower (Hu and Quiros
1991), apple (Kollcr el al. 1993). grape vine (Moreno el al. 1995)
and many other species. Considering ihe degree of poly-
morphism between the //crtv/clones studied and the consistency
of the RAPD markers in repeated aniplilications. it can be
concluded that the RAPD marker technique is feasible in Ih'vat
[also and represents an elTcctive method for clone identification
and for the analysis of gcnciic relationships among clones.

The observation that more than half of the RAPD primers
that give discernible amplification products in //crcf/show poly-
morphisms between tlte clones analysed and the high average
genetic distance between these clones shows that a rather high
degree of genetic variability does still exist within the cultivaled
rubber tree, despite the small foundation and the breeding his-
tory ofthis material. This variability should be useful for further
genetic improvement in Hciea. Similar results have been
reported by Markosc (1984) and Mydin el al- (1992) using
conventional genetic analysis, and by Chevallier (1988) using
isozymes.

In clone breeding, parent clones should have a high degree
of heterozygosity as well as optimum genetic distances.
Measurement of genetic distances facilitates identification of
diverse parents In order to maximize the expression of heterosis
(Smith et al. 1990). Among the difierent clones tested, RRIC
100 displayed the maximum and highest average genetic dis-
tance from the others (Table 2). suggesting the use of this clone
as a potential parent in biparental crosses. In HP 82/14. a
progeny of RRIC 100 and RRII 105, a ver\' high heterotic

latex yield over the first three years of tapping has

en observed (Licy, pers. comm.). A large genetic distance of
w61 between RRIC 100and RRII 105. as revealed in the present
study, could be one of the factors contributing lo the high
performance of the hybrid HP 82 14. Similarly. Tjir 1 and
’ the parents of a very high-yielding clone. RRII 105. are
Senetically distinct with a large genetic distance of 0.49. On the

other hand, a desir.ihle and high niagnitude of hctcrosis is
not always directlv relatctl to pronounced parental divergence
(Arunachalam et al. 1954) and intermediate disergent classes
miglit also have a high probability of producing heterotic
hybrids (Thakur and Zarger 1989). llence. for the improvement
of a complex quantitative trail like rubber yield it is suggested
that parents with desirable yield components be selected from
clusters separated by medium to large genetic distances. Similar
criteria should be applied for the selection of component clones
of polyclonal seed gardens aimed al production of poKcross
progeny. This procedure would result in a better exploitation
of heterosis in F[ h\brids. Further investigations between par-
ents and hybrids al the molecular level in Heica should reveal
useful information on the degree of heterozygosity and genetic
distance between parents and its correlation with the per-
formance of the progeny.

With a view to restrict a tendency tow'ards monoculture, the
Rubber Research Institute of India has recently introduced a
multiclone concept for planting of potential clones in order to
maintain genetic heterogeneity in the plantations (Varghese et
al. 1996). The clones for commercial planting as clonal com-
posites should be the first for which genetic distances are studied.

The geographic origin of the clones investigated in the pre-
sent analysis did not reveal any correlation with their genetic
diversity (Fig. 2), as was also observed by Markose (1984) and
Mydin et al. (1992) after conventional analysis. This is in agree-
ment with the breeding history of Hvtrti, since all clones bred
in different South-East Asian countries originate from the same
source — the Wickham base collected from a minute pan of the
genetic range of fhrea in Brazil, resulting in a sparse re-
presentation of the geographic diversity. Added (O this, there
were frequent e.xchanges of materials between different coun-
tries which facilitated the distribution of genes in various clones
irrespeciivc of the country in which they were developed. Most
ofthe clones developed in India can be traced back to Malaysian
and Indonesian clones, us is also evident from the dendrogram
shown in Fig. 2.

In certain cases, clones with a common pedigree, such as PB
5/51. PB 235, PB 217, PB 312. HP 86/602. were observed to
cluster together (Fig. 2), RRIl 308 and PB 5/51 appear gen*
elically very close although they are not apparently related. It
is quite likely that PB 5,60. one of the parents of RRII 308. is
genetically very close to PB 5/51, both clones originating from
the same series. However, clones RRIlI 105 and PB 86 which
are very close to each other in the dendrogram do not have any
apparent relationship according to pedigree information. In
Hevea. being a predominantly cross-pollinated tree species
where F[ hybrids are fixed vegetatively. the clones are highly
heterozygous. As a result of segregation and independent
assortment in these clones, the proportion of visible marker
alleles in the hybrid from each parent can vary considerably,
with the result that parents and hybrids may or may not cluster
together. Thus, in highly heterozygous species with a common
ancestry, pedigree information may not always reveal the exact
nature of genetic relationships. Tinker et al. (1993), in a study
on RAPDs and pedigree relationships among spring barley
lines with varying amounts of common ancestry concluded that
RAPD markers can be used lo gain information about genetic
similarities or differences that are not evident from pedigree
information.

The present study shows clearly that it is possible to identify
RAPD markers that can be scored reliably in an extensive
Hired malerial and can be used for clone identification and
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India RKII 5
Imiia RRii :tox
Malaysia PD 5/51
Malaysia PB 235
Malaysia PB217
Malay-sia RRIM 600
Malaysia PD312
India HP 86/602
Malaysia PB 260
Malaysia GLI
Indonesia GTI
India PCK1
Indonesia  TJIR |
India HP 86/120
Malaysia PB 28/59
i»:q China SC ATC 88-13
India RRII 105
Malaysia PD 86
India HP 82/14
Thailand KRS25
India RRII 208
Malaysia PD 280
India HP 86/68
j.2: Dendrogram of 24 Hereii Sri Lanka RRIG 100

Jones based on 80 RAPD poly-
aorphisms. Genelic disiances were
[etimated according to Jaccard
(1908) and clustering was carricd
~ut using the ‘average linkage’
Qcthod

estimation of genetic distances. Genctic distance estimalci
should be useful in Hcvea breeding but before drawing definitive
conclusions, further studies with a larger number of clones and

Amorc DNA polymorphisms are required.
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