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Abstract
h c 'a p p lic a h il ity  o f  ra n d o m  a m p lif ie d  p o ly m o rp h ic  D N A  ( R A P D )  

b a rk e rs  in  th e  c u lt iv a te d  ru b b e r ire e , /Ji-iea, w a s  e v a lu a Je d  u s in g  43 
^ m e r  o lig o n u c leo tid e  p rim e rs  in  a set o f  2 4 c lo n e s  se lec ted  in  d ifTc ren t 

S th - E a s t  A s ia n  c o u n tr ie s . A  to ta l o f  2 20  0 .3 5 - 3 .5  k b  D N A  fra g m e n ts  
Pwere am p lified , o f  w h ic h  111 w e re  p o ly m o rp h ic . O f  th ese . 8 0  fra g m e n ts  

^PD m a rk e rs ) w h ic h  w ere  rep e a ta b le  an d  c le a r ly  s c o ra b le  a c ro ss  a ll 
S o ty p e s  w ere  used  to  e s tim ate  g en e tic  d is ta n c e s  a m o n g  th e  c lo n e s  

l^ tc d .  T h e  estim ated  g enetic  d is ta n c e s  ran g e d  f ro m  0 .0 5  ( R R I I  308  an d  
Fj>3 5/51) to  0 .7 3  ( R R I C  100 a n d  S C A T C  8 8 - 1 3 ) . A  m e an  g enetic  
f e u n c e  o f  0 .5  in d ic a te s  a  ra th e r  h ig h  g en e tic  v a r ia b i l i t y  a m o n g  the 
( t « te d  c lo n es . A s  e xp e c te d , because  o f  th e  b re e d in g  h is to ry  o f  Hevea.

■*GMA c lu s te r  a n a ly s is  a n d  P r in c ip a l C o o rd in a te  A n a ly s is  ( P C o A )  
^ ic a t e d  the ab sence  o f  a  d is t in c t  g e o g ra p h ic a l g ro u p in g . T h e  p o ss ib le  
Ip p lic a t io n  o f  R A P D  m a rk e rs  fo r  c lo n e  id e n ii r ic a t io n  a n d  a ls o  fo r  

s ly s is  o f  g enetic  re la t io n sh ip s  a n )o n g  Hevea c lo n e s  is  d iscu s :ie d .

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

ie genetic base of the cultivated rubber tree, H evea brasiliviws, 
^  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 
■achieved. 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.

^n^^crstanding of the extent of genetic diversity among 
• erent breeding materials is essential for the selection of 

^ nes m recombination and polycross breeding programmes 
^ also for the choice of component clones o f 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 F2 progenies 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 o f 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. 
)9 9 i) , conifers (C a rh o n e i a l  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 o f moltvuJar markers in H ctea  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 o f genetic 
relationships in Hevea  using RAPD markers are not known. 
The long juvenility period o f around 7 years would make RAPD 
markers an extremely useful tool for identification o f 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 H evea, and (o evaluate 
the possibility of quantifying the exlent of genetic variability 
between dlfferenl clones.

M aterials and M ethods
P la n t  m a te r ia ls : A  to ta l o f  2 4  v e g e ta t iv e ly  p ro p a g a te d  c lo n e s  b red  in  
In d ia .  M a la y s ia , In d o n e s ia . S r i  L a n k a .  T h a i la n d  a n d  C h in a  w ere  used 
in  the  p re sen t in v e s t ig a t io n  ( T a b le  1). T h e se  in c lu d e  b o th  p rim a r> 'c lo n e s  
re su lt in g  fro m  n a tu ra l h y b r id iz a t io n s  se lec ted  fro m  se ed lin g  p ro gen ies 
b y  m e a n s  o f  p lu s  tree  o r  m o th e r  tree  se le c t io n  a n d  a ls o  h y b r id  c lo n e s  
f ro m  b ip a re n ta l c ro sse s  b e tw een  h e te ro zy g o u s  p a re n ts .

E x t ra c t io D  o f  D N A :  T o t a l  g e n o m ic  D N A  w a s  e x tra c te d  fro m  d etached  
m a tu re  fre sh  le a v e s  a n d  f ro m  ly o p h iiiz e d  sa m p le s  a c c o rd in g  to  a s lig h t ly  
m o d if ie d  p ro ce d u re  d e sc rib e d  b y  R o g e rs  a n d  B e n d ic h  (1 9 8 8 ) ; 5 0 -1 0 0  m g  
o f  le a f  tissue  fro z e n  in  liq u id  n itro g e n  w a s  g ro u n d  to  a  f in e  po\^der a n d  
m ix e d  w ith  f iv e  vo lun^es o f  w a rm  (6 5 ‘ C )  2 x  C T A B  e x tra c t io n  b u ffe r  
( 2 %  C T A B .  2 0 m M  E D T A ,  lO O r o M T r is - H C I  ( p H  8 .0 ) ,  I .4 M  N a C l )  
a n d  7 / il o f  p ro te in a se  K  (JO m g /m J) . A J ' ie r  in c u b a t io n  a t  6 5 ‘ C  f o r  3 0  m in  
the  so lu t io n  w a s  e x tra c te d  o n c e  w ith  1 v o lu m e  o fc h lo ro fo r m - is o a m y l

^•S.Copynjhicicarjnctf Coniff C.xJtf Suicntcnl 0179-9541/97/1601-0047 S 14.00 0



T ab le  1; PlatU m a icr ia ls  used in th e  present an a lysis

N o . C lo n e P arentage C o u n try  o f  orig in

1 R R l l  5 Primary' c lo n e India
2 R R l l  105 Tjir t X G1 1 India
3 R R II 208 M il 3  2  X A v 2 5 5 Ind ia
4 R R II  308 P B 5  60 X GI I India
5 R R IM  60 0 Tjir 1 X P B  86 M alaysia
6 P B  5/51 P B  86 X P B  24 M alaysia
7 PB  2 8 /5 9 Prim ary c lo n e M alaysia
8 P B  86 Prim ary c lo n e M alaysia
9 P B 2 1 7 P B S  51 X P B 6  9 M a la y sia

10 P B 2 3 5 P B 5  51 X P B S .7 8 M alaysia
11 P B 2 6 0 P B  5 51 X P B 4 9 M alaysia
12 P B 2 8 0 Primary' c lo n e M alaysia
13 PB  312 R R IM  6 0 0  X P B 2 3 5 M alaysia
14 PCK. 1 Tjir 1 X P R  107 India
15 Tjir 1 P rim ary c lo n e In d on esia
16 G1 1 Prim ary c lo n e M alaysia
17 G T  1 Prim ary c lo n e In d on esia
18 S C  A T C  88-13 R R !M  60 0  X P i lB 8 4 C h in a
19 K R S 2 5 P rim ary c lo n e T h a ilan d
20 H P  8 2 /1 4 R R II 105 X R R II 100 India
21 H P  8 6 /1 2 0 R R II  105 X R R II 118 India
22 R R IC  100 R R IC  S2 X P B 8 3 Sri L an k a
23 H P  8 6 /6 0 2 R R II 203 X P B 5 51 India
24 H P  8 6 /6 8 P B 5  51 X R R II 208 India

(J isiin gu ish in g  the tw o  c lo n cs  co m p a red  rela (i\ c  lo  (he to ta l n u m ber of 
fra g m en ts  o ccu rrin g  in th is pair. G D  va lues m ay  range from  0  to  1.

A  pa irw ise  d is ta n ce  m atrix  betw een  g e n o ty p es  w as th e  b asis  foj 
c lu s te r  a n a ly s is  b y  th e  U n w eig h ted  P a ir-G rou p  M eth o d  u sin g  Arith. 
m etic  a v era g e  (U P G M A ) an d  for P rincipal C o o rd in a te  A nalysjj 
(P C o A ) . A ll co m p u ta tio n s  w ere p erform ed  u sin g  the c o m p u ter  program  
SY N TA X  IV (P o d a n i 1990).

Resu lts

Out o f a total of 126 random primers screened for DNA ampli. 
fication using six test clones o f apparenlly different pedigree, 9"J 
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 o f 220 fragments ranging from 0.35 kb to 3.5 kb, o f which 
111 were polymorphic. Examples of the amplification of RAPD 
markers in Hevea are shown in Fig. 1. The number o f poly, 
morphic DNA fragments per primer ranged from 1 lo 5 with

a lco h o l (2 4 ; l) .  P h a ses  w ere  sep arated  b y  c en lr ifu g a iio n  at llOOOx^?  
fo r  lO m in  at 4  C  an d  th e  a q u eo u s  upper p h ase  w a s  recovered . T he  
D N A  w a s  p rec ip ita ted  b y  a d d itio n  o f  0 .8  v o lu m e o f  c o ld  isop rop y l 
a lc o h o l, fo llo w e d  b y  c cn ir ifu g a tio n  at 11 0 0 0  x  ^  fo r  8  m in  at 2 0  C , T h e  
D N A  p elle t w a s  w a sh ed  w ith  1 m l 70%  a lc o h o l, aga in  cen tr ifu ged  at 
13 5 0 0 x g r  fo r  8 m in  at 2 0 'C . an d  th e  final pellet d is so lv ed  in  5 0 -l0 0 /< I  
o f  T E  b u ffer  {1 mM  T ris  MCI an d  0,1 mNt E D T A . pH  8 ). D N A  c o n ­
cen tra tio n s w ere d e term in ed  u sin g  u D N A  flu o ro m eier  (H o e fcr . S c ien ­
tific In-strinnents. S an  F ra n c isco . C a lifo rn ia ) and th e  D N A  w as d ilu ted  
lo  a final c o n c en tr a tio n  o f  lO n g jt l .

R A P D  a ssay ; D eca m er  o lig o n u c leo t id e  prim ers from  K its  A . A L . A K ,  
A M . A N . Q . R . S  an d  T  (O p ero n  T ec h n o lo g y . A la m ed a . C a lifo rn ia )  
w ere used for  P C R  a m p lifica tio n  o f  D N A  fo llo w in g  a  p ro to co l from  
Q u iros et a l. (1 9 9 1 ) w ith  m in or  m o d ifica tio n s. E ach  reaction  m ixture  
o f  2 5 tt)  co m p r ised  0.1 niM  d N T P s . 1 .9m M  M g C lj. 1 x  bu ffer. 0 .2 /iM  
prim er. 1.4 U  Taif D N A  p o ly m era se  from  A G S  (A n g ew a n d te  G en - 
tech n o lo g ic  S y stem e G m b H . H eid elb erg . G erm an y) an d  50 ng o f  g e n ­
o m ic  D N A . A m p lific a tio n s  w ere p erform ed  in a  P erk in  E lm er C etu s  
T herm al C yc ler  T C 4 8 0  w ith  a n  in itia l cy c le  o f  30  s  at 9 4  C , 4 5  c y c les  o f  
1 m in  at 9 2 ‘C . 1 m in a l  35  C  an d  2  m in at 72  C  an d  a  final cy c le  o f  
5 m in  a l 72' C . A fter  a m p lifica tio n , th e  reaction  p ro d u cts  w ere sep arated  
by e lectro p h o resis  at 9 0  V for  5 h  in  1.8%  agarose  ge ls  in  U  T A B  buffer  
w ith  0.1 /<g/m l e ih id iu m  b rom id e. A  I );b D N A  la d d er  w as used as 
m olecu lar  w e igh t sta n d a rd . T h e  g e ls  w ere p h o to g ra p h ed  under ultra- 
viol'.’t ligh t o n  a  tra n sillu m in a to r  u sin g  a  v id eo  cam era .

S ta tistica l an a lysis: D a ta  w ere scored  as d iscrete v ar iab les  u sin g  1 to  
ind icate  th e  presen ce  a n d  0  th e  a b sen ce  o f  a b an d . O n ly  b an d s rep ro­
d u cib le  in rep eated  am p lifica tio n s  w ere con sid ered  fo r  e st im a tio n  o f  
gen etic  d is la n c e s . G c n c tic  d is ta n ce  w as estim ated  as a  co m p lem en t o f  
Jaccard's (1 9 0 8 ) c o cfiic ien t o f  sim ilar ity  accord in g  lo  the fo llo w in g  
cq u a iion :

G D „ *= I -  ( N , )  (N ., +  N, +  N-) 

where:

N , =  N u m b er  o f  fragm en ts  fo u n d  in c lo n e  i but n o t in c lo n e  j 
N , =  N u m b er  o f  fragm en ts  fo u n d  in  c lo n e  j but n o t in  c lo n e  i 
N ,, =  N u m b er  o f  fra g m en ts  fou n d  in c lo n es  i and j

T h u s. CiD., r c lle t is  th e  proporti»>n o f  D N . \  fragm ents (R A P D  m arkers)

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

F ig . I: K A I’D  pattern s o f  24  / /c r c a  c lo n cs  gen erated  b y  prim ers 
O P A N 12 (A ) an d  0 P A N I 6  (U ). N u m b ers 1 -2 4  refer to  c lo n e  nu m bers  
as listed in T a b le  I. M in d ica tes m o lecu lar  s i /e  m arker
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rtf R A l’l)  m ark ers  in l l n t \ i  lir,i\ih, in

iliiationjil_.---- ---------------------------

ace of 2.6. Only SO polymorphic b.uuls which \sorc
 ̂ scorablc ;icross all 24 clonc.s in rcpciitcJ :implilic:ilions

onsidercci for ostiinaiion ofgcnctic dislancos. All Ih  t cu
^ 4«.crM could be di^^in^ui^hod by these SO DNA poly- clones lesicu

on the 80 R A P I )  markers scored, gcnetic distances 
stimatcd between thedilTerent clones. The results revealed 

' ' " ® g g o f 0.05(R R M  m  and P B  5 51) to 0.75 ( R R IC  100 and 
SCATC 88-13) with an average genetic distance of 0,5 (Table

2) A dendrogram constructed by L'PGMA cluster analysis 
}iowed 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 o f 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 

^assumes much significance. Since morphological variations 
^ m o n g  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 'va t  

[also and represents an elTcctivc 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 w ithin the cultivaled 
rubber tree, despite the small foundation and the breeding his­
tory of this material. This variability should be useful for further 
genetic improvement in H ciea. 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 difi’erent 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 

■61 between RRIC 100 and RRII 105. as revealed in the present 
study, could be one o f the factors contributing lo the high 
performance of the hybrid HP 82 14. Similarly. Tjir 1 and 

’ the parents o f 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. 19S4) and intermediate disergent classes 
miglit also have a high probability of producing heterotic 
hybrids (Thakur and Zarger 1989). I lence. 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 H eica  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 o f H vtrti, 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 fh r e a  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 w hich facilitated the distribution of genes in various clones 
irrespeciivc of the country in which they were developed. Most 
of the 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), RRII 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 o f RRII 308. is 
genetically very close to PB 5/51, both clones originating from 
the same series. However, clones RRII 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 fi.xed 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 o f 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 
H ired  malerial and can be used for clone identification and



•s
c
uu
is

I

o
_o
XIr}
i -

o  
— >e

/> o  “  >o

as — = 
o

a .

O ”

o “

X 
p “  

u  —
CL.

sa o
£ s

£ SOm #M

a  2  a. a

a  E :  a . N

ffi <o a, 00

CO0̂  M

S  u%&• ris-

a: o  
a :

v%
o >o

r i

?

>c fS

T f

o«
>r>

o
e
• n

'T K-,
«T

T
f ' '

O '

'S-

'O

rt
o
o
>A

fN
O '

<A 5
00
<A

'S '
<A
•A

r~-
'O

vC
X
■n-

>A

f^. 3

d d d d d d d d d d d d d d d d d d d d d d d d d d

•V
o

o
o
>rl

r~-
<r>

s
30
o
>A

r%
>o

^T
c
O '
r»%

o r*.
»A

TT
r n

O '
r~

>o o o
o
lA

>A
fN
*A

«N
O '

00
<A

O '
o
'O

NO
"«•

2
r^.

2

d d d d d d d d d d d w d d d d d d d d d d d d d d

s
V
sO

</^
ir>

00
w-i
lA
sO

<N
r~
sO

»ri
fSO

O '
fN
p».

r s
<A
lA

r̂ .
sO

r*.
f S
'O

'O
>A
sO

r n
O '
<A

t "
>A >o so

<N o \
OO
■o

O '
o
sO

<A
>A

'O f̂ .
*A •V

r "
d d d d d d d d d d d d d d d d d o  o d d d d d d d

'O
r%
'r i § §

O '
>/^

fS
O '

3
O '
o
lA

so
rn
'S ’

3C O '
•V

o
o

xD
O '
r% 'T •A

fN

'»•
>A
<A

o s
>o
<A

<
,'/
1

O 'oe
sO

X
VA

OO

*A

<A
<A

O '
f ' .

X

d d d d d d d d d d d d d d d d d d d d \ d d d d d d

>£
>C

»N
O '
r n

• r t
*Tl s M

r «
«N
W1

rviyo n%
P

r -
•V

'S f**.
X r »

so
o 3

•V

>A
r*'

>A >A
’■o
>A

O '
<o
>A

fN
r ~

r- i
O '

'»•

X
O '

<N —

d d d o d d d d d d d d d d d d d d d d d d d d d d

o
o
ir»

r - ?
t o

s
t r \

<N
>o

o>
90
VN

<N
3C

<N
30

r̂i
O '

O '
o X

vS
r~
X
w .

X
O  O  00 
•A  O  <A 
<A -A  ^

r -
SA

»A

■o
*A

'T
■A
<A ■o

*A
fN
»A

• o
»A

o
VA
V%

X
fN

d d d d d d d d d d d d d o o o d d d d d d d d d d

r«-
w^

O '
i r t

O '
00
vn

O '
3
» n

o
o

2

o c
•A

<N
30 sW.

r^.
<c
O 'r̂ .

o
*A
>A

'O
fS
<A

lA
r ^
fTi

•A
r r
<A

'O
>A

r>i sO o
o
>A

o
<o

O '
>A

<A

d d d d d d d d d d d d d d d d d d d d d d d d d d

a c
■rt
fS
vr>

r ~
o
«T

<N
r«- O '

o
•A

(N
oo r»“.

TT
r r
X

V .
• r » r

' t
O '
lA

r n
OO
'I '

O '
§

■*T
f "

>A
m
f ^
>A 3

o
•T

r s
O '

s o
r *
' f

O 'r̂ .r'.
d d d d d d d d d d C d d d d d d d d d d d d d d d

30

■V •rt
00

5

00
»ri
■>T

00

5

»N
o«
■•a;

'O
sO
•V

r«-
v>
•A
r 4

O '
<A
•A

>£
r s
'T

O '
T f

r ' j
O '

O ' «A
r«-

00
>A

lA ' f
t"*
lA

<«
5 §

v£
5

<A
l/“.
fN

r«-
■/*.

d d d d d d d d d d d s d d d d d d d d d d d d d d

O '
§

'O
«N

'0
*r>

r«-
fMO' •A

«T
’T
■A •A

s
IN
O '
« r

00
"a-

vO
<N
<A

s
<A

3
'O
O '
r^ .

r«%
O '
*A

O '
r ~

• o
O 'n

lA
f». ?•.

d d d d d d d d d d d d d d d d d d d d d d d d d d

w%
*A

>n
IN

00
•T 3

' 6
3 ' 0

•w

r »
'O
'T

O ' <s
T

r»
'O 1

O '
■A

o
lA
•A

o
>A
•A

vO
§

<0
»A
vO

•A
<»»
•»

o<

•If

vO
X
•T

g

d d d d d d o  o  o d d d d o  o  o  o  o o  o d d d d d d

•T
g<r\ 00

iTi

»N
»Ti Oy

■T

00
>ri
o
00

< s
o ?

l*T
QB
•T

r *
>«

*A
>o
r » 5

>6
O'
r*%
OO
»A

'T
ON

f ^r't
vO 3

r**!
olA
•J-
lA
<crsri

d d d d d d o  o  o d d d o  o  o  o  e  o o  e d O  O 0  0  9

so

•« §
r>»
(N
r»lAm
r»
00
>A

•A
>A
•A r* 
r t  O' 
<A >A

O'lo
•A

rs »rMn
vO
5 r̂t
<A <A<A

»A
5:

P '
00>A

M-O'>A
f̂r<̂
»A
>A f̂

* t

lAr«̂
<AfNf*%<o

d d d d d d e O d o  o d o  e  o d O  O o  o d d d d o  o
^  «o «o r* >A r*
o o o o o o o e o o

r45ui^Oei0OO'O«0 — — —
d o o o e o o o o o o o d  

jr >o 4̂ o  >ct® '<^0'«o«oooiN  f«-—
d d d d d d d d d  d d d d d d d d d d d d d d

— ' 0 ‘̂ i c > o r ~ r ~ f ^ r ^ 0 v o r ~ « r ' 4 r ^ 0

d d d d d d d d  d d d d d e d d d d d d d e e

—  ^ < C  O ' 0 0 ' « ^ r > » e 0 ^  —  > o < N f * ‘ rM —
oc ^  r -  p~ • o  • ^ —• » o > - - f ^ v 6 ^ a o o o o f ^ o r < ^ t ^

d d d d d d d  d d d d d d d d d d d d d d d d

00 00 QO O O 'O•n — r-t 2 •A
O'<A p"<Ao {'I90<o <cX<AfNX n n rir<

m CQ CO ca ffi£C a
fi.a. a. a. C. C. c.

00 o  o  , , 'T r>l S  o  00U ■/! — — — « :oH ri so f ) >o -o^  Ai<̂ w

^  r% rj ^  <N 
^

O'X<A
r*-s •As XfN»A

2
•A <AI OO

>AslA*A«N*A *T vO fN lA (A O' >A >A ̂ 1 sv*>fNiX>A 3<A
<NP'NO
Xo<A
O'
<A

X O'r*p»•o
d d d d d d d d d d d d O o o d d d d d d d d d d d

<o r«fA<A
<o00*A

o<Ao
ofN O'

■A r~•A
fA»AfA

o•AfN
r"o r«•A*A«AI

»  p» 3VA
O'X■A
p«-«N*A
O'
»A
■A>AvOrjfA

fN
*»

>A
tT

o»A
c
«AlA
■c

d d d d d d d d d d d d d d o o d d d d d d d d d d

<AlA
f'l'O'T

r»
«£> lAxt

ofN•V
OOfN>A r» ri»*■

«AfN<AX<A
»A<ofN

so
5

sofvflA
X<AVA«N•A

O'
<AfNVOXTf

p''fN<A
«AX•O 3fA

vOfAVA
NOO'
tT
<A>c<NX

d d d d d d o  o d d d d d d d d O  O d d d d d d d d

O'
r~-
<A
>©X>A >A o>AO

f-
VAr''<A

fArnfA
o<AfS

p'* O *A *T «A
<AXfA3 O' X P~5 ?

O'XlA 3 oo>A
O'
<A
VA<AVOA«fA

<N
't

X<A>AO
VA<A
nC

d d d d d d d d d o o d d d o o d d d d d d d d d d
ooo
fAOS«A

vO00iA
r~
sc m»A<A<A

O'r»<A 3■A
«AfA■A
<A(N«A
p«-rt
fA
lAf̂i>A
X'a-*A§ f<̂A

■AP'J>A
<A
O'>AVA

>AVA ooNO
fA>A
«!j;

r>
<A
•A
nOfA

rAfAVA
p~rifA

r~.

d d d d d d d d d d d d d d d d d d d d d d d d d d

fA
s

fAo>>A
r*fAlA
fNvO
•V

r>fA<A s

fA
■V
vO'O>A
O' >A O f't <A VA

O'o O'o<A
>AfN»A

oolA
X>A

m;
r~<A VA

fN
O 'rn

o
o
lA

•V
vO

o
o
lA
O'o>A

Tf
•A
fA*T

d d d d d d d d O o d d d d d d d d d d d d d d d d

fAo>o
oS <A>A

fNso O'X>A
O'X»A

r »
<A

r»
o
T

«AX*T
>s p"»A•A

O'>A>A
fAX f“<<A

oo<AvONO
NO<A<A1 TTo•T

O''O<A
<AfA<A

"T
C
T

-

d d d d d d d d d d d d d d d d d d d d d d d d d d

I I Is  s  ^



i»:q

j .  2: D endrogram  o f  24  H ere ii 
Jones based o n  8 0  R A P D  p o ly -  
aorphisms. G en e lic  d is ia n ces  w ere  

[e tim a ted  accord in g  to  Jaccard  
(1908) and clustering w as carricd  
^ut using the 'average lin k a g e’ 
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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 

^ ^ m o rc  DNA polymorphisms are required.

H^cknowledgem ents
^ ^ T h e  authors are gra tefu l to  P ro fesso r  G . R o b b e len  an d  P ro fesso r  H . 

’ Becker, Institu te  o f  A g r o n o m y  an d  P lan t B reed in g , G e o rg -A u g u st U n i­
versity G o ttin g en . G erm a n y , fo r  th eir su p p ort in carry in g  ou t th is  
investigation. V alu ab le  su g g estio n s  an d  tech n ica l h e lp  g iven  by D r M . 
U zunova , D r  J. P lieske and o th er  co lle a g u e s  in th e  in stitu te  arc grate-  
ully ack n ow led ged . T h is  research w as su p p orted  b y  a W o rld  B an k - 

ajded training p rogram m e. T h e  sen io r  a u th o r  is  gratefu l to  th e  C hair­
m an, R ubb er B oard , M in istry  o f  C o m m erce . G o v ern m en t o f  Ind ia  for  

^ ^ n t i n g  the w ork , an d  to  D r  C . K . S ara sw a th y a m m a . D y . D irector , 
otan y  D iv is ion  fo r  her en co u ra g em en t an d  su p p ort.

References
T .  ^ " “ch alam . V ., A . B a n d y o p a d h y a y . S . N . N ig a m . an d  R . W . 

ib b on s, 1984: H e te r o s is in  rela tion  to  g en e tic  d ivergen ce  an d  specific  
com b in in g  ab ility  in  g rou n d n u t {A ra ch is  h yp o g e a  L .). E u p h ytica  33 , 33^39.

Besse. P ., m  S^guin, P. L ebrun. M . H . C h eva llier , D .  N ic o la s , and C. 
■ / . 1 9 9 4 ; G e n e tic  d iversity  a m o n g  w ild  an d  cu ltiv a ted  p op u -

lo n s o f  H e rea  bra.vlU-nsis a ssessed  b y  nu clear  R F L P  an alysis . 
Jneor. A p p l. G en e t. 8 8 , 199— 207.

D ., R . L. W h ile . M . S k o ln ick . an d  R . W . D a v is . 1980: C o n ­

stru ction  o f  a  g en c tic  m a p  in m an  u sin g  restr iction  fragm en t length  
p o ly m o rp h ism s. A m er. J. H u m an  G en e t. 3 2 , 314— 331.

C arlson . J. E .. L. K . T u lsieram . J. C . G la u b itz . V . W . K . L uk. C. 
K au ife ld t. an d  R . R u tled ge, 1991: S egregation  o f  ran d om  am plified  
D N A  m arkers in  F | p rogen y  o f  co n ifers. T h eor. A p p l. G en et. 83 , 
194— 200.

C h eva llier . M . H .,  1988; G e n e tic  var iab ility  o f  H evea  b ra silien sis  germ - 
p lasm  u sin g  iso zy m e  m arkers. J. N a t. R u b b . R es. 3 , 4 2 — 53.

F orster, J ., an d  C . K n a a k . 1995; E stim ation  o f  the gen etic  d istan ce  o f  
21 w inter rap eseed  varieties  b y  R A P D  a n a ly s is  in  co m p a r iso n  to  
R F L P  results. P roc. 9 th  Int. R ap eseed  C on gr. C am b rid e. U K . 1184—  
1186.

H u , J .. an d  C . F . Q u iro s , 1991: Id en tifica tion  o f  b rocco li an d  cauliflow  er  
cu ltivars w ith  R A P D  m arkers. P lant C e ll R ep . 10, 50 5 — 511.

Jaccard . P .. 1908: N o u v e lle s  recherches su r la  d istr ib u tio n  flora le . Bull. 
S o c . V and . S ci. N a t .  4 4 , 223— 270.

Ja in , A ., S. B h atia , S. S. B an ga . S. P rak ash , an d  M . L ak sh m ik u m aran , 
1994: P o ten tia l u se  o f  ra n d o m  am p lified  p o ly m o rp h ic  D N A  (R A P D )  
tech n iq u e  to  stu d y  th e  g en e lic  d iversity  in  In d ian  m u stard  (B rassica  

J m c e a )  a n d  its rela tion sh ip  to  h e ierosis . T h eo r . A p p l. G en et. 88 , 
116— 122.

K oller . B .. A . L eh m an n . J. M . M cD e r m o tt , a n d  C . G essler . 1993; 
Id en lifica lio n  o f  a p p le  c u ltiv a rs  u sin g  R A P D  m arkers. T h eo r . A p p l. 
G en et. 8 5 ,9 0 1 — 904.

L ink . W ., C . D ix k e n s , M . S in g h . M . S ch w all, an d  A . E . M elch inger. 
1995: G en e tic  d iversity  in  E u rop ean  an d  M ed iterran ean  fab a  bean  
g em tp la sm  revea led  by R A P D  m arkers. T h e o r . A p p l. G en et. 90 , 
27— 32.



/
L u o. M,. B. V . van Coppcn»>]!c. M . Sogu in , an d  M . B o u ir ..  I*W5: 

M ito ch o n d r ia l D N A  p o l> m orp h ism  a n d  p h y io g cn c iic  rela tionsh ip s  
in  U evi'ti brasilicns.is. M o l. B r« < iin g  1, 51— 6? .

M a rk o se , V . C ., 19S4: B iom eir ic  a n a ly s is  o f  y ie ld  a n d  c c n a in  y ield  
a ttr ib u tes  in  th e  para rubber tree. P h D  th esis . K era la  A gricu ltura l 
U n iv .,  Kerala^ [n d ia .

M o ren o . S ., Y . G o g o r c en a . an d  J. M . O rtiz . 1995: T h e  u se o f  R A P D  
m arkers fo r  id en tifica tio n  o f  cu ltiv a ted  gra p ew in e  [ I ’iiis  rin ifera  L). 
S c icn tia  H o rticu ltu ra e  6 2 ,2 3 " — 243.

M y d in . K . K .. V . G . N a ir . M . R . Seth uraj. P. S a ra sw a th y . an d  A . O . 
N . P a n ick a r , 1992: G e n e tic  d ise rg e n c e  in  H erea  brasiliensis. Indian  
J. N a t. R u b b . R es. 5 , 120— 126.

P o d a n i. J ., 1990: S Y N -T A X  IV . C o m p u ter  P rogram s fo r  D a ta  A n a ly sis  
in  E co lo g y  a n d  S y stem a iic s  o n  C o m p u ters . E xeter  S o ftw a re . S etau - 
k et. N Y .

Q ujros. C . F .,  J. H u . P. T h is. .-V. M . C h evre. a n d  M . D e lsen y . 1991: 
D e v e lo p m en t an d  ch ro m o so m a l lo c a liza tio n  o f  g en o m e-sp ec ific  m ar­
kers by p o ly m er a se  ch a in  reaction  in  B rassica . T h eo r . A p p l. G en et. 
8 2 , 62 7 — 632.

R ogers, S. 0 . ,  a n d  A . J. B en dich . 1988: E x traction  o f  D N A  from  plant 
tissu es. P lan t M o l. B io l. .Man. . \ 6 , 1— 10.

S h o u ca i, C .. S . H a n su a n g . H . D o n g  Q io n g . L . S h en g . a n d  Z . X u eq in , 
s / ' 1994: Id en tifica tio n  o f  m ild eu  res istan ce  gen e  from  H exta  tree by 

R A P D  tech n iq u e . C h in . J. T rop . C ro p s  15, 26.
S m ith , O . S ., J. S . C . S m ith , S . L . B o w en . R . A . T e n b o rg . an d  S . J.

W all. 1990: S im ilar ities  a m o n g  a g ro u p  o f  e lite  m a i/c  inbredj 
m easured  b y  p ed igree . F , grain  y ie ld , gra in  y ie ld , hcterosis, 
R F L P s . T h e o r . A p p l. G e n c l.  8 0 , 833— 840.

T h a k u r, H . L .. an d  M . A . Z argcr. 19S9; H e tero sis  in  rela tion  to  gcn 
d ivergen ce  an d  sp ecific  c o m b in in g  a b ility  in In d ian  m u stard  Bra 
ju n cc a  L. C zern . In d ian  J . G c n c i. P lan t B reed. 49« 223— 226.

T in k er . N . A .,  M , G . F ortin , an d  D . E . M a th er . 1993: R a n d o m  arjit 
fied p o ly m o rp h ic  D N .A  an d  ped igree rela tio n sh ip s  in sp r in g  bar 
T h eo r . A p p l. G e n e t. 8 5 .9 7 6 — 984.

V argh ese , Y . A ..  1992: G erm p lasm  resou rces a n d  g en etic  im prover  
In: M , R . S eth u ra j, N . M . M ath ew  (ed s). D e v e lo p m en t in  Cro 
S c ie n c e  23 . N a tu ra l R ubber; Biolog>'. C u lt iv a tio n  a n d  T echnolog  
8 9 — 115. E lsev ier , C am b rid ge.

V argh ese , Y . A .,  C . K . S a rasw ath yam m a, an d  M . R . Seth uraj, 1 99  ̂
S tra teg ies  o f  ru b b er  b reed in g  in  K era la . In: S em in . B reed in g  o f  Piaij, 
ta t io n  C r o p s  in  K era la . U n iv ersity  o f  K era la . Januar>' 1996. p. 1 9 _

W elsh , J ., R , J. H o n c y c u ti . M . M cC le lla n d , an d  B. W . S. S o b ra l, 1991  

P aren tage  d e term in a tio n  in m aize  h>brids u sin g  arb itrarily  primed 
p o ly m era se  c h a in  reaction  (A P -P C R ). T h eo r . A p p l. G en e t. 82,473-^  
4 7 6 .

W illia m s, J. G . K ., A . R . K u b elik , K . J. L ivak . J. A . R afa lsk i, a n d i  

V .T in g e y . 1990: D N A  p o ly m o rp h ism s a m p lified  by arb itrary primcij
are usefu l a s g en e tic  m arkers. N u c l. A c id s  R es. 1 8 .6 5 3 1 — 6535 .

Y a n g . X ., a n d C . Q u iro s . 1993: Id en lifica tion  an d  c la ss ifica tio n  o f  celerj 
cu ltiv a rs  w ith  R A P D  m arkers. T h eo r . A p p l. G en e t. 8 6 ,  205— 212.


