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Abstract:

The current study w as conducted to identify DNA m arkers linked to genes controlling dw arf character 
in rubber tree (H evea brasiliensis) using random am plified polym orphic D N A  (R A PD ) analysis. 
H ybrid progenies were developed betw een dw arf parent (natural variant) and cultivated clone R R ll 
118. G enom ic D N A  w as subjected to  PCR analysis using 85 random  sequence 10-m er prim ers, o f  
w hich 9 produced clear, scorable bands. Among the 9, one show ed polym orphism  w hich was used for 
dw arf character analysis. A n Initial com parison was m ade betw een tw o parents and later the dw arf 
parent along w ith their hybrid progenies. In the dw arf parent alone w ith the prim er OPB-12, a  DNA 
fragm ent w ith m olecular size o f  1.3 kb w as amplified. This prim er am plified the sam e DNA fragment 
(1.3 kb) w ith the segregated 6  F I hybrid progenies and it w as absent in the o ther p a re n t The 
segregation data for the m arker and the dw arf trait in the F I hybrids indicate that the DNA marker 
identified is linked to  d w arf character. Analysis o f  RA PD  loci by southern blot hybridization 
indicated that th is is a  specific loci o f  the same gene f r a ^ e n t  D N A  m arkers associated w ith dw arf 
trait genes are useful to facilitate the introgression o f  these genes in breeding m aterials for the 
developm ent o f  h igh yielding clones w ith dw arf nature to  avoid w ind dam age o f  this important 
perennial tree crop.

K ey w o rds: R ubber tree, Hevea brasiliensis^ RAPD analysis, D N A  m arkers, H ybrid progenies, D w arf 
variant

Introduction

R ubber tree {Hevea brasiliensis 2n=36), is a perennial tropical crop w hich belongs to  the genus Hevea 
and the &mily Euphorbiaceae. R ubber (cis-l,4-polyisoprene) is synthesized in  a t least 2000 plant 
species. T he genus Hevea encom passes ten species, all originating from  Ama2 X>n (Schultes 1990). 
T he genetics o f  rubber tree has been poorly investigated. This lack o f  know ledge is due to the 
heterozygous nature o f  the crop, its long growing cycle that includes 6-7 yeai^ before latex coUecti(Mi, 
and its low  seed set p er pollination. A s a  rule, rubber tree displays inbreeding depression, m aking it 
difGcuIt to develop appropriate progenies for classical studies (Lespinasse et al. 20Q0). Introgression 
o f  natural Hevea germ plasm  coding fo r econom ic traits has been an  im portant com ponent o f  Hevea 
im provem ent program m es. D uring th is process, genes o r chrom osom e segm ents from  natural variants 
w ill b e  introgressed into cultivated Hevea clones. T o  exploit this variability, specific m arkers 
presum ably could be used  to tag  and  follow introgression o f  chrom osom e segm ents. Association 
betw een m arkers detecting introgressed chrom osom e segm ents and traits controlled by genes on 
introgressed segm ents could then provide the basis for maricer-assisted selection experim ents. One o f  
the PC R  based m olecular m arkers called RAPD has recently been show n to be very  useful for DNA 
fm gerprinting (W illiam s et al. 1990), detection o f  genetic polym orphism  and varietal identification 
and mapping. R A PD  m arkers have also  been used to evaluate levels o f  gene flow  betw een species
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(A rnold et al. 1991) and detection o f  gene introgression in various plant species (W augh et al. 1992; 
M cCoy and Echt 1993; O rozco Castillo et al 1994; Garcia et al. 1995; G om ez et al. 1996) but m uch 
w ork has not been done in Hevea  in this direction. However, isozym es, RFLPs, m icrosatellite and 
R A PD  m arkers have been developed in Hevea for varietal identiflcatioa and gcnetic studies (B esse cl 
al. 1993a, b ; Besse e t al. 1994; C hcvallier 1988; Seguin e t al. 1995, 1996; Low  and G ale 1996; Luo et 
al. 1995; Lespinasse et al. 2000; Shoucai et al. 1994, Varghese et al. 1997).

A  natural variant short stature (dwarf) w hich was confirm ed to  be a  genetic variant w as identified 
from  PB IG  seedling population for the first tim e in Hevea (M arkose et al. 1981). Subsequently, these 
genetic variants w ere fiirther characterized by John et al. (1995). Since Hevea brasiliensis is the only 
cultivated and high latex yielding rubber crop, there is an urgent need to develop im proved clones with 
com pact canopy. Incorporation o f  dw arf character into Hevea breeding program m e w ill be useful for 
generating a tree w ith desirable architecture. Thus information on the genetic and m olecular basis o f  
the d w arf character in this species could provide insights on the developm ent o f  high yielding dw arf 
clones w hich will eventually lead to overcom e wind dam age and h igh density planting o f  rubber tree.

In  view  o f  the above, in the present study, Fi hybrid progenies (controlled cross and natural cross) 
derived from  a  natural dw arf variant and a cultivated Hevea  clone (RR1I118) w ere used for 
identification o f  RA PD  m arker associated w idi dw arf character.

Materials and methods 

Plant material

A ll plant material used in this study was collected from the experim ental field as well as nursery o f  the 
Rubber R esearch Instim te o f  India (RRII). For detection o f  introgressed gene segm ents, three hybrid 
progenies each from  a  controlled cross [Natural D w arf Variant (E) x  R R ll 118 (T)] and  natural cross 
[N atural D w arf V ariant (E) x  random  cultivated clone o f  Hevea (T) ] along w ith tw o parents (Natural 
D w arf Variant and R R ll 118) were used. RRII 118 is a cultivated  clone and D w arf is naturally 
occurred varian t In addition, four different morphotypes nam ely dwarf, sem idwarf, interm ediate and 
nonnal trees were also used for PCR analysis to confirm  a dw arf linked D N A  m arker. Young leaves 
from  the selected Hevea  plants (disease-free) were harvested and  stored im m ediately in polybags. The 
polybags containing le a f  sam ples were packed in ice and transported to  the laboratory where D N A  
w as extracted immediately.

Genomic DNA isolation

Total cellular genom ic DNA was isolated and purified from young lea f  m aterial o f  individual samples 
by the m odified CTAB extraction procedure (D oyle and D oyle 1990). Young leaves (2 gms) were 
ground to  a  fm e pow der in liquid nitrogen in a  m ortar w ith pestle and transferred into a  50 m l 
centrifuge tube. 20 ml o f  2x CTAB buffer [(2% hexadecyltriethylam m onium  brom ide), 1.4M NaCI, 20 
m M  ED TA  (pH  8.0), 0.1 M Tris-HCl ^ H  8.0), 1% polyvinyl polypyrolidone (PVPP), 1% 2- 
m ercaptoethanol] w as added and incubated the extract in a  w ater bath a t 65 *C for 30 min w ith 
occasional sw irling. T he suspension was mixed gently and spun at 8000 rpm  to  pellet the cell debris. 
The supernatant was transferred to a new  centrifuge tube and m ixed thoroughly w ith an  equal volume 
o f  phcnol:chloroform :isoam yl alcohol (25:24:1) and centrifugcd at 10,000 rpm  for 10 min. The 
aqueous phase w as transferred to a new tube and again recxtractcd with an equal volum e o f  
chlOToform and isoam yl alcohol (24:1) and spun for 10 min at 10,000 rpm . T he supernatant w as 
carefiilly rem oved to a  fresh ccntrifuge tube where RNA was elim inated by treatm ent w ith DNase-free 
RN ase and the solution was incubated at 37*C for 3 h. A fter RN ase treatm ent, the suspension was 
rccxtractcd w ith an equal volum e o f  chloroform and centrifugcd (10,000 rpm , 10 min). Follow ing 
centrifugation, the aqueous phase was removed to a clean tube and D N A  w as precipitated by the 
addition o f  0.6 volum e o f  isopropyl alcohol (100% ). DNA was pelleted at 10,000 rpm  for 10 min and



the supernatant w as discarded. AHcr adding 5 m l o f  70%  ethanol to the DNA pellet, it was mixed 
thoroughly and then spun at 8000 rpm  for 5 min. The supernatant w as decanted and the pellet was air 
dried for 20 min. The air-dried D N A  pellet was resuspcnded in 1 ml o f  TE buffer (10 m M  Tris-HCl, 
pH  8.0; 1 m M  EDTA, pH  8.0). The DNA quality was checked on 0.8 %  agarose gel electrophoresis. 
D N A  sam ples were stored at 4®C for short term o r at -20 ®C for long-term  storage.

PCJt amplification using random primers

R andom  decam er prim ers w ere purchased from Operon Technologies Inc., Alam eda, C A , USA and 
w ere used as single prim ers for the am plification o f  genom ic D N A . Initially, about 85 piimeis were 
sacened f(x PCR anplificaticMn. Ib e  primers, whidi exhibited clear banding profiles after ani^lification, were 
selected for further RAPD analysis o f  hybrid progenies as well as parents. D N A  was extracted from sU  hybrid 
lines along w ith two parents and RA PD  was carried ou t using 10 base primere. In order to detect 
w hether the am plicons are reliable, three replications were perform ed for each prim er. The nucleotide 
sequence o f  selected ptimers used is shown in Table 1. A m plifications w ere carried out in a  20p l reaction 
volum e, w hich contained 10 mM Tris-HCI (pH  8.3), 50 m M  K C l, 1.5mM M gCl2, lOOjiM dNTPs 
(dA TP, dG TP, dCTP and dTTP), 0.5 unit o f  Taq DNA Polym erase enzyme, 25 ng o f  tem plate DNA 
and 250  nM  o f  RAPD primer. The reaction m ixture w as overlaid w ith two drops o f  mineral oil in 
order to avoid evaporatiorL The am plifications w ere carried ou t m a  Perkin-E lm er D N A  Thermal 
C ycler 480, USA. Tubes containing ^  the reaction com ponents except for the D N A  tem plate were 
included as a control for each prim er used. The PCR am plification profile consisted o f  a  first cycle at 
94 "C  for 4  min. followed by 38 cycles at 94*C  for 1 m in /38“C fo r 1.5 min/72 “C  fo r 2  m in and a  last 
cycle at 72 “C  for 7 min. A fter com pletion o f  the PCR cycles, loading buffer w as added to  each 
reaction tube. The RAPD products were separated by electrophoresis using 1.5% agarose gels 
containing 0 .5pg/m l ethidium  brom ide in 0 .5X  TBE buffer (Sam brook et al. 1989). Electrophoresis 
w as perform ed at 50V pow er supply for about 4  h  until the brom ophenol blue dye front had migrated 
to the bottom  o f  the gel. The m olecular standard used w as the lam bda DNA double digested by 
EcoR I/H indlll. The gels w ere visualized and photographed im der UV-light w ith C anon Camera, 
Japan. The reproducibility o f  the am plification products w as tested at least tw ice for each experim ent

Southern blot hybridization

A m plified D N A  fragm ents w ere electrophoresed and transferred from 1.5% agarose gels onto nylon 
m em brane (H ybond N*, Am ersham , U K) in lOX SSC ( IX  SSC is 0.15 M NaCl, 0.015 M  trisodium 
citrate) for I 6 h (Sam brook e t al. 1989). A fter D N A  transfer, the m em branes w ere U V -crosslinked and 
stored  at 4 * C  until use. The selected introgressed RA PD  fragm ent was excised from  a  1% low- 
m elting point agarose gel and purified according to standard procedure (Sam brook et al. 1989) and 
used fo r radio labelling. Radioactive probes w ere generated using the random  prim er labelling m ethod 
w ith a-^^PdATP (BARC, Trom bay, M um bai, India, 4000 Ci/mmol). H ybridization w as carried out in 
6 X SSC , 5X  D enhardt’s, 0.5%  SDS at 65 *C in a  rotary hybridization oven (Am ersham -Pharm acia, 
U K ). A fter hybridization, filters w ere washed at low  stringency at room  tem perature tw ice in 2X SSC^ 
+ 0 .1%  SDS for 5 m in and IX  SSC +  0.1%  SDS fo r 15 m in and high stringency a t 6 5 “C , tw ice in 0.5 
X SSC  +  0 .1%  SDS for 30 m in and  O.IX SSC +  0.1%  SD S for 30 min^ followed by signal detectioiL 
T he labelled blots were then exposed to X -ray film  (X-Om at, K odak) with intensifying screens at - 
80*C .

RAPD marker scoring and analysis

B anding patterns o r D N A  fingerprints were analysed by bistate type scoring. T he occurrence o f  a 
specific band o f  am plified D N A  w as recorded as (+) and absences as ( - )  for all prom inent bands 
w ithin a  fm gerprint. Therefore, a  sequence o f  I ’s, and O’s w as generated for each prim er/species to 
form  a  data matrix. Individual am plified bands w ere indicated by the prim er used  and its size in bp. 
F ragm ent sizes o f  RAPD w ere estim ated from  the gel by com parison w ith m olecular weight marker. 
O nly the m ajor fi^gm ents, w hich unam biguously present w ere considered. Thus, a  single profile for



one parent clone along with hybrids w as subjected to the com parison w ith RA PD  patterns o f  another 
parent clone. A  clone that had a particular band in a  RAPD pattern w as given a score o f  *+’ for that 
t ra i t  A  clone w as given a  score o f  * fo r that trait i f  the band w as absent from  the RA PD  pattern. 
Polym orphic index content (PIC ) w as calculated as follows: PlC=I-IEPi^ w here P i is the band 
frequency o f  the i-th allele. In  the case o f  RAPD, PIC was calculated following the form ula 
[P lC = l-p ^-q ^], W here p=  band frequency, q*no-band frequency (G bislain et al. 1999). The data w ere 
used to generate com plem entation o f  Jacca rd 's  similarity coefficients fo r RA PD  bands. The Jaccard 's  
coefficients, which considers 1 - 1  m atches (num ber o f  1 - 1  band m atches divided by 1 - 1  m atches plus 
total on non*matching bands) betw een each pair o f  accession w ere used to  construct a dendrogram  
according to the unw eighted pair group m ethod with arithmatic averages (U PG M A ) using TREECON.

Results and discussion

In the present experim ent, three hybrid lines each frt>m controlled cross and natural cross along with 
their parents (N atural dw arf variant and R R Il 118) were selected for identification o f  D N A  m arker 
linked to dw arf trait based on differences found in RAPD banding patterns o f  the parents. A  total o f  
85 random  oligonucleotide prim ers from  O peron (Operon Technologies Inc., USA), were screened 

'w ith  the D N A  sam ples to  identify best prim ers that generated clear banding pattern. In  total 9 prim ers 
(10.58% ) w ere found to  be best fo r am plification, 35 prim ers (41.17% ) generated light bands w ith 
streaking pattern and the rem aining prim ers (41) failed to amplify bands (48.23% ). The PC R  analysis 
o f  individual plants resulted in the am plification o f  6-18 DNA fiagm ents and the size o f  bands ranged 
from  300 to 3500 base pairs.
T o  characterize the capacity o f  each m arker to  reveal polym orphic loci o f  clones, w e used the 
polym orphic index content (PIC). The PIC  values for each RA PD  m arker generated by the sam e 
prim er were sum m ed up and nam ed it RA PD  prim er index (TabIe-1). This index reveals the 
inform ation content o f  the RA PD  prim er p er assay. Therefore, prim ers w ith 2.2 RAPD prim er index 
value w ere preferably used in subsequent fmgerprint analysis in Hevea  species. N ine prim ers 
produced DNA polym orphism s and  segregation between parents and hybrids. Results indicated that 
the RA PD  technology effectively reveals genetic similarity or difference betw een hybrid  lines and 
their respective parents. These prim ers produced a  total o f  103 bands, o f  which 50 (48.5% ) w ere 
found to be polym orphic (Table 1). A m ong the 9 prim ers, easily detectable, w ell resolved 
polym orphic bands which were reproducible over repeated runs, w ith sufficient intensity w ere 
observed w ith 4  prim ers. H ow ever, prim er O PB-12 revealed distinct polym orphic and segregating 
banding patterns that could be inferred for gene introgression betw een parents and their Fj hybrid 
progenies. For a given cross and prim er com bination, the num ber o f  segregated o r inherited bands that 
had o r did not have a  specific fragm ent transm itted from one o r both parents was scored to detect the 
introgressed gene seg m en t

W ith this format, parental origin o f  the m arkers, as well as their allelic state, w as directly inferred from  
the presence o f  the fragm ent in one parent, the absence in the other, and segregation 
(presence/absence) in the Fj progeny sam ples. RAPD m arker w as counted only if  the phenotypic 
classes w ere consistent and clearly distinguishable. The present study describes the detection o f  
segregated o r inherited m arkers o f  Fj hybrids betw een natural dw arf variant and cultivated Hevea 
clones. G iven that dw arf (natural) accession can now be considered as potential gcrm plasm  donors 
through the use o f  bridge crosses, m olccular m arker technology m ay prove very useful for 
identification o f  introgressed gene segm ents in Hevea

The use o f  RAPD m arkers to detect alien gene segm ent introgression o r to confirm  the com position o f  
interspecific hybrids has also been reported earlier in other crop species (A rnold ct at. 1991; Barid e t 
al. 1992; M cCoy and Echt 1993). G arcia ct al. (1995) and G om ez c t al. (1996) opined that the 
probable m echanism  o f  introgression is chrom osom e recom bination and not chrom osom e substitution. 
In the present study, few introgressed gene fragments were identified using PCR technique. Thus 
either recom bination occurred subsequently to a tnm slocation event o r transfers resulted from  several 
independent recom bination events, w hich account for this cum ulative introgressed gene fragments. 
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T his is consistent w ith  earlier observations o f  m ultivalcnt form ation that eventually could lead to 
hom ologous chrom osom c pairing and introgression (Frello el al. 1995).

W ith O PB-12 prim er one specific DNA band (1.3kb) w as detected and it was segregated in all Fj 
hybrid progenies (F ig .la ). T his D N A  fragmeni (1.3kb) was present only in natural dw arf parent 
whereas it was absent in o ther RRII 118 parent. How ever, this DNA band was found in both 
controlled as well as natural hybrid lines. This result suggested that l,3kb  RAPD band may be linked 
to dw arf trait since d w arf is one o f  the parents in both the hybrid lines. In order to m ake sure that this 
D N A  m arker is really associated w ith dw arf trait, four different m orphotypes were also used for PCR 
am plification, i n  the RA PD  banding pattern, 1.3 kb band was present in dw arf, sem idw arf and 
intennediate m orphotypes but absent in normal plant. This indicates that 1.3 kb RAPD m arker is 
linked to d w arf character in  Hevea. For further confirm ation o f  this dw arf D N A  m arker, the 1.3kb 
D N A  fragm ent o f  d w arf parent w as radio labelled and hybridized with RAPD profiles o f  two parents 
as well as six  Fj hybrid progenies. The hybridization signals illustrated in F ig .lb  clearly demonstrate 
that the 1.3kb fragm ent was detected in all hybrid progenies and dw arf parent, but not in RRU 118 
p a re n t These results inferred that this DNA m arker may be part o f  a gene linked to dw arf trait o f  
Hevea.

RFLP analysis based on  Southern blot technique reveals only the crude form s o f  DNA sequence 
variation, i.e. those resulting in changes in the size o f  D N A  fragments on the order o f  10% or greater 
(H elentjaris 1989). Therefore, instead o f  concentrating on the relatively crude m ethods o f  the 
Southern blot, w e focused o u r attention to m ore pow erful methods to fine tune the detection o f  
introgressed gene segm ent in Hevea  through PCR based RAPD technology. M olecular analysis o f  the 
present study indicates that the am plified D N A  Segm ent was linked to  a  specific trait (dwarf) and 
in t r o ^ s s e d  from  dw arf parent not from the cultivated one (RRII 118). These results demonstrate that 
RA PD  m arkers have the potential to com plem ent both conventional and biotechnological approaches 
to Hevea  im provem ent program m es in the future.

T he dissim ilarity m atrix  obtained using Jaccard’s coefficient is  dcpicted in  Table 2. These 
dissim ilarity coefficients w ere used to generate a dendrogram  (Fig. 2) by UPG M A  analysis in order to 
determ ine the grouping o f  F | hybrid lines and their parents. A verage linkage cluster analysis o f  the 
dissim ilarity coefficients indicates that distance separating CH I and CH2 hybrids are most dissim ilar 
hybrids w ith o ther hybrids as w ell as parents. The dendrogram  further indicates that there is a basic 
sim ilarity am ong natural F , hybrid progenies since these three hybrids clustered together.
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