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Development of Molecular Markers for Hevea

F.C. LOW*® AND M.D. GALE**

The development of restriction fragment length polymorphisms (RELP) techniques as molecular
markers for Hevea is described. Two Hevea libraries containing genomic DNA sequences
{genomic library) and complementary DNA (cDNA) sequences (cDNA library} were generated.
Using an anonymous DNA probe from the Hevea genomic library, polymorphisms between
Hevea species and between Hevea clones were detected. The potential usefulness of RFLP
technigues in Hevea breeding programmes is discussed,

Restriction fragment length polymorphisms
(RFLP) have been proposed as potentially
useful molecular markers for genetic analysis
in higher plants'®. RFLP are differences in
fragment lengths when genomic deoxyribo-
nucleic acids (DNA) of genetically distinct
individuals are digested with a particular
restriction endonugclease (RE). These differences
are the result of heritable changes in the DNA,
Point mutations create or destroy restriction
endonuclease sites, while DNA rearrangements,
insertions or deletions alter their relative
positions.

As genetic markers, RFLP promise to be
numerous®. RFLP have several characteristics
which are of particular ultility in genetic
improvement programmes. These include co-
dorminant expression, multiple allelic forms,
developmental stability and the absence of
pleiotropic effect on other characters. RFLP
analysis is a potentially powerful tool for
assaying genetic variability. It is also useful
in the study of inheritance of quantitative
characters. If RFLP analysis can be applied as
successfuily to Heveg as to tomato*’%, barley®,
pea'® and lettuce!!, it will then provide the
Hevea plant breeder with an efficient and
powerful early selection tool. The present
screening of Hevea by conventional methods
can only be performed at least two years after
planting. Since RFLP analysis can be performed
much earlier, the technique is of value in culling
and in shortening the selection time for Hevea.

Ultimately, RFLP will be developed as genetic
markers for the construction of a total genetic
map of the Hevea genome.

MATERIALS AND METHODS
Plant Material

Four Hevea genotypes which were cultivated
in the RRIM Experiment Station at Sungei
Buloh were used. These consisted of two Hevea
brasiliensis clones, RRIM 600 (Fieid 19C) and
RRIM 628 (Fieid 14} and two Hevea species,
H. paucifiora (HHB 12/3, Field 67C) and
H. camargoana (1/4, 1/5, Field 45N),

DNA Analysis

Genomic DNA from the above genotypes
were isolated by the method described by Sharp
er al.'? Young Hevea leaves were pulverised
after lyophilisation and DNA was extracted
from them by digestion at 37°C for 1-2 h in
extraction buffer [100 mM Tris.Cl pH 8.5,
100 mM NaCl, 50 mM EDTA, 2% sodium
dodecylsulphate (SDS), 0.05 mg/ml proteinase
K]. This was followed by extraction with
phenol/chloroform and precipitation with
isopropanol. The precipitate was dissolved in
TE (10 mM Tris.Cl pH 8.0, 1 mM EDTA).
After the removal of ribonucleic acid (RNA)
contamination by digestion at 37°C for 30 min
with boiled ribonuclease A (RNase A) at
1 pg/ml, the DNA was again precipitated with
isopropancl and dissolved in TE.
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Nineteen restriction endonucieases (RE) were
studied (Table 1). Aliquots (5 ug) of DNA were
digested for 16-20 h with the selected RE under
the conditions recommended by the supplier
(Bethesda Research Laboratories). Genomiic
digests with these enzymes were electrophoresed
through large agarose {0.8% for six-base cutters
and 1.2% for four-base cutters) slabs with TAE
(0.04 M Tris-acetate, 0.001 M EDTA) as
the electrophoresis buffer. These were then
transferred to nylon membranes (Genescreen
Plus, Dupont) by the alkaline Southern blotting
technique of Reed and Mann?®,

TABLE 1. RESTRICTION ENDONUCLEASES USED
FOR RFLPF DETECTION

6-base cutters 4-base cutters
Apal Alul
BamH]l Ddel
Bgill Hagelll
Dral fHhal
EcoRI Hinfl
EcoRY Mbol
Hindl1l Mspl
Safl Rsal
Sstl Tagl
Pyull

Hybridisation and Washing Conditions

The conditions for hybridisation and washing
were similar to those described'?. Following
Southern blotting, nylon membranes were
prehybridised at 65°C in hybridisation solution
(0.6 M NaCl, 20 mM Pipes pH 6.8, 4 mM
EDTA, 0.2% Ficoll 400, 0.2% polyvinyl-
pyrollidone (PVP), 1% SDS, 0.3% sodium
pyrophosphate containing 500 ug/ml auto-
claved salmon sperm DNA). After 4-5 h of
prehybridisation, the prehybridisation solution
was replaced by a similar solution containing
the ¥*P-labelled probe. Hybridisation was then
allowed to proceed for 16 h at 65°C. After
hybridisation, the membranes were washed
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sequentially with 2XSSC (0.3 M NaCl/0.03 M
sodium citrate, pH 6.8), 0.1% SDS, and
0.3XS85C, 0.1% SDS for 30 min each at 65°C.
Autoradiography was carried out at —70°C by
exposure of the membrane to KODAK XAR-3
film between two intensifying screens for four
days.

Construction of Libraries

DNA fragments of 500-2000 basepairs (bp)
obtained from Pstl digestion of H. brasiliensis
clone RRIM 600 genomic DNA were isolated.
These were successfully cloned into pUCIS8
plasmids and transformed into E. coli strain
MC1022 to generate a genomic library. Clones
were screened by ampicillin resistance. Clones
carrying recombinant plasmids were purified
and the recombinant plasmids were isolated by
the proteinase K mini-preparation plasmid
isolation method of Pruitt'*.

Total messenger RNA (mRNA) was isolated
from young Hevea leaves by the method of
Baulcombe and Buffard'®. Double-stranded
complementary DNA (¢cDNA) was synthesisecd
by the cDNA synthesis system from Amersham.
The ¢cDNA was subsequently cloned inte the
Ps1l site of plasmid vector pUCI18 with the help
of dephosphorylated 8-mer linkers (New
England Biolabs). Following transformation
into E. cofi strain MC1022, a small cDNA
library was created. 'Recombinant plasmids
from the cDNA library were isolated from each
clone by the proteinase K mini-preparation
plasmid isolation procedure of Pruitt™. After
digestion with Ps#l, the sizes of these cDNA
were determined by electrophoresis on agarose
with lambda DNA digested with Hindlll, as
molecular weight markers.

Hybridisation Probes

Several named heterologous probes like
wheat chlorophyll a/b binding (cab) protein
{from N. H. Chua, Rockefeller University,
New York), wheat ribulose carboxylase small
sub-unit (from Plant Breeding Institute,
Cambridge) and rice nitrate reductase (from
A. Kleinhofs, Washington State University,
Pullman) were used as probes.
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Besides the above-named heterologous
probes, a genomic DNA (gDNA) and
complementary DNA (cDNA) clone, isolated
from the newly generated Hevea genomic and
cDNA libraries respectively were also used.
These were labelled with P* by the method of
Feinberg and Vogelstein'® and used as an
anonymous probe against genomic digests of
Hevea with the same conditions of hybridisation
and washings as that used for the named
heterologous probes.

RESULTS AND DISCUSSION
Size of DNA Inserts

After electrophoresis on agarose and with the
assistance of molecular size markers generated
from a HindlIl digest of lambda DNA, the size
of cDNA inserts was estimated to be 300-2000
basepairs (bp) in length (Figure 1). The size of
the gDNA probe used in the above hybridisation
was deduced similarly to be approximately
800 bp in length.

Named Probes

Hybridisations with the above-named cDNA
probes viz. wheat cab protein, small sub-unit
of wheat ribulose carboxylase and rice nitrate

M 1234567

pUCIS
DNA —™

M

reductase, with genomic digests of Hevea DNA
did not show any homology (results not
shown). The lack of homology with these
heterologous probes might be because all these
probes were from monocotyledonous plants. A
higher homology to Hevea genomic sequences
might be obtained with cDNA probes from
dicotyledonous plants.

Demonstration of Polymorphisms

When genomic digests of Hevea DNA were
hybridised with an anonymous gDNA probe,
polymorphisms within H. brasiliensis clones
(RRIM 600 and RRIM 628) as well as between
Hevea species were seen (Figures 2 and 3). DNA
from barley (a monocotyledonous plant) which
was included into one of the blots (Figure 2)
as a control, was shown to have no homology
with the gDNA clone of Hevea (this is not
unexpected as the probes were derived from
monocotyledonous plants).

Similar hybridisations with one of the cDNA
clones (pCP 7) showed less distinct results
(Figure 4).

Screening of the rest of the genomic and
cDNA libraries has just been completed and
will be discussed elsewhere.

ME89I1011 1213 14

cDNA
insert

= Molecular weight marker WDNA/HindlII

digest containing pUC18 DNA)
1-14= pUCI18 recombinants harbouring cDNA inserts

Figure 1. Size determination of cDNA clones.

154



Bglll Dral EcoRl
EABCDE ABCDE ABCDE

A = RRIM 600 B =RRIM 628
C = H. camargoana D = H. paucifiora
E = Barley (control)

Figure 2. Hybridisation of @ Hevea gDNA clone with Hevea genomic DNA digested with
RE containing six-base recognition sites.

Ddel Haelll Hhal Hinfl

ABCDE ABCDE ABCDE ABCDE

A = RRIM 600 B =RRIM 628
C = H. camargoana (T4) D = H. paucifliora
E = H. camargoana (T5)

Figure 3. Hybridisation of a Hevea gDNA clone with Hevea genomic DNA digested with
RE containing four-base recognition sites.
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Ddel Haelll

Hhal

Hinfl Mbol

ABCDE ABCDE ABCDE ABCDE ABCDE

A = RRIM 600
C = H. camargoana (T4)
E = H. camargoana (T5)

B =RRIM 628
D = H. paucifiora

Figure 4. Hybridisation of a Hevea gDNA clone with Hevea genomic DNA digested with

RE containing four-base recognition sites.

Preliminary results suggested that polymor-
phisms could be detected between Hevea clones
and possibly between Hevea species. These
results are encouraging but need confirmation.
If RFLP in Heveaq are confirmed, then their
usefulness as a selection tool for the Hevea
breeder could be exploited.

ACKNOWLEDGEMENTS

This work was performed mainly in the AFRC-
IPSR Cambridge Laboratory, U.K. under the
Rockefeller Foundation Fellowship award for
Biotechnology. The Fellowship award and
financial support of the Rockefeller Founda-
tion are gratefully acknowledged. The Board
and Directorate of the Rubber Research
Institute of Malaysia (RRIM) are thanked for
approval to accept the Fellowship and under-
take the laboratory attachment. Dr P. K. Yoon
and Dr Wan Abd. Rahaman are thanked for
their support and expedient co-operation.

156

Messrs S.L. Khoo and N. Sedanbram are
thanked for their assistance in the gDNA
isolation.

Date of receipt: May 1991
Date of acceptance: July 1991

REFERENCES

1. BECKMANN, I.S. AND SOLLER, M. (1983)
Restriction Fragment Length Polymorphisms in
Genetic Improvement: Methodologies, Mapping
and Costs. Theor. Appl. Genet., 67, 35.

2. BURR, B., EVOLA, S.V., BURR, F.A. AND
BECKMANN, 1.S. (1983) The Application of
Restriction Fragment Length Polymorphism to
Plant Breeding, Genefic Engineering Principles
and Methods (Setiow, J.K., Hollander, A. ed),
Vol. 1, 45. New York and London: Plenum Press.

3. EVOLA, S.V., BURR, F.A. AND BURR, B. (1986)
The Suitability of Restriction Fragment Length
Polymorphisms as Genetic Markers in Maize. Theor.
Appl. Genet., 71, 765.



F.C. Low and M.D. Gale: Development of Molecular Markers for Hevea

HELENTJARIS, T., KING, G., SLOCUM, M.,
SIDENSTRANG, C. AND WEGMAN, 5. (1985)
Restriction Fragment Length Polymorphisms as
Probes for Plant Diversity and Tieir Development
as Tools for Applied Plant Breeding. Pl Mol. Biol,,
5, 109,

TANKSLEY, 5.D. (1983) Molecular Markers in Plant
Breeding. P Mol Biol. Rep., 1, 3,

CLEGG, M.T. AND ASMUSSEN, M.A. (1983)
Statistical Analysis of DNA Sequences Data (Werr,
B.S. ed), 201. New York: Marcel Dekker Inc.

BERNATZKY, R. AND TANKSLEY, 5.D. (1986}
Toward a Saturated Linkage Map in Tomato based
on Isozymes and Random c¢DNA Sequences.
Genetics, 112, Bg9.

NIENHUIS, J., HELENTJARIS, T., SLOCUM, M.,
RUGGERO, W, AND SCHAEFER, A. (1987)
Restriction Fragment Length Polymorphism
Analysis of Loci Associated with Insect Resistance
in Tomato. Crop Sci., 27, 797.

SAGHAI-MAROOF, M.A., SOLIMAN, K.M.,
JORGENSEN, R.A. AND ALLARD, R.W. (1984)
Ribosomal DNA Spacer-length Polymorphisms
in Barley: Mendelian Inheritance, Chromosomal
Location and Population Dynamics. Proc. Natl
Acad. Sci, 81, 8014.

157

10.

1.

12.

13,

15,

16,

LEE, D., TURNER, L., DAYIES, D.R. AND
ELLIS, T.H.N. (1988) An RFLP Marker for r, in
Pea. Theor. Appl. Genet., 75, 362.

LANDRY, B.S_, KESSELI, R., HEI LEUNG AND
MICHELMORE, R.W. (1987) Comparision of
Restriction Endonucleases and Sources of Probes
for Their Efficiency in Detecting Restnction
Fragment Length Polymorphisms in Letftuce
{Lactuca sativa L.} Theor. Appl. Genet., 14, 646.

SHARP, P.J., KREIS, M., SHEWRY, P.R. AND
GALE, M.D. (1988) Location of B-amylase
Sequences i Wheat and Its Relatives. Theor.
Appl. Genet., 15, 286,

REED, K.C. AND MANN, C.M, (1985) Rapid
Transfer of DNA from Agarose Gels to Nylon
Membranes. Nuel. Acid Res., 13, 7207,

PRUITT, R. Pnvate Commumcation.

BAULCOMBE, D.C. AND BUFFARD, D, (1983)
Gibberellic Acid-regulated Expression of Alpha-
amylase and Six Other Genes in Wheat Aleurone
Layers. Plgnta, 157, 493.

FEINBERG, A.P. AND VOGELSTEIN, B. (1983)
A Technique for Radiolabelling DNA Restriction
Endonuclease Fragments to High Specific Activity
Analyt. Biochem., 132, 6.





