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ABSTRACT: Thailand is the world leader in the production of latex extracted from the rubber tree
(Hevea brasiliensis). However, the most cultivated clone RRIM 600, is highly susceptible to dis-
eases, and there is economic incentive to develop new rubber tree clones. Four rubber tree clones
(T2, SK1, NK1 and SK3) that have high latex yield potential from plantations in Southern Thailand
were selected for this study. Yield performance, latex biochemical parameters and anatomical
characteristics of bark were monitored for two years, using RRIM 600 clones in the same fields as
paired controls. The average yields of the clones SK1, NK1 and SK3 were 129.3, 74.2 and 53.9 g
per tree per tapping, respectively, surpassing the paired RRIM 600 controls (94.3, 49.9 and 43.9
g per tree per tapping in matching order). There was a difference in girth increment of SK1, SK3
and T2 clones when compared with RRIM 600, whereas the clones SK1 and T2 had higher renewed
bark thickness than the paired RRIM 600. The anatomical measurements showed that the diameter
of the latex vessels and density of latex vessels mm-2were the highest in clone NK1, which also
had the best latex biochemical parameters. This indicates NK1 is superior, and supports its use in
Hevea breeding programs to improve latex yield. Our genetic characterization and assessment of
the four clones selected used Random Amplified Polymorphic DNA (RAPD) and Simple Sequence
Repeats (SSR). Seventeen recommended rubber clones were included as references. The clones
SK3 and SK1 were closely related to RRIM 600 with similarity coefficients of 0.891 and 0.809,
while NK1 and T2 were closely related to RRIT 250 (0.836) and RRIC 110 (0.864), respectively.
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Introduction

Rubber tree (Hevea brasiliensis Muell.-Arg.) is
among the most important economic crops in the world.
Latex is the major product from this species while rub-
ber wood (lumber) is considered a secondary product
(Priyadarshan et al., 2009). Thailand is the world leader
in natural rubber production, and most of the produc-
tion areas (1.76 million ha) are in the southern part of
the country. The clone RRIM 600 is grown in 75 % of
the rubber production area in Thailand, and has been
in use for more than 60 years. However, RRIM 600 is
highly susceptible to diseases caused by the Phytophtho-
ra species (Thanseem et al., 2005). Therefore, there is
economic incentive to develop new rubber tree clones.

Rubber tree breeding programs have tradition-
ally relied on generating crosses and progeny lines and
screening them for further selective breeding. One test-
ing cycle takes about 20 to 30 years. These programs,
focusing on production, can be speeded up and made
more effective by the use of both agronomic perfor-
mance and the anatomical characteristics of bark and
biochemical parameters as selection criteria (Gongalves
et al., 2005a). The anatomical characteristics of bark are
related to the latex yield of a rubber tree (Webster and
Paardekooper, 1989).

Observations of the laticiferous system character-
istics, such as latex vessel diameter and density of la-
tex vessels, can assist in the selection of high yielding
clones (Mesquita et al., 2006). Moreover, the biochemi-
cal parameters of latex itself also relate to the latex yield
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parameters, anatomical characteristics of bark

predictively (Bricard and Nicolas, 1989). Genetic vari-
ability information of the parental clones is required for
parental selection in Hevea breeding, since the crossing
of genetically distant clones increases the possibility of
heterosis (Oktavia and Kuswanhadi, 2011).

The genetic distance of clones cannot be assessed
from their morphological characteristics. Instead mo-
lecular markers such as Random Amplified Polymor-
phic DNA (RAPD) and Simple Sequence Repeats (SSR)
have been used to estimate such genetic distances (Ven-
katachalam et al., 2007). This study mainly aimed to
investigate latex production, latex biochemical param-
eters, and anatomical characteristics of high of the bark
of latex yielding open pollinated clones, using RRIM600
clones as a baseline for comparisons. The genetic dis-
tances of these rubber clones along with various recom-
mended clones were assessed based on RAPD and SSR
markers.

Materials and Methods

Plant materials

The four clones selected that had high latex yield
were sampled from rubber plantations in three prov-
inces in southern Thailand. Each clone is herein desig-
nated with a label stemming from the sampling location.
The private farm locations were in Songkhla province
(100°41'37.1" N, 6°46'27.2" E - SK1 and 100°20'35.8"
N, 6°59'290" E - SK3), Nakhon Si Thammarat province
(99°29'32.6" N, 8°59.9'290" E - NK1) and Trang prov-
ince (99°53'2.11" N, 7°16'50.36" E - T2). Based on the
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information provided by those managing each planta-
tion, the 13-year-old sampled trees originating from the
seedlings of open pollinated progenies.

The experimental design was a randomized com-
plete block with three replications. In each location, 15
plants representing the selected rubber tree clone and
also RRIM 600 were chosen for sampling. The selection
of trees from each rubber plantation was made on the
basis of their daily yield patterns and on fairly uniform
circumferences of 100-150 cm. The tapping system for
all the sampled trees was a one-third spiral downward
cut, with a cycle of two days with tapping and one day
of rest (1/3S 2d/3). No stimulants were employed to en-
hance the latex yield.

The latex collected from each tree was monitored,
and the cumulative dry rubber production was recorded
twice a month. To determine the dry rubber content
(DRC) in latex, it was weighed prior to coagulation in
the cup in a 6 % acetic acid solution, mixed well, and
after 10-20 min coagulated latex was obtained. The co-
agulated solid rubber was separated from the liquid se-
rum, made into a thin sheet, air dried in a hot oven at
65 °C for 24 h, and the dry rubber mass in the latex was
weighed. For growth analysis, the trunk girth increment
and the renewed bark thickness were measured once a
month at the tapping height, which was approximately
1.50-1.80 m above ground.

Measurement of biochemical parameters

We assessed the high yielding rubber clones by the
biochemical composition of their latex, which relates to
the physiological characteristics of latex synthesis. The
latex diagnosis was carried out monthly during the
course of the experiments (2011-2013). The biochemical
parameters evaluated were total solid content (TSC), su-
crose (Suc), inorganic phosphorus (Pi), and thiol contents
(RSH). The latex samples were collected as follows: a
tine was stabbed approximately to a depth of 5 cm into
the trunk of a rubber tree, at a 30-degree angle, about 5
cm under the tapping cut, and a plastic tube was insert-
ed into the opening to transport latex. At each sampling
the first few drops of latex were discarded, and a sample
from each tree was collected in one and the same glass
tube for approximately a 2 mL total, representing one
clone in one field. Once this latex sample was collected,
the rubber in it was precipitated immediately by a mix-
ture of TCA (trichloroacetic acid) and EDTA (Ethylenedi-
aminetetraacetic acid), separated out, and the remaining
liquid was transferred into a storage box held at 4 °C.
The parameters TSC, Suc, Pi and RSH were measured
from these clear serum liquid samples, known as TCA-
serum (Eschbach et al., 1984). The sucrose, Pi and RSH
contents are expressed here in millimols.

Bark anatomical evaluation

Five-month-old buddings of rubber trees (SKI,
SK3, NK1, T2, RRIM 600 and RRIT 251) were grown in
a field in the Songkhla province, Thailand (07° 0' 28.8"

N; 100° 30' 0" E). This experiment was conducted in the
period from May 5% to June 30% in 2013. The rubber
trees were approximately 2-3 m tall, and their canopy
widths approximately 1.5-2.5 m during this period. The
bark was cut perpendicularly to the stem at the ground
level (at approximately 0.5 cm height). The bark samples
were fixed in a mixture of FPA (formalin: Pioneer Ro-
mano Prodi acid: 70 % alcohol, mixed in a volumetric
ratio of 5 mL: 5 mL: 90 mL) for 24-48 h, subsequently
dehydrated by soaking in an ethyl-butyl series. Samples
were infiltrated and embedded in paraffin, and tissue
samples were cut (approximately 5 pm thick). These
were stained with safranin, fast green and orange G.
The stained sections were viewed and photographed on
slides, using a compound light microscope.

DNA extraction

The sampled clones selected were genetically
probed by RAPD and SSR markers for genomic similar-
ity assessments. Seventeen clones, available at the begin-
ning of this experiment, were included as representa-
tive materials. Some clones, such as RRIM 600, RRIT
251 and RRIT 250 were recommended clones, whereas
others had been used as parents in various rubber tree
breeding programs in Thailand. The DNA was extracted
from approximately 200 mg of young fresh leaves, in ac-
cordance with the procedure for extraction and purifica-
tion as modified by Doyle and Doyle (1990). The amount
of DNA was estimated by electrophoresis and a known
amount of ADNA was used as the standard.

RAPD protocol

The 120 10-base oligonucleotide primers in the A,
B, C, R, T and Z Kits were used in the first phase of
screening. The amplification reaction was performed in
a reaction volume of 25 pL, containing 2.5 puL of 10x buf-
fer, 3.0 pL of 25 mM MgCl,, 200 uM of each dNTP, 0.3
puM of primer, 0.2 pL (1.0 unit) of Taqg DNA polymerase
and 1.0 pL (100 ng) template DNA. The amplifications
were made in a thermocycler. The thermal profile for
PCR (Polymerase Chain Reaction) was started from 35
cycles at 94 °C for 30 s, 37 °C for 30 s, 72 °C for 1 min,
and finally at 72 °C for 5 min. After amplification, 10
pL of the PCR products were separated by electropho-
resis at 50 V for 2 hours and 30 min, on 2 % agarose LE
(Low Electroendosmosis) using TBE buffer (Tris-borate-
EDTA). The gel was stained with 0.5 ug mL~! ethidium
bromide for 30 min, washed by soaking in double de-
ionized water for 20 min, and photographed using a gel
documentation system.

SSR protocol

Initially, the four SSR primer pairs hmac4, hmac
5, hmctl and hmct 5, from prior research (Nakkanong
et al., 2008; Saha et al., 2005), and another six prim-
ers from the Genbank database (AF383928, AF383930,
AF383931, AF383932, AF383933 and AF383935) were
used for PCR amplification of DNA, following the proto-
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col from Saha et al. (2005). The PCR reaction was carried
out in 10 pL final volume containing 20 ng of genomic
DNA, 2.5 mM MgCl,, 10x Taq buffer, 0.2 pM each of the
forward and reverse primers, 200 pM dNTPs, and 0.7
units of Tag polymerase. The amplifications were made
in a thermocycler. The temperature profile involved an
initial denaturation step of 5 min at 95 °C, followed by
a touch-down PCR program. Temperature profile of the
touch-down PCR for seven cycles was: 94 °C for 30 s, 63
°C for 1 min, decreasing by 1 °C for each of the seven
cycles, and finally 72 °C for 1 min. This was followed
by a normal cycling of 94 °C for 30 s, 56 °C for 1 min,
and 72 °C for 1 min for 23 cycles, and a final extension
at 72 °C for 10 min. The touch-down protocol was used
to eliminate stuttering and artifact bands. The amplifica-
tion products were run on a 6 % denaturing polyacryl-
amide gel containing 7 M urea using 0.5 TBE buffer at
1,000 V, and the DNA bands were visualized with silver
nitrate.

Data analysis

The data on latex yield, girth increment, renewed
bark thickness and biochemical parameters were ana-
lyzed using Student's t-test. Means of diameter and den-
sity of latex vessels were compared for significant dif-
ferences using Duncan's Multiple Range Test (DMRT).
RAPD and SSR reproducible fragments were scored
for presence or absence of the band for RAPD, and for
presence or absence of an allele in the locus for SSR.
The bands were then entered in a computer file as a
binary matrix, and analyzed by NTSYS pc-version 2.1.
The hierarchical clustering algorithm UPGMA was used
to construct dendrograms separately for the RAPD and
the SSR markers, with slightly different results in the
similarities of genotypes, showing that these sets of
markers provide complementary information on genetic
similarity. Therefore, the data from both markers were
combined for maximal information (Ahmed et al., 2012;
Zhan et al., 2012), and analyzed for seventeen recom-
mended genotypes and the four rubber clones selected.
The genetic distances were quantified by means of the
Jaccard index, to arrive at the similarity matrix used in
the clustering.

Results and Discussion

Evaluation of latex yield and growth after tapping
The clones studied presented varying levels of
latex yield and growth performance after tapping. The
latex yield was recorded fortnightly by coagulating the
latex in a cup, drying and weighing the coagulum. The
average dry rubber yield per tree per tapping of SK1 was
highest at 129.3 g per tree per tapping followed by NK1
(74.2 g per tree per tapping), SK3 (53.9 g per tree per tap-
ping) and T2 (42.2 g per tree per tapping). All the clones
selected had higher latex yields than the paired RRIM
600 controls, paired to match the site, although there
was no yield difference between T2 clone and RRIM 600
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(Figure 1). For two years, the girth increments differed
upwards from the paired controls (RRIM 600) for the
high yield clones SK1, SK3 and T2 (Table 1), while the
clone NK1 showed no difference to the control. The re-
newed bark thicknesses of T2 and SK1 clones were 8.91
and 7.72 mm, respectively, and were higher than for
RRIM 600. However, the SK3 and NK1 clones showed
no such difference from RRIM 600 (Table 2).

This appears to be the first study to report details
of yield from select high yield rubber tree clones on
actual farms in Thailand. The economic importance of
yield is a natural driver for clonal selection in selective
breeding designed to improve the clones. The superior
performance of SK1 over the RRIM 600, currently domi-
nant on farms in Thailand, is noteworthy. The SK1 clone
had higher yield and growth in terms of latex yield, girth
increment and renewed bark thickness. Thick bark is a
very important characteristic, because it minimizes the
wounding incidences that are known to affect productiv-
ity after tapping (Gongalves et al., 2007). Even the single

m SK1 SK3 NK1 T2

120.00 1 = RRIM600

90.00 1
*
60.00
ns
30.00 -
0.00 -

Na Thawi Hat Yai

avg. dry rubber yield (g per tree per tapping)

Na Bon Palian

Figure 1- Average dry rubber yield (g per tree per tapping) of four
selected rubber clones: Na Thawi (SK1), Hat Yai (SK3), Na Bon
(NK1) and Palian (T2). In each site, RRIM 600 was used as a control
during 2011-2013.

Table 1 - Girth increment of SK1, SK3, NK1 and T2 rubber tree
clones compared with RRIM 600 grown in the same farmer trail.
The data were recorded from 2011 to 2013.

Clone Girth increment ttest C.V.
cm %
109 0.05a . 15
SK1 RRIM 600 0.68 +0.04 b
1.57+0.04a N 23
SK3 RRIM 600 041 £0.11b
3.32+0.07a
NK1 RRIM 600 2.91+039b ns 29
1.52+0.18a * 39
T2 RRIM 600 0.65+0.04b

ns = not significant; *Significant at p < 0.05 (Student's ttest); C.V. =
Coefficient of variation.
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clonal variety RRIM 600 had different latex yields depend-
ing on the location. This variation might be due to the en-
vironment differences between locations, and might also
vary by tapping season (Gongcalves et al., 2005b).

Biochemical parameters of latex

Studies of the physiological characteristics of latex
have led numerous authors to define biochemical pa-
rameters connected with latex production. The clones
selected, except for SK1, had higher dry rubber contents
than RRIM 600. In this study, the RRIM 600 clones had
stable TSC, Suc, Pi and RSH contents in latex (Table 3),
regardless of sampling location. This is consistent with
the observation that environment had no effect on the
metabolism of latex regeneration (Eschbach et al., 1984).
However, the biochemical parameters were directly af-
fected by the clonal variety. For the two years of moni-
toring, the TSC values for all the selected clones were
higher than for RRIM 600 (Table 3). However, Suc and
Pi contents, for the most part, did not differ between
the clones selected and RRIM 600, with the exception of
NK1. Moreover, all the clones selected were similar to
the control in their RSH content in latex.

Table 2 — Renewed bark thickness of SK1, SK3, NK1 and T2 rubber
tree clones compared with RRIM 600 grown in the same farmer
trail. The data were recorded from 2011-2013.

Clone Renewed bark thickness ttest C.V.
mm %

SK1 7.72 £0.21 * 6

RRIM 600 6.66 + 0.28

SK3 6.49 = 0.39

RRIM 600 6.36 = 0.28 ns 17

R 600 o0 028 ns 12

T2 8.91 +0.19 . 10

RRIM 600 6.83 + 0.29

ns = not significant; *Significant at p < 0.05 (Student's ttest); C.V. =
Coefficient of variation.

Overall the clones selected were similar in their
latex biochemical parameters to RRIM 600, except
for the NK1 clone. The NK1 had a higher dry rubber
content and better latex biochemical parameters. This
clone exhibited high latex yield together with low Suc
and high Pi contents. The low Suc content suggests ac-
tive sucrose catabolism in the lactiferous cells. More-
over, the 2-fold increase in Pi content indicates active
metabolism in latex regeneration, which has been cor-
related with rubber yield (Tang et al., 2013). However,
the RSH content did not differ from RRIM 600. This is
consistent with the biochemical parameters for a super-
high-yielding PR 107 clone (SY 107), which had 7-fold
higher latex production than the control, while its Suc
and RSH contents were lower than for the control.
However, the TSC and Pi contents showed no differ-
ence from the control. Therefore, all these latex compo-
sition characteristics suggest that the NK1 clone should
have superior latex yield.

TSC affects the viscosity of latex so that a high
TSC may limit the yield by hindering latex flow, while
a low TSC indicates weak latex regeneration. Sucrose is
the precursor of isoprene synthesis, and a high content
of sucrose indicates either a good supply to the lactif-
erous system or poor utilization with weak isoprene
synthesis. Inorganic phosphorus (Pi) is required for ac-
tive metabolism because of its roles in phosphorylated
compounds and in energy processes. Thiols protect the
lutoid membranes, contribute to the redox balance, and
activate the key enzymes in the laticiferous system. To
obtain information about such biochemical differences
in the latex between the four selected clones we used
the high-yielding RRIM 600 clone (known for medium-
high metabolism) as a paired control.

Laticiferous system characteristics

The anatomical characteristics of latex vessels for
the various Hevea clones used in this study are illus-
trated in Figure 2. These characteristics were higher

Table 3 — Evaluation of dry rubber content (DRC) and latex biochemical parameters of SK1, SK3, NK1 and T2 rubber tree clones compared with
RRIM 600 grown in the same farmer trail. The data were recorded from 2011-2013.

Rubber tree clones DRC TSC Suc Pi RSH
% mM
SK1 44.26 + 0.92 4992+ 1.35a 8.51 £ 1.70 11.82 +1.34 0.29 = 0.04
RRIM 600 42.94 +1.31 4496 +1.19b 8.61 = 1.53 11.19+1.38 0.27 £ 0.03
ns * ns ns ns
SK3 46.66+1.41a 52.68 +1.20 a 10.95 + 1.60 13.85 + 1.50 0.28 £ 0.13
RRIM 600 40.11 +1.50b 4552 +1.17b 10.10 = 1.61 13.53+1.26 0.21 = 1.16
* * ns ns ns
NK1 41.04 +0.94 a 4192 +1.09a 6.50+0.79b 19.19+1.88a 0.24 £0.03
RRIM 600 36.45+1.40b 39.07 £ 1.14b 8.61 £+ 0.89a 9.77+1.01b 0.19 = 0.02
* - * - ns
T2 43.39+0.59 a 53.36 £ 1.52a 8.24 = 0.88 10.63 +1.24 0.18 £ 0.02
RRIM 600 38.03+0.94b 46.71 = 1.44 b 11.13+1.43 13.56 + 1.53 0.19 £ 0.02
* * ns ns ns

ns = not significant; *Significant at p < 0.05 (Student's t-test); TSC = total solid content; Suc = sucrose; Pi = inorganic phosphorus.
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in the four selected clones than in the controls RRIM
600 and RRIT 251. The highest 41.8 pm latex vessel
diameter was found in NK1, followed by SK1, SK3 and
T2. The vessel diameters in RRIM 600 and RRIT 251
ranged from 32.3-32.9 um (Table 4), and a similar diam-
eter range for RRIM 600 has been previously reported
by Mesquita et al. (2006), who found 34.38 pm in this
productive clone and 28.62 pm in an intermediately
productive clone (GT 1). However, the GT 1 clone did
not differ from the less productive Fx2261 clone, indi-
cating that such an anatomical difference might only
be an indicator in high productivity clones in which a
smaller diameter would limit production (Mesquita et
al., 2006).

The number of densities in the four selected
clones were in the range 94.6-101.0 vessels mm~2
which is higher than the 84.0 vessels mm~%in RRIM
600 or the 89.6 vessels mm~-2in RRIT 251. In contrast,
Mesquita et al. (2006) reported that RRIM 600 had
126.96 laticiferous cells per mm?, which is clearly more
than what we found. The age of the tree sampled might
explain such differences. The density of latex vessels
varies greatly between individuals and with age, as
well as with clonal variety (Riches and Gooding, 1952).

For the purposes of selection, relating the anato-
my of latex vessels to the latex yield might be very use-
ful. The latex vessels are arranged in concentric cylin-
ders among the phloem tissue. In a cross section these

Figure 2 — Cross section of bark tissue of six Hevea brasiliensis clones A: SK1, B: SK3, C: NK1, D: T2, E: RRIT 251 and F: RRIM 600. The arrows

indicate laticiferous cells. Bars = 50 pm.
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Table 4 — Diameter and density of latex vessels in four selected
rubber tree clones compared with RRIM 600 and RRIT 251.
Rubber tree clones  Diameter of latex vessel — Density of latex vessels

um vessels mm-2

SK1 39.3a 101.0a
SK3 37.5ab 94.6b
NK1 41.8a 95.6 ab
T2 37.5ab 95.4 ab
RRIM 600 32.3b 84.0 bc
RRIT 251 329b 89.6 bc
F-test * *

C.V. (%) 10 5

*Significant p < 0.05; C.V. = Coefficient of variation; Means followed by the
same letter do not differ(DMRT test, p < 0.05).

cylinders appear as rings, known as latex vessel rings
(Gomaz, 1982}, and this reference suggests that the ana-
tomical parameters could be used as selection criteria
in clonal selection breeding. For example, the number
of latex vessels accounted for 75 % of the yield varia-
tion for clones in the nursery phase, but only for 40 %
at maturity. The number of latex vessel rings continues
to be the most important single property highly related
to yield (Gomaz, 1982). Additionally, the average num-
ber of lactiferous rings is the most important character-
istic in the lactiferous system, and it increases with age
while being inherent to the clone genotype (Webster
and Paardekooper, 1989). Ho et al. (1973) reported that
the number of lactiferous vessels was a determinant of
the yield from adult rubber trees.

Genetic similarity analysis

In total, 21 genotypes of rubber tree had four ma-
jor clusters (groups) in this analysis (Figure 3). Group
1 with 11 rubber clones included the SK1, SK3 and T2
clones. This group had two distinct subgroups with
SK1, SK3, RRIM 600, and PB 310 in one subgroup,
while T2 was in the other together with GT 1, BPM 24,
RRIT 156, RRIT 402, RRIC 110 and AVROS 2037. The
second cluster (Group 2) had only two rubber clones:
PB 255 and PB 260. The NK1 clone was in the third
group with six other clones: BPM 1, Tjir 1, RRIT 250,
RRIT 251, PB 235, and PB 311. The last group consisted
of the single clone, PR 255, indicating that this clone
was strongly dissimilar from all the other rubber trees
compared here, by genotype. This is suggestive of how
the four selected rubber tree genotypes relate to other
recommended clones, as the dendrogram is suggestive
of phylogeny.

Plant breeders seek to favorably affect the phe-
notype through genotype, and an assessment of the
genotype is important for such programs. The interest
in genotype does not only cover the cultivated plant
varieties, but also the related wild species and mutants
that offer compatible sources for breeding.

Varghese et al. (1997) suggested the RAPD tech-
nique as an effective method to identify rubber tree

GT1

BPM24
RRIT156
RRIT402
RRIC110

T2
AVROS2037
PB310

RRIM600
44—':3“
SK1
T PB255
1 PB260

BPM1

Tiir
RRIT250
NKA
RRIT251
PB235
PB311
PR255
068 0.75 0381 087 094

Coefficient
Figure 3 — UPGMA dendrogram of four selected (SK1, SK3, NK1 and
T2) and seventeen recommended rubber clones based on Jaccard
genetic distance matrix using eight Random Amplified Polymorphic
DNA (RAPD) primers and six Simple Sequence Repeats (SSR)
primers.

clones and to analyze their genetic relationships. Ok-
tavia et al. (2011) applied 12 RAPD primers to study
the genetic variability among 45 rubber clones, and to
select the parent clones in rubber breeding programs.
Apart from RAPD, several SSR primers have been de-
veloped for genetic analysis of H. brasiliensis (Saha et
al., 2005). The combined use of these different marker
systems provides a more reliable analysis than either
one alone. The RAPD and SSR markers have been used
to assess the genetic diversity in many crops, such as
alfalfa (Mengoni et al., 2000), raspberry (Badjakov et
al., 2006) and eggplant (Demir et al., 2010). Overall
genetic similarities in the current study were in the
range 0.591-0.936, which agrees with the findings in
Nakkanong et al. (2008). According to the UPGMA
analysis based on RAPD and SSR markers, SK3 and
SK1 are closely related to the reference clone RRIM
600, with high similarity coefficients 0.891 and 0.809,
respectively. The NKlclone is closely related to RRIT
250 with a similarity coefficient of 0.836. The rubber
clone T2 from Trang province is closely related to RRIC
110 with a similarity coefficient of 0.864. The highest
genetic similarity was found between RRIT 402 and
RRIC 110, while the lowest genetic similarity, 0.591,
was recorded for the three pairs Tjir 1 and PB 310; Tjir
1 and SK1; and SK1 and PB 235.

Nakkanong et al. (2008) determined the relation-
ships between 87 early introduced and recommended
clones using RAPD and SSR techniques, and found
the highest similarity, 0.929, between RRIT 250 and
RRIM 600. However, the genetic similarity of these
clones,0.700, was much lower in the present study.
This difference is likely due to the selection of prim-
ers, which determines which genomic regions are to be
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compared: similarities from only a partial assessment
of the genome are necessarily biased, but genome se-
quencing, in its entirety, was not possible in the cur-
rent study. An assessment of genetic similarity might
be useful in selecting the parents for a rubber breeding
program aimed at obtaining heterosis effects.

The dendrogram in Figure 3 provides such infor-
mation visually with clear separation into four main
clusters. As expected, most of the recommended geno-
types fell into clusters that correspond to their pedi-
gree data, which corroborates that the combination of
both markers provided reasonable genotypic similar-
ity scores. An assessment of genetic variability within
the germplasm is of interest to practical applications
in breeding, where it can rapidly identify the breed-
ing materials. It is crucial for genetic improvement and
elite gene exploitation, where high yield related genes
have been identified.

This study supports using selected rubber clones
in the genetic improvement of H. brasiliensis by selec-
tive breeding. Yield figures observed over two years
indicated that the open pollinated clones selected were
superior to the RRIM 600 control. The NK1 clone was
outstanding in its high latex yield with good latex bio-
chemical parameters. Also, the anatomical character-
istics of the bark indicated that this clone is prime ge-
netic material for further rubber tree improvement.

Better study data could be obtained in the case
where all the selected clones were grown in shared en-
vironmental locations, and if data were collected over
a longer period of time, which would also allow for an
evaluation of stability of these clones. The RAPDs and
the SSRs, that have been selected on the basis of high
polymorphism information content, successfully dis-
criminated between the rubber tree genotypes in this
study. Genetic similarities from the combined mark-
ers fell between 0.600 and 0.936, demonstrating that
the marker combination clearly discriminated between
plants with close genetic backgrounds (Mengoni et al.,
2000; Rahman, 2003). The SK3 and SK1 clones were
closely related to the RRIM 600, with similarity coef-
ficients of 0.891 and 0.809, respectively. The NK1 and
T2 clones were closely related to RRIT 250 (0.836) and
RRIC 110 (0.864), respectively. This suggests that DNA
profiles based on a panel of selected RAPD and SSR
markers could be efficiently used to assess the genetic
relationships between rubber tree genotypes.
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