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Abstract

This study aimed to expedite the rubber breeding cycle by identifying promising
genotypes in 2017 hand-pollinated (HP) progeny of 46 new clones. Growth
parameters such as girth, bark thickness, leaf area, and average yield were recorded
and analyzed to identify the superior genotypes. Physiological parameters and
expression of the Rubber Elongation Factor (REF) gene were also used to select the
best genotypes. Four genotypes were selected namely; 2017 HP 59,2017 HP 60, 2017
HP 63 and 2017 HP 67 with better growth characteristics. The latex physiological
parameters including sucrose, inorganic phosphorus, thiol, dry rubber content and
total latex volume were examined. The analysis of physiological parameters shows
that the 2017 HP 59 and 2017 HP 60 genotypes have a high potential for latex
production. The results revealed an upregulation in the REF gene expression of the
2017 HP 59 and 2017 HP 60 genotypes. In addition, statistical analysis was conducted
to assess the correlation between each growth parameter, and cluster analysis was
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These analyses identified 2017 HP 63, 2017 HP 67,2017 HP 7, 2017 HP 11, 2017 HP
66, 2017 HP 68 and 2017 HP 39 genotypes as suitable timber clones. With
morphological, physiological and gene expression analysis, the 2017 HP 59 and 2017
HP 60 genotypes were selected as superior for direct large-scale field evaluations as
latex clones. This would possibly bypass the small-scale field evaluation phase, saving
approximately 10-12 years of the breeding cycle. However, it's better to further
analyze the REF gene expression results. Timber clones identified during the present
study will be useful for the rubber timber processing industry.

Keywords: Dry rubber content; Hand pollinated progeny; Rubber elongation factor
gene; Superior genotypes; Timber clones

Introduction

Hevea brasiliensis is the commercial rubber-producing species in the family
Euphorbiaceae (Rahman et al, 2013). It is a perennial tree crop native to the
Amazonian region. It spreads in the tropical belt (Lieberei, 2007). It was introduced
to Sri Lanka by Sir Henry Wickham in 1876 (Baddewithana and Seneviratne, 2016).
From the Wickham collection, 1919 seedlings were planted in Peradeniya and
Henerathgoda Botanic Gardens (Seneviratne et al, 2009).

The rubber industry occupies an important position in the Sri Lankan economy.
Rubber is the third main export earner in the agriculture sector. According to the
recent export values rubber production has earned around 42.2 million US$
(Exporters’ Association of Sri Lanka Annual Report and Accounts 2019/2020). Latex
is the main economical part of rubber plants and timber is used to make furniture
products. Latex has 36% of rubber fraction and 5% of non-rubber components. Non-
rubber particles are protein, lipid, sugar and water accounting for the remaining 59%
(Sansatsadeekul et al, 2011). Natural Rubber (NR) is used to make many essential
items such as tires, solid tires, gloves, etc.

Due to its perennial nature, Hevea breeding is a challenge. The main aims of the
breeding are to develop high-yielding rubber clones with desirable characteristics
such as high initial vigor, smooth bark with a good latex vessel system, growth of
healthy bark, high growth rate after beginning the latex harvest, ability to tolerate
major diseases and wind. When developing new clones during the recent years, apart
from yield, tolerance to abiotic stresses; drought, high temperature, and cold are
taken as vital parameters. Other objectives are to obtain low intensity on tapping
panel dryness, high quality of timbers and high technological properties
(Venkatachalam et al, 2013). In the rubber breeding program, time is the critical
factor. It takes 20-25 years to complete one breeding cycle. In the Hevea breeding
cycle, the main steps are the annual Hand Pollination (HP) program; Small Scale Clone
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Trials (SSCTs), Estate Collaborative Trials (ECTs) and Small-Scale Rubber Trials
(SRT). In the annual hand pollination program (HP), new genotypes are developed,
and the first selection stage is carried out at the mother plant nursery. The best clones
were selected and these were taken to establish the Small-Scale Clonal Trails (10-12
years). In SSCTs, the genetic potential of genotypes was evaluated based on their
performance. Selected high-yielding and disease-resistant genotypes in the SSCTs
were used to evaluate their performance under the ECTs (10-12 years). At ECTs,
superior genotypes were selected and recommended for group 03 level clone
recommendations (Withanage et al, 2017).

The rubber (cis-1-4-polyisoprene) is produced as rubber particles in the lactiferous
vessels. The rubber elongation factor (REF), is associated with rubber particle
production (Goyvaerts et al, 1991). According to Berthelot et al, (2012), it is the
major protein associated with rubber particles and is encoded by the REF gene. REF
is the key gene involved in rubber biosynthesis and is tightly bound to the serum-free
rubber particles. In high-yielding rubber clones, REF gene expression is higher (Priya
et al, 2007). Latex physiological parameters are related to the ability to form latex.
Latex physiological characteristics are sucrose, inorganic phosphate, and thiol levels
(Purwaningrum et al, 2019). So, it is vitally important to measure the latex
physiological parameters for clonal recommendations.

The Rubber Research Institute Sri Lanka (RRISL) carried out annual breeding
programs to improve the Hevea gene pool and the primary objective of this study was
to select the promising genotypes from the 2017 HP progeny by using morphological
and physiological characteristics and also, further confirm the high yielding ability
using REF gene expression.

Materials and methods
Planting material

The planting material used was the 2017 HP progeny of the Genetics and Plant
Breeding Division of the Rubber Research Institute, Sri Lanka. In the present study,
46 genotypes which were approximately six years old and at the tapping stage used
(Table 1). The genotypes were established by 1m x 1m distance at a mother plant
nursery.



Table 1. Details of the Genotypes from the 2017 Hand Pollination Program used for
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this study
Plant serial number Parentages No of genotypes
1-9 RRISL 201 x MT 11-76 08
10- 31 RRISL 201 x RRISL 203 09
32-65 RRISL 208 x RRISL 2005 13
66-68 RRISL 201 x RRISL 2006 03
69-77 RRISL 208 x MT 11-76 07
78-87 RRISL 203 x MT 11-76 06

Source: Annual Report (2017), Rubber Research Institute of Sri Lanka.
Morphological Characterization

The morphological characteristics of each genotype namely; girth, bark thickness, leaf
area and latex dry weight were measured. The girth was measured in each genotype
at a height above 90 cm from the ground. The bark thickness was measured by using
a bark gauge. The measurements were taken from three points under the tapping
panel to get an average value. The leaf area was measured by using a LI-COR portable
leaf area meter. The leaf area of each genotype was determined by measuring three
leaflets and calculating the average value. The latex yield was measured using the
Hamaker-Morris-Mann test (micro-tapping technique) from 45 cm above the ground
level. The latex was collected separately into labelled plastic cups from respective
genotypes. Then the latex was coagulated separately by adding formic acid. The
coagulants were milled using a diamond roll and kept in the smoke-house until they
obtained a constant weight. The average yield data was expressed as latex dry weight
in grams per tree per tapping (g/t/t).

The Minitab 19 package was used to analyze the morphological data. Pairwise
Pearson correlation was used to infer the statistical relationship between growth
parameters and cluster analysis was done to identify superior genotypes (Souza
Gongalves, 1995).

Latex Physiological Characterization
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According to average yield data and other morphological characters, the top four
accessions were selected for further confirmation using latex physiological
properties. The standard laboratory methods (Purwaningrum et al, 2019) were used
to measure the latex sucrose, thiol, inorganic phosphorous, latex volume and dry
rubber content. The latex was collected to ice-immersed clean vessels in the first 5-
35 min after tapping. The latex samples collected were immediately taken into the
laboratory for analysis. A quantity of 2.5 g of latex was weighted from each by using
an analytical balance. They were coagulated separately by using 2.5% trichloroacetic
acid (TCA). The coagulants were squeezed and extractions (Latex serum) were
collected in 25 ml volumetric flasks. The samples were topped up with 2.5% TCA and
used for the analysis of latex sucrose, thiol and inorganic phosphorous. Latex sucrose
content was measured using Scott and Melvin’s (1953) method, thiol content was
measured using Boyne and Ellman’s (1972) method, inorganic phosphorous content
was measured using the Taussky and Shorr (1953) method, and the standard method
[ISO 126:1995(E)] was used to measure the dry rubber content (Anushka et al,
2019). Latex volume was measured by using a measuring cylinder.

According to the obtained values of latex physiological parameters, the top two clones
were selected as treatments and a moderately latex-yielding clone was used as the
control for the RNA extraction and REF gene expression study.

Total RNA Extraction

RNA extraction was performed using TRizol™ (Rio et al., 2010) retrieved from the
University of Colombo. 250 pl of latex was collected into the TRIzol ™ containing
Eppendorf tube and mixed thoroughly. Using an ice box, the samples were
transported to the laboratory. Samples were crushed using separate pipette tips.
Then the samples were placed in a refrigerator at -20 °C for 20 min. The samples were
centrifuged at 14500 rpm for 20 min, and the suspension was taken into a fresh
Eppendorf tube, and incubated at room temperature for 10 min. Then 250 pl
chloroform was added, shaken vigorously by inverting for 5 min, and incubated at
room temperature for 2 min. Samples were centrifuged at 14500 rpm for 20 min, the
supernatant was separated into a new tube and 400 pl of isopropanol was added.
Samples were mixed well by inverting for 5 min. The samples were incubated at 4 °C
for 10 min and centrifuged at 14500 rpm for 10 min. Finally, the supernatant was
discarded. 250 pl of 75% (v/v) ethanol was added to the pellet and centrifuged at
6500 rpm for 5 min and the supernatant was discarded. The pellets were air-dried
and re-suspended in 25 pl of nuclease-free water for further analysis (Amarasekara
etal, 2020).

Confirmation of the quality of extracted RNA sample using agarose gel
electrophoresis



Meegahakumbura et al., 2024

A native 1.2% (w/v) agarose gel electrophoresis was used to determine the quality of
extracted RNA. An aliquot of 5 pul of RNA was mixed with 2 pl of gel-loading dye loaded
into the wells. A 100 bp ladder was used to identify the fragment size of the bands.
The samples were visualized under a UV trans-illuminator.

cDNA Synthesis (Complementary DNA)
According to the manufacturer’s instructions, the first strand of cDNA was
synthesized from extracted total RNA using the PrimeScript™ RT Regent Kit (Table

2).

Table 2. The components of PrimeScript™ RT Regent Kit

Component Volume/Reactio
n (pL)

10X RT Buffer 2.0

25X dNTP Mix (100 mM) 0.8

10X RT Random Primers 2.0

MultiScribe™Reverse 1.0

Transcriptase

Nuclease-free H,0 4.2

Total per Reaction 10.0

Firstly, the 2x Reverse Transcription Master Mixture was prepared on ice and mixed
gently. After that, 10 pl of 2x RT master mix was pipetted into each tube containing
10 pl of extracted RNA samples. Then the tubes were sealed after mixing the content
and centrifuged for a short period. The transcription was done using a thermocycler
with a reaction volume of 20 pl (Table 3).

Table 3. Thermal cycler conditions for cDNA Synthesis

Step 1 Step 2 Step 3 Step 4
Temperature (°C) 25 37 85 4
Time 10 min 120 min 5 min e

Real-time PCR for REF gene expression

REF gene was amplified from the first strand cDNA derived by using REF gene-
specific forward 5" ACG CGA ATT CGG AGG TTC GAT TAT GGC TGA AGA CG 3’ and
reverse primer 5" ACG CGT CGA CTT GGG GCT CAA TTC TCT CCA 3’ according to
manufacturer instructions. The reaction was carried out using the BIO-RAD CFX96
TM Real-time system. The amplification was performed with a pre-denaturing step at
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94 °C for 4 minutes, a denaturing step at 94 °C 30 s, an annealing temperate of 58 °C
0.30 s and an extension at 72 °C 30 s. The reaction was run for 40 cycles. Three
replicates of the REF gene with single No Template Control (NTC) and three replicates
of the GAPDH, housekeeping gene were used in the amplification process.

Gene Expression in RT-PCR

Use the Livak method (2-24¢T) (Livak and Schmittgen, 2001)

ACT control = Ct control REF — Ct control GAPDH

ACT treatment = Ct treatment REF — Ct treatment GAPDH

AACt = ACt treatment — ACt control
Fold difference = 2-24CT
Result and discussion

Pairwise Pearson Correlation between Bark Thickness (BT), Leaf Area (LA),
Girth and Average Yield (AY) in 2017 HP progeny

The statistical relationship between two continuous variables was built by, Pairwise
Pearson Correlation. The correlations in growth parameters; Bark Thickness (BT),
Leaf Area (LA), Girth and Average Yield (AY) were revealed (Table 4).
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Table 4. Pairwise Pearson Correlation between bark thickness, leaf area, girth and average yield in 2017 HP progeny

Parame Significance at 0.05 level

ters Correlation 95% ClI for p P-Value

BT Girth 0.855 (0.751, 0.000 Significant
(85.5 0.918)
%)

LA Girth 0.247 (-0.046, 0.098 Non-significant
(24.7 0.501)
%)

AY Girth 0.610 (0.389, 0.000 Significant
(61%) 0.765)

LA BT 0.127 (-0.169, 0.400 Non-significant
(12.7 0.403)
%)

AY BT 0.588 (0.359, 0.000 Significant
(58.8 0.750)
%)

AY LA 0.107 (-0.189, 0.478 Non-significant
(10.7 0.386)
%)
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Previous studies also showed a similar significant positive correlation between yield
growth and yield-bark thickness (Oliveira et al, 2015; Silva et al,, 2014). In this study
(Table 4) the degree of correlation between yield-girth is 61% and between yield and
bark thickness is 58.8%. According to their p-values, they are significant. They show
a positive but moderate relationship. In addition, Silva et al, 2013 showed a
significant correlation between bark thickness and girth. This study also shows a
strong relationship with an 85.5% degree of correlation and the p-value is significant
too. Righi and Bernardes (2008) showed a direct correlation between rubber
production and leaf area index. It is possibly due to a large leaf area enhancing the
photosynthesis rate. However, in the current study, there is no correlation between
leaf area and average yield (Table 3). Their degree of correlation is 10.7% giving a
very weak relationship and it is non-significant. When visually observing 2017 HP
progeny, a few genotypes (not equally distributed through the progeny and there is
no specific pattern) were suffering from severe Pestalotiopsis leaf fall disease.
Pestalotiopsis leaf fall increases the leaf fall and decreases the leaf area index
(Chelong et al,, 2020). According to Tang and Chow (2017), the environmental stress
and fluctuations of climatic conditions can be affected by this weak relationship.
These could be the possible reasons for the leaf area not having a positive relationship
with any other parameters but to make a correct decision long-term investigation is
needed.

Stepwise Cluster Analysis for Morphological Parameters in 2017 HP Progeny

The cluster analyses were carried out for significant pairs (bark thickness and girth,
average yield and girth, average yield and bark thickness). In addition, cluster
analysis was also carried out for the combination of average yield, girth and bark
thickness. The objective of cluster analysis was to find similar groups genotypes
(Sanche and Lonergan, 2006) to identify similarities, differences and patterns if there
are any in the genotypes. It will be helpful to identify morphological variations of
rubber plants.

Cluster Analysis Between girth and bark Thickness

According to cluster analysis (Figure 1) and mean values (Figure 2), genotypes with
high girth and high bark thickness belong to Cluster 3, genotypes with medium girth
and medium bark thickness belong to Cluster 2 and genotypes with low girth and low
bark thickness belongs to Cluster 1. A positive relationship was exhibited between
girth and bark thickness. Genotypes with high girth and bark thickness are 2017 HP
59,2017 HP 63,2017 HP 72, and 2017 HP 60. In addition, the 2017 HP 67. 2017 HP
1,2017 HP 13,2017 HP 2, 2017 HP 4 can be considered as genotypes with low girth
and low bark thickness. There is a positive correlation between girth and bark
thickness due to a genetic correlation between girth and bark thickness (Silva et al,
2013). Girth increment is a very important factor in having a higher number of latex
vessels and having a higher number of latex vessels causes an increment in girth too
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(Nugawela, 1998). In addition, the number of latex vessel rings is also related to the
bark thickness (Gomez et al,, 1972).
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Figure 1. Cluster Analysis based on girth and bark thickness in 2017 HP progeny
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Figure 2. Mean girth and bark thickness among three clusters.
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Cluster analysis between girth and average yield

According to cluster analysis (Figure 3) and mean values of genotypes (Figure
4), cluster 3 includes HP 60 which has a higher average yield than the other
two clusters, butits girth is lower than cluster 2. HP 60 made a separate cluster
because of its high average yield. Cluster 2 includes genotypes with medium
average yield and high girth. Cluster 1 includes low average yielding genotypes
with low girth. Usually, there is a direct relationship between average rubber
yield (g/t/t value) and girth (de Castro Sant’Anna et al,, 2020). According to
Karunaratne et al. (2005), and Yahya (2007) in a majority of the rubber clones,
there is a positive relationship between girth and average yield. Previous
studies have also shown that when the girth increases, there is a greater area
for tapping as it increases more rings of latex vessels and it contributes to
higher latex yields (Obouayeba et al, 2002; Gouvea et al., 2012).

Dendrogram
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Figure 3. Cluster Analysis based on girth and average yield of 2017 HP progeny
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Figure 4. Mean girth and average yield among three clusters

Cluster analysis between bark thickness and average yield

According to cluster analysis (Figure 5) and the mean values (Figure 6), Cluster 2
which includes 2017 HP 59 and 2017 HP 60 shows high average yield and high bark
thickness. Cluster 1 includes all other genotypes with comparatively low average
yield and low bark thickness. Generally, there is a positive correlation between an
average yield and bark thickness as an increase in bark thickness increases of number
of latex vessels (Karunaratne et al, 2005; Kalpani et al, 2020). In addition, there is
also a genetic correlation between bark thickness, average yield and the total number
of latex vessels (de Souza Gongalves et al., 2006).

12




Meegahakumbura et al,, 2024

0.00 -

3333

Similarity

5557

Dendrogram
Complete Linkage, Euclidean Distance

Clusteri Cluste

M

100,00 -

Observations

Figure 5. Cluster Analysis based on bark thickness and average yield of 2017 HP
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According to the cluster analysis (Figure 7) and mean values (Figure 8) of genotypes,
cluster 3, includes 2017 HP 60 which separates into a single cluster due to its high
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bark thickness and high average yield compared to other genotypes. The genotypes
2017 HP 59,2017 HP 63,2017 HP 72 and 2017 HP 67 are separated into cluster 2. In
cluster 2, 2017 HP 67 has a higher girth than 2017 HP 60 but the other three
genotypes have a lower girth than 2017 HP 60. Hence the mean value for girth in
cluster 2 is slightly lower than in cluster 3. Cluster 2 has a medium yield, a medium
bark thickness and a high girth. Genotypes in cluster 1 include comparatively low
girth, low bark thickness and low average yield. It includes forty-one genotypes.
Usually, the rubber yield is positively correlated with girth and bark thickness. It
happens due to the increment of latex vessels with high girth and high bark thickness
(de Castro Sant’Anna et al, 2020).

Previous studies revealed that there is a positive relationship between girth and latex
yield. However, according to Figure 3, Figure 4, Figure 7 and Figure 8, 2017 HP 60 has
the highest yield but it is not the genotype with the highest girth. On the other hand,
the 2017 HP 67 has the highest girth but its yield is not very high. According to Gomez
et al. (1972), there are several factors which determine the quantity of latex
production. A few of them are the density of latex vessel rings, distribution patterns
of latex vessels in different clones and a high proportion of latex vessels present in
the inner bark and deeper tapping can lead to a high amount of latex flow. According
to Souza et al. (2014) beyond the anatomical factors, physiological, metabolic and
nutritional factors also affect latex production.
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Figure 7. Cluster Analysis based on girth, bark thickness and average yield in 2017
HP progeny
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Figure 8. Mean girth, bark thickness and average yield among three clusters

Measure Latex Physiological Parameters of Selected Genotypes in 2017 HP
Progeny

Latex physiological parameters (Latex diagnosis) are closely related to the ability to
form latex (Purwaningrum et al, 2019). To identify the ability to form latex, the top
four genotypes were selected by considering high average yield (g/t/t value) and
relevant morphological characteristics from 2017 HP progeny (Table 5). Three latex
physiological characteristics namely; sucrose, inorganic phosphate and thiol levels in
latex were measured during the current study.

Table 5. Selected four genotypes from 2017 HP progeny by considering
morphological characters

Genotype Parentage

2017 HP 60 RRISL 208 x RRISL 2005
2017 HP 59 RRISL 208 x RRISL 2005
2017 HP 63 RRISL 208 x RRISL 2005
2017 HP 67 RRISL 201 x RRISL 2006

According to Table 6, HP 59 and HP 60 from 2017 progeny have the potential to be
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stimulated as they resulted in high sucrose and high inorganic phosphorus content
compared to the other two genotypes. Latex yield is highly dependent on the
biochemical ability of lactiferous cells in Hevea. When considering the balance
between sucrose and inorganic phosphorous content, latex cell consumes sucrose for
latex biosynthesis. The amount of inorganic phosphorous content in latex cells
indicates the intensity of the metabolic activity (Cardoso et al, 2014). Thiol content
is used to determine stress levels and it acts as an antioxidant and anti-senescent
agent. It indicates the plant’s resistance to free radical damage (Purwaningrum et al.,
2019). Most of the time, to describe the latex metabolic status, latex sucrose content
and inorganic phosphorous content were used (Junaidi et al, 2021). When there is
high sucrose content and medium inorganic phosphorous content, biochemical
pathways could be activated by using stimulants and a high latex yield could be
obtained (Lacote et al, 2004).
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Table 6. Latex physiological parameters of selected genotypes considering morphological characters

Genotypes Sucrose (mM)  Inorganic phosphorous Thiol content DRC % Total volume of latex (ml)
(mM) (mM)

2017 HP 59 13.70 4.28 0.34 34.57 3

2017 HP 60 13.14 2.52 0.34 32.90 6

2017 HP 63 4.95 1.37 0.39 31.86 3

2017 HP 67 6.51 0.14 0.44 33.88 1
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REF gene expression in the physiologically selected genotypes of the
2017 HP progeny

Based on the obtained values of the latex physiological parameter study,
2017 HP 59 and 2017 HP 60 were selected for REF gene expression
analysis. Two genotypes, 2017 HP 59 and 2017 HP 60, which have higher
latex production, were tested by taking medium-yielding genotype 2017
HP 11 as the control. The quality and quantity of the extracted RNA of
2017 HP 59, 2017 HP 60 and 2017 HP 11 were confirmed by agarose gel
electrophoresis (Figure 9). This extracted RNA was used to complete
cDNA synthesis and Quantitative Real-Time PCR.

To determine the expression level of the REF gene, GAPDH was used as
the housekeeping gene. The REF gene was successfully amplified during
gPCR. According to Figure 10, the amplification occurred near the baseline
and a significant upward was observed after cycle 24. In the melt curve, a
single peak was observed in the melting curve for the REF gene (Figure
11).

The REF protein is a major latex protein of rubber and it takes part in latex
biosynthesis (cis-1,4-polyisoprene) (Attanayaka, 2013, Mushfika, 2022;
Tong et al, 2017). Priya et al. (2007) have shown that Hevea clones have
differential REF gene expression patterns and RT-PCR based assay for REF
gene expression could be used as a molecular marker for the selection of
high-yielding clones. Wu et al. (2018) discussed the relationship between
latex metabolism gene expression with rubber yield and related traits in
H. brasiliensis including the REF. The above studies confirm that there is a
positive correlation between REF gene expression and latex yield
performance. So, the determination of the high-yielding ability of Hevea
genotypes by using REF gene expression can be considered the most
suitable and accurate method. Therefore, in this study, REF gene
expression is used for confirmation of the high-yielding ability of the
selected genotypes by using morphological and physiological parameters.

The REF gene expression is slightly upregulated in high-yielding
genotypes and downregulation can be observed in low-yielding
genotypes. According to the previous studies with REF gene expression,
following studies, the fold difference of low-yielding rubber clones varies
between 0.1 to 0.6 and high-yielding rubber clones gave values of more
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than one and not exceed nine. By considering all these studies, and
comparing to the performance of the control genotype (2017 HP 11), 2017
HP 59 and 2017 HP 60 were considered high yielders (Samindi, 2018;
Gunasekara et al, 2020 and Kalansooriya, 2021). However, as the fold
difference is only around 1.5, further confirmation with the REF gene
would be suggested. Therefore, the high-yielding ability of 2017 HP 59
and 2017 HP 60 could be reconfirmed with this gene expression analysis.
Interestingly, both high-yielding genotypes originated from one

parental combination (RRISL 208 x RRISL 2005). Therefore, even the
other genotypes generated from the same parental combination possibly
have high-yielding

Table 7. REF gene expression of two selected genotypes of 2017 HP

progeny
Genotype Ct mean Ct mean ACt AACt 2-AACT
REF GAPDH (Fold difference)
HP 59 22.24 30.16 -7.35 Treatment: -7.92  1.48
Control: -7.35
HP 60 38.27 22.61 -7.92 Treatment: 15.66 1.18

Control: -7.35

characteristics. Therefore, detailed studies are recommended for the
progeny generated from the above cross. In addition, the fold difference
value of the 2017 HP 59 is higher than the 2017 HP 60 (Table 7). However,
latex yield results revealed that 2017 HP 60 gives the highest yield under
field conditions. Therefore, repeating the gene expression study is advised
to reconfirm the results.

Conclusion

In the current study, 46 Hevea genotypes were used for morphological
characterization, and the four best genotypes namely 2017 HP 59, 2017
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HP 60, 2017 HP 63, and 2017 HP 67 were selected for physiological
characterization. From the latex physiological characterization, two
genotypes (2017 HP 59 and 2017 HP 60) showed a high potential to
stimulate latex production. REF gene expression analysis also showed the
high-yielding characteristics of 2017 HP 59 and 2017 HP 60 yet, with
approximately 1.5-fold difference. Therefore, further analysis with the
REF gene is suggested. High-girth and medium/low-yielding clones 2017
HP 63,2017 HP 67,2017 HP 7,2017 HP 11, 2017 HP 66, 2017 HP 68, and
2017 HP 39 could be recommended as timber clones. However, it is vital
to validate these results through more field trials.

Future directions

The latex properties of these two selected clones should be compared with
more genotypes and currently recommended clones. Long-term
investigations are required to confirm their behaviour for long-term
sustainability.
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