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Abstract
Rubber cultivation in Indonesia and other major natural rubber producing
countries faced the constraint of the Corynespora leaf fall (CLF) disease attack that
significantly reduced the production of latex. The use of resistant rubber clones as a
planting material is one of the effective and economic solutions in CLF disease control.
The rubber breeding program to obtain superior clones resistant to CLF disease is
constrained by the length of time required for the selection process. The progress of the
molecular biology provides a chance to solve this problem. To identify moleculer
markers linked with resistance to CLF disease a series of experiments that consisted of
genetic analysis of C. cassiicola isolates, evaluation of the CLF disease resistance level
of the rubber germplasm accessions and identification of the QTL linkage to CLF
disease on the rubber tree were carried out. The rDNA-ITS sequences and virulence
analysis of 23 C. cassiicola isolates showed that there were 5 haplotypes of isolates and
that differences were present in the virulence level of isolates to the rubber clones tested.
Three isolates collected from rubber clones PR 303, RRIM 600 and Tjir 1 have a very
high virulence level. Resistance test of 56 rubber germplasm accessions with four of C.
cassiicola isolates showed that 12 accessions could be classified as very resistant, 13 as
resistant, 23 as susceptible and 8 as very susceptible. Three accessions of the IRRDB
1981 population namely PN 451, PN 494 and PN 604 have better resistance levels
compared to Wickham population. The resistant (BPM 1) and susceptible (RRIM 600)
rubber clones were selected as a parent clones to obtain a mapping population for QTL
analysis that produced 30 F1 plants and 74 embryonic F1. Linkage analysis by using 30
selected SSR primers showthat there were four linkage groups on the LOD 3 with total 8
loci, while LOD 2 had two linkage groups with total 11 linked loci. QTLs linked to CLF
disease have not been identified on the linkage map, but based on the single marker
analysis, four loci (EHB70, EHB081, EHBp18 and SSRH548) associated with two
isolates used (CC-06 and CC-22) were found. The informations obtained in this study are
the first step for the development of Marker Assisted Selection (MAS) of rubber resistant
to CLF disease.
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INTRODUCTION
One of the important problems in the rubber (Hevea brasiliensis)
cultivation in Indonesia and other natural rubber producing countries in
Asia and Africa is the attack of Corynespora leaf fall (CLF) disease
caused by Corynespora cassiicola. This disease attacks rubber plant at all
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leaf and plant growth stages. Under favourable environmental conditions,
the disease attack may occur and cause fall of leaves continuously and
decrease latex production. Severe disease conditions can lead to loss of
trees. In Indonesia, almost all of rubber plantations are affected by CLF
disease which caused huge losses in production even up to 60%
(Situmorang et al., 2007).
Some of efforts to early control the CLF disease is using resistant
clones. The main problem of rubber breeding in obtain a new superior
clones is the length of selection period. One alternative to overcome this
problem is by using the Marker Asissted Selection (MAS) so that the
selection cycle can be shorthened due to the selection can be conducted in
the early of plant growth.
The development of genetic mapping on the perennial crops which
cross-pollinated and heterozygous are not as fast as in horticultural crops.
This is because the perennial plants have a long life cycle and low ability
to produce seeds due to inbreeding depression. So the development of
progeny for the genetic studies is very difficult (Lespinasse et al. (2000).
This limitation also cause production of only F1 from crossing of the
heterozygous parents and may cause the segregation of four alleles in one
locus. The generated data have to be analyzed as a double pseudo test
cross and preparation of the genetic linkage map for each parent has to be
carried out separately (Grattapaglia and Sederoff 1994). The use of F1 as a
mapping population in the rubber plant was reported earlier (Le-Guen et
al., 2007; Le Guen et al., 2011; Le Guen et al., 2013; Le Guen et al.,
2003; Novalina and Sagala, 2013; Rattanawong et al., 2009; Souza et al.,
2013; Souza et al., 2011).
This paper reports the research related to the development of
molecular markers linked to CLF disease resistance on rubber plants.
Identification of C. cassiicola isolates based on pathogenicity, rubber
germplasm resistant to CLF disease and QTL (Quantitative Trait Loci)
linked to CLF disease resistance in the rubber plants are reported here.
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MATERALS AND METHODS
Identification and Selection of C. cassiicola Isolate
The virulence analysis was done based on filtrate toxin activity on 23
C. cassiicola isolates which consisted of 6 isolates from GT 1 on different
plantation and 17 isolates from other clones that were isolated from same
location. Analysis was performed according to the method described by
(Breton et al., 2000) with modifications. Virulence of isolates was
quantified based on the leaf water loss caused by toxin activity where
observation was made after 48 hour immersion in toxin filtrate. The
isolates virulence were grouped into weak, medium, high and extremely
virulent based on the Standard Deviation (SD) value i.e. those which have
a value under -1 SD were grouped as weak virulence between -1 SD to
mean as medium virulence, mean to +1 SD as high virulence, and more
than +1 SD as a extremely virulent isolate.
DNA was extracted from fungal mycelia based on (Nghia et al.,
2008) method. The PCR was done using universal primers ITS1F
(5’CTTGGTCATTTAGAGGAAGTAA3’)
and
ITS4
(5’
TCCTCCGCTTATTGATATGC3’) (White, 1990). The PCR products
were sequenced by a commercial sequencing service (First BASE
Laboratories Sdn. Bhd. Malaysia) by using the ITS1F and ITS4 primers.
Analysis of isolates clustering based on ITS-rDNA sequences was
performed by the Neighbour-Joining method with number of bootstrap of
1000 using Mega6 program (Tamura, 2013).
Identification of Resistance Level to CLF disease of Rubber
Germplasm
Analysis was done on 56 rubber tree accessions consisted of six
Wickam clones and 50 IRRDB 1981 accessions. Resistant assay was
performed according to the method described by (Breton et al., 2000) with
modifications. Resistance of accession was quantified based on the leaf
water loss caused by toxin activity of C. cassiicola isolate where
observation was made after 48 hour immersion in toxin filtrate. The plants
resistance were grouped into resistant, moderate resistant, moderate
susceptible and susceptible based on the Standard Deviation (SD) value
i.e. those which have a value under -1 SD were grouped as resistant,
between -1 SD to mean as moderate resistant, mean to +1 SD as moderate
susceptible, and more than +1 SD as a susceptible plant.
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Identification of QTL (Quantitative Trait Loci) Linked to CLF
Disease Resistance on the Rubber Plants
The population mapping was obtained from cross of resistant to CLF
disease rubber clone (BPM 1) and susceptible to CLF disease clone
(RRIM 600). The phenotyping data were generated by using toxin assay of
two selected C. cassiicola isolate (CC-06 and CC-22) to population. The
genotyping data were generated by using SSR marker. The SSR primers
that used to construct genetic linkage map were obtained from two steps of
selection. The first selection was polymorphisme of 135 SSR primers on
both of parents clone. Subsequently the selected primers were used to
amplification all of individu in the mapping population. The progeny
carried a specific allele to resistant parent were indicated as a
heterozygous genotype (H) and which does not carry it were characterized
as a homozygous genotypes (A). Furthermore the loci having a
segregation ratio of 1: 1 by chi square test in the population were used to
construct the linkage map. The association between SSR markers with the
resistance to CLF disease was done by using a single marker analysis
(Champoux et al., 1995; Collard et al., 2005). The analysis was performed
by combining the resistance and markers data which was analyzed by
using SPSS 20.
RESULTS AND DISCUSSION
Identification and Selection of C. cassiicola Isolate
The results of virulence analysis showed that there was an
interaction between isolates and clones which resulted in differences of
virulence levels of isolate to six rubber clones (BPM 1, RRIC 100, BPM
24, PB 260, GT 1 and RRIM 600 To evaluate the potency of resistance
gene to CLF disease on the rubber germplasm, the resistance of leaf to
toxin filtrate of 4 isolates of C. cassiicola which was considered very
virulent in the previous research was evaluated. Three of 23 isolates
namely CC-20, CC-22 and CC-23 from PR 303, RRIM 600 and Tjir 1
rubber clones were found to have extreme virulence levels.
The diversity analysis of the ITS-rDNA sequence used ITS1F / ITS4
primer showed that there were three of SNP points. The SNP positions are
an informative character in the genetic variation analysis, where they can
be used as a tool to determine the haplotypes (Dixon et al., 2009) or race
clustering of C. cassiicola isolate (Nghia et al., 2010). Except the third
SNP position, the other SNP positions were also found on the some of C.
cassiicola isolates from other countries (Dixon et al., 2009); (Hieu et
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al.,2014; Nghia et al., 2010). Acording to the position of SNPs, the C.
cassiicola isolates from Indonesia were divided into 5 haplotypes, and
most of the isolates belong to haplotype 1. These results indicate that there
were at least five different races in C. cassiicola isolate from rubber
plantation in Indonesia and most of the isolates are classified as race 1.
Identification of Resistance Level to CLF Disease of Rubber
Germplasm
Various studies of genetic variability of rubber plants using several
of molecular markers have been reported (Besse et al., 1994; Gouvêa, et
al., 2010); Lam, Thanh, Chi, & Tuy, 2009; Lekawipat et al. 2003; Oktavia
et al., 2011; Saha et al., 2005). These studies show that the cultivated
clones that come from Wickham population exhibited a very narrow
genetic base. The availability of the new 1981 IRRDB germplasm
population is an opportunity to widen the genetic diversity. They are also
genetic source of important agronomic characters such as resistance to
drought-induced stress (Mercy, 2001) resistance to South American Leaf
Blight (Le Guen et al 2002) and Colletotrichum (Le Guen et al. 2009), the
source of high quality wood characters (Mydin, 2012; Reghu, 2011) and
source of resistance to CLF disease.
To evaluate the potency of resistance gene to CLF disease on the
rubber germplasm, so it was evaluated the resistance of leaf to toxin
filtrate of 4 isolates of C. cassiicola which was considered very virulent in
the previous research. The results showed that 19 accessions tested had a
high resistance to PGDC and three of them belonged to the 1981 IRRDB
germplasm namely PN 451, PN 494 and PN 604, which had a better
resistance compared to the BPM 1 as a resistant clone fro Wickham
population (Figure 1).
Identification of QTL (Quantitative Trait Loci) Linked to CLF
Disease Resistance on the Rubber Plants
The crossing success rate to produce the mapping population was
very low. Out of 6031 crossing between BPM 1 and RRIM 600 only30 F1
plants (< 1%) were obtained. The low of success of these crosses may be
influenced by, the genetic factors of both the parent clones and
environmental factors. To increase the number of mapping population on
the DNA isolated from the F1 embryo can be used. But the disadvantage is
that data for phenotyping can only be obtained from F1 plants.
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Figure 1. Leaf wilting intensity of 56 rubber accessions to 4 of C. cassiicola isolates. CC-01, CC-20, CC-22 and CC-23 were C. cassiicola
isolates from rubber clones GT 1, RRIM 600, Tjir 1 and PR 303 (Oktavia et al., 2016)
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Analysis of the resistance of 30 F1 plants to the two highly virulent
isolates of C. cassiicola from GT 1 (CC-06) and RRIM 600 (CC-22)
showed that each plant had different resistance levels to both the isolates.
These differences can occur due to the specific interactions between
plants and isolates. Lieberei (2007) stated that the diversity of disease
rates can be affected by various factors such as the genetic variability of
pathogens and plants, enviroment and interaction between them. These
factors can render a genotype of the plant resistant to one isolate but
susceptible to the others. Three progenies namely F1.1, F1.5 and F1.10
had better resistance to both the isolates compared to resistant parent
clone of BPM 1 The F1.27 progeny had a better resistance to CC-06
isolate, and F1.11, F1.12, F1.14, F1.23, F1.28 and F1.29 progeny to CC22 isolate (Table 1).
Table 1. Resistance level of 30 F1 progenies of the cross BPM 1 x RRIM 600 to toxin
filtrate of two C.cassiicola isolates
Genotype
BPM1
RRIM600
F1.1
F1.2
F1.3
F1.4
F1.5
F1.6
F1.7
F1.8
F1.9
F1.10
F1.11
F1.12
F1.13
F1.14

LWI to isolate (%)
CC-06
CC-22
6.9
7.8
33.6
41.3
5.5
6.0
9.7
8.1
17.2
7.3
12.7
9.4
6.1
5.1
14.4
9.0
7.2
9.2
16.3
14.4
25.5
16.4
6.8
7.3
5.6
14.9
11.2
6.0
21.1
23.9
12.4
3.5

Genotype
F1.15
F1.16
F1.17
F1.18
F1.19
F1.20
F1.21
F1.22
F1.23
F1.24
F1.25
F1.26
F1.27
F1.28
F1.29
F1.30

LWI to isolate (%)
CC-06
CC-22
19.4
14.1
20.0
20.8
26.2
25.4
12.8
13.9
21.3
20.1
24.4
9.6
22.5
10.7
20.8
6.8
11.0
6.4
19.3
24.4
25.8
17.1
33.4
7.9
5.2
8.8
8.8
7.4
18.1
6.3
21.2
14.3

LWI : Leaf Wilting Intensity

Another limitation in the preparation of genetic mapping
populations on the rubber and other perennial crops is the difficulty of
preparing homozygous parents F1 progenies that produced from crosses
of heterozygous parents when used as mapping population results in the
segregation of four alleles on one locus. The use of F1 population requires
the segregation pattern as in the backcross population. In this study out of
the 135 of SSR loci selected only 30 (22.2%) polymorphic loci followed
the backcross segregation pattern. Selected primers were used for
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Application of artificial intelligence and drone technology in malaysianr

amplification all the mapping population. Figure 2 show the example of
PCR amplification product of EHB 069 locus on part of population and
genotyping of them. The alleles found only on the resistant parent clone
(BPM 1) was estimated as a specific allele related to CLF disease
resistance in the rubber plant. The plants with the specific allele were
marked as H genotype and others as A genotype. The last step of primer
selection was selection of 30 segregation loci on 104 F1 plants of
mapping population based on chi square analysis. The analysis showed
that only 28 of SSRs loci had H and A genotypes following the Mendel's
law with a 1: 1 segregation (Table 2). The 1: 1 segregated loci was used
in the preparation of genetic linkage map.

Figure 2. PCR amplification product and genotyping of EHB 69 locus part of mapping
population. P1= parent clone of BPM 1, P2= parent clone of RRIM 600, 1-26=
F1 progenies no 1-26, 150 bp= position of 150 bp on DNA marker, H=
heterozygot genotype dan A= homozigot genotype

Linkage analysis of 28 SSR loci which had 1:1 segregation using
the MapMaker / EXP software showed that only 8 loci are linked on LOD
3 FR 0.5 and 11 loci on LOD 2 FR 0.5 while the other segregated
independently. As the number of rubber chromosome is 18, it can be
inferred that only a small part of the rubber genome was identified. Hence
it is not a ideal genetic linked map. QTLs linked to CLF disease have not
been identified on the linked map. But the single marker analysis showed
that 3 four loci (EHB 70, EHB 081, EHBp 18 and SSRH 548) have
association with both the isolates, one locus (HB 68) only with the CC06 isolate and five loci (gSSR 165, HBE 329, SSRH 103, HB 78 and
gSSR 212) only with the CC-22 isolate. All these ten loci associated with
CLF disease is a preliminary information for development of MAS for
resistance to CLF disease in rubber plants. By increasing the number of
mapping populations and the molecular markers used, more CLF-linked
markers can be identified and can be used for accurate MAS.
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Table 2. Chi square analysis of 30 SSR loci that segregate 1:1 on F1 population from
the cross of BPM 1 x RRIM 600

No

Locus

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

EHB 069
EHB 070
EHB 079
EHB 081
EHB 087
EHB 088
EHB 113
EHB 122
EHB 133
EHB 151
HB 52
HB 68
HB 78
HESR 032
EHBp 15

Accession
Number
H
A
49
55
43
55
58
46
67
32
62
42
45
57
53
51
58
46
53
50
62
42
53
47
37
58
46
57
44
57
44
56

Χ2

No

Locus

0.35
1.47
1.38
12.37*
3.85
1.41
0.04
1.38
0.09
3.85
0.36
4.64*
1.17
1.67
1.44

16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

EHBp 18
EHBla 2
EHBc 34
SSRH 103
SSRH 358
SSRH 548
gSSR 165
gSSR 268
HBE 329
P070
mHbCIRA 2715
mHbCIRA 2425
gSSR 194
gSSR 212
HESR 029

Accession
Number
H
A
54 49
60 46
55 48
52 37
58 43
56 43
60 43
44 60
49 50
55 46
58 46
52 52
54 50
52 45
51 50

Χ2
0.24
2.96
0.48
2.53
2.23
1.71
2.81
2.46
0.01
0.80
1.38
0.00
0.15
0.51
0.01

P 5% on the df 1 = 3.84. *= significant, number of the H different with A genotypes (segregation
of alelles not 1:1).

Each of genetic linkage map is specific to the population based on
the parent clone pair used to produce the population. Any tightly linked
locus with resistance to CLF disease identified on the one of population
can be used as marker on other populations that have a different genetic
backgrounds. Such loci found on several different populations are called
universal markers. The universal markers can be used to construct
consensus maps composed of combining or merging together of several
different maps produced from different populations. The consensus map
is very useful for preparation of new genetic maps in other populations.
Thus a strongly linked universal markers can also be used as a tool to
identify resistance of rubber plants in the field, whether a plant has a
genetic resistance or only an escape. Information related to this type of
resistance is particularly useful in selecting and developing clones with
resistance to CLF disease.
CONCLUSION
Based on ITS-rDNA sequence, C. cassiicola isolates from Indonesia
were divided into two large groups with 5 haplotypes. Each isolate had
different virulence levels to six rubber clones. Three isolates from clone
PR 303, RRIM 600 and Tjir 1 were highly virulent. The evaluation of
rubber germplasm indicated that there is a potentially large number of
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resistance genes in the IRRDB 1981 germplasm, where in three
accessions of PN 451, PN 494 and PN 604 have higher resistance than
BPM 1 (resistant clone of the Wickham population). Preparation of
genetic linked map obtained 4 linked groups with a total of 8 linked loci
on LOD 3, and 2 linked groups with a total of 11 of linked loci in LOD 2.
QTLs linked to CLF disease have not been identified on the genetic
linked map, but some loci were found to be associated with CLF. The
EHB 70, EHB 081, EHBp 18 and SSRH 548 loci were found to be
associated with both isolates, whereas the HB 68 locus was only
associated with CC-06 isolate and gSSR 165, HBE 329, SSRH 103, HB
78 and gSSR 212 loci with isolates CC-22. The identification of the
associated loci are a preliminary information to develop MAS for CLF
disease resistance and accelerate the rubber breeding programme.
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