BIODIVERSITAS
Volume 19, Number 1, January 2018
Pages: 12-17

ISSN: 1412-033X
E-ISSN: 2085-4722
DOI: 10.13057/biodiv/d190102

Genetic diversity of Falcataria moluccana and its relationship to the
resistance of gall rust disease

NEO ENDRA LELANA"*Y, SURYO WIYONO?, GIYANTO?, ISKANDAR Z. SIREGAR>"Y
'Forest Protection Division, Centre for Forest Research and Development, Ministry of Environment and Forestry, Indonesia. JI. Gunung Batu No. 5
Bogor 16610, West Java, Indonesia. Tel.: +62-251-8633234, Fax.: +62-251-8638111, Yemail: neo_3L@yahoo.com
*Department of Plant Protection, Faculty of Agriculture, Institut Pertanian Bogor. J1. Kamper, Kampus IPB Dramaga Bogor 16680, West Java, Indonesia.
3Department of Silviculture, Faculty of Forestry, Institut Pertanian Bogor. J1. Lingkar Akademik Kampus IPB Dramaga Bogor 16680, West Java,
Indonesia, Yemail: siregar@apps.ipb.ac.id

Manuscript received: 21 August 2017. Revision accepted: 7 November 2017.

Abstract. Lelana Ne, Wiyono S, Giyanto, Siregar IZ. 2018. Genetic diversity of Falcataria moluccana and its relationship to the
resistance of gall rust disease. Biodiversitas 19: 12-17. The use of cultivars that are resistant to a particular disease is one strategy that
could mitigate the incidence of gall rust disease on Falcataria moluccana. Previous studies on the genetic diversity of F. moluccana did
not attempt to link that genetic diversity to gall rust disease resistance. This research was carried out using RAPD analysis to determine
the preliminary information on the association between different markers and the resistance to gall rust disease. The analysis evaluated a
total of 20 pairs of healthy and infected F. moluccana trees that were classified based on their disease severity level. The RAPD primers
used in this study were as follows: OPA-05, OPA-08, OPA-10, OPA-13, OPA-18, OPB-07, OPD-13, OPF-02, and OPG-05. The results
showed that each RAPD primer produced a varying number of polymorphic bands, ranging from 3 to 12 bands, with a total of 80
polymorphic bands. Despite the number of loci analyzed, however, no specific polymorphic bands were found that could distinguish
between healthy and diseased trees. This was supported by principal component analysis, which showed that healthy and diseased
populations were not distributed separately. The structure analysis also showed that the healthy and diseased populations were not

different.
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INTRODUCTION

Falcataria moluccana (Miq.) Barneby & J. W. Grimes,
also known as sengon in Indonesia, is native to Indonesia,
Papua New Guinea, and the Solomon Islands (Soerianegara
and Lemmens 1993). Since the 1870s, Falcataria
moluccana has spread throughout Southeast Asia from
Burma to the Philippines (NAS 1979). Currently, F.
moluccana is the most prevalent tree found in small-scale
community (private) forests and its population is
increasing. Based on the results of the agricultural census
of 2013, the population of F. moluccana increased almost
five times since 2003 (BPS 2013). Its rapid growth rate and
stable market availability is the reason why this species is
preferred by farmers. F. moluccana is widely grown as a
shade tree for reforestation, afforestation, and wood
production (Soerianegara and Lemmens 1993). The wood
of F. moluccana can be used for various purposes, such as
veneer, plywood, light construction, lightweight packaging
material, toys, firewood, and pulp (Soerianegara and
Lemmens 1993; Krisnawati et al. 2011). Recently, the use
of this wood for bare-core industry has been preferred
because of demands for exports (BPS 2014).

Various pests and diseases are known to be associated
with F. moluccana trees. Of these, the most recent major
disease attacking the F. moluccana plantation is gall rust
disease. The gall rust pathogen was first identified as the
fungus Uromycladium tepperianum (Sacc.) McAlpine

(Rahayu et al. 2010). In 2015, Doungsa-ard et al. (2015)
proposed a new name for this fungus as Uromycladium
falcatarium. This disease has become a serious threat to F.
moluccana plantations in Indonesia. The disease not only
causes significant economic losses, but also makes farmers
worried. In Indonesia, gall rust disease was first reported
on Seram Island, Moluccas (Maluku). In Java, the disease
was first detected in Eastern Java in 2004. Since then, the
disease has spread throughout Java (Anggraeni 2008).

In addition to environmental factors and pathogenic
virulence, the resistance or susceptibility of plants to
pathogens is also important in influencing the epidemic rate
of the disease (Burdon and Thrall 2008). Susceptible plants
will support the spread of the disease, while plants that
show high resistance to the pathogens will inhibit the
spread of the disease. Therefore, the use of resistant
genotypes is often proposed as the first line of defense for
controlling diseases.

Identifying molecular markers associated with host
resistance to disease is typically the first step applied in the
breeding strategy for resistant varieties for plant disease
control. Some markers, such as random amplified
polymorphic DNA (RAPD), restriction fragment length
polymorphism (RFLP), amplified fragment length
polymorphism (AFLP), microsatellites, single nucleotide
polymorphism (SNP), and next-generation sequencing
(NGS), have been widely used in studies related to plant
resistance (Zhang et al. 2013; Asad et al. 2015; Klosterman
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et al. 2016; Quesada-Ocampo et al. 2016; Vaghefi et al.
2016).

Despite the rapid development of genetic markers,
information concerning the resistance of a variety or the
provenance of F. moluccana to gall rust disease is still
limited. Therefore, studies that identify molecular markers
related to the resistance of F. moluccana to gall rust disease
are indispensable. As a first step, RAPD is suitable for this
study. RAPD is a molecular marker based on the
amplification of random segment of DNA with single
primers of arbitrary nucleotide sequences (William et al.
1990). The major advantages of this technique are that
there is no requirement for a DNA sequence, it is relatively
quick and easy to perform, and it is efficient to screen DNA
polymorphisms at a very large number of loci (William et
al. 1990; Kumari and Thakur 2014). Unfortunately, this
technique has some limitations, such as low reproducibility
and it only produces dominant markers. Several studies
using RAPD to identify molecular markers linked to plant
resistance genes have formed the foundation of plant
breeding programs. Mumtaz et al. (2009) and Dhillon and
Dhaliwal (2011) used RAPD markers to identify the
presence of resistance genes against rust in wheat.
Meanwhile, Salah et al. (2016) used RAPD markers to
identify genes related to maize resistance against stalk rot
disease caused by Fusarium moniliforme. Thus, this study
aimed to identify molecular markers related to the
resistance of F. moluccana against gall rust disease using
RAPD markers.

MATERIALS AND METHODS

Study area
The study area covered 10 districts distributed among
three provinces in Java, Indonesia. The districts were
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Bogor, Cianjur, Sukabumi, and Majalengka (West Java
Province); Batang, Purbalingga, Banjarnegara, Salatiga,
and Boyolali (Central Java Province); and Lumajang (East
Java Province) (Figure 1). The number of samples
collected from each district and their geographical
locations are presented in Table 1.

Table 1. List of Falcataria moluccana leaves samples that were
collected from various locations in Java, Indonesia

Healthy  Infected

Location Latitude Longitude plant plant

code code
Bogor -6.66196  106.79884 HO1 D01
Bogor -6.66721  106.80596 HO02 D02
Bogor -6.66721  106.80596 HO3 D03
Bogor -6.53107  106.42696 HO04 D04
Cianjur -7.10665  107.09946 HO5 D05
Cianjur -6.99676  107.12364 HO06 D06
Cianjur -6.93218  107.12387 HO7 D07
Majalengka -7.06058  108.39017 HO8 D08
Majalengka -6.99158  108.30591 HO09 D09
Sukabumi -7.02644  106.80064 H10 D10
Purbalingga -7.22007  109.33750 H11 D11
Purbalingga -7.27352  109.34550 H12 D12
Boyolali -7.55987  110.52350 H13 D13
Banjarnegara -7.30036  109.80983 H14 D14
Batang -7.05156  109.78780 H15 D15
Batang -7.30530  109.78454 H16 D16
Batang -7.08680  109.76557 H17 D17
Salatiga -7.36890  110.45323 HI8 D18
Lumajang -8.12772  113.14735 H19 D19
Boyolali -7.56382  110.53833 H20 D20
Boyolali -7.56382  110.53833 H21 D21
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Figure 1. Location of sample collection covered 10 districts distributed among three provinces in Java, Indonesia. The black square (m)

indicated location of sample collection
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Procedures
Sample collection

Forty-two F. moluccana were sampled from various
locations on a F moluccana plantation (Table 1). To
analyze F. moluccana resistance, sampling was carried out
using a pairing method (Figure 2). Samples were taken
from healthy and diseased trees that were located side-by-
side. Healthy trees were categorized as trees with no
disease or low severity of disease (severity score: 0 or 1).
Meanwhile, infected trees were categorized as trees with
high disease severity (severity score: 4 or 5). The criteria
for the disease severity score were as follows: 0: There was
no disease recorded; 1: There were up to 20% gall on the
leaves, twigs, or branches; 2: There were 21-50% of galls
on the leaves, twigs, or branches; 3: There were more than
50% of galls on the leaves, twigs, or branches, and one or
more on the top trunk; 4: There were up to two galls on the
branch-free trunk, and 5: There were three galls or more on
the branch-free trunk.

We only sampled one sample or some pairs of samples
in one population. There were two considerations for this
sampling. First, it was difficult to find many health-
diseased pairs of trees in one location. Therefore, we can
only find one or some pair samples in one population.
Second, the population of £ moluccana in Java was not
structured. Suharyanto et al. (2002) used the RAPD marker
approach and found that Java provenances of . moluccana
were not genetically differentiated. Similar results were
also reported by Seido and Widyatmoko (1993). By using
isozyme analysis, they reported that Java provenances of F.
moluccana possess a similar genetic composition. Samples
of F. moluccana were taken from young leaves. The
collected samples were placed into individual plastic bags
with silica gel (1: 5 v v') and kept in an icebox for
transport to the laboratory. [

DNA extraction

DNA was isolated from leaves using the CTAB method
of Doyle and Doyle (1987) with some modifications. Using
liquid nitrogen, 1 mg of leaves was ground using a mortar
into a fine powder. The powder was then transferred into a
fresh tube containing 500 pL of cetyltrimethylammonium
bromide (CTAB) extraction buffer [1.4 M NaCl; 100 mM
Tris-HCI, pH 8.0; 20 mM EDTA; 2% CTAB; 2%
polyvinylpyrrolidone  (PVP); 1%  B-mercaptoetanol]
preheated to 65°C. The sample was then vortexed and
incubated for 2 h at 65°C. The mixture of chloroform-
isoamyl alcohol (24: 1) with the same volume was then
added and vortexed. The tube was centrifuged for 15 min at
11,000 RPM. The supernatant was transferred into a fresh
tube, and 2.5x volumes of absolute ethanol and a 1/10
volume of 3 M sodium acetate were added. The tube was
then incubated overnight at -20°C to precipitate the DNA.
The DNA was collected by centrifugation for 15 min at
14,000 RPM and rinsed with 500 pL ice-cold 70% ethanol.
Finally, the DNA was resuspended in 100 pL of Tris-
EDTA (TE).

RAPD amplification

The RAPD reaction was performed using nine primers
(Operon Technology) (Table 2). The reaction was
performed using Dream Taq Green PCR Master Mix
(Thermo Scientific). The reaction mixture consisted of 200
uM of each dNTP, 1x GC Buffer, 0.5 uM of each primer,
0.02 unit pl'' of Dream Taq DNA Polymerase, and 100 ng
of the DNA template. The reaction conditions were as
follows: pre denaturation at 94°C for 5 min; 45 cycles of
denaturation at 94°C for 1 min, annealing at 34°C for 1 min,
and polymerization at 72°C for 1 min; and a final
polymerization at 72°C for 5 min. The resulting PCR
product was then visualized using electrophoresis of a 1%
(w v!) agarose gel stained with SYBR®SAFE (Invitrogen)
in 1x TAE buffer (40 mM Tris-acetate, | mM EDTA) at
100 V for 40 min.

Data analysis

The DNA bands were visualized using electrophoresis,
scored, and translated into binary data. Scoring was
completed manually. If the DNA band appeared in the gel,
it was scored as 1. If the DNA band did not appear, it was
scored as 0. The genetic diversity and principal component
analysis (PCoA) was carried out using the Genalex 6.5
program (Peakall and Smouse 2012). A structure analysis
was performed using STRUCTURE version 2.3.4 software
(Hubisz et al. 2009).
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Figure 2. Pairing method by taking healthy and diseased trees
side by side

Table 2. The list of RAPD primers

Primers Sequence

OPA-05 AGGGGTCTTG
OPA-08 GTGACGTAGG
OPA-10 GTGATCGCAG
OPA-13 CAGCACCCAC
OPA-19 CAAACGTCGG
OPB-07 GGTGACGCAG
OPD-18 GAGAGCCAAC
OPF-02 GAGGATCCCT
OPG-05 CTGAGACGGA
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RESULTS AND DISCUSSION

Genetic diversity of Falcataria moluccana

A total of nine RAPD primers were used to analyze two
populations of F. moluccana, which included a healthy and
diseased population grouped by their severity of gall rust
disease. All primers used produced polymorphic bands. An
example of the RAPD amplification results using OPA-05
and OPD-18 primers is presented in Figure 3. Each primer
produced a varying number of polymorphic bands, ranging
from 3-12 bands. The total number of polymorphic bands
produced were 80 bands. Most polymorphic bands were
produced by the OPA-19, OPD-18, and OPG-05 primers,
while the fewest bands were produced with the OPA-05
primer.

The genetic diversity value of the F. moluccana plants
is presented in Table 3. The value of genetic diversity in
the infected tree's population was 0.299. This value was
higher than the healthy tree population, which was 0.262.
We expected that the genetic diversity of healthy tree
populations was higher than diseased tree populations.
Commonly, host populations with high genetic diversity
suffer less from pathogens (Lively 2010). Meanwhile,
another study found that the host’s genetic diversity for
resistance to infection may depend on the level of genetic
diversity in the parasite population (Ganz and Ebert 2010).
Therefore, there may not be a definite pattern for genetic
diversity values for F. moluccana in relation to gall rust
resistance, and the pattern of values may change depending
on the gall rust pathogen population.

The values for genetic diversity were similar to those
obtained in a previous study by Siregar and Olivia (2013).
Using RAPD markers, they reported that the genetic
diversity for some provenances of F. moluccana in Java
varied from 0.133-0.295 with an average score of 0.235.

HO2 sS02 HO3
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w w w
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The value of genetic diversity from their study was largely
contributed within the population and this was about 82%.
Meanwhile, the variation among populations was only
18%. The distribution of the F. moluccana population in
Java was random and revealed no relationship between
genetic and geographic distance. Similar results were also
obtained by Suharyanto et al. (2002), who used RAPD
markers as well. They reported that populations in Java
were not genetically differentiated. They also reported
lower genetic diversity for F. moluccana populations in
Java compared to populations outside Java. Several studies
discussed the history of the spread of F. moluccana in Java.
According to the Heyne (1987), F. moluccana was first
introduced in Java by Teysmann from Banda Island,
Moluccas. It was planted in Bogor Botanical Garden, and
since 1871, F. moluccana was planted throughout Java.
Another study showed that populations in Java may not
have been introduced from only one provenance, but also
from some provenances in Papua and Moluccas
(Suharyanto et al. 2002).

Our RAPD analysis results showed that no specific
bands can distinguish between healthy and diseased
populations. This was supported by PCoA analysis, which
showed that healthy and diseased populations were not
distributed separately (Figure 4). This result was also
confirmed by structure analysis. Structure analysis is a
model-based clustering method using multi-locus genotype
data to infer population structures and assign individuals to
populations (Hubisz et al. 2009). The results of our
structure analysis are presented in Figure 5. The calculation
of delta K values of 1 to 10 showed that K: 3 (Delta K:
146.37) had the highest score. Thus, three genetic groups
were resolved. The results of this structure analysis showed
unclear separation between the healthy and diseased
populations.
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Figure 3. RAPD amplification results using OPA-05 and OPD-18 primers
Table 3. The genetic diversity of F. moluccana trees from healthy and diseased populations in Java, Indonesia
Population N Na Ne 1 he P (%)
Health 21 1.815+0.064 1.428 £0.037 0.406 £ 0.025 0.262+0.018 90.12
Diseased 21 1.827 £ 0.063 1.502 +0.038 0.454 +0.023 0.299 £0.018 91.36

Note: N: no. of samples, Na: no. of different allele, Ne: no. of effective allele, he: genetic diversity, P: percentage of polymorphic loci
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Figure 4 Principal coordinate analysis of individual sengon from Java, Indonesia. The first and second coordinate contributed 20.93 and
8.87% for the variation respectively. The blue ( ¢ ) marker indicated healthy population and the orange ( ® ) marker indicated diseased
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Figure 5. STRUCTURE analysis results from healthy and diseased F. moluccana (21 samples each) with K: 3 clusters

The absence of specific bands that can distinguish
between healthy and diseased populations may due to two
possible reasons. First, the markers used cannot distinguish
between healthy and diseased populations. The primers
used may be ineffective for this purpose or the number of
loci may be too few. Second, field observations may not
make clear classifications between resistant and susceptible
trees. Some susceptible plants may remain free from
infection or symptoms and, thus, appear resistant. The
apparent resistance to diseases in plants known to be
susceptible is generally a result of disease tolerance (Agrios
2005). The F. moluccana that were free of gall rust disease
might not have true resistance, but only have apparent
resistance. This result is in contrast to the study conducted
by Mumtaz et al. (2009), Dhillon and Dhaliwal (2011), and
Salah et al. (2016). These three studies used two distinct
varieties with clear phenotypes related to disease resistance
or susceptibility, so some polymorphic bands could be
identified as candidate genes for plant resistance.

Implication for gall rust disease control strategies

The findings of this research could be used as a basis
for improving plant disease management in the future. The
epidemic of gall rust disease that has spread quickly in
almost all of the F. moluccana plantations from East Java
to West Java is possibly related to the genetic diversity of
the F. moluccana among the populations in Java.
Suharyanto et al. (2002) and Seido and Widyatmoko
(1993) reported F. moluccana populations were not
genetically differentiated in Java. Rust fungi are obligate
pathogens well-known for their ability to undergo long-
distance dispersals (Helfer 2014). Improving F. moluccana
resistance to gall rust disease could be the key to curbing
future epidemics of gall rust disease.

In conclusion, based on the results of our RAPD
analysis, the number of polymorphic bands produced from
each primer varied from 3-12 bands, and the total number
of polymorphic bands produced was 80 bands. However,
there were no specific polymorphic bands found that
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distinguish healthily versus diseased F. moluccana trees.
The resistance to gall rust disease shown by F. moluccana
on plantations is probably due to the tolerance of the
disease. In the future, genetic diversity studies of F.
moluccana related to its resistance to gall rust disease
needs to include the provenance from its center of origin
because no reports of gall rust infestations have been
reported for this region, except in Moluccas.

ACKNOWLEDGEMENTS

This research was financially supported by Centre for
Forest Research and Development, Ministry of
Environment and Forestry, Republic of Indonesia (DIPA
2015). We thank Rosalinda MD, Hamdayanti and
Legiastuti TS for their help in laboratory works, and all of
Local Forestry Government (Dinas Kehutanan Kabupaten)
Officers in each district for their help in field works.

REFERENCES

Agrios GN. 2005. Plant Pathology. 5th ed. Elsevier, Burlington, MA,
USA.

Anggraeni 1. 2008. Penyakit karat puru (gal// rust) pada tanaman sengon
(Paraserianthes falcataria) di RPH Pandantoyo, BKPH Pare, KPH
Kediri. Workshop Serangan Karat Puru pada Sengon. Balai Besar
Penelitian Bioteknologi dan Pemuliaan Tanaman Hutan. Yogyakarta
19 November 2008. [Indonesian]

Asad HA, Meah MB, Begun SN, Khalil MI, Rafii MY, Latif MA. 2015.
Study of genetic variation of eggplant cultivars by using RAPD-PCR
molecular markers and the relationship with Phomopsis blight disease
reaction. Genet Mol Res 14 (4): 17007-17018.

BPS. 2013. Sensus Pertanian Tahun 2013. BPS-Statistics, Jakarta,
Indonesia. [Indonesian]

BPS. 2014. Statistics of Forestry Production 2014. BPS-Statistics, Jakarta,
Indonesia.

Burdon JJ, Thrall PH. 2008. Pathogen evolution across the agro-
ecological interface: implications for disease management. Evol Appl
1: 57-65.

Dhillon NK, Dhaliwal HS. 2011. Identification of molecular markers
linked to leaf rust resistance genes in wheat and their detection in the
local near-isogenic line. Am J Plant Sci 2: 433-437.

Doungsa-ard C, Mc Taggart AR, Geering ADW, Dalisay TU, Ray J,
Shivas RG. 2015. Uromycladium falcatarium sp. nov., the cause of
gall rust on Paraserianthes falcataria in south-east Asia. Australas
Plant Path 44 (1): 25-30.

Doyle JJ, Doyle JL. 1987. A rapid DNA isolation procedure for small
amounts of fresh leaf tissue. Phytochem Bull 19: 11-15.

Ganz HH, Ebert D. 2010. Benefits of host genetic diversity for resistance
to infection depend on parasite diversity. Ecology 91: 1263-1268.
Heyne K. 1987. Tumbuhan Berguna Indonesia II. Badan Litbang

Kehutanan, Jakarta, Indonesia. [Indonesian]

Helfer S. 2014. Rust fungi and global change. New Phytologist 201: 770-

780.

Hubisz MJ, Falush D, Stephens M, Pritchard JK. 2009. Inferring weak
population structure with the assistance of sample group information.
Mol Ecol Res 9: 1322-1332.

Klosterman SJ, Rollins JR, Sudharsna MR, Vinatzer BA. 2016. Disease
management in the genomic era-summaries of focus issues paper.
Phytopathology 106 (10): 1068-1070.

Krisnawati H, Varis E, Kallio M, Kanninen M. 2011. Paraserianthes
falcataria (L.) Nielsen: ecology, silviculture and productivity.
CIFOR, Bogor, Indonesia.

Kumari N, Thakur SK. 2014. Randomly amplified polymorphic DNA- A
brief review. Am J Anim Vet Sci 9 (1): 6-13.

Lively CM. 2010. The effect of host genetic diversity on disease spread.
Am Nat 175: 149-152.

Mumtaz S, Khan IA, Ali S, Zeb B, Igbal A, Shah Z, Swati ZA. 2009.
Development of RAPD based markers for wheat rust resistance gene
cluster (Lr37-Sr38-Yrl7) derived from TIriticum ventricosum L.
African J Biotechnol 8 (7): 1188-1192.

NAS [National Academy of Sciences]. 1979. Tropical Legumes:
Resources for the Future. National Academy Press, Washington, DC.
us.

Peakall R, Smouse PE. 2012. GenAlEx 6.5: genetic analysis in Excel.
Population genetic software for teaching and research-an update.
Bioinformatics 28: 2537-2539.

Quesada-Ocampo LM, Vargas AM, Naegele RP, Francis DM, Hausbeck
MK. 2016. Resistance to crown and root rot caused by Phytophthora
capsici in a tomato advanced backcross of Solanum habrochaites and
Solanum lycopersicum. Plant Dis 100: 829-835.

Rahayu S, Lee SS, Shukor NAA. 2010. Uromycladium tepperianum, the
gall rust fungus from Falcataria moluccana in Malaysia and
Indonesia. Mycoscience 51: 149-153.

Salah N, Milad SI, El-Rouby MM, Barakat MN. 2016. Identification of
new molecular markers linked to maize stalk rot disease resistance
(Fusarium moniliforme) in maize. Plant Omics J 9 (1): 12-18.

Seido K, Widyatmoko AYPBC, Nursinggih H. 1993. Genetic variation at
four allozyme loci in Paraserianthes falcataria, FTIP-No.12. Japan
International Cooperation Agency (JICA) and Directorate General of
Reforestation and Land Rehabilitation, Ministry of Forestry
Indonesia. Jakarta.

Siregar UJ, Olivia RD. 2013. Keragaman genetik populasi sengon
(Paraserianthes falcataria (L) Nielsen) pada hutan rakyat di Jawa
berdasarkan penanda RAPD. J. Silvikultur Tropika 3 (2): 130-136.
[Indonesian]

Soerianegara I, Lemmens, RHMJ. 1993. Plant Resources of South-East
Asia 5 (1): Timber trees: Major commercial timbers. Pudoc Scientific
Publishers, Wageningen, Netherlands.

Suharyanto, Rimbawanto A, Isoda K. 2002. Genetic diversity and
relationship analysis of Paraserianthes falcataria revealed by RAPD
marker. In: Rimbawanto A, Susanto M (eds). Proceedings of
Advances in Genetic Improvement of Tropical Tree Species. Centre
for Forest Biotechnology and Tree Improvement, Y ogyakarta.

Vaghefi N, Hay FS, Kikkert JR, Pethybridge SJ. 2016. Genotypic
diversity and resistance to azoxystrobin of Cercospora beticola on
processing table beet in New York. Plant Dis 100: 1466-1473.

Williams JGK, Kubelik AR, Livak KJ, Rafalski JA, Tingey SV. 1990.
DNA polymorphisms amplified by arbitrary primers are useful as
genetic markers. Nucleic Acids Res 18: 6531-6535.

Withers S, Gongora-Castillo E, Gent D, Thomas A, Ojiambo PS,
Quesada-Ocampo LM. 2016. Using next-generation sequencing to
develop molecular diagnostics for Pseudoperonospora cubensis, the
cucurbit downy mildew pathogen. Phytopathology 106 (10): 1105-
1116.

Zhang SP, Liu MM, Miao H, Zhang SQ, Yang YH, Xie BY, Wehner TC,
Gu XF. 2013. Chromosomal mapping and QTL analysis of resistance
to downy mildew in Cucumis sativus. Plant Dis 97: 245-251.



