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ABSTRACT
Sugarcane yellow leaf syndrome has been found in South Sulawesi. The aim of this
study was to detect phytoplasmas associated with the symptomatic and asymptomatic
sugarcane. This study included sampling both symptomatic and asymptomatic leaves,
DNA extraction, detection phytoplasma using nested PCR, sequencing and
confirmation using Basic Local Alighment Search Tool (BLAST) program. Detection using
nested PCR shows the amplification of the 1250 bp DNA band showing the presence of
phytoplasma both symptomatic and asymptomatic leaves. This means that sugarcane
crop in South Sulawesi has been infected with phytoplasmas.

Introduction
South Sulawesi province has a total area of planting
sugarcane about 10,588 ha with production 26,633
tons (Directorate General of Plantation, 2015). In
order to achieve self-sufficiency target, it is
necessary to increase the area of planting to 6,000
to 7,000 ha of smallholder plantations. Currently,
the plantation area is only 3,800 ha (Government of
South Sulawesi Province, 2017). As with other
crops, sugarcane crops are also experiencing pest
and disease problems. One of the pathogens in
sugarcane plants is phytoplasma. Some diseases of

sugarcane are sugarcane grassy shoot (SCGS),
sugarcane white leaf (SCWL), sugarcane green
grassy shoot (SCGGS), sugarcane leaf yellows and
Ramu stunt (Rao and Marcone, 2012).
Sugarcane grassy shoot disease (SCGS) is reported
to occur in India, Bangladesh, Malaysia, Nepal,
Pakistan, Sri Lanka, Sudan and Thailand. In
Thailand the disease is known as rokkortakri. In
India, the disease is found in Uttar Pradesh with an
incidence of disease ranging from 3 to 56% and a
decrease in yields can reach 60% (Tiwari et al.,
2012). Sugarcane white leaf disease (SCWL) is one
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of the main problems in cultivation of sugarcane in
Thailand. In Thailand the disease is known as
rokbaikhao (CABI, 2007). It was reported in 2010
that the disease caused losses in the sugarcane
industry in Thailand to 30 million US dollars each
year (Wongkaew, 2012). Sugarcane green grassy
shoot (SCGGS) disease was first discovered in
Thailand. In 2006 the disease was first found in
Vietnam and caused an epidemic mainly in Nghe
An province and caused a decrease in production at
the NAT & L Quy Hop Sugar factory from 1.2 m
tones in 2007 to 2008 to 0.6 m tones in 2008 - 2009
(Sugar Research Australia, 2013). Detection and
identification of the presence of pathogens in plants
is a first step in determining the next steps
including control efforts.
The existence of
phytoplasma in sugarcane in South Sulawesi has
never been done. This needs to be done in
anticipation of the possibility of phytoplasma in
sugarcane crops that can cause losses in the future.
Phytoplasma in sugar cane is able to disrupt the
process of chlorophyll synthesis that can cause a
decrease in the amount of chlorophyll more than
90% (CABI, 2007). The purpose of this study was
to determine the presence of phytoplasma in
sugarcane in South Sulawesi.

two pairs of primers P1 (5'-AAG AGT TTG ATG
CTG GCT CAG GAT T-3 ') (Deng and Hiruki
1991)/ P7 (5'-CGT CCT TCA TCG GCT CTT-3')
and continued with the primary pair R16F2n (5'GAA ACG ACT GCT AAG ACT GG-3 ') /
R16R2 (5'-TGA CGG GCG GTG TGT ACA AAC
CCC G-3') (Gundersen and Lee, 1996).

Materials and methods

Leaf samples showed symptoms of yellowing
leaves taken in Bone, Gowa and Takalar districts.
The leaf samples taken were symptomatic and
asymptomatic leaves. Sampling is done by
purposive sampling. As a comparison used infected
sample of infected phytoplasma grass (data not
shown).

DNA visualization was performed with a 1.5%
agarose gel in TAE 1 × buffer (0.04 M Tris acetate,
0.01 M EDTA). The agarose gel mixture was
heated in a microwave until completely dissolved
and 2 μl ethidium bromide was added. After
hardening, the agarose gel is transferred into the
electrophoresis tub until submerged. A total of 3 - 5
μl amplified DNA plus 2 μl loading buffers were
included in the gel wells and electrophoresed at 100
volts for 30 minutes and the DNA bands visualized
using a UV transilluminator.

DNA extraction

DNA sequencing

Total DNA extraction based on existing protocols
in the Dneasy Plant Mini Kit (Qiagen).

Sequencing of phytoplasma DNA were done
using primer pair R16F2n / R16R2. The sequence
of DNA was confirmed using Basic Local
Alignment Search Tool (BLAST) program at The
National Center for Biotechnology Information
(NCBI).

Sampling

PCR amplification
Amplification of DNA extracted in running using

The PCR reaction was performed at a 25 ml
volume consisting of 2 ml of DNA template, 1 ml
of forward primer, 1 ml of reverse primer, 21 ml
of nuclease free water and PuReTaq TM Ready-ToGoTM PCR beads (GE Healthcare). PCR process
using P1/ P7 primer pair denaturation at 94 °C for
30 seconds (4 minutes in first cycle), annealing at
55 °C for 1.5 minutes, and extention at 72 °C for
1.5 minutes (10 minutes in the last cycle).
Performed 30 cycles. The 2 μl of the first PCR
result used as template for the second PCR process
using R16F2n /R16R2 primer pair was
denaturation at 94 °C for 30 seconds (4 minutes in
first cycle), annealing at 56 °C for 1.5 minutes and
extension at temperature 72 °C for 1.5 minutes (10
minutes in last cycle). Performed 30 cycles.
Electrophoresis and visualization of DNA
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Results and discussion
Symptoms of
phytoplasma

sugarcane

Detection of phytoplasma in sugarcane plant
using nested PCR
associated

with

Sugarcane crops associated with phytoplasma show
symptoms of yellowing midrib (Fig. 1a) when
compared with asymptomatic plants (Fig. 1b).
Symptomatic sugar cane plants also look shorter.
Sugarcane plants that show symptoms of yellowing
midrib leaves are called yellow sugarcane leaf
syndrome (YLS) (Arocha et al., 2005). These
symptoms have also been found in Cuba (Arocha et
al., 2005), India (Gaur and Rao 2008) and Egypt
(ElSayed and Boulila, 2013). In Cuba the disease is
transmitted by the vector Saccharosydney
saccharivora (Arocha et al., 2005). In India, of all
symptomatic samples amplified PCR products
measuring 1.2 kbp indicating that the sample is
infected with the phytoplasma. Sequence of 16S
rDNA gene of phytoplasma associated with the
samples were known to be approximately 99%
similar to those identified in Cuba which belong to
the 16SrXII group (Stolbur group) (Gaur and Rao,
2008). In addition to being included in the 16SrXII
group, phytoplasmas associated with sugarcane
yellow leaf syndrome in India are also included in
the 16SrI-B subgroup (Kumar et al., 2015).
Similarly, the symptoms of yellow leaf syndrome in
sugar cane plants in Egypt are associated with the
phytoplasm of the 16SrI group (aster yellow
phytoplasma) (ElSayed and Boulila, 2013).

The development of PCR technology has an
important role in the study of phytoplasma
detection. This is caused by the phytoplasma can
not be grown on the culture medium so it is not
possible to do detection as in bacteria that can be
grown on culture medium. Therefore detection
using PCR with a targeted gene of 16S rDNA is
currently the most commonly used method for
detection of phytoplasma (Delic, 2012). In this
study the researchers tried to detect the presence of
phytoplasma in sugarcane plants that are
symptomatic of yellow leaves or asymptomatic
ones using nested PCR. Nested PCR is used to
detect the phytoplasma of a normally low-titer
sample (Delic, 2012). The first detection using the
P1 and P7 primers did not show any amplified
bands (Fig. 2), except on the grass sample.

Fig. 2: Amplification of phytoplasmic DNA using
primers P1/ P7 from grass samples (R), asymptomatic
sugarcane (S), symptomatic sugarcane plants from
Takalar (T), symptomatic sugarcane plants from Gowa
(G) and symptomatic sugarcane plants from Bone
District ( B). 100bp marker (M).

Fig. 1: Sugarcane plants are symptomatic with the
yellowing midrib (arrows) (a) and are asymptomatic
with green midrib (arrows) (b).

The second detection using the R16F2n and R16R2
primers showed that symptomatic leaf samples
from Takalar and Bone districts also showed
positive results with amplification of PCR products
of approximately 1250 bp as well as in
asymptomatic leaves (Fig. 3). Samples from Gowa
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District showed negative results with no
amplification of PCR products (Fig. 3). This is
allegedly because the yellowing symptoms that
arise in the sugarcane sample from Gowa Regency
are caused by other factors. The symptoms of
yellowing leaves in sugar cane plants can be caused
by viruses (Vega et al., 1997; Aljanabi, 2001).
Symptoms caused by phytoplasma and virus are
identical (Rutherford et al., 2004). According to
Viswanathan et al. (2008) viral causes of yellowing
leaves in India originated from the genus
Polerovirus family Letuoviridae. There are 4 (four)
virus genotypes identified namely BRA, CUB, PER
and REU (Ahmad et al., 2006).

from Takalar District, symptomatic sugarcane
plants from Bone District and asymptomatic
sugarcane plants. From the DNA sequencing
results, a BLAST test of NCBI was performed
with results showing that the phytoplasma in
symptomatic sugarcane samples from Takalar
Regency had 99% homology with Ca.
Phytoplasma cynodontis, symptomatic sugarcane
plant from Bone District 99% with Ca.
Phytoplasma cynodontis as well as samples of
asymptomatic sugarcane plant 99% with
Chrysanthemum morifolium little leaf and
yellowing phytoplasma.
Conclusion

M
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Phytoplasma was detected in sugarcane leaf
samples originating from Takalar and Bone districts
using nested PCR with amplification of PCR
products of approximately 1250 bp, both
symptomatic and asymptomatic samples. The
symptoms of yellow leaves in Gowa Regency are
thought to be caused by other factors. BLAST test
results showed that the detectable phytoplasma has
a 99% homology value with Ca. Phytoplasma
cynodontis and Chrysanthemum morifolium little
leaf and yellowing phytoplasma.
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Fig. 3: Amplification of phytoplasmic DNA using
R16F2n / R16R2 primers from grass (R) samples,
asymptomatic sugarcane (S), symptomatic sugarcane
plants from Takalar (T), symptomatic sugarcane plants
from Gowa (G) and symptomatic sugarcane plants from
Bone District (B). 100bp marker (M).

Sugarcane samples were asymptomatic showing
positive results after being detected using nested
PCR. This shows that it can happen
latent
infection of phytoplasma in sugarcane plant. Soufi
and Komor (2014) stated that it has happen latent
infection of phytoplasma from the 16SrI and
16SrXI groups in asymptomatic sugarcane plants
in Hawaii. Sequencing of DNA phytoplasma
performed on the sample showing positive results
after the nested PCR. The samples were samples
derived from symptomatic sugarcane plantations
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