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Abstract
Background and Objective: Sugarcane  mosaic  virus  (SCMV)  is a member of  the genus  Potyvirus  (family of  Potyviridae) causing mosaic
worldwide distributed. Recently, local varieties including a variety of NXI-4T (a genetically modified sugarcane) were cultivating in East
Java, which has never been monitored for SCMV occurrence. This research aimed to monitor the SCMV distribution among local varieties
recently cultivated in East Java. Materials and Methods: The research was performed in the 4 Sugarcane Plantation under the authority
of the company of Nusantara XI in East Java between October-November, 2017. The SCMV monitoring was done by estimating  the
disease incidence on 10% of plants of each location. Confirmation of  the virus was done by RT-PCR and western blot. Chlorophyll a,
chlorophyll b and total chlorophyll were estimated by colorimetric assay at dual wavelengths of 645 and 663 nm. Results: The data
showed that the incidence of mosaic disease on all varieties observed was below 20% and categorized as resistant to mosaic disease while
NXI-4T (genetically modified sugarcane) had a higher incidence of a mosaic than other varieties. The additional analysis confirmed and
proved that mosaic disease on all local varieties was caused by SCMV according to RT-PCR and western blot assay. The decrease of
chlorophyll was the consequence of  SCMV infection. Conclusion: The SCMV was more frequently occurred on genetically modified
sugarcane NXI 4T than others of non-genetically modified sugarcane. 

Key words:  Sugarcane mosaic virus, transgenic sugarcane NXI-4T, RT-PCR, genetically modified sugarcane,  Potyvirus
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INTRODUCTION

Sugarcane mosaic virus  (SCMV) is most widely distributed
and the most common sugarcane pathogen in the world,
causing mosaic disease1. The SCMV has been reported to
infect sugarcane in Indonesia and distributed in 59 plantations
from 5 sugar factories in Central and East Java2. Recent data
showed that SCMV  was  detected  to  infect  several sugarcane
varieties  in  East  Java,  such  as; NXI-1T,  VMC  7616, COKRO,
PS 881   and  PS  864  with  the  incidence  of  disease  and
severity of 26-78%, respectively3. However, there is no data
available on the varieties that are recently planted in East Java,
such as; local varieties of Bululawang, HW Merah, NXI 1-3 and
one of the approved genetically modified (GM) sugarcane4,
NXI-4T.

More early infection of the virus causes severe effects as
compare to the late infection5. The initial infection usually
results in chlorotic mosaic, yellows line on the green tissues of
infected plants as well as leaf reddening and necrosis. The
chlorosis occurs due to a significant decrease of total
chlorophyll content3, as a consequence of the damage of the
chloroplast which affected the photosynthesis and leading to
the decrease in sugarcane productivity6. 

Mosaic on sugarcane could present as a consequence of
nutritional deficiencies7 or plant virus infection3. In case of viral
disease, mosaic symptom on sugarcane probably caused by
Sugarcane streak mosaic virus (SCSMV)8, Sorghum mosaic
virus (SrMV)9, Sugarcane  bacilliform  virus10 or Sugarcane
mosaic virus and morphologically difficult to distinguish.
Therefore, the accurate detection of the causative agent of
sugarcane mosaic disease is necessary to perform by using
molecular approach3,11. 

The SCMV is a member of the genus Potyvirus  (family of
Potyviridae)5 has long rod shape (flexuous rod) particle with
the length of about 750 nm and diameter12 of  11-13 nm. It has
about 900 bp sequence encodes capsid protein representing
about 34 kDa protein11. 

In some cases, capsid of the SCMV is used as necessary
information to perform diagnosis and detection of the
pathogen such as; RT-PCR that employ a set primer PCR using
capsid    protein-based   nucleotide    sequence3     or    western

blotting11 and enzyme-linked immunosorbent assay (ELISA)
that use coat protein-based antibody13,14. According to the
condition of unavailability data of SCMV distribution in
comparison, on GM and non-GM sugarcane in Indonesia, it is
necessary to observe and evaluate the variety against the
distribution of SCMV. In addition, an approved genetically
modified (GM) sugarcane NXI-4T that cultivated in the field
beside others local varieties has not been evaluated for their
response  against  important  sugarcane   pathogen,  the
SCMV. Therefore, this research aimed to monitor the SCMV
distribution among local varieties recently cultivated in East
Java. 

MATERIALS AND METHODS

Determination of sampling locations, observation
technique and disease incidence: Observation on sugarcane
crops was carried out in October-November, 2017 in the area
under the authority of Sugarcane Plantation company of
Nusantara XI in East Java at four sugar factories (PG) plantation
such as; PG Djatiroto in Lumajang, PG Semboro in Jember, PG
Prajekan in Bondowoso and PG  Asembagus  in Situbondo.
The climatological information around the plantation areas
was provided according to the Indonesian Agency for
Meteorology, Climatology and Geophysics (BMKG) information
(Table 1). About four sugarcane varieties (Asembagus,
Prajekan, Semboro, Jatiroto) were selected as samples and
about 10% of the field at each plantation was observed and
assessed for disease incidence3. Observations were made on
local varieties that were widely grown, namely Bululawang,
HW Merah, NXI 1-3 and a GM sugarcane of NXI-4T.

SCMV detection using reverse transcription polymerase
chain reaction (RT-PCR): The presence of  SCMV was detected
from sugarcane leaves (healthy and symptomatic leaf)
through RT-PCR protocol. Briefly, the complementary DNA
(synthesized by using BioRad Reverse Transcriptase
Polymerase Chains Reaction Kit) was subjected to a PCR
reaction (Promega corporate, USA) using a specific pair-primer
of capsid protein SCMV of cp-SCMV-F of  5’-CCC CAT ATG ACA
GTC  GAT  GCA  GGT GCT-3’ and cp-SCMV-R of  5’-ATG GAT CCT

Table 1: Climatological information
Sugarcane plantation factory field Altitude (masl) Temperature (EC) Humidity (%) Wind speed (km hG1) Rainfall
Asembagus 5 28 81 6-7 74 mm monthG1

Prajekan 255 22-28 94 6 67 mm dayG1

Semboro 83 23-30 97 6 22 mm dayG1

Jatiroto 54 24-30 97 6 22 mm dayG1

Source: Data were obtained from http://bmkg.go.id, masl: Meters above sea level
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AGT GGT GCT GCT GCA CTC CC-3’ (Macrogene, Geumchun-gu,
Seoul Korea)3. The thermal cycling condition  of  PCR  was
initial denaturation at 95EC for 3 min, denaturation at 95EC  for
30 sec, annealing at 63EC for 20 sec and extension at 7EC for
60 sec, with a final extension at 72EC for 5 min. Detection of
actin gene by PCR was done by using primer $-actin forward
primer of 5’-GAA TTG CCT GAT GGA CGG T-3’ and reverse
primer of  5’-GCT TTG GGA TCC ACA TCT A-3’ for checking the
quality of cDNA15. PCR amplified product was visualized by
using gel electrophoresis on 1% gel agarose.

Western blot analysis: The expression levels of the capsid
protein of SCMV (cpSCMV) were detected by western blot.
Briefly, the insoluble protein was separated by sodium dodecyl
sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) (12.5%
acrylamides) and transferred to polyvinylidene fluoride (PDVF)
membrane at 0.1 A, 4 W, 25 V for 2 h. The membrane was
washed with Tris Buffered Saline (TBS) three times and
blocked with 1%  of  skim milk in TBS  for 30 min. The
membrane was incubated for overnight in appropriate
dilutions     of  CP  SCMV  antiserum  at  28EC  and  washed
with TBS three times. The membrane was incubated with
secondary antibody in 1% skim milk for 1 h  and  followed  by
washing the membrane  with  TBS  three times. The
membrane was incubated in chromogenic dye  (consist of
16.5  µL   of  5-bromo-4-chloro-3-indolyl-phosphate  (BCIP)
and 33 µL of nitro blue tetrazolium (NBT) for every 5 mL of
alkaline phosphate buffer for about 1.5 h at room temperature
or until chromogenic bands appeared on the membrane11.

Estimation of total chlorophyll: Chlorophyll was extracted
from about 2 g of  finely cut leaves16. The leaves were taken
and grounded with 2 mL of  80% acetone and centrifuged at
10,000 rpm for 10 min. The supernatant was transferred and
the procedure was repeated until the residue becomes
colorless. The  absorbance was read at dual wavelengths3 of
645 and 663 nm against the solvent (acetone) blank. The
estimation of total chlorophyll was calculated by following
equation:

Chlorophyll a (mg gG1 FW) = [(12.7×A663)-(2.69×A645)]×0.5

Chlorophyll b (mg gG1 FW) = [(22.9×A645)-(4.69×A663)]×0.5

While17:

Total chlorophyll (mg gG1 FW) = [(20.2×A645)-(8.02×A663)]×0.5
Statistical analysis: The quantitative data were subjected to

one way analysis of variance (ANOVA) with a completely
randomized design (CRD) at a 95% confidence level. If the
ANOVA results show significant differences, the analysis
continued using Duncan's new multiple range test (DMRT) test
at a 95% confidence levels.

RESULTS 

Observation and sampling: The visual observations showed
straight    parallel  yellow  lines  dispersed  throughout the
green  leaf  area,  especially  in  the  youngest  leaves at the
base of the leaf. However, there  were  some  levels of
symptom   from  the  less  until  the  most  severe  symptoms
in all the observed  plantations (Fig. 1a). In addition, there
were variations of mosaics observed in each plantation,
presumably  mixed  with  other  symptoms  of  the  disease
(Fig. 1b). 

Disease incidence: Estimating data of  the incidence of mosaic
disease showed that only NXI-4T varieties, a GM sugarcane,
had a higher incidence of a mosaic than other varieties.
Mostly, all non-GM sugarcane had mosaic below 20% of
incidence while the GM sugarcane had about 18.53% of
mosaic incidence (Fig. 2). 

Total chlorophyll contents: The results of chlorophyll
contents analysis showed that there was a decrease in
chlorophyll contents in symptomatic leaves (from fields)
compared    to   non-symptomatic   leaves  (controls). The
value   of  chlorophyll  a,  b  and  the  total  chlorophyll  content
in controls  leaves  were  ranging  from  17-57  mg gG1.
Whereas in symptomatic (infected) leaves the chlorophyll a, b
and total chlorophyll values were ranging from 13-47 mg gG1

(Fig. 3). 

Detection SCMV using RT-PCR and western blot: The RT-PCR
was performed to diagnose the possible  causative SCMV
using specific cp SCMV-gene PCR primer. All symptomatic
mosaic plants was confirmed by RT-PCR which  showed a
single band with a size of  900 bp for coat protein of  SCMV
and 580 bp for actin (Fig. 4a). Indeed, the serological test using
western blot result showed that all proteins from all
symptomatic leaves produced a  corresponding  signal
ranging ~37 kDa detected using polyclonal antibody of
cpSCMV reaction (Fig. 4b) after staining with BCIP and NBT
chromatography dye. 
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Fig. 1(a-b): Mosaic observation sugarcane leaves in selected plantations, (a) Level of  the mosaic symptom on leaves from all
sugarcane plantations and (b) Appearances of mosaic symptoms in 10 plantations

Fig. 2: Estimation of disease incidence in several cultivars of sugarcane in the field and various mosaic symptoms

DISCUSSION

In this study, the main symptom was recorded on
sugarcane cultivars exhibiting  a type of  pattern of contrasting

greenish within the island of  green or yellowish chlorotic
areas along with leaf especially at the base of the leaf3. There
was a symptom of nutrition deficiency on the variety of HW
Merah  (HW)  from  Prajekan  producing  a mosaic covering the
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Fig. 3: Estimation of chlorophyll a, chlorophyll b and total chlorophyll of non-symptomatic sugarcane leaves (control) and
symptomatic sugarcane leaves from the plantation

Fig. 4(a-b): Confirmation of causative mosaic in symptomatic sugarcane leaf, (a) RT-PCR of the non-symptomatic leaf (line 1) and
symptomatic leaf (line 2-11) producing a single band with a size of 900 bp (A, upper) responsible for coat protein of
SCMV and 580 bp (A, lower) responsible for actin and (b) A serological test using the western blot technique showed
the size of the protein band ~37 kDa
Line 1: Negative control (non-symptomatic leaf), Line 2: Positive leaf infection and Line 3-12: Symptomatic leaves from sugarcane plantation (B)

entire surface of the leaf, especially on the edge of the leaf.
Such symptoms are similar to the lack of water7 or nitrogen
deficiency18, as well as on the variety of  Bululawang (BL) from
PG Jatiroto that exhibited mixed-symptoms similar to leaf
rust19.

According to the disease  incidence  on NXI-4T
(genetically modified sugarcane) compared to its ancestral
sugarcane (Bululawang) indicated that  the  GM-sugarcane

was more suffer than  the  ancestor (Fig. 2). It  was  studied
that the variety of Bululawang resisted against mosaic
disease20.  However,  when  this  cultivar is genetically
modified into drought-resistant sugarcane by inserting
choline  dehydrogenase   (betA)   resulting   moderate   level
in resistance  status4. This possibly occurs since NXI-4T is
drought-resistant  genetically   modified  sugarcane expressed
glycine cocamidopropyl betaine (an osmoprotectant 
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compound) which increases the accumulation of glycine in
leaves being responsible for defend mechanisms against
environmental stress4,21. Nevertheless, the accumulation of
glycine betaine on the leaves can chemically attract aphids
(Aphis  sp.), which is a vector of SCMV22. Furthermore,
decreasing of chlorophyll content indicated that virion
particles in mesophyll tissue damage  chloroplast evoke
mosaic pattern. A viral infection is suspected of causing
structural changes in chloroplasts6, resulting in obstruction of
chlorophyll synthesis23. This condition will result in changes in
chlorophyll pigmentation, photosynthetic efficiency and
accumulation of photosynthesis results3. 

On the other hand, confirming the causative pathogen of
mosaic in sugarcane could be done by various techniques
such as by using serological approach like Western blot11,
enzyme-linked immunosorbent assay (ELISA) or using
molecular approach like reverse transcriptase-polymerase
chain reaction (RT-PCR)3,11 continued by analysis of the capsid
protein sequence3. In most cases, capsid protein-based gene
is generally used to identify and detect the pathogen of
mosaic diseases in the plant such as detection of SCMV on
sugarcane in Pakistan, China and in Indonesia9,11,24.

Detection of the virus presence in  the  plant by using  the
RT-PCR technique is done through an approach to detect the
presence of replicated viral RNA in the tissues of infected
plants using a specific pair-primer for viral capsid protein. In
case of detection of SCMV, a 900 bp of DNA fragment of
capsid    protein  has  been  successfully  amplified  through
RT-PCR procedure in confirming the presence of SCMV in
sugarcane3.  The  similar  result  was  also  reported in
detecting SCMV by using RT-PCR technique11,25,26. In addition,
confirmation of virus-infected plant, in some cases could be
done  by  western  blot  analysis  using  an   immunoreaction
of antibody and  antigen.  It  has  been  widely  used  to
confirm the presence of  the virus based on the serological
approach by using  capsid  protein-based  antibody.  Western
blot has been successfully used in some reports to detect
plant viruses. This technique has been successfully used to
detect Maize chlorotic  mottle  virus  (MCMV)13, to  detect
Citrus  psorosis  virus  (CPsV) including to detect SCMV11,14. In
addition, through this protocol, the  protein  ranged  from
36.7-37 kDa representing the size of the capsid protein of
SCMV11. In summary, SCMV is reported to infect both GM and
non-GM-sugarcane. Interestingly, the disease incidence was
high in GM-sugarcane than non-GM-sugarcane. It is
interesting to confirm and reveal the molecular pathway or
information of the relationship between GM-sugarcane
(drought tolerant sugarcane) and the degree of mosaic
incidence caused by the SCMV.

CONCLUSION

This study concluded that the NXI-4T (genetically
modified sugarcane) only had a higher incidence of a mosaic
than other varieties so the sugarcane NXI-4T was less resistant
with the incidence above 20% against the SCMV. The SCMV
was also decreasing the total chlorophyll content in infected
leaves.
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