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ABSTRACT

Sugarcane mosaic virus (SCMV) is one of important sugarcane disease that caused mosaic symptom and yield loss due to mosaic
disease reaches 20% at disease incidence rates above 50%. Pathogen Derived Resistance (PDR) is a molecular mechanism that
disrupts pathogen expression in host plants. Transgenic sugarcane has been obtained using the PDR (Pathogen derived resistance)
technique that expresses SCMV-coat-protein established, and has been tested to be resistant to SCMV until the third generation.
This study aims to determine the resistance stability of transgenic sugarcane by considering growth and yield at SCMV post
inoculation. The result showed that the resistance character of transgenic sugarcane to SCMV virus was inherited to the next
generation (the 4th generation). The resistance of transgenic sugarcane was confirmed by molecular analysis using the RT-PCR
method with a capsid protein-based gene targeting to explain the symptoms caused by SCMV. The DNA fragment of capsid
protein has been successfully amplified in all sugarcane lines, proving that the symptom that appeared on the leave was caused by
SCMV. This research showed that line B10.3 and B11.3 had better growth performance compared to the other transgenic line,
Cane yield and sucrose content were also high and concluded that this line was resistant to SCMV infection and had genetic
stability. On the other hand, the hight incidence percentage in line B11.1 and B10.2 did not affect the growth and production. The
possibility of recovery mechanism from SCMV infection occurred in transgenic sugarcane lines B11.1 and B10.2 during the grand
growth phase after infection resulted a normal growth performance. The recovery mechanism in transgenic sugarcane using
pathogen-derived resistance approaches need to be proved with experimental research.

Keynotes : Sugarcane mosaic virus (SCMV), Pathogen Derived Resistance (PDR), resistance stability, growth, yield
Introduction

Sugarcane known as a crop that can accumulate sucrose, biomass producer, ethanol/biofuel, and the
biggest sugar producer, in 2020 Indonesian sugar production from sugarcane reached 2,130,720 tons, it
has been decreased compared to 2019 which produce 2.22 million tons of sugar (Dirjenbun, 2020). The
reduction of sugar production is caused by weather condition, which has been affected sugarcane
cultivation. On the other hand, the growth and production of sugarcane are caused by pests and disease
attacks. The mosaic disease is categorized as sugarcane disease caused by abiotic stress. This disease is
caused by a virus such as sugarcane streak mosaic virus (SCSMV) dan sugarcane mosaic virus (SCMV),
which have been infected sugarcane through mechanic and non-mechanic dissemination. Putra et al.
(2013) reported that Yield loss due to mosaic disease reaches 20% at disease incidence rates above 50%,
especially on susceptible varieties like PS 864. SCMV virus incidence on sugarcane is reported to be around
20-50%, even reaching 78% on a sugarcane plantations in East Java (Darsono et al., 2018).
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Some research has been developed to reduce SCMV incidence on sugarcane. The research which has been
conducted to eliminate the SCMV virus consists of hot water treatment, meristem culture, and
chemotherapy using antiviral ribavirin and acyclovir through somatic embryogenesis (Dewanti et
al., 2015). Ribavirin and acyclovir application on sugarcane explants are capable to eliminate the SCMV
virus and have a 100% success rate, but when these antiviral applicated in the free-virus sugarcane field,
the plant still had a risk to be infected by the SCMV virus (Apriasti et al., 2018). There is a need to conduct
research that has the aim to improve sugarcane resistance toward the SCMV virus. Some research
reported that the SCMV attack on sugarcane cultivation can be solved using the genetic transformation
method. Genetic transformation can be conducted by inserting a gene that can be improved plant
endurance toward SCMV attack, such as SCMV-CP. This gene can be stably expressed when transformed
into the genome of the Badila cultivar. Genetic transformation methods that can be used to insert these
genes are RNA silencing through RNA interference (RNAi) and Pathogen Derived Resistance (PDR) method
(Yao et al., 2017). RNA interference (RNAi) is a post-transcriptional molecular mechanism initiated by
double-stranded RNA (ds-RNA), which is the 12-24th homology nucleotide sequence of the gene that its
expression is suppressed. RNA target will be recognized as broken RNA and will be degraded so it cannot
be expressed into protein (Aslam et al., 2018). Pathogen Derived Resistance (PDR) is a molecular
mechanism that disrupts pathogen expression in host plants. PDR through coat-protein virus expression is
reported to have the capability on inhibited the disassembly process of viral particles that infected the
cell, so it can suppress the infection process and the movement of viruses in the host plant (Baulcomlbe,
1996). Currently, transgenic sugarcane has been obtained using the PDR (Pathogen derived resistance)
technique that expresses SCMV-coat protein using the plasmid vectors pRION-927 bp (p927) and pRION-
702 bp (p702) on Agrobacterium tumefaciens so that the sugarcane is resistant to virus attack (Apriasti et
al., 2018). The sugarcane has been able to be planted in a greenhouse, however, in the field it has never
been studied, so it is necessary to carry out continuous research.

Materials and Methods
Research location

This research is located in Agrotechnopark research station, University of Jember, Jember Regency, East
Java on the lowland with an altitude of + 76 m above sea level. The type of soil was regosol.

Method

The research was conducted from the beginning of the rainy season in December 2018 to the end of the
dry season in October 2020. This research was conducted twice, The first was non-GMO and GMO mule
sugarcane which took place from the early rainy season in December 2018 until the end of the dry season
in October 2019 and continued with sugarcane yields from ratooning that has been grown until the end of
the dry season on October 2020.

This research was conducted using two types of sugarcane, Non-Transgenic (NT) and Transgenic Pathogen
Derived Resistance (PDR). Non-Transgenic (NT sugarcane used bululawang varieties and transgenic
sugarcane used transgenic sugarcane produced from Apriasti et al. (2018) research, consist of B10.1,
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B11.1, B10.2, B10.3, B11.3. Transgenic and Non Transgenic sugarcane was planted randomly in 4 blocks,
each block had 6 plots consisting of 3 segments with 4 meters in length.

Viral infection on sugarcane infected using SAP method into 6 weeks plant (Apriasti et al., 2018)

Observations were carried out on sugarcane growth variables, consisting of the number of plants, plant
height, stalk diameter, middle internodes length, Brix, production weight (SAS Institute, 1996). The
incidence of SCMV attacks was observed visually by inspection on the symptoms then followed by a PCR
test. The results were statistically evaluated by Dunnett’s test and t-test at p < 0.05.

Results

1.Trangenic sugarcane resistance towards SCMV infection
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Figure 1. Figure 1. Gejala mosaic (A), dan insidensi penyakit pada tebu transgenik (B). NT: non-trangenic;
B10.1, B11.1, B10.2, B10.3, B11.3: transgenic sugarcane. Values are means +SD for four replication.
Asterisks denote statistically significant differences (Dunnett’s test: p<0.05).

The resistance evaluation of transgenic was conducted by SCMV inoculation from PS864 symptomatic
plant using a mechanical method on the second and third leaves from the top that has been fully open on
6 weeks after planting (Apriasti et al., 2018). Based on the previous research, the incidence of disease was
observed by measuring mosaic symptom percentage on the 1st and the 2nd leave area from the top of 3
months plant (Addy et al., 2017). The result showed that the percentage of SCMV attacks online B10.3 and
B11.3 were lower and significantly different compared to the NT plant. The response of lines B10.1, B11.1,
and B10.2 towards SCMV infection was not significantly different if compared to the NT plant. This result
was following the previous research that reported lines B10.3 and B11.3 were classified as resistant lines
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(Hidayati et al., 2021). Line B10.1 was classified as a moderate line, while B11.1 and B10. 2 were classified
as highly susceptible lines toward SCMV attack if it was compared to the NT plant.

2.The detection of SCMV infection on symptomatic sugarcane leaves

Infected Transgenic Lines

plant NT B10.1 B11.1 B10.2 B10.3 B11.3

950 bp

Figure 2. Diagnose of causative mosaic in symptomatic sugarcane leaf. RT-PCR result producing a single
band with a size of 950 bp responsible for coat protein of SCMV. NT: non-trangenic; B10.1, B11.1, B10.2,
B10.3, B11.3: transgenic sugarcane.

Mosaic symptom on sugarcane was indicated by yellowish and chlorosis leaves (Addy et al., 2017), that
caused by many viral agents in the plant included Sugarcane Streak Mosaic Virus (SCSMV), Sugarcane
Mosaic Virus (SCMV), and Sorghum Mosaic Virus (SRMV) (Xu et al., 2008). Therefore, molecular analysis
was conducted to identify the causative viral agent that caused mosaic symptoms on transgenic
sugarcane. The detection of SCMV infection after inoculation was conducted on transgenic sugarcane, NT
sugarcane, and Infected sugarcane on PS864 varieties. The symptomatic leaves collected for RNA isolation
and RT-PCR analysis for SCMV-CP gene detection with the fragment length of DNA was 950 bp
using SCMV-CP primer pair. The amplification result of DNA showed that the SCMV-CP gene has detected
in all symptomatic sugarcane, so the viral agent that infected all sugarcane lines was SCMV.

3.The evaluation of transgenic sugarcane agronomic character
Tabel 1. Agronomi traits of transgenic sugarcane at 9 month after planting.
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Sugarcane response toward SCMV showed mosaic symptoms on the leaves due to the virus capability on
destroyed the chloroplast, inhibit photosynthesis, and decrease sucrose and production per hectare
(Chauhan et al., 2015). SCMV infection treatment conducted using the sap method, which was isolated
from infected sugarcane, resulted that mosaic symptoms were found on some leaves especially the first
and second leave, this result was in accordance with the observation that has been conducted by Addy et
al. (2017). The agronomic observation was conducted on 9 months after planting the plant to observe
stalk number, plant height, stalk diameter, internode length, stalk weight, and Brix to find out SCMV
infection impact on plant growth and transgenic sugarcane production. The observation resulted that tiller
total in line B10.1, B10.2, B10.3, and B11.3 were higher than NT plant. Plant height performance on
transgenic sugarcane was increased compared to NT plant on line B10.1, B10.3, and B11.3. All transgenic
line produced stalk diameter and internode length higher than NT plant. The combination between stalk
number, plant height, and stalk diameter, affected the sugarcane productivity. Therefore, transgenic
plants on B10.1, B10.2, B10.3, and B11.3, produced higher stalk weight than NT plants. Photosynthesis
that has been blocked by the SCMV virus inhibited substrate production in sucrose formation. Brix
measurement resulted that transgenic sugarcane line that classified as resistant plant resulted higher Brix
and significantly different than NT plant. Agronomic character observation explained that growth and
production inhibition on susceptible transgenic line and NT plant, while resistant transgenic plant had
normal growth performance after infected by SCMV.

Discussion

The mosaic symptom caused by viral infection was infected by environment, cultivar, growth stage on the
infected plant (Rao et al., 2006). Sugarcane at 1-2 months was very susceptible to SCMV infection with
infection percentage reaching 80% in 15 days incubation (Balamuralikrishnan et al., 2003). SCMV
incubation in sugarcane until the symptom appear had a 4-15 day period after inoculation (Gemechu et
al., 2006). This research aimed to test the stability of endurance character on the 4th generation of
transgenic sugarcane and its effect on sugarcane growth and production. SCMV inoculation was
conducted on 1,5-month transgenic sugarcane and incubated until 45 dpi to reach clear symptoms on the
1st and 2nd new leave, after the leaves rolled, in accordance with the previous research (Hidayati et
al., 2021). The transgenic line that has been used in this research was chosen based on its endurance
toward SCMV infection and classified into three groups, B10.1 (moderate), B11.1 and B10 (Highly
susceptible), B10.3 and B11.3 (resistant) (Hidayati et al., 2021). Symptom observation resulted that B10.3
and B11.3 were more resistant than the others with low incidence, 4% and 5% respectively. SCMV
incidence in line B11.1 was higher than NT plant with an incidence percentage was 14% (Figure 1B). This
result was in accordance with the endurance test in the previous generation (Apriastiet al. 2018;
Hidayati et al. 2021) and the resistance character of transgenic sugarcane to SCMV virus was inherited to
the next generation (the 4th generationThe Monocotyledonae plant with vegetative propagation
produced stable expression in the fourth or fifth generation (Bettany et al. 1998), while the phenotypic
expression in sugarcane remained stable in the third generation. The success of assembling transgenic
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plants was determined based on the uniformity and stability of gene expression and characters introduced
in natural environmental conditions (Joyce et al., 2014; Yao et al., 2017).

The resistance of transgenic sugarcane was confirmed by molecular analysis using the RT-PCR method
with a capsid protein-based gene targeting to explain the symptoms caused by SCMV. . Capsid protein-
based gene was often used for confirming the causative pathogen of mosaic in sugarcane (Haider et al.
2011; Darsono et al. 2018). The DNA fragment of capsid protein with a length of about 950 bp has been
successfully amplified in all sugarcane lines, proving that the symptom that appeared on the leave was
caused by SCMV. The appearance of mosaic symptoms on sugarcane leaves caused by SCMV infection was
indicated by bright green or yellowish-green, especially on the leaf bones, resembling symptoms of
nutritional deficiency, especially nitrogen, lack of water, accompanied by chlorosis that spreads to the
entire leaf surface (Sholeh et al., 2019). Specific molecular analysis was capable to detect the possible
presence of specific viral RNA replication in infected plant tissues with specific primer pairs for viral capsid
protein (Xu et al., 2008; Addy et al., 2017). Therefore, the RT-PCR method with a target capsid protein-
based gene becomes an effective tool to diagnose viruses that cause mosaic symptoms in sugarcane
leaves.

SCMV virus infection in plants reduced chlorophyll content due to changes in chloroplast structure and
chlorophyll synthesis (Pazarlar et al., 2013; Zhao et al., 2016), causing a decrease in photosynthesis
product (Pan et al. 2001; Addy et al. 2017). SCMV attack on sugarcane caused the inhibition on growth
(viswanathan and Balamuralikrishnan, 2005; Bagyalakshmi et al. 2019), producing shorter internodes,
shorter stalk height, reduce stalk yield and sucrose content (Singh et al., 2003; Yao et al.,, 2017). In
addition, SCMV infection reduces the activity of the enzyme Sucrose Phosphate Synthase, which plays a
role in the synthesis and accumulation of sucrose, which affects the growth and sugarcane yield (Addy et
al., 2017). This research showed that line B10.3 and B11.3 had better growth performance compared to
the other transgenic line, Cane yield and sucrose content were also high and concluded that this line was
resistant to SCMV infection and had genetic stability. On the other hand, the hight incidence percentage in
line B11.1 and B10.2 did not affect the growth and production. The possibility of recovery mechanism
from SCMV infection occurred in transgenic sugarcane lines B11.1 and B10.2 during the grand growth
phase after infection resulted a normal growth performance. Incidence observation in transgenic
sugarcane was conducted in 3-month sugarcane on the first and second leaves. The possibility of recovery
mechanism in the line B11.1 and B10.2 during the grand growth phase produced a similar growth
performance with moderate line and NT plants at lower incidence. The recovery phase of the infected
plant can occur even when the symptom still appeared in the infected tissue, while the next plant
development will happen normally. During the fast development phase, The DNA of the virus decreased in
the infected tissue due to the viral particle migration to the new tissue near epical tissue, so the viral
replication decreased in the infected tissue. Furthermore, the viral DNA remained in the new tissue but
did not indicate any symptoms because the virus escaped from the plant resistance mechanism to
maintain the subliminal (Carrillo-Tripp et al., 2006). The recovery mechanism in transgenic sugarcane using
pathogen-derived resistance approaches need to be proved with experimental research.
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