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Abstract
This is a report of the natural occurrence of Capsicum frutescens (cayenne pepper) and Capsicum annuum L. (sweet pepper) 
infection with pepper mild mottle virus (PMMoV) in Indonesia, which was detected serologically via dot-immunobinding 
assay and confirmed by RT-PCR of the coat-protein–encoding gene and DNA sequencing. Phylogenetically, the cayenne 
and sweet-pepper isolates were closely related to Capsicum spp. isolates from Turkey, Italy and Korea, with 99.1%–99.5% 
and 100% identity at the nucleotide and amino acid levels, respectively.
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Sweet pepper (Capsicum annuum L.) and cayenne pepper 
(C. frutescens L.) are essential cash crops with a high eco-
nomic value in Asian countries, including Indonesia. Both 
crops are utilized widely in Asian cuisine. However, viral 
infection in Capsicum spp. has become a critical constraint 
regarding the production of these crops, regardless of where 
they are grown. Cucumber mosaic virus (CMV) (Sutrawati 
et al. 2016), chilli veinal mottle virus (ChiVMV) (Hidayat 
et al. 2012) and begomoviruses associated with pepper yel-
low leaf curl virus (PYLCV) are important viruses that 
infect chilli peppers in Indonesia (Hidayat et al. 2006; Tsai 
et al. 2006; Kesumawati et al. 2019). Among them, PYLCV 
infection is devastating in this country.

Pepper mild mottle virus (PMMoV) belongs to the genus 
Tobamovirus in the Virgaviridae family. Its genome consists 
of a single-stranded positive-sense RNA of 6357 nucleotides 
(Garcia-Luque et al. 1990; Kirita et al. 1997). PMMoV is 
easily transmitted by mechanical transmission, seeds and 
soil (Komuro and Iwaki 1969; Lanter et al. 1982). Based on 
the reaction upon inoculation in specific plant genotypes car-
rying the resistance genes to tobamoviruses L+, L1, L2 and 
L3, PMMoV is classified as pathotype P0, P1, P1,2 and P1,2,3 
(Boukema et al. 1980) and P1,2,3,4 (Antignus et al. 2008). To 
date, PMMoV has remained a quarantine pest in Indonesia.

Recently (March/April 2021), surveys were conducted 
to identify tobamoviruses that infect sweet and cayenne 
peppers. Leaf samples were collected purposively target-
ing PMMoV-like symptom such as yellow or chlorosis mot-
tling, chlorosis, leaf malformation and puckering from sev-
eral pepper-cultivation areas in the Lembang sub-district, 
West Java, and the Pujon sub-district, East Java, Indonesia. 
A total of 55 symptomatic leaf samples including 50 samples 
of sweet pepper and five samples of cayenne pepper var. 
Prentul were collected. The leaf samples were wrapped in 
tissue paper and dried in silica gel, followed by storage in a 
refrigerator at 4 °C.

The viruses were detected serologically by dot- 
immunobinding assay (DIBA) using specific PMMoV anti-
sera (DSMZ, Germany). The DIBA test includes a series 
of steps, such as leaf-juice blotting onto a nitrocellulose 
membrane, blocking, antisera reaction and addition of the 
NBT/BCIP substrate; subsequently, in the presence of the 
enzyme, a precipitate is produced and deposited in the dot 
(Mahmood et al. 1997). Subsequently, the samples that 
were serologically positive for PMMoV were confirmed 
by RT-PCR and DNA sequencing.

Total nucleic acids were extracted from leaf samples 
using a commercial plant RNA purification kit (GeneJET, 
Thermo Scientific). The virus-specific cDNA was amplified 
using a one-step RT-PCR mixture in a total reaction volume 
of 50 μL consisting of 12.5 μL of MyTaq™ HS Red Mix 
(Bioline Meridian Bioscience, Memphis, TN, USA), 5 μL 
of 0.1 M DTT, 5.0 μL each of 10 μM forward and reverse 
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primers, 20 U (200 U/μL) of RevertAid reverse transcriptase 
MMuLV (Thermo Scientific, Waltham, MA, USA), 0.2 μL 
(40 U/μL) of RiboLock RNAse Inhibitor (Thermo Scientific) 
and 4 μL (15 ng/μL) of total RNA (the mix was adjusted to 
the total volume of 50 μL using nuclease-free water). RT-
PCR detection was performed using the specific primer pair 
consisting of PMMoVdF (5′–GTA​AGA​GAA​ATG​ATA​ATA​
AGG​GTT​TG–3′) and PMMoVdR (5′–CGT​TCG​CAA​ATA​
CAC​GTC​AC–3′) for the coat protein (CP) gene (Zhou et al. 
2021). The expected amplicon size was 720 bp. RT-PCR 
products were directly applied to Sanger sequencing at Api-
cal Scientific Sequencing Services in Malaysia. The nucleo-
tide sequences were analysed using BLASTN (https://​blast.​
ncbi.​nlm.​nih.​gov/​Blast.​cgi) to identify local regional simi-
larities between the sequences. Subsequently, the sequences 
were aligned to corresponding isolates in GenBank using the 
ClustalW program (Thompson et al. 1994) in the BioEdit 
v7.05 software (http://​www.​mbio.​ncsu.​edu/​BioEd​it/​bioed​it.​
html), to obtain a sequence identity matrix. A phylogenetic 

tree based on amino acid sequences was constructed using 
the MEGA X software with the neighbour-joining algorithm 
based on the p-distance model and a bootstrap support value 
of 1.000 replicates (Kumar et al. 2018).

Fourteen samples of sweet peppers and one sample of 
cayenne pepper showed a positive reaction, as assessed 
based on a strong purple colour on the DIBA test. One-step 
RT-PCR detection of cayenne and the pooled sweet pep-
pers confirmed the DIBA test results; an amplicon with an 
expected size of approximately 720 bp was amplified using 
PMMoV-specific primer pairs (Supplementary Fig. 1). The 
full-length coat-protein sequences sized 474 bp encoding 
157 aa were identical among the two isolates and exhibited 
an identity of 93.2%–99.5% and 96.8%–100% with the cor-
responding PMMoV isolates from different origins available 
in the GenBank database, at the nucleotide and amino acid 
levels, respectively (Supplementary Table 1). The isolates 
were deposited in the GenBank database under accession 
numbers LC655143 and LC655144.
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Fig. 1   Phylogenetic tree of Indonesian isolates (bold font) of pep-
per mild mottle virus (PMMoV) showing an evolutionary relation-
ship with corresponding isolates from other countries, as assessed 
based on the full-length amino acid sequences of the coat protein 
gene. The tree was constructed using the neighbour-joining method 

implemented in MEGA X. The numbers located at the branch node 
indicate the confidence values (%) from bootstrap analysis using 
1000 replicates; values > 50% were included exclusively. Out-group: 
tobacco mosaic virus (TMV)
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A phylogenetic analysis of the full-length nucleotide 
sequences of the CP gene revealed that both the C. frutes-
cens (Cf) and C. annuum (Ca) isolates clustered in the same 
clade together with Korean (KP3), Turkish (TR5) and Ital-
ian isolates, and differed from clusters of Korean, Japanese, 
Israeli and Spanish isolates (Fig. 1). Moreover, the phyloge-
netic analysis supported the grouping of the Indonesian iso-
lates PMMoV-Cf and -Ca within the pathotype P1,2,3 cluster. 
Three amino acids located at positions 6, 139 and 148 were 
reported as uniquely common molecular prints of pathotype 
P1,2,3. Among them, the substitution of methionine (M) with 
asparagine (N) at position 139 had been reported as being 
key for L3-resistance–overcoming isolates (Caglar et al. 
2013). The Cf (LC655143) and Ca (LC655144) isolates 
also had similar amino acids at those positions. Previously, 
the P1,2,3 isolates were reported in Italy (PMMoV-I), Japan 
(PMMoV-J), Israel (PMMoV-Is) and Turkey (PMMoV-TR5, 
TRf1, TRf2) (Garcia-Luque et al. 1993; Tsuda et al. 1998; 
Antignus et al. 2008; Caglar et al. 2013). However, it is nec-
essary to perform phenotyping on differential hosts to ensure 
the pathotype of these isolates. This report might extend the 
recorded number of countries with PMMoV pathotype P1,2,3 
reports, although it is assumed that it is spread more widely.

The presence of PMMoV represents a new threat against 
Capsicum spp. production in Indonesia. These data will be 
useful for the surveillance and routine monitoring of the 
virus, rigorous seed quality control and breeding programs 
in the future, to overcome PMMoV infection and spread 
in Indonesia. To the best of our knowledge, this is the first 
report of PMMoV infection in peppers in Indonesia.

Supplementary information  The online version contains supplemen-
tary material available at https://​doi.​org/​10.​1007/​s13314-​022-​00451-5.
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