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Abstract. Julisaniah NI, Suharjono, Mastuti R, Arumingtyas EL. 2020. Coat protein gene of a PStV-Bm isolate from West Nusa
Tenggara, Indonesia. Biodiversitas 21: 903-909. Peanut stripe virus (PStV) is a single-stranded positive-sense RNA virus capable of
infecting peanut plants. An isolate of PStV (PStV-Bm) was collected from a peanut field in the Bima District, West Nusa Tenggara
Province, Indonesia and the coat protein (CP) gene of this virus (CP-PStV) was extracted from the viral RNA and analyzed using
reverse transcription-polymerase chain reaction methods. The CP-PStV gene of PStV-Bm was aligned with several PStV genes
deposited in the Genbank (http://www.ncbi.nml.nih.gov). Based on the nucleotide sequence of the CP gene, PStV-Bm was grouped into
a similar cluster with other PStVs that originated from Indonesia with a similar index, ranging from 96.8% to 98.9%. Genetic similarity
(about 96.1%) was also observed between PStV-Bm and PStV from the USA. This genetic similarity indicated that viruses from
adjacent regions have high genetic relationships. Some amino acid differences were observed in PStV-Bm that may be typical of this

strain.
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INTRODUCTION

Peanut stripe virus (PStV) is the causal agent of peanut
stripe disease, a significant disease that reduces peanut
yield (Sudarsono et al. 1997; Dang et al. 2010; Hou et al.
2011). PStV infection in peanut plants was first reported in
the USA in 1984, but seed infection was first detected from
China. The virus has spread to several countries, including
China, Japan, Thailand, Philippines, and Indonesia (Saleh
and Baliadi 1992; Demski et al. 1993; Suranto et al. 1997;
Dang et al. 2010; Hou et al. 2011). In Indonesia, PStV was
reported as infecting peanut plantations in several
provinces (Saleh and Baliadi 1992; Akin et al. 1999; Saleh
2003), including West Nusa Tenggara.

PStV is classified into the Potyvirus genus
(Potyviridae). It is a single-stranded RNA virus that
encodes several proteins, such as protein P1, helper
component-proteinase (HC-Pro), protein P3, protein 6K
(6K1), cytoplasmic inclusion (CI), 6K2, nuclear inclusion a
(Nia), nuclear inclusion b and RNA-dependent RNA
polymerase (NIb-Pol), and coat protein (CP; Gunasinghe et
al. 1994; Higgins et al. 1998; Kim et al. 2003; Elmahdi and
El Salam 2016).

Molecular detection and characterization of the plant
virus have been achieved through reverse transcription-
polymerase chain reactions (RT-PCR) using primers
specific to a strain or group of the virus (Moreno et al.
2004; Adam et al. 2005; Massumi et al. 2009; Dang et al.
2010; Hou et al. 2011; Soumya et al. 2014). Among several
genes in the virus, the CP gene is most often used for virus
characterization (Suranto et al. 1998; Elmahdi and El

Salam 2016; Subiastuti et al. 2019). Indeed, in the
Potyvirus genus, the best gene for characterization is the
CP gene (Sukhla and Ward 1998; Urcuqui-Inchima et al.
2001; Hou et al. 2011; Silva et al. 2012; Beikzadeh et al.
2015). The CP gene of the virus plays several roles in the
translation of viral RNA, such as targeting the viral genome
to its site of replication, viral cell-to-cell movement, viral
systemic movement, symptomatology of the infection,
virulence, R gene-mediated host defense activation,
suppressing RNA silencing, and determining the specificity
of the virus transmission by vectors (Bol 2008; Hapsoro et
al. 2008). According to Manzila et al. (2012), the genetic
diversity of viruses can be distinguished based on the
nucleotide or amino acid sequences of their CP.

The CP-PStV gene must be sequenced for PStV
characterization, the first step required for prevention
efforts. The sequences of the CP gene of some PStV
isolates from Indonesia have been reported. However, no
studies have examined PStV from West Nusa Tenggara.
Therefore, the nucleotide sequences of the CP gene of
PStV-Bm, an isolate of PStV taken from Bima, West Nusa
Tenggara, were determined in this research. The objective
of this study was to analyze the nucleotide sequence of the
CP gene of PStV-Bm.

MATERIALS AND METHODS

Sampling
Peanut leaves infected by PStV were taken from an
infected peanut plant in a peanut field in Bima District,
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West Nusa Tenggara Province, Indonesia at approximately
37 m above sea level at the coordinate point S 08° 33" 45,1"
and E 118° 58' 32,2". PStV infected peanut leaves in
sampling area showed blotch symptoms. The infected
peanut leaves were taken to a laboratory for molecular
analysis.

CP-PStV gene isolation

The CP-PStV gene of PStV-Bm was amplified using a
synthetic primer homologous to the NIb and 3'UTR gene,
in which the CP gene is between NIb and 3’UTR. The gene
was then sequenced. Analysis of CP-PStV was initiated by
extracting the viral RNA using Geneaid Plant Virus RNA
Extraction. To the infected leaves (100 mg) were added 1
mL PVR buffer, 100 pL PVRS buffer, and 10 pL R-
mercaptoethanol in a microtube. The samples were ground
well, then incubated at 70°C for 10 minutes. The sample
suspension was centrifuged at the speed of 12,000 rpm for
7 minutes. As much as 450 pL of supernatant was
transferred into the PV column, and 225 uL of 96% ethanol
was added. The suspension was then centrifuged at 12,000
rpm for 2 minutes. For RNA washing, 300 uL buffer W1
was added to the PV column, then centrifuged at 12,000
rpm for 2 minutes. After discarding the flow-through, a 500
ML wash buffer was added and then centrifuged at 12,000
rpm for 2 minutes. For RNA elution, 50 pL RNase-free
water was added and centrifuged at 12,000 rpm for 2
minutes.

A superscript Il cDNA synthesis kit (Invitrogen) was
used for cDNA synthesis of the RNA samples.
Amplification of the CP gene was performing using
KAPPA RM HS 2G ready mix kit PCR, with specific

primers for the CP-PStV gene: PST1
(5’GCATGCCCTCGCCATTGCAA3’) and PST4
(5’TACATAGCAGAATCAGCACT3’; Akin and

Sudarsono 2002). PCR amplification consisted of initiation
at 95°C for 5 minutes, followed by 35 cycles of
denaturation at 95°C for 1 minute, annealing at 57°C for 1
minute, and elongation at 72°C for 90 seconds. The
extension of the CP gene was conducted at 72°C for 10
minutes. The amplicon of the CP-PStV gene was visualized
using horizontal electrophoresis in 1.5% agarose gel with
TBE (Tris Boric acid EDTA) as buffer running.

Sequencing and PStV gene identification

The amplicon of the PStV-Bm CP gene was sequenced
in Firstbase, Malaysia. The sequences were aligned with
reference sequences from GenBank
(http://www.ncbi.nml.nih.gov). The following reference
isolates were used from Indonesia: PStV 11 (#AJ132146.1),
PStV 12 (#AJ132147.1), PStV I3 (#AJ132148.1), PStV 15

(#AJ132149.1), PStV 16 (#AJ132150.1), PStv 17
(#AJ132151.1), PStV 19 (#AJ132152.1), PStV 110
(#AJ132153.1), PStV 111 (#AJ132154.1), PStV 112
(#AJ132155.1), PStV 113 (#AJ132156.1), PStV 114

(#AJ132157.1), PStV 115 (#AJ132158.1), and PStV Ib
(#221700.1). The following reference isolates were used
from the USA: USA 1 (#U34972), USA 2 (#U05771), and
USA 3 (X63559).
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Computer analysis

The phylogenetic relationship of PStV was established
using the neighbor-joining (NJ) method (Saitou and Nei
1987; Tamura et al. 2004). The percentage of replicate
trees in which the associated taxa clustered together in the
bootstrap test (1000 replicates) was shown next to the
branches (Felsenstein 1985), and the phylogenetic tree was
drawn using the NJ methods (Siatou and Nei 1987; Tamura
et al. 2004). The analysis involved 18 CP-PStV genes that
were conducted in MEGAY software (Kumar et al. 2015).
The CP-PStV genes were translated as amino acid
sequences, and a comparison of the PStV proteins was
conducted for evaluating the consequences of genetic
variation. Analysis of the secondary structure of the protein
was conducted using Discovery Studio software to
determine the effect of genetic variation. The determination
of secondary structure was done for analysis of functional
protein.

RESULTS AND DISCUSSION

CP-PstV gene from BM isolate

The size of the PCR product using primer PST1 and
PST4 was 1200 bp (Figure 1). This result was comparable
to that of Akin and Sudarsono (2002), who reported that
the length of the PCR product using primer PST4 and PST1
was 1.2 kb and consisted of NIb, CP, and 3’UTR. The
sequence was in accordance with a nucleotide in GenBank
(http://www.ncbi.nml.nih.gov), with 98% identity and
100% query cover to the PStV isolates of Indonesian origin
(Table 1). This finding confirmed that the gene obtained
was the CP-PStV gene.

The full length of the PStV genome consists of several
genes (Demski et al. 1993; Kim et al. 2003). The length of
the partial genome of PStV-Bm obtained in this study was
1071 bp (Figure 2). It consisted of part of NIb, the
complete CP gene, and part of 3’UTR. The CP genes
measuring 864 nt were between NIb and 3’UTR (Figure 2).
The CP gene consisted of 861 nt translated codon and 3 nt
stop codon.

1200 bp

Figure 1. 1200 bp of PCR product contains NIb, Coat Protein
gene, 3'UTR of PStV. (Bm) PStV-Bm; (L) DNA Ladder
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Table 1. Identity (%) of PStV-Bm with PStV references

PStVv Accession no. Identity (%0)
PStV-115 AJ132158.1 98.9
PStV-114 AJ132157.1 96.8
PStV-113 AJ132156.1 98.9
PStV-112 AJ132155.1 98.9
PStV-111 AJ132154.1 98.9
PStV-110 AJ132153.1 98.9
PStV-19 AJ132152.1 98.9
PStV-17 AJ132151.1 98.9
PStV-16 AJ132150.1 98.9
PStV-15 AJ132149.1 98.9
PStV-13 AJ132148.1 98.9
PStV-12 AJ132147.1 98.8
PStV-11 AJ132146.1 98.8
PStV-1b Z21700.1 97.1
USA_1 U34972 96.2
USA_2 uo5771 96.3
USA 3 X63559 96.1

Clustering and comparison of CP-PStV gene from
PStV-Bm

The nucleotide analysis of CP of PStV-Bm showed the
presence of multiple variations of nucleotides as compared
with the reference isolates. The alignment results indicated
a nucleotide change of the Bm CP-PStV gene at some base
positions. A comparison of the nucleotide sequences of the
CP-PStV gene of the Bm isolate with some PStV isolates in
GenBank showed high similarities among the isolates
(Table 2).

Based on the CP gene analysis in this study, PStV from
Indonesia formed its own group, separate from PStV from
the USA. This finding was in accordance with that of
Higgins et al. (1998), who found that PStV from Indonesia
is distinct from that from USA. The phylogeny tree based
on nucleotide sequences of the CP gene using separate
samples resulted in two main clades of PStV: the Indonesia
clade and the USA clade. The phylogeny tree showed that
PStV-Bm tends to be closely related to other PStVs from
Indonesia (Figure 3).
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PStV isolates in the first main clade were found in
Indonesia, and PStV-Bm was in the same clade with other
PStV isolates from Indonesia. The Indonesian clade was
divided into two subclades. The first subclade was
comprised of 13 PStV isolates, including PStV-Bm, while
the second subclade consisted of 2 PStV isolates from
Indonesia. The other 2 PStV isolates from Indonesia were
PStV-14 and PStV-1b. The second main clade was occupied
by 3 PStV isolates from the USA.

PStV-Bm was more closely related to the 12 PStV
isolates from Indonesia in the first group (with 98.9%
genetic similarity). The similarity value of PStV-Bm with
Indonesian isolates in the second group was about 97%.
The lowest genetic similarity was found between PStV-Bm
and the PStV USA isolates, at 96.1 % (Table 2).

PStV-Bm obtained from West Nusa Tenggara,
Indonesia, showed a high similarity with other isolates
originating from Indonesia. This similarity indicates that
relatedness among isolates tends to correlate with their
geographic origin. The correlation between genetic
relationships to geographic origin in a country is not
always evident, but it can sometimes be seen at the
continental level (Bateson et al. 2002; Noa-Carrazana et al.
2006). Phylogenetic analysis and genetic similarity value of
the CP gene of PStV-Bm, other Indonesian PStV, and USA
PStV suggested that PStV-Bm and other Indonesian PStV
isolates found probably have a common ancestor.

A comparison of the amino acids of PStV also showed
variability among this sample with other reference isolates
(Fig. 3). Amino acid changes at some positions were also
observed in the PStV-Bm isolate. Based on amino acid
sequences alignment, some different amino acids occurred
only in the PStV-Bm isolate. These were the amino acids at
positions 23, 38, and 61, respectively (Table 3).

Plant viruses have a distinctive amino acid motif that
could be interpreted as having a good relationship between
the vector and the plant host. A DAG (Asp-Ala-Gly) was
observed in the amino acid sequence of PStV CP; this is a
conserved motif because it is transmissible to an aphid as a
vector (Shukla and Ward 1988; Higgins et al. 1998; Bol
2008). The DAG motif found in this study is shown in
Figure 4.

6K1 6K2
5'UTR Niad Nia 3'UTR
P1 | HC-Pro | P3 cl M N | cp
VPg| pro
— 1071 nt |
Nib cP 3'UTR
864 nt

Figure 2. Schematic of PStV genome structure. The partial genome that was extracted in this study consisted of part of NlIb, the
complete CP gene, and part of 3°UTR. (Gunasinghe et al. 1994)
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PStV-19
— PStV-I1
PStV-I15
PStv-111
PStV-12
PStv-112
PStv-I7

64 PStV-16
PStV-I3
— PStV-113

_| PStv-I110
64 | PStV-I5

65

99

PStV-Bm
PStv-114

78 PStV-Ib

USA 2

77 USA 3

0.0050
Figure 3. Phylogeny tree based on nucleotide sequences of the CP gene of PStV-Bm collected from West Nusa Tenggara, Indonesia,

and some PStV isolates in GenBank. The dendrogram was constructed using MEGA7 software with 1000 bootstrap repeats using the
neighbor-joining (NJ) algorithm

Table 2. Similarity (%) of CP Gene of PStV-Bm with PStV Reference Isolates

1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18

PStV-Bm

PStV-115 98.9

PStVv-114 96.8 97.7

PStV-113 98.9 99.8 97.7

PStV-112 98.9 100.0 97.7 99.8

PStVv-111 98.9 100.0 97.7 99.8 100.0

PStV-110 98.9 99.8 97.7 99.8 99.8 99.8

PStV-19 989 100.0 97.7 99.8 100.0 100.0 99.8

PStVv-17 98.9 100.0 97.7 99.8 100.0 100.0 99.8 100.0

10 PStVv-16 98.9 100.0 97.7 99.8 100.0 100.0 99.8 100.0 100.0

11 PStV-15 989 99.8 97.7 99.8 99.8 99.8 100.0 99.8 99.8 99.8

12 PStVv-I3 989 100.0 97.7 99.8 100.0 100.0 99.8 100.0 100.0 100.0 99.8

13 PStV-12 988 999 976 99.7 99.9 999 99.7 999 999 999 99.7 999

14 PStV-I1 988 999 976 99.7 999 999 99.7 999 999 999 99.7 999 9958

15 PStv-lb 971 980 98.1 98.0 980 98.0 980 980 98.0 980 980 98.0 979 979

16 USA-1 96.2 969 965 969 969 969 969 969 969 969 969 969 96.8 96.8 96.9

17 USA-2 963 970 96.7 970 970 970 970 970 970 970 970 970 969 969 970 999
18 USA-3 96.1 96.8 964 968 968 968 968 968 96.8 96.8 96.8 96.8 96.7 96.7 96.8 99.7 99.8
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10 20 30 40 50 60
B T I I R R INTIr Iy R I I I

Bm YLAVLDFDYEVGCGESVHLQSGNSTTQPPVVDAGVDTTKDKKEKSNKGKGPESGEGSGNN
PStv I15 ........... e S, ALl
PStVv I14 ........... e SN......... AL
PStv I13 ........... e S, ALl
PStv I12 ........... e S........H8 AL
PStVv I11 ........... e S........¢B8 AL
PStv I10 ........... e S, ALl
PStVv I9 ........... e S........¢B8 AL
PStv I7 .. ... e S........H8 ALl
PStVv I6  ........... e S........¢B8 AL
PStv I5 .. ..... ... . e S, AL
PStVv I3  ........... e S........¢B8 WAL
PStv 12 ... ... ..., e S........H8 ALl
PStVv I1  ........... e S........¢B8 AL
PStv Ib .......... I.......... S, A..A.........
usa1l1 ..., e S....S.AL.. Al S
Uusa 2 ... e S....S..L.. Al S
UsA 3 ... e S....S..L.. Al S

70 80 90 100 110 120

B L S T I I I T Y e

Bm RGTENQSLRDKDVNAGSKGKIVPRLOKITK LP KVILNLDHLLDYKPEQTDLFE
PStv I15 s....... T e e e e e e e i e e
PStv I14 s....... M. e e N.. . o i
PStVv I13 sS....... M. e e e e e e e
PStV I12 sS....... T e e e i e e e
PStv I11l s....... T e e e e e i e e e
PStVv I10 S....... M e e e e e e
PStv I9 S....... T e e e e e e e e e
PStv 17 S....... I e e e e e e e
PStV I6 S....... T e e e e e i e e e e e
PStV I5 S....... M. e e e e e e e e
PStVv I3 S....... T e e e e e i e e e e e
PStVv I2 S....... T e e e e e i e e
PStv I1 S....... I e /2
PStV Ib S....... M. e e N. ... i
Usa 1 S....... . N. .. o i
USA 2 S....... M. e e N. ... i
USA 3 S....... . N. .. o i

Figure 4. Comparison of amino acid sequences of the CP-PStV gene (1-120 AA). The yellow block shows the DAG motif

MTERHTARDVNONMHTLLGMGSPO

A B

Figure 5. Secondary structure comparison of PStV gene. (A) PStV isolate Bm; (B) PStV isolate Indonesia 113. Blue arrows show beta-
sheet structure, and orange blocks show alpha-helix structure. Green box shows the different secondary structure
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Table 3. Amino acid differences found only in Bm

Amino acid Base Amino acid differences
position differences

23 G- A S—N

38 G—A A—T

61 A—G S—G

The close resemblance of the CP sequence of PStV-Bm
to other Indonesian PStV strains rather than to the USA
strains confirmed that the virus tended to be a strain of
Indonesian PStV. Based on the amino acid sequences of the
CP of this virus, the N-terminal region was found to be the
most variable. This phenomenon is a typical characteristic
of CP regions also known for other members of Potyvirus,
such as Johnsongrass mosaic virus (JGMV) and Sugarcane
mosaic virus (SCMV) (Sukhla and ward 1988; Suranto et
al. 1998). Meanwhile, the other two regions, core, and the
C-terminals, did not appear as varied (Higgins et al. 1998;
Pappu et al. 1998). Within the N-terminal region, at least 5
suspected mutations occurred, although all of the altered
bases did not produce amino acid changes. Suranto et al.
(1998) recorded that a change in 2 out of 5 bases results
only in 3 different amino acids. These two silent mutations
showed that mutation within the triplet codon of the amino
acid was occurring, too. This indicates that although few
bases change, this change may have been caused by the
virulence of the virus strain. This variability of CP-PStV
may determine the host specificity of the Potyvirus (Shukla
and Ward 1988).

Another part of the 3'-region of CP-PStV was also
sequenced, and hypervariability within the species of
Potyvirus was also recorded from this virus strain. This
portion was useful, especially for stabilizing the virus
movement and infectivity. Complete sequencing of this 3'-
translated region could possibly be used to disturb the gene
function of the virus (Shukla and Ward 1988; Suranto et al.
1998; Kim et al. 2003).

The different amino acids in PStV CP affected the
secondary structure of the protein, which appeared on the
order of 38" amino acids (Table 3). The difference between
base G on GCC and A on ACC caused a difference in
amino acid arrangement between alanine (A) and threonine
(T). Based on the proteomic analysis, the amino acid
difference between A and T caused the different secondary
structure of the protein. The amino acid with T had a coil
structure, while the amino acid with A had an alpha-helix
structure (Fig. 4). These results indicated that the PStV-BM
sample had a specific structure different from other
isolates. Other amino acids found only in PStV-Bm were
seen in amino acid positions 23 and 61, but these did not
cause differences in protein structure.

Secondary structure has a crucial role in protein
function. Changing this structure in a specific region can
lead to the disruption of functional proteins, thus affecting
the protein conformation based on the altered site
(Schellman and Schellman 1997). The results showed that
the CP-PStV gene had a different secondary structure in the
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region 37-41. The amino acid variation could change the
coil structure to be a beta-sheet structure. Tyrosine, on the
other hand, is a hydrophobic amino acid that is a
component of CP protein from PStV-Bm (Lutke-Eversloh
and Santos 2007). The amino acid variation was
responsible for the specific structure differences among
isolates, as the beta-sheet structure made protein more rigid
than the coil structure. PStV isolates from Indonesia,
particularly PStV-113, may have had a more rigid CP
protein structure than that of CP from PStV-Bm due to the
genetic variability of the CP protein. These results suggest
that more PStV isolates from West Nusa Tenggara should
be analyzed based on the CP sequence to determine the
effect of the variability on virulence.
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