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Abstract: Invasion of banana leaf roller Erionota spp. has been noticed in banana plantations of Mal-
abar region of Kerala a part of Western Ghat, India. Researchers currently proposed that banana leaf
roller E. thrax and E. torus occur together in Kerala and many have treated them as a single species.
Currently there is no published information regarding whether, one or both the species of Erion-
ota coexist during the seasonal outbreak of banana skipper. Since the early stages of E. thrax and E.
torus cannot be distinguished easily, and as they are common pests of banana, morphological iden-
tification of species is difficult. Species level identification is essential in the implementation of ef-
fective biological control programmes to manage this pest. This study is aimed to use DNA barcod-
ing to confirm the invasive Erionota species from Malabar region of Kerala. The COI sequences of
the banana skipper confirms the existence of E. torus species in the infested areas and all the parasi-
toid species collected during the course of study where that of E.torus .The life cycle and invasive-
ness and seasonal fluctuations were also studied. Adult lay small creamy yellow eggs on the under
surface of banana leaves. After hatching the various larval instars cause severe damage to leaves by
feeding and rolling. This prevents traditional use of leaves, lowers banana yields, fruit maturity and
the bunch size. The invasiveness was more during monsoon and post monsoon seasons, ranging
from 10 to 40% and up to 50% loss of plant leaf area.
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1. Introduction

Invasive species are those that have established and spread in a new geographic
range [1], as a result of increased transportation and international trade, biological inva-
sions are becoming more widespread, with potentially severe consequences for ecosystem
services [2]. Invasion of banana skipper Erionota spp. have been documented in various
banana-growing plots in Kerala [3]. The banana is one of the most important fruit crops
in the world, and it is widely grown in tropical countries [4]. It is a favorite fruit of all
classes of people and has good export potential due to its year-round availability, afford-
ability, varietal variety, taste, nutritive and medicinal value. The banana leaves are a reg-
ular income sources of many people in South India [5]. A survey conducted in southern
districts of Kerala exposed the presence of the banana leaf roller Erionota in almost all
important banana varieties .The infestation percentage was up to 40 and severe defolia-
tion with mean leaves damaged per plant to 2.88. % [6]. Both Erionotathrax and Erionota
torus were reported in different parts of Kerala [7]. E.thrax and E.torus have similar mor-
phology often making their distinction by classical identification using morphological cri-
teria difficult. Since there is no reliable way to separate the early stages of E. thrax, E. torus
and E. acroleuca morphologically, a careful study and documentation of reared material,
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supported by reared vouchers and barcoding of individuals, is needed [8]. DNA barcode
based identification has been proposed as a molecular method for assigning individual
specimens to known species .DNA barcode involves DNA sequence analysis of a portion
of the mitochondrial gene cytochrome c oxidase subunit I (COI) of about 600-700 bp. The
basic concept is that barcode variation between even closely related species will be sub-
stantially greater than the variations observed within species[9].Many invasive species'
early life stages have been successfully identified using DNA barcoding. Armstrong and
Ball discovered that the COI barcode marker outperformed earlier molecular assays when
it came to identifying moth species from eggs found on imported vehicles.In addition,
compared to earlier methods, this barcoding marker was able to identify a wider taxo-
nomic range of foreign species [10] In a study of blue butterflies from the Lycaenidae
family, Wiemers et al., discovered that interspecific variance outnumbers intraspecific
variation and that there is no barcode gap.[11] Footti et al., used DNA barcoding to dis-
tinguish over 300 species of aphids (Hemiptera: Aphidae) and found that 96 percent of
them were highly distinguished, despite limited sequence variation. The aphids compli-
cated life cycles and parthenogenic manner of reproduction proved to be no impedi-
ment[12].The barcoding of the maize weevil, Sitophilus zeamais (Motsch.) and rice weevil,
Sitophilus oryzae (L.) mitochondrial cytochrome oxidase I gene and subsequent alignment
by Thomas et al., revealed that out of 620 base pairs in the sequences, 82 were found to
be different between the two species, despite their morphological similarities.The precise
identification of various insect pests would undoubtedly aid in the development of effec-
tive management techniques, such as natural enemy selection and IPM. Because conven-
tional taxonomy has limitations in identifying a pest, the researchers turned to DNA bar-
coding for identification [13]. PushaprajKarthika et al., used DNA barcoding to track the
evolutionary ancestry of 15 insect pests that attack horticultural crops in South India. They
were able to screen the pests and determine their genetic variations, resulting in better
IPM control [14]. The objective of this study is to assess the applicability of DNA barcod-
ing to identify the invasiveness of Erionotaspp. which cause serious damage to banana in
Malabar region of Kerala, India.

2. Materials and methods
2.1.DNA barcoding of Erionota torus
2.1.1. Collection of specimens

The larvae of butterflies of Erionotaspp were collected from severely infested banana
plantations at Payyanur located latitude 12.0972° N, longitude 75.1934° E and altitude of
19 MSL in Kannur district of Kerala. The adults that emerged from the collected larvae
were then preserved in the laboratory at -20 0 C for genomic DNA extraction. All the de-
tails of samples like sample ID, date of collection, location of collection were recorded.
Due care was taken to prevent any damage to the wings and other taxonomic features.

2.1.2.DNA preparation of Erionota torus (Evans)

The genomic DNA of Erionota torus was isolated from one of its leg muscles, using
Macherey-Nagel NucleospinTissue kit (Machery-Nagel, Duren, Germany) as per the
Manufacturer’s protocol.

2.1.3.PCR amplification of the COI region

The PCR amplification was performed in a thermal cycler,Sure Cycler 8800 (Agilent
Technologies) following the standard protocols.The PCR reaction mixture consisted of 2
nanograms of genomic DNA in 1 pl, 1 pl each forward and reverse primers at a concen-
tration of 10 uM, 2.5 pl of ANTPs (2 mM), 2.5 pl 10X reaction buffer, 0.20 plTaq polymerase
(6 U/ul) and 16.8 ul H20. The thermo cycling program consist of 95 °C/3 minutes for initial
denaturation followed by 45 cycles of 95 ° C/10 seconds for denaturation, annealing tem-
perature of 50 © C/45 seconds, the elongation at 72 © C/45 seconds and with a final extension
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of 72 0 C for 3 minutes. The PCR amplified product was column purified using Mo Bio
Ultra Clean PCR Clean-up Kit (Mo Bio Laboratories, Inc. California) as per the Manufac-
turer’s instructions.

2.1.4.DNA sequencing and analysis

The amplified and purified product was then sequenced with forward and reverse
primers using the Sanger’s sequencing method at Sci Genome Labs, Cochin. The forward
and reverse sequences were aligned and the consensus sequence was used for further
analysis. The phylogeny analysis was done using the NCBI nucleotide BLAST software
[15]

2.2. Invasiveness study

Infestation on cultivars was observed in the chosen area using the roving survey ap-
proach. Ten plants were chosen at random from each plot. A plant was considered in-
fested if it had at least one leaf roll in each leaf. Different stages of the banana were cate-
gorized as per Okolle et al. with appropriate modification as bunched plants (BP), flower-
ing plants (FP) and pre flowered plants (PF). Plants with new bunches were classified as
BP until the bunches were harvested, and plants with newly developed flowers were clas-
sified as FP until the female phase was completed [16]. Plants without flowers that were
4-6 months old were designated as PF. The percentage of plants infested was estimated
using a hundred randomly selected plants from each plot.

3.Results and discussion

Phylogeny analysis of Erionota torus was carried out by the partial sequencing of the
mitochondrial COI which yielded a 630 bp product by PCR amplification. GenBank dep-
osition of the above product indicated the novel and first time records of Erionota torus
from Malabar region of Kerala and was provided with a genbank accession number
KT783538.1 .It was followed by the phylogenetic tree construction by Fast Minimum Evo-
lution method (Fig.1) and by neighbor joining method (Fig.2) [17]. Genbank analysis
showed the sequence has 100% identity with E. torus (GenBank accession number:
KP299167.1), 98.10% identity with GenBank accession number:KY019746.1 which is de-
posited as Erionotathrax and 95.73 % identity with GenBank accession number:
KY019745.1 which is deposited as Erionota spp. by Sahoo et al. [18], and are its nearest
neighbors. The phylogenetic tree constructed by Neighbor joining method using the par-
tial nucleotide sequence of COI gene also indicated that both the species Erionotathrax
and Erionota torus are monophyletic [17] The phylogenetic tree of Erionota torus con-
structed by fast minimum evolution and neighbour joining method using the partial nu-
cleotide sequence of COI gene (Fig 1&2) clearly indicatesnthe phylogenetic relationships
of Erionota torus and E.thrax reported and showed a very close similarity which can even
be considered as subspecies (Gen bank accession numbers KY019746 for E.thrax and
KT783538 for E.torus however the Erionota species reported by Sahoo etal differ from E.to-
rus reported from our laboratory with 95.73 % identity.The identification of these species
based on their larval morphology is rather difficult because of their extreme morphologi-
cal similarity. More over E. thrax and E. torus are common pests of banana feeding on the
leaves. Thus classical taxonomic method using morphological features of the early stages
of two species is difficult. Because there is no published information on whether one or
both species of Erionotae coexist during the periodic outbreaks of banana skipper in Mal-
abar region, accurate species-level knowledge would be immensely important for imple-
menting successful management programmes against this invasive pest.Heavy infesta-
tion of banana leaf roller, Erionota torus Evans, was observed in the banana cultivating
areas of Malabar region of Kerala . Adult butterflies lay small creamy yellow eggs on the
under surface of banana leaves. After hatching the different larval instars damage leaves
by rolling and feeding (Fig.3). They feed on almost all cultivars of banana plantain and
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cause severe damage. This large scale damage lowers banana yields by delayed fruit ma-
turity, reduced bunch size and preventing the traditional use of leaves The infestation per-

centage was more during monsoon and post monsoon seasons, ranging from 10 to 40 %
and up to 50% loss of plant leaf area (Fig.4)[19].
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Figure 1. The phylogenetic tree of Erionota torus constructed by fast minimum evolution method
using the partial nucleotide sequence of COI gene.
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Figure 2. The phylogenetic tree of E forus constructed by neighbourjoioning method using the
partial nucleotide sequence of COI gene.
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Figure 4. Incidence of E. torus (2015-16) in banana plantation at Payyanur.

4. Conclusion

Invasion of banana leaf roller Erionota spp. has been found throughout Kerala espe-
cially in banana plantations in Malabar region .Many studies reported that the banana
leaf rollers E. thrax and E. torus coexist in Kerala, and that they should be considered as a
single species.In order to develop successful biological control programmes to manage
this pest, species level identification is required. DNA barcodes are used in invasive spe-
cies programmes because they allow for early and rapid detection of new invading spe-
cies.Invasive species can be recognised at any stage of their life cycles thanks to rapid
genetic identification that does not require any morphologically mature features, whether
vegetative or reproductive. Surveying specimens at mature, reproductive, or advanced
life stages, which are typically only available at certain times of year or under specified
climatic conditions, is typically required for morphological identification of species [20].
Because the early stages of E. thrax and E. torus are difficult to differentiate, and because
they are frequent banana pests, morphological identification of species is challenging.The
COI sequences of banana skipper confirm the presence of E.torus species in infested areas,
and all parasitoid species collected during the course of the investigation were E.torus.
DNA barcoding techniques to identify a species will be an easiest way in quick identifica-
tion and to implement management strategies and prevent the further spread of invasive
species.
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