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Abstract
Phylogenetic analyses based on the COI gene region, for nineteen South African specimens of the Fall Armyworm (FAW), separated them into two well-supported
clades. These clades indicated significant intraspecies variations and support the hypotheses of the maize and rice strains to be present in South Africa

Introduction
Spodoptera frugiperda (JE Smith) (Lepidoptera: Noctuidae, the Fall
Armyworm (FAW), is a highly polyphagous throughout the Americas
(CABI, 2017); and a serious pest of agricultural crops (Martinelli et al.
2006). The first reports of outbreaks of the FAW in Africa came from
West and Central African countries (Goergen et al. 2016) followed by
reports of armyworm damage to maize in Ghana (Cock et al. 2017).
The caterpillars of this moth feeds on the aboveground and
reproductive parts of more than 100 plant species, causing serious
damage to a large variety of economically important crops, including
maize, rice, cotton (Yu et al. 2003), sorghum (Ashley 1986) as well as
food security crops such as alfalfa (Ashley 1986).
The highly polyphagous behavior of S. frugiperda in the USA and
Caribbean Islands are due to the presence of two strains that differ in
host preference (Phasley 1986; Prowell et al. 2004). The maize strain
(C) is associated with maize and sorghum, whereas the rice (R) strain is
preferentially associated with rice and turfgrass (Nagishi et al. 2007).
This association may however not be geographically constant as
reported from Argentina (Juarez et al. 2012). Although the two strains
are identical based on morphology, they can be distinguished by a
variety of molecular techniques.
In early 2017, reports of damage to maize plants by an unknown
Spodoptera sp., on farms in the Limpopo and North West provinces of
South Africa, were received. Following these reports, the Diagnostic
services of the National Collection of Insects received a number of
specimens, sent in by members of the public and the South African
National Department of Agriculture, Forestry and Fisheries (DAFF) for
identifications. These specimens were identified using informative
morphological characteristics and DNA barcodes.

Results
Molecular identification and analyses.
• Based on the nBLAST analyses of the COI sequence data on the NCBI
GenBank database, the nineteen specimens were identified as
Spodoptera frugiperda, supported by 99-100% similarity in sequence
data and coverage.
Phylogenetic analyses.• This similarity was further supported by the separate maximum
parsimony (MP) and maximum likelihood (ML) analyses of the
dataset.
• Heuristic analyses of the data set generated 100 most parsimonious
trees of which one is presented (Fig 1).
• The best fit substitution model was determined using the Akaike
information Criterion (AIC) as GTR. For both the MP and ML
analyses, the bootstrap values generated are indicated, left and right
the branches, respectively.
• Similar to previous reports (Cock et al. 2017), S. frugiperda
specimens resolved into two clades, each containing some sequence
variation (Fig 1).
• AcP 9600, AcP 9603 and AcP 9605 grouped into a clade 1 with
specimens from the USA and Sao Tome.
• The remaining seventeen specimens grouped together in clade 2
with specimens from Costa Rica, Brazil and the USA.
• Both clades are well supported by significant MP and ML bootstrap
values.
• The two clades corresponded with the two clades designated sp1 or
R strain and sp2 or M strain by Cock et al. 2017.

Materials and methods
Specimens
Nineteen specimens were submitted to the Diagnostics services,
National Collection of Insects, Agricultural Research Council, Pretoria,
South Africa. The specimens were accessioned into the collection and
their identifications confirmed by means of morphological
characteristics including the male genitalia.

Molecular characterization
DNA extraction and amplification
Extracted DNA was used as template in PCR reactions to amplify the
mitochondrial cytochrome oxidase subunit I (COI) encoding gene using
the primer set LepF1 (5’ - ATTC AACC AATC ATAA AGAT ATTGG -3’ and
LepR1 (5’ -TAAA CTTC TGGA TGT CCAA AAA ATCA-3’) (Hajibabaei et al.
2005).
DNA sequencing and phylogenetic analyses
Raw Sanger sequence data were trimmed to ensure quality and
consensus sequences assembled in BioEdit 7.0.9.0 (Hall, 1999).
Multiple sequence alignments for the sequence data were then
generated in MAFFT (Katoh and Toh, 2008).
The sequence dataset was based on the datasets used by Shashank
(2015), Goergen et al. (2016) and Cock et al. (2017). The aligned
dataset was subjected to maximum parsimony (MP) analyses using
PAUP* version 4b10 (Phylogenetic Analysis Using Parsimony* and
Other Methods version 4, Swofford, 2002). The consistency (CI) and
retention indexes (RI) were determined for the data set. For maximum
likelihood (ML), PhyML version 2.4.3 (Guindon and Gascuel, 2003) were
used. The best fit substitution models were determined using the
Akaike information Criterion (AIC) as part of this package. Bootstrap
analyses were performed to determine branching point confidence
intervals (replicates) for the most parsimonious trees generated.

Discussion
• DNA barcoding has been proposed as a method for assigning
individual specimens to known species (Hebert et al. 2003).
• DNA barcodes were used to study populations of S. litura and S.
exigua (Shahank et al. 2015).
• Cock et al. (2017) also successfully identified young Busseola fusca
caterpillars using CO1 DNA barcodes.
• ML analyses of our data reveal that there exist intraspecies variation
amongst the nineteen South African specimens.

Fig 1: Phylogenetic tree of Spodoptera frugiperda specimens produced using
maximum parsimony of the data of the COI gene region. The MP values are
indicated left the branches; ML are indicated right the branches. The tree is
rooted to B. mori

• Although Goergen et al. 2016 contributed the intraspecies variation
observed in their analyses to the possibility of separate events of
introduction, the two clades also separate based on the R and C
strain hypothesis i.e. host preference.
• Cock et al. (2017) suggested that the two strains were introduced
together in a short period and that the two observed clades
represent cryptic species that needs to be studied further.
• In our analyses, the clustering of the nineteen specimens into two
clades don’t support the host preference hypothesis as eighteen of
the specimens are associated with maize but no distinct
geographical pattern emerged either.
• Specimens from the Limpopo province clustered in both clades,
while all the specimens from the other provinces clustered into
clade 2.
• Based on the annotation by Cork et al. (2017), where the two clades
present two species, it can be concluded that both the C and M
strains of S. frugiperda occur in South Africa.

