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Abstract
The fall armyworm (FAW), an invasive pest of maize, is an emerging threat in Southern Asia after America and Europe. 
Recently, this notorious pest has also been found in different areas of Pakistan. To assess its presence in Pakistan, a survey 
was carried out in the provinces of Punjab, Sindh, and Khyber Pakhtunkhwa during May–October 2019. We observed the 
highest incidence of FAW in Sindh with maximum impact in districts Tando-Allahyar and Hyderabad. These samples were 
identified as Spodoptera frugiperda on the morphological and taxonomical bases. However, morphological identification of 
this pest is very difficult at early larval instars. Here, we use the mitochondrial cytochrome c oxidase I (COI) gene region for 
the precise identification of larva of this invasive pest at species level. Two different regions of COI gene (COI-5′ and COI-
3′) were used as molecular markers for the identification of this species. DNA sequence similarity searches of the obtained 
COI gene sequences (NCBI GenBank Accession Nos. MW241537, MW241538, MW349515, MW349516, MW349493 and 
MW349494) revealed that genetically it is more than 99% identical to S. frugiperda. The phylogenetic analysis indicated it 
as the rice-strain (R-strain). Both 3′- and 5′-fragment tree topologies showed that the collected samples of the FAW species 
belong to the R-strain. To the best of our knowledge, this is the first report providing molecular evidence for the existence 
of R-strain of S. frugiperda that was found feeding on maize crop in Sindh, Pakistan, using COI gene sequences as a marker.

Keywords  Fall armyworm · Maize · Spodoptera frugiperda · DNA barcoding · Mitochondrion CO1gene · Molecular 
phylogeny

Introduction

The fall armyworm (FAW) Spodoptera frugiperda J.E. 
Smith (Lepidoptera; Noctuidae) is a pest of many crops. 
Like all other noctuids, it is a polyphagous pest but rapa-
cious feeder of cultivated grasses, especially maize. Vari-
ous level of damage has been reported on different crops 
depending upon the phonological stage of crop (Goergen 
et al. 2016; FAO and CABI 2019). However, in maize 
that is the most preferred host of FAW, the adult larvae 
developed into cutworms owing to their much stronger 
mandibles having serrated cutting edges that can feed 
much easily on leaves (Goergen et al. 2016). Moreover, 
definitely this pest may have varietal preferences; how-
ever, the varied level of infestation may be due to climate 
changes of different geographical conditions. Recently, it 
has been spread dramatically from tropical and subtropical 
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regions of the America to other continents representing 
it as the emerging threat of invasive pest species (Rich-
ardson et al. 2020). This pest has frequently been inter-
cepted at quarantine in Europe and Africa (Goergen et al. 
2016; Day et al. 2017; Rwomushana et al. 2018). Its rapid 
spread is causing severe damage to maize since 2016 in 
about 44 African countries with collective yield losses of 
about USD 13.38 billion (Goergen et al. 2016; Prasanna 
et al. 2018; IITA 2016; Rwomushana et al. 2018). FAW 
has more than 350 host plants, including rice, sorghum, 
sugarcane, and some vegetables but its preferred host is 
maize and around 98% farms have been reported severely 
damaged by FAW inflicting about 40–70% yield losses 
(Wyckhuys and O’Neil 2006; Day 2017). However, in 
the Asian subcontinent, it was first reported in 2018 from 
India (Shylesha et al. 2018; Ganiger et al. 2018; Sharana-
basappa et al. 2018) with later incidences in Sri Lanka, 
Nepal, Bangladesh, China, and Pakistan (Naeem-Ullah 
et al. 2019; FAO, 2019a. Furthermore, looking at the wide 
range of hosts and owing to fast dispersing abilities with a 
flight range of about 100 km/night from the place of inci-
dence (FAO 2019b, the bordering countries are likely to 
be attacked with increasing infestation by FAW (Naeem-
Ullah et al. 2019). The agroclimate of Pakistan is very 
similar to India and being the neighboring country, its 
presence has already been reported in the maize growing 
districts of Upper Sindh (Naeem-Ullah et al. 2019; Gilal 
et al. 2020). Recently, a report confirming the presence of 
S. frugiperda on maize from Faisalabad has also been pub-
lished (Khan et al. 2020), and the captured samples from 
these areas were identified on morphological characters 
alone. However, the confirmation of species on molecular 
level was required to ensure its proper identification and 
possible routes of entry to the maize growing areas of 
Pakistan.

In the present scenario of climate change and huge habitat 
destruction, the reliable identification of species is a pivotal 
component for biodiversity studies but given the magnitude 
of arthropod diverseness, conventional and morphological 
identification of larval stages associated with adult mor-
phology and reproductive structures is a difficult task for 
many taxa (Phillips et al. 2019; Watts et al. 2019; Tang et al. 
2010). Owing to the increased globalization, identification 
of invasive species through DNA barcoding is recommended 
using clear annotations of database records for suspected 
specimen origin versus interception location (Madden et al. 
2019). Though, routine identification of many species at 
the molecular level could be difficult and time-consuming, 
representing a limiting factor for biodiversity assessments; 
however, its use as a complementary identification technique 
is recommended that can provide secondary evidence to sup-
port morphological identifications (Hajibabaei et al. 2007). 
Nevertheless, DNA barcoding is a promising and effective 

tool for fast and accurate species identification using pre-
cise genetic markers (Kress and Erickson 2008; Pereira et al. 
2008).

The interception of any invasive pest at ports-of-entry 
is a crucial component of biosecurity and biosurveillance 
programs that requires identification of the pest species for 
quarantine decisions. However, the morphological identifi-
cation of the Noctuid pest species of FAW is very difficult at 
the 1st, 2nd, and 3rd instar stages. Although at the 4th and 
5th developmental instars, it can be identified on conspicu-
ous morphological characters but by that time the economic 
damage reaches beyond the control for target crop. Hence, 
proper identification of this pest at early stage is required. 
The S. frugiperda consists of two strains adapted to dif-
ferent host-plants; the corn strain (C-strain) preferentially 
feeds on maize, cotton, and sorghum, whereas the rice strain 
(R-strain) is more associated with rice and several pasture 
grasses. These strains are morphologically indistinguishable; 
however, differences in mating behavior, pheromone com-
positions, host-plant adaptation, and genetic background are 
existing (Dumas et al. 2015). Regarding molecular charac-
terization of FAW from Asia, only two reports from India 
confirmed the presence of R-strain on rice (Kalleshwaras-
wamy et al. 2019; Maruthadurai et al. 2020). However, some 
unpublished results from Pakistan exist in the GenBank 
database of NCBI for Accession numbers MT180095.1 to 
MT180098.1, showing the presence of R-strain of S. fru-
giperda collected from maize situated in Punjab. But this is 
very little information so there is a great need for more data 
regarding the identification of S. frugiperda at molecular 
level. Here, we report the first molecular characterization 
of FAW collected from maize crop area situated in Sindh, 
Pakistan. This study was carried out to survey the differ-
ent areas of Pakistan (mostly likely bordering areas) for the 
occurrence of FAW and upgrade knowledge about the spatial 
distribution of FAW in Pakistan (if any). The presence of S. 
frugiperda was confirmed by the morphological as well as 
molecular analyses. Consequently, the actions like surveil-
lance, awareness programs and capacity building measures 
are very crucial at this early stage of invasion.

Materials and methods

Occurrence and morphological identification

A survey for the detection and occurrence of FAW was con-
ducted in three provinces of Pakistan, i.e., Punjab (31.1704° 
N, 72.7097° E), Sindh (25.8943° N, 68.5247° E) and Khy-
ber Pakhtunkhwa (34.9526° N, 72.3311° E) where maize is 
grown as a major crop. A total of 32 districts were sampled 
for FAW occurrence (Fig. 1). The FAW presence was deter-
mined by using various indicators, i.e., (a) presence of fresh 
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frass in the leaf funnel; (b) irregular damage on leaves (c) 
presence of larvae on leaves or in the leaf funnel with the 
inverted Y-Shape in the head and the set of four dot form-
ing a square on the upper surface of the last segment of its 
body as per Prasanna et al. 2018 and (d) presence of eggs 
masses. The samples (larvae and adult) were identified mor-
phologically consulting dichotomous key (Passoa 1991) and 
preserved in 80% ethanol for further processing of molecular 
identification.

Molecular identification

DNA extraction and PCR amplification

Total genomic DNA was extracted from the collected spec-
imen using CTAB extraction buffer (2 g of CTAB hexa-
decyl-trimethylammonium bromide, 10 mM Tris, 50 mM 
EDTA [Ethylene diaminetetraacetic acid], 0.7 M NaCl). 
The homogenate was incubated at 65ºC for 30 min, purified 

by adding an equal volume of chloroform/isoamyl alcohol 
mixture (24:1) and centrifugation. The upper aqueous phase 
(that contained insect DNA) was separated and DNA was 
precipitated by adding 500 μl of cold isopropanol and 10 μl 
of 3 M sodium acetate. The DNA pellet was collected by 
centrifuging the samples at 10,000 rpm for 5 min at 4 °C 
and washed with 70% ethanol, air-dried at room temperature 
and resuspended in 50 μL of TE buffer (10 mM Tris, 1 mM 
EDTA, pH 8). The DNA was kept at − 20ºC for long-term 
storage.

PCR amplification of the 3'-fragment (814 bp) of the 
mitochondrial gene was carried out using the primer pair 
C1J2195/TL2N3014 (TTG​ATT​TTT​TGG​TCA​TCC​AGA​
AGT​/TCC​AAT​GCA​CTA​ATC​TGC​CAT​ATT​A; Frohlich 
et al. 1999) and DreamTaq Green PCR Master Mix (Thermo 
Fisher Scientific). The PCR cycling parameters were one 
denaturation cycle of 94 °C for 5 min, followed by 35 cycles 
of 94 °C for 1 min, 48 °C for 1 min, and 72 °C for 1 min, 
followed by a final extension at 72 °C for 7 min. Similar 
parameters were used for the amplification of 5'-fragment 

Fig. 1   FAW surveillance in three provinces of Pakistan. Where the 
highest incidence of FAW was observed in many districts of Sindh. 
In Punjab low existence of FAW was witnessed, especially in the 

areas that shares borders with India; however, no incidence of FAW 
was observed in Khyber Pakhtunkhwa (figure is  reproduced from the 
report submitted to CABI)
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(658 bp) of mitochondrial gene by LCO/HCO primers pair 
(GGT​CAA​CAA​ATC​ATA​AAG​ATA​TTG​G/TAA​AGT​TCA​
GGG​TGA​CCA​AAA​AAT​CA; Folmer et al. 1994).

Cloning, sequencing and sequence analysis

The PCR products were ligated in the pTZ57R/T plasmid 
vector (Thermo Fisher Scientific) and transformed into 
E.Coli Top10. The clones were confirmed by restriction 
analysis using EcoRI/HindIII and purified using a plasmid 
isolation kit (Thermo Fisher Scientific). The sequence of 
each cloned insert was determined by bi-directional, auto-
mated Sanger dideoxy chain-termination sequencing by 
Eurofins USA through Molecular Biology Products. The 
DNA sequences were assembled, aligned and edited using 
Lasergene software (DNASTAR, Madison, WI, USA). The 
sequences were submitted in NCBI GenBank. Sequence 
alignment, pairwise distance analyses and phylogenetic 
analyses were performed using MEGAX by using neighbor-
joining and the algorithm of Maximum composite likeli-
hood with 1000 bootstrap re-samplings (Tamura et al. 2011; 
Maruthadurai et al. 2020). The phylogenetic tree was gener-
ated using COI sequences from the NCBI Genbank database 
representative of both R and C strains of FAW.

Results

Occurrence and morphological identification

A total of 536 fields were sampled in Punjab, but only 12 
fields were positive for the occurrence of FAW based on the 
morphological identification. The average incidence of FAW 
in Punjab was only 2.10%. The positive sites were located 
in Faisalabad and Lahore only. Regarding the occurrence 
of FAW in Khyber Pakhtunkhwa, a total of 55 fields were 
sampled; however, no field sample was found positive for the 
occurrence of FAW. Regarding the occurrence of FAW in 
Sindh (25.8943° N, 68.5247° E), a total of 338 fields were 
surveyed. Out of 338, 198 fields were found positive for the 
occurrence of FAW based on the morphological identifica-
tion (Fig. 1). The average incidence of FAW in Sindh was 
56.12%. The positive sites were located in the regions of 
TandoAllahyar (94.11%), Hyderabad (93%), Thatta (80%), 
Tandoadam (70%), Matiari (66.18%), Tando Muhammad 
Khan (58.82), Mirpurkhas (53.85%) and Umerkot (47.37%) 
arranged in descending order of percent occurrence in sam-
ple fields.

The key feature in full grown larva was distinct whit-
ish to yellow colored inverted ‘Y’-shaped epicranial sutures 
in front of head and the larval body was covered with the 
elevated conspicuous spots (pinacula) along with spines with 
clear trapezoidal design of four pinacula on the last (9th) 

abdominal segment. All of the adults were copper colored 
with grayish-brown forewings having sidelong v-shaped 
marking in males, whereas forewings of females were uni-
formly grayish brown without any distinct markings. The 
morphological characters of larvae and adults were similar 
as reported by Maruthadurai and Ramesh (2020). Consid-
ering higher incidence of FAW in Sindh region (25.8943° 
N, 68.5247° E), further study is related to the larval sample 
collected from this region only.

Phylogenetic analysis of COI‑3' and COI‑5' sequences

The mtCOI-3′ sequence (814 bp) and mtCOI-5′ sequence 
(658 bp) are determined bi-directionally for cloned PCR 
amplicons. The manually edited final sequences were 
obtained and are available in the nucleotide sequence data-
base under the accession numbers MW241537, MW349493 
and MW349494 for mtCOI-3′. Regarding mtCOI-5′ 
sequences, the accession numbers are MW241538, 
MW349515 and MW349515.

The sequences were trimmed to remove primer sequences 
and BLAST aligned with mtCOI-3′ and mtCOI-5′ sequences 
already available in database. Using this approach, samples 
were identified as R-strain of fall armyworm. The identi-
fied samples showed 99% similarity with the fall armyworm 
samples of India. Phylogenetic tree based upon mtCOI-5′ 
showed that fall armyworm samples belong to the R-strain 
(Fig. 2). Similarly using mtCOI-3′ sequences a tree was also 
generated (Fig. 3) and it supported the mtCOI-5ʹ results 
which confirm their identity as S. frugiperda R-strain.

Pairwise distance among our samples ranges from 0.0 
to 0.2%, while the pairwise distance calculated among 
our sequences and the sequences reported from India 
(MH779587, LC582517, MH779590) range from 0.0 to 
0.2%.

Discussion

Previously, limited studies have been conducted on the pres-
ence of FAW in Pakistan. Most of the studies revealed the 
presence of this pest in different localities of Sindh province 
based on its morphological characteristics (Naeem-Ullah 
et al. 2019; Gilal et al 2020). Recently, one report also con-
firmed the presence of FAW in Punjab region (Khan et al. 
2020) based on morphological characteristics and we still 
lack any report based upon molecular marker/s that confirm 
the presence of FAW from Pakistan.

The present study is therefore the first record of the 
presence of R strain of FAW in Sindh, Pakistan, using 
both the morphological characteristics and the advanced 
molecular techniques. The key morphological features of 
larvae and adults endorsed the existence of FAW (Todd 
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and Poole 1980; Passoa 1991; Pogue 2002; Gilligan and 
Passoa 2014; Ganiger et al. 2018; Sisodiya et al. 2018; 
Shylesha et al. 2018; Naeem-Ullah et al. 2019; Gilal et al. 
2020). The phylogenetic analysis showed that the FAW 
strain collected from maize fields is the R-strain of S. fru-
giperda. However, it has been reported that R-strain pref-
erentially feeds on rice and various pasture grasses and 
the C-strain feeds on maize, cotton and sorghum (Juárez 
et al. 2014). Although some host-associated differentia-
tion is present in S. frugiperda, some other factors must 

be maintaining genetic differentiation between the two 
strains (Pashley 1986). Nevertheless, we report here that 
the R-strain has been found feeding on the maize crop in 
Pakistan. Earlier, Sharanabasappa et al. (2018) have shown 
its presence on maize and later Kalleshwaraswamy et al. 
(2019) and on rice and now Maruthadurai et al. (2020) on 
maize in India. It seems that the R-strain is prevailing in 
the sub-continent as well as changing and/or expanding 
its host range. Now, its presence on maize in Pakistan is 
alarming, and its destructive nature may also damage the 

Fig. 2   Phylogeny analysis based 
upon mtCOI-5ʹ sequences show-
ing that FAW samples of this 
study (MW241538, MW349515 
and MW349516) belong to the 
R-strain

Fig. 3   Phylogeny analysis based 
upon mtCOI-3ʹ sequences show-
ing that FAW samples of this 
study (MW241537, MW349493 
and MW349494) belong to the 
R-strain
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rice crop in the coming season, causing huge losses to crop 
protection in Pakistan.

The molecular identification of S. frugiperda has been 
reported using PCR–RFLP (Cano-Calle et  al., 2015; 
Rosas et al. 2016), sequencing of mitochondrial gene and 
phylogenetic analysis (Jacobs et al., 2018; Otim et al., 
2018; Maruthadurai et al. 2020). Similarly in the present 
study, we obtained sequences of two different regions of 
the COI gene (COI-5′ and COI-3′) and two phylogenetic 
trees were produced using sequences amplified by HCO/
LCO and CO1/CO2 primers sets. Regarding the molecu-
lar identification of S. frugiperda, our results are greatly 
reliable and novel in respect of providing the sequence 
data of both N and C-terminus of COI gene. In our study, 
there was a wide variation in incidence/occurrence among 
the regions but not among the samples. Here, we showed 
the occurrence and molecular identification based on the 
COI gene; however, further studies based on PCR–RFLP 
may check the ratio of R- and C-strains of FAW in Paki-
stan if required, while the pairwise distance calculated 
among our sequences and other sequences ranges from 
0.0 to 0.2% which showed the highest sequence similar-
ity among samples collected from different countries. 
The geographical variations and the differences in the cli-
matic conditions of sampling regions during the collection 
period (June–August) might be a good explanation of this 
variation and the differences observed. A closer depiction 
can be obtained on the basis of yearly data if and when 
available. As already reported due to the migratory nature 
of FAW, its presence on other host plants within similar 
ecological conditions may exist in the neighboring country 
(Kalleshwaraswamy et al. 2019), and it is a possible threat 
to maize crop in Pakistan. Our results are in line show-
ing the Sindh areas sharing borders with India had a high 
incidence of FAW (Navik et al. 2021). Climate change can 
further trigger FAW outbreaks (Díaz-Álvarez et al. 2021).

Successful pest management programs rely on prior 
knowledge of the correct identification of pest and host 
preferences. Such a result regarding correct identification 
of existing strain is of crucial value and may be used to 
develop synthetic pesticides and other strategies. As the pre-
sent study confirms the presence of S. frugiperda in maize 
growing areas of Sindh, it is suggested that the government 
and other key stakeholders should consider this upcoming 
threat to maize crop and allied industries. The pest attack by 
S. frugiperda could result in substantial yield losses and con-
siderably higher costs of production attributable to reliance 
on chemical control. This demands careful future planning 
by the Government and time bound research and develop-
ment activities to develop suitable IPM strategies for its 
control. Henceforth, some more surveys and the molecular 
identification of the existing species for biodiversity analysis 
from distant areas are also recommended.

Conclusion

R-strain of fall armyworm (FAW) has been found feeding on 
maize crop in Sindh, Pakistan. This is the first report provid-
ing molecular-based evidences regarding occurrence of this 
invasive pest on maize in Sindh, Pakistan, that has expanded 
its host. It may also damage to the rice and other crops in the 
coming season. Considering the importance of maize and 
rice crops in Pakistan, this study may serve as a basis for fur-
ther surveys of FAW, distribution, molecular identification 
and implementation of IPM strategies. This identification 
may also be used to develop synthetic pesticides and design 
some genetically engineered strategies.
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