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ABSTRACT

The cactus moth Cactoblastis cactorum (Berg) is endemic to the opuntia weeds around the world. Its 
larvae were used for biological control of both alien and native cactus weed in Pakistan in 1994 after 
its success in Australia. Its efficiency and side effects were not studied in Pakistan. In 2016, the moth 
severely devastated the cultivated Opuntia ficus-indica (L.) Mill in district Chakwal, Punjab, Pakistan. 
In this study, C. cactorum larvae were reported for the first time from Khyber Pakhtunkhwa province 
of Pakistan. Full-grown larvae (6th instar) were collected to study its classical taxonomy and DNA bar 
coding from various selected localities. For DNA bar coding, two DNA primers were used, where both 
the primers showed highest value for species identification. 
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The cactus moth Cactoblastis cactorum (Berg) is 
one of the important species under family Pyralidae 
and subfamily phycitinae. Recently the first molecular 
phylogeny of the Phycitinae subfamily was made 
based on two regions of gene self-regulation, i.e., 
cytochrome oxidase and elongation factor 1alpha. 
These results showed two main groups of genera and 
the morphological characters seem to resemble these 
relations to some extent (Roe et al., 2015). Phycitinca 
moths are well known for their various environmental 
and economic impacts (Ahmad et al., 2017; Bae et 
al., 2017). Phycitinae, which feed on cacti, have been 
studied for ecological and biological control (Simonsen 
et al., 2008). The phycitine moth Cactoblastis cactorum, 
is a native of Argentina, Bolivia, Brazil, Paraguay, 
Peru, and Uruguay in South America. To biologically 
control weeds C. cactorum larvae from Argentina were 
released in Australia in the 1920’s to eliminate the 
exotic prickly pear (Dodd, 1940; Legaspi and Legaspi 
2010; McFadyen, 1985; Zimmermann et al., 2004). The 
moth was successful in controlling the Opuntia weed. 
Following this its in many locations larvae have been 
introduced including Pakistan (Legaspi and Legaspi, 
2010; Zimmermann et al., 2004) and in Pakistan, it 
was confirmed in 2016 (Rafi et al., 2022). DNA bar 
coding has arisen as a useful means for the identification 
of animal species (Hebert et al., 2003; Tyagi et al., 
2010; Virgilio et al., 2010). In a mtCo1 analysis five 
different haplotypes of C. cactorum were identified 
from 20 populations from Australia, Hawaii, the 

Caribbean, Mexico, the southeastern USA, and South 
Africa (Simonsen et al., 2008). According to Ashfaq 
et al. (2022) among 6,590 Barcode Index Numbers 
(BINs) more than half of these BINs in south Asia lie 
in Pakistan. The present study analysis its population 
from Pakistan.

MATERIALS AND METHODS

Six localities from each district were carefully 
selected based on wild cactus plantation from four 
selected divisions, namely Mardan, Peshawar, Malakand 
and Hazara of the Khyber Pakhtunkhwa Province of 
Pakistan. Infested cladodes were collected and dissected 
to detect the occurrence of cactus moth larvae. Collected 
materials were examined morphologically in the field 
with the help of a field microscope (Model#J2705), 
and magnifying lenses and with published literature 
(Folgarait et al., 2018; Karolina et al., 2021; Bennett and 
Miller, 2016; Walczak et al., 2024). DNA from larvae 
was extracted using a modified standard method and 
the protocol was optimized (Van Heesch et al., 2013; 
Mehmood, 2016). C. cactorum larvae were preserved 
in vials with 70% alcohol, PCR amplification of the 
extracted DNA was carried out, and sequencing was 
performed at the Canadian Centre for DNA Bar coding 
(CCDB), following the established protocols (Hebert et 
al., 2018; Ivanova et al., 2006; de Waard et al., 2019a; 
Vella et al., 2022). The amplified PCR products were 
run on a 1.5% agarose gel to check for successful 
amplification of DNA markers, and the same procedure 
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was used as described above. The DNA ladder mix 
was also loaded on the gel to estimate the size of PCR 
products. In accordance with the established protocols, 
DNA extraction, amplification by PCR, and sequencing 
were carried out at the CCDB (DeWaard et al., 2019b; 
Hebert et al., 2018). Based on the aligned sequences, 
phylogenetic analysis was performed using MEGA 
7 with maximum likelihood (ML), neighbor-joining 
(NJ), and maximum parsimony (MP) (Kumar et al., 
2016). By utilizing the Kimura-2 parameter, neighbor-
joining tree with 1000 bootstrap was constructed 
(Swofford, 2002). Sequences were assembled, 
aligned, and edited using Codon Code Aligner before 
submission to BOLD. SMRT sequencing protocols were 
employed (Hebert et al., 2018). The resulting sequences 
were uploaded to mBRAVE (Multiplex Barcoding 
Research and Visualization Environment) for editing 
(sequence trimming, quality filtering, de-replication), 
identification, and generation of operational taxonomic 
units (OTUs). The edited sequences were subsequently 
exported to BOLD for BIN assignment and reference 
library development. 

RESULTS AND DISCUSSION

The larvae were gregarious measuring 30-32 mm 
in lengths; brilliant orange or crimson with broken 
cross bands or rows of black dots; two SV setae were 
found in abdominal segments seven and eight (Fig. 1). 
The examined larvae were identified as C. cactorum, 
(Fig. 1). The genus Cactoblastis comprises of five 
species, namely C. cactorum, C. Bucyrus Dyar, C. 
mundelli Heinrich, C. doddi Heinrich, and C. ronnai 
(Brèthes). These are all together restricted to the South 
American countries, i.e., Argentina, Bolivia, Brazil, 
Paraguay, Peru, and Uruguay (Dodd, 1940; Heinrich, 
1939; Mann, 1969; Zimmermann et al., 2007). These 
larvae can damage entire cactus plantations (Rose, 
2009). It is a frequent pest of cactus species under the 

genera Nopalea, Cylindropuntia,and Consolea of the 
family Cactaceae (Rose, 2009) and can cause death of 
the whole plant (Rose, 2009). Recently, in two studies 
from the Nearctic region a connection was found 
between C. cactorum and the species of the genus 
Hylocereus (epiphytic cacti) (Galette, 2015). The most 
recent discovery of C. cactorum as a potential pest 
of Hylocereus lemairei Hook and H. costaricensis in 
Brazil was made (Hoshinoa et al., 2022). The adult 
C. cactorum moths are chracterised by colored spots 
on the fully formed 6th instar larva which is brilliant 
orange-red, 25-30 mm long, and has transverse broad 
bands that produce black dots (Habeck et al., 2016). 
Adults are difficult to distinguish with (Folgarait et al., 
2018). With the aid of the morphology of completely 
grown larvae, the best method of species identification 
is simple (Habeck et al., 2016), but several species of 
the genus Cactoblastis’ larvae were shown to be unique 
(Folgarait et al., 2018). 

The results of the present study revealed relatively 
low genetic diversity in C. cactorum populations in 
Pakistan. A total of 27 haplotypes were identified based 
on the mtCOI sequences, with six haplotypes unique 
to Pakistan. Phylogenetic analysis showed that the 
C. cactorum populations in Pakistan clustered with 
haplo types from other countries, indicating multiple 
introductions of them into Pakistan. Population structure 
analysis indicated low levels of genetic differentiation 
among the C. cactorum populations in Pakistan, 
suggesting a high degree of gene flow among them. 
Phylogenetic relationship among the C. cactorum species 
accession after retrieving DNA sequences from NCBI-
GenBank. BLAST (Basic Local Alignment Search Tool) 
was done. These revealed that 98%- 99% similarty for 
all the sequences of Cactoblastis spp. After BLAST, 
the nucleotide sequences of these species were aligned 
using MUSCLE alignment online software. The aligned 
data sheet had a maximum of 890 genetic characters, 
and after trimming, the extra and ambiguously aligned 
fragments from both 5’ and 3’ ends of the aligned data 
sheet’s remaining 715 genetic characters were used for 
further analysis. The mean pair wise distances (MPD) 
of each species ranged from 0.012 to 32.18%. While 
differences in evolutionary rate among two categories, 
gamma distribution and invariant (+G+I), were recorded 
as 0.89 and 1.01. The ML tree was constructed with the 
highest log likelihood of -11567.2668and bootstrap-
supported values below the branches (Fig. 2). Among 
715 genetic characters or positions, 33 were conserved, 
601were variable, 80 were parsimony informative, 
and was a single-tone site. The MP tree obtained with Fig. 1. Full grown larvae of C. cactorum 
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length =3444 has boot strap-supported values above the 
branches (Fig. 3). The consistency index (CI), retention 
index (RI), and composite index were recorded as 
0.288261, 0.643373, and 0.174490, respectively. The 
effective sample size (ESS) was recorded as 18 using 
Bayesian analysis. Maximum parsimony, maximum 
likelihood, and neighbour joining approaches were 
employed to construct a phylogenetic tree by using the 
software Bio Edit, Mega-7, and the online MUSCLE 
software. The maximum likelihood phylogenetic tree 
was constructed into five clades, i.e., I, II, III, VI, and 
V. Our newly sequenced insect species from Pakistan 
were cluster edintoclade II; in this clade, 5 species 
were gathered (Fig. 4). Whereas C. cactorum showed 
similarity with C. cactorum species (GU660821.1 and 
HQ924004.1) having bootstrap values (MLM = 99% 
and branch length 0.0191). The maximum parsimony 
analysis was used to construct the phylogenetic tree 

among C. cactorum species. The MP tree resulted in 3 
clades, i.e., clades I, II, and III. The newly sequenced 
C. cactorum was clustered into clade III. In clade 
III, a total of 6 species were clustered and showed 
affinity with (GMPBD009-18 Pakistan Punjab, 
BOLDAAA7177 Mexico, GMPBD008-18| Pakistan. 
Punjab, ID Unpublished|Mexico |BOLD:AAA7177, ID 
Unpublished|Mexico. Quintana Roo|BOLD:AAA7177, 
BMN040-21| Pakistan. Baluchistan) Khyber 
Pakhtunkhwa Swabi (Fig. 3). The phylogenetic study 
revealed similarity of all sequences having boots trap 
values (ranges=75%-95%). The evolutionary history 
was inferred using the neighbor-joining method. The 
bootstrap consensus tree inferred from 500 replicates 
is taken to represent the evolutionary history of the 
taxa analyzed. Branches corresponding to partitions 
reproduced in less than 50% boots trap replicates are 
collapsed. The percentage of replicate trees in which 
the associated taxa clustered together in the bootstrap 
test (500 replicates) is shown next to the branches. 
The evolutionary distances were computed using the 
Maximum Composite Likelihood method and are in 
units of the number of base substitutions per site. The 
differences in composition bias among sequences were 
considered in evolutionary comparisons. This analysis 
involved 58 nucleotide sequences. Codon positions 
included were 1st, 2nd, 3rd, and noncoding. All ambiguous 
positions were removed for each sequence p air (pair 
wise deletion option) (Fig. 3).

Among C. cactorum, the NJ tree resulted in 14 
clusters; C. cactorum was grouped in clade II with 
the other four Cactoblastis and showed similarities 
with (HQ924006.1, KF396536.1, GU66082.1, 

Fig. 2. Maximum Likelihood in the phylogenetic tree of C. 
cactorum generated using the Tamura and Nei method,  

bootstrap values are shown above the relevant branches. The 
sequence of the current study is highlighted in red

Fig. 3. Maximum Parsimony phylogenetic tree of C. cactorum 
generated using neighbor joining analysis

Fig. 4. Neighbour joining in the phylogenetic tree of C. 
cactorum generated using the neighbor joining method 
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andKF39666.1) (Fig. 2). The evolutionary history 
was inferred using the neighbor-joining method. The 
bootstrap consensus tree inferred from 500 replicates 
is taken to represent the evolutionary history of the 
taxa analyzed. Branches corresponding to partitions 
reproduced in less than 50% bootstrap replicates are 
collapsed. The percentage of replicate trees in which 
the associated taxa clustered together in the bootstrap 
test (500 replicates) is shown next to the branches. 
The evolutionary distances were computed using the 
maximum composite likelihood method and are in the 
units of the number of base substitutions per site. The 
differences in composition bias among sequences were 
considered in evolutionary comparisons. This analysis 
involved 58 nucleotide sequences. Codon positions 
included were 1st+2nd+3rd+Noncoding (Fig. 4).

An ideal DNA characterization should be short, 
making it easy for recovery, and have sufficient 
information to provide maximal species discrimination 
(Kress et al., 2005; Yan et al., 2015). In this study, two 
DNA primers were used, and all primers showed the 
highest value for species identification. The present 
study provides the current distribution of C. cactorum 
in various localities of districts in selected divisions of 
Khyber Pakhtunkhwa, based on mitochondrial DNA 
markers.  
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