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Detection of Rat Lungworm 
(Angiostrongylus cantonensis) in Rats and 

Gastropods, Italy 
Appendix 2 

PCR Assays 

To amplify mitochondrial cytochrome b (CytB) and rRNA (16S) genes used in this study, 

the reaction consisted of 12.5 µL PCRBIO 2x Taq Mix Red (PCRBIO, London, UK), 1.25 µL 

each of 10 µM primers and 2 µL of extracted DNA in a total volume of 25 µL (Appendix 2 

Table 1). The cycling conditions for amplifying complete cytochrome c oxidase subunit 1 (COI) 

gene from A. cantonensis adults obtained from rats and fragment of COI gene from A. 

cantonensis larvae from gastropods consisted of a reaction of 12.5 µL PCRBIO 2x Taq Mix Red 

(PCRBIO, London, UK), 1.25 µL each of 10 µM primers and 5 µL of extracted DNA in a total 

volume of 25 µL (Appendix 2 Table 2). PCR products were commercially sequenced in both 

directions using Sanger sequencing (Macrogen Europe, Amsterdam, Netherlands). All sequences 

were processed using Geneious Prime 2025.0.3 software (www.geneious.com). 

Methodology of Applied Phylogenetics 

Obtained sequences were checked for quality and trimmed manually using Geneious 

Prime v.2024.0.7 (https://www.geneious.com). The identity of sequences was validated using the 

BLAST software (Basic Local Alignment Search Tool (6)). For the phylogenetic analyses, 

available sequences of complete gene for subunit I of cytochrome c oxidase (COI) and any 

partial COI sequences originating from Europe were downloaded from the GenBank or from 

supplementary file to the relevant publication (7). Sequences of complete COI of A. mackerrasae 

and A. malaysiensis were used as the outgroup. These sequences were aligned with our 
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sequences representing unique haplotypes by Clustal Omega implemented in Geneious Prime. 

The maximum-likelihood phylogenetic tree was calculated by IQ-TREE (8). The most suitable 

model was chosen by ModelFinder (9) implemented in IQ-TREE based on the highest Bayesian 

information criterion scores and weights (BIC). The tree topology was tested by 1000 replicates 

of ultrafast bootstrap (10) and Shimodaira-Hasegawa (SH)-like approximate likelihood ratio test 

(11). The tree was then visualized in FigTree (http://tree.bio.ed.ac.uk/software/figtree) and edited 

in Inkscape (https://inkscape.org). 

Appendix 2 Table 1. Cycling conditions for amplifying mitochondrial cytochrome b (CytB) and rRNA (16S) genes used in this study 
Primer ID Primer sequence (5‘-3‘) Amplicon, bp Cycling conditions Reference 
L14723 ACCAATGACATGAAAAATCATCGTT 1140 Initial denaturation 1‘ at 95°C; 40x 15“ at 95 °C 

denaturation, 15“ at 50 °C annealing, 1‘ at 72 
°C extension with final extension 3‘0 at 72 °C. 

(1) 
H15915 TCTCCATTTCTGGTTTACAAGAC (1) 

16Sar CGCCTGTTTATCAAAAACAT 400 Initial denaturation 1‘at 95°C; 35x 15“ at 95 °C 
denaturation, 15“ at 55 °C annealing, 8“ at 72 
°C extension with final extension 3‘0 at 72 °C. 

(2) 
16Sbr CCGGTCTGAACTCAGATCACGT (2) 

 
Appendix 2 Table 2. Cycling conditions for amplifying complete cytochrome c oxidase subunit 1 (COI) gene from A. cantonensis 
adults obtained from rats and fragment of COI gene from A. cantonensis larvae from gastropods in this study. Reaction consisted of 
12,5 µL PCRBIO 2x Taq Mix Red (PCRBIO, London, UK), 1,25 µL each of 10 µM primers and 5 µL of extracted DNA in a total 
volume of 25 µL. 

Primer ID Primer sequence (5‘-3‘) 
Amplicon

, bp Cycling conditions Reference 
COI_F1_Lv GGTGATTATAATGTTTAATG 1700 Initial denaturation 1‘ at 95°C; 40x 15“ at 95 °C 

denaturation, 15“ at 55 °C annealing, 25“ at 72 
°C extension with final extension 5‘0 at 72 °C. 

(3) 
2057 R GGATATGAACCTCTCAGACT This study 

HCO 2198 TAAACTTCAGGGTGACCAAAAAATCA Sequencing primers (4) 
COI_R1_Lv CGTAGGAACCGCAATAAC Sequencing primers (3) 
JB3 TTTTTTGGGCATCCTGAGGTTTAT Sequencing primers (5) 
1002 F CGGTTCCTACGGGAGTGAAG 674 Initial denaturation 1‘at 95°C; 40x 15“ at 95 °C 

denaturation, 15“ at 54 °C annealing, 15“ at 72 
°C extension with final extension 5‘0 at 72 °C. 

This study 
2057 R GGATATGAACCTCTCAGACT This study 
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