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Introduction

A few species in the genus Anopheles are well established primary vectors of human malaria in sub-Saharan Africa,
including Anopheles gambiae and An. funestus. However, studies have also implicated understudied anopheline
mosquito species in driving transmission in regions where primary vectors are close to elimination.'™ Anopheles
gibbinsi, until recently recognized as An. species 6, has tested positive for Plasmodium falciparum sporozoites in studies
from Kenya." Furthermore, An. gibbinsi was previously reported from central, eastern and northern Africa and has now
been shown to have a geographic range extending into southern Africa. Recent first-time captures for this species in
Zambia reported the species largely exhibiting zoophilic and exophilic behavioral patterns; however, a blood meal PCR
assay also detected a few specimens positive for human host DNA.” Similar in morphology to other well-established
malaria vectors and with a dearth of genetic data available, there is a need for the continued monitoring of An. gibbinsi as a
potential vector in malaria transmission. It is also important that tools for accurate mosquito identification be developed,
due to limitations with the commonly targeted cytochrome oxidase I gene (COI) and the internal transcribed spacer
2 (ITS2) in resolving members of morphologically cryptic species complexes.’

The expansion of sequencing strategies has employed the use of mitochondrial genomes (mitogenomes) primarily for
species identification and solving discrepancies in the taxonomic classification of metazoan organisms. Mitogenomes
have also proved useful in evaluating population structure, chromosomal rearrangements, species introgression, and
evolutionary histories.””” The mitochondrial DNA (mtDNA) is a circular double stranded molecule that encodes 37 genes
made up of 13 protein coding genes (PCGs), 22 transfer RNA (tRNA) genes), 2 ribosomal RNA (rRNA) genes and an
adenine and thymine (A-T) rich terminal, an essentially non-coding area termed the control region (CR) associated with
the replication and transcription of the genome. Maternal inheritance, high copy number, lack of recombination, and
absence of introns are characteristics which allow mtDNA to be well suited for accurate molecular identification and
rectifying taxonomic classification among species.”'” Here for the first time, we describe a genome skimming approach
for recovery of, and characterization of the mitochondrial genome of An. gibbinsi and its phylogenetic relationship to
other established anopheline vectors of human malaria.

Methods

DNA collection

The An. gibbinsi specimens (n = 3) sequenced were collected in Nchelenge, Zambia using a CDC light trap that was
placed near an animal. The specimens were stored on silica gel until DNA extraction. Single mosquito specimens were
pre-treated' ' as described by Chen ef al. 2021, followed by the extraction protocol as per manufacturer’s instructions
(Qiagen DNeasy Blood and Tissue Kit, Hilden, Germany). A whole mosquito specimen was placed in a 1.5 mL
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Figure 1. Mitogenome map of Anopheles gibbinsi with annotated genes.
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Eppendorf tube and homogenized in a cocktail containing 98 pL of PK buffer (Applied Biosystems, Waltham,
Massachusetts, U.S.A.) and 2 pL of Proteinase K (100 mg/mL), this was followed by an incubation step for 3 hours
at 56°C."? After incubation, 100 pL of isopropanol and 100 pL of Buffer AL (Qiagen DNeasy Blood and Tissue Kit,
Hilden, Germany) was added to the lysate and left to incubate at room temperature for 10 minutes. The mixture was
pipetted into a DNeasy mini spin column placed in a 2 mL collection tube; extraction protocol was followedand stored at
-20°C prior to sequencing. DNA was shipped to SeqCenter (Pittsburg, U.S.A) for library construction and sequencing.
Libraries were sequenced from both ends (150 bp) on Illumina Novaseq 6000 to a depth of 13.3 million reads.
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Figure 2. Maximum likelihood tree using the concatanated protein coding genes of An. gibbinsi and related
Anopheles.
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The mitochondrial genome contigs were assembled similar to that of the An. squamosus' mitogenome using NOVO-
Plasty (RRID:SCR_017335) version 4.3.1."> Using the invertebrate genetic code under default settings, automatic
annotations were conducted using the MITOS website.'* Adjustments for start and stop codon positions were performed
manually in Geneious Prime (RRID:SCR_010519) version 2023.2.1 (Biomatters, Auckland, Australia) to match
reference anopheline mitogenomes deposited in NCBI’s GenBank database. The mitochondrial genome sequences
and their corresponding annotations were submitted to the GenBank database. A representative mitogenome map is
provided in Figure 1.

Phylogenetic analysis was performed using the concatenated 13 PCGs of the three An. gibbinsi specimens, eight
Anopheles species and one Aedes species as an outgroup. The General Time Reversible (GTR + G + 1) model was
identified as the best fit for building the maximum likelihood phylogenetic tree in MEGA (RRID_SCR_023017) version
11" using 1000 bootstrap replicates.

Results

The sequencing from the 3 An. gibbinsi samples yielded an average of 29,674,206 million reads and of these,
approximately 119,364 reads were used to assemble each mitochondrial genome. The contents of the 3 An. gibbinsi
mitogenomes (GenBank accession numbers OR_539796, OR_539797, OR_569715) included 2 ribosomal RNAs,
22 transfer RNAs and 13 protein coding genes. The representative mitochondrial genome (OR_539797) length was
15,401 bp with an A + T percentage of 78.5% which is comparable to other anopheline mitogenomes deposited in the
GenBank database. The cytochrome ¢ oxidase I (COI) fragment spanning 8598-10,133 bp was 94.5% similar to a COI
sequence for An. marshallii (GenBank YP_010419919).

Phylogenetic analysis (Figure 2) using the concatenated PCGs revealed An. marshallii (NC_064607) as the closest
sequenced relative to An. gibbinsi, forming a single but weakly supported clade apart from the well-recognized vectors of
malaria. Both species belong to the An. marshallii complex.

Genome skimming has demonstrated to be a cost-effective approach for generating reference sequence data which can be
used for mosquito identification and resolving phylogenies. With the continued monitoring of An. gibbinsi as a potential
vector for malaria transmission, this study provides a key genomic resource for understanding the phylogenetic
relationship of this mosquito species within its complex and with primary vectors of human malaria transmission.

Data availability
GenBank: Anopheles gibbinsi mitochondrion, complete genome. Accession numbers OR539796, OR539797,

OR569715.1¢

Bio Project. Complete mitogenome sequence of Anopheles gibbinsi from Nchelenge, Zambia, Accession number
PRINA1072262."

SRA. Illumina seq of Anopheles gibbinsi. Accession numbers SRR27842795, SRR27842796, SRR27842794.'
BioSample: Anopheles gibbinsi isolates ANGB, AGB1, GN. SAMN39739077, SAMN39739078, SAMN39739079."
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v

Alexey Makunin
Wellcome Sanger Institute, Hinxton, England, UK

The manuscript by Ali et al presents three mitogenome assemblies for Anopheles gibbinsi, a
potential secondary malaria vector mosquito species, generated with low coverage shotgun
Illumina sequencing. Overall, the data presentation and text quality are good. I only have several
technical comments:

Introduction

"_Anopheles gibbinsi_, until recently recognized as _An. species 6_," - unclear what this means
"The mitochondrial DNA (mtDNA) is a circular double stranded molecule that encodes 37 genes" -
genome structure and number of genes varies across eukaryotes - I'd suggest specifying a taxon
here

Methods

Did you do any morphological species identification before extraction?

Did you do any quantification, fragment size and purity estimation for the DNA before library
prep?

There is a discrepancy in read counts reported in methods and results: "Libraries were sequenced
from both ends (150 bp) on Illumina Novaseq 6000 to a depth of 13.3 million reads." vs "The
sequencing from the 3 An. gibbinsi samples yielded an average of 29,674,206 million reads"

It might be useful to provide a summary table with sequencing statistics per sample: pre-
sequencing metrics (if any available, e.g. total amount of DNA used for library construction or
average fragment size), total number of reads, number of reads used in the assembly, assembled
mitogenome size before and after correction

"cytochrome c oxidase I (COI) fragment spanning 8598-10,133" - in
https://www.ncbi.nlm.nih.gov/nuccore/OR539797, span of COI is 8595..10128

Fig 2 - " forming a single but weakly supported clade" - support value for marshalli-gibbinsi group
is not shown on the tree

"Both species belong to the _An. marshallii_ complex" - online databases like WRBU and Mosquito
Taxonomic Inventory suggest that An. gibbinsi is in marshalli group, not complex. Might be useful
to add a reference here.
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Are the rationale for sequencing the genome and the species significance clearly described?
Yes

Are the protocols appropriate and is the work technically sound?
Yes

Are sufficient details of the sequencing and extraction, software used, and materials
provided to allow replication by others?
Yes

Are the datasets clearly presented in a usable and accessible format, and the assembly and
annotation available in an appropriate subject-specific repository?
Yes

Competing Interests: No competing interests were disclosed.
Reviewer Expertise: comparative genomics

I confirm that I have read this submission and believe that I have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard.

Reviewer Report 18 July 2024

https://doi.org/10.5256/f1000research.162785.r298674

© 2024 Ambrose L. This is an open access peer review report distributed under the terms of the Creative
Commons Attribution License, which permits unrestricted use, distribution, and reproduction in any medium,
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Luke Ambrose
The University of Queensland, Saint Lucia, Queensland, Australia

This is a useful report of an additional resource for identifying a cryptic species of Anopheles. 1
have a few suggestions that may improve the study:

1) Mitochondrial DNA alone is not sufficient in most cases to delineate species due to the potential
for introgression. This is commonly observed in many diverse organisms. I suggest at minimum a
discussion of this. Developing a supporting nuclear based diagnostic, such as an ITS2 RFLP would
be preferable and should not be too expensive or difficult. Additionally, it would be useful to
identify regions of the mitogenome that may differ between closely related species in the complex
and to perform sequencing on samples from across Africa however that could be in a follow up
study.

2) The language in the methods is a bit unclear - was the raw data mapped to the An. squamosus
mitogenome? If so please clarify wording in line with this. I would also like to know average
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sequencing depth of the mapped genomes rather than reporting 13.3 million reads (this isn't
actually depth I assume but how many read mapped to mitogenomes?)

Are the rationale for sequencing the genome and the species significance clearly described?
Yes

Are the protocols appropriate and is the work technically sound?
Partly

Are sufficient details of the sequencing and extraction, software used, and materials
provided to allow replication by others?
Partly

Are the datasets clearly presented in a usable and accessible format, and the assembly and
annotation available in an appropriate subject-specific repository?
Yes

Competing Interests: No competing interests were disclosed.
Reviewer Expertise: Population genetics of Anopheles mosquitoes.

I confirm that I have read this submission and believe that I have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard.

Reviewer Report 21 June 2024
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© 2024 Zadra N. This is an open access peer review report distributed under the terms of the Creative Commons
Attribution License, which permits unrestricted use, distribution, and reproduction in any medium, provided the
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v

Nicola Zadra
T University of Trento, Trento, Italy
2 NBFC, Palermo, Italy

The paper is well-written, and the message delivered is thorough. All the data obtained are
available in Genebank, and they are carefully annotated. It discusses the potential role of
Anopheles gibbinsi in malaria transmission in an area where the primary vector is close to
extinction. Currently, there are only a few DNA sequences available for studying this species.
Providing a complete mitochondrial genome will significantly aid in understanding its
relationships with other Anopheles species resolving possible cryptic relations, and quickly
identifying and monitoring this potential malaria vector. Data collection and sequencing are well-
described and reproducible. The data collection and sequencing methods are well-documented
and reproducible. The phylogenetic analysis was conducted using only the 13 protein-coding
genes and presented an updated understanding of the relationships among Anopheles gibbinsi
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and different species in the Cellia clade.
I have a few suggestions for improving the clarity and delivery of the paper:

1. Consider enhancing the mitochondrial dataset for phylogenetic reconstruction by including
additional mitochondrial sequences from the subgenus Cellia. This could provide better insight
into the relationship between this species and others within the Cellia group, as well as with the
primary Plasmodium vector.

2. It would be helpful to include the distance to the tree. The current tree structure appears to be
an ultrametric tree.

Are the rationale for sequencing the genome and the species significance clearly described?
Yes

Are the protocols appropriate and is the work technically sound?
Partly

Are sufficient details of the sequencing and extraction, software used, and materials
provided to allow replication by others?
Yes

Are the datasets clearly presented in a usable and accessible format, and the assembly and
annotation available in an appropriate subject-specific repository?
Yes

Competing Interests: No competing interests were disclosed.

Reviewer Expertise: My research area is population genomics and molecular phylogenetics. I have
worked on Aedes species mitochondrial phylogeny and related flaviviruses.

I confirm that I have read this submission and believe that I have an appropriate level of
expertise to confirm that it is of an acceptable scientific standard.
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