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MITOGENOME REPORT
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ABSTRACT 
Topminnows of the Teleost genus Fundulus serve as model organisms in ecotoxicology because of 
their broad physiological tolerance and propensity to breed in captivity. This research has been 
primarily limited to intraspecific comparisons, due to incomplete understanding of the evolutionary 
history of the genus, which is necessary for use of phylogenetic comparative methods. Interspecific 
relationships of topminnows remain unresolved, despite recent advances in mitochondrial and nuclear 
genome sequencing. Specifically, interrelationships of a group containing the starhead topminnows 
(Fundulus blairae, F. dispar, F. escambiae, F. lineolatus, and F. nottii) typically yield low node support 
values. Here, we present the first annotated mitochondrial genome of the Starhead Topminnow 
(F. dispar) and provide a phylogenetic hypothesis for starhead topminnows within the genus Fundulus. 
DNA was isolated from a specimen of F. dispar collected in Kentucky, USA. The circular genome is 
16,564 bp long and contains 13 protein-coding genes, two ribosomal RNAs (rRNA), 22 transfer RNAs 
(tRNA), and one control region (D-loop). Our phylogenetic analysis supports a sister relationship 
between F. dispar and a group containing F. notatus and F. olivaceus. This data helps to resolve the 
phylogenetic placement of starhead topminnows.

ARTICLE HISTORY 
Received 14 November 2023 
Accepted 1 March 2024 

KEYWORDS 
Oxford nanopore, 
Fundulidae; phylogenetic 
analyses   

Introduction

Members of the fish family Fundulidae have been used as 
field models to answer questions about interactions with the 
environment because of their ability to survive along thermal 
and osmotic gradients (Whitehead 2009). These unique qual
ities have placed the genus Fundulus as a priority group for 
generating genomic data (Burnett et al. 2007; Johnson et al. 
2020; Drown et al. 2023). While interesting questions have 
been answered about targeted Fundulus taxa, there are 
knowledge gaps within the genus for lesser-studied fishes; a 
complete understanding of the taxonomic placement of all 
Fundulus would help advance the toolbox of the genus as a 
model organism (Burnett et al. 2007). The phylogenetic place
ment of the starhead topminnow group has not been con
sistently resolved (Bernardi and Powers 1995; Kreiser 2001; 
Whitehead 2010; Ghedotti and Davis 2013; Cashner et al. 
2020). Results of phylogenetic analyses of nuclear DNA 
sequence data support the F. notatus species group (F. nota
tus, F. olivaceus, and F. euryzonus) as a sister taxon to the 
starhead topminnow group (Whitehead 2010). Additional 
studies have hypothesized phylogenetic relationships in the 
family Fundulidae but have not included the starhead 

topminnows (Bernardi et al. 2007; Duvernell et al. 2007; 
Whitehead 2009; Nunez and Oleksiak 2016). Mitogenomes 
have not been annotated for any of the starhead topmin
nows (F. dispar, F. blairae, F. lineolatus, F. escambiae, and 
F. nottii). Here we use the first complete mitochondrial 
genome of Fundulus dispar (Agassiz 1854), the Starhead 
Topminnow, (Cyprinodontiformes: Fundulidae) to resolve 
placement of the starhead topminnows in Fundulidae.

Materials and methods

A male specimen of Fundulus dispar was captured alive in 
the Running Slough system in Kentucky, USA (36�31050.000N, 
89�18009.200W); it was anesthetized using clove oil following 
Institutional Animal Care and Use Committee (IACUC; 
PROTO201900195) and scientific collecting protocols 
(2000231040720-133637; Figure 1). Three other species of 
Fundulus co-occur with F. dispar: F. notatus, F. olivaceus, and 
F. chrysotus (Boschung and Mayden 2004). The specimen of 
F. dispar was distinguished from congeners using the follow
ing characteristics. Fundulus notatus and F. olivaceus differ 
from F. dispar in the presence of a strong lateral stripe on 
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the midline of the flanks in both congeners. Fundulus dispar 
has rows of spots forming thin stripes in females and thin, 
well-spaced vertical lines in males (Figure 1). Fundulus chryso
tus is characterized by scattered red and gold spots along 

the flanks in both males and females; F. dispar lacks these 
scattered spots and instead has thin, organized rows of spots. 
In addition, F. dispar possesses dark, suborbital, triangular 
bars in wild, reproductive adults, while the other three 
species lack this bar.

The specimen was preserved in 100% ethanol and depos
ited at Mississippi State University (https://www.msstate.edu/, 
Michael W. Sandel, mws297@msstate.edu) under voucher 
number 4998. Whole genomic DNA was extracted from gill 
tissue using the DNeasy Blood and Tissue Kit following the 
manufacturer’s instructions and stored at 4 �C (QIAGEN, 
Hilden, Germany). The presence of whole, non-degraded DNA 
(>10,000 bp) was confirmed by gel electrophoresis using a 
1.5% agarose gel stained with ethidium bromide. DNA quan
tity was measured on a NanoDrop 2000 Spectrophotometer 
(Thermo Fisher Scientific, Waltham, MA, USA).

Sequencing by ligation was performed using Oxford 
Nanopore Technology on a MinION paired with a Flongle 
adapter (Oxford Nanopore, Oxford, UK). A DNA library for 
sequencing was prepared using a Ligation Sequencing Kit 
according to the manufacturer’s instructions (Oxford 
Nanopore, Oxford, UK). Sequencing was completed with 

Figure 1. Photograph of a male Fundulus dispar (photo credit: Zachariah D. 
Alley). This individual lacks the suborbital bar diagnostic of F. dispar because 
the colors faded due to stress before the photograph was taken.

Figure 2. Mitochondrial genome map of Fundulus dispar. Genes oriented in the reverse direction are indicated in the outermost concentric ring and genes in the forward 
orientation are in the second outermost ring. The innermost rings of the image represent %GC per every 5 bp of the mitogenome; longer lines indicate higher %GC.
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MinKNOW v.21.02 and basecalled in Guppy v.4.4.2 under the 
high-accuracy basecalling model. Reads were filtered using 
Geneious Prime v.2021.1 according to the default quality 
standards for the software, and mitochondrial reads were iso
lated from nuclear reads by mapping to a Fundulus olivaceus 
(AP006776) reference sequence. Assembly was performed 
using Medium/Fast sensitivity and iterative fine-tuning (see 
Figure S1 for read depth). Aligned reads were combined into 
a consensus sequence. Genome annotation was performed in 
MitoAnnotator v.3.65 (Iwasaki et al. 2013; Sato et al. 2018). 
Protein coding gene start and stop codons were verified in 
Geneious Prime. The annotated mitochondrial genome is 
openly available in GenBank of NCBI at https://www.ncbi.nlm. 
nih.gov (MZ286764). We confirmed species identification of 
the specimen by performing an NCBI BLAST search using the 
cytb gene as the query (Altschul et al. 1990). The best match 
was to F. dispar with a percent identity of 99.8 (GQ119707.1; 
Whitehead 2010). In phylogenetic analysis, mitogenomes 
from all available members of the family Fundulidae were 

used. An outgroup taxon closely related to the family 
Fundulidae (Cyprinodon variegatus) was chosen based on pre
vious usage in literature and the results of an NCBI BLAST 
search (Whitehead 2009; Ghedotti and Davis 2013). 
Concatenated protein coding sequences were aligned with 
the MAFFT server v.7 (Katoh et al. 2002; Katoh and Standley 
2013). A maximum likelihood phylogenetic tree was recon
structed in a partitioned analysis using IQ-TREE v.2.1.2 on the 
CIPRES Science Gateway (Miller et al. 2010; Nguyen et al. 
2015). The substitution model and evolutionary rate of each 
protein coding sequence was selected under the edge- 
proportional partition model based on BIC scores (Table S1). 
The analysis was run with 1,000 bootstrap replications.

Results

The circular, mitochondrial genome of F. dispar is 16,564 bp 
long. It is composed of 13 protein-coding genes, two riboso
mal RNAs (rRNA), 22 transfer RNAs (tRNA), and one control 

Figure 3. Maximum likelihood phylogeny reconstructed using concatenated mitochondrial coding sequences and 1,000 bootstrap replicates. Substitution models 
for each partition are in Table S1. The following sequences were used: Fundulus dispar-MZ286764, F. notatus-KP013106 (unpublished), F. olivaceus-AP006776 
(Setiamarga et al. 2008), F. luciae-OR546168 (unpublished), F. zebrinus-MW300328 (unpublished), F. majalis-OR582709 (unpublished), F. pulvereus-OR546223 
(unpublished), F. diaphanus-FJ445394 (Whitehead 2009), F. catenatus-OR552045 (unpublished), F. grandis-FJ445396 (Whitehead 2009), F. confluentus-OP035105 
(unpublished), F. heteroclitus-FJ445402 (Whitehead 2009), Lucania parva-OP056801 (unpublished), F. lima-MW033979 (unpublished), and Cyprinodon variegatus- 
KT288182 (unpublished). Bootstrap values are indicated on nodes. The scale bar represents the number of nucleotide substitutions per site. The sequence generated 
in this study is written in bold font and marked with an asterisk.
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region (D-loop) (Figure 2). The mitogenome included 29 for
ward and nine reverse gene orientations. Nucleotide compos
ition is as follows: 28.0% A, 25.2% C, 15.9% G, 30.8% T and 
0.1% ambiguous bases (i.e. Y and N). Ten protein- 
coding genes use the start codon ATG (nd2, nd4l, nd6, nd5, 
atp8, cytb, cox3, cox2, nd1, nd4), two use GTG (atp6, cox1), 
and one ATA (nd3). Six protein-coding genes (nd1, cox1, atp8, 
nd4l, nd5, nd6) end with the complete TAA stop codon and 
seven (nd2, cox2, atp6, cox3, nd3, nd4, cytb) end with an 
incomplete stop codon which is completed by the addition 
of 30 A residues. The maximum likelihood phylogenetic tree 
(Figure 3) recovered a group containing F. notatus and F. oli
vaceus as the sister species to F. dispar. The relationship 
between the genus Fundulus and Lucania parva is not well 
resolved as there is low bootstrap support for this group.

Discussion

The arrangement and number of genes in the mitochondrial 
genome of F. dispar followed other closely related taxa. We 
show strong bootstrap support for a sister relationship 
between F. dispar and a group comprised of F. notatus and 
F. olivaceus. This lends further evidence to that in literature 
suggesting the starhead topminnows are sister to the 
F. notatus species group. The genus Fundulus is not fully 
resolved, including the relationship with Lucania parva. 
Others have suggested a non-neutral divergence of Fundulus 
mitochondrial genes as an explanation for the lack of reso
lution (Parenti 1981; Wiley 1986; Bernardi 1997; Whitehead 
2010). This mitogenome and phylogenetic analysis provide 
an opportunity to conduct further studies on evolutionary 
selection in this group of fishes and to address further taxo
nomic resolution with closely related taxa.
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