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Abstract

:

While originally intending to explore the venom gland microbiome of the desert hairy scorpion Hadrurus arizonensis Ewing, 1928, nanopore sequencing serendipitously recovered complete mitochondrial genomes for this iconic arachnid. Phylogenetic analysis of these high-quality genomes places Hadrurus as sister to Uroctonus, in agreement with some phylogenomic hypotheses. Additionally, we reveal significant genetic variation among individuals from the same population, highlighting the potential of mitogenomics for population genetics and phylogeography. This study showcases the effectiveness and affordability of nanopore sequencing for research with non-model organisms, opening new avenues for investigating arachnid biodiversity, evolution, and biogeography.
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1. Introduction


Mitochondrial genomes, or mitogenomes, of non-model organisms offer a powerful window into evolutionary relationships and are useful across timescales, from ancient divergences to nuanced intraspecific processes. Advancements in DNA sequencing technology, coupled with accessible bioinformatics tools, have led to an increase in mitogenomic studies, fueling phylogenetic analyses across diverse taxonomic levels. Recent examples range from elucidating relationships within an orthopteran species complex [1] to clarifying the phylogeny at the family-level for an infraorder of deep-sea crustaceans [2]. Yet, the potential of these tools often extends beyond their initial targets as unanticipated discoveries in the bycatch of sequencing data [3,4]. Here, we present a fascinating case in point, presenting the first mitogenomes of the iconic desert hairy scorpion, Hadrurus arizonensis Ewing, 1928 (Figure 1), which were uncovered not while seeking them but as bycatch during an investigation into the microbiome of its venom-containing telson.



The phylogenetic position of Hadrurus spp. and its sister genus Hoffmannihadrurus, together forming the family Hadruridae, has remained enigmatic within the scorpion tree of life. Initially classified within Caraboctonidae, subsequent phylogenomic analyses elevated the subfamily Hadrurinae to the family Hadruridae of the superfamily Hadruroidea [5,6]. However, the precise placement of Hadruroidea has remained elusive, forming an unstable relationship with Uroctonus (currently incertae sedis), Scorpionoidea, and Vaejovoidea [6,7,8].



Our investigation, initially focused on characterizing venom gland microbiomes using the MinION sequencing platform by Oxford Nanopore Technologies (ONT: Oxford, UK), serendipitously yielded high-quality complete mitogenomes for seven Hadrurus arizonensis specimens. These unexpected genetic data presented a unique opportunity to investigate intraspecific genetic diversity and explore the evolutionary history of Hadrurus. We focused on achieving four key objectives: (1) assemble and annotate the first complete mitogenomes of H. arizonensis, (2) clarify the phylogenetic position of Hadruroidea within the scorpion tree of life, (3) characterize intraspecific genetic diversity across genes, and (4) showcase the potential of nanopore sequencing for studies of non-model organisms like scorpions.



The fulfillment of these objectives will not only unveil novel insights into the genetics of Hadrurus but also underscore the potential for important discoveries from the bycatch of sequencing data. Our work highlights the often serendipitous nature of scientific discovery, as valuable revelations can be hidden beneath the surface of seemingly focused inquiries.




2. Materials and Methods


Seven Hadrurus arizonenesis were collected from just east of Cattail Cove State Park in Arizona, USA (34.356159°, −114.147638°), for ongoing investigations of scorpion tissue and venom microbiomes. Specimens were identified based on morphology, habitat, geographical location, and by submitting COI sequences to the NCBI Basic Local Alignment Search Tool (BLAST). A modified Epicentre Master Pure DNA Purification (Lucigen, Middleton, WI 53562, USA) protocol was used to extract DNA from frozen scorpion telsons, as seen in Shimwell et al. [9]. Telson tissue was cut into small pieces, mixed with 300 μL Tissue and Cell Lysis Buffer and 50 μg Proteinase K, prior to being homogenized with a sterile homogenizer to form a liquid suspension. Samples were incubated overnight in a 56 °C shaking water bath. Samples were iced and mixed with 175 μL of MPC Protein Precipitation Reagent and then centrifuged at 10,000× g for 10 min at 4 °C. The DNA was precipitated at −20 °C for 30 min or overnight by adding 500 μL of cold (−20 °C) isopropanol. Samples were warmed to 4 °C and centrifuged at 10,000× g for 10 min at 4 °C to pellet the DNA. Supernatants were decanted, and the pellets were washed twice with 70% ethanol. The pellets were air-dried for 30 min and resuspended in 50 μL of TE buffer (10 mM Tris, 1 mM EDTA, pH 8). Final concentrations of DNA ranged from 216 to 1676 ng/μL.



DNA from telson tissues was used to generate genomic and metagenomic libraries using a Native Barcoding Kit 24 V14 for ligation sequencing of gDNA (SQK-NBD114.24). DNA repair and end-prep was conducted using NEBNext FFPE DNA Repair Mix and NEBNext Ultra II End Repair/dA-Tailing Module (New England Biolabs Inc., Ipswich, MA, USA) with a 5 min incubation at 20 °C for 5 min followed by 65 °C for 5 min. Samples were purified by incubation with AMPure XP beads (Beckman Coulter, Indianapolis, IN, USA) on a hula mixer, followed by separation on a magnetic rack. Sample barcodes were ligated to DNA fragments using Blunt/TA Ligase Master Mix (New England Biolabs Inc., Ipswich, MA, USA) with a 20 min incubation at room temperature, followed by bead purification. Samples were then pooled, and sequencing adapters were ligated using NEBNext Quick Ligation Reaction Buffer and Quick T4 DNA Ligase (New England Biolabs Inc., Ipswich, MA, USA) with a 20 min incubation at room temperature, followed by bead purification. DNA quantification was conducted on a Qubit 4 fluorometer (Invitrogen, Carlsbad, CA, USA) throughout the protocol.



The pooled library was combined with Library Beads (LIBs) and Sequencing Buffer (SB) and loaded into a new and primed FLO-MIN114 flow cell. Sequencing of the flow cell was conducted using a MinION Mk1C and MinKNOW v.3.6.5. Sequencing ran for 72 h. After sequencing, the raw reads were basecalled, demultiplexed, and converted from fast5 to fasta files in Guppy v.6.4.2 using high-accuracy (HAC) basecalling.



Demultiplexed nanopore sequencing reads were imported into Geneious Prime v2023.0.4 (Biomatters Ltd., New Zealand). All ends were trimmed to a quality score of 10 or greater with BBDuk and reads with minimum lengths between 50 and 500 bp were discarded per sample. Reads from the H. arizonensis sample with the most data were mapped to the complete mitogenome of Uroctonus mordax Thorell, 1876 (NC_010782) as a reference using the Highest Sensitivity option and five fine-tuning iterations. A consensus sequence was generated and aligned to 17 available scorpion mitogenomes. The H. arizonensis consensus sequence clearly aligned more closely with those of parvorder Iurida, so samples belonging to parvorder Buthida were removed, and samples were realigned. The resulting alignment was used to manually inspect the consensus sequence for indels, which are the most common error in ONT data [10]. Geneious Prime was used to determine open reading frames to make sure divergent nuclear mitochondrial segments (NUMTs) did not influence the result. No evidence of NUMTs was found. The resulting H. arizonensis mitogenome was then used as a reference to assemble reads into contigs and generate consensus sequences for the remaining six samples. Mitogenomes were annotated using the MITOS web server [11]. Gene boundaries were checked manually in Artemis 17.0 [12], as well as in Geneious Prime via manual inspection and comparison to published and annotated mitogenomes of Iurida scorpions. The seven annotated mitogenomes were deposited in GenBank under accession numbers OR995570–OR995576.



For each rRNA gene and protein-coding gene (PCG), we used DnaSP v.6.2.01 [13] to determine the number of variable sites, number of haplotypes, haplotype diversity, and nucleotide diversity. We visually assessed the diversity of these genes by constructing simple (ε = 0) median-joining networks using POPART v.1.7.2 [14]. This approach prioritizes short connections by merging minimum spanning trees into a single network, making it well suited for revealing patterns of intraspecific haplotype diversity.



The usefulness of mitogenomic data in phylogenetic reconstruction has been tested in other chelicerates [15,16]. To address the phylogenetic position of Hadruridae (or Hadruroidea) using mitochondrial genomic data, we leveraged 11 scorpion mitogenomes available (see below), plus the seven mitogenomes generated here, and constructed matrices using the amino acid (m1) and nucleotide (m2) sequences of the 13 protein-coding genes in scorpion mitochondria. Species used in this study included two buthids (Centruroides vittatus (Say, 1821) (NC_037222) and Olivierus martensii (Karsch, 1879) (NC_009738)) and nine iurids. From these iurids, our sample included Scorpiops tibetanus Hirst, 1911 (Scorpiopidae, NC_053569), Heterometrus longimanus (Herbst 1800) (Scorpionidae, KR190462), U. mordax (insertae sedis, NC_010782), and six species of family Vaejovidae (Chihuahuanus coahuilae (Williams, 1968) (BK061405), Konetontli acapulco (Armas & Martin-Frias, 2001) (BK061399), Kuarapu purhepecha Francke & Ponce-Saavedra, 2010 (BK061401), Paravaejovis spinigerus (Wood, 1863) (BK061400), Vaejovis smithi Pocock, 1902 (KX520650), Vaejovis mexicanus C. L. Koch, 1836 (BK061398)). The amino acid and nucleotide sequences from each of 13 PCGs were aligned using MAFFT v.7.4 (--auto –anysymbol –quiet) [17] and trimmed using trimAl v.1.2 (-fasta -gappyout) [18]. Model selection, maximum likelihood phylogenetic analysis, and nodal support of each locus were performed using IQTREE v. 2.0.6 [19] implementing ModelFinder Plus [20] and ultrafast bootstraptraping [21] with the following command: iqtree2 -s LOCUS.aligned.fasta -m MFP -B 1000. Then, these loci (amino acids and nucleotides) were concatenated and analyzed using IQTREE implementing the model selected in each partition and 1000 ultrafast bootstrap replicates (-p Partition_file.txt -B 1000).



We calculated the length of the gene and intergenic regions in the 12 scorpion species and plotted them next to the phylogeny using the R packages phytools [22], ggplot2 [23], and ggtree [24].




3. Results


Nanopore sequencing of the seven samples yielded 5.9 million reads that were basecalled and passed initial filtering in Guppy (Table 1). Additional quality filtering and the removal of short reads with BBDuk reduced the number of reads per sample to 236,000 to 1,760,000, with an average of 842,857. Of these, 709 to 7838 mapped to reference sequences, with an average of 2537 per sample. Coverage ranged from 14 to 227 across the seven assemblies.



The mitochondrial genome of H. arizonensis is a circular double-stranded DNA molecule with a length of 14,486 bp (Figure 1). The mitogenome comprises 13 PCGs (ATP6, ATP8, COI-II, NAD1-6, and NAD4L), 24 tRNA genes, and 2 rRNA genes (16S and 18S). Of these 38 genes, 23 are encoded on the leading strand and 15 are on the lagging strand. The AT content ranges from 69.64% to 69.86%, with a mean of 69.69%.



The gene order of the H. arizonensis mitogenome is identical to that of scorpions in the family Vaejovidae (C. choahuilae, K. acapulco, K. purhepecha, V. mexicanus, and V. smithi), Scorpiopidae (S. tebetanus) and U. mordax (Figure 2). The gene order in the mitogenome of H. arizonensis was largely identical to that of both P. spinigerus (whose mitogenome is partially sequenced) and H. longimanus. However, the last three transfer RNA (tRNA) genes differed from H. longimanus in their arrangement. In H. arizonensis, these tRNAs were ordered tryptophan (W), cysteine (C), and tyrosine (Y), while in H. longimanus, they were ordered cytosine (C), tyrosine (Y), and tryptophan (W).



Analysis of the seven mitogenomes revealed moderate levels of polymorphism and diversity across 15 protein-coding and ribosomal genes (Table 2). The 12S and 16S rRNA genes exhibit the lowest variation, with 1.11% and 1.92% of sites polymorphic, respectively. Protein-coding genes displayed higher levels, ranging from 2.24% in COII to 4.02% in NAD3. Haplotype diversity followed a similar pattern, with rRNAs showing lower values (0.714 and 0.952) compared to that of most protein-coding genes (0.810 to 1.000). Nucleotide diversity also trended higher in protein-coding genes, reaching 0.01286 in NAD3 and ranging from 0.00733 to 0.01092 in other genes.



Haplotype networks for rRNA and protein-coding genes reveal a genetic structure (Figure 3) indicative of a complex phylogeographical history. The simplest networks consisted of four haplotypes arranged linearly (COIII and NAD4L) or with a central haplotype with remaining haplotypes attached (12S and ATP8). Six genes produced reticulated haplotype networks, connecting six to seven haplotypes, and contained two to five hypothetical haplotypes (16S, ATP6, CYTB, COI, NAD1, and NAD2). The remaining genes (COI, NAD3, NAD4, NAD5, and NAD6) produced non-reticulated networks with five to seven haplotypes and zero to three hypothetical haplotypes. In all networks, a single haplotype differed conspicuously from the other six haplotypes by a number of unique mutations, indicative of two different mitochondrial clades occurring at the same site.



Maximum likelihood phylogenetic analysis of Iurida mitogenomes, rooted with two Buthida mitogenomes, produced a phylogeny with strong bootstrap support for most nodes (Figure 4). The seven H. arizonensis individuals were grouped together as a monophyletic group that recently shared a common ancestor. These samples formed a divergent lineage that is sister to U. mordax with low support. The H. arizonensis and U. mordax clade was sister to a clade containing members of the family Vaejovidae: V. smithi, V. mexicanus, K. acapulco, C. coahuilae, P. spinigerus, and K. purhepecha. Within the vaejovid clade, V. smithi and V. mexicanus formed a clade sister to a clade containing K. acapulco, C. coahuilae, P. spinigerus, and K. purhepecha. Scorpiops tibetanus and H. longimanus were recovered as sister taxa to the clade containing the superfamilies Vaejovoidea, Hadruroidea, and genus Uroctonus.




4. Discussion


The present study describes the first complete mitogenomes for the iconic desert hairy scorpion, H. arizonensis, using nanopore sequencing. Our high-quality mitogenomes reveal not only substantial intraspecific genetic diversity in mitochondrial genes in a population of scorpions, but also hint at an interesting phylogenetic position for Hadruridae within Iurida. These results highlight the potential of nanopore sequencing for fast and relatively inexpensive mitogenomic sequencing of non-model organisms like scorpions.



Mitochondrial Gene Diversity: As far as we know, this is the first study analyzing intraspecific variation across all complete ribosomal RNA (rRNA) genes and protein-coding genes (PCGs) from scorpion mitochondria. As expected, rRNA genes showed less diversity than PCGs. Traditionally, scorpion phylogenetics has relied on the slower evolving 16S rRNA gene and the faster changing COI gene [25,26,27]. While COI is a popular DNA barcoding tool and is often used for intraspecific scorpion studies, our results reveal that other mitochondrial genes are even more variable. This is evident in the highly structured and diverse haplotype networks generated from our mitogenome data (Figure 3). Among these, genes like CYTB, NAD4, and NAD5 stand out due to their higher percentage of variable sites and relatively larger size relative to most other mitochondrial genes (Table 2), making them potentially more informative markers for intraspecific studies. Despite their potential utility, however, COI remains the established choice for many intraspecific scorpion analyses.



Previous analysis of 256 COI sequences by Graham et al. [28] uncovered complex phylogeographic patterns in H. arizonensis, revealing six main clades linked to the Pleistocene. Interestingly, BLAST searching the COI gene sequences from our mitogenomes against the NCBI database revealed that our seven specimens belong to two of the six clades. Specifically, one sample aligns with a northern clade distributed along the Lower Colorado River Valley (Group III), while the remaining six belong to a larger, widespread clade found across the central part of the species’ range in the Mojave and Sonoran deserts (Group I). Notably, our sampling site was not included in the previous study, and our findings extend the southern distribution of mitochondrial Group III by roughly 40 km.



Phylogenetic Relationships: Our phylogenetic analysis using Iurida mitogenomes places H. arizonensis of the family Hadruridae as a sister lineage to U. mordax (incertae sedis; Figure 4). Together, Hadruridae and Uroctonus formed a clade sister to Vaejovidae. Recent studies that analyzed transcriptome and ultra-conserved element (UCE) data generally placed superfamilies Scorpionoidea and Vaejovoidea as sister taxa [6,7,8]. As such, we expected the six vaejovid species in our analysis (superfamily Vaejovoidea) to form a clade with Heterometrus of Scorpionidae (superfamily Scorpionoidea). Intriguingly, in our phylogeny, Heterometrus instead formed a lineage sister to a clade made up of six Vaejoviodea spp., U. mordax, and H. arizonensis. What could have caused this discrepancy?



Mitochondrial genes have a higher mutation rate than that of most nuclear genes, making them powerful markers to study recent diversification events, but sometimes they are too saturated with homoplasious mutations to resolve deeper relationships. Diversification among the Iurida scorpion families in this study has been estimated to have occurred in the Cretaceous period [29], perhaps a timeframe too old for mitogenome data. In insects, mitogenomes have been found to be useful for resolving low-level phylogenetic relationships but to be inadequate at the subfamily-level and above [30]. In addition, our phylogenetic analysis was admittedly limited due to the availability of mitogenomes for only nine Iurida scorpions other than our seven for H. arizonensis.



The conflicting results from different studies emphasize the complexity of scorpion phylogenetics and the need for further investigation. Our mitogenomic data provide a valuable piece of the puzzle, but data from additional taxa and nuclear genomic regions may help resolve the position of Hadruridae within the scorpion tree of life.



Potential of Nanopore Sequencing: Results from this study demonstrate the effectiveness of nanopore sequencing for mitogenomic studies in non-model organisms like scorpions. Our original intention for ONT sequencing was to identify bacterial DNA from genomic scorpion DNA, isolated from venom glands, without the prior need for PCR amplification. This would minimize inherent biases associated with PCR and allow us to capture longer reads compared to those of methods like Illumina short-read sequencing. Despite our focus on bacterial DNA, we were able to obtain high-quality mitochondrial genomes for all seven Hadrurus arizonensis individuals that were sequenced together on a single ONT flow cell. Given the depth of coverage for each individual (Table 1), a few more samples could probably have been added to the sequencing run. Excitingly, we suspect that even more samples could be included on the same flow cell if nanopore adaptive sampling (NAS) is leveraged. The NAS approach allows users to selectively enrich target sequences by rejecting reads that are not a close enough match to reference sequences [31]. For example, we could have used all other published scorpion mitogenomes as reference sequences and had the sequencer reject reads that were less than a 70% match, resulting in more mitochondrial reads. Since our original intention was to sequence microbiome data (bacterial DNA) we did not use NAS but were still able to generate enough mitochondrial reads to assemble high-quality and complete mitochondrial genomes. This is particularly encouraging for studies of poorly characterized species where reference genomes are unavailable, as prior information, like conserved regions for primer design, are not even necessary.



Our nanopore sequencing approach, combined with NAS, will be particularly useful for generating phylogenetic data for low or moderately diverse taxa like the family Hadruridae, which contains only nine species. Most recent phylogenetic analyses of animal mitogenomes have used high-throughput sequencing, i.e., [32,33,34] or Sanger sequencing of PCR amplicons produced with a variety of primer pairs and techniques, i.e., [35,36,37]. We propose, however, that the phylogeny of a small taxon like Hadruridae could be resolved by running representatives of each species together in a single run on an ONT flow cell. This streamlined approach should yield complete mitochondrial genomes for all species simultaneously. The mitogenomes could then be used to estimate phylogenetic relationships among these closely related species, as we did with Iurida (Figure 4). Furthermore, H. arizonensis mitogenomes could now be used as NAS references for targeting and the enrichment of mitochondrial reads. This approach streamlines phylogenetic analyses for low-diversity groups by combining species in a single run, optimizing mitochondrial read capture and requiring minimal resources, all at a reduced cost.




5. Conclusions


This study unveils the first complete mitogenomes for an icon of the American Southwest: the desert hairy scorpion. Utilizing nanopore sequencing as an investigative tool targeting bacterial DNA from venom glands, our study successfully generated high-quality mitogenomes as bycatch. Phylogenetic analysis of these data allowed us to explore relationships among Iurida scorpions for which mitogenomic data are available. Furthermore, the exploration of genetic diversity yielded insights into the potential of alternative mitochondrial genes, such as CYTB, NAD4, and NAD5, whose high intraspecific variability suggests their possible utility as informative markers for future studies of closely related scorpions, such as population genetics and phylogeography. Looking ahead, the use of nanopore sequencing with adaptive sampling presents a powerful tool for phylogenetic analyses of taxonomically limited groups like the Hadruridae. This streamlined approach envisions a single sequencing run yielding complete mitogenomes for multiple species, accelerating our understanding of the tree of life for non-model organisms like scorpions.
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Figure 1. Circular map of the mitochondrial genome of Hadrurus arizonensis showing the arrangement of PCGs (green) and rRNA genes (red). The proportion of guanine and cytosine (GC) nucleotides is depicted by the green line, and the proportion of adenine and thymine (AT) nucleotides is shown by the blue line plotted along the mitochondrial genome. 
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Figure 2. Comparison of mitochondrial gene arrangement across Hadrurus arizonensis and other Iurida scorpions with sequenced mitogenomes. Full gene names are provided in Table 2. 
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Figure 3. Haplotype networks showing amount of genetic diversity among genes coding for proteins (green dots) and ribosomes (red dots) from seven Hadrurus arizonensis mitogenomes. Black dots represent hypothetical haplotypes. 
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Figure 4. Left: Maximum likelihood tree (log-likelihood score of −81,800.5705) based on the concatenated nucleotide sequences of 13 mitochondrial orthologs (11,114 bp) of 12 scorpion species (Hadrurus arizonensis is represented by seven specimens). Numbers on/near the nodes represent ultrafast bootstrap support values. Right: bar plots indicating the length (bp) of the gene and intergenic regions. 
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Table 1. Nanopore read data used for assembly of Hadrurus arizonensis mitogenomes. Passed reads indicate the number of reads after filtering with Guppy. Reads were then trimmed in Geneious Prime using BBDuk and mapped to reference mitogenomes (see Methods). Coverage is the number of reads that align to each base pair in the reference sequences.
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	Identifier
	Passed Reads
	Trimmed Reads
	Trimmed Read Length
	Mapped Reads
	Coverage





	MRG2101
	444,000
	435,340
	200–36,686
	1411
	23–89



	MRG2102
	1,272,000
	515,045
	200–30,400
	1220
	29–93



	MRG2103
	372,000
	362,438
	200–40,124
	1327
	38–83



	MRG2104
	236,000
	235,969
	50–25,996
	709
	14–64



	MRG2105
	972,000
	892,446
	200–48,837
	7838
	39–145



	MRG2106
	844,000
	841,533
	105–34,665
	2693
	81–170



	MRG2107
	1,760,000
	892,394
	500–82,653
	2563
	84–227










 





Table 2. Diversity metrics for two rRNA genes and 13 protein-coding genes from seven Hadrurus arizonensis mitogenomes.
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	Gene
	Full Gene Name
	Length (bp)
	Variable Sites (S)
	Percent

Variable
	Haplotypes (h)
	Haplotype

Diversity (Hd)
	Nucleotide

Diversity (π)





	12S
	12S ribosomal RNA
	721
	8
	1.11%
	4
	0.714
	0.00317



	16S
	16S ribosomal RNA
	1197
	23
	1.92%
	6
	0.952
	0.00597



	ATP6
	ATP synthase membrane subunit 6
	666
	22
	3.30%
	7
	1.000
	0.01044



	ATP8
	ATP synthase membrane subunit 8
	156
	4
	2.56%
	4
	0.714
	0.00733



	CYTB
	Cytochrome b
	1119
	42
	3.75%
	6
	0.952
	0.01170



	COI
	Cytochrome c oxidase I
	1539
	39
	2.53%
	7
	1.000
	0.00792



	COII
	Cytochrome c oxidase II
	670
	15
	2.24%
	7
	1.000
	0.00739



	COIII
	Cytochrome c oxidase III
	781
	20
	2.56%
	4
	0.714
	0.00756



	NAD1
	NADH dehydrogenase subunit 1
	924
	26
	2.81%
	7
	1.000
	0.00948



	NAD2
	NADH dehydrogenase subunit 2
	962 *
	25
	2.60%
	7
	1.000
	0.00832



	NAD3
	NADH dehydrogenase subunit 3
	348
	14
	4.02%
	5
	0.905
	0.01286



	NAD4
	NADH dehydrogenase subunit 4
	1275
	39
	3.06%
	6
	0.952
	0.01083



	NAD4L
	NADH dehydrogenase subunit 4L
	288
	10
	3.47%
	4
	0.810
	0.01157



	NAD5
	NADH dehydrogenase subunit 5
	1698
	53
	3.12%
	7
	1.000
	0.00937



	NAD6
	NADH dehydrogenase subunit 6
	453
	14
	3.09%
	6
	0.952
	0.01092







* The NAD2 gene is 972 bp in length but was trimmed for this analysis due to ambiguous base calls.
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