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Abstract

We obtained a complete mitochondrial genome of a skipper butterfly Achalarus lyciades
(Hesperiidae, Eudaminae) from next generation sequencing reads. The 15,612 bp mitogenome
covers 13 protein-coding genes (PCGs), 22 transfer RNA genes (tRNAs), 2 ribosomal RNA genes
(rRNAs), and an A+T rich region. Its gene order is typical for mitogenomes of Lepidoptera.
Phylogenetic analysis placed A. /yciades as a sister to Lobocla bifasciatus, the only other
Eudaminae with available mitogenome.
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The Hoary Edge (Achalarus lyciades) is a skipper butterfly (family Hesperiidae, subfamily
Eudaminae) widely distributed over the eastern United States. Its English name comes from
a large whitish patch beneath the hindwing near the edge. To better understand the
phylogeny of Hesperiidae, we sequenced, assembled and annotated the complete
mitogenome of A. /yciades from the male voucher NVG-3311 collected in USA: Texas,
Sabine Co., Sabine National Forest, 1 mi south of Fairmount, near Fox Hunters' Hill, GPS
31.185394, -93.72992 on 12-Apr-2015. The body was stored in RNA/ater solution and
wings preserved to be deposited in the National Museum of Natural History, Smithsonian
Institution, Washington, D.C., USA. Methods for genomic DNA extraction, library
construction, next-generation sequencing, and computational procedures followed those we
reported previouslyl—4. Using mitogenome of Choaspes benjaminii as a reference to "bait"
sequence reads, about 2.9% of reads (4,732,966 out of 163,971,978) were extracted by
MITObim® from the 250 bp library, followed by 15 mer JELLYFISH® counting and
QUAKE error correction to exclude frequency lower than 1000 reads?. The corrected reads
were assembled denovo with Platanus. The 5’ and 3’ end of the 15491 bp Platanus assembly
was inspected and extended manually to complete the circular structure*. The genome
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sequence was annotated using the MITOS web server8, the predictions were manually
curated using other published skipper mitogenomes as references. The assembly quality was
assessed by reads mapping and sequence multiple alignment of the PCGs, tRNAs and
rRNAs genes with published Hesperiidae mitogenomes for consistency checking.

The complete mitogenome of A. /yciadesis 15613 bp in length (Genbank: KX249739) and
is AT rich, with a base composition of 40.5% A, 41.4% T, 7.3% G, and 10.8% C. It retains
the typical insect mitogenome gene set, including 13 PCGs (ND1-6, COX1-3, ND4L, ATPS,
ATP6, and CYTB), 22 tRNA genes (two for serine and leucine and one for each of the rest
amino acids), 2 ribosomal RNAs (rrnL and rrnS), and an A+T rich D-loop control region. In
many Lepidoptera mitogenomes, COX1 gene starts from the codon CGA?, however, in A.
lyciades, all PCGs including COX1 use the typical start codon ATN. COX1, COX2 and ND4
have an incomplete stop codon T, and a complete TAA codon is likely formed during mRNA
maturation10-11, The length of tRNAs ranges from 61 to 73 bp. The size of the two rRNAs
are 1378 and 778 bp, respectively. A 452 bp A+T rich region connects rrnS and tRNA-Met.

To phylogenetically place A. lyciades within Hesperiidae with available
mitogenomes3#12-18 e constructed RAXML19 maximum likelihood tree rooted with
Papilio glaucus (Papilionidae) mitogenome? (Fig 1). Sister relationship of A. /yciades and
Lobocla bifasciatus is strongly supported, in agreement with the placement of Loboclaas a
sole Old Word genus in the mostly New World subfamily Eudaminae2%-22, The tree
topology is largely consistent with previous phylogenetic studies?%-22: Coeliadinae are the
sister to all other Hesperiidae; among taxa with available mitogenomes, Tagiadini and
Celaenorrhini are sisters, Heteropterinae are the sister to Hesperiinae within which
Aeromachini is the sister to the rest. However, bootstrap on mitogenomes is insufficient to
support monophyly of Pyrginae, and the topology within the crown Hesperiinae group
deviates from that reported previously and needs to be investigated further. In conclusion,
the complete mitogenome of A. /yciades is the first one for a New Word representative of
subfamily Eudaminae essential for further studies of Lepidoptera.
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Figurel.
Maximum likelihood tree of complete mitogenomes of 18 Hesperiidae species rooted with

Papilio glaucus (Papilionidae). Achalarus lyciades with mitogenome reported here is shown
first. Numbers by the nodes show bootstrap support values and branches with bootstrap less
than 50% are collapsed. GenBank accessions for sequences are: Ampittia dioscorides
KM102732.1; Celaenorrhinus maculosaNC_022853.1; Daimio Tethys NC_024648.1;
Erynnis montanus NC_021427.1; Hasora anuraNC_027263.1; Hasora vittaNC_027170.1;
Heteropterus morpheus NC_028506.1 Choaspes benjaminii NC_024647.1; Lerema accius
NC_029826.1; Lobocla bifasciatus NC_024649.1; Carterocephalus silvicolaNC_024646.1;
Polytremis figongi NC_026990.1; Polytremis nascens NC_026228.1; Potanthus flavus
NC_024650.1; Parnara guttataNC_029136.1; Ctenoptilum vasavaNC_016704.1; Papilio
glaucus NC_027252.
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