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ABSTRACT. Pieridae is a butterfly family whose evolutionary history 
is poorly understood. Due to the difficulties in identifying morphological 
synapomorphies within the group and the scarcity of the fossil records, 
only a few studies on higher phylogeny of Pieridae have been reported 
to date. In this study, we describe the complete mitochondrial genomes 
of four pierid butterfly species (Aporia martineti, Aporia hippia, 
Aporia bieti, and Mesapia peloria), in order to better characterize the 
pierid butterfly mitogenomes and perform the phylogenetic analyses 
using all available mitogenomic sequence data (13PCGs, rRNAs, 
and tRNAs) from the 18 pierid butterfly species comprising the three 
main subfamilies (Dismorphiinae, Coliadinae and Pierinae). Our 
analysis shows that the four new mitogenomes share similar features 
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with other known pierid mitogenomes in gene order and organization. 
Phylogenetic analyses by maximum likelihood and Bayesian inference 
show that the pierid higher-level relationship is: Dismorphiinae 
+ (Coliadinae + Pierinae), which corroborates the results of some 
previous molecular and morphological studies. However, we found 
that the Hebomoia and Anthocharis make a sister group, supporting 
the traditional tribe Anthocharidini; in addition, the Mesapia peloria 
was shown to be clustered within the Aporia group, suggesting that the 
genus Mesapia should be reduced to the taxonomic status of subgenus. 
Our molecular dating analysis indicates that the family Pieridae began 
to diverge during the Late Cretaceous about 92 million years ago (mya), 
while the subfamily Pierinae diverged from the Coliadinae at about 86 
mya (Late Cretaceous).

Key words: Mitogenomes; Pieridae; Phylogeny; Divergence time

INTRODUCTION

The insect mitochondrial genomes are usually circular molecules, approximately 14-
19 kb, containing 37 genes (including 13 protein-coding, 22 tRNA, and 2 rRNA genes) and 
a non-coding A+T-rich region harboring the initiation sites for transcription and replication 
(Clayton, 1992). Owing to their unique characteristics, such as more phylogenetic information 
than the individual genes, maternal inheritance, medium size, and little recombination, the 
mitogenome sequences have been widely used in studies on phylogenetics, molecular evolution, 
evolutionary genomics, and phylogeography (Cameron, 2014). With the advancements in PCR 
technique, the insect mitogenome sequencing is relatively easy to perform now, and more than 
500 insect mitogenomes have been determined, to date (Kim et al., 2014). However, among 
the huge mitogenomic data, only 14 sequences from Pieridae species have been reported.

The Pieridae is one of the largest butterfly families that contains about 83 genera 
and over 1100 species widely distributed around the world, especially in tropical Africa and 
Asia (Robbins, 1982; Braby, 2005). This family is traditionally divided into four subfamilies 
(Pseudopontiinae, Dismorphiinae, Coliadinae, Pierinae) (Braby et al., 2006; Wahlberg et al., 
2014; Ding and Zhang, 2016). The subfamily Pseudopontiinae contains one genus Pseudopontia, 
probably only five species, and is distributed in some local areas of tropical Africa; the subfamily 
Dismorphiinae contains seven genera covering about sixty species, and is mostly distributed in 
the Neotropical areas. However, the subfamily Pierinae contains nearly sixty genera and over 
900 species, and the subfamily Coliadinae contains about 18 genera covering about 220 species, 
both of the these subfamilies having worldwide distribution (Braby et al., 2006).

Previous studies on the systematics of Pieridae generated controversial results 
regarding the higher phylogeny of Pieridae (Ehrlich, 1958; Ehrlich and Ehrlich, 1967; 
Venables, 1993; Pollock et al., 1998; Braby et al., 2006; Wahlberg et al., 2014). Although 
the Pseudopontiinae and Dismorphiinae were suggested as sister groups, being reciprocally 
monophyletic in some studies (Ehrlich, 1958; Braby et al., 2006), the former subfamily was 
considered as intermediate between the Dismorphoiinae and Pierinae s.l. (including the 
Coliadinae, formerly the tribe Coliadini) by Clench (1955). The Coliadinae was shown as 
a strongly supported monophyletic group based on three mitochondrial gene sequence data 
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(Pollock et al., 1998), whereas it was shown as a paraphyletic group in morphological view 
(Venables, 1993); the monophyly of Pierinae was also generally assumed by researchers based 
on both molecular and morphological evidences (Ehrlich and Ehrlich, 1967; Braby et al., 
2006; Wahlberg et al., 2014); the above two subfamilies were recovered as sister subfamilies 
in the majority of previous studies. Additionally, the relationships between Pseudopontiinae 
and Dismorphiinae, as well as between Pierinae and Coliadinae were recovered in most of 
the previous studies, whereas it was supported that the Pseudopontiinae was paraphyletic 
to Dismorphiinae (Venables, 1993). Furthermore, within the Pierinae, the relationship of 
tribe Pierini with Anthocharidini was also a controversial issue; these were considered to be 
paraphyletic or sisters by different research groups (Ehrlich, 1958; Braby et al., 2006; Wahlberg 
et al., 2014; Ding and Zhang., 2016). For example, Braby et al. (2006) found that the tribe 
Anthocharidini was nonmonophyletic, and thus suggested that Hebomoia should be removed 
from the Anthocharidini. However, Wahlberg et al. (2014) found that Hebomoia was sister to 
the rest of the Anthocharis clade, suggesting that it should be included in the Anthocharidini.

The study of the evolutionary history of the butterflies is still at an initial stage in 
that the fossil record is relatively scarce (Braby, 2005; Braby et al., 2006). To date, only a 
few of undoubted Pieridae fossils have been discovered, namely Stolopsyche libytheoidea, 
Oligodonta florissantensis, and Coliates proserpina (putatively the close relatives of genera 
Pieris, Leodonta, and Aporia, respectively) with their deposits preserved in the late Eocene 
[37.2-33.9 million years ago (mya)] or in the early Oligocene (33.5-30 mya) (Scudder, 1875, 
1889; Brown, 1976). Based on the coevolutionary relationship between insects and their host 
plants, the Pieridae should have a relatively longer evolutionary history because their host 
plants (the Fabales, Brassicales, and Santalales) date about 60 mya in the Palaeocene age or 
even older than 90 mya in the late Cretaceous (Braby et al., 2006; Braby and Trueman, 2006). 
With respect to molecular dating, the Pierinae was estimated to diverge from Coliadinae at 
about more than 85 mya, based on nuclear EF-1ɑ gene sequence data (Wheat et al., 2007).

In this study, we determined the complete mitogenomic sequence of three Aporia 
species (Aporia bieti, Aporia hippia, and Aporia martineti) and one species of their close 
relatives, namely Mesapia peloria for the first time. They were identified and verified by 
detailed morphological features described in the Monograph of Chinese Butterflies edited by 
Chou (1999).We also compared the genomic structure and composition, such as gene content, 
tRNA secondary structure, rRNA secondary structure, and gene order, with other available pierid 
butterfly species. Moreover, for the first time, the Pieridae phylogeny comprising the three main 
subfamilies was reconstructed based on sequence data of thirteen protein-coding genes (PCG). 
Additionally, the divergence time of these groups was estimated using a relaxed-clock method, 
aimed at presenting a timescale for the origin and diversification of the Pieridae. The results will 
preliminarily provide new evidence for the evolutionary history of Pieridae and shed new light 
on the molecular dating timescale of insects based on the mitogenomic data.

MATERIAL AND METHODS

Sample collection

Adult individuals of A. martineti, A. hippia, and A. bieti were collected from the Diebu 
county and Hezuo city of Gansu Province, China, in July 2006, while M. peloria was gathered 
from the Qilian Mountains, Qinghai Province, China, in July 2009. After sample collection, 
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the fresh tissues were immediately preserved in 100% ethanol and stored at -20°C until used 
for total genomic DNA extraction.

DNA extraction and PCR amplification

The total genomic DNA was extracted from the thoracic muscle of an adult individual 
by the improved glass powder method used in our laboratory (Hao et al., 2005). The universal 
short primers for amplification of the partial COI, ND4, and Cytb fragments were synthesized as 
described by Simon et al. (1994). The primers for the implication of long and the remaining short 
segments were designed after sequence alignment of the relevant butterfly mitochondrial genome 
sequences via the Clustal X1.8 (Thompson et al., 1997) and the Primer Premier 5.0 (Singh et al., 
1998) software. All the primers were synthesized by Sangon Biotechnology Co. Ltd., Shanghai, 
China. Long PCR amplification were performed under the following conditions: an initial 
denaturation at 95°C for 5 min; 30 cycles of denaturation at 95°C for 50 s, annealing at 50°-55°C 
(depending on the primer pairs) for 50 s, extension at 68°C for 150 s, and a final extension at 
68°C for 10 min. The PCR products were detected by 1.5% agarose gel electrophoresis, purified 
using a 3S Spin PCR Product Purification Kit (Sangon Biotechnology Co. Ltd., Shanghai) and 
sequenced directly with an ABI-377 automatic DNA sequencer. For each long PCR product, the 
complete, double-stranded sequence was determined by primer walking.

Sequence analysis

The raw sequences files were edited and assembled in BioEdit version 7.0 (Hall, 
1999). The concatenated amino acid sequences of the 13 PCGs, rRNA genes, and A+T-rich 
regions were determined by alignment of the sequences with the homologous regions of other 
Pierinae mitogenome sequences using Clustal X1.8 software (Thompson et al., 1997). The 
tRNA genes were identified using the tRNAscan-SE 1.21 (Lowe and Eddy, 1997), and the 
putative tRNAs that could not be scanned were confirmed by sequence comparison between 
the determined and other available pierid butterflies. The tRNA and rRNA secondary structures 
were predicted by tRNAscan-SE 1.21 (Lowe and Eddy, 1997) or through comparison with 
the known homologous regions in the other related butterfly species (Cameron and Whiting, 
2008; Wang et al., 2015). The nucleotide sequences of the PCGs were translated based on 
the invertebrate mtDNA genetic code. The nucleotide composition was calculated by using 
MEGA6.0 (Tamura et al., 2013) and the tandem repeats in the A+T-rich regions were predicted 
by the Tandem Repeats Finder (Benson, 1999). The four mitogenome sequences were 
deposited in the GenBank database under the accession Nos. KX495165 (A. bieti), KX495166 
(A. hippia), KX495167 (A. martineti), and KX495168 (M. peloria).

Phylogenetic analysis

The ingroup taxa for the phylogenetic analyses include 18 available pierid butterfly 
species representing three subfamilies with available mitogenomes (four newly determined 
in this study, one previously determined in our lab, and 13 extracted from GenBank). Two 
Hesperiidae butterfly species, namely Ochlodes venata (GenBank accession No. NC018048) 
and Celaenorrhinus maculosus (GenBank accession No. NC022853) were selected as 
outgroups because of their relatively close relationships with the Pieridae. The maximum 



5Phylogeny and molecular dating of Pieridae

Genetics and Molecular Research 15 (4): gmr15049196

likelihood (ML) and Bayesian inference (BI) phylogenetic trees were reconstructed based on 
the PCG 12 (matrix of the codon positions 1 and 2 of PCGs) data using the PAUP* version 
4.0b8 (Swofford, 2002) and the MrBayes Version 3.1.2 (Huelsenbeck and Ronquist, 2001) 
software, respectively. According to the Akaike information criterion, the GTR+I+G model 
was selected as optimal for the analysis based on Modeltest 3.7 software (Posada and Crandall, 
1998). In the ML analysis, the trees were searched through the TBR branch swapping method 
using a neighbor-joining tree as the starting tree; the nodal support values were assessed by 
bootstrap resampling calculated using 500 replicates. In the Bayesian analysis, two independent 
runs of four incrementally heated MCMC chains (one cold chain and three hot chains) were 
simultaneously run for one million generations in all the datasets and each set was sampled 
every 100 generations with a burn-in of 25%, and when the average standard deviation of 
the split frequencies was less than 0.01, the chain convergence (stationarity) was considered 
to have been reached. The confidence values of the BI tree were presented as the Bayesian 
posterior probabilities in percentages.

Divergence time estimations

Based on the PCG12 data matrix, divergence time estimations were conducted with 
the Bayesian relaxed molecular clock method (Sanderson et al., 2004) using the program 
BEAST Version 1.7.5 (Drummond et al., 2012), which uses MCMC approximation to estimate 
the joint posterior probability of a tree topology. In the analysis, the minimum age for crown-
group of the genus Pieris was constrained to be 37.2-33.9 mya based on the closely related 
fossil S. libytheoidea (Scudder, 1889), and that of the genus Aporia was constrained to be 
33.5-30 mya based on its closely related fossil C. proserpina (Scudder, 1875). Both the fossils 
mentioned above were also used in the previous studies of molecular dating (Braby et al., 
2006). In addition, the maximum age of the clade Pierinae that diverged with Coliadinae was 
set to be 90-85 mya based on the molecular dating for the origin of Brassicales, the hostplants 
for the Pierinae. The maximum age of the clade Pieridae was set to be 94-89 mya based on 
the estimate for the origin of their host plants, Fabales (Wikström et al., 2001). Every 1000 
chain was sampled with the 12,500 burn-in value set under the Tree Annotator Version 1.7.5 
(Drummond et al., 2012), discarding the aged samples before stationarity. The phylogenetic 
tree was viewed and edited by using Fig Tree Version 1.4.0 (Rambaut and Drummond, 2012).

RESULTS

General mitogenomic features

The four complete mitogenome sequences of A. bieti, A. hippia, A. martineti, and 
M. peloria, were 15,147, 15,154, 15,192, and 15,160 bp, respectively. Their sizes fell within 
the genome size range reported for other pierid butterflies. Each genome contained 13 PCGs 
(COI1-COIII3, ATP6, ATP8, ND1-6, ND4L, Cytb), 22 putative tRNA genes, 2 rRNA genes 
(lrRNA and srRNA), and a non-coding control area called A+T-rich region (Figure 1). The 
mitogenomes were similar, in terms of gene order and arrangement, to those of many other 
butterflies. Four of the 13 PCGs (ND5, ND4, ND4L, ND1), 8 tRNAs (trnQ, trnC, trnY, trnF, 
trnH, trnP, trnL, trnV), and 2 rRNAs (rrnL and rrnS) coded with the minority-strand, whereas 
the rest 23 genes coded with the majority-strand. Like other butterfly mitogenomes, the three 
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tRNAs located between the A+T-rich region and ND2, were also arranged in the pattern of 
tRNAMet/tRNAIle/tRNAGln, which was different from that of tRNAIle/tRNAGln/tRNAMet found in the 
ancestral insects (Figure 1).

Figure 1. Circular map of Mesapia peloria mitochondrial genome. COI, COII, and COIII refer to the cytochrome 
oxidase subunits, CytB refers to cytochrome B, ATP6 and ATP8 refer to subunits 6 and 8 of F0 ATPase, and ND1-6 
refer to the components of NADH dehydrogenase. The tRNAs are denoted by the color blocks and indicated by 
the IUPAC-IUB single letter amino acid codes, whereas L1, L2, S1, and S2 denote tRNALeu(CUN), tRNALeu(UUR), 
tRNASer(AGN), and tRNASer(UCN), respectively. Gene names that are not underlined indicates transcription on the 
majority strand whereas underlines indicate transcription on the minority strand.

Like the other pierid species, the nucleotide composition of the four mitogenomes 
was significantly AT-biased, ranging from 79.5% in Aporia hippia to 81.1% in Mesapia 
peloria (Table 1). The AT content of different genes or regions of the mitogenomes also varied 
significantly; for example, the AT-rich regions were 94.7, 94.7, 93.1, and 92.8%, and the PCGs 
were 79.7, 79.1, 78.6, and 77.9% (exclusive of the termination codon) respectively (Table 1).

PCGs

The PCGs in the four species contained a total of 3715, 3717, 3718, and 3717 
codons, respectively, and the sizes fell within the range for the other pierid butterfly species 
reported earlier (Table 1). For the four species, twelve of the 13 PCGs started with the 
typical ATN codons, whereas the COI began with CGA (Table 2). This CGA codon of COI 
is highly conserved throughout all the lepidopteran groups including all the butterfly groups 
and may be a synapomorphic character of the Lepidoptera (Kim et al., 2009). For example, 
A. bieti ATP8 starts with ATA, whereas the others use ATT or ATC as their start codons; the 
A. hippia and A. bieti ND6 start with ATT, whereas M. peloria and A. martineti ND6 start 
with the codon ATC (Table 2). For the stop codon of the four species, the ND3 uses TAG, 
the COI, COII, ND4, and ND5 use single nucleotide T, whereas the remaining eight of the 
13 PCGs use the standard TAA (Table 2).
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For the four species, the AT contents of 13 PCGs were 77.9, 78.6, 79.1, and 79.7% 
respectively, and these values were also similar to those detected in other pierid butterflies, 
which ranged from 78% in Hebomoia glaucippe to 80% in Catopsilia pomona (Table 1). 
When the first, second, and third codon positions were considered separately, the highest AT 
contents were the third positions for four pierid butterflies. In addition, the lowest C and G 
contents were also the third positions (Table 3).

tRNAs and rRNAs

All the four pierids contained 22 tRNA genes, among which 14 were encoded by 
the heavy chain and the other eight were encoded by the light chain. All the tRNAs can 
form the typical clover leaf secondary structure except the tRNAser (AGN), which lacked the 
dihydrouridine loop, as universally found in other butterfly mitogenomes (Zhang et al., 2013; 
Hao et al., 2014). All the tRNA genes had base pair mismatches, such as G·U, U·G, U·U, A·C, 
and A·A (Figure 2); these unusual base mismatches, which lead to the weak bond, could be 
corrected by RNA editing (Lavrov et al., 2000).

All the four mitogenomes contained two ribosomal RNA genes, namely the 16S rRNA 
and the 12S rRNA, which were located between tRNALeu(CUN) and tRNAVal, and between tRNAVal 
and the A+T-rich region, respectively. The 16S rRNAs were 1326, 1326, 1328, and 1323 bp 
in size, with 84.2, 84.6, 84.4, and 85.0% A+T content; the 12S rRNAs were 771, 774, 774, 
and 772 bp in size, with 84.6, 84.8, 85.2, and 85.2% A+T content, respectively. These cases 
were similar to those reported for other insect mitogenomes (Table 1). The 12S rRNA and 16S 
rRNA secondary structures of the four species were predicted based on the comparison with 
the structures of other related lepidopteran rRNAs; the predicted topologies were generally in 
congruence with those reported from other lepidopterans (Cameron and Whiting, 2008; Sun 
et al., 2012; Shi et al., 2015). The structure of A. hippia 12S rRNA containing six domains 
(labeled I, II, III, IV, V, and VI) with 49 helices is presented, herein (Figure 3).

A+T-rich region

The A+T-rich regions of the four mitogenomes were all located between the srRNA 
and tRNAMet and their lengths were 382, 418, 362, and 378 bp, respectively (Table 1). The 
A+T contents in these regions in the four mitogenomes were 94.7, 93.1, 92.8, and 94.7%, 
respectively (Figure 1 and Table 1). Ranging from the smallest Pieris melete (88.0%) to the 
largest C. pomona (97.1%), all the mitogenomes showed a significantly strong A+T bias, 
as observed in other insect groups (Li et al., 2015). The A+T-rich regions of all the four 
mitogenomes contained a poly-T stretch upstream of the characteristic motif ATAGA. The 
microsatellite-like elements, such as (TA)n (N = 6-10), which are frequently preceded by the 
ATTTA motif, are commonly present in the lepidopteran mitochondrial genomes (Figure 4).

Phylogenetic analysis

In the phylogenetic analyses, one data matrix PCG12 (owing to the substitution 
saturation of the third position) was used. There were 7372 sites in the PCG12 matrix in 
total. Both the phylogenetic trees (ML and BI) generated the same topologies only with a few 
different supporting values, showing that the Pieridae family constituted three well supported 
clades (subfamilies Dismorphiinae, Coliadinae, and Pierinae), and their relationships were 
[Dismorphiinae + (Coliadinae + Pierinae)] (Figure 5). 
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Figure 2. Predicted cloverleaf secondary structure of the Aporia hippia 22 tRNA genes.

Figure 3. Predicted secondary structure of the Aporia hippia 12S rRNA. The conserved domains are denoted by 
Roman numerals and the numbered helices are after Cameron and Whiting (2008) and Wang et al. (2015). The 
tertiary structures are denoted by boxed bases joined by solid lines. The Watson-Crick pairs are joined by dashes; 
other interactions are joined by plus sign.
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Figure 4. A+T-rich regions of the four pierid butterfly species investigated in this study.
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These phylogenetic results are supported by numerous previous studies based on 
morphological characters and molecular sequence data (Ehrlich, 1958; Braby et al., 2006).

Figure 5. Maximum likelihood and Bayesian inference phylogenetic trees of the 18 pierid species investigated in 
this study based on the concatenated nucleotide sequences of 13 protein-coding gene sequence data (the value of 
bootstrap support and posterior probability is shown on each node of the tree).

The subfamily Dismorphiinae only represented by Leptidea morsei in this study is a 
clade which is sister to the grouping of the other two subfamilies; the Coliadinae and Pierinae 
are all monophyletic and sister to each other with strong supporting values (bootstrap: 93% 
ML, 1.00 BI) (Figure 5). In addition, the Pseudopontiinae, traditionally treated as a unique 
subfamily covering only a few species was not included in this study; however, its close 
relationship with the Dismorphiinae was repeatedly confirmed by numerous previous studies 
based on morphological and molecular evidences (Ehrlich, 1958; Braby et al., 2006; Wahlberg 
et al., 2014), and it was even regarded as a subordinate taxa (Braby et al., 2006).

The Pierinae contains three well supported subclades: the first is the Pieris, the second 
is the grouping of Aporia + Delias + Prioneris, and the third is Hebomoia + Anthocharis 
(Figure 5). This result is generally in agreement with those of the previous molecular and 
morphological studies (Ehrlich, 1958; Braby et al., 2006; Wahlberg et al., 2014; Ding and 
Zhang, 2016); however, it is inconsistent with the results reported by Braby et al. (2006) 
regarding the position of Hebomoia, which stands basal on the phylogenetic tree of the 
subfamily Pierinae, and paraphyletic to Anthocharis. Within the tribe Pierini, both ML and BI 
analyses showed the M. peloria was clustered within the Aporia species, suggesting that the 
genus M. should probably be reclassified into Aporia as a subordinate taxon, an opinion held 
by Braby et al. (2006), Qiao et al. (2014), and Ding and Zhang (2016).

The Coliadinae contains two well supported subclades, namely Gonepteryx and Colias 
+ Catopsilia, in accordance with previous molecular studies (Braby et al., 2006; Wahlberg 
et al., 2014; Ding and Zhang., 2016), suggesting that the traditional higher classification of 
Coliadinae should be robust.

Divergence time estimations

As of date, only a few molecular dating studies concerning the Pieridae have been 
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conducted (Braby et al., 2006; Wheat et al., 2007). The present analysis represents the first 
divergence time estimation on Pieridae with Bayesian relaxed molecular clock method by using 
the mitogenomic PCG data. Our molecular dating results regarding the higher Pieridae groups are 
shown in Figure 6. The Pieridae began to diverge at about 92.45 mya in the middle or late Cretaceous 
Period (95%CI = 89.78-95.13 mya); the divergence between Coliadinae and Pierinae was dated at 
about 86.34 mya (95%CI = 83.59-88.83 mya) in the late Cretaceous, and the two subfamilies began 
to diverge at about 76.46 mya (95%CI = 66.76-83.85 mya) and 51.05 mya (95%CI = 31.8-72.68 
mya), respectively. These results are generally consistent with the corresponding time estimates 
obtained in previous studies based on the elongation factor 1α, wingless, COI, and 28S rRNA data 
(Braby et al., 2006; Braby and Trueman, 2006; Wheat et al., 2007). It is noted that the divergences 
of the main pierid groups during the Cretaceous time corresponds to a world greenhouse period 
when angiosperms and many modern animal groups also began to diversify and active tectonic 
movements causing large scale geographic isolations began to happen.

Figure 6. Evolutionary time-scale of the main Pieridae groups estimated by relaxed molecular clock method based 
on the 13 mitogenomic PCG sequence data (fossil or hostplant calibration points are shown by asterisks and the 
confidence intervals are shown by blue-colored bars on the phylogram). P: the Pleistocene series, Pl: the Pliocene 
series, Pa: the Paleocene series.

DISCUSSION

Our study provides the first molecular phylogenetic and molecular dating analyses 
of the Pieridae based on the mitochondrial genome sequence data. The results obtained in 
the present study were mostly consistent with those reported in some of the previous studies 
(Braby et al., 2006; Wahlberg et al., 2014; Ding and Zhang, 2016). However, these results 
were somewhat incongruent with those reported by Braby et al. (2006) in which the genus 
Hebomoia was not shown within the tribe Anthocharidini. Furthermore, our results indicated 
that in all the phylogenetic trees, the genus Mesapia was clustered within the genus Aporia, 
and thus it should be reduced to the subgenus rank considering their remarkably smaller body 
size compared to those of the other Aporia species. This opinion was also proposed by Qiao et 
al. (2014) and Ding and Zhang (2016).
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The phylogenetic analyses based on the mitochondrial genome data are usually limited 
by the whole sequencing of the total genome and accordingly the sufficient taxa sampling for 
specific target group. Additionally, the underlying computational methods, such as the selection 
of the evolutionary model, test of substitution saturation, etc., are relatively more complex 
than those of a single or few gene sequence data. In this study, the preliminary phylogenetic 
and dating analyses of Pieridae butterflies were conducted using the relatively smaller number 
of mitogenome sequence data from the present study as well as the data available in the 
GenBank. Comprehensive analyses based on more whole mitogenomic sequence data from 
this group should be undertaken in future studies.
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