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ABSTRACT. In this study, we determined the complete nucleotide 
sequence of the mitochondrial (mt) DNA of the paddy frog Fejervarya 
multistriata. mtDNA is 17,750-bp long and contains 13 protein-coding 
regions, 2 ribosomal RNA, non-coding genes, and 23 tRNA because 
of the presence of an extra copy of tRNA-Met. The gene arrangements 
among two related species of Fejervarya were compared, and the 
combined mtDNA data were subjected to a phylogenetic analysis. 
Interestingly, we observed a unique translocation of the tRNA-Leu 
gene, similar to that reported in previous studies on two Fejervarya 
species. Phylogenetic analyses supported the classification into two 
evolutionary clades, Ranidae and Dicroglossidae, as well as placement 
of Hylarana guentheri in the genus Babina. Our results suggested that 
Fejervarya limnocharis and Fejervarya multistriata may be conspecific, 
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because of its low pairwise genetic distance. However, these results 
must be further validated with additional analyses.

Key words: Fejervarya multistriata; Mitogenome; Gene arrangement; 
Phylogeny

INTRODUCTION

The paddy frog Fejervarya multistriata, is a species of frog belonging to the 
Dicroglossidae family. It is mainly found in southern China; however, it is also seen in 
Vietnam, Laos, Thailand, and Myanmar (Frost, 2009). The taxonomy of F. multistriata and 
related frogs in China is complex and not yet definitive: although formerly referred to as 
Fejervarya limnocharis, this species is now regarded as a complex species (Djong et al., 2011).

Ranidae (Anura: Neobatrachian) is a systematically neglected larger frog family that 
comprises a quarter of all extant frog species (Ford and Cannatella, 1993). The taxonomy of this 
family has also been revised several times (Zhou et al., 2009): Dubois (1992, 2005) proposed 
major taxonomic revisions of Ranidae, while Frost et al. (2006) proposed a new taxonomy across 
all living amphibians, with the Ranidae family being partitioned to avoid paraphyly with other 
monophyletic groups. Moreover, the subfamily Dicroglossinae, which was formerly placed in 
Ranidae, was elevated to Dicroglossidae (Scott, 2005; Frost, 2009). Frost et al. (2006) released 
an online platform for the classification of extant amphibians. In fact, Frost (2009) has made 
several revisions to the naming of this family, which have been employed in this study. Che et al. 
(2007) used combined mitochondrial and nuclear genetic data to conclude that the monophyly 
of Amolops and Rana was not supported. Recently, Huang et al. (2014) reported that some 
recognized genera (Amolops, Rana, Babina, and Hylarana) of Ranidae may not be monophyly, 
based on COI barcode information. Despite the utilization of different methods or markers to 
analyze the phylogeny of Ranidae in these studies (Scott, 2005; Che et al., 2007; Zhang et al., 
2013), its phylogenetic relationships remain obscure (Scott, 2005; Zhang et al., 2013).

The mitochondrial (mt) DNA serves as a good molecular marker for the identification 
of phylogenetic inference in amphibians (Kurabayashi et al., 2010; Zhang et al., 2013). In this 
study, mtDNA of 39 anuran species excluding F. multistriata (consisting of 25 species of Ranidae 
and 14 species of Dicroglossidae) was used to amplify the complete mitochondrial genome of 
F. multistriata, analyze its composition and structure, and infer its evolutionary relationships.

MATERIAL AND METHODS

Sample collection

F. multistriata were collected from Ji’an city, Jiangxi Province, China; muscle 
samples from these specimens were associated with the voucher specimen (zjbj3) available at 
Jinggangshan University.

DNA extraction, amplification, and sequencing

Total genomic DNA was extracted from muscle tissues using a standard phenol-
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chloroform extraction protocol (Sambrook et al., 1989). Long-and-accurate and normal 
polymerase chain reaction (PCR) methods were combined to amplify the complete mtDNA 
sequence of F. multistriata. Eight overlapping PCR products, 1256-3978 bp in length, were 
amplified to obtain the entire mitochondrial genome. Primers used to generate PCR products, 
and the sizes of obtained fragments, are summarized in Table S1.

The PCR protocol was set as follows: initial denaturation at 95°C for 5 min; 35 cycles 
of denaturation at 95°C for 30 s, annealing at 48°-60°C for 50 s, and elongation at 72°C for 
70-240 s; and a final extension at 72°C for 7 min. The PCR products were then stored at 
4°C. The amplification was performed in 25 mL reaction mixtures, containing 2.5 mL 10X 
PCR buffer (Mg2+ free; TaKaRa Bio Inc., Dalian, China), 2.5 mL MgCl2 (25 mM), 1.0-4.0 mL 
deoxyribonucleoside triphosphates (dNTP, 2.5 mM), 1.0 mL of each primer (10 mM), 0.2 mL 
EX Taq polymerase (5 U/mL), and approximately 200 ng total genomic DNA (template). The 
obtained PCR products (N = 11) were electrophoresed on a 1.0% agarose gel, purified using 
the DNA Agarose Gel Extraction Kit (Omega, Norcross, GA, USA), and directly sequenced 
using the primer walking method in an ABI 3730XL sequencer (Applied Biosystems, Foster 
City, CA, USA).

Analysis of obtained sequences

All sequences were assembled and edited using the SeqMan (DNASTAR 7.1.0) 
software package (Swindell and Plasterer, 1997). The boundaries of protein-coding genes 
were predicted by comparing with homologous sequences obtained from other related frogs 
using the MEGA 6.0 (Tamura et al., 2013) software platform. Transfer RNA (tRNA) genes 
were identified using tRNA-scan SE 1.21 (Lowe and Eddy, 1997). tRNA-Lys and tRNA-
Ser (AGY) genes, which could not be identified using tRNA-scan SE, were identified by 
observing previously proposed secondary rRNA structures (Kumazawa and Nishida, 1993) 
and investigating the anti-codons.

Phylogenetic analyses

The phylogenetic position of F. multistriata in the subfamily Dicroglossinae and its 
relationship to other anurans was confirmed by retrieving the complete mtDNA sequences of 
40 anurans and 2 salamander (Ranodon sibiricus and Rhinatrema bivittatum) from GenBank 
(Table 1). The sequence datasets, including 2 rRNA (12S and 16S) and 11 protein-coding 
genes (PCGs) were compared. This led to the exclusion of ND5 and ND6 genes; the former 
because of the translocation of ND5 from the neobatrachian gene order (Ren et al., 2009), and 
the latter, as being encoded in a light strand made it more mutable compared to the sequences 
in the heavy strand (Waddell et al., 1999). Transitions and transversions were plotted against a 
pairwise sequence divergence using the datasets in DAMBE (Xia and Xie, 2001), in order to 
detect the possible bias of substitution saturation. Phylogenetic analyses were performed using 
the maximum likelihood (ML) and Bayesian inference (BI) methods. A best-fit partitioning 
scheme was determined for the ML analysis using Partitionfinder v.1.0.0 (Lanfear et al., 
2012) under the Bayesian information criterion (Luo et al., 2010) (Table S2). An ML tree was 
constructed with the RAXML HPC software (Stamatakis et al., 2008) using a GTR + gamma 
model with 1000 bootstrap replicates. The datasets were partitioned by different genes (12S 
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RNA, 16S RNA, and 12 PCGs) for the BI method, and the concatenated PCGs were partitioned 
based on their codon position (Table S3). The best fit models for each partition were obtained 
using MRMODEL Test2.2 (Nylander, 2004) under the Akaike Information Criterion (Akaike, 
1974). BI analysis was carried out using MrBayes 3.1.2 (Ronquist and Huelsenbeck, 2003). 
Posterior distributions were obtained by the Markov chain Monte Carlo (MCMC) method 
with one cold and three heated chains for 10,000,000 generations, sampled one tree per 100 
generations. The first 25% posterior samples were discarded as a conservative burn-in and the 
remaining samples were used to generate a 50% majority-rule consensus tree. MCMC runs were 
repeated twice to confirm a consistent approximation of the posterior parameter distributions.

Family Species GenBank No. 
Dicroglossidae Fejervarya multistriata KR071859 

Fejervarya cancrivora NC012647 
Fejervarya limnocharis NC005055 
Euphlyctis hexadactylus NC014584 
Hoplobatrachus rugulosus NC019615 
Hoplobatrvachus tigerinus NC014581 
Licmnonectes bannaensis NC012837 
Limnonectes fragilis AY899241 
Limnonectes fujianensis NC007440 
Nanorana parkeri NC026789 
Nanorana pleskei NC016119 
Nanorana taihangnica NC024272 
Quasipaa boulengeri NC021937 
Quasipaa spinosa NC013270 
Quasipaa yei NC024843 

Ranidae Amolops mantzorum NC024180 
Amolops ricketti NC023949 
Amolops wuyiensis NC025591 
Babina adenopleura NC018771 
Babina holsti NC022870 
Babina okinavana NC022872 
Babina subaspera NC022871 
Glandirana tientaiensis NC025226 
Lithobates catesbeianus NC022696 
Lithobates sylvaticus KP222281 
Odorrana ishikawae NC015305 
Odorrana margaretae NC024603 
Odorrana tormota NC009423 
Pelophylax chosenicus NC016059 
Pelophylax cretensis NC025575 
Pelophylax cypriensis NC026893 
Pelophylax epeiroticus NC026894 
Pelophylax kurtmuelleri NC026895 
Pelophylax nigromaculatus AB043889 
Pelophylax plancyi NC009264 
Pelophylax shqipericus NC026896 
Rana chensinensis NC023529 
Rana dybowskii NC023528 
Rana kunyuensis NC024548 
Hylarana guentheri NC024748 

Hynobiinae Ranodon sibiricus NC004021 
Rhinatrematidae Rhinatrema bivittatum NC006303 

 

Table 1. Various species analyzed in this study, their taxa, and GenBank accession numbers.

Gene arrangement

The gene arrangement of the species was better explained by identifying the same as 
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explained by Kurabayashi et al. (2010). The obtained arrangement was then compared to that 
seen in its related species, F. limnocharis and F. cancrivora.

RESULTS

Sequence information

The F. multistriata mtDNA is 17,750-bp long and contains 13 PCGs, 2 ribosomal 
RNA, 23 tRNA genes, as well as noncoding regions (Table S4). Additionally, the F. multistriata 
mtDNA possesses an extra copy of tRNA-Met, similar to the mtDNA of the related species, 
F. limnocharis and Fejervarya cancrivora, in the subfamily Dicroglossinae (Liu et al., 2005; 
Ren et al., 2009). The overall base composition of the F. multistriata mtDNA is as follows: A 
= 28.0%, T = 29.9%, C = 26.9%, and G = 15.2%, which was similar to that of other anurans.

Phylogenetic analyses

The alignment sequences (9666 bp) were combined to build phylogenetic trees. We 
detected no nucleotide substitution saturation based on the combined data using DAMBE. 
Phylogenetic trees constructed using a combination of data obtained for the 13 genes in 43 
anurans (including two outgroup species) using the ML and BI methods were robust and 
similar (Figure 1). The 41 species sampled in this study belong to two sister families Ranidae 
and Dicroglossidae (Figure 1). These results indicated that Dicroglossidae is not a monophyly. 
The phylogenetic relationships of the Dicroglossidae family [(Euphlyctis, Hoplobatrachus) 
Fejervarya, (Nanorana, Quasipaa) Limnonectes] were recovered with strong support values. 
The species F. multistriata and F. limnocharis were recovered; moreover, F. cancrivora was 
clustered with the common ancestor of F. multistriata and F. limnocharis (Figure 1). Most 
species of the family Ranidae were grouped in different clades, except for Hylarana guentheri, 
which was nested in the genus Babina (Figure 1).

Gene arrangement

The gene arrangement of F. multistriata was carefully analyzed. The mitochondrial 
genome orders of F. multistriata indicated the unique position of the ND5 gene, similar to the 
gene arrangement of F. limnocharis and F. cancrivora (Liu et al., 2005; Ren et al., 2009). The 
gene order ND5-Thr-Pro-Leu was observed in F. multistriata.

DISCUSSION

Anurans are a well-studied group of amphibians. The complete mitochondrial DNA of 
several Anuran species has been sequenced, allowing researchers to infer the phylogenomics 
of Anurans. However, there remain considerable disagreements regarding the phylogenetic 
relationships of these amphibians. The mitochondrial phylogenetic tree shows that all species 
are grouped into two deeply divergent clades, corresponding to Ranidae and Dicroglossidae 
(Figure 1).

The generic placement of Hylarana within Ranidae is still under debate (Frost, 2011). 

http://www.geneticsmr.com/year2016/vol15-3/pdf/8302-su4.pdf
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Figure 1. Partition phylogenetic tree of 42 species was constructed using the dataset comprising 14 concatenated 
mitochondrial PCGs. The numbers on the inter-node branches are ML and BI support values.
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In fact, the species H. guentheri has often been recognized as the monotypic genus Sylvirana. 
Dubois (1992) included H. guentheri, Hylarana maosonensis, and Hylarana milleti in the 
genus Rana. COI barcode analysis, on the other hand, suggested H. guentheri to be a sister 
taxa to members of Babina (Huang et al., 2014). The molecular data obtained in our study 
supported the placement of H. guentheri in the genus Babina (Figure 1).

The analysis conducted in this study succeeded in producing a completely 
dichotomous phylogenetic tree within the Dicroglossidae family. Euphlyctis is a sister 
genus of Hoplobatrachus; together, these two genus form a sister group of Fejervarya 
(Figure 1). Despite the large number of morphological and molecular analyses conducted, 
a consensus on the taxonomic system and phylogenetic relationships of the genus 
Fejervarya has not been established (Kotaki et al., 2010). Fejervarya was first introduced 
as a subgenus of Rana, and subsequently re-classified as a subgenus of Limnonectes. Our 
results indicated that Fejervarya is not a sister genus of Limnonectes. Kotaki et al. (2010) 
reported F. multistriata to be a problematic taxa among the various species. The taxonomy 
of F. multistriata and related frogs in China is complicated and not fully settled. Djong et 
al. (2007) contended that the name “F. multistriata” could be applied to frog populations in 
China that were formerly referred to as F. limnocharis, while Kotaki et al. (2010) suggested 
the name to be a junior synonym of F. limnocharis, based on the 16S gene sequence. 
Analysis using Cytb or Dloop showed the low pairwise genetic distance between the 
two taxa (0.44 and 1.45%, respectively). Our results indicated that F. limnocharis and F. 
multistriata could be conspecific. However, further taxon sampling and loci is required to 
support these results.

Four tRNA genes [tRNA-Leu (CUN), tRNA-Thr, tRNA-Pro, and tRNA-Phe] are 
commonly rearranged in neobatrachian groups (Sumida et al., 2001; Zhang et al., 2005). 
Kurabayashi et al. (2010) depicted a ND5-Leu-Pro-Thr gene arrangement among two 
Fejervarya species, F. limnocharis and F. cancrivora. However, our results indicated that 
another gene arrangement (ND5-Thr-Pro-Leu) supported by other previous studies (Liu et al., 
2005; Ren et al., 2009) occurred among the species. A careful reexamination of the gene orders 
of F. limnocharis and F. cancrivora revealed the erroneous gene arrangement (ND5-Leu-Pro-
Thr) proposed by Kurabayashi et al. (2010) in these two species. The conserved block Leu-
Pro-Thr has been reported in many ranid taxa. A unique translocation of the tRNA-Leu (CUN) 
gene has been observed in the Fejervarya species. However, the mechanism of tRNA-Leu 
(CUN) translocation can only be explained by further research.
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