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ABSTRACT. The Timaliidae, a diverse family of oscine passerine
birds, has long been a subject of debate regarding its phylogeny. The
mitochondrial cytochrome ¢ oxidase subunit I (COI) gene has been
used as a powerful marker for identification and phylogenetic studies
of animal species. In the present study, we analyzed the COI barcodes
of 71 species from 21 genera belonging to the family Timaliidae. Every
bird species possessed a barcode distinct from that of other bird spe-
cies. Kimura two-parameter (K2P) distances were calculated between
barcodes. The average genetic distance between species was 18 times
higher than the average genetic distance within species. The neighbor-
joining method was used to construct a phylogenetic tree and all the
species could be discriminated by their distinct clades within the phylo-
genetic tree. The results indicate that some currently recognized babbler
genera might not be monophyletic, with the COI gene data supporting
the hypothesis of polyphyly for Garrulax, Alcippe, and Minla. Thus,
DNA barcoding is an effective molecular tool for Timaliidae species
identification and phylogenetic inference.
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INTRODUCTION

The avian family Timaliidae, generally known as the babblers, is a species rich and
morphologically diverse component of African and Asian tropical forests (Moyle et al., 2012).
Babblers display great diversity in size, bill shape, and plumage coloration, and perhaps the
most reliable character that unites babblers is their high sociability (Cibois, 2003). This group
is not strongly migratory, and most species have short rounded wings and a weak flight. Most
babbler species clump together when perched during the day and while roosting at night, and
mutual preening is observed in many species (Simmons, 1963).

The systematics of Timaliidae has long been contended (e.g., Delacour, 1946, 1950;
Cibois 2003; Gelang et al., 2009; Moyle et al., 2012). Delacour (1946, 1950) conducted the
main systematic review of the group; defining 252 species in 47 genera. However, the molecu-
lar phylogeny challenges the traditional classification of the Timaliidae (e.g., Cibois, 2003;
Luo et al., 2009). Sibley and Ahlquist (1990) first attempted to clarify the phylogeny of the
Timaliidae using molecular data and recent molecular phylogenetic research has begun to shed
light on the systematic relationships in babblers (Cibois, 2003; Luo et al., 2009; Gelang et al.,
2009; Dong et al., 2010; Moyle et al., 2012). However, the relationships within Timaliidae still
remain controversial, and the non-monophyly of some genera of Timaliidae has been ques-
tioned by previous studies (e.g., Cibois, 2003; Luo et al., 2009; Dong et al., 2010).

A certain fragment of the mitochondrial DNA (mtDNA) gene, coding for a subunit
of the enzyme cytochrome oxidase (COI), has become widely known and used as “the DNA
barcode” for the identification of many animal species (e.g., Hebert et al., 2003a,b, 2004a; Cai
et al., 2010; Breman et al., 2013). A previous study of 260 birds from North America revealed
that most species could be properly discriminated using COI sequences (Hebert et al., 2004a).
In addition, COI has been used successfully in determining the phylogeny of many animal
groups, especially in birds (e.g., Hebert et al., 2004b; Yoo et al., 2006; Kerr et al., 2007, 2009;
Johnsen et al., 2010; Huang and Ke, 2014). Since this technique is based on molecular-level
variation, it offers greater accuracy and authenticity compared to the more subjective plum-
age-based phylogeny of birds (Arif et al., 2011).

To date, DNA barcoding studies on Timaliidae birds remain limited. In the present study,
we examined the 615 bp COI gene of Timaliidae birds and then conducted phylogenetic analy-
ses within Timaliidae based on these sequences. Our main aim was to clarify the relationships
among the babblers and to demonstrate that the COI gene can be an efficient marker for identifi-
cation of babblers. Moreover, the polyphyly of some genera of Timaliidae was examined.

MATERIAL AND METHODS

One hundred and thirty seven COI sequences were obtained from GenBank, and 71
species from 21 genera belonging to the family Timaliidae were analyzed (Table S1).

Sequences were aligned using the Clustal X procedure (Thompson et al., 1997) and
a total of 615 bp of the mtDNA COI gene were analyzed. DnaSP v5.0 (Librado and Rozas,
2009) was used to define the variable sites and sequence divergence among species and genera
was calculated using the Kimura two-parameter (K2P, Kimura, 1980) distance model using
MEGA 6.0 (Tamura et al., 2013). The neighbor-joining method (Saitou and Nei, 1987) was
used to reconstruct the phylogenetic tree based on the K2P model using MEGA 6.0. Node sup-
port was assessed using the bootstrap method (Felsenstein, 1985).

Genetics and Molecular Research 14 (2): 5943-5949 (2015) ©FUNPEC-RP www.funpecrp.com.br


http://www.geneticsmr.com/year2015/vol14-2/pdf/gmr5280_supplementary.pdf

DNA barcoding in Timaliidae 5945
RESULTS

Barcoding analysis

Two hundred and forty two variable sites were identified, of which 234 were parsimoni-
ously informative (38.05% of the entire sequence). All of the bird species had distinct COI se-
quences. The average nucleotide composition was 23.33% T, 33.08% C, 26.95% A, and 16.64% G.

K2P genetic distances within-species had a small range (0 to 5.15%), with more than
80.95% of the observations below 1% genetic distance (Figure 1). Pairwise comparisons
among species were distributed from 1.57% (between Actinodura waldeni and Actinodura
souliei) to 20.73% (between Rimator malacoptilus and Spelaeornis chocolatinus), with most
of the comparisons observed between 10-18% K2P genetic distance, up to 92.23% (Figure
1). The average difference in the COI sequence between species (14.02%) was 18-fold higher
than the average difference within-species (0.76%).
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Figure 1. Frequency distribution of genetic distances within (A) and among (B) species of Timaliidae.
Phylogenetic relationships

The neighbor-joining method was used to reconstruct the phylogenetic tree based on
the K2P model. All the species could be discriminated by their distinct clades in the phyloge-
netic tree (Figure S1). In most cases, the phylogenetic tree showed shallow intraspecific and
deep interspecific divergence. Four species of Alcippe were the first to split from the Timali-
idae lineage (Figure S1) and the second clade included Macronous and Stachyris.

The phylogenetic tree did not group some genera of Timaliidae into a single clade.
The genus Minla was divided into two clades: M. strigula + M. cyanouroptera and M. ig-
notincta. The genus Alcippe was divided into three clades: A. castaneceps + A. brunnea + A.
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cinerea + A. rufogularis, A. poioicephala + A. morrisonia, and A. vinipectus + A. cinereiceps.
The genus Garrulax was split into two disjunctive clades: G. virgatus + G. lineatus + G. subu-
nicolor + G. erythrocephalus + G. formosus + G. milnei + G. affinis + G. morrisonianus + G.
elliotii and G. sannio + G. perspicillatus + G. cineraceus + G. ocellatus + G. maximus + G.
lunulatus + G. monileger + G. leucolophus + G. canorus + G. chinensis + G. nuchalis. Species
within the genus Babax were shown to be the sister group to the second clade of Garrulax with
a relatively low support.

DISCUSSION

The effectiveness of the barcoding system has been repeatedly demonstrated by the
identification of bird species (e.g., Yoo et al., 2006; Kerr et al., 2007; Lohman et al., 2009;
Kerr et al., 2009; Johnsen et al., 2010; Park et al., 2011; Breman et al., 2013). These studies
have confirmed a clear gap (the so-called barcoding gap) between intra- and interspecific K2P
distance distributions (Breman et al., 2013). Hebert et al. (2004a) found the COI sequence
variation between species was on average twenty times larger than that within species. Hebert
et al. (2003a) proposed a “10X rule,” which is a sequence threshold of 10 times the mean
intraspecific variation for the group under study, to define species boundaries. Many studies
support the fact that distance-based DNA barcoding provides sufficient information to identify
and delineate a large majority of bird species, including Timaliidae, through pairwise com-
parisons. However, the rate of COI gene evolution is subject to variation in different clades
of birds (Pereira and Baker, 2006). Therefore, it may be inappropriate to suggest a universal
distance criterion for different species.

The results of this study clearly show the discriminative power of COI barcodes
for the identification of Timaliidae species. Every babbler has a distinct COI sequence and
COI analysis separated the different Timaliidae species into distinct branches. None of the
species shared sequences or had overlapping clades with another species. However, not all
parts of the topology in the phylogenetic tree were well supported, and COI analysis dem-
onstrated that some currently recognized babbler genera may be polyphyletic, including
Garrulax, Alcippe, and Minla.

Garrulax

Garrulax is the most diverse genus within Timaliidae (Dickinson, 2003). Berlioz
(1930) revised the systematics of the laughingthrush and defined three species groups based
on bill morphology, plumage coloration, and habitat characteristics. Sibley and Ahlquist
(1990) considered Garrulax and Liocichla as representing the sibling clade for all other bab-
blers based on DNA hybridization. Cibois (2003) revealed that the laughingthrushes may not
be monophyletic and that Liocichla was distantly related to Garrulax. According to Cibois
(2003), Garrulax grouped with Babax, Liocichla, Minla, Leiothrix, Heterophasia, and Tur-
doides. Recently, Luo et al. (2009) found that Garrulax species could split into two clades.
Our results are consistent with those of Luo et al. (2009), with the COI gene analysis clearly
demonstrating that species from Garrulax can be divided into two clades: one grouped with
Babax, the other grouped with Actinodura, Minla, Liocichla, Heterophasia, Spelacornis, and
Leiothrix (Figure S1). The results from various studies provide support for the hypothesis of
polyphyly for the laughingthrushes group.
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Alcippe

The genus Alcippe has long been treated as a single group by most taxonomists
(Sibley and Monroe, 1990; Howard and Moore, 1991). However, in a recent molecular
phylogenetic study, Cibois (2003) suggested that the fulvettas were polyphyletic. Pasquet et
al. (2006) supported this hypothesis. However, Moyle et al. (2012) found six species from
Alcippe formed a clade. Our results also indicate that the genus A/cippe is not monophyletic,
with the COI gene analysis demonstrating that Alcippe is polyphyletic, with four species
(A. rufogularis, A. cinerea, A. castaneceps, and A. brunnea) in one clade, two species (4.
poioicephala and A. morrisonia) in another clade, and two species (4. vinipectus and A.
cinereiceps) in a third clade (Figure S1).

Minla

The systematics of the Minla species (ignotincta, strigula, cyanouroptera) have
been controversial (Luo et al., 2009; Dong et al., 2010). Harrison (1986) placed M. cyanou-
roptera in the genus Leiothrix or in its monotypic genus Siva based on morphologic charac-
teristics. While Cibois (2003) considered M. cyanouroptera to be closely related to Acino-
dura based on molecular data. However, Cibois (2003) pointed out that the position of M.
ignotincta and M. strigula were not consistent in studies using different analytic methods,
thus, taxonomic modifications must await further studies on the genus. Recently, researchers
have suggested that the genus Minla can be split into three monotypic genera (Collar and
Robson, 2007; Dong et al., 2010). However, our study indicates that the genus Minla can be
divided into two clades: M. strigula + M. cyanouroptera grouping with Actinodura, and M.
ignotincta grouping with Spelaeornis (Figure S1). Luo et al. (2009) also found strong sup-
port for the sister relationship between M. cyanouroptera and M. strigula, and M. ignotincta
did not group with these. Our results support the genus Minla being split into two monophy-
letic clades rather than three clades.

In conclusion, the current study found that all the Timaliidae species have distinct
COI sequences. Thus, DNA barcoding is an effective molecular tool for species identifi-
cation and phylogenetic inference of Timaliidae. The COI gene analysis confirmed that
some genera of Timaliidae were polyphyletic. However, to further resolve the phylogenetic
relationships of Timaliidae, more taxon sampling as well as multiple nuclear markers are
required for future studies.
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