Journal of General Virology (2010), 91, 2601–2609

DOI 10.1099/vir.0.020032-0

Prevalence and genetic diversity of
adeno-associated viruses in bats from China
Yan Li,1 Xingyi Ge,1 Chung-Chau Hon,2 Huajun Zhang,1 Peng Zhou,1
Yunzhi Zhang,1,3 Yi Wu,4 Lin-Fa Wang4 and Zhengli Shi1
1

Correspondence

State Key Laboratory of Virology, Wuhan Institute of Virology, Chinese Academy of Sciences
(CAS), Wuhan, PR China

Zhengli Shi
zlshi@wh.iov.cn

2
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Bats are increasingly being recognized as important natural reservoirs of different viruses. Adenoassociated viruses (AAVs) are widely distributed in primates and their distribution in bats is
unknown. In this study, a total of 370 faecal swab samples from 19 bat species were collected
from various provinces of China and examined for the presence of AAVs. The mean prevalence
rate was 22.4 % (83 positives out of 370 samples), ranging from 10 to 38.9 % among different
bat species. The genome sequence spanning the entire rep–cap ORFs was determined from one
chosen AAV-positive sample (designated BtAAV-YNM). Phylogenetic analysis of the entire rep–
cap ORF coding sequences suggested that BtAAV-YNM is relatively distant to known primate
AAVs, but phylogenetically closer to porcine AAV strain Po3. Further analysis of the partial cap
ORF sequences of bat AAV samples (n549) revealed a remarkably large genetic diversity, with an
average pairwise nucleotide identity of only 84.3 %. Co-presence of multiple distinctive genotypes
of bat AAV within an individual sample was also observed. These results demonstrated that
diverse AAVs might be widely distributed in bat populations.

INTRODUCTION
Adeno-associated viruses (AAVs) were discovered in 1965
as a contaminant of adenovirus preparations (Atchison
et al., 1965). Since productive infection of AAV was
initially found to happen only with co-infection of an
adenovirus or a herpesvirus (Bauer & Monreal, 1986;
Goncalves, 2005), AAVs are therefore ascribed to a separate
genus, named Dependovirus, within the family Parvoviridae
(Muzyczka & Berns, 2001). However, it was later discovered that AAVs do not always require a helper coinfection for a productive infection and cellular genotoxic
stress can also activate the efficient replication of AAVs
(Schlehofer et al., 1983; Yakobson et al., 1987; Yalkinoglu
et al., 1988). Although AAV may elicit mild immune
responses, the virus is not currently known to cause disease
in humans. AAV can infect both dividing and non-dividing
cells and may incorporate its genome into that of the host
cell. These features make AAV an attractive candidate for

The GenBank/EMBL/DDBJ accession numbers for sequences reported
in this paper are GU226879–GU226916, GU226971, HQ142870–
HQ142879.
Supplementary figures are available with the online version of this paper.
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usage as viral vectors for gene therapy (Grieger & Samulski,
2005).
The non-enveloped virion of AAV is approximately 25 nm
in diameter and encapsidates a ssDNA genome of about
4.7 kb that contains two large ORFs, named rep and cap,
flanked by inverted terminal repeats (ITRs). The ITRs are
the only cis-acting elements required for genome replication and packaging. The rep ORF is composed of four
overlapping genes encoding replication proteins required
for viral life cycle, while the cap ORF contains three
overlapping genes encoding the viral capsid proteins that
are assembled into icosahedral virion shells (Wu et al.,
2006).
At present, 13 primate AAVs designated AAV1–AAV13 have
been identified from human or non-human primates
(Atchison et al., 1965; Bantel-Schaal & zur Hausen, 1984;
Chiorini et al., 1997, 1999; Gao et al., 2002, 2003, 2004;
Melnick et al., 1965; Mori et al., 2004; Schmidt et al., 2008;
Schnepp et al., 2005, 2009). In addition to primates, a number
of phylogenetically distinct AAVs have also been identified
from other animals such as cow (Schmidt et al., 2004), goat
(Arbetman et al., 2005), pig (Bello et al., 2009), chicken
(Bossis & Chiorini, 2003; Hess et al., 1995), waterfowl (Brown
et al., 1995) and snake (Farkas et al., 2004).

Downloaded from www.microbiologyresearch.org by
IP: 54.70.40.11
On: Mon, 17 Dec 2018 19:14:17

Printed in Great Britain

2601

Y. Li and others

Bats are one of the most diverse groups of mammals on
earth (Altringham et al., 1996) and are natural reservoirs of
a number of emerging viruses, including henipaviruses
(Eaton et al., 2005), severe acute respiratory syndrome
coronavirus (SARS-CoV) (Lau et al., 2005; Li et al., 2005),
Ebola virus (Leroy et al., 2005) and Marburg virus (Towner
et al., 2007). Although DNA viruses have been discovered in
bats, the majority of viruses identified in bats are RNA viruses
(Wong et al., 2007). Recently, a novel bats adenovirus was
isolated in a primary cell culture derived from kidney tissues
of a fruit bat, Pteropus dasymallus yayeyamae (Maeda et al.,
2008). In addition, PCR screening has revealed the presence
of seven genetically different gammaherpesviruses and one
novel betaherpesvirus in seven different European bat species
in the family Vespertilionidae (Wibbelt et al., 2007).
Independently, another study using PCR analysis has
identified a novel gammaherpesvirus in a Serotine bat
(Eptesicus serotinus) in Hungary during an investigation of a
sick bat (Molnar et al., 2008).

which were found in a wide host range of bat species with
remarkable genetic diversity (Li et al., 2010). Here, we
report the discovery and genetic diversity of AAVs among
different bat species in China. Although our sampling size
and location were not exhaustive, the data gathered in this
study was sufficient to demonstrate the high prevalence
and large genetic diversity of AAVs in the bat populations
in China.

RESULTS
Identification and prevalence of AAVs in bats
From 2007 to 2008, a total of 370 faecal swab samples were
collected from 19 bat species in five provinces in China and
screened for the presence of AAV using a PCR primer pair
targeting the conserved region of known AAV genomes
(expected amplicon size, 447 bp). Eighty-three samples
were found to be positive (83/370, 22.4 %) and they are
distributed among 10 insectivorous bat species with a
prevalence rate ranging from 10 to 38.9 % (Table 1). Possibly

During a recent surveillance study in different regions of
China, we have discovered a number of adenoviruses,

Table 1. Prevalence of AAVs among 19 bat species in five provinces of China
Bat species

Sampling location
Tianjin

Hubei

Guangdong

Yunnan

Hainan

All locations

No. positives/no. tested (%)
Rousettus
leschenaulti
Eptesicus serotinus
Rhinolophus
pusillus
Rhinolophus affinis
Rhinolophus luctus
Rhinolophus sinicus
Rhinolophus
pearsoni
Rhinolophus
macrotis
Hipposideros
armiger
Hipposideros
larvatus
Hipposideros
pomona
Myotis daubentoni
Myotis horsfieldii
Myotis ricketti
Myotis davidii
Myotis chinensis
Myotis spp.
Scotophilus kuhlii
Minipopterus
schreibersii
All species
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–

–

–

–

0/1

0/1

–
–

0/1
–

–
–

–
–

–
0/1

0/1
0/1

–
–
–
–

–
–
7/28 (25.0)
0/1

3/11 (27.3)
–
4/11 (36.4)
–

2/4 (50.0)
–
–
1/9 (11.1)

9/45 (20.0)
0/1
1/7 (14.3)
–

14/60 (23.3)
0/1
12/46 (26.1)
1/10 (10.0)

–

0/3

–

1/1 (100.0)

–

1/4 (25.0)

–

1/8 (12.5)

–

4/16 (0.25)

0/12

5/36 (13.9)

–

–

3/13 (23.1)

–

–

3/13 (23.1)

–

–

0/9

–

0/18

0/27

–
–
2/36 (5.56)
–
–
–
–
–

–
–
5/21 (23.8)
0/2
0/3
–
–
–

–
–
–
–
–
–
9/26 (34.6)
–

7/18 (38.9)
–
21/33 (63.6)
–
–
0/13
–
3/10 (30.0)

–
0/8
–
–
–
–
–
–

7/18 (38.9)
0/8
28/90 (31.1)
0/2
0/3
0/13
9/26 (34.6)
3/10 (30.0)

2/36 (5.56)

13/67 (19.4)

19/70 (27.1)

39/104(37.5)

10/93(10.7)

83/370(22.4)
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due to the limited sampling size (n,10), no AAV was
detected in Rousettus leschenaultia, E. serotinus, Rhinolophus
pusillus, Rhinolophus luctus, Myotis davidii or Myotis
chinensis. It is also noteworthy that all 27 samples collected
from Hipposideros pomona were negative, while the other
two closely related Hipposideros species, Hipposideros
armiger and Hipposideros larvatus have prevalence rates of
13.9 (n536) and 23.1 % (n513), respectively. These results
suggest that bat AAVs are widely distributed in different bat
populations in China.
Genome sequence analysis of a representative
bat AAV collected from Myotis ricketti
The genome sequence (spanning the entire rep–cap ORFs)
of one bat AAV-positive sample collected from M. ricketti
in Yunnan (YN) province was characterized. This bat AAV
strain was designated BtAAV-YNM (GenBank accession
no. GU226971). Its putative ORFs of rep and cap are
predicted to be 1839 and 2172 nt in length, respectively
(Fig. 1). The intergenic region of BtAAV-YNM is 17 nt in
length, which appears to be slightly closer to the major
mammalian AAVs (Fig. 1). The deduced Rep and Cap
proteins of BtAAV-YNM share an average of 52.7 %
(ranging from 51.2 to 53.5 %) and 60.2 % (ranging from
56.5 to 63.2 %) pairwise amino acid identity, respectively,
to their homologues of mammalian AAVs, including
AAV1–13 (except for AAV9 whose full-length ORFs are
unavailable), bovine AAV and goat AAV (Supplementary
Fig. S1, available in JGV Online). A plot of similarity (i.e.
Simplot) across the full genomes of AAVs suggests that
BtAAV-YNM is not likely to originate from any recent
recombination events of known AAVs (Supplementary

Fig. S2, available in JGV Online). These results suggest the
genome of BtAAV-YNM is considerably divergent from the
reference genomes of currently known AAVs.
Phylogenetic origin of bat AAVs
We constructed a large-scale maximum-likelihood (ML)
phylogeny for all relevant sequences from members of the
genus Dependovirus obtained from GenBank (n5297;
both full-length and partial genomes) and all bat AAV
sequences derived from this study (n549; will be described
later). This large-scale ML phylogeny suggests bat AAV is a
novel AAV member of the genus Dependovirus and is
phylogenetically closer to mammalian AAVs than to avian,
waterfowl or snake AAVs (Supplementary Fig. S3, available
in JGV Online). To further investigate the phylogenetic position of BtAAV-YNM, we constructed a refined
Bayesian phylogeny for 33 carefully chosen AAV sequences
based on the large-scale ML phylogeny, which should
represent the principal genetic diversity of members of the
genus Dependovirus (Fig. 2). In this Bayesian phylogeny,
the AAVs can be classified into 14 clades. BtAAV-YNM
shares a well-supported monophyl with porcine AAV
strain Po3, and this monophyl shares a most recent
common ancestor with the majority of primate AAVs
(AAV1–13 except for AAV5). These results suggest
that BtAAV-YNM is closely related to porcine AAV strain
Po3 and distantly related to primate AAVs (except for
AAV5). Our data also imply that BtAAV-YNM is relatively divergent from AAV5 and AAVs from goat,
bovine, rodents, chicken, waterfowl and snake, based on
both the phylogeny topology and nucleotide similarity
(Fig. 2).

Fig. 1. The genome of BtAAV-YNM. A schematic diagram showing the relative scale of rep and cap ORFs, intergenic sequence,
as well as the partial 59 and 39 UTR sequences of BtAAV-YNM. The region chosen for PCR screening is indicated. The
intergenic sequences of BtAAV-YNM are aligned with those of other AAVs. The residues that are different from the 25 %
consensus are highlighted in the alignment. The AAV species are shown on the left of the alignment and a rough classification of
the AAV species is shown on right of the alignment.
http://vir.sgmjournals.org
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Fig. 2. The phylogenetic origin of BtAAV-YNM. The phylogeny shown on the left is a Bayesian phylogeny constructed by using
BEAST, based on the concatenated codon alignment of full-length ORFs of rep and cap. The numbers at selected nodes
represent the Bayesian posterior probability support. The phylogeny is rooted using snake AAV. Bar, 0.2 nt substitutions per
site. The shadings on the phylogeny correspond to the clades tabulated and shown on the right. The AAV species highlighted
with asterisks are AAVs whose full-length ORF sequences are not available, and the gaps were treated as missing data in the
phylogeny construction. The second column of the right panel represents the mean±SEM pairwise nucleotide similarities (1000
bootstrap replicates) of the clade members to BtAAV-YNM, which were calculated based on the alignment of the cap region
(818 nt) that is common to all taxa by using MEGA v4.1 (Kumar et al., 2004). NA, Not applicable.

Genetic diversity of bat AAVs
To investigate the genetic diversity of bat AAVs, partial cap
ORF sequences were obtained from direct sequencing of the
PCR products (n549; selected from the positive samples of
the PCR screening assay). The amplified region covers aa
249–397 of cap ORF of AAV2 (GenBank accession no.
NC_001401), containing two previously identified hypervariable regions (Gao et al., 2003). Careful inspection of the
sequencing chromatograms suggested sequence heterogeneity in the amplicons of nine samples (i.e. overlapping
multicolour peaks), implying the co-presence of multiple
distinct genotypes within an individual sample of bat AAV.
These nine samples were collected from four different bat
species, including Rhinolophus sinicus, Rhinolophus affinis,
Myotis daubentoni and M. ricketti. To further investigate the
existence of multiple AAV genotype in these samples,
representative PCR products from each of the four different
bat species (n54; the other five samples were discarded)
were cloned and 15 clones from each sample were
sequenced. The majority consensus sequences of the highly
similar cloned sequences were regarded as the representative
sequence of the distinctive AAV genotypes in the individual
2604

samples (refer to Methods). Three of the four samples
contain two distinctive genotypes, and one of the four
samples contains three distinctive genotypes. These genotypes can be classified into topologically distinct sublineages
(Fig. 3b; will be discussed later). These representative
consensus sequences (n59), along with the other directly
sequenced bat AAV samples (n540) and other mammalian
AAV sequences (n593; selected from the large-scale ML
phylogeny in Supplementary Fig. S3), were used to construct
an ML phylogeny (Fig. 3a), aiming to investigate the genetic
diversity of bat AAVs with respect to mammalian AAVs.
In the ML phylogeny in Fig. 3(a), all bat AAVs fall into a
monophyletic lineage that is closely related to AAVPo3,
agreeing with the Bayesian phylogeny in Fig. 2. Moreover,
based on visual inspections of the topology and internal
branch lengths of the lineages, the diversity of AAV.Bat
lineage appears to be comparable to that of the major
mammalian AAV lineage. In fact, the average pairwise
nucleotide identity among bat AAVs (84.3 %) is comparable to that among the major mammalian AAVs (86.2 %)
(Fig. 3a). These results suggest that the bat AAVs sampled
in this study are considerably diverse. To further investi-
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Fig. 3. Genetic diversity of bat AAVs. (a) An ML phylogeny constructed using PHYML, based on the concatenated codon
alignment of the full-length and partial ORFs of rep and cap. The asterisks at selected nodes indicate their proportion of
bootstrap support (100 replicates) is greater than 70 %. The phylogeny was rooted using avian AAVs. Bar, 0.08 nt substitutions
per site. Bat AAV and major mammalian AAV lineage are highlighted using brackets and the intra-lineage pairwise nucleotide
similarity based on the cap region (414 nt) are shown. (b) A Bayesian phylogeny constructed by using BEAST, based on the
codon alignment of a conserved cap region as indicated in Fig. 1. The phylogeny is rooted using porcine AAV strain Po3. Bar,
0.05 nt substitutions per site. The numbers at selected nodes represent the Bayesian posterior probability support. The taxa
names are coloured according to their geographical origins as indicated in (c). The taxa names are labelled as (sample
number)–(geographical origin)–(host bat species). Abbreviations of geographical origins and host bat species: TJ, Tianjin; HB,
Hubei; GD, Guangdong; YN, Yunnan; HN, Hainan; Ra, Rhinolophus affinis; Rs, Rhinolophus sinicus; Rm, Rhinolophus
macrotis; Ha, Hipposideros armiger; Hl, Hipposideros larvatus; Md, Myotis daubentoni; Mr, Myotis ricketti; Sk, Scotophilus
kuhlii; Mis, Minipopterus schreibersii. For individual samples with multiple distinct genotypes, an additional letter is appended
after the species abbreviation. (c) A map of China and the five provinces from where samples were taken.

gate the population structure of bat AAVs, a refined
Bayesian phylogeny was constructed for all bat AAV
sequences (n549; Fig. 3b). Based on the tree topology,
bat AAVs can be classified into seven sublineages
(designated sublineage I–VII). First and the foremost, host
species specificity was not observed among these sublineages, suggesting that these bat AAV genotypes could be
transmitted between different bat species without too many
restrictions. Second, a semi-restricted geographical distrihttp://vir.sgmjournals.org

bution pattern was observed among these bat AAV
sublineages. The bat AAVs collected from province Hubei
(HB) appear in all seven sublineages, which are relatively
more diverse than bat AAVs collected from other
provinces. If the bat AAVs collected from province HB
were not considered, a considerable pattern of geographical
restriction can be observed, i.e. sublineage I and VI are
specific to YN; sublineage III, V and VII are specific to
Guangdong (GD); sublineage VI is specific to Hainan
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(HN). Such a semi-restricted pattern of geographical
distributions will be further investigated in future surveillance studies. Lastly, sublineage I appears to be remarkably
divergent from all other sublineages, and full genome
characterization of the representatives selected from all
sublineages should help to delineate the phylogenetic
relationship between these bat AAV sublineages.

DISCUSSION
Here, we report the discovery of AAVs from 10
insectivorous bat species, including R. affinis, R. sinicus,
Rhinolophus pearsoni, Rhinolophus macrotis, H. armiger, H.
larvatus, M. daubentoni, M. ricketti, Minipopterus schreibersii and Scotophilus kuhlii distributed in five provinces in
China. The average prevalence rate was 22.4 %, indicating
that AAVs are considerably prevalent among different bat
species. Although no AAV sequences were detected in the
other nine species sampled in this study, it is believed that
the failure of detection is most probably due to the limited
sampling size (with the exception of H. pomona in HN and
GD). We speculate that AAVs are prevalent in other bat
species as well, which argues for a much wider surveillance
to cover more bat species from more geographical
locations. The bat AAVs discovered in this study also
display remarkable genetic diversity, which seems to be
independent of host species specificity.
AAV genomes are widely distributed throughout tissues of
human and non-human primates as proviral DNAs (Gao
et al., 2002, 2003, 2004; Mori et al., 2004). Previous reports
have suggested that primate AAVs have undergone
substantial evolution and homologous recombination
during natural infections (Gao et al., 2003, 2004;
Takeuchi et al., 2008). Nonetheless, Simplot analysis of
the genome of BtAAV-YMN obtained in this study
suggested that bat AAVs are unlikely to originate from
recent recombination between known AAVs.
As its name suggests, AAV was initially thought to be
closely associated with adenoviruses. In our study, the same
set of 370 bat samples was also subjected to PCR detection
of bat adenoviruses. Although we have detected the
presence of bat adenoviruses in several bat species, M.
ricketti and S. kuhlii (Li et al., 2010), the co-presence of bat
adenovirus and AAV were found in only 19.3 % of the
samples. Due to the fact that other viruses such as
herpesvirus and vaccinia virus might also help AAV to
replicate (Schlehofer et al., 1986; Wibbelt et al., 2007), it is
worthwhile extending future surveillance to include these
viruses as well. It is now known that AAV replication is not
strictly helper-dependent and genotoxic stress can also
activate AAV genome replication (Yakobson et al., 1987;
Yalkinoglu et al., 1988). Future studies will enable us to
determine whether the replication of bat AAVs is strictly
helper-dependent. In this study, we consistently detected
AAVs in faecal swabs of various bat species, indicating that
AAV viral particles are probably shed from tissues of the
2606

digestive tracts in bats. However, we have no data to show
whether these virus genomes are integrated in the host
genome and how they were replicated and released from
tissues.
AAVs are being evaluated as vectors for human gene
therapy. Following the establishment of the first infectious
clone of AAV2 in 1982 (Samulski et al., 1982), AAV2
vectors have rapidly gained popularity in gene therapy
applications. Up to now, several AAV serotypes and over
100 AAV novel isolates have been acquired from
adenovirus stocks or from animal tissues (Atchison et al.,
1965; Bantel-Schaal & zur Hausen, 1984; Gao et al., 2002;
Hoggan et al., 1966; Mori et al., 2004; Rutledge et al., 1998;
Schmidt et al., 2006). Utilization of alternative AAV
serotypes not only helps to lower the vector load due to
their potentially higher transduction efficiency, but also
helps to escape from the pre-existing neutralizing antibodies generated as a result of humoral immune responses
against natural infection or prior treatment with AAVbased vectors. In addition, AAV serotypes and variants can
serve as templates for design of tissue targeted capsid
constructs that will serve to expand and complement the
current range of AAV vectors (Wu et al., 2006). Here, we
have shown that the Cap protein of BtAAV-YNM is
relatively divergent from other mammalian AAVs (ranged
from 56.5 to 63.2 % aa identity), which implies that bat
AAV Cap protein might have a low cross-serological
reactivity to existing mammalian AAVs and could possibly
be used as alternative vectors for gene therapy.
In summary, the discovery of novel AAVs in bats and their
remarkable genetic diversity provide new insights into the
ecology and evolution of AAVs and reinforce the role of
bats as a reservoir of viruses that sometimes might pose
zoonotic threats to public health. The discoveries of diverse
bat DNA viruses mimic the trend of bat RNA virus
discoveries and highlight the importance of further
surveillance of bat.

METHODS
Sample collection. Bat samples were collected during May 2007 to

May 2008, using Methods described previously (Li et al., 2005). Faecal
swab samples were collected in viral transport medium and
transported to the laboratory in liquid nitrogen. Samples were stored
at –80 uC until analysed.
Viral nucleic acid extraction and PCR detection. Viral DNA was

extracted from bat faecal swabs with QIAamp DNA Blood Mini kits
(Qiagen) following the manufacturer’s instructions. DNA was eluted
in 60 ml elution buffer and stored at 220 uC. One pair of primers
(forward: 59-CTGCCCACCTACAACAACCA-39 and reverse: 59GTAYTCBAGGCAGTAGAAGG-39), which targets conserved regions
of the cap ORF, was used for PCR screening for AAV. The amplified
region corresponds to aa 249–397 of cap ORF of AAV2, which
contains two previously identified hypervariable regions, i.e. HVR3
and 4 (Gao et al., 2003). The PCR amplification was carried out in a
25 ml reaction mix containing 2 ml extracted DNA, 2.5 ml PCR buffer,
20 pmol of each primer, 0.2 mM dNTP and 0.5 U Taq DNA
polymerase (Promega). After an initial incubation at 94 uC for 5 min,
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30 cycles of amplification were carried out consisting of denaturation
at 94 uC for 30 s, annealing at 50 uC for 30 s, extension at 72 uC for
30 s and a final extension at 72 uC for 10 min. Standard precautions
were taken to avoid PCR contamination, and a negative control was
included in each PCR assay.
Sequencing of BtAAV-YNM genome region spanning the entire
rep–cap ORFs. Bat AAV identified from bat species M. ricketti in

the YN province (designated BtAAV-YNM) was selected for further
full-length genome sequencing. PCR was performed with random and
conserved primers (sequences available upon request) and PCR
products were gel purified and cloned into pGEM-T Easy Vector
(Promega). At least three independent clones were subjected to
sequencing to obtain a consensus sequence for each of the amplified
regions. The sequence of the cap ORF 39 end of the genome was
determined using a 39 RACE kit (Roche Diagnostics) with nested
primers, which are complementary to the known sequence of the
genome. The sequence of rep ORF 59 end was determined by
conducting the 39 RACE of the complementary strand. All these
sequences were assembled into a contig and the presented sequence is
the majority consensus of this contig. The obtained sequence covered
the start and stop codons of both rep and cap ORFs, as well as the
partial 59 and 39 UTR of 199 and 53 nt, respectively. No palindrome
sequence is detected in the 199 nt of 59 UTR, using inverted repeat
finder (http://mobyle.pasteur.fr/cgi-bin/portal.py?form=palindrome).

of a lognormally relaxed molecular clock (Drummond et al., 2006)
and a non-parametric coalescent model (Drummond et al., 2005).
The mean substitution rate prior was fixed at 1.0. The MCMC chains
were run for 10 million replicates and samples were taken at an
interval of 1000 replicates. The MCMC burn-ins were determined
visually in TRACER of the BEAST program and the effective sample size
of all parameters were greater than 200. The final Bayesian
phylogenies were summarized from these MCMC samples and the
final branch lengths were expressed as the mean number of nucleotide
substitutions per site.
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