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ABSTRACT—Partial sequences of mitochondrial 12S and 16S rRNA genes from 19 Asian frog species
of the tribe Paini (Ranidae, Dicroglossinae) allowed a first molecular study of the phylogenetic relationships
of this tribe. This analysis confirmed that this tribe is a monophyletic group, but suggested relationships
did not agree with previous generic classification of this clade based on morphology. Two major clades
were recognized within the Paini. For one of them, the generic name Quasipaa is available. Phylogenetic
relationships within the other group are not yet fully clarified and need further study.
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INTRODUCTION

The frog family Ranidae, as traditionally understood
(Duellman and Trueb, 1985), shows a very wide (almost
cosmopolitan) geographical distribution and of a large num-
ber of included taxa (species, species-groups, subgenera
and genera), so that for the time being the phylogenetic and
taxonomic relationships within this family are still largely
conjectural and controversial. In a recent taxonomic pro-
posal (Dubois, 2003), eleven subfamilies were recognized
within the Ranidae, among which the Raninae and the
Dicroglossinae, the latter including the tribe Paini. The taxon
Paini was first proposed by Dubois (1992), as a tribe of the
Raninae, for species that were further classified into two
genera, Chaparana and Paa. These species are distributed
from Afghanistan to southern China through the Himalayan
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region from northern Pakistan to northeastern India (through
Nepal and Bhutan), and the mountains of the Indochinese
region (Myanmar, Thailand, Cambodia, Laos, Vietnam).
About ten years later, about 40 species are recognized in
this tribe, including a few recently described species (Chen
and Jiang, 2002, 2004; Chen et al., 2002, 2004; Dubois,
2002). About half of them are found in China.

On the basis of molecular evidence, Dubois et al.
(2001) transferred the tribe Paini from the subfamily Rani-
nae to the Dicroglossinae. Dubois (2003) followed this clas-
sification. Independently, Jiang and Zhou (2005), on the
basis of morphological and molecular evidences, suggested
that the genus Nanorana (including the subgenus Altirana),
placed by Dubois (1992) in the tribe Ranini, was a member
of the tribe Paini, and that the latter clustered with the gen-
era Fejervarya, Hoplobatrachus and Limnonectes of the
subfamily Dicroglossinae, thus supporting the transfer of the
tribe Paini to the subfamily Dicroglossinae. This was also
supported by the results of Roelants et al. (2004). In the light
of these results, the tribe is very probable monophyletic.

Duellman (1993) followed the taxonomic proposals of
Dubois (1992) and grouped all species of the tribe Paini into
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Species and specimens used in this study. The specimens are kept in the following collections: Chengdu Institute of Biology, Chi-

nese Academy of Sciences, Sichuan, China (CIB); Kohima Science College, Kohima, Nagaland, India (KSC); Muséum National d’Histoire
Naturelle, Paris, France (MNHN); Museum fur Tierkunde, Dresden, Germany (MTKD). The generic allocation of the species in the first column
(and in the text) follows Dubois (1992, 2003), whereas the generic allocation in the second column is according to Fei (1999). For the valid
names of the species here called Fejervarya multistriata, Hoplobatrachus chinensis and Chaparana aenea, see Dubois and Ohler (2000),

Kosuch et al. (2001) and Dubois and Ohler (in press), respectively

Generic allocation

Species and generic allocation according to according to Fei

Dubois (1992, 2003)

Voucher number

Locality of collection

(1999)
Outgroup
Hoplobatrachus chinensis (Osbeck, 1765) Hoplobatrachus CIB FY9806 Haikou (110°19’E, 20°03'N), Hainan, China
Limnonectes fujianensis Ye, Fei & Hu, 1993 Limnonectes CIB 980028 Nanjing (117°21’E, 24°31°N), Fujian, China
Fejervarya multistriata (Hallowell, 1861) Fejervarya CIB F97056 Nanjing (118°47’E, 32°04°N), Jiangsu, China
Ingroup
Chaparana aenea (Smith, 1922) - MNHN 1999.5818 Fan Si Pan (103°50’E, 22°15'N), Lao Cai, Vietham
Chaparana quadranus (Liu, Hu & Yang, 1960)  Paa CIB WX9801 Wouxi (109°36’E, 31°28’N), Sichuan, China
Chaparana unculuanus (Liu, Hu & Yang, 1960) Paa CIB 20025020 Jingdong (100°54’E, 24°28'N), Yunnan, China
Nanorana parkeri (Stejneger, 1927) Nanorana MNHN 2003.0004 Kampa (88°32’E, 28°18'N), Xizang, China
Nanorana pleskei Gunther, 1896 Nanorana CIB F97034 Hongyuan (102°42’E, 32°46'N), Sichuan, China
Paa boulengeri (Gunther, 1889) Paa CIB F96030 Hongya (103°25’E, 29°56°N), Sichuan, China
Paa bourreti (Dubois, 1987) - MNHN 1999.5833 Sapa (103°50’E, 22°21’N), Lao Cai, Vietnam
Paa conaensis (Fei & Huang, 1981) Paa CIB 20020458 Cona (91°59’E, 27°59'N), Xizang, China
Paa exilispinosa (Liu & Hu, 1975) Paa MNHN 2003.0003 Hong Kong (114°11’E, 22°15’N), China
Paa liebigii (Gunther, 1860) Paa CIB20020467 Yadong (88°54’E, 27°29'N), Xizang, China
Paa mokokchungensis (Das & Chanda, 2000) - KSC 341 Mokokchung (94°32'E, 26°20°N), Nagaland, India
Paa robertingeri (Wu & Zhao, 1995) Paa CIB F97007 Hejiang (105°46’E, 28°50’N), Sichuan, China
Paa rostandi (Dubois, 1974) - MTKD45060 Central area (83°32'E, 28°33'N), Nepal
Paa shini (Ahl, 1930) Paa CIB 2001L0027 Longsheng (110°00’E, 25°48’'N), Guangxi, China
Paa spinosa (David, 1875) Paa CIB 980067 Tianmu Shan (119°36’E, 30°31’N), Zhejiang, China
Paa taihangnica Chen & Jiang, 2002 - CIB 02070102003  Jiyuan (112°35’E, 35°08’N), Henan, China
Paa verrucospinosa (Bourret, 1937) - MNHN 2000.2942  Tam Dao (105°38’E, 21°28'N), Vinh Phuc, Vietnam
Paa yei Chen, Qu & Jiang, 2002 - CIB SC-F Shangcheng (115°24°E, 31°48'N), Henan, China
Paa yunnanensis (Anderson, 1879) Paa CIB 200043 Leibo (103°34’E, 28°15°N), Sichuan, China

the two genera, i.e., Chaparana and Paa, whereas Fei et al.
(1991) and Fei (1999) grouped all the species of Paini from
China into only one genus Paa. This classification within the
tribe Paini was based on phenetic analyses of morphologi-
cal data. To get further, it is necessary to get genetic infor-
mation, such as DNA sequences of some genes, and to
carry out phylogenetic analyses that will be used as basis
for classification (Hillis et al., 1996; de Queiroz, 1997; Avise
and Johns, 1999). In the light of these data, the evolution of
the morphological characters can be re-analyzed.

The present work is a first attempt to address the ques-
tion of the phylogenetic relationships within the tribe Paini.
For this work we used partial sequences of mitochondrial
12S and 16S rRNA genes of 19 species, including two spe-
cies of the genus Nanorana, three of Chaparana, and 14 of
Paa (see Table 1).

MATERIALS AND METHODS

Species used in this study

Tissues were obtained from nineteen species of the tribe Paini.
Table 1 provides information on the voucher specimens and their

collection localities.

Choice of the outgroup

In Jiang and Zhou (2005)’s results about phylogenetic relation-
ships among several groups of Chinese Ranidae, the dicroglossine
genus Limnonectes (represented by L. fujianensis) appeared to be
the sister group of the tribe Paini (represented by three species of
the genus Paa and two species of the genus Nanorana). Roelants
et al. (2004) found that the tribe Paini is the sister group of a lineage
containing the two genera Fejervarya, Hoplobatrachus and other
related genera. Therefore, we incorporated L. fujianensis, F. multi-
striata and H. chinensis in the analysis as outgroup.

DNA amplification and sequencing protocols

Genomic DNA samples were obtained from ethanol-preserved
tissues by extraction in a solution of hexadecyl-trimethyl-ammonium
bromide (CTAB) buffer following the protocol provided by Win-
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nepenninckx et al. (1993) with modifications.

Two regions of the mtDNA 12S and 16S rRNA genes were
amplified and sequenced using the following protocols. Double
stranded fragments were amplified in 35 cycles of PCR: 95°C for
30 s, 53-57°C for 30 s, 72°C for 60 s. It was pre-denatured at 95°C
for 4 min before starting the cycles and elongated at 72°C for 7 min
after ending the cycles. The PCRs were accomplished with the
primer pairs of 12S (L1091: 5-GCTTCAAACTGGGATTAGATAC-
CCCACTAT-3, H1478: 5-TGACTGCAGAGGGTGACGGGCGGT-
GTGT-3’) (Kocher et al., 1989) that can amplify 388 base pairs, and
16S (L: 5-CGCCTGTTTACCAAAAACAT-3, H: 5-CCGGTCT-
GAACTCAGATCACGT-3) (Simon et al., 1994) that can amplify
576 base pairs. The capitals L and H indicate the amplified direc-
tions of light and heavy strand, respectively. After amplification, the
PCR product was cleaned using Montage PCR Centrifugal Devices
(Millipore). The cleaned DNA template was sequenced directly in
both directions using CEQ2000 Sequencer (Beckman, Inc.).

DNA sequence analysis

Sequence alignment was conducted using Clustal W (ver. 1.6;
Thompson et al., 1994), and minor modifications were made by
eye. The sequences from the two genes were combined as one
data set for further analyses. Indel sites resulting from the alignment
and missing/ambiguous sites were excluded from phylogenetic
analyses.

Maximum parsimony (MP) and maximum likelihood (ML) as
implemented in PAUP 4.0b8a (Swofford, 1998) and neighbor join-
ing (NJ; Saitou and Nei, 1987) as implemented in MEGA (version
2.1; Kumar et al., 2001) were employed to infer relationships among
taxa. We inferred the best fitting model of sequence evolution using
Modeltest 3.06 (Posada and Crandall, 1998) to be the general time-
reversal model (GTR+1+G). Base frequencies were found unequal
(A=0.3178, C=0.2422, G=0.1954, T=0.2446). The following param-
eters were set in ML analysis: Nst=6, Rmat=(4.0058 9.2365 3.8130
0.9225 23.5744), Rates=gamma, Shape=0.4878, Pinvar=0.2203.
We used this model for the ML analysis.

The robustness of the phylogenetic results was tested by boot-
strap proportion (BP; Felsenstein, 1985) with 1000 replicates in the
NJ analysis and with 100 replicates in the MP and ML analyses.

RESULTS

Sequence characteristics and genetic distance between
taxa

Sequences alignment resulted (Appendix 1) in a data
matrix of 796 characters excluding indel sites, of which 311
sites were variable and 174 were parsimony informative.
Nucleotide compositions were A 30.5, G 20.8, C24.6 and T
24.0, and the average ratio of transitions to transversions
was 1.8.

The levels of divergence expressed as the Kimura-2-
parameter distances ranged from 0.140 (P. chinensis vs P.
yei) to 0.255 (F. multistriata vs P. liebigii) between outgroup
and ingroup, with an average of 0.191+£0.014. Within the
ingroup, they ranged from 0.018 (P. spinosa vs P. exilispi-
nosa) to 0.130 (P. boulengeri vs C. unculuanus), with an
average of 0.080+0.028.

Phylogenetic evaluation

The maximum parsimony analysis resulted in four
shortest trees of 731 in length (Cl=0.584, RI=0.571), the
strict consensus tree is shown in Fig. 1. The result of the
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Fig. 1. Strict consensus of four shortest trees recovered in maxi-
mum parsimony analysis (iree length=731, CI=0.584, RI=0.571).
Numbers on branches represent bootstrap support (100 replicates),
omitted when the bootstrap value lower than 50%.

permutation tail probability (PTP; Faith and Cranston, 1991)
test was P=0.01 (with 100 replicates), which indicates that
these trees are significantly shorter than those from random
data sets reproduced from the original data. The Paini taxa
examined are divided into two quite well supported major
groups: Group | (BP=99%) was composed of twelve species
belonging to the three genera Nanorana, Chaparana and
Paa, and Group Il (BP=72%) comprising seven species of
the genus Paa. Within Group |, three clades show high sup-
port: the clade formed by the two species of the genus Nan-
orana, the clade C. aenea with C. unculuanus, and the clade
P. yunnanensis with P. bourreti. P. rostandi clustered with P.
liebigii with moderate support (BP=60%). The cladogram
shows C. quadranus as sister taxon to the clade P. yunnan-
ensis and P. bourreti with moderate support (BP=61%). The
position of the remaining species and nodes were left unre-
solved according the 50 % majority rule. Within the Group
Il, P. yei was located at the basal position; P. verrucospi-
nosa is the sister taxon to the clade P. boulengeri and P.
robertingeri; the third lineage recovered is the clade of P.
spinosa and P. exilispinosa.

Relationships differed somewhat under the ML analysis
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Fig. 2. The best tree derived by ML analysis Addseg=asis, InL (unconstrained)=2854.672. Numbers on branches represent bootstrap sup-

port (100 replicates), omitted when the bootstrap value lower than 50%.

(Fig. 2) and the NJ analysis (Fig. 3). In both results, two
identical major groups were recognized with high supports,
the phylogenetic relationships among or between the spe-
cies recognized in the MP analysis have higher support.
Within the Group Il, the phylogenetic relationships between
the seven species studied in this work were well resolved
except for P. yei and P. shini.

DISCUSSION

The MP, ML and NJ analyses suggest a monophyletic
clade with two major groups for the 19 species examined.
The genus Nanorana appears to belong to one of these two
major clades. Our analysis indicates that these species of
high-altitude frogs, which are also characterized by unique

skeletal characteristics (Boulenger, 1920; Stejneger, 1927),
and therefore were placed in two genera Nanorana and Alti-
rana, are closely related to each other when considering
morphological (Dubois, 1992) and molecular data (Jiang
and Zhou, 2001). Our results confirm furthermore that the
genus Nanorana is closely related to Paa as indicated by
Boulenger (1920) and belongs in the tribe Paini as sug-
gested by Roelants et al. (2004) and Jiang and Zhou (in
press).

Details of the grouping, however, do not agree with
those inferred from morphological evidence (Boulenger,
1920; Fei et al., 1991; Dubois, 1992; Fei, 1999). Fei et al.
(1991) and Fei (1999) included all species of the tribe Paini
from China, except those of the genus Nanorana, in a single
genus Paa and subdivided them into three subgenera, two
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Fig. 3. The phylogenetic relationships among 19 species of the tribe Paini examined in the present study by NJ analysis. Numbers on
branches are bootstrap proportions (1000 replications), omitted when the bootstrap value lower than 50%. Black bars indicate presence of
large sized horny spines: 1 - presence of such spines; 2 - two separated patches of spines on breast; 3 - a single patch of spines covering
breast and parts of belly. Grey bars indicate loss of horny spines on breast and belly of adult males.

of which are monotypic, i.e., P. (Unculuana) and P. (Fei-
rana). The results of our work do not support this generic
and infrageneric taxonomy. Dubois (1992) classified the
members of the tribe Paini, except those of the genus Nan-
orana, into two genera Chaparana and Paa, both of which
comprised four subgenera. Our mitochondrial data do not
support this classification, in particular as the genus Paa
does not appear to be monophyletic.

Within the subfamily Dicroglossinae, defined by skeletal
characters (large nasal bones with almost no space
between their inner edges, sphenethmoid invisible from dor-
sal view), the tribe Paini is characterized by the precoracoid
unforked at the base, and keratinized spines on chest, belly,
finger(s) and/or cloaca of adult male (exceptionally absent).
These characters are shared by members of Nanorana sup-
porting its relationship to Paa (Boulenger, 1920; Jiang,
1999).The two major subgroups recognized in this work
appear justified in the light of their current distribution. Group
| is mostly distributed in the western part, usually at high alti-
tudes, of the range of the tribe Paini, whereas the group Il
is mostly distributed in the eastern part, at lower altitudes,
although the distributions of the two groups overlap partially.
The common ancestor of the tribe Paini existed possibly
~B60Ma (Roelants et al., 2004), that is before the Indian plate

collided with Eurasia (~40Ma, Patriat and Achache, 1984).
This collision caused the rapid rise of the Himalayan moun-
tain range, creating many barriers for the dispersal of these
frogs and facilitating rapid speciation in this group.

The presence of keratinized spines on the belly skin is
a synapomorphy of the tribe Paini (Fig. 3). Two different dis-
tribution patterns of the spines can be distinguished: either
spines form two patches on the chest, or spines are scat-
tered as a unique patch more or less on the whole ventral
region. These two patterns correspond to the two groups |
and Il recognized here on the basis of molecular data.
Within the Group Il the main pattern can be subdivided into
four arrangements of the keratinized spines: absent on
chest, but present on cloaca (P. yei), on chest and lateral
sides of belly (P. shini), covering most of surface of belly (P.
boulengeri, P. robertingeri and P. verrucospinosa) and
present on chest and upper part of belly (P. exilispinosa and
P. spinosa). These morphological differences are consistent
with existence of the four lineages recognized from our
molecular data set. But it is difficult to infer evolutionary his-
tory of the character transformation, since the phylogenetic
relationship among to the last three groups remains unre-
solved (Fig. 1).

Or analysis include three species of the genus
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Chaparana sensu Dubois (1992), mainly defined by the
absence of large sized horny spines in adult males. Two of
them, C. aenea and C. unculuanus, were assigned to the
same subgenus Chaparana (Chaparana), and this classifi-
cation is supported by our results. On the other hand, the
results of the MP, ML and NJ analyses consistently showed
that C. quadranus is not closely related to these two spe-
cies, and should not be included in the subgenus
Chaparana. Absence of horny spines in adult males is
clearly a homeoplasic character which appeared at least
three times in Paini (Fig. 3). Definition of Chaparana calls for
revision.

This study provides partial support to two of the sub-
genera recognized by Dubois (1992) in his genus Paa: Paa
(Gynandropaa) for yunnanensis and bourreti; Paa (Paa) for
liebigii and rostandi. However, two other species, P. conaen-
sis and P. mokokchungensis, assigned to the later subge-
nus by Dubois (1992, 2002), do not firmly cluster with P. lie-
bigii and P. rostandi. On the other hand, this study provides
strong support to the subgenus Paa (Quasipaa) recognized
by Dubois (1992), for P. boulengeri, P. exilispinosa, P. shini
and P. spinosa, as well as for the recently described or re-
described species P. robertingeri (Wu and Zhao, 1995), P.
verrucospinosa (Bourret, 1937; Inger et al., 1999) and P. yei
(Chen et al., 2002, 2004). This lineage is also well charac-
terized by morphological and biogeographical information
briefly mentioned above.

The species mokokchungensis was described as a new
species of the megophryid genus Scutiger by Das and
Chanda (2000), but later transferred based to the ranid
genus Paa by Dubois (2002) on morphological evidence.
This allocation of the species is supported by the results of
the present study. However, the relationships of this species
with the other members of the tribe still have to be clarified.

In conclusion, our results suggest that the generic clas-
sification of the tribe Paini should be modified. In order to
recognize taxonomically the consistent high support of the
lineage and the morphological and molecular differentiation
of Group Il (Fig. 1-3), the subgenus Paa (Quasipaa) should
be raised to the generic level. The status of the other
groups, previously recognized as Chaparana, Gynandropaa,
Nanorana and Paa, whose relationships within Group | are
not clarified, is still uncertain. More species and additional
molecular markers need to be studied for further evaluating
the phylogenetic relationships and the taxonomic status of
these groups.
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The alignment result of sequences data used in this work. Specific names are those appearing in the first column of Table1: see

text for the generic allocation of these species following the taxonomic changes tentatively proposed in the conclusion.

F. multistriata

H. chinensis .C..AC.A.C .C. e C.. ......
L. fujianensis . .ATCA.A AC. G AT o A oo
N. parkeri ...ACCA.C AC. ..... T, o cCcC. ......
N. pleskei ...ACCA.C AC...... T, ... CC. ......
P. liebigii ....ACCATC AC...... T, ... CC. ......
P. rostandi T...ACCATC AC. ..... T, o C. ......
P. taihangnica ..ACCA.C AC...... T, .. ... CC. ......
P. mokokchungensis . . . .ACCA.C AC...A..T. ....... cC. ......
C. aenea ....ACCA.C AC...... T, . cC. ......
C. unculuanus ..ACCA.C AC...... T, ... cC. ......
P. conaensis ...ACCA.C AC...... T, ... CC. ......
P. yunnanensis ..ACCATC AC...... T. ... CC. ......
P. bourreti ...ACCATC AC...... T, ... CC. ......
C. quadranus ..ACCATC AC...... TT ... .. CC. ......
P. boulengeri ...ATCA.C AC.. . A..TT .......... .. ....
P. robertingeri ...ATCA.C AC.. .A..TT .......... ......
P. exilispinosa A...ACCA.C AC...A..TT ...A...C.. ......
P. spinosa T...ACCA.C AC...A..TT ... A...C.. ......
P. verrucospinosa . ...ACCATC AC...T..TT .......... ......
P. shini T...ACCA.C AC...A..TT ....... C.. ...G.

P. yei .CC.COCC.C AC...A..TT .......... ......

CTACGATTCT CTGCCCGGAC TACGAGCTTA GT TAAATCCC AAAGGACTTG ACGGGTCCCA CCCACTAGGA GCCTGT CTAT

80
A.. .................................... T...
Ao o B T...
Al o Gl o T...
Al G o T...
Ao o B T...
Al o Gl ol T...
Al Gl o T...
Ao o T T...
Al o T T...
Al T..C...... ..., T...
Ao o T..C...... ...... T...
Al o T..C...... ... ... T...
AL .Gl o T...
A o T..C...... ...... TC..
Al o T..C...... ... ... TC..
Al T..Co..... ... TC..
Ao o T..C...... ...... TC..
A.. B T..C...... ... ... TC..
Al T..Co..... ... TC..
A N T.T.
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F. multistriata

160

AATCGAT%T CCCGTATACC CAACCTTTTT TGCCATAGT C TGr TACCTCC GT CGCAATCT ACCATATGAA TGATTAGT TG

H. chinensis .......AAC ..... TC... ..... cccc. &CTT1....C. ........T. ....T..C.CG..G...... ATC. .AG. .
L. fujianensis TT.AAC ....... C.. C..CCCCA AC.AC...C. Al ..A.A..CT. .......... .CCC.TCAA.
N. parkeri ~ ........ . ) P cccC. ...A....C. .......... L.T.GCT. o ..C.A. . .A.
N. pleskei ~— ........ A L. S ccC. ...A....C. .......... LT.CCT. ... ... ..T.C...A.
P. liebigii ~ ....... Y P cccC. ...A...AC. .......... LT.GCT. o ..CC....A.
P.rostandi ....... AA. ... ) P CCCC. ...AG...C. .......... LT.GCT. o ..CC....A.
P. taihangnica ~ ....... AA. ... ... Ao L. CCCC. ...A....C. .......... ..T.CCT. .C....G ..CCC.. .A.
P. mokokchungensis . . . . . . . AAC ...... P ccCC. C..A....C. .......... LT.GCT. oo ..C.A. . .A.
C.aenea ........ A oL L CCC. ...A....C. ... ...... ... ... GCT. .......... .Gl A.
C.unculuanus . ...... AA. ... L CcCC. ...A....C. .......... LT.CCT. ... .Co A.
P. conaensis ~  ....... AA. ... P cccc. ...A....C. ... LT.GCT. ... G.. ..TCC...A.
P. yunnanensis  ....... AA. ... Ao o C.. ...A....C. .......... LT.GCT. o ...C....A.
P. bourreti  ....... AA. ... S CC.. ...A..... ... ....... LT.CCT. ... .. ...CC...A.
C. quadranus  ....... AA. ... Ao oL ccC. ...A....C. .......... LT.GCT. oo G ..CCC. . .A.
P. boulengeri C...... AA. ... C... T....ACCC. ... A...... ... ....... LT..CT. ... G...G ..C.C...A.
P. robertingeri C...... AA. ... C... T....ACCC. ... A...... .......... T..CT. ... G.... ..C.C...A.
P. exilispinosa  ....... AA. L T....ACCC. ...A...... .......... LTO.CT. ..C.C...A.
P.spinosa ~  ....... AA. L T....ACCC. ...A...... ... ........ LT.GCT. oo ..C.C...A.
P. verrucospinosa C. . . . .. AAC . ......... T....ACCC. ...A....C. .......... L T..CT. L G.. ..Col A.
P.shini ..., AA. L T....ACCC. ...A ... .. ... .. . ... ... GCT. .......... .G A.
Pyei ... Y C... T....ACCC. ... A...... ... ....... T..CT. .......... ..TC....G.
240
F. multistriata TCAAGACTTC AGACGTAGGT CAGGGCAACA TGAAAAGGAA GGAGGGCTCA ATTTTAACTA AACAAACGAA ATACTGCTGA
H. chinensis AT...GICC. .AC....... .......G.. ..GGGGT... .A........ ..C...... ... ... G ... ...
L. fujianensis AL AGTACA .AC....... ....... GT. TGG .A ............... A. . T GooL
N. parkeri T...GTAC. .. Tt oo Gr. ..GCCGC.. Ao T.. oo C....T..
N. pleskei T...GTAC. .AT....... ....... Gr. ..CGCGT.. A T, oo .C....T..
P. liebigii CT..AGTGCT .AT....... ....... Gr. ..GCCGC.. A T.. oo .C....T..
P. rostandi CT.. TG.ACT .AT....... ....... Gr. ..GCEG.. AL .C....T..
P. taihangnica GT..... L L Gr. ..G.G..... Ao T.. .C....T..
P. mokokchungensis . T. . .G.AC. .AT....... ....... Gr. ..GC&GT.. A T.. oo .C....T..
C. aenea C...... AC. AT....... ....... Gr. ...GG..... A s A.. .C....T..
C. unculuanus C...... AC. AT....... ....... GT. ...GG..... A .C....T..
P. conaensis C..G.G.AC. .AT....... ....... Gr. ..GCGCC.. A e O
P. yunnanensis  CA....TAC. .AT....... ....... Gr. ...G...... A T.. oo Cooo.
P. bourreti CA....TCC. .AT....... ....... Gr. ...G...... A T.. Cooo.
C. quadranus C....G.AC. .AT....... ....... Gr. ..G.G..... Al T.. ..., A.. .C........
P. boulengeri T...G..C. AT oo Gr. ..GCCC...G .A........ ...... TA.. ..., T.. .CG.......
P. robertingeri T...G..C. AT....... ....... Gr. ..GCCC...G .A........ ...... TA.. L .CG.......
P. exilispinosa T...G.AC. .AT....... ....... GI. ...G.T..GGAA........ G..... TA.. ..T....... .CG.......
P. spinosa T...G.GC. AT....... ... .... GI. ...G.T..GGAA........ G..... TA.. .o .CG.......
P. verrucospinosa .T...GIr.C. .AT....... ....... Gr. ..GCCC...G .A........ ... ... TA. . .G..... .CG.......
P. shini T AC. AT....... ....... GT AGGT.... A........ ...... TA.. L O
Pyei ... GC. AT....... ....... Gr. C.TCGT. . Ao CA.. .......... CG.......
320
F. multistriata GACACAGGAA AGGAGGTTTA GAAGT GAGAA AAATAACGAG TTTCTTTAAC ATGGCCTGGG ACTCTTGTCC TACCGCCATG
H. chinensis A......TC. ... ....... A.A. Go.T. o Tooooo0 Conios o A. AG. ..... GT
L. fujianensis Ao, CC. .Gl .T. ..A.A.C G. TC TA. CC.T..... T .A ........ ..C.A... AG...... GT
N. parkeri A.T...TT. ...C...... T ALA. G..G..T. ...T...... TA. ... ... .C.A... AG...... GT
N. pleskei T TT. ...Cl T...AA.. ..G..G..TA ... T...... TA. ... A... AG...... GT
P. liebigii A..T...TT. ...C...... T...AA. L.G..G..T. ...T...... TA. ... .. ...C.A... AG...... GT
P. rostandi A..T...TT. ...C...... TOOAALL L G..T. ...T...... TA. . ..., ...C.A... AG...... GT
P. taihangnica A..T...TT. ...C...... T...AA.. ..G..G..T. ...T...... TA. . ... .. ....ALAA.AG. ... .. GT
P. mokokchungensisA. . T.. . TT. ...C...... T...AA. L.G..G..T. ...T...... TA. ... ATOLALLD AG. ... GT
C. aenea A..T...TT. ...C...... TOOAAL L L G..T. ...T...... TA. .. A... AG...... GT
C. unculuanus A..T...TC. ...C...... T...AAG. ..G..G..T. ...T...... TA. ... A... AG...... GT
P. conaensis A..T...TT. ...C...... T.0.A.. L.G.G. T LT TG. . ...... .C.A... AG...... GT
P. yunnanensis A..T...CT. ...C...... T...AAG L. G..T. ...T...... TA. ... oL A... AG...... GT
P. bourreti A..T...CT. ...C...... T.OAAL L L G..T. ...T...... TA. . ...... ...C.A... AG...... GT
C. quadranus A..T...CT. ...C...... T...AA. L.G..G..T. ... T...... TA. ... ... .GALLAL T AG. . ... GT
P. boulengeri AT....CC. ...C...... TOOAALL L GI.T. ...T.. . ... . o .. AC.T AG....AG.C
P. robertingeri AT....CC. ...C...... TOAAL L L G..T. ...T....C. TA........ ..... CAC.T AG....... C
P. exilispinosa Ao, cC. ...C...... TOOAALL L GI.T. ...T...... TA ... A..T AG...... GT
P. spinosa Ao cC. ...C...... TOOAALL L GIr.T. ...T...... TA. ... oL A..T AG...... GT
P. verrucospinosa A.T....CC. ...C...... .C...AA.. ... G..C. ...T..... T . A ... . A... AG...... GT
P. shini Ao, TC. ...C...... TOOAALL L G..T. ...T...... TA. .. T..T AG...... GT
P. yei Ao, CC. ...C...... TOOAAL D L G..T. ... T...... TA........ .C.A... AG...... GT
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F. multistriata ATACGATTAA CGCGTCATCT GCCGTACAGC AGCAGATAAT CACTTGTICTT TAGCAGTACG CATGCGCGGC ATCACGAGGT
H. chinensis .C.T.T.A.. ..... ACC.. ..... G.GAA G.ACC..... ........ C. ..AT..CTT. T...AA.... ... ...... G
L. fujianensis LLTAT AL L ACC.. ..... G..AA G.ACC..... ......... C ..AT.ACT.. T..CAA.... ... ...... G
N. parkeri .C.T.T.A.. ..... AT. .. ..... G.GAA G.ACC..... .......... AT .CTA. T..CAA. ... ... .. ... G
N. pleskei .CTIT.T.C.. ..... AT. .. ..... G.GAA G.ACC..C.. A......... LAT..CTA. T..CGA.... ......... G
P. liebigii .CGT.T.A.. ..... ATC.. ..... G.GAA G.ACGC..... ST LAT..CTA. T..CAA. ... ... ..., G
P. rostandi .C.T.T.A.. ..... ATC.. ..... G.GAA G.ACC..... .......... AT ACTA. T..CAA. ... ......... G
P. taihangnica .CTIT.T.A.. ..... ATC.. ..... G.GAA G.ACC..... .......... LAT.ACTA. T..CAA. ... ......... G
P. mokokchungensis .C. T.T.A.. ..... ATCT. ..... G.GAA G.ACC..... .......... AT CTA. T..CAA. ... ......... G
C. aenea .C.T.T.A.. ..... AT. .. ..... G.GAA G.ACC..... .......... .LATGACTA. T..CAA. ... ......... G
C. unculuanus LLTAT. AL L. AT... ..... G.GAA G.ACC..... .......... LAT.ACTA. T..CAA. ... ......... G
P. conaensis .C.T.T.A.. ..... ATC.. ..... G.GAA G.AGC..... .......... ..ATCACTA. T..CAA. ... ......... G
P. yunnanensis .C.G.T.A.. ..... AT... ..... G.GAA G.ACC..... .......... .LATGACTA. T..CAA. ... ......... G
P. bourreti .C.T.T.A.. ..... AT. .. ..... G.GAA G.ACC..... .......... LAT.ACTA. T..CAA. ... ......... G
C. quadranus .C.T.T.A.. ..... AT... ..... G.GAA G.AGC..... .......... AT ACTA. T..CAA. ... ......... G
P. boulengeri .CTT.T.GIT ...A.ACC.. ..... G.GAG GTACC. . ... T, AT ACTA. T..CAA. ... ......... G
P. robertingeri .CTTAT.GIT TC.A.ACC.. ..... G.GAA G......... T, ... LAT.ACTA. T..CTA. ... ......... G
P. exilispinosa .C.T.T.A.. ..... ACC.. ..... G.GAA G.ACC..... .......... AT ACTA. T..CAA. ... ......... G
P. spinosa .C.T.T.A.. ..... ACC.. ..... G.GAA G.ACC..... .......... AT ACTA. T..CAA. ... ......... G
P. verrucospinosa .C.T.T.A.. ..... ACC.. ..... G.GAA G.ACC..... .......... AT ACTA. T..CAA. ... ... .. G
P. shini .C..AT.A.. ..... ATC.. ..... G.GAA G.ACC..... .......... AT ACTA. T..CAA. ... ......... G
P. yei L TAT AL oL ACC.. ..... G.GAA G.ACC..... .......... AT ACTA. T..CAA. ... ......... G
480
F. multistriata CTCACTCACA CCCTTCCCAA TCAGTGAACT GATCTCCCCG GAAGAAGCGG GGATAAAAAT ATAAGACGAG AAGACCCCAT
H. chinensis CTTACTG.T T T e e e LG T
L. fujianensis T.ATACTG.T ...CAT.T.. .......... CToooooo oL G.. A..CCT... .C........ ... ......
N. parkeri T.ATACTG.T .. TC.T. ... o e e e GIC.. ... ...
N. pleskei T.ATACTG.T .GTG.T.T.. . e e e GITC. ... . . .
P. liebigii T.ATACTG.T .. TC.T. ... o e e i TC.
P. rostandi T.ATACTG.T .. TC.T. ... o e i e T e
P. taihangnica T.ATACTG.T .. .TC.T. ... o e i e TC. .
P. mokokchungensisT . ATACTG.T ..TC.T.... .......... P CC. .. i
C. aenea T.ATACTG.T .. TC.T.... .......... T s GIC. ... ..
C. unculuanus T.ATACTG.T .. TC.T.... .......... L GCC. ... i
P. conaensis T.ATACTG.T .. TC.T. ... o e e e CC. . i
P.yunnanensis  T.ATACTG.T ..TC.T. ... ... .. i i e CC. ...
P. bourreti T.ATACTG.T .. TC.T. ... o e i i CC. . i
C. quadranus T.ACACTG.T ..TCCT. ... i e e e CC. ..
P. boulengeri T.ACACTG.T .. TCCT . . .. i e e e i
P. robertingeri T.ACACTG.T . .TCCT . ... o e e e i
P. exilispinosa T.ATACTG.T ..TCCT.... .......... Ao AL G.o o e
P. spinosa T.ATACTG.T ..TCCT.... .......... N G.. o o
P. verrucospinosa T.ACACTG.T ..TCCT.... .......... A G, s
P. shini T.ACACTG.T ...CCT..G. .. e e e G o e
P. yei T.ATACTG.T ..TCC..... .......... Al e T e
560
F. multistriata GGACGCTTTAA ACCCAATAGA CACCTGATCT CCCAAAACAT TCTAAGTITTG TCTATTGGTT TTAGGTTGGG GTGACCA!
H. chinensis  .......... ...... CGAC AC..CC.C.C ....TTTT.. .GC.CACC.. .TCG...... ... .. G...
L. fujianensis ... ... ... .. GTC A....AC.AA ..ACCT.A.A A.A. A A.. ATC....... G
N. parkeri ... . ..., ..T...C.AC A....CCCAA T..C.C.T.C CACG.ACC.. .T.G..A... ..C....... ...... G..
N. pleskei ... .... ..T...C.AC A....CCCAA TT.TGT.T.C CACG.ACC.. .T.G..A... ..G....... ...... G.A
P. liebigii ..., ..T...C.AC A.TT.CTAGA TT.T.C.T.. .A.G.AAC.. .T.G..A... ..G....... ...... G..
P.rostandi ~  .......... ..T...C.AC A.. T.CCCAA T..T.C.T.CC..G.AAC.. .T.G..A... ..G....... ...... G..
P. taihangnica ~ .......... ..T...C.AC A.. T.CCCAA TT.C.C.T.C .AAG.ACC.. CT.G. . A... ... ... .. ... ...... G..
P. mokokchungensis . . . ... .... ..T...C.AC A....CCCAA TT.T.C.T.C ...G...C.. .T.G..A... ..G....... ...... G..
C.aenea  .......... ..TT..C.AC A.. T.C.CAA TT.TTC.T.. .A.G.A.C.. .T.G..A... ... ... ... ...... G..
C. unculuanus . ......... ..TT..C.AC A. . T.CCCAA TT.T.C...C .A.G.ACC.. .T.G..A.. G G..
P. conaensis .......... ..T...C.AC A....CCCAA .T.C.C.T.. C.CG..CC.. ...G..A... ... ... ... ...... G..
P. yunnanensis . ......... ..T...C.AC A....TTCAA TA.C.C.T.. .A.G.ACC.. ...G..A.. Goooooos o G..
P. bourreti  .......... ..T...C.AC A. . TCT.CAA TA.T...T.. .A.G.ACC.. ...G..A... .G....... ...... G..
C. quadranus ~ .......... ..T...C.ACA.... T..AAT..T.CGT.C CCCG.A.C.. .T.G..A... ..G....... ...... G..
P. boulengeri  .......... ...... C.AC A....ATCAA .. .CT..T.A .GCG.AAC.. ...G...... ... . G..
P. robertingeri ~ .......... ...... C.AC A....ATCA. ...CTG.T.A .GCG..AC.. ...G...... ... .. G..
P. exilispinosa ~ .......... ...... C..CA....ATCAA T..CTG...C .AAG..CC.AC..G...... ... v G..
P.spinosa ~  .......... ...... C..CA....ATCAA ... CT.GT.C .AAG..CC.. C..G...... ... . G.A
P. verrucospinosa . ......... ...... C.AC A....ATCAA .T.CT..T.C .AC...AA.. ... G...... ... ... .. ... G..
P.shini ... o 00 L. C.AC A. . TC.CAAC ...CTT.T.C .GC...AC.. CT.G...... ... i G..
Pyei L . C.AC A.T..AT.A. CTG.T.C .G.G..CC.. .T.G...... .......... ...... G. .
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640
F. multistriata AGTACAATAA ATCCTCCATG ACGT. ACGGGA CTCCCTCTTA TCCTTGAACC ACATTTCTAA GAATCAACAA ATTGACGTTT
H. chinensis .T.GATT .A...... AT AAL .G T TCC..... .G.....A.. ... ... AA
L. fujianensis AA.C.. A........ ...A.A..AC ..AATC A, ..TAC..G.T _.TAC..C.. ...... CT.. T..... A A.
N. parkeri ALACCT. AL C. ...A....A. TAATC..A. ..TAA..G.. ..CGC..... ....... T.. ... A.AA
N. pleskei LALACCT. AL ... C. ...A....A. TAATC..A. ..TAA..G.. ..CGC..... ....... T.. ... A.AA
P. liebigii AACT. AL C. ...A.T..A. TAATC..A. ..TAA..G.. ..CGC..... ....... T.. ..., A.AA
P. rostandi AACT. AL C. ...A....A. .AATC..A. ..TAA..G.. ..CGC..... ....... T.. ..., A.AA
P. taihangnica LALACCT. AL, C. ...A....A. TAATC..A. ..TAA..G.. ..CGC..... ....... T.. ... A.AA
P. mokokchungensis . .A.A. .. T. .A...... C. .T.A.T..A. TAATC..A. .TAA. .G..G .CGC...... ...... T... ... A.AA.
C. aenea ..C.A..CT. .A...... C. .T.A.A..A. TAA.TC..A. ..TAA..G.. ..CGC..... ....... T.GC..... A.AA
C. unculuanus .G.A. .CTT .G...... C. .T.A.T..A. .AATC..A. .T.AA..G.T ..CAC..... AL G.. ...... A.AA
P. conaensis AACCT. AL C. .T.A....A. TAATC..A. ..TAA..G.. ..CAC..... ....... T.. ..., A.AA
P. yunnanensis AACCT. AL C. ...A....A. TAATC..A. ..TAA..G.. ..CAC..... ....... T.. ..., A.AA
P. bourreti ALACCT. AL C. ...A....A. TAA.TC..A. ..TAA. .G.A ..TAC..... ....... T.. ..., A.AA
C. quadranus .ALA..CC. .A...... C. ...A....A. AAATC..A. ..TAA..G.T ..TAC..... ... .. ... ...... A.AA
P. boulengeri ...A..CTT .G...... C. .T.A...... TAA. .C..A. ...AA..G.. ..CCC..... ....... T.. ..., A.GA
P. robertingeri ACCTT .G... ... C. .T.A...... TAA. .C..A. ... AA..G.. ..CCC..... ... i .. AA
P. exilispinosa ACCT. Ge.. . C. ...A...... TAA..C..A. ...AA..G.. ..CCC..... ....... T.. ... AA
P. spinosa ....ALCT. .A...... C. ...A...... TAA. .C..A. ...AA..G.. ..CCC..... ....... T.. ... AA
P. verrucospinosa . ...A...TT .A...... C. ...A.. TAA. .C.... ...AA..GIT ..TAC..... ... .. ..... ... ..... AA
P. shini .AL.C.T A...... C. ...AT TAA..C LAAL Gl LUTGCL L T.. ... .. AA
P. yei LALCTT AL ... C. ...A...... TAA..C LAAL Gl LUTGCL L T.. oo AA
720
F. multistriata TGATCCAATA ATTGATCAAC GGACCAAGTT ACCCTGGGGA TAACAGCGCA ATCCATTTAA GAGCCTATCG CCAAAT%T
H. chinensis ~  ........ Gl T e e e AL
L. fujianensis . ..... GeC. .CC....... A e A .........
N. parkeri ~ ...... L Ao
N. pleskei ~  ...... G. . G e e )
P. liebigii ~ ...... G. . G e P
P.rostandi ...... G... ..C....... A e e S
P. taihangnica . ... .. L Ao
P. mokokchungensis . . . . . G.... .C........ A e e e Ao
C.aeneca ...... G. .. G e e Ao,
C. unculuanus  ...... L Ao
P. conaensis ~  ...... G... ..C....... A e e P
P. yunnanensis  ...... G. .o G e e L
P. bourreti ~ ...... G... ..C....... A e e Ao
C. quadranus ~ ...... G... ..C....... . L
P. boulengeri ~ ...... G.CT ..C....... L Ao
P. robertingeri . ..... G.C. ..C....... A e e )
P. exilispinosa . ..... G... ..C....... AT e e L
P.spinosa ...... G.. Coooo. L L
P. verrucospinosa . ......... .......... A e e .
P.shini ..., G.C Cooo A e e AL
P.yei ... G.C Coooo A e e Ao
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.chinensis .......... T........ ......Co.. ... .. ..C s T e
L. fujianensis ... ... . T e A .. .T ......................
N.parkeri ... ... T o C ........ -
N.pleskei ... . ... T C ........ Ao . ..Coo
P.liebigii ... T e C ........ Ao o T
P.rostandi ... ... LT C ........ o P
P.taihangnica  .......... T... .. .. L C ........ A o T s
P.mokokchungensis . . . ....... .T.. ... . . . . C ........ o T
C.aenea ... T e e C ........ Ao o T
C.unculuanus . ......... T . . e e C ........ A T s
P.conaensis ... .. T e C ........ Ao o T
P.yunnanensis . ......... T.. ... . L C ........ o
P.bourreti ... T C ........ A o T s
C.quadranus  .......... T e e C ........ o S
P. boulengeri ... ... LT e A o T s
P.robertingeri ... ... T e A o T s
P. exilispinosa  .......... T.. . . . . . o e C ........ o S
P.spinosa ... ... LT e o N
P.verrucospinosa . ......... . T.... .. .. .. i L C ........ A o T s
P.shini o T e C ........ Ao o T
P.yei s T s C ........ Ao o T




