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Abstract Potamogeton is a cosmopolitan genus of 90-95 species in which numerous hybridiza-
tion events have occurred worldwide. A plant recently collected from Argentina exhibited ambigu-
ous morphology that does not match any species of the genus. We aimed to assess if the plant
coexisting with another Potamogeton species is a product of reticulate evolution. A concatenated
plastid DNA (psbA-trnH, trnL intron, and trnL-trnF) and nuclear ribosomal DNA (5S-NTS) data
sets, primarily based on previous studies sample set mainly consisting of American and Asian spe-
cies, were analyzed using Bayesian inference. Nuclear ribosomal ITS sequences were also
obtained from five Argentina materials. We recovered similar topologies from both the plastid
DNA and nuclear ribosomal 5S-NTS analyses in which most specimens are consistently placed.
The specimen of primal interest from Argentina strongly clustered with co-occurring linear-leaved
species in the 5S-NTS tree, but was genetically identical to broad-leaved ones in the plastid DNA
analysis. The ITS sequence of the specimen was the same as that of the linear-leaved species and
no polymorphisms were observed. Considering the discrepant phylogenetic positions between the
trees and lack of ITS infra-individual variations, the origin of the specimen from Argentina is bet-
ter explained by hybridization and subsequent introgression.

Key words: Alismatales, aquatic plants, Bayesian inference, hybridization, introgression, molecu-
lar phylogeny, plastid DNA, Potamogeton, topological conflicts, 5S-NTS.

Introduction

Potamogeton L. is one of the three genera of
the aquatic plant family Potamogetonaceae. The
number of the species varies depending on litera-
ture, but 90-95 species are in general accepted in
the world (Haynes and Holm-Nielsen, 2003;
WCSP, 2014). This cosmopolitan genus has its

center of species diversity in temperate regions
of the northern hemisphere (Kaplan et al., 2013),
with nearly 70% of the world's species occurring
in either Asia, Europe, or North America (Wieg-
leb and Kaplan, 1998). In contrast, the species in
Southern South America, comprising Argentina,
Chile, and Uruguay, has been scarcely studied.
Following Tur (1982), Wiegleb and Kaplan
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(1998), and Haynes and Holm-Nielsen (2003),
nine well-recognized species were recorded in
southern South America: 1) P. crispus L. (cosmo-
politan); ii) P. ferrugineus Hagstr. (South Amer-
ica); iii) P. gayi A.Benn. (South America); iv) P.
illinoensis Morong (North and South America);
v) P. linguatus Hagstr. (South America); vi) P.
montevidensis A.Benn. (South America); vii) P.
polygonus Cham. (South America); viii) P. pusil-
lus L. (cosmopolitan); and ix) P. spirilliformis
Hagstr. (South America). As reported in other
regions, difficulties of morphological identifica-
tion of Potamogeton species are known in South
America. A plant recently collected from Argen-
tina (Y. Ito YI1992 & al; Fig 1; Appendix 1)
exhibited ambiguous morphology that does not
match any above-mentioned species of the genus
(Fig. 1; Table 1).

Potamogeton is a genus in which numerous

hybridization events have occurred; therefore, it
is recognized as a “classic” example of hybridiza-
tion in aquatic plants (Les and Philbrick, 1993).
In their morphology-based monographic work,
Wiegleb and Kaplan (1998) reported the number
of hybrids that are approximately the same as the
number of non-hybrid species. Subsequent
molecular studies have detected and documented
further cases of hybridization in Potamogeton,
including ones that do not exhibit obvious mor-
phological characteristics (Les et al., 2009). A
case of triple hybridization (a hybrid arisen from
crosses of a primary hybrid with a third species)
has been also reported in Potamogeton (Kaplan
and Fehrer, 2007), implying that the genus has
undergone rather complicated evolution. The
aforementioned morphologically ambiguous
plant from Argentina may be a product of hybrid-
ization, because it coexists with P. pusillus.

Fig. 1.

Habitat of Potamogeton sp. YI1992 TNS in Coérdoba, Argentina.
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Molecular phylogenetic analyses on Potamogeton
have been independently conducted by different
research groups based on their own unique sam-
ple and data sets that scarcely overlapped each
other (e.g., lida et al., 2004; Lindqvist et al.,
2006; Wang et al., 2007; Zhang et al., 2008; Les
et al., 2009; Ito and Tanaka, 2013; Kaplan et al.,
2013). Therefore, it remains unclear which phy-
logeny is the most reliable one, as significant
topological have occasionally
been found among the studies (Ito and Tanaka,
2013). Lindqvist et al. (2006) provided a rela-
tively well-resolved phylogeny of the genus,
comprising broad-leaved and linear-leaved lin-
eages based on the 5S non-transcribed spacer
[hereinafter called 5S-NTS of the nuclear ribo-
somal DNA (nrDNA)], followed by Kaplan et
al’s (2013) 5S-NTS tree. Still, a question
remains as to whether the same or similar topol-
ogy can be recovered with a plastid DNA (here-
inafter called ptDNA) data set because Lindqvist
et al. (2006) failed to reconstruct a resolved phy-
logeny in their ptDNA analysis using two fast-
evolving markers, psbA-trnH and trnL intron,
and no analyses using ptDNA sequences were
performed by Kaplan et al. (2013). However,
Lindqvist et al.’s (2006) data set itself appears to
be useful if 19 outgroups from the other genera
of Potamogetonaceae and other distantly related
monocots and non-monocot families, e.g., Ara-
ceae, Alismataceae, Juncaginaceae, and Magnoli-
aceae, are excluded from the analysis. Compara-
tive data are available by Zhang et al. (2008,
unpublished data), which using trnT-trnL, trnL
intron, and trnl-trnF, recovered roughly the
same broad-leaved and linear-leaved lineages
(Zhang et al., 2008).

To assess whether the unidentified Potamogeton
(Y. Ito YI1992 & al.) with ambiguous morphol-
ogy from Argentina is a product of hybridization,
we employed simultanecous molecular phyloge-
netic analyses of ntDNA and ptDNA based on
data sets of Lindqvist e al. (2006) and Zhang et
al. (2008) and comparable data from GenBank,
which occasionally contains trnL-trnF  from
ptDNA (Kaplan and Fehrer, 2007; Zhang et al.,

incongruences

2008). The data set of Lindqvist et al. (20006) is
particularly relevant for our purpose because it
mainly consisted of North American species that
either are distributed in South America or appar-
ently have South American relatives (Wiegleb
and Kaplan, 1998; Haynes and Holm-Nielsen,
2003). Topological incongruence between recon-
structed phylogenetic trees were compared, with
a particular focus on the taxa from Argentina. In
addition, DNA sequences of the internal tran-
scribed spacer (ITS) region of ntDNA were gen-
erated to seek another line of evidence of hybrid-
ization.

Materials and Methods

Taxon sampling

The data set for molecular phylogenetic analy-
ses mainly consists of sequences deposited in
GenBank: 41 samples (Lindqvist ef al., 2006); 26
(Zhang et al., 2008, unpublished data); four
(Kaplan and Fehrer, 2007; Kaplan et al., 2013).
Seventeen out of samples used in Lindqvist et al.
(2006) that lack either ptDNA or 5S-NTS were
not included in this study. Five samples from
Argentina were added, which were P. gayi (one
specimen), P. pusillus (three), and the unidenti-
fied Potamogeton sp. YI1992 TNS (one). The
data set included 76 samples, which were equiva-
lent to 46 species including one putative hybrid,
P. X haynesii Hellq. & G.E.Crow (Appendix 1).

DNA
sequencing

Total genomic DNA was extracted from the
five newly collected Potamogeton specimens
from Argentina following the method outlined in
Ito et al. (2010) and their sequences of ptDNA
and nrDNA regions were determined by PCR
amplification and direct sequencing. The follow-
ing primer pairs were used for PCR and sequenc-
ing: psbAF and trnHR (Sang et al., 1997) for
psbA-trnH; “c” and “d” (Taberlet et al., 1991) for
trnL intron; “¢” and “f” (Taberlet ez al., 1991) for
trnL-trnF; and PI and PII (Cox et al., 1992) for
S5S-NTS, and ITS-4 and ITS-5 for nrITS (Bald-

extraction, PCR  amplification, and
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win, 1992). The PCR amplification was con-
ducted using TaKaRa Ex Taq polymerase
(TaKaRa Bio, Japan), and PCR cycling condi-
tions were 94°C for 60 s; then 30 cycles of 94°C
for 45 s, 52°C for 30 s, 72°C for 60s; and finally
72°C for 5 min. The PCR products were cleaned
using illustra ExoProStar (GE Healthcare, Piscat-
away, USA) and then reacted using ABI Big Dye
Terminator ver. 3.1 (Applied Biosystems, USA)
with the same primers as those used for the PCR
amplifications. DNA sequencing was performed
with an ABI PRISM 3130x]I DNA sequencer
(Applied Biosystems). Automatic base calling
was checked by eye using Genetyx-Win ver. 3
(Software Development Co., Japan). All sequences
generated in the present study have been submit-
ted to the DNA Data Bank of Japan (DDBJ),
which is linked to GenBank, and their accession
numbers and voucher specimen information are
presented (Appendix 1).

Data analysis

We assembled two datasets from the 76 sam-
ples, which included the aforementioned five
samples from Argentina: i) ptDNA (psbA-trnH,
trnL intron, and trnL-trnF) and ii) nuclear
5S-NTS. Missing data found in ptDNA were
retained because “it should generally be possible
to accurately place incomplete taxa in phyloge-
nies, if enough informative characters are sam-
pled” (Wiens and Morrill, 2011); those are used
as equivocal characters (N). Following Kaplan et
al. (2013), one of the basal-most Potamogeton
taxa in their ITS tree, namely P. spirillus, were
chosen as an outgroup for addressing the intrage-
neric relationships, because this region was too
variable to allow a reliable alignment with the
other two genera. Sequences were aligned using
MAFFT ver. 7.058 (Katoh and Standley, 2013)
using “leave gappy regions” option and then
inspected manually.

Phylogenetic inference was performed using
Bayesian inference (BI; Yang and Rannala,
1997). Analyses were conducted with MrBayes
ver. 3.2.2 (Ronquist and Huelsenbeck, 2003;
Ronquist et al., 2012) run on the CIPRES portal

(Miller et al., 2010) after the best models had
been determined in MrModeltest ver. 3.7 (Nyl-
ander, 2002); these models were GTR +1+ G for
ptDNA and GTR + G for 5S-NTS. For gap char-
acters, the datatype=standard option of
MrBayes was used. Analyses were run for
8,150,000 million and 460,000 million genera-
tions for the ptDNA and 5S-NTS data sets,
respectively, until the average standard deviation
of split frequencies dropped below 0.01, sam-
pling every 1,000 generations and discarding the
first 25% as burn-in. The convergence and effec-
tive sampling sizes (ESS) of all parameters were
checked in Tracer ver. 1.6 (Rambaut et al.,
2014). All trees were visualized using FigTree
ver. 1.3.1 (Rambaut, 2009). The data matrices
and the MrBayes trees are available at Treebase
(TB2:S518639).

Results

Molecular phylogeny

The ptDNA data set of Potamogeton included
1,391 aligned characters (psbA-trnH: 364bp;
trnL intron: 591bp; trul-trnF: 436bp) and 17
indels, of which 146 characters including the
binary-coded indels are polymorphic. The topol-
ogy is resolved, yet the support values are mostly
low (Fig. 2a).

The 5S-NTS data set of Potamogeton included
310 aligned characters and six indels, of which
275 characters including the binary-coded indels
are polymorphic. We obtained a well-resolved
tree, which topology followed that of the ptDNA
tree (Fig. 2b).

Respective four groups, that belonged to lin-
ear-leaved and broad-leaved lineages detected in
Lindqvist et al. (2006) and Kaplan et al. (2013),
were recovered in either or both ptDNA and
SS-NTS trees; those are numbered from groups
L1-L4 and groups B1-B4, respectively: group
L1 (P. diversifolius—P. spirilus); group L2 (P.
compressus—P. gayi—P. obtusifolius—P. subsibiricus—
P. trichoides); group L3 [P. clystocarpus—P. foliosus—
P. friesii—P. X haynesii—P. pusillus (China)—P.
strictifolius]; group L4 [P. oxyphyllus—P. pusillus
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(North and South America)]; group Bl (P.
crispus—P. maackianus—P. robbinsii); group B2
[P. alpinus—P. distinctus—P. malaianus—P.
malainoides—P. nodosus (RRH6256 UNA)-P.
perfoliatus—P. richardsonii—P. wrightii]; group
B3 [P. gramineus—P. illinoensis (VEMS87816
UNA)-P. lucens]; group B4 (P. amplifolius—P.
foridanus—P. oakesianus—P. natans—P. pulcher).

Of samples from Argentina, Potamogeton sp.
YI1992 TNS was positioned significantly differ-
ently between ptDNA and 5S-NTS trees (group
B3 in ptDNA; group L4 in 5S-NTS; Fig. 2).

Nuclear DNA (ITS) sequence comparisons

ITS sequences obtained from the five speci-
mens from Argentina were 713 bp in length. No
intra-individual variation were found in any of
the specimens, except the 1-bp intra-individual
variation observed in Potamogeton pusillus
YI1997. No sequence differences were found
between P. pusillus and Potamogeton sp.
Y1992 TNS, from which P. gayi is distinguish-
able by two nucleotide substitutions.

Discussion

The present study reconstructed phylogenies
of Potamogeton based on ptDNA and nuclear
5S-NTS of nrDNA data sets, in which six acces-
sions show significant inconsistency between the
trees (Fig. 2). Such topological incongruences
resulting from ptDNA and nrDNA markers are
often reported in phylogenetic studies (Wendel
and Doyle, 1998, Degnan and Rosenberg, 2009).
Although some causes of phylogenetic incongru-
ence, e.g. gene choice and incomplete lineage
sorting, are suggested, hybridization and intro-
gression are likely to be attributed to the topolog-
ical conflicts in Potamogeton, as is concluded by
Hamzeh and Dayanandan (2004), Fehrer et al.
(2007), Tippery and Les (2011), Ito et al. (2013),
Ren ef al. (2015), Soto-Trejo et al. (2015). The
six specimens discrepantly resolved between the
trees may indicate such reticulate evolution.
Here, out of the six accessions, we discussed
only for Potamogeton sp. YI1992 TNS, that was

collected by ourselves.

Potamogeton sp. (Y. Ito YI1992 & al.) has
ptDNA close to those of broad-leaved species,
such as P. illinoensis and P. lucens (group B3:
Fig. 2a) and nrDNA identical or closely related
to that of the co-occurring linear-leaved P. pusil-
lus (group L3: Fig. 2b). Considering the incon-
gruence of phylogenetic position and the lack of
ITS intra-individual polymorphisms, which has
been used as a line of evidence to identify Pota-
mogeton hybrids (e.g. Kaplan and Fehrer 2007,
Du et al., 2010), not simple hybridization but
introgression following multiple hybridizations
between linear-leaved and broad-leaved species
better explain the origin of Potamogeton sp.
Y11992 TNS. With the empirically confirmed
maternal inheritance of chloroplast DNA in Pota-
mogeton (Kaplan and Fehrer, 2006), hybridiza-
tion between a paternal P. pusillus and a maternal
broad-leaved Potamogeton species is likely. The
maternal parent is most probably P. illinoensis
because this American species is also distributed
in Argentina (Haynes and Holm-Nielsen, 2003),
where it once may have occurred with P. pusillus
(which yet co-exists in the river in Coérdoba,
Argentina) and have repeatedly hybridized with
its pollen, termed “cytoplasmic introgression”
(Rieseberg, 1997).

Conclusions

We performed simultaneous molecular phylo-
genetic analyses of Potamogeton based on previ-
ous studies’ data sets and our newly collected
samples. The topological comparison between
ptDNA and 5S-NTS clearly exhibited significant
incongruences. A single accessions from Argen-
tina that was inconsistently positioned between
the trees may be a product of hybridization or
introgression. Future phylogenetic researches
may aim at i) improving the support values by
adding more valuable ptDNA regions, ii) seeking
alternative ntDNA markers, such as low-copy
nuclear DNA loci, and iii) applying alternative
methods such as AFLP and RADseq.



138 Yu Ito et al.

Acknowledgment

The authors thank N.B. Deginani (SI) for her
help with examining specimens, C. Ishii
(Tsukuba) for help with DNA sequencing, J. Vil-
joen (Cape) for his kind advice on molecular
phylogenetic analyses, Y. Ito (Kunming) for
assistance with preparing the appendix, P. B.
Pelser (CANU), J. Li (Kunming), and J. Murata,
H. Ikeda, T. Ohi-Toma (TI) for their continuous
encouragement and support, and Enago (www.
enago.jp) for the English language review. Secre-
taria de Ambiente of Coérdoba Province is
acknowledged by This
research was partly supported by FY 2012
Researcher Exchange Program between JSPS
and RSNZ to YI and JSPS KAKENHI Grant
Number 25440224 to NT.

collection permits.

References

Baldwin, B. G. 1992. Phylogenetic utility of the internal
transcribed spacers of nuclear ribosomal DNA in
plants: An example from the Compositae. Molecular
Phylogenetics and Evolution 1: 3—16.

Cox, A. V., Bennett, M. D. and Dyer, T. A. 1992. Use of
the polymerase chain reaction to detect spacer size het-
erogeneity in plant 5s-rRNA gene clusters and to locate
such clusters in Wheat (7riticum aestivum L.). Theoret-
ical and Applied Genetics 83: 684—690.

Degnan, J. H. and Rosenberg, N. A. 2009. Gene tree dis-
cordance, phylogenetic inference and the multispecies
coalescent. Trends in Ecology and Evolution 24: 332—
340.

Du, Z.-Y., Yang, C.-F., Chen, J.-M. and Guo, Y.-H. 2010.
Using DNA-based techniques to identify the hybrids
among the linear-leaved Potamogeton plants collected
in China. Journal of Systematic Evolution 48: 265-270.

Fehrer, J., Gemeinholzer, B., Chrtek, J. and Brautigam, S.
2007. Incongruent plastid and nuclear DNA phyloge-
nies reveal ancient intergeneric hybridization in
Pilosella hawkweeds (Hieracium, Cichorieae, Astera-
ceae). Molecular Phylogenetics and Evolution 42: 347—
361.

Hamzeh, M. and Dayanandan, S. 2004. Phylogeny of
Populus (Salicaceae) based on nucleotide sequences of
chloroplast #rnT-trnF region and nuclear rDNA.
American Journal of Botany 91: 1398-1408.

Haynes, R. R. and Holm-Nielsen, L. B. 2003. Potamoge-
tonaceae. In: Luteyn, J. L. and Gradstein, S. R. (eds.),
Flora Neotropica Monograph 85: 1-52. New York

Botanical Garden, New York.

lida, S., Kosuge, K. and Kadono, Y. 2004. Molecular phy-
logeny of Japanese Potamogeton species in light of
noncoding chloroplast sequences. Aquatic Botany 80:
115-127.

Ito, Y. and Tanaka, N. 2013. Additional Potamogeton
hybrids from China: Evidence from a comparison of
plastid t#rnT—trnF and nuclear ITS phylogenies. Acta
Phytotaxonomica et Geobotanica 64: 1-14.

Ito, Y., Ohi-Toma, T., Murata, J. and Tanaka, N. 2010.
Hybridization and polyploidy of an aquatic plant,
Ruppia (Ruppiaceae), inferred from plastid and nuclear
DNA phylogenies. American Journal of Botany 97:
1156-1167.

Ito, Y., Ohi-Toma, T., Murata, J. and Tanaka, N. 2013.
Comprehensive phylogenetic analyses of the Ruppia
maritima complex focusing on taxa from the Mediter-
ranean. Journal of Plant Research 126: 753-762.

Kaplan, Z. and Fehrer, J. 2006. Comparison of natural and
artificial hybridization in Potamogeton. Preslia 78:
303-316.

Kaplan, Z. and Fehrer, J. 2007. Molecular evidence for a
natural primary triple hybrid in plants revealed from
direct sequencing. Annals of Botany 99: 1213-1222.

Kaplan, Z., Jarolimova, V. and Fehrer, J. 2013. Revision
of chromosome numbers of Potamogetonaceae: A new
basis for taxonomic and evolutionary implications.
Preslia 85: 421-482.

Katoh, K. and Standley, D. M. 2013. MAFFT multiple
sequence alignment software version 7: improvements
in performance and usability. Molecular Biology and
Evolution 30: 772-780.

Les, D. H. and Philbrick, C. T. 1993. Studies of hybridiza-
tion and chromosome number variation in aquatic
angiosperms: evolutionary implications. Aquatic Bot-
any 44: 181-228.

Les, D. H., Murray, N. M. and Tippery, N. P. 2009. Sys-
tematics of two imperiled pondweeds (Potamogeton
vaseyi, P. gemmiparus) and taxonomic ramifications
for subsection Pusilli (Potamogetonaceae). Systematic
Botany 34: 643-651.

Lindqvist, C., De Laet, J., Haynes, R. R., Aagesen, L.,
Keener, B. R. and Albert, V. A. 2006. Molecular phylo-
genetics of an aquatic plant lineage, Potamogetonaceae.
Cladistics 22: 568-588.

Miller, M. A., Pfeiffer, W. and Schwartz, T. 2010. Creat-
ing the CIPRES Science Gateway for inference of large
phylogenetic trees. In: Anonymous (ed.), Proceedings
of the Gateway Computing Environments Workshop
(GCE), pp. 1-8. New Orleans.

Nylander, J. A. A. 2002. MrModeltest. Ver 1.0. Program
distributed by the author. Department of Systematic
Zoology, Uppsala University, Uppsala.

Rambaut, A. 2009. FigTree v1.3.1: Tree Figure Drawing
Tool.



Phylogeny of Potamogeton (Potamogetonaceae) 139

Rambaut, A., Suchard, M. A., Xie, W. and Drummond, A.
J. 2014. Tracer.Ver 1.6.

Ren, G., Conti, E. and Salamin, N. 2015. Phylogeny and
biogeography of Primula sect. Armerina: Implications
for plant evolution under climate change and the uplift
of the Qinghai-Tibet Plateau. BMC Evolutionary Biol-
ogy 15: 161.

Rieseberg, L. H. 1997. Hybrid origins of plant species.
Annual Review of Ecology, Evolution, and Systematics
28: 359-389.

Ronquist, F. and Huelsenbeck, J. P. 2003. MrBayes 3:
Bayesian phylogenetic inference under mixed models.
Bioinformatics 19: 1572-1574.

Ronquist, F., Teslenko, M., van der Mark, P., Ayres, D. L.,
Darling, A., Hohna, S., Larget, B., Liu, L., Suchard, M.
A. and Huelsenbeck, J. P. 2012. MrBayes 3.2: Efficient
Bayesian phylogenetic inference and model choice
across a large model space. Systemaric Biology 61:
539-542.

Sang, T., Crawford, D. J. and Stuessy, T. F. 1997. Chloro-
plast DNA phylogeny, reticulate evolution, and bioge-
ography of Paeonia (Paeoniaceae). American Journal
of Botany 84: 1120-1136.

Soto-Trejo, F., Schilling, E., Soldérzano, S., Oyama, K.,
Lira, R. and Davila, P. 2015. Phylogenetic relationships
in the genus Florestina (Asteraceae, Bahieae). Plant
Systematics and Evolution 301: 2147-2160.

Taberlet, P., Gielly, L., Pautou, G. and Bouvet, J. 1991.
Universal primers for amplification of three non-coding
regions of chloroplast DNA. Plant Molecular Biology
17: 1105-1109.

Tippery, N. P. and Les, D. H. 2011. Evidence for the
hybrid origin of Nymphoides montana Aston (Menyan-

thaceae). Telopea 13: 285-294.

Tur, N. M. 1982. Revision del genero Potamogeton L. en
la Argentina. Darwiniana 24: 217-266.

Wang, Q. D., Zhang, T. and Wang, J. B. 2007. Phyloge-
netic relationships and hybrid origin of Potamogeton
species (Potamogetonaceae) distributed in China:
insights from the nuclear ribosomal internal transcribed
spacer sequence (ITS). Plant Systematics and Evolu-
tion 267: 65-78.

WCSP 2014. World Checklist of Selected Plant Families.
Facilitated by the Royal Botanic Gardens, Kew. Avail-
able at: http://apps.kew.org/wcsp/, accessed 18 Decem-
ber 2015.

Wendel, J. F. and Doyle, J. J. 1998. Phylogenetic incon-
gruence: Window into genome history and molecular
evolution. In: Soltis, P. S., Soltis, D. E. and Doyle, J. J.
(eds.), Molecular Systematics of Plants I, pp. 265-296.
Kluwer Academic, Dordrecht.

Wiegleb, G. and Kaplan, Z. 1998. An account of the spe-
cies of Potamogeton L. (Potamogetonaceae). Folia
Geobotanica 33: 241-316.

Wiens, J. J. and Morrill, M. C. 2011. Missing data in phy-
logenetic analysis: reconciling results from simulations
and empirical data. Systematic Biology 60: 719-731.

Yang, Z. and Rannala, B. 1997. Bayesian phylogenetic
inference using DNA sequences: a Markov Chain
Monte Carlo method. Molecular Biological Evolution
14: 717-724.

Zhang, T., Wang, Q. D., Li, W., Cheng, Y. and Wang, J.
B. 2008. Analysis of phylogenetic relationships of
Potamogeton species in China based on chloroplast
trnT—trnF sequences. Aquatic Botany 89: 34-42.



Yu Ito et al.

140

10598L0A £7598,L0A (9002) 71 12 1s1AbpUI'T MSN ‘erfensny VNN [LPSHIY (VNN 1L18 SouAeH " [NORY $71ID2LYI0
66v98L0A TrS98L0A (9002) v 12 1s1Abpury BUBJUOIN V'S VNN LPISSAY (VNN LPIS PIANYIS "'V Y003 % MO Sj0fisniqo
6Lv98L0A 9€v98L0A  79598LOA (9002) 71 12 1s1AbpuUIT UESIYOIN VSN VNO vIPIArT (VN $1#T Hodudae [ 71 ABID "V X0 SUIQQOY SUDISHYDO of
TLY98L0A $9598.0A (9002) v 12 1s1AbpuIy SEXOL VSN VNN 9062THED (VNN 90621 1SMb[[oH " D 1O SnSOpOU
1L¥98L0A SEP98LOA  1#598L0A (9002) v 12 1s1AbpUIT UESIYOTN VSN VNN 9STOHTY (VNN 9579 soukeH ¥ 10 SnSOpou
B VNN (VNN 1861
08+98L0d 0+$98,0d (9002) 71 12 1s1AbpuIy uo3dI0 'YSN  [8612UN[9TMSI dunf 97 “U's SwWelIm 'S [ 1 Supivu
€ISS6brd  060TEPAd  00¥8THAd (1qndun 8007) 7» 12 Sueyz Bug) HM 9TS0Z'M (HM) 950 Sueyz 2 Suepm saprounipul o
$9198L0A 6£598L0A (9007) v 12 3s1Abpury  vOUMD MON Ended VNN S08L71D (VNN) S08L 42T "D "bUN snuvippuL o
SOpSebrd  160T€bdd  10¥8THAd (1qndun 8007) 7» 12 Sueyz elittte} HM 8TSO0Z'M (HM) 870 Sueyz 7 Suepm UUDE'Y SAUDLYIDDUL
YovSevrd  L90TEPAd  LLESTHAA (1qndun 8007) 7» 12 Sueyz elitite} HM 20S0Z'M (HM) 20$0 Sueyz 7 Suepm UUDE'Y SAUDLYIDDUL
L960LTAN  SLSPLIAA  8LSYPLIAA  €LSPLIAA (L00?) 1o1y24 79 uedey SPUBLIOYION YL vid Auuaq (Vdd) 'u s Kuuo g 1 suaon] of
YLy98LOA PEP98LOA  8£S98LOA (9002) 71 12 1s1Abpury Jrewua( VNN 9€L8HII (VNDN) 9€L8 SPUABH " 1 suaon] of
99v98L0A £€198,0d  L£598L0A (9007) v 12 1SIAbpUIT  eIUBA[ASUUD (VSN VNN $STSR6TEANL  (VNN) #ST:S861 119ssid " °f SuoIo Stsudoutyt
L9%98.00 TEP98LOA  9£598L0A (9002) 71 12 1s1Abpury BIOSOUUIA (VS VNN 9I8LSINAA (VNN 918-L8 SNIIONOIN "H A SuoIo Stsudoutyt
86198L00 1€498L0A  $€S98LOA (9007) 70 12 1SIAbPUIT  91B)S JIOX MOIN 'VS1 VNN 60FSTHED  (VNN) 60¥ST ISMb[PH g D Suoro 1y 4
01598L0d SPP98LOA  95598L0A (9002) 71 12 ys1Abpury UESIYOIAN VSN VNN 008EHIY (VNN) 008€SPUABH Y I 01D “H "D % ‘bJjoH usoudvy x
€L198L0A £€598,0d (9007) v 12 3s1abpury UESIYOTA VSN VNN 890SHIY (VNN) 890 souke 1 snounun.s
0960LTA YLSYLIAA  (€£107) 7v 12 uedey {(L007) 2Iyoq % uejdey] orqnday 429z Vid 6I8°L6MZ (Vd) 628/L6 ueidey ‘Z ] snounun.s
v8YS6PId  001CEPdd  01+8THAd (1qndun 8007) 7 12 Sueyz euIy) HM 07S0Z'M (HM) 0¥$0 Sueyz 2 Suepm ] Snoupun.i3 o
8YS6Prd  860TEPAd  80v8THAA (1qndun 8007) 7v 12 Sueyz euIy) HM 9€S0Z'M (HM) 9€50 Sueyz 7 Suepm 1 Snoupun.i3 o
18¥S6b(d  LLOTEPAT  LSESTHAA (1qndun 8007) 7 12 Sueyz ite) HM TISOZ'M (HM) 150 Sueyz 2 Suepm 1 Snoupup.i3 o
€960LTA  9LSPLIAA  9LSYLIAA (€102) 7v 12 ueldey| {(L00T) J1yoq % uejdey] QoueL] Vid Hlom (VId) u X JJom d 1 snounun.s
1960LTAM  SLSYLIAA  SLSPLIAA (€102) 7v 12 ueldey| {(L00T) 1Yo 7 ue[dey] arqnday yoaz) Vid 8£9°963Z (Vad) 8£9/96 ueidey ‘'z ] snounun.s
88TYEOLY  €8THEIL  8LTFEILM  €9THEILM Aprus s BUNUOSIY  [S SGY[OMEjIURY (IS) $$81 orejiueg uug"y 14vs o
96v98L0A 0£v98L0A  ££598L0A (9002) 7 12 1s1Abpury eIAI[Og VNN ZeP€IN (VNN Tebe v 12 10 "N gy 1403 of
S6+98L0A 09598L0A (9002) 71 12 1s1Abpury UESIYOIA VSN VNN LIZOHYI (VNN L129 SPuABH 9 I adny usony
Y6v98L0A 6Tv98L0A  65598LOA (9002) 71 12 1s1Abpury BWEQRY VSN VNN 9ICOTHAY (VNN 91201 SuAeH o ‘yey snsorjof
8L¥98L0A 8TH98LOA  19598L0A (9002) 71 12 1s1Abpury BPUOLL 'VS VNN 9910THYY  (VNN) 99101 sdukeH ¥ ¥ [[ews snuvplioy d
88198,0A 62598LOA (9002) 71 12 1s1abpury BUWEQR[Y (VSN VNN $sTIArT  (VNN) $$T1 Hodudaeq [ 1 Jey snijofisioalp
6819300 LTP98LOA  0£598LOA (9002) v 12 1s1Abpury BPUOLL VSN VN SOIOTHYY  (VNN) $9101 sdukeH ¥ Y Je snijofisaoalp
TLYS6YLd  €60TEPAd  €0VSTHAH (1qndun 8007) 7» 12 Sueyz BuIg) HM 1€S0Z'M (HM) 1€50 Sueyz 2 Suepm uudg Y Smounsip J
[LvS6vEd  TLOTEPAT  18€8THAH (1qndun 8007) 7» 12 Sueyz elittte} HM 90S0Z'M (HM) 9050 Sueyz 7 Suepm uudg v Smounsip J
€0SS6bd  ¥80TEPAA  Y6E8THAd (1qndun 8007) 7» 12 Sueyz elittte} HM 0TS0Z'M (HM) 0TS0 Sueyz 7 Suepm SORBINL 29 [95Y SHIDISLID
L5¥98L.00 LTS98LOA (900) 7v 12 3s1abpury BPEAON VSN VNN $I8ELV (VNN) $18€ Wyl v 1 sndsiLo o
YLYS6VIA  v60TEPAd  vOYSTHAd (1qndun 8007) 7» 12 Sueyz ite) HM TES0Z'M (HM) T€50 Sueyz 7 Suepm Y SndsLD o
ELYS6PIA  TLOTEVAA  T8E8THAA (1qndun 8007) 7v 12 Sueyz ite) HM L0SOZ'M (HM) L0S0 Sueyz 2 Suepm Y SndsL o
85+98.0d 9Tv98L0A  8TS9SLOA (9002) 71 12 1s1Abpury BWEQE]Y VS VNN CIZOTHYY (VNN 21201 sdukeH ¥ ¥ ] sndsLo o
98798,0A STP98L0A (9002) 71 12 1s1Abpury AosIof MON'VSN1 VNN 8ZEITHED (VNN 8TETT ISMb[PH g D "QUIIY $apI0aLafitod
YorSevld SI¥8THdd (1qndun 8007) 7» 12 Sueyz ite) HM 9%90Z'M (HM) 9¥90 Sueyz 7 Suepm 1 snssaduiod
6vS6vrd P1p8THAd (1qndun 8007) 7» 12 Sueyz euIy) HM SH90Z'M (HM) $¥90 Sueyz 2 Suepm 1 snssaduiod
16vS6vId  6L0TEVAA  68€8THAH (1qndun 8007) 7» 12 Sueyz BuIg) HM YIS0Z'M (HM) +150 Sueyz 2 Suepm 1 snssaduiod
T6v98L0A 85698L0A (9002) 71 12 1s1Abpury SEXOL VSN VNN pLSOTHED (VNN +LS91 1smbj[oH "q D Pleurd g sndiv20isa]o
LLY98LOA £9598,0d (9002) 71 12 1s1Abpury o0 VSN VNN 60T:LL61ENME  (VNN) 601:LL6T [19SSId " [ “uuoyon, snijofidun o
9L198.00 YTr98LOA  £9598LOA (9002) 71 12 1s1Abpury BWEqRY VS VNN $699N (VNN v69 g "N ‘wayany, snyjofijdum o
L8YS6¥Id 11¥8Thdd (1qndun 8007) 7» 12 Sueyz euy) HM 1H90Z'M (HM) 1490 Sueyz 2 Suepm qreq snuidpp o
19v98,0A €T98L0A  97598L0A (900) 7v 12 3s1abpury BYSE[V 1V SN VNN 12LSS (VNN) 1210q[EL 'S °S “qreg smudpp
SIN-SS AUA=TUA UONUL TUA]  Fua)-Fqsd QOUAIRJY Kyeoo 3poD JIOUONOA uoxeJ,

:a1e popraoid osyy “Apmys juasard oyy ur pasn uogaSowniod Jo (SLI Pue ‘SIN-SS ‘Ju4-Tuiy UONUL Ful) ‘[Juij-qsd) SUOISSIdIR JUBGUID) Y} JO ISI'T

20URIQJY AI[BO0T opo)) ((saseyjuared ur BLIRQIOH) IOYONOA

‘1 xipuaddy



141

Phylogeny of Potamogeton (Potamogetonaceae)

“(£10 voEUR], pUR 0)]) PAYHUIPI-AI SIINQ (8007) 77 12 Sueyy ul snsuojan.d  se powreu K[[euISLQ

LSTYEILN  T8THEILM  LLTHEILM  TOTHEIL Apms sty BURUASIY SNLL T6611A (SNLL) ‘T& % T66TIA O A “ds uozosownioq
11698,.0d L5$98.0A (9007) ‘0 12 )S1AbPUITT  21BIS JI0X MON VS VNN $reeHId (VNN tre€ seukey 3 ¥ WIS S1ULIOf112]SOZ ]
99VS6YLd  690TEPIT  6LESTHAA ('1qndun 8007) 7v 2 Sueyz ety HM $0S0Z'M (HM) #050 Sueyz 7 Suepy T myStm g
60598,.00 $6598.0A (9007) v 123s1Abpur  BIUBA[ASUUR] VS VNN 901:8861€3l (VNN 901:8861 [1oSs1e " [ SuIqqOy "M [ 1Mosva o
VNN (VNN) L86T 1dy 11 RLRSIRN
80598L0A #$598L00 (900T) v 12 3s1Abpury uredS  /861IHAVIIOIEIN  “U 'S BIIRD | %9 sonuidg N 2% "Wy $apIoYdLY
£8198.0A 7€598L00 (900T) 7 12 3s1Abpury Q0SSOUUAL (VSN VNN EPSL8INAA (VN £48-L8 SNIIONIIN “H ‘A PIRUID, SISU2ISSOUUD) ]
70598L0A LEFISLOA  9vS98LOA (900T) v 12 3s1Abpury BWEQR]Y VSN VNN T9TLSS (VNN) 79T 10q[BL 'S % °S STl snoLUqISGNS
L0S98L0A rH98L0A  €5598L0A (9007) 7 12 1s1Aabpury UESIYOTA (VSN VNN 98TSHIY (VNN 98TS seukeH 3 UV Sn0fud1s
06+98.00 £rp98L0d  1€598L0 (9007) 77 12 1sTAbpury oo VSN VNN €0T:T86163N  (VNN) €0T:T861 119ssie "3 °f “WION, Snyj1ids o
09%98L0A rr98L0A  TSS98LOA (9002) v 12 1s1Abpury epeue) VNN 9TLTdSI (VNN) 92LT o8ulid 'S °f SONEQ HSUIGGOL
$9v98L0A 0$598L0A (900T) 7v 12 3s1Abpury BWEARIY VS VNN ISEIS6LSS  (VNN) ISE1-5610q[8L S % 'S “QPAY HUOSPADYILL o
£9%98,0A 0r798L0A  6¥598LOA (900) v 12 3s1Abpury BWEAR]Y (VS VNN 6L0LSS (VNN) 6L0 aAn__ﬁ m %S “QPAY HUOSPADYILL o
VNN) 086+
$0598,.0d 8€198L0A  LYS98LOA (9002) 71 12 1s1Abpury BUBJUOIN VSN VNN 086FSAVING  I0[ANYdS “H "V 29 SUnDON g snjjisnd “xea snjpisnd
00SS6¥d  660TEPdd  60¥8THAT (1qndun 8007) 7v 12 Sueyz itie} HM 8€S0Z'M (HMA) 8€50 Sueyz 2 Suepm T snypisnd o
66vS6¥Id  960TErdd  90v8THAd (1qndun 8007) 7» 12 Sueyz ittie} HM ¥ES0Z'M (HM) +€50 Sueyz 2 Suepm 1 snyisnd o
$0598L0d 6£798L0A  8¥$98LOA (9007) 7 12 1s1abpury Bweqe[y :VSN VNN €I120THIY (VNN €1201 SoukeH ¥ ¥ 1 snypisnd o
98TPEILY  ISTPEOLM  9LTYEILM  19THEILM Apmjs siyy BUNUOSIY SNIL T10TIA (SNLL) T2 % T10TIA O} 'A 1 snjpisnd o
SRTHEILM  0STYEILM  SLTPEILM  09THEILM Apmjs sty BUNUOSIY SNIL L66T1A (SNLL) 'Te 2 L6611A O} ‘A 1 snjpisnd
PSTYEILY  6LTPEOLM  PLIVEILM  6STHEILM Apmjs sty BUNUOSIY SNIL €6611A (SNLL) 'Te 2 €6611A O} A 1 snjpasnd
SLY98LOA 99598.0d (9007) 71 12 1s1Abpury P0SSOUNRL 'VS1 VNN OP8LSINHA (VN 0F8-L8 SNIIONOIN “H ‘A “weon, 4oyopnd o
6LYS6VId  T80TEYAd  T6E8THAA ('1qndun) ‘800¢) 7v 12 Sueyyz euIy) HM 81S0Z'M (HM) 8150 Sueyz 2 Suepm . Snsuopoed g,
79v98L0A $v$98.0A (9002) 71 12 1s1AbpUIT SEWuaC VNN 6€L8HWA (VNN) 6£L8 SoUABH ¥ I 1 smijofiad
8LYS6VIA 61¥8THAd (1qndun 8007) 7» 12 Sueyz eury) HM 0S90Z'M (HM) 0590 Sueyz 2 Suepm 1 smvijofiad
LLYS6YLA  S60TEPAA  SOYSTHAA (1andun) 18007) 7v 12 Sueyz, ltitte) HM €€S0Z'M (HM) ££50 Sueyz 2 Suep 1 smijofiad
SLYS6PId  €L0TEYAd  €8€8THAA (1qndun ‘8007) 7» 12 Sueyz eury) HM 80S0Z'M (HM) 8050 Sueyz 2 Suep 1 smijofiad
687S6PLd  180TEPdd  16€8THAT (1qndun ‘8007) 7v 12 Sueyz eury) HM LISOZ'M (HM) L150 Sueyz 2 Suep by snjjdyddxo g
88YS6PId  8LOTEYAA  88€8THAA (1qndun ‘8007) 7v 12 Sueyz euIy) HM €1S0Z'M (HM) €150 Sueyz 2 Suep b snjjdyddxo g
VNN (VNN) s8p1 19519
16+98L00 798,00 (900¢) 70 12 3s1abpury vueMslog  SRPIANHADAD N H % [[9ssmy sqqID g "D 1OJ SRAPUDI0 o]
L6VS6VIA  LOITEYAT  L1+8THAA (1qndup) v 72 Sueyz euy) HM 8¥90Z'M (HM) 890 Sueyz % Suepm 1OJ SRAPUDI0 ]
S6S6YLd  080TEPAT  06£8THAA (1qndun :8007) 7» 12 Sueyz euty) HM 91S0Z'M (HM) 9150 Sueyz 2 Suepm TOJ SIpUDIO0 o
SIN-SS AU UONuL Jud)  fud-fqsd QOUAIRJY Kreso 9po) JOUYONOA uoxe],
ponunuo) ‘[ xipuaddy



