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Fig. 1.ÑMajority-rule maximum parsimony bootstrap consensus tree inferred from combined analysis of data from two plastid genes
(rbcL and ndhF) and 53 structural characters. Bootstrap values appear along the branches. Subfamily membership is indicated following
GPWG (2001) with two amendments: (1) Centothecoideae are submerged within Panicoideae and (2) Micrairoideae are recognized. Ab-
breviations: Anom.! Anomochlooideae, Arist.! Aristidoideae, Arund.! Arundinoideae, Danth.! Danthonioideae, Ehrh.! Ehrhart-
oideae, Micr.! Micrairoideae, and Puel.! Puelioideae.
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Fig. 2.—Majority-rule neighbor-joining bootstrap consensus tree inferred from analysis of the nucleotide partition only. Bootstrap values
appear along the branches. See Fig. 1 caption for explanation of subfamilies.
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Fig. 3.—Majority-rule Bayesian inference consensus tree (left) and majority-rule maximum parsimony bootstrap consensus tree (right)
inferred from analyses of the nucleotide partition only. Posterior probability and bootstrap values are indicated along the branches of the
respective trees. Six points of congruence, associated with taxa newly added in this paper, are indicated with arrows.
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Table 3. Effect of outgroup selection on the resolution and support of Anomochlooideae and the BEP clade in 12 analyses that differ
by method, data partition, and choice of outgroup. Values given are bootstrap (maximum parsimony [MP] and neighbor-joining [NJ]) or
posterior probabilities (PP) when the group is monophyletic. For the full Bayesian inference (BI) analysis, the range is given for PP values
across the ten replicate BI analyses.

Phylogenetic method: MP NJ BI

Data partition: Total evidence Nucleotide Nucleotide Nucleotide

Outgroup effect—Anomochlooideae

Joinvillea
Ecdeiocolea
Joinvillea ! Ecdeiocolea

75
Paraphyletic

54

71
Paraphyletic
Unresolved

Unresolved
Paraphyletic
Paraphyletic

0.98
0.68
0.98–0.99

Outgroup effect—BEP clade

Joinvillea
Ecdeiocolea
Joinvillea ! Ecdeiocolea

Paraphyletic
Paraphyletic
Paraphyletic

66
63
65

Unresolved
Unresolved
Unresolved

0.94
0.83
0.95–0.99

mucronata R. Br., Isachne distichophylla G. C. Munro ex
Hillebr., and Pheidochloa gracilis S. T. Blake, were similarly
resolved as monophyletic (Duvall et al. 2003). The position
of Micrairoideae among the PACMAD subclades was un-
resolved in MP (Fig. 1, 3) and NJ (Fig. 2) analyses, but
strongly supported as excluded from Panicoideae in a sister-
group position with Arundinoideae in all BI analyses (PP "
0.99–1.00; Fig. 3).

In an early proposal by GPWG (1998), Micrairoideae
were suggested as one of the subfamilies to be recognized
based on preliminary evidence. However, the data accumu-
lated by the time of the publication of GPWG (2001) were
insufficient for confident recognition of this subfamily.
Members of the subfamily share similar geographic distri-
butions, and with the PACMAD clade exhibit an elongated
mesocotyl internode in the embryo, although we are unaware
of any unique structural synapomorphies for the subfamily.
Nonetheless, the determination of missing plastid sequences
in the GPWG (2001) data matrix has clearly resolved these
taxa as members of a strongly supported subfamily with
possible affinities to Arundinoideae. Sánchez-Ken et al. (in
press) will provide an emended description for Micrairo-
ideae.

Gynerieae

Gynerium was treated as incertae sedis by GPWG (2001)
because of insufficient support for its phylogenetic place-
ment. Gynerieae, composed of the monotypic Gynerium,
were concurrently recognized by Sánchez-Ken and Clark
(2001) and provisionally included in the circumscription of
Panicoideae. Although none of the new taxa added to our
analysis were of close phylogenetic proximity to Gynerieae,
a sequence of rbcL from Danthoniopsis, missing from the
GPWG (2001) matrix, was determined. Gynerium is here
united in a sister-group relationship to the Andropogoneae
(here represented by Sorghum and Zea L.)/Paniceae (Pani-
cum L., Pennisetum Rich.) clade (BV " 58–72% in MP
analyses, PP " 1.00 in all BI replicates; though unresolved
in NJ analyses; Fig. 1–3), consistent with the MP results of
Barker et al. (1995). Thus, the addition of the missing Dan-
thoniopsis sequence, combined with the greater sensitivity
of the BI approach, has produced unexpectedly strong sup-
port for the position of Gynerieae in Panicoideae.

Streptogyneae

Additional plastid sequences for Streptogyna did not pro-
duce a robust phylogenetic placement for Streptogyneae, a
tribe of one genus and two widely distributed species. The
position of Streptogyna is unresolved in MP bootstrap anal-
yses of structural and molecular data (Fig. 1). Neighbor-join-
ing analyses of the nucleotide partition place Streptogyna as
the sister taxon to Bambusoideae (BV " 63–64%; Fig. 2).
Maximum parsimony and BI analyses of the sequence data
unite Streptogyna with Ehrhartoideae (BV " 57%, PP "
0.76–0.90; Fig. 3) as was previously suggested (GPWG
2001). There is a minor outgroup effect here as well, with
the lowest PP value (0.76) obtained with Ecdeiocolea as the
sole outgroup, and a higher range of values (0.82–0.90) ob-
tained when both outgroup taxa were included.

Arundinaria and Bambuseae

Arundinaria gigantea is distinguished as a representative
of the sole native genus of Bambuseae in the USA (Triplett
et al. 2004). Previous molecular studies have been inconclu-
sive as to its phylogenetic position, either because of under-
sampling of Bambusoideae (e.g., Nadot et al. 1995) or in-
sufficient phylogenetic information (Clark et al. 1995;
GPWG 2001). More recent studies with broader sampling
and additional morphological characters provide robust sup-
port for a North Temperate woody bamboo clade including
Arundinaria, but the relationship of this clade to other lin-
eages within the bamboos remains unresolved (Zhang and
Clark 2000; Nı́ Chonghaile 2002; Clark et al. 2006). Our
MP and BI analyses of the nucleotide partition support an
early diverging position for A. gigantea in Bambusoideae
(BV " 64–66%, PP " 0.96–0.98; Fig. 3), but we note the
paucity of sampling of Bambuseae here. In our other anal-
yses, the position of A. gigantea was unresolved (Fig. 1, 2).

Arundinaria has been classified in Bambuseae in recent
and older treatments (Clayton and Renvoize 1986; Watson
and Dallwitz 1992 onwards; Judziewicz et al. 2000). In our
MP and BI analyses of nucleotide data, such a classification
results in a Bambuseae (here represented by Bambusa, Chus-
quea), which is paraphyletic with Olyreae (Buergersiochloa
Pilg., Eremitis Döll, Lithachne, Olyra L., Pariana Aubl.)
(Fig. 3). This is consistent with other analyses in which mo-
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lecular data alone produce a paraphyletic Bambuseae (Zhang
and Clark 2000; Clark et al. 2006). The addition of certain
morphological characters, particularly the differentiation of
culm and foliage leaves, provides moderate to strong support
for a monophyletic Bambuseae (Zhang and Clark 2000;
Clark et al. 2006). This character and others relating to the
complex branching of the woody bamboos were not included
in the GPWG (2000, 2001) analyses or in our analyses here.

Conclusion

Here we have compared analyses of three of the original
eight data sets assembled by GPWG (2000, 2001) in which
missing sequences were determined and data were added for
several ingroup and outgroup taxa. While this is a more lim-
ited character data matrix, our trees show considerable to-
pological congruence with those of GPWG (2001). Com-
parison of analyses of the separate nucleotide partition with
the combined data indicated that the former better resolve
weakly supported nodes (e.g., of Streptogyna, Arundinaria,
and the BEP clade) and show slightly higher CI and RI val-
ues as well as greater bootstrap support across the tree (Fig.
1, 3). This is consistent with the observation that the level
of variation in structural characters is too high to be useful
for resolving relationships between subfamilies (GPWG
2001).

The comparison between BI and nonparametric parsimony
bootstrap analyses is informative. Previous studies that con-
trasted BI against other methods differed considerably in the
choice of simulated and/or real data, number and source of
loci, organisms and objectives. However, a consensus is
emerging. Bayesian PP values are slightly less biased pre-
dictors of phylogenetic accuracy (e.g., Alfaro et al. 2003),
consistent with our results. We found the ingroup phylogeny
of Poaceae to be somewhat sensitive to outgroup member-
ship, both at the earliest-diverging nodes and at weakly sup-
ported intermediate nodes (Table 3). We thus caution against
the exclusive use of a highly diverged outgroup, such as
Ecdeiocolea or Restio Rottb., for MP analyses of Poaceae,
although BI analyses are less affected by what may be a
long-branch attraction bias.

Posterior probability values are also generally somewhat
less conservative measures than nonparametric bootstrap
values (Taylor and Piel 2004). Our results are largely con-
sistent with this observation. To illustrate, mean support val-
ues from the same set of 47 resolved nodes in the BI and
MP trees (Fig. 3) were calculated. The mean PP value (and
range) for these nodes was 0.99 (0.74–1.00) while the mean
BV over the same nodes was 90% (51–100%). Moreover,
error rates associated with PP !0.99 have been found to be
similar to those for bootstrap values !95% (Taylor and Piel
2004). Thus, the more liberal PP values require a somewhat
different interpretation with regard to levels of support than
nonparametric BVs.

The concern that missing data were responsible for some
of the unstable results in the analyses of GPWG (2001) was
well founded. Our analyses of a matrix with 41 additional
plastid sequences and corresponding structural data offer
support for the phylogenetic position of taxa previously
treated as incertae sedis, even in the absence of the other

molecular data in the original GPWG (2000, 2001) studies,
and contribute to continuing progress in grass phylogenetics.
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