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Figure 1. Bayesian phylogram based on combined cpDNA data. Support values are Bayesian posterior probability/maximum parsimony
bootstrap/maximum likelihood bootstrap. Names in all caps to the right of brackets indicate sections of Panicum s.s. Outgroups have been omitted
for clarity.
doi:10.1371/journal.pone.0038702.g001
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phase of 72uC for 5 min. PCR reactions were conducted in a

25 mL volume of 1 6 Taq polymerase buffer, 100–500 ng total

genomic DNA, 2.0 mM MgCl 2, 0.4 mM of both forward and

reverse primers, 1.00 mM dNTPs (0.25 mM each dNTP), and

2 units of Taq polymerase (Bioline USA, Randolph, Massachu-

setts, USA). In a few cases, PCR reactions were conducted using

reagents from the GoTaq Green Master Mix kit (Promega,

Madison, Wisconsin, USA).

PCR products were purified using a Qiagen gel extraction kit

(QIAGEN, Valencia, CA, USA), cloned into pGEM-T vectors

Figure 2. Bayesian phylogram for the unabridged adh1 dataset, including outgroups and placement of all sequences obtained from
Panicum; numbers above branches indicate posterior probabilities above 0.5. Letters indicate well-supported clades, inferred to
correspond to genomic groups. Taxon labels are in the format: virgatum 414069_A4.2 - up 28x where virgatum 414069 is P. virgatum (PI 414069),
A4.2 indicates sequence type A4, for which we recovered 2 clones, ‘‘up’’ is the upland ecotype, and 8x is the inferred ploidy level inferred from flow
cytometry.
doi:10.1371/journal.pone.0038702.g002
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(Promega, Madison, Wisconsin, USA), and transformed into

JM109 competent cells (Promega, Madison, Wisconsin, USA)

following the manufacturer’s protocol, except that all reaction

volumes were halved. Transformed cells were plated and selected

via a blue-white screen on LB agar (Sigma) with X-Gal (Promega),

isopropyl-beta-thio-galactoside (IPTG; Promega), and ampicillin

(Sigma). To assess PCR errors and allelic sequences, 8–24 colonies

were selected from each individual. These transformed colonies

were grown for 16 h in LB broth. Plasmids were isolated using

5Prime Manual FastPlasmid Mini Kit (Fisher Scientific Company,

LLC) and inserts were sequenced with vector primers T7 and SP6

following the ABI-Prism Big Dye Terminator sequencing method

(version 3.1; Applied Biosystems, Foster City, California, USA).

Sequence reactions were run on an Applied Biosystems ABI

Hitachi 3730XL DNA Analyzer at the Huck Institutes of the Life

Sciences (Penn State, http://www.huck.psu.edu/facilities).

Data Processing, Alignment, Homoeologue
Identification, and Sequence Polishing

For the plastid sequences, forward and reverse reads were

combined manually, and sequences were aligned in the program

MUSCLE 3.52 [70]. Only minimal adjustment was necessary

because sequence diversity was low. For nuclear loci, vector

sequences and ambiguous bases from the ends of both forward and

reverse reads were removed manually. Clone sequences were

imported and manually inspected with MEGA version 4 [71].

Ambiguous bases in each clone sequence were corrected manually

by comparing sequence quality from trace files. Corrected clones

Figure 3. Bayesian phylogram for the knotted1 abridged dataset. Selected examples of polyploid individuals are indicated. Outgroups have
been omitted for clarity.
doi:10.1371/journal.pone.0038702.g003
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were assembled into individual-specific files and aligned with

MUSCLE 3.52; nontarget sequences were detected and removed.

For most plants in this study, different sequence types (putative

homoeologous loci, presumably duplicated via allopolyploidy)

could be visually identified for each gene. Recombinant sequences

can arise naturally via homologous recombination or artificially

via PCR strand swapping [12,72], particularly when using a non-

proof-reading DNA polymerase. These sequences could be

identified by eye through a carefully inspection of the alignment,

an approach also used by Brassac et al. [12]. Because these

recombinant sequences increase homoplasy and distort the

resulting phylogeny, recombinant sequences were excluded.

Consensus sequences for each sequence type per individual were

constructed to minimize the inclusion of sequencing errors. In

general, a substitution that appeared in a single sequence was

considered to be PCR error. Sequences with two or more

nucleotide differences were interpreted as different alleles. The

majority character state was used in the consensus sequence. The

sequences were considered to represent different loci only if they

clustered in different major clades (A vs. B, etc.). Raw sequences

were segregated into homoeologue-specific files, which were

aligned with MUSCLE 3.52 and condensed into one consensus

sequence for each homoeologue per individual. Consensus

sequences from each nuclear locus were then collated into one

final file for each locus, which was used for all downstream

phylogenetic analyses.

Assembled sequences were used to compile a number of

different datasets for each locus, including ‘‘full’’ (containing all

available consensus sequences per locus) and ‘‘abridged’’ (contain-

ing relevant subsets, as described below and in the Results). Plastid

sequences and nuclear consensus sequences were submitted to

GenBank (Appendix S1). All plastid and nuclear data matrices are

available from the authors upon request.

Phylogenetic Analyses
Separate analyses were run for each of the seven loci (2 cpDNA

regions, 5 nDNA regions). Each data set was analyzed using 1)

Bayesian inference (BI) using MrBayes 3.1.2 [73] and 2)

parsimony analyses (MP) using PAUP* 4.0b10 [74]. For combined

datasets, we also conducted Maximum Likelihood (ML) analyses

using GARLI v0.95 [75] with multiple random starting trees.

Posterior Probabilities (PP) $0.95 and MP and ML bootstrap

values $70% were recorded on the resulting topologies.

BI analyses were run on GEODE or TOPAZ clusters at the

National Museum of Natural History (Smithsonian), and MP and

ML analyses were run on a Macintosh G5. For BI and ML

analyses, the substitution model for the different data partitions

(loci) was determined with a hierarchical likelihood ratio test as

implemented in jModelTest [76], using the Akaike Information

Criterion (AIC) to select the best model. The number of

substitution schemes was set to 7, base frequencies +F, rate

variation +I and +G, and the base tree for likelihood calculations

was set to ML optimized. A total of 56 models was compared.

Models for each data partition are indicated in Table 4. BI and

ML analyses of individual data sets were run using the model

identified, and combined data sets were run using the most

parameter-rich model identified.

For Bayesian phylogenies, four Markov chain Monte Carlo

(MCMC) runs were initiated, each with a minimum of 10 000

000 generations (with more generations used when needed to

reach stationarity). Prior distribution settings used default values,

except for the nucleotide substitution model, which was altered to

the general time reversible [GTR] model, and the rate model,

which was drawn from a gamma distribution while allowing for

invariant sites. Runs were started from a random tree; the

topology was sampled every 1 000 geonerations of the MCMC

chain. Performance of individual runs was assessed in MrBayes

and phylogenies compared between runs. Majority rule (.50%)

consensus trees were constructed after removing the first 10% of

sampled trees (‘‘burn-in’’). Bayesian analyses were highly congru-

ent between runs. Support for clades within BI trees was assessed

using posterior probabilities.

For most datasets, MP analyses used 1 000 random addition

sequences, tree bisection-reconnection (TBR) branch swapping,

Table 5. Divergent genomes within Panicum s.s. as inferred from nDNA clades.

Genome Section Species**

A Urvilleana, Virgata P. amarum, P. amarulum, P. chloroleucum, P. racemosum, P. tricholaenoides, P. urvilleanum,
P. virgatum

B Urvilleana, Virgata P. amarum, P. amarulum, P. chloroleucum, P. racemosum, P. tricholaenoides, P. urvilleanum,
P. virgatum

C Incertae sedis P. mystasipum, P. olyroides

D Incertae sedis P. mystasipum, P. olyroides

E Rudgeana, Incertae sedis P. cayennense, P. cervicatum, P. campestre, P. rudgei, P. mystasipum

F Panicum P. bergii, P. capillare, P. miliaceum, P. nephelophilum, P. stramineum

G* Panicum P. bergii, P. stramineum

H* Panicum P. miliaceum

I* Dichotomiflora P. aquaticum, P. dichotomiflora, P. pedersenii

J* Dichotomiflora P. aquaticum, P. gouinii, P. pedersenii

K* Dichotomiflora P. aquaticum, P. elephantipes, P. gouinii, P. pedersenii

L* Dichotomiflora P. aquaticum, P. dichotomiflora, P. elephantipes, P. pedersenii

kl* Dichotomiflora P. elephantipes

*Asterisks indicate that the genome was found in some but not all species in a particular taxonomic section. (In contrast, genomes A and B were found in all sampled
members of sections Urvilleana and Virgata, while genome F was found in all sampled members of section Panicum).
**Diploid species are underlined.
doi:10.1371/journal.pone.0038702.t005
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