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Abstract

In this paper we examine the relative contribution of information to nodes in a phylogenomic analysis combined with a morphological dataset. 
We examine the behavior of branch support metrics using the partitioned Bremer support or PBS. This metric measure the contribution of a 
data partition to a node in question and can be easily computed for likelihood (PLS) and parsimony (PBS). In addition, we use an artificial metric 
associated with phylogenomic matrices that is similar to branch support that we call the “flip weight”. When two competing and incongruent 
partitions are analyzed the flip weight is the weight of the weaker partition that results in a change in topology in a concatenated analysis. To 
quantitate our observations about PBS, PLS and flip weight we use a specific case of a recalcitrant node in phylogenomic analysis – the sister of 
all other metazoans (SOM). Specifically, we assess the ratio of PBS/PLS values of molecular to morphological support at this recalcitrant node in 
comparison to flip weight. We find that there is a strong correlation between the PBS/PLS ratio with the weight of the weaker partition where a flip 
in topology ensues. We use this correlation to calibrate the flip weight for competing partitions at a recalcitrant node. 
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Introduction
Despite being developed around thirty years ago, Bremer support 

(BS) and partitioned Bremer support (PBS) have been underused by 
phylogeneticists. These metrics measure the contribution of a data partition 
to a node in question and can be easily computed for a given tree topology for 
both parsimony (partitioned branch support; PBS) and likelihood (partitioned 
likelihood support; PLS). One way to think about BS, PBS and PLS is that they 
give a researcher an idea of how much new conflicting data need to be added 
to change or flip the prevailing phylogenetic inference. Large values for these 
metrics mean that the node in question is robust while small values mean there 
is weak support for the node. Of course, the problem here is what is “large” and 
what is “small”. Currently, the BS, PBS or PLS are given as a raw number. The 
raw number can be scaled by dataset size or some other scaling method, but it 
is difficult to come up with a reasonable way to compare these metrics across 
datasets or to even interpret the metric in a reasonable way.

Another approach to measuring the robustness of a molecular partition 
relative to a morphological one in phylogenomic analysis was suggested by 
Neumann JS, et al. [1] and is called the “flip weight”. This artificial “tipping 
point” in phylogenetic analysis is the weight at which a difficult to resolve 
node flips from one hypothesis (that favored by molecules) to a second 
competing hypothesis (that favored by morphology). The flip weight tells a 
researcher how much weight the morphological data set needs to overturn the 
molecular hypothesis and can be used to characterize incongruence at nodes 
that are recalcitrant to straightforward biological interpretation because of a 
fundamental difference in the phylogenetic signal from two opposing partitions. 
Incongruence often exists between molecular and morphological data sets. 

This incongruence problem was obvious when molecular data were 
first generated for phylogenetic problems almost thirty years ago [2-17]. 
One common remedy to the incongruence of molecular and morphological 
data sets prior to the onslaught of phylogenomics data was to combine 
morphology data with molecular data; with the logic that they both provide 
relevant information and that they might better solve difficult nodes together. 
Another opposed approach was to use congruence criteria to assist in making 
the decision to combine. More recently though a trend toward accepting 
the molecular phylogeny over the morphological one and then examining 
the character evolution of morphology on the molecular topology has been 
adopted [18,19]. Still, some researchers have called for a better integration 
of the morphological data in phylogenetic analyses (Giribet; Neumann et 
al.) [20,1]. In fact, Neumann JS, et al. [1] suggest that the incongruence of a 
morphological data set with a molecular one could be examined in more detail 
using what they called the “flip weight”. 

This paper attempts to examine the relative contribution of information 
from molecular and morphological datasets using flip weight, PBS and PLS. 
To do this we use a recalcitrant node in a well-known phylogenetic problem 
(the sister of all other metazoan – SOM) as a tool to better understand the 
phylogenetic implications of PBS and PLS. For the current study, we assess 
the ratio of PBS values of molecular to morphological support at this recalcitrant 
node as a function of character support emanating from morphological data 
partitions. We find that there is a strong correlation between the PBS/PLS 
ratio of two partitions at odds with each other with how much weight each 
partition is given to reach the flip weight. We use this correlation to calibrate 
a “flip weight” (the weight of the conflicting partition that results in a change in 
topology) for competing partitions at a recalcitrant node. We suggest that this 
calibration is an improvement over the raw PBS and PLS metrics and gives 
morphological context to what the values of these metrics might mean in a 
phylogenetic analysis.

Material and Methods

Rationale

Recalcitrant nodes in phylogenetic trees are those where contradicting 
hypotheses receive high support creating a situation where incongruence 
persists at such node. Recalcitrant nodes can be “flipped” (changed) from 
one topology to another by the addition of data in conflict with the prevailing 
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inference [1]. This flipping allows one to assess the impact of adding data to a 
phylogenetic matrix which can be measured by the partitioned Bremer support 
(PBS) or partitioned likelihood support (PLS) measures. 

One familiar recalcitrant node in phylogenomics concerns the sister 
to all other metazoans (SOM) problem where there is significant conflict 
between morphology vs. molecular inferences; the relationship at this node 
remains controversial. The recalcitrant node concerns which taxon (Porifera, 
Cnidaria, Ctenophora, Bilateria or Placozoa) is the sister taxon to the others. 
Morphological data sets generally support Porifera and in some cases 
Placozoa as the SOM. Phylogenomic datasets in general support Ctenophora 
as the SOM, but this inference depends on the kind of analysis done. Our 
approach here is to use the flip weight in the phylogenetic analysis of this well-
known recalcitrant node – the sister of all other metazoans or SOM [1] - as a 
tool for assessing the phylogenetic meaning of PBS and PLS.

Matrices

For comparing molecular and morphological datasets, we focus on the 
sister of all other metazoan (SOM) problem [1], which involves five ingroup 
taxa – Porifera, Ctenophora, Placozoa, Cnidaria and Bilateria. For molecules, 
we used twelve phylogenomic data sets (CH1, CH2, CH3, CH4, WH1, WH2, 
WH3, SI1, SI2, SI3, RYE, RYG). For morphology, we used nine datasets (BAK, 
BRU, GLE, ERN, SCH, ZRZ, COM, PO1, PL1). 

The twelve phylogenomic datasets we use here always find Ctenophora 
as the SOM when using standard models in likelihood or parsimony. When 
alphabet reduction methods Dayhoff-6 [21], S&R-6 [22], and KGB-6 [23] and 
more complex likelihood CAT models are applied, Porifera is observed as the 
SOM for some of the datasets [24]. Here we focus on parsimony and likelihood 
analyses with the less complex models. Analyses of the morphological datasets 
yield two inferences as to the SOM – Porifera or Placozoa. Table 1 shows the 
data sets used and the relationships they suggest [1].

Definition of flip weight

The flip weight for this recalcitrant node is simply the weight of the 
morphological partition where the inference from the analysis for the SOM flips 
from Ctenophora to Porifera. Finding the flip weight involves analyzing each 
pairwise combination of morphological and molecular data with weights of 2, 
5, 10, 20, 33, 50, 76, 100, 150, 200, 333, 500, 770 and 1000. Trees from 
each of these weighted analyses are inspected and the flip from Ctenophore 
as SOM to Porifera as SOM is recorded. The flip is always in the direction 
of Ctenophora to Porifera because the molecular data sets initially support 
Ctenophora.

Correlation of pbs with flip weight

For the comparison of PBS with flip weight we used several matrices that 
varied the number of taxa from six (one taxon from each ingroup and one 
taxon from the outgroup) to eleven (two taxa each from the five ingroup taxa 
and one taxon from the outgroup) to the original full taxonomic makeup of 
the original matrices. There are 108 (12 × 9) different pairwise combinations 
of the molecular and morphological matrices we examined. In addition, we 
applied three-character change matrices to the parsimony analyses (equal 
weights [EW], WAG and LG) and three different models of amino acid change 
in likelihood (OneST, WAG, and LG).

TreeRot.v3 Sorenson MD and Franzosa EA [25] was used to compute 
PBS and PLS (partitioned support for parsimony and likelihood, respectively) 
for the SOM node. We then used the ratio of molecular support to 
morphological support for both PBS and PLS as a measure of morphological 
partition strength. Both ratios under PBS and PLS and flipping weight were log 
transformed and plotted using linear regression. Since each dataset serves as 
an individual data point (averaging the values for that dataset) we performed 
two sets of regressions. The first regression used average MorphologyPBS/
MolecularPBS (or Morphology PLS/molecular PLS and the second simply 
plotted all MorphologyPBS/MolecularPBS (or Morphology PLS/molecular PLS) 
within each dataset. The same was accomplished for PLS values. In all cases 
we compared the raw plots to plots that constrained the regression through the 
origin. This is a reasonable assumption as a PBS ratio of 0.0 should coincide 

with a flip of 0.0 because if there is no morphological support for the node, 
there will be no flip.

Results and Discussion

Correlation of PBS and PLS ratio to flip weight: Figure 1 shows plots of the 
average PBS and PLS ratio vs average flip weight for the nine morphological 
matrices. The same plots for raw PBS and raw PLS ratio vs flip weight 
are shown in Supplemental Figure 1 and Supplemental Table 1. Table 1 
summarizes the regression analyses for six and eleven taxon datasets. 

Figure 1 and Table 1 demonstrate a correlation for the PBS and PLS ratio 
to the flip weight of the SOM node in the phylogenetic analysis of the SOM. 
There are five other important observations that accompany this correlation. 
First the significance of the correlation drops as the number of taxa in the 
analysis rises, as is further exemplified with the full dataset in Table 2. These 
results also show that when larger numbers of taxa are added to an analysis 
the correlation drops as does the slope of the regression. This means that as 
more taxa are added to an analysis PBS at the recalcitrant node is reduced. 
This pattern is more than likely due to more homoplasy being introduced to 
the analysis as a result of adding more taxa. Second, the correlations are 
higher when averaged values are used as data points for regression. Third, by 
constraining the regression to pass through the origin (a reasonable constraint 
because when PBS ratio or PLS ratios are zero, the flip point by definition 
should be zero) the correlations are higher. Fourth, the model of choice has 
little if any effect on the regression for likelihood and similarly choice of a 
character weighting matrix has little if any effect on the regression. Finally, 
likelihood appears to give reduced slopes when compared to parsimony.

Incongruence and character weighting

In a concatenated analysis with a recalcitrant node, increased weighting 
of the weaker of the two partitions relative to the stronger will result in flipping 
from one hypothesis to the other. In this case “weaker” simply means the 
inference of that weaker partition is overcome by the other partition in 
concatenated analysis. The reason for this seems simple. As one upweights 
a weaker partition that is incongruent to another stronger one, the stronger 
partition will have an increasingly reduced influence on the overall phylogeny. 
In this paper we do not advocate weighting just to get the answer the weaker 
partition infers, but rather offer it as a tool to understand better how character 
support in concatenated analysis behaves. In addition, the situation is not as 
simple as one might first think. When characters are combined there is a great 
deal of interaction of phylogenetic signal and neither partition may win [26]. 

Our approach of regressing the flip weight on the PBS or PLS ratio allows 
us to dissect further the support for a node and can be useful for examining 
other recalcitrant nodes in phylogenetic analysis. The slope of the regressions 
we show here gives the relationship between the PBS/PLS ratio and the flip 

Table 1. Results of regression analyses for six and eleven taxa with averaged PBS 
and PLS ratios. The three models used for computing PLS were oneST, WAG and LG. 
The three weighting matrices for computing PBS were equal (EW), WAG and LG. Italic 
values are for no constraint through origin (other values are for analyses that were 
constrained through origin).

ntax model crit r2 slope r2 slope
6 EW MP 0.94 0.96 0.98 0.99
6 WAG MP 0.91 0.97 0.98 1.02
6 LG MP 0.7397 0.6236 0.79 1.09
6 oneST ML 0.81 0.6 0.97 0.69
6 WAG ML 0.82 0.7 0.97 0.76
6 LG ML 0.443 0.44 0.94 0.71
11 EW MP 0.31 0.32 0.96 0.98
11 WAG MP 0.005 0.1 0.92 0.94
11 LG MP 0.14 0.55 0.87 1.3
11 oneST ML 0.9 0.81 0.97 0.81
11 WAG ML 0.62 0.64 0.89 0.64
11 LG ML 0.98 0.74 0.98 0.74
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weight. In the case of origin-constrained correlations with averaged regressions 
for PBS the slope averages 1.0 (range 0.94 to 1.09) and for PLS averages 0.73 
(range 0.64 to 0.81). The slopes for unaveraged values are similar and indicate 
that the flip weight of a data set with parsimony has a one-to-one correlation 
with the PBS ratio (molecular to morphological). So, for instance, if the ratio 
of morphological to molecular PBS is 8, the flip weight for morphological 
characters will be 8. Likewise, a PBS ratio of 50 would interpolate to a flip 
weight for morphological characters of 50. For likelihood, PLS will be 0.7 of the 
flip weight so that a PLS ratio of 8 would mean a flip weight for morphological 
characters of 11.4; a PLS of 50 would mean the flip weight for morphological 
characters would be 70. For larger data sets the flip weight will increase. Table 
2 suggests that the flip weight for larger data sets might be as much as twice 
what it would be for smaller taxa number. In general, these analyses indicate 
that small PBS and PLS ratios of molecular to morphological support are 
correlated with flipping ease, supporting the results of Neumann JS, et al. [27].

Likelihood analyses are harder to flip than parsimony

Another observation we make is that the same data set behaves differently 
under likelihood vs. parsimony criteria with respect to flip weight. Specifically, it 
will take more conflicting morphological information to flip a node for likelihood 
than for parsimony. This holds regardless of character set size of the two 
kinds of partitions. However, if there are many more molecular characters 
than morphological then the PBS and PLS ratios will be higher and hence the 
flip weight larger. This is because the models applied in likelihood are better 
at correcting for molecular vagaries than the transformation matrices used 
in parsimony. In other words, the inferences made using likelihood models 
are stronger than the parsimony inferences, and this strength requires more 
morphological weight to flip from one hypothesis to the alternative.

Using flip weight and PBS/PLS to explore node robust-
ness

There are several ways to assess the robustness of phylogenomic 
inferences. The most common are the bootstrap and Bayesian posteriors. 
Problems have been pointed out with these measures which were developed 

early in the molecular phylogenetics data surge and worked well for small 
molecular data sets. Specifically, the bootstrap and Bayesian posteriors tend 
to over inflate support [28-35]. These problems are most evident in the context 
of modern phylogenomics where orders of magnitude more character data are 
available to the systematist for analysis.

It should be noted that all of the molecular matrices we use in this analysis 
result in 100% bootstrap values supporting Ctenophora as SOM. For the 
opposing morphological matrices, the bootstrap values are also high and 
support Placozoa (supporting matrices are SCH, BAK and PL1) or Porifera 
(supporting matrices are BRU, EER, GLE, ZRZ, COM and PO1). In most 
cases where Bayesian analysis was performed on the molecular matrices the 
posterior probability for the SOM node is 1.0. These support values indicate 
strong support for alternate hypotheses and suggest an impasse between 
molecular and morphological characters in these datasets. However, such 
bootstrap support and Bayesian posteriors may not discriminate between the 
relative strength of the two partitions. Comparison of the PBS or PLS ratio 
and the flipping weight can render more precision to the relative support each 
analysis will have on an inference as we discuss below.

Narechania A, et al. [36] developed a similar way to evaluate the 
strength of an inference with the RADICAL algorithm, which can also teas 
apart different levels of support in data sets when bootstrap is 100% and 
posterior probabilities are 1.0 at all nodes. While the RADICAL approach 
can add precision to understanding a node of interest and the support that 

Figure 1. Plots of the ratio of molecular to morphology under PBS/PLS ratio versus Flip Value for 6 taxa on the left and 11 taxa on the right. MP=maximum parsimony, ML=maximum 
likelihood. EW (equal weights), WAG and LG for MP are weighting matrices used. OneSt, WAG and LG are the amino acid change models used. Blue line is regression while red lines 
are regressions constrained through the origin. R2 and slopes are given in Table 1.

Table 2. Regression stats for average PBS ratio versus average flip value for full data 
matrices. Italic values are stats for no constraint through origin and other values are for 
analyses constrained through origin. The three weighting matrices for computing PBS 
were equal (EW), WAG and LG.

matrix r2 slope r2 slope
EW 0.44 0.39 0.98 0.85
LG 0.41 0.26 0.97 0.48

WAG 0.36 0.3 0.97 0.61
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nodes accrue from different partitions, it is a relative measure and conveys it’s 
precision comparatively. In this sense it is hard to understand the biological 
meaning of differences detected by RADICAL. The PBS/PLS and flip weight 
can give some biological meaning to cases where the bootstrap and posterior 
probabilities are undifferentiable. Specifically, using this approach we can 
make statements about how much novel support for a hypothesis is needed 
to flip an alternative one. Since modern phylogenomic inferences will be 
based on more molecular characters than morphological and sometime with 
no morphological characters at all, the approach we describe here will tell 
researchers how morphological data might influence a phylogenomic based 
hypothesis for recalcitrant nodes. 

It is therefore important that congruence measures, robustness metrics 
(bootstraps, BS, PBS, PLS) and posterior probabilities be better understood 
by phylogeneticists.
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