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Abstract 
 
Phylogenetic analysis has become a common step in characterization of gene and protein sequences. However, despite 
the availability of numerous affordable and more-or-less intuitive software tools, construction of biologically relevant, 
informative phylogenetic trees remains a process involving several critical steps that are inherently non-algorithmic, i.e., 
dependent on decisions made by the user. These steps involve, but are not limited to, setting the aims of the 
phylogenetic study, choosing sequences to be analyzed, and selecting methods employed in sequence alignment 
construction, as well as algorithms and parameters used to construct the actual phylogenetic tree. This review aims 
towards providing guidance for these decisions, as well as illustrating common pitfalls and problems occurring during 
phylogenetic analysis of plant gene sequences. 

Additional key words: bioinformatics, evolution, phylogenetic tree, protein domain identification, sequence alignment, sequence 
database searching. 
 
 
Introduction: the “how” versus the “why” 
 
Phylogenetic analysis became a standard part of the 
biologists’ methodological toolbox, up to the point of 
being practically compulsory in studies dealing with 
characterization of new genes, including those from 
plants. With the proliferation of affordable, often free 
software, such as the continuously evolving PHYLIP 
(phylogeny inference package) toolbox (Felsenstein 
1989), PAUP (phylogenetic analysis using parsimony; 
Wilgenbusch and Swofford 2003) or the intuitive and 
easy to use MEGA (molecular evolutionary genetics 
analysis) package (Hall 2013, Tamura et al. 2013), and 
even user-friendly web based tools represented, e.g., by 
the Phylogeny.fr (Dereeper et al. 2008), Phylemon 

(Sánchez et al. 2011), or T-REX (tree and reticulogram 
reconstruction; Boc et al. 2012) servers, phylogenetic tree 
construction became seemingly easy even for biologists 
with little or no background in evolutionary biology, 
bioinformatics, or advanced computing. A beginner 
phylogeneticist is free to explore a jungle of possible 
ways leading from posing an initial question through data 
collection and analysis to a (more or less) biologically 
meaningful interpretation of results. Like in a real-world 
jungle, it is rather easy to become lost.  
 Several excellent guides focused mainly on the 
practical and technical aspects of phylogenetic tree 
construction, including specific instructions for use of 
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commonly used free software and public databases, have 
been published (e.g., Baldauf 2003, Hall 2013, 
O'Halloran 2014), at least one of them specifically aimed 
at plant biologists (Harrison and Langdale 2006). A very 
recent article by Kuraku et al. (2016) concentrates mainly 
on the use of molecular phylogenies in reconstructing 
temporal sequences of events in the context of metazoan 
evo-devo biology but presents many important general 
theoretical insights, and can thus be recommended also to 
readers outside the animal biology field. The present 

paper aims towards providing an up-to-date “walkthrough” 
of some of the many possible paths that can produce a 
meaningful phylogenetic tree from protein or nucleotide 
sequences, with a specific focus on biological questions 
and theoretical and strategic decisions faced in the course 
of such analysis, i.e., the “why” rather than the “how” of 
the procedure, albeit some technicalities are inevitable. 
Common problems and pitfalls will be also addressed 
where appropriate and illustrated by examples, often 
based on author's previous work.  

 
 
What kind of questions can phylogenetic analysis solve? 
 
Phylogenetic analysis produces a “tree” – a diagram that 
orders and connects the entities under study (in our case 
biological sequences) according to their (present-day) 
shared characteristics in a manner that is commonly 
interpreted as reflecting their mutual genealogical 
relationships. The sequences are presented as end nodes 
of a branched diagram whose inner nodes correspond to 
hypothetical shared ancestors. Branch lengths reflect the 
degree of diversification, and binary branching is 
universally expected, albeit conventional graphical 
representation may obscure either of these assumptions 
(Fig. 1; see also Baum 2008, Kuraku et al. 2016). 
Typically, we presume that the sequences are mutually 
homologous (a qualitative characteristic, meaning that 
they are derived from a common ancestor), and that they 
therefore share a certain degree of similarity  
(a quantitative characteristic). 
 

 
Fig. 1. Different formally correct graphical representations of
the same phylogenetic tree constructed from six sequences
(a to f) with position of the hypothetical root (outgroup) marked
by an asterisk. A - A full tree including branch lengths and
bootstrap support percentage as a measure of branch reliability.
B - Two equivalent tree topologies with symbols at branches
denoting bootstrap support; note that bootstrap values under
50 % are not shown and relative branch length information has
been discarded. C - A tree similar as in B but with poorly
supported branches collapsed. Note that the tree in A carries the
most information available. 
 
 Thus, an evolutionary narrative in the most general 
sense (i.e., stating that the analyzed sequences have 
evolved from a common ancestor through “descent with 
modifications”) is not the outcome of phylogenetic 
analysis, but rather its central assumption. Holding this 
assumption, we interpret results of phylogenetic analysis 
as evidence for (or against) hypotheses on specific 

evolutionary narratives concerning our genes or proteins 
of interest, for instance answering the question whether a 
particular isoform of our protein arose before or after the 
separation of monocots and dicots. Phylogenetic analysis 
can “only” establish relationships, or similarities, within a 
set of entities on the basis of their shared and disparate 
characteristics. We interpret these relationships as being 
due to shared heritage, rather than to engineering skills or 
artistic antics of an external Creator, be he or she 
Almighty or human. Phylogenetic methods can be 
applied, in principle, to any set of objects which share 
common characteristics – even acquired at random or by 
convergence (Rieppel 2010). They have already been 
used also to analyze entitles where the “descent with 
modifications” narrative in the biological sense does not 
hold, such as literary texts or human-made artifacts, 
though even those can be understood as reflecting 
evolution in the realm of ideas, or memes (Howe and 
Windram 2011).  
 This is not a mere theoretical concern. Even if we stay 
firmly rooted in the evolutionary paradigm, we should be 
aware that phylogenetic analysis on its own cannot detect 
unintentional inclusion of data outside the studied set, 
that is sequences that do not share the assumed common 
evolutionary history with the rest of the group studied, 
due to, e.g., sequence contamination in the source 
databases (Pible and Armengaud 2015), horizontal gene 
transfer, misidentification of relevant sequence portions, 
or unintended inclusion of distant paralogs (more on this 
in the sections on multidomain proteins and large gene 
families below). Data contamination does happen, and it 
is difficult to detect. An unexpected tree topology that 
would, for example, place an allegedly insect gene inside 
a group of exclusively plant sequences, or that would 
suggest, e.g., the presence of a particular deep branch of 
the studied gene family only in a single species, may be 
an indicator of contamination. Suspected sequences 
should be carefully checked (see below) and excluded, or 
trimmed only to their relevant domains, if necessary, 
prior to re-calculation of the phylogenetic tree. With 
larger and more complex projects, the whole process of 
tree construction may thus develop into an iterative 
exercise, with repeated rounds of going back and forth 
between calculating and examining preliminary trees and 
optimizing the sequence set (and alignment). 
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Study design and input data acquisition 
 
A typical aim of phylogenetic analysis is determining the 
relationship between a newly acquired sequence to its 
previously characterized homologs, i.e., placing the new 
sequence into the context of existing knowledge on the 
gene family under study. Being well acquainted with the 
current state of knowledge is a self-obvious imperative, 
which should be also reflected in the choice of data for 
phylogenetic analysis. Inclusion of sequences that have 
been used previously to establish the basic topology of 
the gene family of interest is recommended. This should 
typically involve a full inventory in standard model 
angiosperm species with good quality genome sequence 
information available for at least Arabidopsis thaliana (L.) 
Heynh. and Oryza sativa L. var. japonica, possibly 
together with representative members of additional major 
angiosperm lineages and/or plants where the studied gene 
family has been characterized experimentally. Inclusion 
of non-angiosperm model plants, such as Physcomitrella 
patens (Hedw.) Bruch & Schimp. and Selaginella 
moellendorffii Hieron., or non-plant data serving as an 
outgroup, helps finding the root of the phylogenetic tree. 
This is especially important in studies aiming to 
reconstruct deep evolutionary history of the family of 
interest, a task that may grow very complex if involving 
large gene families, multidomain proteins, or even a 
combination of both (see below) and should, at best, be 
attempted after gaining some prior experience with 
simpler projects. However, inclusion of an outgroup (i.e., 
a sequence that is related to all the members of the set 
studied, allowing its reliable alignment, but which itself is 
not part of the set) can be useful in all circumstances, as 
rooted trees are usually easier to interpret than unrooted 
ones. Nevertheless, an unrooted tree may be better than a 
rooted one constructed using a bad outgroup, leading to a 
substantial degradation of the sequence alignment. The 
outgroup can be, of course, added to a project, and tree 
topology re-calculated at any point. 
 When dealing with a single-copy gene whose 
evolutionary history never involved duplication, we 
would expect a tree merely reflecting the (usually already 
well-characterized) relationships between the organisms 
whose sequences were sampled. However, extant 
angiosperm genomes have undergone multiple rounds of 
whole-genome or chromosome segment duplication with 
subsequent paralog diversification and loss of some gene 
copies (Soltis et al. 2009). The presence of multiple 
paralogs of the gene studied in at least some of the 
organisms sampled is thus to be expected, and presents 
major challenges in the case of large gene families (see 
below). However, some genes do remain in single-copy 
due to selection pressure or chance, though often only in 
some species (Jiao and Paterson 2014; for some examples 
see, e.g., Cvrčková et al. 2012). Even when analyzing a 
small gene family (with typical paralog numbers up to 
three), we should always aim towards obtaining a full 
inventory of relevant sequences in all the genomes 
sampled.  

 If dealing with protein-coding genes, phylogenetic 
analysis should be performed on the predicted protein 
product sequences, at least initially. Due to the larger 
amount of permitted characters in the sequence string 
(20 amino acids compared to 4 DNA bases), amino acid 
sequence-based searches are more sensitive than those 
utilizing only DNA information. This includes also 
searches for shared sequence motifs during construction 
of multiple alignments. Moreover, the existence of 
synonymous codons and variable 3rd codon positions 
means that over a third of DNA sequence may be 
randomized while maintaining the sequence of its protein 
product unchanged. With somewhat divergent protein 
products of, e.g., 25 % protein sequence identity, still 
biologically relevant if occurring over several hundreds 
of amino acids (Chothia and Lesk 1986), the level of 
DNA sequence similarity may drop below detection 
limits. Thus, protein sequences are easier to find and 
align and are usually also more informative in subsequent 
analyses than nucleotide ones. The only exceptions are 
near-identical protein sequences which do not carry 
enough informative differences on the amino acid level. 
In such cases, phylogenetic analysis should be performed 
in parallel on both nucleotide and protein sequences to 
increase its sensitivity (Dvořáková et al. 2007), utilizing 
tools such as BioEdit (Hall 1999) to perform nucleotide 
sequence alignment guided by the predicted protein 
sequences. Of course, in the case of DNA sequences that 
do not encode a protein product, the analysis has to be 
performed on the nucleotide sequences themselves. 
 Public sequence databases, such as UniProt (Bateman  
et al. 2015) or databases of the international nucleotide 
sequence database collaboration (INSDC, Cochrane et al. 
2011), comprising the European nucleotide archive 
(ENA), GenBank, and the DNA data bank of Japan 
(DDBJ), including their protein translation sections, are 
the default source of sequence data. If dealing with well-
characterized plant genomes, the “reference sequences” 
section of these databases should be the first resource 
consulted. For information on plant genomes, specialized 
sites, such as the U.S. Department of Energy Phytozome 
database (Goodstein et al. 2012) or Gramene (Monaco et 
al. 2014), as well as resources dedicated to particular taxa 
such as SolGenomics (Fernandez-Pozo et al. 2015), are 
also worth visiting.  
 While keyword searches may yield sequences that can 
be used to initiate systematic searches for homologs, their 
results are bound to be affected by a subjective bias 
because they ultimately depend on the (very variable) 
quality of database sequence annotation. Sequence-based 
search tools, such as BLAST (basic local alignment search 
tool; McGinnis and Madden 2004, Johnson et al. 2008), 
are thus the main method for collecting input data, and 
the only reliable technique for exhaustively identifying 
homologous sequences. It is important to realize that the 
ability of BLAST to report divergent but still significantly 
related sequences depends inversely on the size of the 
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database searched. In the presence of many sequences 
very closely related to our query, some more distant but 
still relevant subjects may end up below the reporting 
threshold. Searching taxonomically restricted databases 

(e.g., Viridiplantae, or even a single species of interest, in 
the NCBI implementation of BLAST) helps avoiding such 
a loss of relevant information.  

 
 
Dealing with large gene families 
 
Many plant genes are members of large gene families 
with dozens or even hundreds of paralogs, which makes 
phylogenetic analyses challenging (for a few examples 
see Dvořáková et al. 2007, Grunt et al. 2008, Yuksel and 
Memon 2008, Gish and Clark 2011, Cvrčková et al. 
2012). To complicate things further, paralog numbers 
sometimes vary even among accessions or cultivars 
within species (Żmieńko et al. 2014). While construction 
of a complete phylogenetic tree involving all paralogs 
from all organisms studied would utilize maximum 
information in the available data, for very large families 
such a task is very demanding. If the overall structure of 
the gene family has already been described and we are 
“only” interested in putting a newly cloned gene or 
cDNA into evolutionary context, it is worth focusing the 
analysis only on a single branch of the gene family that 
contains our gene of interest, with representatives of more 
distant branches serving as outgroups. A detailed analysis 
of the whole gene family would be merely confirmatory 
in such a case, besides of being unnecessarily laborious.  
 Care has to be taken to avoid data contamination. 
Sensitive sequence-based searches by BLAST (and many 
other algorithms) will pick up sequences from distant 
branches of the protein family of interest, only loosely 
related to the query, and such sequences should not be 
included in the subsequent phylogenetic analysis except 
as outgroups, despite their good (i.e., low) expected (E) 
values. For example, the enzyme phosphoglucomutase 
exists in plants in two isoforms, cytoplasmic and plastid-
localized (Mühlbach and Schnarrenberger 1978), encoded 
by separate branches of the phosphoglucomutase gene 
family (Egli et al. 2010). A BLAST search for plant 
homologs of one of the A. thaliana cytoplasmic 
phosphoglucomutases (NP_177230) in the Viridiplantae 

section of the GenBank will yield around position 100 of 
the results list also the A. thaliana plastidic version 
(NP_199995) with the impressive E value of less than  
10-150. If we were to generate a phylogenetic tree of 
cytoplasmic phosphoglucomutases only, this sequence 
would be considered a contamination. A reverse BLAST 
search with the suspected sequence as a query can help 
revealing such extraneous sequences. If something else 
than the original query comes out on top of the results list, 
the suspect is very likely a contamination. In our example, 
the plastidic phosphoglucomutase retrieves a host of 
plastidic isoforms from various species on the top of the 
list of BLAST results, clearly identifying this protein as a 
plastidic phosphoglucomutase.  
 Gene and protein terminology deserves a particular 
attention in phylogenetic projects dealing with large 
sequence families. While database accession numbers 
should always be presented, they are not very informative 
on their own, and it is thus useful to introduce short, 
human-readable sequence identifiers. This should be done 
in a considerate way facilitating discussion of previous 
works by others. If a previously established gene 
terminology exists, it should be used preferentially, 
although one should not feel forced to use terminology 
contradicting his or her phylogenetic findings. If results 
of a phylogenetic analysis disprove an already existing 
classification, a new terminology may be proposed but 
sequence identifiers previously used in the literature 
should be cited as well, and, most importantly, possible 
causes of disagreement with previous studies have to be 
discussed (see Eliáš et al. 2002). An exhaustive 
description of the methods used is an important 
prerequisite for such a discussion. 

 
 
Dealing with multidomain proteins 
 
An extreme care to avoid data contamination has to be 
taken also when studying proteins that may contain 
segments that do not share evolutionary history with the 
rest of the molecule. This is typical for multidomain 
proteins whose evolution has involved domain 
acquisition, multiplication, or loss. In plants, protein 
domain architecture is typically only partly conserved 
between species or higher taxa (Zhang et al. 2012; for 
examples see also Cvrčková et al. 2004, Grunt et al. 
2008), further complicating phylogenetic analyses. 
 Unless the protein sequences under study can be 
readily and unambiguously aligned along most of their 
length, their domain structures ought to be determined 

prior to constructing the multiple alignent that will be 
used for tree calculation in order to ensure that only 
homologous sequences are included in the analysis  
(Fig. 2). The presence of previously characterized 
domains in a protein sequence can be inferred by tools 
such as CD-search (conserved domain search; Marchler-
Bauer and Bryant 2004, Marchler-Bauer et al. 2015) that 
is routinely run as a part of the NCBI BLAST searches, 
ScanProsite (De Castro et al. 2006), or SMART (simple 
modular architecture research tool ; Letunic et al. 2015).  
 However, our protein might also contain domains that 
are not characterized yet, and therefore not included in 
existing readily searchable databases. Such domains can 
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only be discovered in local homology-based database 
searches, such as BLAST, or during the construction of a 
multiple sequence alignment itself, where they will 
appear as islands of mutual sequence similarity found in 
all or a subset of the sequences analyzed. While 
conventional multiple sequence alignment tools, such as 
those discussed in the following sections, may help 
discovering previously uncharacterized motifs shared by 
all or some of the sequences examined, a single 
successfully aligned domain is bound to lock the 
sequences together, thereby preventing detection of other 
local islands of homology if they happen to occur in a 
varying order among the sequences. In this respect, the 
MACAW (multiple alignment construction and analysis 
workbench) program (Schuler et al. 1991) provides a 
unique ability to search for local blocks of sequence 
similarity in any user-selected subset of the examined 
sequences, or even of their parts, allowing thus detection 
of local islands of similarity incompatible with the 
preexisting alignment of other domains (Fig. 2). 
Unfortunately, this program was last updated in 1995, 
and no newer practically useable software with equivalent 
functionality exists, at least under Microsoft Windows 
(however, the MACAW paper is still being regularly 
cited). Due to its age, the MACAW installation archive is 
incompatible with post-XP versions of Microsoft 

Windows. However, a simple re-packaging of the 
installation archive into other archive formats, which can 
be performed on an old machine, allows its setup and use 
on newer versions of Windows or under Linux running 
vine. Like any other method aiming towards production 
of an internally consistent multiple alignment, MACAW 
cannot actually align sequences in a manner that would 
require their fragmentation. However, while an alignment 
joining simultaneously all the significant sequence 
similarity blocks cannot be displayed or exported in a 
single output, the user can gain a good insight into the 
domain layout of the proteins examined during MACAW-
aided exploration. 
 Regardless of the techniques used to detect conserved  
domains in the protein sequences of interest, only 
matching (i.e., mutually homologous) domains should be 
taken into the construction of the final alignment and 
phylogenetic tree calculation. It is, however, recommen-
dable to leave a short (about 10 - 25 residues) overhang in 
front and behind the selected domains when preparing the 
input data for the sequence alignment step. The beginning 
and end of a conserved domain might not be recognized 
exactly in the initial domain architecture analysis, and it 
is always easier to trim an existing multiple alignment 
than to add missing residues during multiple alignment 
assembly. 

 

 
Fig. 2. A family of multidomain proteins. A - Localization of conserved domains (denoted by letters and numbers). Only domains
with the same letters may be included together in a phylogenetic tree calculation. B - Screenshots of the MACAW program showing 
detection of repeated and swapped domains in protein sequences from A. 
 
 
Constructing and processing multiple alignments 
 
Numerous methods and programs for algorithmic 
multiple alignment construction are available, some of 
them as standalone applications, others as web-based 
services. For frequent alignment construction and 

computationally demanding large projects, locally 
installed programs should be used. Besides the classic 
Clustal (Higgins and Sharp 1988) and its various newer 
implementations (Larkin et al. 2007), other algorithms 
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such as, e.g., MAFFT (multiple alignment using fast 
Fourier transform; Katoh 2013), MUSCLE (multiple 
sequence comparison by log-expectation; Edgar 2004),  
T-Coffee (Notredame et al. 2000), Kalign (Lassman et al. 
2009), COBALT (constraint-based multiple protein 
alignment tool; Papadopoulos and Agarwala 2007) or 
Dialign (Al Ait et al. 2013), may be worth exploring, 
especially for divergent sequences where Clustal is 
known to perform poorly. However, all multiple 
alignment construction methods have some weaknesses 
that may lead to artifacts on certain problematic datasets, 
with definition of “problematic” varying somewhat 
unpredictably among algorithms. Generation of extra-
neous gaps is a common artifact of algorithmic multiple 
alignment construction.  
 Albeit systematic comparisons of various algorithms 
have been published (e.g., Pais et al. 2014), and could be, 
in theory, used as a guidance for algorithm choice, such 
an approach is not very practical in real life. A reasonable 
alternative is simply performing the alignment by several 
methods and comparing their results. M-Coffee, a  
T-Coffee derivative, can construct a “meta-alignment” 
based on results of several algorithms (Moretti et al. 
2007). Alignments can be also exported from almost any 
program in the commonly used FASTA format and then 
displayed side by side, e.g., with the aid of BioEdit (Hall 
1999), which is still being sporadically updated and 
whose latest (2013) version (available at http://www. 
mbio.ncsu.edu/bioedit/bioedit.html) is fully compatible 
with 64 bit versions of MS Windows 7 and 8. Their 
comparison can help identifying reliably aligned portions 
of the sequence (where the majority of algorithms agrees), 
but also provide alternative solutions for problematic 
areas (usually readily discernible by the presence of 
closely clustered gaps). For further work, a version of the 
alignment with fewest problematic sites should be chosen 
and subsequently manually modified where necessary 

(compare Blouin et al. 2009 for some good reasons), 
especially to resolve any gap clusters present. 
 Last but not least, prior to phylogenetic tree 
calculation, the alignment should be trimmed to remove 
any non-aligned or obviously non-homologous parts of 
the sequence, as well as regions containing (at least) large 
indels in more than one sequence. Optimally, all columns 
containing gaps in at least one sequence ought to be 
removed and only positions containing non-gap 
characters in all sequences should be taken into account 
in subsequent analysis, albeit this is not always possible. 
In some cases, sacrificing one or a few sequences that 
contain many or large gaps absent in the rest of the 
alignment may be a lesser evil than losing a substantial 
part of the alignment length. Phylogenetic tree calculation 
and validation algorithms involve, as a rule, the 
assumptions that 1) amino acids at a given position are 
encoded by DNA sequences that have arisen from a 
common ancestor by point mutations and 2) all positions 
within the alignment are equivalent. Removing indels as 
completely as possible ensures validity of assumption 1. 
Removal of suspected misaligned sequences should also 
be as radical as feasible, following the rule “if in doubt, 
cut it out”. While removing too much sequence might 
undermine the statistical significance of the tree obtained, 
it is unlikely to damage the result qualitatively if 
assumption 2 holds. However, retaining misaligned parts 
of the sequence would violate assumption 1, leaving us 
with contaminated data.  
 While small alignments can be easily trimmed 
manually or with the aid of BioEdit´s “strip columns 
containing gaps” command, editing larger datasets can be 
made easier by using algorithmic tools such as Gblocks 
(Talavera and Castresana 2007), trimAL (Capella-
Gutierrez et al. 2009), or BMGE (block mapping and 
gathering with entropy; Criscuolo and Gribaldo 2010). 

 
 
Calculating, validating, and presenting phylogenetic trees 
 
Several methods, based on very different theoretical 
approaches, can be used to cluster a set of previously 
aligned, mutually homologous sequences by their degree 
of similarity, i.e., to produce a phylogenetic tree. One of 
the oldest, fastest, and still very frequently used is the 
neighbor-joining (NJ) method (Saitou and Nei 1987), 
quite satisfactory as a “quick and dirty” technique for 
gaining an initial insight into the tree topology, useful 
especially during the iterative process of optimizing the 
dataset composition and protein alignment. However, the 
NJ method is known to generate artifacts on datasets with 
highly variable distances (branch lengths), and therefore 
its results should be taken seriously and presented only if 
supported also by other methods. This means that a non-
NJ method should always be employed in parallel or 
instead of NJ calculation, except, perhaps, in the rather 
exceptional cases where only closely related sequences 
are examined. 

 The maximum likelihood (ML) method (Goldman 
1990) and Bayesian inference (Rannala and Yang 1996, 
Huelsenbeck et al. 2002) are the most commonly used 
methods for phylogenetic tree constructions free of the 
limitations of the NJ approach, although other techniques 
exist (for a good review with a detailed discussion of 
their strengths and weaknesses see Holder and Lewis 
2003). Both methods share, however, the disadvantage of 
being computationally substantially more demanding 
than NJ. Rigorous application of the ML method 
including bootstrapping validation (see below) may make 
the required calculation times prohibitively long for large 
projects, albeit this problem can be overcome by using 
heuristic approximations such as, e.g., PhyML (Guindon 
et al. 2010). While results of different tree construction 
methods applied to the same input data may look 
frighteningly disparate, it is important to realize that any 
tree branch can be freely rotated, and branch orientation 
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should be adjusted to highlight similarities when 
comparing trees (see Fig. 1A,B). 
 Regardless of the method used for tree construction, 
its results should never be presented without results of 
statistical validation that provide information on the 
reliability of individual branches. While Bayesian 
methods provide values of “posterior probability” 
together with the tree topology, the NJ and ML methods 
do not generate validation information on their own. 
Instead, validation of tree topology is commonly 
performed in a separate step by “bootstrapping”, i.e., by 
construction of typically several hundreds of trees from 
data sets derived from the input alignment by random 
sampling, and determination of the fraction of trees for 
which every particular branch of the original tree occurs. 
This fraction then determines the “bootstrap value” that 
can be interpreted as a measure of stability of the branch 
in question towards data perturbation. Bootstrapping can 

be applied also to Bayesian trees, and its results correlate 
rather well with posterior probabilities (Douady et al. 
2003).  
 To improve readability of larger trees, low bootstrap 
values (below 50 %) can be omitted (with an appropriate 
comment in the figure legend); alternatively, symbols 
may be used instead of numeric bootstrap values (see Fig. 
1A,B). Branches with low (below 50 %) support are also 
sometimes displayed collapsed, graphically resulting in a 
multifurcation (Fig. 1C). It is important to realize, 
however, that such a “multifurcation” only means an 
unresolved order of bifurcations. Moreover, such a 
display requires disposing the branch length information 
and its possibly biologically relevant interpretations, and 
it is questionable whether this is not too high a price for 
mere graphical highlighting an uncertainty in branch 
order. 

 
 
Concluding remarks 
 
The message of this paper may be summarized in a few 
rather oversimplified rules: 
1) Good questions make good science. Good scientific 
questions are not only those which can be answered using 
the data and methods available, but those that also 
provide new insights into data, both new and old. 
Phylogenetic analysis projects should always be founded 
on a biologically meaningful question or hypothesis.  
2) The well-established “rubbish in, rubbish out” rule 
holds. Like in any other area of science, the quality of the 
results of the final step depends on that of the input data 
and all preceding steps. If in doubt about a piece of data, 
throw it out. 
3) Two methods are better than one. There is no single, 
objectively optimal method to conduct a phylogenetic 
study, construct a multiple alignment, or calculate a 
phylogenetic tree. Often there is no way to decide which 
method is better but trying several of them and comparing 
the results. 

4) Construction of a multiple sequence alignment can be 
algorithmic but not objective. All algorithms rely on 
empirical parameters set by their authors in a way that 
should provide reasonable results with “typical” or 
“average” data. There is no warranty they will work for 
your data, and there is nothing wrong with exploring the 
space of possible parameter, or manually editing the 
alignment if necessary. 
5) Know your data. Being familiar with a particular 
protein family means, for instance, being aware of 
functionally important sequence motifs. This is 
something algorithms cannot do since no software can 
critically evaluate published literature. Do not be afraid to 
use your theoretical background and experience when 
looking for domains or manually adjusting a protein 
sequence alignment. It also means being aware of 
existing knowledge, and projecting this awareness into 
terminology and interpretation of results. 
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