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Main Method
A phylogenetic tree represents a hypothesis on the evolutionary history and diversity of 

a set of taxa where branch lengths are estimates of the number of character changes that 
occurred for a certain branch. A patristic or Phylogenetic Distance (PD) is defined as the sum 
of the lengths of the branches that link two nodes in a tree. The overall PD of a tree summarizes 
the total evolutionary change inferred for the set of taxa. Comparing the observed overall PD 
to a null-model distribution or between trees obtained from different sets of taxa can provide 
the basis for serving a wide range of research fields: prioritization of conservation areas [1] 
or target taxa (‘EGDE approach’ [2]), species communities (β diversity, [3]) or trait variation 
[4]. Local communities often (according to theory) should consist of rather distantly related 
species in order to reduce competition between closely related species, whereas if relatives 
share similar environmental tolerances local communities should contain more closely 
related species [5]. The overall PD of an (ideally multigene) tree represents a proxy for the 
scale of phenotypic differences expected between any two species of a tree across a large 
number of traits [6]. Data sets of phylogenetically distantly related species have a high overall 
PD (normalized for the number of taxa) in comparison with closely related species.

We applied the PD metric in SHERLOCK to characterize species communities (e.g. 
regional subsets) from within a large data set of species from a large geographic region. 
Mapping the observed and normalized overall PD of a particular community to a PD null-
model distribution based on random subsets allows to test whether the taxonomic structure 
of an individual data set is significantly different from a null-model expectation. The extent of 
clustering or equipartition of a community is thereby reflected by the total, the mean, and the 
median branch length of the inferred community tree in proportion to a corresponding null-
model distribution of random PD’s. Whereas there are tools available for calculating patristic 
distances from trees in general [7,8], SHERLOCK allows for the first time a fully automatized 
analysis and visualization of the distribution of branch lengths, incorporating external 
software for alignment processing [9] and two Maximum likelihood (ML) tree reconstruction 
methods [10,11]. Statistical tests and result plots are generated with R-ggplot2 [12] and 
gridExtra [13].
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Abstract

Phylogenetic trees are commonly used to gain information on organisms evolutionary relationships 
based on molecular sequences (e.g. genes, proteins, genomes). In a reconstructed tree, it can be assumed 
that the additive branch lengths from one sequence to another reflect the amount of evolutionary change 
between these two sequences. The sum of branch lengths that link two nodes in a tree can be used to 
calculate the overall so called phylogenetic diversity of a tree, i.e. the total evolutionary change inferred 
for a set of taxa. With Sherlock, we provide a simple and efficient tool to statistically analyse phylogenetic 
diversity in sequence data in comparison with a null-model distribution based on randomly drawn se-
quences of the original data set. SHERLOCK incorporates external alignment and tree reconstruction soft-
ware, which allows for the first time a fully automatized analysis and visualization of patristic distances 
on the basis of raw sequence data.
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Figure 1: Process steps in SHERLOCK
1)	 Main process step (MPP), focusing (left to right) on raw data preparation (exclusion of potential gaps), 
alignment generation, ML tree reconstruction and resolution of polytomies, and patristic tree distance calculation. 
Different alignment and ML methods are available. Both, original and randomized data, are looped through the 
MPP.
2)	 Generation of randomized data replicates of the main pool of original data (P). Sampling conditions of random 
data follow user specifications about the total number of sampled species (SPNR), species related sequences 
(SEQNR), and the total number of replicates (REPNR). In the example above, P consists of eight sequences (np 
= 8; seq1 to seq8) falling under three different species (mp = 3; circled blue (seq3, seq5, seq8), grey (seq4, seq6, 
seq7), and violet (seq1, seq2)). First, the software checks in advance if P generally satisfies the specifications 
of SPNR and SEQNR, and aborts the analysis if SPNR > mp or if SEQNR > np. A subpool of sequences (S) is 
randomly generated from P, whereby the number of drawn species in S (ms) follows the specified number of 
allowed species (ms = SPNR). The software checks then if the set of randomly drawn species can satisfy the 
number of sequences in S (ns ≥ SEQNR). Otherwise (ns < SEQNR), S will be rejected and randomly re-sampled 
until a random set of species satisfies the SEQNR condition. SHERLOCK determines a fix set of ms with ns ≥ 
SEQNR if ns is < SEQNR in 1000 random re-sampling attempts of ms. Afterwards, the final replicate is randomly 
generated from S following the SEQNR condition (in our example until SEQNR = 4). This procedure is repeated 
for each random data until the number of random data is equal the number of defined replicates (REPNR). All 
random replicates are subsequently forwarded to the MPP chain processes, and the resulting PDs referenced to 
the PD of the original data.
3)	 Graphical outputs are:
i.	 histograms for all original data partitions, plotting the original PD against its corresponding random null 
distribution.
ii.	 Separate boxplots of the random data PD’s according to SEQNR and SPNR.

SHERLOCK reads sequence data of different species 
communities in fasta format. Process settings for each analysis 
(number of random replicates, sequence composition of the null-
model distribution (i.e., number of entities/taxa and specimens/
sequences) and requested alignment and tree reconstruction 
methods) have to be defined by a text file. The null-model distribution 
sampling is specified by the number of entities/taxa and number of 
DNA sequences to be drawn from a main sequence pool, containing 

all sequences from coherent species communities underlying sub 
pools (identical sequences of the same taxon are sampled only 
once). As main output, SHERLOCK prints a histogram, a density, and 
a violin plot of PD measures of each community analysis. A more 
detailed list of actually identified and randomly expected PD values 
of analyzed communities, including 0.975 and 0.025-quantile 
limits, are printed as separate text files. An additional off-range 
file lists if the identified PD of a community is significant different 
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from the PD distribution of randomly drawn sequences. SHERLOCK 
identifies, excludes, and lists all redundant sequence names of given 
input data in advance of the analysis. A workflow of SHERLOCK’s 
main process steps is shown in Figure 1. SHERLOCK is written in 
Perl, open source, and usable as a command line application on 
Linux systems. We provide a comprehensive manual describing 
all process steps, software implementations, script commands 
and input/result files of an exemplary PD analysis. SHERLOCK, the 
manual, and all additional files are free downloadable at GitHub: 
https://github.com/NathanSeidel/Sherlock.
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