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Getting Started with PhyFocus

Required Dependencies
• AWK
• Python3
• R
• Perl

•  BLAST+
• CD-HIT
• MAFFT
• IQTREE
• HMMER

Example Specifications
• CPUs: 24
• RAM: 125GB
• Figure 2 runtime: 7-10 days

PhyFocus Access
• At github.com/C-gonz

Required Files
• Query FASTA
• Query alignment FASTA
• Species’ peptide FASTAs
• Query header names CSV

Additional PhyFocus Applications
Candidate Gene Identification
• candidates for hagfish chemosensory 

genes (left) can be targeted in RNAseq of 
sensory tissues (right)

Rigorous Homolog Identification
• Support annotation of mayfly Hox 

gene homologs via placement in 
ANTP-class gene phylogeny1
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Abd-B protein lacks the Hx motif, and instead has only 
one conserved tryptophan residue, similar to that of 
other hexapod homologs (Additional file  2: Fig. S19). 
Including this conserved tryptophan, all eight H. limbata 
Hox proteins contained a linker region (LR) between the 
Hx and HD that was longest in the anterior Hox proteins 
(Additional file 2: Figs. S12–S13, 69 and 15 residues long, 
respectively), and progressively shorter in most posterior 

peptides (e.g., Additional file 2: Figs. S15 and S16, 14 and 
4 residues long, respectively), with three semi-conserved 
residues in the Abd-B homolog (Additional file  2: Fig. 
S19).

Specific subgroups of Hox proteins contain addi-
tional conserved motifs. At the N-terminus is the SSYF 
motif found in Scr, Antp, Ubx, and Abd-A peptides 
(Additional file  2: Figs. S15–18). As the N-terminus 

Fig. 1 Phylogeny of hexapod homeodomain proteins. a Phylogeny of all ANTP class homeodomain proteins obtained from 16 hexapod species, 
and rooted with non-ANTP class homeodomain proteins (grey) as an outgroup. Clear monophyletic clades for Zen and Ftz were not identified, with 
query homologs and putative E. danica sequences for Zen sorting individually (asterisks denote approximate location). b–e Mayfly “genus_protein” 
tip labels are colored as follows: H. limbata (green), E. danica (red), C. dipterum (blue). b Subtree depicting the monophyletic groups for Dfd, Scr, 
Antp, Ubx, and Abd-A. Putative mayfly Hox sequences sort into each monophyletic clade. Note that the series of unsupported branches (not 
colored) bear some known Ftz homologs, including E. danica Ftz, and may represent an unsupported Ftz clade. c–e Subtrees for the Lab, Pb, 
and Abd-B monophyletic groups, respectively. In each, putative Hox sequences for all three mayfly species examined are present. For all trees, 
Monophyletic Hox protein clades are highlighted as follows: Lab (green), Pb (orange), Dfd (sky blue), Scr (red), Antp (purple), Ubx (blue), Abd-A 
(yellow), Abd-B (pink). All nodes with UltraFast Boostrap values less than 95 and SH-aLRT values less than 80 were collapsed into polytomies

Phylogenetic Approaches to Input Data Filtering

General Approach (simplified)
• Many variations; most filter input data via BLAST hit limits 

and/or manual curation.

• One alignment and phylogeny made from all filtered data.

• Often a good starting point, but BLAST hits can include 
irrelevant data, while hit limit may exclude relevant data.

ALIGNMENT & 
PHYLOGENY

Target

Outgroup
BLAST hits

BLAST AGAINST 
DATABASE

Max 10 
BLAST hits
overall or 

per species

QUERY

SEQUENCES

Target

PhyFocus Approach
• Filters input data by assessing each species’ gene phylogeny; phylogenies thus dictate what input data is relevant or irrelevant.

• Per species approach reduces data volume while eliminating need for arbitrary BLAST hit limits or manual selection bias.   

• Requires extensive species sequence data and some prior phylogenetic knowledge for query gene clade.

Query target 
gene family

Data filtered by max hits 
or manual selection

BROAD BLAST AGAINST 
SPECIES’ DATABASE

Max 1,000 
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N+ Species

ALIGNMENT & 
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Anchor
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FOCUS TO 
TARGET CLADE

Target

BLAST hits
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Anchor
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Query gene clade 
containing target 
gene family

Exhaustive input 
data for each 
species’ gene tree

Data filtered per species 
by phylogeny

All focused data builds 
final tree

Approaches Example: Chemosensory Genes
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Figure 2. PhyFocus ML phylogeny 
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Conceptual Background

• Mass sequence data provides unmatched opportunity for studies on 
gene family evolution & phylogenetics.

• Not all sequence data is relevant for every analysis, and efficiency 
requires limits on the volume of data used.

• How to filter input sequences for phylogenetics is crucial.

Input Data Filtering Goals

- limit input data size for computational feasibility     

- Exclude irrelevant sequences

- Include relevant sequences


