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SOWH Swofford-Olsen-Waddell-Hillis
AU Approximately unbiased

ML Maximum likelihood

NJ Neighbor-joining

1.1 BACKGROUND INFORMATION

It has been proposed that the calcareous sponges Sycon ciliatum and Leucosolenia complicata have an
ortholog of the ParaHox gene Cdx (Fortunato et al., 2014).

1.2 RATIONALE

This document serves as an a priori established protocol laying out our planned phylogenetic
experiments to test whether the Sycon ciliatum and Leucosolenia complicata homeobox genes reported
to be Cdx orthologs are truly bona fide orthologs of Cdx (or any other Hox/ParaHox gene).

13 OBJECTIVES

We will test the sensitivity of results acquired in Fortunato et al. (2014) to methods, models, and taxon
sampling. In addition, we will apply the Swofford-Olsen-Waddell-Hillis (SOWH) and the approximately
unbiased (AU) tests to evaluate the robustness of all topologies to relative alternative hypotheses.

1- Repeat the phylogenetic analyses performed in the Fortunato et al. (2014) using the same
software, and models on the two data matrices presented in the paper.

a) Prottest3.0 to determine the best suitable model of sequence evolution (Fortunato et al.
(2014) found LG+G to be the best model).

b) Neighbour-joining (NJ) analysis in Phylip v.3.696, maximume-likelihood (ML) analysis in
PhyML v.3.0, and Bayesian analysis in MrBayes v.3.2.6.

2- Apply these additional phylogenetic methods on the Fortunato et al. (2014) data matrix

a) To test for sensitivity to the model we will conduct NJ analyses using the protdist and
neighbor programs in Phylip v.3.696 with all models available in protdist (i.e., JTT, PMB,
PAM and Kimura); all other settings being default. For the custom dataset, we ran
additional NJ analyses using NINJA (Wheeler, 2009).

b) To test for sensitivity to method and model we will conduct ML analyses using RAXML v.
8.2.10 with the following models: PROTGAMMALG, PROTGAMMAIJTT, PROTGAMMAWAG,
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and PROTGAMMAAUTO with 100 fast bootstraps. We will use 5 starting parsimony trees
and 5 random starting trees for each run. We anticipate PROTGAMMAAUTO will choose LG
based on previous homeodomain analyses, in which case the PROTGAMMAAUTO would be
redundant and not considered.

c) To test for sensitivity to method and model we will run the following Bayesian analyses
using MrBayes v3.2.6 with the following execution blocks (to test if there is sensitivity to the
model and the method):

l. prset aamodelpr = fixed(LG); lset rates = gamma;
ii. prset aamodelpr = fixed(WAG); lset rates = gamma;
iii. prset aamodelpr = fixed(JTT); lset rates = gamma;
iv. prset aamodelpr = mixed; lset rates = gamma;

Each of the above blocks will include the following additional commands:

mcmcp ngen=10000000 samplefreg=10000 mcmcdiagn=yes stoprule=yes
stopval=.01 nruns=2 nchains=5 savebrlens=yes;

mcmc;

sumt filename=FILE.nex nRuns=2 Relburnin=YES BurninFrac=.25
Contype=Allcompat;

V. convergence of all paired runs will be considered achieved when the average
standard deviation of split frequencies equals 0.01 (stopval command)

3- To test for the sensitivity to taxon sampling, we will create a custom dataset that includes the
60-amino acid sequences from HomeoDB of the subclasses HOXL and NKL from human, beetle,
amphioxus, and fruitfly. In addition, to these we will add the HOXL and NKL datasets from
Capitella teleta, Crassostrea gigas, and Nematostella vectensis from Zwarycz et al. (2016). Lastly,
we will include the putative Cdx genes from Sycon ciliatum and Leucosolenia complicata.

After running an initial FastTree analysis (FastTree -fastest -lg ANTP matrix_v2.phy >out.tre)
to help in our initial construction of constraints for hypothesis testing, we noted two very long
branches one of which formed a clade within the NK clade with the putative sponge Cdx genes.
After examining the sequences corresponding to these long branches we noticed that 43 out of
60 residues from one of these sequences (Cg_DIxB) were gaps. The other Ct_ HOXLHD20, which
was the one that grouped with the putative sponge Cdx genes, also was more than 50% gaps as
well. With such little sequence information it is likely that we will not be able to accurately place
these sequences, and they could potentially influence the position of the genes we are testing.
In order to avoid this, we removed all sequences from our custom dataset that included 10 or
more gaps.

4- We will run the following analyses on this custom dataset:

a) NJ analyses using the protdist and neighbor programs in Phylip v.3.696 10 (same models
& parameters specified in 2a)

b) ML analyses using RAXML v. 8.2.10 (same models & parameters specified in 2b)

c) Bayesian analyses using MrBayes v3.2.6 (same models & parameters specified in 2c)
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Hypothesis testing. We will apply the AU test as implemented in CONSEL v 1.20 and the SOWH
test as implemented in sowhat v0.36 on both the original alignment from Fortunato et al (2014)
as well as our custom datasets. We will use a single model of evolution (the model chosen
automatically by PROTGAMMAAUTO for each dataset—likely PROTGAMMALG) for the SOWH
test. We will test the following hypotheses:

Fortunato 150-dataset: ((LcoCdx,SciCdx,BflICdx,TcaCad1,TcaCad2),all,other,sequences)
Fortunato 150-dataset: ((all,Hox,and,ParaHox),LcoCdx,SciCdx,all,other,sequences)
Fortunato 150-dataset: ((all,Hox,and,ParaHox,LcoCdx,SciCdx),all,other,sequences)
Fortunato 259-dataset: ((LcoCdx,SciCdx,all,Cdx),all,other,sequences)

Fortunato 259-dataset: ((all,Hox,and,ParaHox), LcoCdx,SciCdx,all,other,sequences)
Fortunato 259-dataset: ((all,Hox,and,ParaHox,LcoCdx,SciCdx),all,other,sequences)
Custom dataset: ((all,Cdx,plus,LcoCdx,SciCdx),all,other,sequences)

Custom dataset: ((all,Hox,and,ParaHox),LcoCdx,SciCdx,all,other,sequences)

Custom dataset: ((all,Hox,and,ParaHox,LcoCdx,SciCdx),all,other,sequences)

TSm0 a0 oo
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Date: 5 June 2017 — created new dataset (proposed in 3)
Date: 5 June 2017 — performed RAXML with PROTGAMMAAUTO on new dataset (proposed in 4b)
Date: 8 June 2017 — performed RAXML with PROTGAMMAAUTO on Fortunato set (proposed in 2b)

Date: 3 Aug 2017 — all proposed analyses except for 5c, 5f, and 5i
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Version Date Significant Revisions

Explicitly mention analyses of both matrices from Fortunato
et al. (2014). Removed plan to run GAMMA on NJ
analyses—is not standard practice and was not performed
1.1 15 June 2017 in Fortunato et al. (2014). Changed version of phyml—was
not able to find version used in Fortunato et al. (2014).
Added hypothesis testing for the extended dataset from
Fortunato et al. (2014).

Removed homeodomains with 10 or more gaps from our
custom dataset. After reading results of Zhou et al. (2017),

1.2 20 June 2017 . .
we have chosen to run 5 starting parsimony trees and 5
random starting trees for all RAXML trees.
Edited commands for MrBayes so that instead of running a
13 28 Juhe 2017 set number of generations, replicate mcmc runs will

continue until the average standard deviation of split
frequencies equals 0.01

After realizing MrBayes would stop at the default 1,000,000
generations even if stopval criteria had not been reached,
1.4 29 June 2017 we edited commands for MrBayes to include 10 million
generations, sampling every 10,000 while still maintaining
the stopval = 0.01 command.

Typo fixed for MrBayes commands. Relbrunin to Relburnin.
Due to time constraints, we ran MrBayes v3.2.6 instead of
v3.1.2 for repeating the original Fortunato Bayes analyes.
1.5 28 July 2017 We added NINJA neighbor joining analyses on custom
dataset because Phylip NJ results had a strange (likely
erroneous) long branch (this branch disappeared in Ninja—
all trees will be incorporated in supplemental materials).
Added 3 hypotheses tests (5¢, 5f, and 5i). Realized that

1.6 3 August 2017 existing tests do not test whether SciCdx and form a clade
with all hox and parahox genes.




