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Vertebrate hox cluster evolution
Introduction

As shown in the chart below, Putnam, et al analyzed the results of the Amphioxus genome sequencing project and concluded that Amphioxus represents in an out group to the 2 other groups of chordates, tunicates and vertebrates. [image: image1.jpg]Sea anemone
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Figure 1| Deuterostome phylogeny. Bayesian phylogenetic tree of
deuterastome relationships with branch length proportional to the number
of expected substitutions per amino acid position, using a concatenated
alignment of 1,090 genes. The scale bar represents 0.05 expected
substitutions per site n the aligned regions. Long branches forsea squirt and

3

larvacean indicate high levels of amino acid substitution. This tree topology
swas observed in 100% of sampled trees (sce Supplementary Note 5).
Numbers in red indicate bootstrap support under maximum likelihood.
Unlabelled nodes were constrained.




The relationship among this group was murky because the tunicate group has undergone significant gene loss over the course of their evolution (2008.)  Amemiya, et al suggest that Amphioxus hox cluster is the most “archetypal” of the non vertebrate chordates.  However, due to a phenomenon known as “Deuterostome Posterior Flexibility” the hox genes 10 – 14 are highly diverged in both Amphioxus and vertebrates.  This makes it difficult to determine the number of hox genes in the ancestral chordate and to deduce their relationships.  Therefore, the relationships between Amphihox 10-14 and the corresponding groups in vertebrates is not yet known (2007.)

In this paper, I am concentrating on the Amphihox 13 gene to find out if it is homologous to the vertebrate hox 13 paralogy group or more closely related to the other posterior Amphihox genes.  If it is more closely related to the vertebrate hox 13 genes that would suggest a orthologous relationship and that the archetypal chordate hox cluster had this gene.  If it is closer to other posterior Amphihox genes that would suggest that there were less than 13 genes in the archetypal chordate and that the duplications occurred independently in both the Amphioxus and vertebrate lineages.
Understanding the evolution of the vertebrate hox cluster is essential to understanding the origins of complex phenotypes.  Research involving vertebrate hox cluster expression patterns has revealed deep homology in apparently novel structures (Carroll, 2005.)  Hox 13 expression in late phase limb development contributes to the unique morphology of tetrapod limbs.  In the past, the unique distal patterning of tetrapod limbs led researchers to the conclusion that they were an evolutionary novelty because fish do not exhibit the equivalent of tetrapod digits. However, similar hox 13 expression patterns discovered in fish suggest a deep homology and lend credence to the idea that even apparently novel structures arise from existing morphologies (Shubin, et al 2009.)
Data set
I started with the reference protein amino acid sequences for Amphioxus and human hox genes 8-14 downloaded from NCBI in fasta format.  Originally, I had aligned all of the human hox groups and all of the Amphihox genes in Clustal but excluded human hox groups 1 – 7 because of low distance scores with respect to Amphihox 13.  I also excluded Amphihox 2-4 for the same reason.
I then did a protein blast search using the Amphioxus 13 protein sequence to find closely related hox sequences from other model vertebrates.  I added the 14 hox sequences from these other organisms that were closest to Amphihox 13 in the blast results.  These sequences are listed in the blast search column in the table below.  
Lastly, I added the drosophila tinman homeobox gene as an outgroup added the Saccoglossus kowalevskii (Acorn Worm) homeobox 9/10 and 11/13a sequences so that I had a hox representative from an echinoderm model.

The following table shows all of the amino acid protein hox sequences that were included in the data set for this analysis.  Note that higher vertebrates have 4 hox clusters corresponding to the letters ABCD.  
	Amphihox genes
	Homo hox genes
	Blast search
	Out group, other

	Amphihox 1
	Homo hox C6
	Zebra Fish hox B6b
	Drosophila Tinman

	Amphihox 5
	Homo hox B8
	Zebra Fish hox C9a
	A Worm hox  9_10

	Amphihox 6
	Homo hox C8
	Z Fish hox C10a
	A Worm hox 11_13

	Amphihox 7
	Homo hox D8
	Z Fish hox C11a
	

	Amphihox 8
	Homo hox B9
	Z Fish hox C12a
	

	Amphihox 9
	Homo hox C9
	Fugu hox A10b
	

	Amphihox 10
	Homo hox A11
	Xenopus hox C10
	

	Amphihox 11
	Homo hox C11
	Cichlid hox Q10b
	

	Amphihox 12
	Homo hox D11
	Cichlid hox C11a
	

	Amphihox 13
	Homo hox C12
	Cichlid hox D11a
	

	Amphihox 14
	Homo hox D12
	Chicken hox D11
	

	
	Homo hox A13
	Salamander hx D11
	

	
	Homo hox B13
	Shark hox D11
	

	
	Homo hox C13
	Salmon hox D9ab
	

	
	Homo hox D13
	
	


Alignment
The sequences were aligned in Clustal using the BLOSUM 30 matrix.  BLOSUM was chosen because it yields better results for highly divergent sequences.  The default 10 point cost for gap opening and .1 cost for gap extension were used.
Including gaps, each sequence contained 500 – 550 characters after alignment with the exception of the Zebra Fish HxC10a sequence which had 868.  Two conserved regions were identified.  15 characters near the beginning and a 61 character region near the end.  No other significant homologous regions were identified.  I cut out these 2 homologous regions and combined them into a new dataset with 76 characters per item.  I ran this tightened dataset through Bayesian and parsimony analyses.
The first 15 character homologous region was missing from the Amphihox 11, 12 and homo hox B13 sequences.  I treat these gaps as missing data in my analyses because I looks like these parts of the sequences are just missing from the reference sequences.  There were only a few other scattered gaps in the dataset but not widespread enough to worry about for the purposes of this analysis.
Bayesian analysis

I ran a Bayesian analysis against the data set with Mr Bayes using the following block:
lset nst=6 rates=gamma;
mcmc ngen=1500000 nchains=4 samplefreq=10;

The standard deviation of split frequencies reached 0.013051 which was a good indication that the analysis had run for a sufficient amount of time to produce solid results.  This analysis yielded 150000 trees.  I burned in the first 50,000 and produced a consensus tree for the rest.  The entire tree is available in the supplementary materials but for the purposes of this analysis, I extracted the clade from the tree that includes the homo hox 13 group and the posterior Amphihox genes (except for Amphihox 11 which is quite divergent.) 
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Parsimony Analysis

Next, I opened the dataset in PAUP and ran a parsimony analysis with the following settings:  
1) Max trees to auto increment.
2) Heuristic search  

3) Starting tree: Get by stepwise addition

4) Addition sequence: Random 100 reps

5) Swapping algorithm: TBR

6) Stop search after 30 seconds and apply limit to each replicate

7) Treat gaps as missing data

This produced 8 trees from which I produced a 50% majority rule tree.  As with the Bayesian analysis above, I cut out the relevant clade that includes the posterior Amphihox genes (except for Amphihox 11 for the same reason as above) and the homo hox 13 group.  I ran a 100 rep bootstrap analysis with the same parsimony settings as above and have included the bootstrap value on nodes with greater than 50% support.
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Results and discussion

 The Bayesian analysis indicated that Amphihox 13 shared a common ancestor more recently with the homo hox 13 genes than it does with other posterior Amphihox genes.  The posterior probability for the clade that includes Amphihox 13 and the homo hox 13 genes was 98% which indicates strong support for hypothesis that Amphihox 13 shares a common ancestor with the homo hox 13 paralogy group more recently than with other Amphihox 10 and 12.  This is good evidence that Amphihox 13 and the homo hox 13 genes are orthologous.  Later I reran the analysis with only the genes in the clade shown on the slide and additional hox 13 genes from other model taxa.  Even with these additional sequences the posterior probability remained high at 84%.  This additional analysis strengthens my position further.
The parsimony analysis also supports Amphihox 13 sharing a common ancestor with the homo hox 13 group more recently than with other posterior Amphihox genes. However, the bootstrap support value for the Amphihox 13 node is less than 50%.  It was likely that this problem was caused by wildcard sequences in the data.  However, I ran several more bootstraps with different combinations of potentially problematic sequences removed and still did not get any bootstrap support over 50% for Amphihox 13 being closer to the homo hox 13 genes.  Therefore, parsimony support for this relationship is weak.  
Conclusion

The Bayesian analysis gave us strong support for the assertion that Amphihox 13 is orthologous to the homo hox 13 paralogous group.  The support from the parsimony analysis was weaker but still consistent with our hypothesis.  Therefore, we conclude that Amphihox 13 is most likely orthologous to its vertebrate counterpart group.
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