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e hox genes encode a family of transcription factors operating
in a regulatory cascade

e they are organized in clusters and the order of their expres-
sion matches with their sequential order

e consists of 13 paralogous genes that are related through
genome duplication



Hox Cluster Evolution
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Cluster duplication
Gene loss

Length variation of intergenic regions

Changes in regulatory pattern
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Two independent duplications
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Phylogenetic relationship indicate independent duplication
events



Lamprey

let star

Amphioxus Gnathostomes

Weak signal for similarity of hagfish with gnathostome Hox sequences
relative to Lamprey contradicts other phylogenetic signals



A Hypothesis for the Hox Cluster Evolution in Early Vertebrates
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e Lamprey Hox genes are much more derived
e Probably almost complete resolution of redundancy after first
duplication in Lampreys



Phylogenetic footprints

ATTAGATGGGT GTCAGCA TTATAGCAGCAA
AAGAAAGGCGA ATCAGCA TTTCAGCAGAAA - short
AAAAGTTGGGA GTCAGCA CTTTAAAAAAAA gapless

ot ot P MM highly conserved
- mostly clustered

Phylogenetic Footprint

Gene regulatory regions in noncoding genomic sequences are subject to
stabilizing selection and evolve slower than adjacent nonfunctional DNA.



Regulatory Elements

100-300bp long

contain multiple short sequence-specific binding motifs
for transcription factors

carry out a regulatory function
that is a subfunction of a complex regulatory pattern

executes this subfunction when linked to a reporter gene

may be separated from the target gene by several 100kb
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The tracker approach
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Shark has much more in common with human than other fish species
Teleosts share only a few regulatory regions
Few regulatory sequences are shared between all taxa
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percentages of protein sequence identities
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Joint work with Frank Ruddle, Chris Amemiya

of shark is most closely related to mammalian
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Hox Clusters in Teleost Fishes
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Joint work with C-h. Chiu

et al.
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A Model For Footprint Evolution:

(1) footprints are lost with their associated gene
(2) stochastic resolutions for retained duplicates
(3) footprints are lost if regulating gene is lost

r(F) = (G) x [ o1+ (1~ PD)| x (1~ dQ) x

1 h e g 3
(1) %S (3)
r(G) ... retention rate of genes in focus cluster
) fraction of genes with 1st order paralogs
Q ... fraction of extinct genes in entire network
d ... fraction of genes from which a gene is regulated (Hox case: d~ 1)

The parameter ¢ measures binding site turnover and adaptive
effects.
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P(]_St)

Cluster Fgenes r(F)/r(G) o)
data | structural
DrHoxAa 7 0.43 | 0.49 0.69 0.29
DrHoxAb 5 0.60 | 0.51 0.62 0.18
DrHoxA 12 0.50 | 0.49 0.66 0.26
TrHoxAa 9 0.56 | 0.45 0.58 0.22
TrHoxAb 5 1.00 | 0.21 0.40 0.48
TrHoxA 14 0.71 | 0.37 0.52 0.29
Increased in the Fugu HoxAb cluster?
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