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Phylum chordate has specific body plan, such as neural tube, somite, and notochord. Among
them, notochord is the most important organ that induce neural tube and somite morphogenesis.
Notochord is a rod like organ that is made of vacuolar cells, and no other phyla have similar organs.
This indicates that notochord acquisition must have been the key event of chordate evolution. In
notochord development, a transcription factor Brachyury has an important role. This gene is known
as a mesodermal marker in vertebrate, and a key regulator of notochord differentiation in not only
vertebrates but also urochorodate ascidian. In vertebrates, Brachyury is first expressed around
blastopore, and in later stages, the expression segregates into notochord and tail bud. On the other
hand, this gene is also found in non-chordate animal and they express in blastopore. This indicates
that chordate acquired new Brachyury expression region, and that triggered the evolution of
notochord and chordate body plan.

Enhancer mutation is known to alter gene expression pattern, suggesting that gain of new
Brachyury enhancer brought new expression sites and notochord in chordate ancestors. Some
vertebrates are known to upregulate Brachyury expression by distinct enhancers in blastopore and
notochord. The question is how vertebrate ancestors evolved these enhancers. The answer lays in
the basal chordate, amphioxus. Amphioxus is known to express Brachyury in blastopore,
notochord and developing somite. Although the expression pattern is similar to vertebrate, there
was no knowledge of amphioxus Brachyury enhancer constitution.

Amphioxus Branchiostoma floridae have two Brachyury genes in the genome, namely,

BfBral and BfBra2. These two genes are very similar to each other with 90 % identity at the
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nucleotide level, and 95 % at the amino acid level, which in turn indicates that these two genes
duplicated in recent time, and it occurred in amphioxus lineage. In this study, I investigated the
enhancer constitution of these two genes. VISTA analysis revealed that these two genes have
conserved non-coding sequences in upstream regions. In addition, a comparison of a sequences
surrounding Brachyury of two closely related species Branchiostoma floridae and Branchiostoma
belcheri revealed that there are many conserved sequences around Brachyury genes, suggesting
that these regions have enhancer activities.

To evaluate amphioxus Brachyury enhancer activities, I employed in vivo reporter assay. |
cloned upstream regions of BfBral and BfBra2 from B. floridae genome, then I flanked them to
LacZ reporter gene. At first, I examined transcriptional activity of these constructs in amphioxus.
Although I confirmed LacZ expression in notochord, somite and tail bud with both constructs,
some non-specific signals were observed. Therefore, I attempted to test these constructs in ascidian
Ciona intestinalis (Type A) which had a simple chordate body plan at larval stages. Ascidians
express innate Brachyury only in notochord (dorsal blastopore), but upstream regions of both
Brachyury genes from the amphioxus upregulated LacZ expression in muscle cells of ascidians. 1
also examined other enhancer regions which are downstream and intron regions of BfBral and
BfBra2. As these regions do not include innate basal promoters, I inserted Ciona intestinalis
Brachyury basal promoter between amphioxus genome fragments and LacZ gene. As results,
downstream regions of both genes upregulated LacZ expression in notochord, and BfBral intron
regions also upregulated in notochord, BfBra?2 intron regions upregulated in blastopore.

As a summary, given that ascidian muscle is a homologous tissue of amphioxus somite, I
speculate that these identified regions cover all amphioxus Brachyury expressing regions revealed
by in situ hybridization and demonstrated that the enhancers are located in a dispersed manner.
Especially, in amphioxus Brachyury genes, | identified for the first time a blastopore-specific
enhancer and also two distinct enhancers for notochord and lateral mesoderm in later development.
Furthermore, amphioxus sub-functionalized the enhancers of Brachyury genes in their linecage

upon gene duplication because BfBra2 has all of three types of enhancers, while BfBral altered
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the blastopore enhancer that exists in intron to notochord enhancer. This study revealed that
amphioxus has complex enhancer constitution as much as vertebrate to support Brachyury
expression in blastopore, lateral mesoderm, and notochord. This indicates that in the early stage of
chordate evolution, amphioxus invented this complex gene regulatory mechanism, which is shared

by other vertebrates to develop their specific body plan.
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