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Development of hypobranchial muscles with special reference to the evolution of the vertebrate neck.

Adachi N, Pascual-Anaya J, Hirai T, Higuchi S, Kuratani S Zoological letters 4 5 20184%

Hagfish and lamprey Hox genes reveal conservation of temporal colinearity in vertebrates.
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Stepwise participation of HGF/MET signaling in the development of migratory muscle precursors during vertebrate evolution.
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Inner ear development in cyclostomes and evolution
of the vertebrate semicircular canals

Shinnosuke Higuchi'?, Fumiaki Sugahara®*, Juan Pascual-Anaya’, Wataru Takagf®, Yasuhiro Oisi® & Shigeru Kuratani>**

Inner ear development in cyclostomes and
evolution of the vertebrate semicircular canals

which is unlike the typical canals associated with single ampullae found
in gnathostomes and lampreys* (Fig, 1c). For this reason, it has previ-
ously been proposed that the canal of hagfishes represents a secondary

Jawed vertebrates have inner ears with three semicircular canals,
the presence of which has been used as a key to understanding
evolutionary relationships. Ostracoderms, the jawless stem

4 Watacs Tcagh’, Yasuhire O & Shigeru Kuratard*

gnathostomes, had only two canals and lacked the lateral canal'>,
Lampreys, which are modern cyclostomes, are generally thought
chich

fusion of two canals''. An alternative interpretation holds that the sin-
gle canal in the hagfishes represents a more plesiomorphic state than

to possess two semicircular canals whereas the hagfish

are also cyclostomes—have only a single canal, which used to be
regarded as a more primitive trait"*. However, recent molecular and
developmental analyses have strongly supported the monophyly of
cyclostomes®”7, which has left the evolutionary trajectory of the
vertebrate inner ear unclear®. Here we show the differentiation of the

that of the lampreys' (Fig. 1d). However, the latter view is not consistent
with the yly of cycls asa sister group of b
(Fig. 1e), which is strongly supported by recent molecular and devel-
opmental data®*.

In modern gnathostomes, the inner ear emerges during develop-
‘ment with the appearance of a placode-derived otic vesicle. Before canal

otic vesicle of the lamprey Lethenteron camtschaticum and inshore
hagfish Eptatretus burgeri. This is the first time, to our knowledge,
that the development of the hagfish inner ear is reported. We found
that 1 in the lamprey i i
which is reminiscent of the early developmental pattern of the inner
ear in modern gnathostomes. These cyclostome otic vesicles show a s
pattern of expression of regulatory genes, including OTX genes, that ~ «
is to that of Although two i
appear in the lamprey vesicle, they subsequently fuse to form a single
canal that is similar to that of hagfishes. Complete separation of the
depressions results in anterior and posterior canals in gnathostomes.
The single depression of the vesicle in hagfishes thus appears to
bea ily derived trait. the lateral canal in

b Lamprey

© Haglisn

crown gnathostomes was acquired secondarily—not by de novo
acquisition of an OTX expression domain, but by the evolution of a
developmental program downstream of the OTX genes.

Fig. 1| Inner ears and two pl
a. Lateral view of the left inner ear of modern jawed vert
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Keywords: Renal cell carcinoma (RCC) Is relatively resistant to chemotherapy and radiotherapy. Clear cell RCC (ccRCC)
Renal cell carcinoma accounts for the majorlty of RCC, which have mutatlons or eplgenetic silencing of the von Hippel-Lindau (VHL)
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Topolsomerase nhibitor was employed for assessment of cell viability. We confirmed anticancer activities of camptothecin (topol-
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