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In developing embryos, appropriate gene expression mediates cell fate decision,
differentiation, and morphogenesis. The spatiotemporal expression of zygotic genes is regulated
by transcription factors. Investigation of the expression patterns and the transcriptional
regulatory relationships is thus essential to understand embryonic development. The ascidian,
Halocynthia roretzi, is a tunicate characterized by fast and invariant embryogenesis. Taking
advantages of ascidian embryogenesis, gene regulatory networks for ectodermal development
and left-right determination were analyzed.

First, spatiotemporal expression patterns and developmental roles of three transcription
factors that are expressed in ectodermal cells of the early embryos were studied. Staged RN A-
seq of the ascidian H. roretzi has previously suggested that these genes encoding transcription
factors are transiently expressed at the blastula stage, which is the stage at which cell fates are
specified and differentiation starts. In the present study, the expression patterns and functions of
the transcription factors, FoxJ-r, SoxF, and SP8/9 were studied. The results showed that all
three genes were expressed in the animal hemisphere as early as the 16-cell stage. Functional
analyses using FoxJ-r morphants showed that they resulted in the disruption of laterality and the
absence of epidermal mono-cilia, suggesting its functions in cilia formation and, consequently,
in the generation of left-right asymmetry. SoxF knockdown resulted in incomplete epiboly by
the ectoderm during gastrulation, while SP8/9 knockdown showed no phenotype until the
tailbud stage in the present study, although it was expressed during blastula stages. These
results indicate that transcription factor genes expressed at the cleavage stages play roles in
diverse functions, and their roles are not limited to cell fate specification.

Second, the cis-regulatory elements of nodal gene were analyzed. The nodal signaling
pathway plays an important role in establishment of the left-right axis during embryogenesis in
many animals. Previous studies have shown that the left-sided expression of nodal gene in H.
roretzi is triggered by the contact of left epidermis with and sensing vitelline membrane
proteins. However, due to aggregation of the vitelline membrane proteins, it was difficult to
identify the responsible proteins by biochemical methods. Here, using comparative genomics
approach and reporter gene assay, | tried to identify the cis-regulatory elements of nodal gene.
Phylogenetic footprinting analyses between two ascidian species suggested the putative
regulatory regions locate both in the upstream region and the first intron. The reporter gene




assay showed that -249 to -156 upstream region and the first intron both play crucial role for the
left-sided nodal expression. In silico analysis provided a list of candidate receptor proteins that
could be activated by the vitelline membrane signal for specification of the left-right asymmetry
via the nodal expression.

The above results provide fundamental information for further studies on transcriptional
regulatory relationships during embryogenesis, and shed a light on our understanding of
embryonic development.
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B OMFEABE TIX, BETORI/IBEHRENSEE2&EH Z2H > Tnd, ZRICE, BB TF0%
BRESIEEZTHENTFEZDOH —7 v MG O Cis HEMEEES BE R %E &2 £i-9, K+
TlL. ~A¥ (Halocynthia roretzi) D HIWIIERFE A DEEEHIFEICER LT, LT (1), 2)0HEHEIZHE
T DD E i S iz,
(1) SR BEHR B K - FoxJ-r, SoxF, SP8/9 DI HL « HEREMEMT

AT BT 2298 D ST THEME S L7 RNAseq IC X » TRIE SN EEHER FO 5 b, MEERMTH - 7=
FoxJ-r. SoxF, SP8/9 #&fn 1 DB L BERENFENT STz, T HIXA T, 1 6 MlaH o/ IR Bk T3
BABBTHZENHLNC o2, T F v AF Y T2 O REREEMIT OFE R, FoxJ-r 1X. #kE
o L S AETERR D LELAIERFFEICEE L TWD Z R EnT, 72, SoxFIZx+5EL7 4 U /ML
BT, R ADEE, AMIEICL DI ERY =N ARERICR DI ENRI N, SP8/9 BB TI1X,
FWNLRFMETRIEL CVEDR, TA T4+ JABICE D2 RAEAREIRE SN oo, AN
FERNG ., PRI HBE T 2GR B8 FIXZRREBRE L H - TR Y | £ ORENT M Em O FrE
WIRE SN2 ERBHA LM STz,

(2) nodal &fm+ D AR K TORBU M B 7 > A 4 58 I8 O f b

FROWFEIZIB VT, FoxJ-r BI& 723, nodal BAR T DEAIRE TORRMFEEICLETH DL Z &
MRS NI, & 2T, nodal AR+ D LEAFR B RF 0 72 FE BUHI SRS 2N if i S iz, VAR — 2 —8is 1
T A OFER, nodal BAR T D-249~-156 FHIK LA > b OGN, EDOLEMEL TORHE
WCHETHDZ ENREINT, ZOO/BERIT, BMBEICRBIT D EAIEMBIERES b 72 5 3 x5 5 {0
Xy NI —V OBGERDD DO THDH, ZOWGHELRy NV —2 % B CHIME T 2/ 7)1
DEIZONT, BEMO KB T — X OB DLEEm N 72 Sz,
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