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SOMITE BOUNDARY POSITIONING IN ZEBRAFISH
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Summary of thesis contents

Somitogenesis is the sequential formation of epithelial blocks of structures called
somites at the anterior pre-somitic mesoderm in vertebrates, in an anterior to posterior
direction. Somites are precursors to vertebrae, skeletal muscles, etc and are arrange on
both sides of notochord. A “Clock and Wavefront” model is used to explain the
complex mechanism of somite generation. A certain clock, controlled by the
Notch/Delta signaling pathway, activates oscillating genes from posterior towards the
anterior pre-somitic mesoderm, where the temporal information of the clock is
converted to spatial patterning by the activation of genes such as Mesp. This region is
defined by the wavefront of FGF signaling, where a subset of cells are released from
FGF signaling and become responsive to Notch signaling leading to formation of the
presumptive somite boundary.

Previous studies with mouse embryos revealed that the presumptive somite
boundary is periodically created at the anterior border of the expression domain of
Tbx6 protein at the anterior PSM. This Thx6 anterior domain is also important for
Mesp2 activation, and subsequent degradation of this domain is important for proper
positioning of the somite boundary. Ripplyl and Ripply2 are required for the
determination of the Thx6 protein border as mouse defective of Ripplyl/2 genes
showed anterior expansion of Thx6 protein expression. Ripply deficient embryos also
showed increased expression of Mesp2, indicating Ripplyl/2 may act downstream of
Mesp2 in Tbhx6 protein degradation. These findings indicate that Ripplyl/2 are more
direct mediators of Thx6 degradation than Mesp2. However, the mechanism by which
this Tbx6 domain is regulated remains unclear. Interestingly, studies in zebrafish and
frog showed that Ripplys are able to suppress Tbhx6 function at the transcription level,

raising questions whether Ripply-mediated mechanism of Tbx6 regulation is
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conserved among different species.

In this study, to test the generality of Tbx6 protein-mediated process in somite
segmentation and to further examine the mechanism of regulation of Thx6 protein,
antibody against zebrafish Tbx6/Fss, previously referred to as Thx24, was generated.
Consistent with the findings in mice, the anterior border of Thx6 domain also
coincides with the presumptive somite boundary and the tbx6 mRNA domain was
located far anterior to its protein domain, indicating the possibility of
post-transcriptional regulation. Interestingly, the anterior Thx6 domain showed
periodic expression with a temporary upper band, which coincided with the mesp
expression, indicating Thx6 is also important for mesp expression. When ripplyl was
knockdown using morpholinos, somite boundaries were lost and Tbx6 protein
expression domain was expanded anteriorly, but in a graded manner. In contrast, no
significant phenotype and no expansion of Tbhx6 domain were observed in ripply2
single morphants. However, when both ripplyl and ripply2 were knockdown, somite
boundaries disappear similar to the ripplyl single morphants, but the Thx6 domain
was ubiquitously expanded anteriorly, indicating the redundancy in the function of
ripplyl and ripply2. The tbx6 mRNA was also expanded but not so severely as the
Thx6 protein.

| further demonstrated that Ripply could directly reduce the expression level of
Thx6 protein by co-injecting either zebrafish or mouse Thx6 mMRNA with zebrafish or
mouse Ripply mRNA into zebrafish embryos and detecting the protein level. This
Tbx6 reduction depends on physical interaction between Ripply and Tbx6, as
zebrafish Ripplyl mutated at FPVQ amino acid site or mouse Ripply2 mutated at
FPIQ site, important for interaction with Tbhx proteins, failed to co-immunoprecipitate
with either zebrafish or mouse Thx6.

In mouse, Mesp2 is required for expression of both Ripply2 and Ripplyl, so |
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speculated the possibility of similar regulation or ripply in zebrafish. Using the
hsp-Gal4/UAS-mesp-ba transgenic line, |1 over expressed mesp-ba and analyzed the
expressions of ripplyl and rippy2. Interestingly, no significant change was observed
in ripply2 expression, however, ripplyl was highly upregulated at least at the anterior
pre-somitic mesoderm and somite regions, but not posteriorly. In addition, anterior
domain of Tbx6 was highly reduced. This reduction was rescued when ripplyl and
ripply2 were both knockdown in these embryos, suggesting that mesp mediates ripply
reduction of Thx6. Expectedly, the onset of ripplyl and ripply2 expression occurred
after reduction of FGF signaling at the anterior PSM in normal zebrafish embryos, but
this expression was initiated much earlier in embryos treated with SU5402, an FGF
inhibitor, indicating FGF is required for posterior inhibition of ripply.

My study, for the first time, reveals the expression patterns of zebrafish Thx6
protein, and the importance of the Tbx6 anterior domain for somite boundary
positioning in zebrafish. Most importantly, | showed that Ripply is a direct regulator
of the Thx6 reduction at the protein level, and this reduction is mediated by mesp.
However, mesp is not sufficient to induce ripply unlike mouse, indicating some other

factor apart from mesp may be involved in somite boundary formation in zebrafish.
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BTHEBN D DS 72 DO FEAR BN TE DR T, RE & MEE N 2 5 8k o MRk S iR &
OWANZEERRICHI 222 L TELG N D, KEIZRERRER ROMETHY . 222151
THEE . BB, BERR2ENEET L, KEIZEBOZRIGICH D RDEHMRELL —ED
R CHRER SN D2 Z DA LN TEY . 20X 5 2 EMA 2 KEHE RIS X, Ko JE
WIME 2 B 34 TRt (0 HEIREEE) & & bic, rREHC X v AR E N REEH O
HWAEBEH & W) EEEBMEAROBRBICEBRT IEERLETHL I ERDros TS,
Z ORI JE B S 2 E M~ OB HII RS EH T REOR FM TR =, £ 2 T HEiREE O
Hi B4 & & 12 bHLH B 51 # [K 1 Mesp % & To— 38 0 4y 158 B 23 & W 12 iE Mk &
., —EORFZEMEBRICIVEENERINLDL EEZEZILNTND,

AWFZETIL, W O 22 JE  ~ D LWkt O PR 2w 2 72012, BixFHYE
oM BAEN L BIE D Th 0 KB RO RICIES HNoNTWLIET T 7 1 v
VallEHFHLE, U AIZEBWTIE Thx 6 % > /X7 B3 BLEEIK O [l 57 ¥ 23 1 2K O K Hi 58
ROMNEBEZBRET 22N RINTEY . ZOERDEREEEEH Z L2 1 K5 O
THRIFICBHTLZLICLD, KEBERAOMENIERRE > TIT<, HEHIIXET 77
A4y a®D Thxb I T HHERZMAICHRL, 7T 74 v 2BV THEKRICIE
~ U R E[AERIC Tbx6 # U N7 BHICE D REHEROHEN KL E 5B DD, Thx6 ¥ /37
BRE = OEARIZIZET 77 4 vy v a ZEAEOHS L H Y . F S RE ORI H
ST RICE DL 2 2R Lz, SHIZ, 20 Thx6 4 U AN HOEENTIZTT X7
#—K+Td 5 Ripplyl & Ripply2 N ETHLZ 2T o FR - AEALT Y &2 H
W BERERH B EBRIC L WAL T Lz, £ 2 T, Ripplyl 28 Tbx 6 ¥ > /X7 H DI B L~
N RZEICHBE LS ONERMNDDIC, BE7 77 4 v v 2% KIS %~ D mRNA &
BIEA L7 & Z A, Ripplyl (IKfFMJIZ Thx6 X U N7 H OO TRE D LN, 2O
Ripply K Ff)72 Tbx 6 # ' /X7 EOEOK FIZIE, WMEOEEOHAEFERANLERZ &
WD DT 0 | Ry E T M ZE AT C AR ETE B8 T fF L CTRFE S % Ripply O3 8L
DEHREROMEOREICEETHDL LD ESZ X bILZ, £ Z T, Ripply O3Bl % il
THKRF L LT Mesp ICHEBLTHEABOHB{EZMFT LTz, v~V AIZEBWTIT Mesp 2 28
Ripply OFEBIZIFIMLETHHOICKH L, BT 774 v allBWTE T g v 7 X2 Ry
H7uE—4%—|2XY mesp-ba Bfx &Ml 7B H T8 Ripply2 ORELITZELE T,
Ripplyl & Ry Hi HIRZEZ M TIXRIAFTENE DO LN > 7=, Ripply ¥ Bl & FGF %
PEL D72 & ONZ FGF v 7 F A O ER Z H W2 BRI 6 A5 i IR EERTHl < o
Ripplyl O BB FHE (21X FGFHEMHOBE TR MLETH DL Z B RENTZ U EOREND |
Y7774y aDfFEREBRICEW X, T OHMHOBE»T &R PIREE
A ci& 5 FGF ¥ 27 F VoKX FiZ k> T Ripply1 & Ripply2 DEBENFEHE S,
TN Tbhx6 % U NI BEORBK T A5 EEZ L TH =% Tbx6 ¥ > N7 EHOFi TR} %
HETDHEN) ~HOSFEBEREMMICSIEEIIND 2 &I2X 0, KE OSSR E
M—EORREME & HICIERIEEINTITS LW I ET BB INT,
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B, RO EEBRRBIZOVTIT I HORLITE DO DIV, FEEE 22 20 HE5E ~
DFRENPEICZHINLTND,

PLEARIZEIEE T 77 40 v 2B 5 Tbhx6% > 737 & L Ripply D & B il b % 2 <
NERHALNZTHZ T, KEOEAEN —EORMEH O & TEREL N TITL
DI OVWTOHEMBERED LD L L TEmLFETtE 5,



