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Study of somite segmentation mechanism to determin abnormal spinal

column development

Kazuo ARAKI and Hiroyuki OKAMOTO

Abstract In the nursery production field, the frequent occurrence of abnormal spinal cord

development and curved bodies in fishflies is a big problem. In fish, osteoblasts are bone cells

from the sclerotome derived from a somite and they form into sclerofragments and attach to the

notochord to form the spinal cord. The analysis of the phenotypes of zebrafish and medaka mutants

having irregular somite development showed that irregular somite generation and segmentation

induces irregular spinal cord development. However, the mechanism underlying somite segmentation

has not been clarified. In this paper, we report our recent study about the detection and functional

analysis of genes that control somite segmentation.
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FER A ORI CIE, PIRERKOFHOB I X
LEEEORENKERBED 1 2I2ho T D,
HEZRELEEHIL. EIIRENCER S5 FE
B OEE D DA SN 5 EEE B S OB s
BFROBVICEBZEVAT TR LR LT
PO BB ERALNTWD, £, TNETO
FERBEEETTET T T4 v oA X D%
ERIROERBRTIDIT B REIOT R R R
AETELFHEBEORMAFLET D LmbIT
Wb, LinL, FEOSEBEBIZ OV TIT T~ THHA
LM ENTWARTIIARY, I T, K TIEEEH
DAEALE BIE 5 EHROBETF ORE & s DT
[ZoWT, Fx OFEIEDOIRERBINTT D,

NER7 T TY)EF LD ET AR EEDOHL T
i3 1 EROBFHEE O ORENER CHRIE T 2HA
NELHBETIHRANH Y K& BB T3,
T NY DEEEDNLREAD RO b EOE N EE
ENABZ & B (Nagasaki et.al 2006), =W DR
DA N ADRRYRIZ E B L1338 IS S REWCRRVE S
D30 TR,

BIETIE, FEHORERMICER SN DEEH TEE
AT EFE L, BROE DLV ITHEE DM A 285V

CTTT Z ISR o THHEREBEL LS (Kil et.al.

2004, Fleming etal 2003), #D7-%, FHEE LHH
BB A Z DR L O T CE S O S & —
EEOSEID RE — N RTE L T B (Fisher
et.al.2003), Lo T, BHEIOEAEELTH LTS
ZEICE T, BIEHSREOFHEREORRNELIES
FRNVRELND EEZOLNS,

AIETTPHERHORE CHREOFTEREZY .,
RIS S -1%, BEER S BENCA AN A Y —4E
WA S, EEIXIRBERA VT FA Y —Eg b
FoRL X2 HIREERR R b — ER RN 1 @3 ofHiTn
2D LB THERINTIT,, HER—ERFE
FBIEREIND 7y ZHRICOWTEEZ< o e R
A SNZEN 22855 (Julich et.al. 2000, Horikawa
et.al. 2006) . EIDHEREIZ OV TIZTT N THHEL M
ENTNDTTiEew, 22T, Fald, HEICH
BETAF- BT EREL., HE2ETTo %
Heglz, REE AT 7 ¥ — ik CH R
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T AP OELTF B T-box, forkhead FEIR % >
BET) OHBEERRA, 15 ONTC tha2d DMEEIO 5 E
fbEHELTNDZ EEZHALAIZ LT (Nikaido etal.
2002),

REEANAFA A —RETRRT HERTFDOEH

BT T 749 aROAT I ORBREHANTFA
P —FEB TR L TWD T-box BT KO forkhead
gene family DB FZ BT 5 Z L2 BHNZ, ThE
TIZHE SN TWBAFED T-box, forkhead domain
HEES 2 LI T T A ~v—%FE L, PCRIZLD
B DOFEIERD DNA B i OIE 21T > 72, &KIZ, 500
18 & o JIF . &R RIS % 42 0 C RNA OffitE # 1TV, cDNA
FTATT7V—%ERL, BONTDNAWR &7 o—
TR W THEHHED T-box &z KO, forkhead gene
family OB T D7 a—=v 7 %R Hh1-, Bk
T-box BT D 121X, ThETIZHESNLTND
T-box BB T L IIMEN R R DFHOBETFTHY |
HPIRIERR B . M AL CHRBL L, WRHATEAK S

Nictkh, BEIOERI KD D £ TRERNE THET
LDBIETFTHoT (Figure 1 B2HR), ABEET1X24 %
BICHR ENT T-box BIRF TH DT, the2d Lo
& Eniz,

thx24 BInFDHIRIMNF| L RIBE DT

thx24 DT o F RV AENT XY 2 AU TEMER L,
ZREINOIRBIZ~A 70, V= a 2 LTED
BOREEBE LA, FEOLELMLET &2
W L3 ginoTo, (RET AN SR8 IRZERREL T
REERORE ZHE = § herl B FORBRE R L
A REFRORFEEZREI LTWADZ ERSholz.
Fio, HEICREMIZREBT 5 myod DFEBE R L
25, BEEOAY RROBFIZR LT, EEFRK
I TO—RROBEBPBE I N, 2h b ORBAL,
TTRBEEENTWEET T 7 4 v v 2 DRREREK
Bs IZRED THET 5D TH-o7- (Figure 2 2R),

Fig. 1. The gene thx24 is expressed in the presomitic mesoderm (PSM) . a, b: Dorsal (a) and ventral (b) views of

embryos at 60% epiboly stage. No signals are detected in the ventral region (below the arrowheads in b) . The red
signal indicates the expression of gsc. c—f: Dorsal views of the embryos at 80% epiboly stage (c), one—somite stage
(e), and five—somite stage (f) . A transverese section (d) at 80% epiboly stage shows that transcripts of t6x24 are
localized under below mesodermal cells (arrowheads) . g, h, Lateral views of embryos at the 20-somite stage (g)
and 26 h postfertilization (hpf, h) . The arrowhead in h indicates the residual signal of t6x24 transcripts. Images in a,
c, e, f, anterior to the top; in b, d, dorsal to the top; in g, h, Anterior to the left. Scale bars, 100 x m
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Fig. 2. Abrogation of the ¢bx24 function inhibits somite segmentation. A: Injection of #6x24 morpholino inhibits segmentation
of PSM. The external morphology is shown in a—d. All embryos reached at least the five-somite stage. Arrowheads indicate
the positions of the unsegmented paraxial mesoderm (a, ¢) or somites (b, d) . Panels a and b show views of the left side.
¢ and d show the dorsal view. The anterior is oriented to the top. e, f, Parasagittal sections, at the paraxial mesoderm
level, of embryos injected with ¢6x24 morpholino (e) and control embryos (f) at segmentation stage. The anterior is
oriented to the left. B; Injection of thx24 morpholino caused loss of segmented expression of myoD (compare a with d), a
premature termination of herl expression (b, e) and loss of mespa expression in PSM (¢, ) . Flat-mounted embryos are
shown, and the anterior is oriented to the left. Scale bars, 100 x m.

thx24 MDEFEARITE fss DL RAF1—FER

thx24 I3 fss DERBIE T THH A REMEEDL 2D
2. POBEBFEIZ~ Y B 7 ENDH, BRI %
Tolre TDOFER, tha2d BirF 1% s &R UllfsT
By ¥ 7 a3, £ T, fis Dthx2d 7/ I
BETZHEEEL, ZOESEMRIT LIz A, FED
TULATHIEEOKRENR, b9 —FDOT LAV T2
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Fig. 3. thx24 can rescue fss phenotype. The Ecof/ fragment containing tbx24 can rescue the fss phenotype at the morphological
(compare a, ¢ with b, d) and molecular levels (e~k) . The segmented expression patterns of myo and £/8 are partially rescued
(e and f, respectively), but they are lost in the mutant embryos (g and k, respectively) . h, Distribution of the open reading
frames encoding Tbhx24 in the £coRV fragment. Panels a and b show the left—side view, anterior to the left; ¢ and d show the dorsal
view, anterior to the left; e~k show flat-mounted embryos, anterior to the left. Scale bars, 100 x m.
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tbx24 |2k 55 Bt 8

R RERR CTIRIA < BT D thr24 3, ED
KRR D4 2 I4H LT B D3R D THRUIBE ) 72
NBHEZATHD, thr2d L RO PIHE CTHRRABLEH)
ER T herl RO, DEiEHIHT Y R0 ED
mespa DFEBEXDO LI 21T o7, TOFER. herl &
mespa DF bRIFH DFBUIL, thx24 O RSy EHIRIERE
WizB i 2 RHEORTHHEEIC—F L W= (Figure 4
ZM), DI LI K o T, the24 DN herl & mespa D
AR 1T D HBLEHIEHT 2 Z Ltk o T, o
ZHIE L CW B RREMENE 2 iz, WIS, thx24 D
FEHFEIR DU TR MVFEH L TNWDE I & Itk
THEREODERHE SN TND Z b, the24d H
WL DFEEAFEEZ T TV DAEERE BN
Do £I T, B BRFEI VI — X% thx24 DRI

FEHRFBEIRICEME L= & 2 A, the2d OFEBRIS
EFTHATDHEIOICRDZLEZBE L, KRIT, &8
DILET v FZIT=A NThH D SU-H402 TLE Lz &
A, 8 RN thx24 OFBILITHBEMBEI S TND
ZenBESNT (Figure 5 B2R), ZDZ L, &7
IZ Lo Tehx2d DREBPHFE I N TNWD Z & Z R
5, TI T, B DERERKTH D ace \ITBITDH
thx24 DFEBRE R1-, FOFER, 8K £ Tl thx24
DREBIIHENTZD, FOHIT tha24d DEBNB R L
< 2o 7= (Figure 6), A E TOMIENE, 8 {KEH
WETcoOMBmR TR, WEEA VT A F—fEkT
fefy & RIRFIZ fef24 HFHBLL TWH Z &AMbRTW
Do EDI=W, ace DY TIL thx24 VX fer24
Lo THRENFEIN, TORITEBITL > THRE
NHEINDATREMNRIBREIN D,

Comparison of Expression Domains
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Fig. 4. Comparison of expression pattern between ¢b6x24 and other genes expressed on PSM. The gene tbx24 is
expressed in maturing PSM cells (a—d) . Comparison of the expression domain of t6x24 (red) with those of myod (a),
mespa (b), herl! (c), and thx6 (d). The expression domains of mespa (b) and anterior stripes of ser/ expression (c),
which are depend on Fss function, reside within the Ax24 expression domain. Flat-mounted samples (a—e) are shown;
the anterior is oriented to the left. 5 represents the forming somite. e, Schematic illustration showing the expression

pattern of genes examined above. Scale bars, 100 x m
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Fig. 5. thx24 is positively regulated by FGF signaling. The bases, incubated with FGF8 and BSA, were buried in the
PSM of a zebrafish embryo at the one-somite stage. These embryos reachrd the five-somite stage and their tbx24
expressions was analyzed. a, the expression domain of thx24 extended in an anterior orientation with respect to FGF.
The white arrow head indicates the buried base incubated with FGF. b, BSS did not have an effect on the expression
domain of thx24. Arrow head shows the buried base incubated with BSA. ¢, d.: Pre—somitogenic stage zebrafish
embryos were treated with SU5402, an FGF signal inhibitor, or DMSO, and developed to the five-somite stage. c,
SU5402 inhibited tbx24 expression. d, DMSO did not affect the expression domain of ¢4x24. The arrow head shows
the anteriormost expression of thx24 in PSM. The anterior is oriented to the top. Scale bar, 50 x m

4 somite a

12 somite

Wild type ace

Fig. 6. Expression of thx24 in ace mutant embryos. a, c¢; tbx24 expression domain in wildtype embryos at four-somite
stage (a) and 12— somite stage (¢) .b, d;thx24 expression domain in ace mutant embryos at four-somite stage (b)
and 12-somite stage (d) . ace mutant embryos produced only anterior eight somites. After the eight—somite stage,
ace mutant embryos expressed tbx24 very weakly. The anterior is oriented to the top
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thx24 D TFRILKBEETFDRE

thx24 DB BT DO TRICK D BEFERET D12
W, fss EABTAVDET T T 4 v a2 DIKETEAL
O E Y &2 o7 BEOMHEITV., 2 KTEKIKE
ICEVRBICEDOR NS Z I EOREZR A
7z (Figure 7) ., TOFEHR, BHICENR LD WL
DD E R ENRREZ NIz, TDO—DDH N
BoWbziTnAa FALEELSHTEFEZRVWT, 73
J BRI DORENT 1T o1, £ DT X/ BEES % £
DNAEFIZHEL, TNHOESNEET T 7 4 v o
D5 ) AEFI EICEE DT Z itk ~oT, 1 A
i T o s ez Mt Lz, ZTORE. &
12 HEHRE ED 1 AT < OEFINEY < Z &35
Mofe, £TZT, ZOEINE L LIZTTA ~—%KE

A Z

L. {KHEiRLHA D FR D mRNA 7 5 & % L 7= ¢cDNA %
t & IZ PCR MG 24TV, BRI CTHRERTH 220
BETE2ED NN, ZOESING 1 DE=D
NI DILA L EROBEREDOS DBIEFTHoTZ, £
T, RT-PCRIZE W FHE L TVWAEF R OFEE L TV
HHEOFREEITo1=, TORR, ZOBEGETFIIHH
B W TILERETE AN AE S - B % OB D% 756
TRETDHI L. thx2d DERERETH D s DR
THEHFEBLRN &, o, RAICBO TR TR
LTWBZ ERHLMZA -7 (Figure 8 /1), 1L4
IZEAIDME T DIZH b b3, Wl &Y o /Sgkn
ST DB TORBNR R Ry > 2728 LPS %
BT 77 4 vy a ORISR U, —ERERE I R
RO HLUTREREEZRZS, BEANFEINLZ L
X722 oz,

Control

fss

Fig. 7. Two—dimentional electrophoresis of extracts of somite—stage embryos. We examined the extracts of control (a)
and fss mutant (b) embryos at the somite generation stage by two—dimentional electrophoresis.
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Fig. 8. Expression pattern of [L4-like protein 6. The IL.4-like protein 6 gene was expressed in the anterior region of each
somite before the eight-somite stage (a) . After that, the IL4-like protein 6 gene was expressed in two posteriormost
somites (b) . The arrows indicate the expression of the IL4-like protein 6 gene.
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T ld, BERRERAICHKET 58T OHEBED HH
WD T-box BT TH B tha2d & 151=, KELETFiLT
REEFHEL IR B TR A B L, REITERA
D5 ETREEN CHRRT LBEET T, EHEOLH
EFREIERVWET T T 4 v a OERERE s OFE
BB T Tholz, tha24d DFEBEMMENT D & herl R
myod DIEBERDEE T, mespa DA 4y Hi K
EFEROR T CORBEPIMHENDZ b, Zh
b DT ORBHIHE ZE U CRE o Ekici 54
EEBXbND, Ei, B BEFORFTHRERCR
BLNHNC & o T thx24 OFEBLE UG U TEFTAYR
BEIT-T20, BEMEIIND I &, B ODFERER
BTH D ace TIL 8 EEHIERIZIC thr24 HIFEELL TV
RNZ 2D thx24 13 o8\ ko THRRFET 5 L&
ZoNb, £To. ZURTBORBURNT NG thx2d D
THIZ L4 BB TN RBT 5 Z &2 FE LT,

At thx24 DTFRIZHKD B X b5 L4 iR
FLEHERE OBRERANINLERN D D, £,
thx24 D TFHIZHK D LV Z < OBEBETFOREZITV,
E ORI FHEE C the2d WEEIO N B ZFHET 50
DERAL T FETH S,
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