|

) <

The University of Osaka
Institutional Knowledge Archive
REIE AT NEETTIE LIHROIROME BEIFH T
JO—FEELRFENT TO0—F
Author(s) |H0O, KA
Citation |AKPRKZ, 2005, tEHIEmX

Version Type

VoR

URL

https://hdl. handle.net/11094/1149

rights

Note

The University of Osaka Institutional Knowledge Archive : OUKA

https://ir. library. osaka-u. ac. jp/

The University of Osaka




AEHEETILE LT-NaR

MREFH 7 JO—F L EEFEHN 7T JO—F

a

2200

KRR FXRFREZFARHEYPHFER

HEe XA

£



-2-34

EP/Y

%--&B ﬂﬁmﬁo)**‘ﬁﬁ\jﬁ...................

mg.................................

i
it
"

&

i
ot

10
16
- 20
22
32
+35—68
- 36

=

%%Km.............................
B RIRDARGT + o r s e e v e e e

L

- 37

&

i
ok
¥k

- 38
£ 42
+ 45
- 54
+ 57
63

B=E



WoOW W W
TI | [
o ok g DB

L
S
1

- 70
2 71
BEIE T E v v v v v v v e e e e e e e e e e e 73
1~ 78
S 80
.............................. 83
.............................. 87



m=

A S A (Oryzias latipes) 1Z. BETHL DO EMFEOHRI LB THELITH
NTEEERBYTHY . EXRZIELSNA TV IHLLVEHEND 1 OTH
%, Ff-. €T3 T4 v (Danio rerio) LA TEE., BIEFLANILOHEN
ERICEATVSEND1DOTHLHD. KAROEMIE. COFRLGEBEYA S
NEFE>THBROBERUBELZEEGEFLAL, BELALTHLSAIZL, &
SICEREELAL, THLALOBFIAERITTHITSIETHD, TIT.
FHREIBHENT7 TO0—F LBEENT TO—FD 2 AN 51T o 1=,
BREZEH7 70—FELTRRADKEBOREI M EPBRIR LA .
ARIERBOREBRNSMAOERNEY . FLRHSEBEBBZ~OHEANES
NOEBBTHAIZ EDD, COXRBAMEFRBRIDIBERITEHEMDITEIA 5
“XALERRTHALTRELGERERTH S, EEFHNT7 IO—F L LTIEEA
EERAOKRBBEREZTOROCREBBOMERICREETTRRALTRAERY ) —
T L, BMEMELTHO TRBRELERRR I Y- IR LT1-5E
FRIC/DEEBERFRABOEISI T4y 2aTHAIN, AFTHTORBBELRRER
BRI —Z VT EHENEREREVE T THEC AT HOEORAE L OB L L F
RIZEKUYEELBHREZEF D,
RRXIEIHEORNBTIS=EHERIC Lz, E—HTIIMREEHT To—F &L
THRADKMBEORMS R ERARELARICTOVTHRET 5, EZH TIIRLIEH
FIO—FDELHEEIRATYTELT, RADOKBBOFRS HERA-HFEIC
DPVWTHET H. BRICEZHTREGFENT IO—F &L LTIT>LKERLER

RERKRERIIOVTHRET 5,



H
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EE

AENDORAICENT, TOLTOMME (RHE, WAL, BEME. B
M. SXME. SMERE. BEME. B/\BE, QEME. SEME. XEm
) OFRMABERS -, THRIRABUBET CORAOEETHS, BRIZE
FRBREOEFEAEECEAL. Sihler 26 THEEER L - EEEEOMH
B45E #1Z GFP (green fluorescent protein) ZFHIRT HBEEFBA A T HDERKIER
ERBMICALE, CORERELENBREOETORTEREAL. RUDE
FEBLL T,

A5 DR R A < T B AR T H 1o, WAEEHERA | X
PREHE L TEYRLIRETH1-, SEHO S5 LER. NEESH. T8
. TEGEHRMECE > TREXESN, LABHILBEBE, SMIEILN
EREICL YRBEERINT N -, SXAE. BERE. HARSELEROE
BITHE LLEEAER. TREHES. SEEREREMAL T, BN
BILRERE . KTLRE, LIRS, IHE. BUE FBOTATILOE
U-SERTHER SN, MERE. KELRE. IREORERIZ—RITH YR
FHE, BERELEBOBER KR UREROBREE > Til, %
SR, SIS, REME L RERTRAT M. T CIEAMNIRBOEHA.
5. MOREERBFACESS 3 AOBBRERELT N -, SIEBE
EREREIRTERTRA L, MRAEICEEL 4 0B, BEICHETD
W & ORBITEEL TU,

BEDESIZ, 2 TORBRCELT, CO& S /I RETIZHIAL L EE
BLALTORBOAEOBETANEL At ot, A5 HORBEDEMATIL

thOFELEDRLERCERLE-MTH -,



FFif

BEBEABCIEHIVOTTLRISHTBEZE >HTH D, TOHIT 25,000
RICRURETIHEDOH 6%EEHTILNS (Nelson, 1994), TEOFRTHLEREA
BEOMELEORTLEEMFLOBRISRELLAETHY .. RE. RLEEN
£2<4. BLEBRIELTVLWIRETHD. A5 H (Oryzias latipes) &, ZDREEL
BOFDRAATIENLTIRIZEBT D (Nelson, 1994), —F., ¥TS5 71w
(Danio rerio) 1&3 4 (Cyprinus carpio) . ¥ ¥ 3 (Carassius auratus) . I X
(Ictalurus punctatus) & FHIZHHBMEWRFRIICRKREL-BEHICET 5 (Nelson,
1994y,

BEARAIL. BMCHBELTRONZERWLITE. AIAEHE. #8. i
THEEERT, OAHLELTRICK>TIEHETHOL S LEHLTHERT.
FEEABEOMRIIATAN oK, Mk, PINELTERE OV S>T-FHEMICHEL
-#EZH LTS (e.g. Ito and Yoshimoto, 1991), LA L. REKIZEILED LS
[CKELCHEL, BHEELHT27 L (Yoshimoto and Ito, 2002), (/MR AEIIE M
BEZEZBRTIHEBHES/OEMEMICEESTH VLY (R Baker, personal
communication), —NBERFDLVEBRBNSBH I LIBERY FT—UTH,
EFIDETHDLGHEZRBATZELIZLZRLTWS, COBRMLGHDE, I
RASIIHENLTRERY FD—JDBINICE>THELEBYMTHIEER D,
AFHIEHADERN 3 cm BBO/PREERTSHY . BHMQEBTBLUNC, HE
T8, L=— O LGEBETHOL I BRLYERGTHERT LMD, OB R
BEBITETHN—TEILXREBMTHIEEAOND, CNETATHOTEIC
DWTIHEHEZELDEELGBERNG SN TEFH (Yamamoto, 1975 ; Egami et al., 1990;

Iwamatsu, 1997), ENAED & S BHREBICEINTHITSEDTHH DM



FIhOoDOMRBELLTHRIATILS,

iR EICEERABDOBRESZNORADFERNEY . £-MH o EBHEA~ADH
ADRELSNEBERTHY ., BHENBEFLLEBRNBRICTZA S, 512, BN
TETHRICEETHLSARKR. FTHR. R - REFREBRRER M o RHANE
ETHRBIMBETHAC LMD, HBBORHEITIERBYOITH A=
ALERRT DL TRELGERBERTH S, EHEBY—ROBN S 12 % (R
2., R, BRAE. BESE. ZXWE. SNEeE, EEaE. Bag,. §
AR, XEME, BHE. TTEHE) ORBENFET HH, ABEOEEET
FPLELG D, TABRAECHESORMRIREMZICEELTHY.,. FT@
RIZEWHRICEEND. TLTKBPEFTCHELLBRERLELT, KOBEE
METLARBENFET S, HEBOXHEIFEZCORBETHARGATEY
ZTORHDHRFIIFRFBET 5. RS EFHULEXRELEFCL>TRVHLR
BNBETTHEL, REICLIBBEETLHI LN ->TLS,

AL NOBRBEROREAFBIEINET—HICOLWTHRSATWLS, RAIZH
L TI& Freihofer (1972) A% Sihler &% AUV TRAIBHFE . Ishikawa (1994) =
1A—AT4S5AYMIRTIZE/ VO—FILRAKZEZAVCHAKRBREEZSD
BB ERATNS, #AIZE L Tl Ishikawa and Hyodo-Taguchi (1994) M A&
ERRICMAZE L LRNBZELBOREIMICOVTIREL TS, DFY.
BRAICEVWTETORBEORESTNBELNILE>TWEIDIFTTIEEM 1=,
EHITATHIETERRPBEILEINATWVWIREREMTH S (Hyodo-Taguchi and
Sakaizumi, 1993) A%, Ishikawa et al. (1999) [ZENIEA T HDRMIZ & > TRDOF
BIZRGH>TWS ChETHRRON-RIMIEL. KA T bi-3R R#R.d-1R BRI .HBI2A

%4 (Ishikawa, 1994), #ATIE bi-3R R#E. d1R R T&H o 7= (Ishikawa and



Hyodo-Taguchi, 1994) =8, RKIRBERRLERAKR V) —=2 T (FE=8SE) THE
FAL 7= Cab-Kyoto R TOMBREIZMBHIOLEENE X Shiz. T I THRH
R TIlE Cab-Kyoto RED AT HZRNTETORKAZIZEA L TEREO A E LR

L7,



MHEFE

|

AR A (Oryzias latipes) DBIAAREFABH KA R R Cab-Kyoto (Cab; Carolina
Biological Supply Company) F##ft (Furutani-Seiki et al., 2004) ZFU =, & 5[ Cab
REICES ARV ERBWBEFEAETGFP #HA LA &7 (Grabher et
al., 2003) Mo RV Y—ZJEntf-, KHEIZ GFP ZHBT L EGTFEAASL
hEEARLT,

RIZIL DTV YNLEUVIZH 30 EAN, 14 B —10 BREOBERBER. KE
26x1°C. pH 7.0£0.5 DFHTTHEL . fB(E—H 2 E. Fa79 K& F% 1 Bz
T54 22 a) > T (Artemia salina) &¥8E (Hikari Curst Guppy, Kyorin) 25 % 1=,

CDEIITAThERAE G rAHBUL ; KR 23cem) ITHZETHEL -,

[ 72 40 A 0D [ A AR 5

AT N FEIKAE L T-FE& (BF /KIZ 3-aminobenzoic acid ethyl ester (MS222, Sigma)
£ 0.04%BMLT-H D) FTH 5 HHELELEKE LTz, BREOL N -1-A%E. &
MBICHBLRE > TMRERITICEE Lz, EARBEME (MZ12.5, Leica) TTHIMIL.
DREICNYIAVTLEOYREEMNA. VRS, SYEIARICEEETS X6t
AL, ERETE®E (2% paraformaldehyde (PFA) in 0.1 M phosphate buffer (PB))
ERLIS PMERZT o=, BREAZETR (4% PFAin 0.1 M PB) [Z;&1F 4°C
THRIE 2 BEEE L=,

BEIELEBLI- AT HEZEEREH - L-RHEIC. BAZLICATARE L TH
ELi#%. RABEMBETCATHEPOASHEE LY FERAVETEE. WET

BEUERBEEZRKREL. BRI & dimethyl sulfoxide (DMSO)-methanol (DMSO :

-7 -



methanol=1 : 1) T 1 BAREBL-, TORBETERT2E%EEL. FILLEEERT
B L-BEEIC. BRET IRBREEZEH LSO VARG TEE L. EXRBEME
TTHRIBIUEEET -, FiMRICIOESAKRLULEBERL I,

Sihler &

LREFABICATLEL-ADHELE. £HER. . BORYDKREEEY
ty FTEBRECRYBRE, ARTY>THEBIZLT-, BXREZKEKIZET, 10-
14 BEIEBRKERELIEXND PFA ZMY KRV, bU T UKBER (1% tripsin
(Wako) in SAF0ARDE/KIAR) ITERNFRICALETEI G7 8. X%
2% KOH KBHEIZHLBRANXDT 2 BRIz, Sihler I KIB&K (0.75% chloral
hydrate, 12.5% KEF®S, 12.5% glycerol) 2% L 2 BREIR T 1=, Sihler 11 JKi&F®& (0.75%
chloral hydrate, 12.5% Ehlich’s hematoxylin solution, 12.5% glycerol) 1Z 1 8RR (15
BEHLE-BEOZEEIYKR< 612 15-30 2 EAGEKIZR T 2% . B E Sihler
1 KBRIZ—BR2 -, K% 25% glycerol (1 BRE). 50% glycerol (2 BRE). 75%

glycerol (3 HF#). 100% glycerol IZIE&EIZ;E (T TV EFBAEL L 1=,

RAERRMNIC GFP 2RE T 5 REFRA A T HORKAERTE

A5 h % KA L -FEBER (& /K12 3-aminobenzoic acid ethyl ester (MS222, Sigma)
x 0.04% BN LT-3D) FTH 5 KBBEL, +DLTHBTICHSIZ EEZHERL
=%, BEEEBE-LEMRESICREVTEE L, BED, BAEBRE LERK
EMBETTAShEHRUBRLI-,



B D HE

REFEMBTHRELADLSBWER Ty FORREEMRICERLIET S ILA
A5 (HC-300Z B U Photograb 300Z, Fujifilm) THE L-EE % &IZ GIMP
(http://www.gimp.org) ZERALERARELIZLAIVES T THEW-EZHHZ/ER

L7,



RS

EAHEBBETOHRETIE, ROBBH L, £ TOBMMATKRES, K. LBELHE
BEXMTHo -, AEFMOIBBEICEEANTKELS ., KDVEBRITHIE L TLV =,
RIKNTBEOHN 1/4 ODHEZ . MUK ESEOH 120 BEOKEZHE L TV,
REZLHWIEFEAEFERLTULEL = (B 1ABC), NEBRIEMEINSE
RIEEICIRAEE, Rk, PIRHE, BEHE. S X, NG, EER.
ATRIMRERE, F/\@E, RARSE, THEBE, XEBROIETEA—T DMl
MoHTLV =, REERHEOETLHREERITETH 7z (K 2A,BC), LUTH
SIENMEORMAMORBERICRS L., KEOMOBRFE &L YMICTEHL
t=o

LR
REBEMETOHRETIL. REROYA., OEDOOOENEIHIEEADR L
R&YIBTEYRMORTEAEBIZHIBRIKICA> TV (B 3AB), T4hHb A
FTHORBEIBBER TH- 1=,

R

EABUMBETORRTIE, RERSIEAEDIRKEORDLYIBEY .. £ &MH
RDFFEHEDEAEMOEFHRLETRRL (REX), BREG>TRIZTAY.,
REIEL T (B 4AB), $§4HLATHORBREITLEXXETH 1=,
MERT | ROAFHEKTH-- (B40), RETOEBUEOEFZRIL. 25 Eiks
ERAENERAITHLIEEDS 12 B, GRHENEAITHSEES 13 RLERIC
RYXaEhot=,

-10 -



EhAR iR

EREMETOHRE TR, BRABEPREAH,SKEE T, ROSMITO
FEITH>TYBRAARICHEU TV, ELT. BEOYIEREHERT SEIER
F (Iwamatsu, 1997) ORRIERICHAFAZTBYBEENOH TV =, EDiE. BER
HRIREEMTADIIHBKLENTNLER. RNEAEH. TRESIUTES
[Z#RXLTL (B 5ABC. ). LEMIBARXXDOPLLEA BEIREEOHR
BIcH SN LHEHERES) SYREY . UENIIHBUVRROEAE. YEPR
IZFE LT (B 5AC. EVY), RAIEGITEEREORRBLYIEEY .,
A RN O TIREROMAIER, SEPRIZHAEBEL TV (R 5ABC, #8), T
MAIOZBOEASMNARICIEEY . RBENMIICHUTERROBER/SR. yES
RIZHFELTW: (B 5BC. %), TEHIILEHEECL CBIEREORRE K
YIgE Y. YRESMAIZBUIRBROERIE. WEPRIZMAEL TV (B 5BC. *

Lo,

L

EARBEMBETOHETE., BEAZIBRBEZEOCLCEER O PR, S
EH T, MONMIBOREICA>TYRIABISHU TV, ELT, BE@HE
FEIGEHEBORAERICHIAZEYVEEM o HT ULV, REORAISICH -5
EMEE. 7 CICYEAARICEAYRKOEREREICE > THEU. ERFIC
BRLTW: (B 5ABC. ). LRBEIOZRFOFMEMAARKICIHEY., BE

SMAIZBUO TERROF AR, MERRICHBEL TV (RIS5AC. 7).

-11 -



SR

ERBEWBETORETIE. SMEHREERHOBERAIEH, 5% E T, RKoEA
MORBIZE > TYRFERITHVD T, NEHEIETEMREEORAMERIZHS
AZBYEENAGHDET CELICHAMIERHICERL TULV= (B5B.C. ).
NMUIEHIZEERBEOPRRENSIEFE Y., SMUITBUIREROEAIE. FREPRIC
&L Tz (B5ABC. &),

SREE, EEAE. MRRME

EARBEBRTOHRETE. ZXRAEFTERONE, S ZE H TYRIZEHBUT
L= (B 6AB.C). BEAMREI=ZXHEDLLEANMoMRAICHT, =ZXBED
SMAZEIETE L TULVz (B 6AB.C), RIAIERAREIIZMOSN A, BAEARELYE
BAOEEMSRZHTYAIZHEUTLV: (B 6ABC). Thib 3xDkmiEE
REKDERRTHSMBBICKIY | RICShIEEFZABL T (B 6ABC),
BREHAEEBK., REROEBAICHHZRHEBONIFERNR o=, ATHEE
MolEKXELGITTIRDOENMEU TV, 1 DBFEXROEFRMIMZYAEIZE
795 LIREMESR. 2 OBIMRROBAEZYAIZETS 2 TIREMER, 3
DORBHREADT CRAN ATRBELSLICBEL., KRITHB>THEAISMEICTEH
QIRFREAMEE THRUTL2THFERERTHD (H6C),
EFRBEMBTOHRETE. LIREAEFIRROBARTARE~ADOLHEETH
LGNS EFAMETEL TV, LREEMOBRROBRFIEEFEAATHD
ERRABRUBERBECHRE TS

EARBEMBTOHRETE. TRESAEFIAHEHIOHLET CIZ, RAID
B AV EETRERENMIOLERAEOMERICH N TV, EETHERIKER

-12 -



HROBAIETLERICHUL LFERKRETRIZHU LS TRERITHHEL TULMV =, IO
LEER O O\ RAE R IKERER D R AE RIER & BRI B TRERIA RIS | RO ZEMIEL,
ITHBERETHRAMETEL TV, BEFEAATHORKELBBIBETTO
HETIE. Ino0FHELL ESITHEMN DEABUAERRICEERL TLHEFH
ERTE (B6GH),

EHRBERBETORECIX. TRBSHBRIIA@EEHL, SN AIIBUKEREL I
Hi-t&. BRIARICHBUTV -, T0%. RREATERASRICEERRET
U % opecular ramus D338k L TLV -, BREKDEE/ITYMAI (palatine ramus) & &
B EHIEL T, BERORRAICITESRILFEL. RBICAREESRTH
LAB/MFEET D (Ishikawa, 1994; Iwamatsu, 1997) H', BIZFEA A T HDEEK
HAEMBET TORETIE. COABARBRFLTLSERDNLIBRFHIBRETE
= (B 6F),

BEFEAATHOEFREABEMBET COBRBE T, S SICRTHREH, S 4hic
2 RKOBMOSEABUTNE I LH 9D o1z, | DIZEEEROSMAEBRE I B UM
ERERIZHEL. EREALSHN HEZMHIELARITKERL TLV - (B6E),
£33 1 DIFSMZBUEREBRICBU LR, DEICHOBRLAROEREICKE

L/—CL\T:O

B/\rhig

EREMBETOHRRTIE. AFHORAE (FRE) FZMOMICHFEL. ¥
BOHEE IZYAIENRKDT CRAL BRGNS RERORAKRERALBETHY.
BEEOGHIIRKEFZFRLETHo= (B 7A), IR (FER) IREHISEEAIC
BCENTEY., HITEBRNGTEREIRohGh o=, BXBRAICIE=DOHEA

-13 -



RONTFEL. RXOKKEE (K 7B.C. &) FHRIEAEIZMKELZOMEI&LENRE
BlIZZhEThEBREE (B 7B,C. AL D), EE (K 7BC. V7)) BHEL
Tz, KBBRVEZRICERATT GhLEEAMIC. BEECIERANT 4
HEKEARIZCERAEEALTVWIHEEAH 1=, IHBLHKBELZEFATOR
WEENATHFRE (B 7BC. F), MBBLEELEATOLVEENRERE

(B 7B,C. ). MEBLFEZNMITOLVEENKEERETHS (KB 7B,C.
E29), I+ REEKFEBEDHA . BBBOECIEAKRESHELATEY.,
FEMRABET S EBRLNLBKREEADH o=, RFEFAEOERS. FEEDIEL
LENKRESCELOATEY., BREBBBENAH S T1-.

RABEMBETOHRETIL., F/\HRTZMNOMUE., BTRIRAEDBEAIN S ik
EHTHRICBEULE/N\FRITARE . FTARORRAIN LMK ZE H TH AUk
REOERICASKREER (B 7DE. #&) &. BEEROEAIN SMKZEH TREA
[CHULE/N\#ERAEISEBE SN TV, FIAKEIREEOFIIT. AAIC
PR LA REORWRBEICADSHFAER (B 7DE. ) &, TOFEEHRLE
DEEBRICASEBER (B TDE. AL P) &, NMAITHE LKERREOHK
MEICASKEFXHRER (B 7D.E. EV V) [THOBRL TV, BARIITEDOF
HITERICOKL TW -, BRIFROEER (B 7D.E. L7 2) IJEAELEL.,
DEFTEZOREBICAY, BRAFROMWOERFRER (B 7DE. F) LB/
BU-%. BFEREOWREBEICA> TV,

- 3R B
RABMBETOHRETE., RARAZIMARGZORALI LKNEHTEAA
RICEUTULV: (H 8C), RARARESETREMIE, REMBEL LLICHRBEL S

-14 -



BITHABBICKY —RIZSAERBEFZRBT IO, Tho LT CIToarNE
NEFEICET T, RARBRIIARELS . BEOCH TROFBAMET=X
27T 5. AL, RANIREOEEPREZYESAICEBEEFTE ESH
U %AmaRaaE (B 8AB, AL >Y) LRARKREZE—HERFRICET
LERZREOFRBTRAABICHIBAYBFRICO >TREBETEECHY
LA BEEAK (B 8AB. ). TLTINo ZHXDOPHZEDHRAIKME
B THS (B 8AB. ) CNBILEGEFEAATHORKHALBEMRT
TOHEETHLHRETE -,

EHRE, REME

RAEMBETOHRRCTE., FEME | XEMEL L ICRINEREA@E SRS
By, REEENAITHEHEBIICEY 1 RITHE->TWW: (B 9AB). TDEDS
B2, mEAEICESL 4 XOBSITHRUTDELOEERICHEUTLELG & DiES
[CREKRTDEDOLH>F- (R 9AB), LAL. Cho ZBREICRANT S &LIET

%73:/3‘37":0

-15 -



R
RETEARICE>T. TOEBRBOTHREORVD) SHEDRERE AN
RELTHY., TAARIIEVTEIRZELTLWIREICEADLIEEOBERE LS
MREFHFHZTRT (to, 2002), DT FTIXRIEKIZ, 24 TIEREFEIZ, =4
A4 TI/DEIS, RORITREEBITWAAR 50D (o, 2002), COREANDT
BEAFTNTEHRENBIKRECHEELTVWARIEMNLHENREL TLVSET
HhdEEFEADBND,

AR

EFTRREZLEICHLSZFRMARTH LRI SBELDOY., HEONER
YEEIZHHRBRADBIBMBRDOBIKEE L O+ TXEEET 5, EIBEROE
MRS OBV REZRBAICAN>THEL, RELEENI2BFRDORE
BT %5, ARETELF X3, 24, FIXLGEDBERTRIINOL S LHE (K
) #WM5 (B 30) . AE-BICEREMISREKETOERIE < H (2B
BMOOKRINETOEMIEL (ZZFET IHRIFERTH D (Yoshimoto and Ito, 2002),
AN IFRERDIENNRERI IR T 2 BARTH > 1=,

R
AENOBRBEEIABRTH-- (B 40 A, BEFI/HOAOLIILTH
RESV )Y FHOATIIRABOHAEMN YRR (K 4D) L TS (Vanegas
}mmnMLw&%ﬁ#ﬁ@ﬁ@&ﬁ¥ifowii%ﬁt%%ﬁ%LtwmmN@
4B)., B HOE IS 74 v aTHRARRMNETER L HAIRERMHE

LaE - (Bl &5%) REZMAT S (H 4E),

-16 -



EAE, REME, SHEaE

NoD@MBICOVTIE, AFTHh#AICH LT HES (Ishikawa and Hyodo-
Taguchi, 1994) H&%H Y. HATLEORBEXEROKFIEIRLTH o1z, £-thDE
BRAMED A (Luiten and Dijkstra-de Vlieger, 1978), hH T (R XX B A %E) (Lenard
and Willis, 1979). ¥ > ¥ 3 (Graf and McGurk, 1985), I LA (R XX B FAHE) (Graf
and Baker, 1985). SESA (FRTH5 O v RLEE) (Szabo et al., 1987). 5177\

¥ (RXXEASE) (Somiyaeral, 1992) £HLRESELY,

SRAE, FEaE, MTaReE

CNSDEMIFICDODVNTIEA ZHABARTY Ishiwaka (1994) A, M4 ARSIE AR
EF1ToTW5, LKL, §E. FSURTDIZ v A HDOREEXBMBE
BICK > THELMENH =D THET 5,

BREK ERICHRRT 50 BAH-ITRR SNtz IRERIZR LV Ishikawa DIT>
EFRARBETRIDOSRERBTHLS/ERLEIST-DOTHS 5,

SAER D B4R (X 6 & (rostral comissure, antorbital line, horizontal line, anterior
mandibular line, ventral orbital line, lower opercular line) ALY | Ishiwaka (1994) 1%,
FhENDOIBKE# rostral comissure (& LEREMIZEIZ & 5 T, antorbital line I
TIREMZLICK 5T, horizontal line (ERTEIREZNAIREBTETHERICEL-
T. anterior mandibular line, ventral orbital line, lower opercular line |& & 58 B f#Z&(C
EoTEhTWWBH el L., LA LAA DS lower opercular line N FIREAIZERIZ &
STHEXESNATWSAREMLRIEL TV, SEIOEHEBTIE lower opercular

line [CRKRT D EBOLNISHNATREAZEFRICR OM -1,

-17-



Bartheld and Meyer (1985) H$&E L 7= 3D A XX B A% (Blenniidae and
Hexagrammidae) TX=R@ZHISAIMEHO—ETE4 <. BEEHREH. ATRIR
AEHEAINTEY.,. EXBpEHLE-2 D (BaEH. LFTHEMEH) (A
T3, LAL., Fo¥ 32908, E<OEBRAEATIE. BEARKICEXME
O#HZMITARRAE S EEHREOREMEME L. AR & MEiEh 5
HEKRERAT % (Landacre, 1910; Finger, 1976; Luiten, 1979; Puzdrowski, 1988) 5%,
AFHTELREETH 51z, Ishikawa (1999) DWEICLNIE, HATHLITTIZTZOD
HREHHES ARSI TS,

ALHOLRBIELERBETHBUTLSA, Fo X3 TERBETIEHUT
SPEAHE TR L TS (Puzdrowski, 1988), ChITBEHMICALAOONLAET

LTHEOWMETOEMIENLITELIDOMNE LKLY,

W\

AT HDEITRNE EBBHGEREF >TULELDN, T4 0NhE 0 Fa40
DTRIREOEHEN CHVEN BB LTEREZNALTRELET S, F-BBEETIE
AELIFOREIE. 4 BOMNSGEEIFFICE > THRICLGSBE (D —/1N—
BE) T:EEL TS (Popper, 1983)s COL S HEHEEZF DAXEELSELTL

®o

® AR
Freihofer (1972) IZ7 OB A% Sihler 2B LBBLI-HRELHY. TS
L 1EBN AT HTHDH. TNITEK B & SMEIEE (Freihofer (1972) TIE horizontal septum

lateral line nerve) IZIXBERIA RIS 54 (pectoral ventral ramus & 4 &M ventral
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segmental lateral line rami) MNEEEH SN TS, LM LBIEFEAA T HOEKH
ABEWBET CTOEHERETH, Sihler REDERTLHEBCTZLL o, BAICE—
AR O LELDIIXEREIN TSN T (Yasuoka et al., 2004) FEEFHIER

TGN S>E=DTHA5.

ERMAEE, XEMRE

oD RIEZBFEIZHE>TEY ., BOEERHICAVRAATVWES-HEDE
TOETEES T EAERLGM o1z, FoEFYLHERTELOEIYRAFAIC 4 K
DIEBANELHUS 4 PRERBAIAMICHBALBUDS 2 2T TH-1z, Ch
DL —ARICIE, BEBSEMRS E L TORMBOKIECSHT 55 ORER
BRSDE LTREZXEREY SWBEROFELF SN TS (Funakoshi, 2002) ALY
Thimg@EcEhhr o,

BiE

UEDESNIZETORBBEOREIMETRANBER. FHCEIRITGONT,
CORRII. AN EFE-EEREEFHBMORARTEFRBFICH/IOTH A
S, BICTAFTHITIBRE., RARDODETILEYMELTEEBSATEY., ZOES5K
REFHERIBEELGERERFD,

LML, SE—HROMBECEOVTEHETORBRORINBAECTELGI -1
LORHD, CholESk, REERICIFL—Y—Z2/002 730 LR
FIEBL-R. 2BURZERIILGEL TS HOICHMBICRERNT IDENH S,
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Al
Bl
B2
B3
B4
BO
CA
CC
CH
cho
CN
CP
CR

HNT
INT

LE
LI

man
max
MMB
MS
nl
nl
nll
nlV
nVv
nVI
nVI
nVII

227
air-bladder
auris interna
first branchial arch
second branchial arch
third branchial arch
fourth branchial arch
bulbus olfactorius
canalis semicircularis anterior
corpus cerebelli
canalis semicircularis horisontalis
chiasma opticum
nasal cavity
canalis semicircularis posterior
crista cerebellaris
hypophysis
hyomandibular nerve trunk
infraorbital nerve trunk
lagena
left eye
lobus inferioris
mouth
mandibular ramus
maxillary ramus
maxillomandibular branches
medulla spinalis
nervus olfactorius
nervus opticus
nervus oculomotorius
nervus trochlearis
nervus trigeminus
nervus abducens
nervus facialis

nervus octavus

iz

RE
E—iEs
E_fEs
E=fES
EOfES
IR ER
AFRE
IV
KELFE
ARX
SR
CERL

i T E 4K
ERE R
THREME
EE

kR

L3

A

TR

L E%
LEAT MR
HaE

LGS
RAEE
BYHR 0 #E
BEMARE
ER L

S ERTREE
ERmE AR
E/\ i

-20 -



nIX
nX
nALL
nALLd
nL
nLL
nPLL
nPLLd
nPLLdl
nPLLI
nS

Ol

OR
oS

P

PR
RBI1
RB2
RB3
RB4
RE
RH

RI

RL
RM
RS

SNT
TE
TO

nU
XL

nervus glossopharyngeus

nervus vagus

nervus lineae lateralis anterior

dorsal ramus of nALL
nerve to the lagena

nervus lineae lateralis

nervus lineae lateralis posterior

dorsal ramus of nPLL
dorsolateral ramus of nPLL
lateral ramus of nPLL
nervus saccularis
musculus obliquus inferior
opecular ramus

musculus obliquus superior
palatine

palatine ramus

first branchial ramus
second branchial ramus
third branchial ramus
fourth branchial ramus
right eye
rhombencephalon
musculus rectus inferior
musculus rectus lateralis
musculus rectus medialis
musculus rectus superior
sacculus

supraorbital nerve trunk
telencephalon

tectum opticum

utriculus

nervus utricularis

lobus vagi

HIRAE

ok FE IR
Rl #R R iR
AT H 4%
EEMHE
B dE
®ARAE
RARAETAS
RARAET MU
B EIMAU
BR Tl B iR
TR
FRERK
LR

AEd

AZEE&
F—iR5X
FIfRS X
FMESH
FRES %

HiR

-

TE/H
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R TE A5

LE#H
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AL OBRBRRUVBBAHE, BEAHRZ, SEs@Icdl T, BRI L—Y
—& LT biocytin ZFALRH LR, ROERBUAZHFERLAFEBBETTH
RILHIET., SR OPREENEEGH -1 —O DR HERAT=,

AEHOBRAREEITERRETHY ., NAD 8 BEOMEY (AR LXK, &
WEAE . BEENMIK., AEMSEAN. AEMSIBEAN. #ER. FE
R, BE) [CHRXL. ABERREEERIE o BEOAERN (RaEH, A%
HTEr. $HERENRZL. AEREEA. REMSERAE. R38R ICHEETE
fzo RAROFRETORREMEAEDIMIMOBRELEDRE L LT,
BREAZOEH -1 — OV EXRHEOHBERIZH LTEDIFLAENFR T, F
RORBHMEROERBICHEL TW -, BEAREDESH - 21— 0 EIRHEOHE
Ricx LTHEAIT, PROAAFHEROENVIZBEL TV =, SHamHEDEE=
A—AVERHEOMERICH L TEAT., ZXNOBHREDOERAIZHEL TLV .,
CORHIWBABETHBELTEY AFhIERLBNTRE AL ST,
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Frif

INEBEBRETHDI AT HIE, BENLGEERY FO—V BT 52 LI0H
LI-REBWTHS (F—HFRHSHR). BERABICSVTROBIZOMITIE
BRGABBZAVTITOA S COEBELRHMENH LN TEF (Davis and Northeutt,
1983; Ito and Yoshimoto, 1991; Uematsu et al., 2002), LLEIHREL Rihh 5%, A&
L DD EFHLEEHRENBEESA, COROBSHMEL., &L LTHMERE
EOBFAHLERKIZCEDBDTHSEELNATE Y., EEA O LB/ E
REBICE>T, TDEI/ZELS 2FHROBECIBHENRLDIILLE. AD
DR EFH S HRIE & DOBFRATRE I TS (Ito and Yoshimoto, 1991; Ito, 2002),
A S HIZR L TId Anken and Bourrat (1998) *° Ishikawa er al. (1999) 12k > THI®D
T ESRABMELNTWLWS, LHL., ThBIEEID, BKOEIAIC Bodean BT Nissl
FEEELMEBBEZMLEBNET O EBRICE>TEY.. A4 holEDH
BERAOCEH -1 -0 O MIMBEEB TANSATIELE L,
AEDOPBHBEREFMRTHIEELEL T, MHAROERZARI—EDOHSE
R LI, REBEMNIBREEREEDEKICHEERXET S, LDIERKOD
BEOEAVYOTH D, *5h (BB) FTOLREMNTT LS, BBEAKE (.
BEMOLEASRUHELTEY ., KEEL 25k L CTHEIFRT 21T8HERT
(Yamamoto, 1975 ; Egami er al., 1990; Iwamatsu, 1997), § 45, BEIZKE KK
THEEEDND, COZLFKNOKAEOREFHNERENELXIHINE (B
—HERSHE), TELTETHROIC, RABRRVRKED 2 XET MR (SR
W, BEARE. NEHE) OPREFH L EH-_1—DO D5 % biocytin IZ&
5 bL—o—EBREEFAVSNBEEERT D5 L THAL,
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MHEEFE
¥

AN (Oryzias latipes) OFEEAAKFAHFERZFR Cab-Kyoto (Carolina Biological
Supply Company) ##f (Furutani-Seiki ez al., 2004) %Rl =,

RIZOL DTV INLEUIITH 30 EAN, 14 B —10 BROBAREE. KB
26x1°C, pH 7.0£0.5 DEH/HTTHEFL -, HIE—H 2 B, 4879 BFEFE£ 1 BFIC
TS54 203207 (Artemia salina) & ¥388 (Hikari Curst Guppy, Kyorin) %5 Z 1=,
COEIITHBELEATHOBMA 3 » AL ; A& 2-3 cm) 17 FE# biocytin

1oz avIfER/L

WEBEIoPzHvavkoLl

A HH FE KA L -FEEE (BAFKIZ 3-aminobenzoic acid ethyl ester (MS222, Sigma)
Z 0.04%BMNLT-3D) PTH 5 PELE LKLz, BREELI-AShE@EEA
[CBLBREVTEELR, BREHCHEOARRBEFATKTESBE (F47
4 7, Kimberly-Clark Corporation) T& 271z, LT DRI biocytin 24 x4
2 avTAFRKIE. EEREMRT (MZI125, Leica) THEEET . 1021
DavBEERENCEOICRREFADA T TEVBIKENT T30 2&FSL.
AEZKEIZEL 1 BRAFE L,

H RO MR

TEDAFHEERAL. RARZEHTH-OIC. EBLREBEOMOEE#
gy, LRFELEHZDY . REOHETRABEZTY ., RE D TRERZRIL
EHf-, BEICHEIKDEXFLTA T TRYBRLE., RBBYIBEIC biocytin
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#& (& -biotinoyl-L-lysine, Molecular Probe) Z8i&E L 1=,

BIRR AR EE 0D AR

4 EDAFTHhEFERAL-, SRAEZELT S0, EBLREORMOKRE
290, THEH. TEH. MIEHZRREOMNESHETOY .. BEREYEAR
[TIRL. REVTHREREZRLLEST-, BEICHAIKDPEFLTA TTHRYRRL
#®. BEROEAINT. LEF. THH. TEH. RAEFICHET S2FHOEH
ARFRERIZ 1-2 ul @ biocytin JKiBH& (3% biocytin in 0.05 M Tris buffer, pH 7.2) %.
PLI-100 Pico-Injector (Harvard/Medical Systems) #f > TZEREICL YAy

:/3 ‘/L/T:o

7 EE 10T OO PRI

SIEDAFHZEFERALI:, REARZELT-0IC. EBCREOMORE
Y)Y, RERZBEAICAOLERL, BREVTRXZRILLESOT-, BEANOERIFIC
RABEMEBICHRRT DFRIDBFEMZICENRBEDRERE &EF CFET, biocytin

Kagac14 oz av i,

1 85 i OO R

| COAZHEFERALI, NERREEEHT 0. KB LIREOMDOKE
Y. TR, TE. MIEHZRKEOEAEFFETYY .. RERZYEAIER
L. BECTIRRZRLIED=, READOERIE. NMUIEH KXY S5

(ZEHER IR D EER & 8] UL F A T, biocytin KiB&EEA Pz oV arli=,
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[E e

AENEKALE=FHREETTH 5 ELEL, BBL-. RZERSICHL.
RECTMEFICEAE Lz, RABEMETCHBL, DRBREFEH L. DRITN
HIAVCTLEOYREMA. IS, SYEIARICRBERAS A ZHEA L,
2% paraformaldehyde (PFA) in 0.1 M phosphate buffer (PB) % it L9 5 #MEIER £ 1T
21-, BZEY H L 4% PFA, 0.5% glutaraldehyde in 0.1 M PB [Zj&(+ 4°C T—BLL

LEFENEL T,

ARV OAERLERE

medaka XD EEIEZER % 30% sucrose in 0.1M phosphate buffer [ZF L& X 4°C T 12
BRI E L=, %, 37°C ICTARB L -818i& (gelatin 15% (w/v), sucrose 5% (w/v) in
0.1 MPB) HIZEEL., 20°C ICRERE LI SAFRAZy FATAHRM LTz, i
XV 544X 2 Y FT 50 um DEETYIFZEBRAIICEIY H L1z, YIFIE 48-well
plate (B%&< Uik, #TES W) [CEBICAN, UTOFIETREZE
L7,

% 3" 0.1 M phosphate buffer saline (PBS) (0.9% NaCl) T 10 1) > X L1z, RIZ
70% methanol, 3% H,0,Ki&&IZ 10 53FiR Tz, 0.1 M PBS T 8 43fdl. 2[EIZEL
avidine-biotin complex (ABC) 7K i& & (1% ABC (Streptavidin Biotin Complex
Peroxidase kit, Nacalai Tesque), 0.4% Triton-X-100 in 0.1 M PBS) T 3BHEIRIG S €1=,
50 mM Tris-HCl T 5 5 3 BI% > 7-#£. diaminobenzidine (DAB) &i&(6x10°% DAB,
0.4% ammonium nickel (II) sulfate hexahydrate, and 3x10*% H,0, in distilled water) [Z
RETLHETRIT #5-1050) . 100 mM Tris-HCl T 5 2., 3 ERVRER

ZEIESHT-, FELEYIAE | EHRBKTHEL silan coated slides (super frost white
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MAS; Matsunami) LICEIETIBICH R T—BLLLER S 1=, 0.1% cresyl violet &

AL fz Counter Staining (Nissl staining) #1727z,

B DHE

ERIINAFHEMIEE (AX80, Olympus) IZHEHL-T 2D A5 (DPIO,
Olympus) THRELIVEa2—2—ICRYRAAT, BESELINSRA MDA E
Adobe Photoshop (Adobe) TEAENL /=, REINXFHABKRICMUFIFLEAASILY

— S ERVWTHEL,
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R
BYICHAROBIERE 1) AXROXRX/I2—2, 2) IBTHICE#SE S
/N3 — > (Retinofugal system). 3) H{THIZBH#H I n=/\2—> (MBER) DIE
[R5, RICHBEHZHEXRT SNAEORITER LB,

A

1. AR
RAZORHEREIIRZRICANIL, 2 TORBRESEFHREZBA TV,

BREREBA-EHRHEIIVREL > TRABOBITA> TV, Thbhb, A

THhOHEBREITEXRETHS,

2. Retinofugal system
a. ARATE

RERXEZHEY > -EEBFAIZALNVICAD/NMRERNAR SNz, COBHR
FREXDELICHAIREXERIZEDo TV (A 1C, 2A), XX ERO#E
XK. WAL nucleus entopeduncularis DF S M5, BAITFHEOYAIKOB S E
TRoNf, ARXLEBICRON-REREDO—IIL. FHMOBE ST commissura
minor of Ishikawa et al. (1999) THEXX L. 1219 a v ERAAIORZEX L

BmICgERERRELTL: (A 10),

b. $REK. HEAK
|MEXH o BIOMAIZE D S REBHE ST RIZHLSY | ROKVERZEHET S
M. EORSFREH LGNS RROCREZATE. HBFITHERL TUV =, |RRIFHK.
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MEAMSEEFAE, REICBROIARETRAUMERAEZIMHBERIE. BIREZ. HE
[CHLHERBEHARICH TN

FHOB S TRADENMIICBET SEREBMNBEXKICELCRREENHBE L
F=o RBREGE COBRORBMO= 12— O/ JLIZHIZHFITEERLTLV: (A 1C,
2B),

FHDLAILT, {ENGERAIZAN S BERN S LERFEBEBRLT
L= (REEHMUIE: B 10), FYRBRDFHELAZRIRECRZIDESTIE, &
DERMEE., HEENBABBRICRLELSY ., BRODAIEEBICETHo 12
(B 1D,2C),

RERENMUSICR oM SRECRAICHRERISEOESNAIBRC L EREE (&
REK) ERAELTW: (F IE 2D), —HORHETERETKXL,. 10D
Voarv L RAOERRERICED> TV (F 1F),

RETNAEORMED—MI[FICAMH S EP T, KRB EMAL TLV (R
ZRTEEAIE ; X 1D, 2D) . HREANEERIEROERIZ LREL S OBRMEHSHAT
SeXKeEE (REAEERE) AR5~ (B ID,E),

c. BIRRE
REABEARZRYIRITSSICRARRBICHRUSBRERNR SN, Thd
DIRFBRMIIRIGERDERDOBIRRZITERL TV (B 1F 2G),

d. R%
BAOHWEOHEFAIIRETH S, BRERAEIEIERAEN S, BHEESE
ERIXENEIER DN S REICAS T (K ID), *FHDOREIEFAREICHBEL
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TREONDZABEEZEAL TSI EABELMZIINTILVS (Ishikawa er al., 1999),
EHEHEEICRBREHERB L REHINABEETLERL TV, EH#RHD
—HELYFRVEBTHLIPLBEBICHIEDoTWL: (B 2H), ZH#KRABI
BHEHOETOEEIZLY . BEORVRBLEEOENERICHATLS &

5 ':Eif:o

3. AR
AN TIERABICHRG T IEE=—2—OUN, 6 DOMBEKIHERETE, ¥
MO R MRS, RRNFAREARS LSURKEETLHIRRE N AR, HE
AT RIER, HEATEERE, #ZEHTH S,
RAEZHEIRKEASEARICFETSIRBO-_2 -0 OKFATH-- (H
1A, 3A), BEISh-HEREOHIERKL LI TH =, KBEHORE =
1—AUHLOBREIERMCEVFEOYANKOSE S TROMBICEAY ., 1R
gHRLTL: (B 10,
REAHFRABERFZNICEH 20 BAOFH =1 —0O 5. RENFLRREOE
FBEICR SNz (B 1B), RAFNFERBZHROEFRMEROMIIPATH > 7,
RBAICOS ICHE-> T, RERMNBARBFHZOREH -1 — AV EIERICHHTIL
SICHEY. REENMUERICETS (H 1C, 3B). THDOBHREEIMUBDES=
2—-OVEIRFIFHAREFAZOBEHE -1 — O EBEOTWBIHICRZE (B
1C,D, 3C), HRAENARMOBER —2— O OERERKE L IIWETH - =,
REBENUEBO T <EBRICHBET IR EXICHLIYOBEOFHE=—2—0> 5
Rohiz (B 3D), KES(FIOEEOFR# =2 — OV ICLERThEho7, 8
R FWELRFEO SN ICHVHEOBELER =1 - BRI, REH

-44 -



BEAIERICHENTVE (B 1D), REFIREAEBICHERE —1—O> D 1 DT
Ho7= (A 1D),

SRS % iR T 5 A

BIRMEZINMAIMBMORASOE ST, PREEOERASICEFEEL. R4
MROEARMIZB>TREL TV (B 4AB), [FEALEDEHE =1 —RUIEE
BICRohnf-ALBoMasHAICE Rohi-, BREAEKOESE —1—0O &
MEERL LSIIRRZELTUWV ., ChoDFEE-1—OUHhSRUEMHIE 1 K
EE>TREANZEY. SMIBRICEHD > THRERIE A S EIR MR & 42 - T4
ITHTW: (H 4A), BIRBEZORE— 12— 0255 XRAIHRICESRHEN
A2TWE, RAMERAZERIZEULTL =,

BEARZEDRAEELYER. HRZOE ST, ARIMEOEMIZBE
LTl (F 4CD), BEREROBRHEH=-_21—0 (IHMERKL LCEREKELT
W=, BREAEZIOARAICEUVSIRERMEIEFNREOTAMZS T YICEY
commissura cerebelli %8> T AIZEUTLV -, HUISE LR IXSMBIZEY
=%, ERICHFnA Y, BREAEIYLENMIOKE KL YRMZHTULV: (B
40), BEABZOBH=-1—0Uh o 3 RAMRICTEZERENSA>TLE. A
fltRA EBRICEU TV,

SRRt O N RGRERELL S BAIE SN BROBAIER. @k
OEMIIZBEL TV (B 4EF), HEmEROR#—1 -0 EMEH L

(i?&ﬁ'@&)’)f:o
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R

AFNOBR R, BRHE. BEGE. NEMRBIIHLT FL—Y—RBKIC
EOTEDHBRADERES . HERKOMECHREZALSMNIL-DOIEFRFIHEH
TTHdH. KMXITEY., ChETOMBRBEFLHWGREITIER (Anken and Bourrat,
1998; Ishikawa et al., 1999) fZIFTIRAMLLEMN > F- A 5 H OZEEEEA—FRH L
MMIFT B ENHE, FLATHEIRBELBOFORATIELIRIZET S
(Nelson, 1994) A%, 2HKMICCHhETOEBRBOBRELLURTREC(RLGDH L
Fh <. RARORBER=-1—0O ORHIE. RESFFENICEATLNESETD
5749 aRaMLGEDEFBREOENEZELGY., ALBELEOFDORGES
FEMITEVNS Y b FABEDAY FIFARAFOVIISINFLENRX
FRABITBTW ., LALATHOBERZIE., ChETHRESATE-ERA
BEORBHRELRSELPPABRICED TEAVLSITHELTL D & 5 LHIERAH
otz BREXKICARBER- 1 —OUHIBRRINEZOFIEARICLDIAFTATO
HENMOTTHEIMN., AFHPFLEEOL S ICHBEAPABRICES S TULAEL
=it Ly,

UTHhoIERmBOREL BRI TSI oL EERER BT L, £9. R
2D 1) Retinofugal system [ZTD VT, DERFRBETHN > TLHRELITERO
HRELURESEALTOER., 2) ARBERICOVTOERDIEIRANS, XKIZ
SNEHZHEXIET HRAEOEDHBEZOAIMICONT, BEERRS,

HRAE

1. Retinofugal system

AN OBERFEIRAMBETH 1=, REBERRIEAXX L&, RREAE
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%, BEREMIE REKREMIBAOBRIFLEENDEEHEELH D ; e.g. Braford and
Northcutt, 1983; Northcutt and Wullimann, 1988) . fRZ RS EHAIEE. 1R Z ATt REEIER.

®BER. BIRERT L TRED S hFRICR ontz, BEIEORFIIRIR L.

BIEHD 2 WAT, LBOBRRAR Nz, ChoDEFES LURAEI~D
BE ORIt OE ST AL (see review by Vanegas and Ito, 1983) & EAMIZIE—
BT 5. LhLGhss, AXFBABTHRENH DHREKBRAZADIZST (e.g. Ito
etal.,1984) (XA FNTIIHETEZNMN 1=, BH. BFE. 5L UVBOES=
7 TIEHBISHIICREARFANEEIHEET S5 AN TS (Ebbesson and Ito,
1980), S EI A #H TR ON:-FRAIDOEIER~NDEFEXEBETTORENMS
hTL% (e.g. T4 (Reperant et al., 1976). £S5 =7 (Ebbesson and Ito, 1980),
> ¥ 3 (Springer and Gaffney, 1981)),

Lok SIc, MBEEFEEEMOBBERICED, ChLHIREFREEROHE
BEEIRRITEY . WITHREZITS5-OELB NS, AXXEREEAIXDT CH
BICEE LtORERFTZEAEHREENBEORERILOANZRZTEIRELED
FEtE, o, MEEFORBOKICHENT HERONS, EEARAETOREET
BATH AN, thDEHEY & RRIZHR ) X LIZEAHL L ATEEMENSELY (Klein et al,
1997; Yu and Reiter, 1993), SREAHDOFZIIMBRITERT D & &L ITPREANE
5135 HDHELY (Meek and Nieuwenhuys, 1998), tRE=AMNEERILT. HEFEHME
R CBRERKE. VI INFTMRET T BRBERK. NEREZICE
BEtd 5 EMNMBNTLND (Uchiyama ef al., 1988), €2 T. Th o DRI
REGHIABELETREGMEBISRE SN D &S ICRBEH ZHIHT 2R ZHEK
LT LRSI,

#BRERIE. 7T ISNAFIZHE VW TERAZERI (or Edinger-Westphal %) #
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It L CERKEHBREICERTEY . BERBCAH L ENMBN TS (Somiya
et al., 1992), BERENMIZLERKICET IHBEHRTHHP. E<OEBFREICH
WTHRBEA~NDOESTELELNH > THLMEETH S (Striedter, 1990; Yamamoto and Ito,
2000), AXFBAELA v IS RABORERTIE, RETREA SHRKAT
BENLTRMICETTIREAEZEL TS (to et al., 1980; Ito and Vanegas,
1983, 1984), EBRZAEBMN L ETEICELIERSE S ENTNHHTD
(Murakami et al., 1986; Sakamoto and Ito, 1982; Shimizu ez al., 1999), FTEIZIEKE H
SWNENBEENEZETE I EHNRIFHABETHLONTEY (Yoshimoto ez al,
1998). FH-ESFBRBRICKYBBITHAFRTETLENMONTINSMBEET
£ 35 (Demski, 1983), EMEANEZ, S OREHFBRASERITHHEICEAS LT
AV AR Ik (R AN

SEOAXHOHETIE., FERKO=—1—0 > OMBEKICITRRER SN iEH
St FLPERENMRIFBABTEIHRESINTINS (to er al., 1984; for
review see Vanegas and Ito, 1983), RE#IL. BEHICEIR oY X XXHALE
Tk {FZEL TL'S (Ito and Yoshimoto, 1991; Yamamoto and Ito, 2002), * FHIZ%
REXEIEEL TV : (B ICE), £SEFHEMRICEIY. REZKIIREE, SO
ADEZITHZENAXXHAETHONTLIS (Rowe and Beauchamp, 1982),
£, FEEO=-Z1—OVIIREOZEHEKRBES S VR LREBICRRGHHK
EZREDIET Z EMNHMSBNTLVS (Sakamoto and Ito, 1982; Shimizu et al., 1999), *
SHORBHO=—21—O OB EREREEITHTHSN, ERORAXTEALE
EEBRTHIHELIE. AFHTBVTLRERFERITLEBbND,

ALHDBEN 6 BHEEEHL TS &(d Ishikawa et al, 199 [Tk > THRE

ShTWd, RENREL, ORENDGRE. HEERHERE. ZHEEKXKBRE. D
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KBERE. POBEERE. HNERBERD 6 BAoLLHEIIERFABICHKELTRS
Nn51ETHSD (Ito and Yoshimoto, 1991, Yamamoto and Ito, 2002), BB AT
BROBGFRME, DBBTERONT, TICHARBRHBL SBHXAELE
TTLERRL. PHORENSRBOPRLKRBBOPOLEERICELES (Yamamoto and
Ito, 2002), HRBOREFERB(CIIREE D IHRABERENBKL TLIHEH
H&H % (Vanegas and Ito, 1983), A ¥ H THMDEB R\ L FHKIC. HAEROIZHE
BECSEICHBEEEB L 2BHERABZETLERL. EERO—BE LY
FVOETHIHLBEEREICLRL-oTULV: (B 2H), REHIKAEBIIIERRHD
ETOEBREICLY ZFEORBLVRBEEEOHVRBICANA TS LSICRAT,
HE., AECREFREEUALEDIFRETH I T THL. BELUSORE
ERLZBITMYBRLGEELICHEMZEZE > TLVD (for review see Vanegas and Ito,

1983; Meek and Nieuwenhuys, 1988; Yamamoto and Ito, 2002),

2. [RMR

ASHTIXMBICREGTIEH-_1—0O N, HAOKRBSRE. BRINHEE
B, MERESNMZ, HEMSSAER., AEATSEAER. RERD 6 E/RIC
ERTE, #XEROAREZR-_1— OV EERRAETIAETHESATL
A A

KARETHARAIRIZIRETT 5 2 &1, Minz and Claas (1981) AR#IZERE L TLL
X, EEOAFETHERINTE (Uchiyama, 1989), HRBRHOEFLET MBI
BICE>TRLE- TS, RENMEEEEI GRS BN TR EEDELITHET
HHBTIE. BAEHITRROYAMIZHY . RERLKRIKNOT CHRIIZHET S
TMIAR TIIREK & RNDOFFRBEEICHET S5O0 — R TH S (Demski, 1993),
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MRBEORREZTFOAFT AT, RAEEIETOE YRR EKHNOERFELIZGEE
LTl =, R#E#EEID = 1— 0O I gonadotropin-releasing hormone (GnRH) # E 4
L (for review, see Demski, 1993, Yamamoto, 2003), 8% - ¥ - — AR KE =
(4. BHOLEZFEIZ1%5t L (Yamamoto ef al., 1995; Yamamoto and Ito, 2000), 8
BEMRE LTHREETSLEALNTLVD (for review see, Oka, 1997), RARIEHTIC
BMX¥X3 % GnRH IREOREHRICKEBESAS NN TINS (Stell er al,
1984; Walker and Stell, 1986; Umino and Dowliing, 1991), LA LM S, {TEBILARIL
TOMEX. AXFRABIIBT DI FT—T75—5 I —THOEEYTHOHE
CRAHLEZZENDLL>TVELODTHAL RS Z LY (Yamamoto et al., 1997;
Yamamoto, 2003), REXEMME L TOBMUMEEH DA T HIRBBFORERED
BEFOMEELTY S 5,

AEHATIEFLRETTHCHRICLARER=1—DUBRoNhf-. Thid,
thOBRELEDREFXBEL-MHETHS (Uchiyama, 1989; Butler and Northcutt,
1992), BB TIE. MBECEMBERR=1—OVERON->TELT . BRED
ETS5T74 v aTHREIZE (the nucleus olfactoretinalis: Burrill and Easter, 1994)
DHBENH D, BEZDESLTBOLHLIONETHATHIHM., BEELV L
BCIZHE LERERABEF IV FATLRERBIIAPER=- 12— O UARLHLD
(Hofmann et al., 1993; Ito et al., 1999) Z &b, BKNTOMPBERER=1—0O DX
BEEEETRELEBHTHLLEBEDNS,

AENTIEEREO N DI OABERICARER=-—1—O VRN, ThED
Za—OVIEEGENESREL T, ARMNFHBERITZEBEET MO
MER- L —OUHERMAHETEILIE. AXFRAPTLERIATLS

(Ito et al., 1984), A FHOERKORMER-—1—O OKREIZERKIEIZETFD
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ErHonf-200, BLT46umBEOPME -1 —0OTHIRBEELTL
5, choDRBEFRF=1—D U RRICEE—DOZ2—D U KALGOAIEL
NiEL, AFNTIEIOBLYEZ > EBENICEET 20 ORKIHHT
BOHNELLALEL, SEIALD-1—0 0 ORERS LS OB EROEEY
BXLERRHTILENH D,

DIITINFOAINFGEEDTITH (RXFRABKET H) T, REM
FRREHNEASEREICREELTLT, NOKAIC 8,000-10000 BLH=21—0O Y
MEFEFE L TLYS (Uchiyama ef al., 1981; Uchiyama and Ito, 1984), 24 B Tl., %
BIEP B S (T REL S DT E 2 (TS (Uchiyama er al., 1986) , RFEAIEHRIE
BAZERENEIREEP LTV IBELOREBL TIT<KBEL/HDOLER
ShTLv% (Uchiyama, 1989), 7V BIZAE RO EABOH T LA, SEHE
MEELEASHIREZRORBZEIRVION., RAMBFABEIRRRAICERS
N-HEMEAEL 20 BEELARMNFRABEEFARORZZENEFIETHLLRL, &
BEhTICE-o TS 22— OVOHFERELEERLTLHLOENH D, £
PEYRERNLCRELTLIHAA (RXFHAE) TLREMBTPEIESRS
¥ O 3% % (X B \\ (Tanaka, Yoshimoto, Yamamoto, Ito and Somiya, personal
communication)s * #H EHKMBAFKELEHDWMIKEDEZEINFT LS HER
HRHY. —AI7JBRIKEORFZHEBTRDIEVSHHEEHR D, REANTAEE
BEROREEEOEVNICOL I HREFROMADLESIDENNC&E0E L
hil, COMBREOZDETEEBNLGRBFTLZITI S LICK > TRETTEET
H5,

NEHEAREXRT SRR
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AFATIE, AREXELTOSNEMHICH LT, BRHROEH 21— (F
BLREICBEL. BEAROEH — 21— O VERAIZBHEL. S ERZRDES)
Za—OVEERIZBELTW::, COLSL—RBEOKRIE. ChFETHR
Sht-, a4 (BEEHE) (Luiten and Dijkstra-de Vlieger, 1978). hH T (R XFHY)
(Lenard and Willis, 1979), ¥ > % 3 (BfF%) (Graf and McGurk, 1985), AL A (R
X&3Y) (Graf and Baker, 1985), BEBRMA (7OTFLH) (Szabo et al., 1987),
AINE (RXFXH) (Somiyaeral, 1992) EWVW>-thDERBRAEEHRTH 1=,
ChoDATIX, FL—Y—ZHAECEEIACTENNRHIEIAT EFEE
RoTHY., DRARKIHEXERONRET IHICHG LEEKITHTLAD
ZEDRBN S, Graf and McGurk (1985) Ik 5 & COERBETIXLETOEH =2
—OUEFEBEELZVOT, SEAFHORBTIE. ERMBICEENL—Y—
EIEIALEDN, SEAFTHTELENBHIC L —H—REBRZTH>-TRIATILE
M&HdH, £f-. AA (Luiten and Dijkstra-de Vlieger, 1978). F ¥ 3 (Sterling and
Gestrin, 1975; Sterling, 1977; McGurk and Graf, 1984; Graf and McGurk, 1985; Cabrera
et al., 1992; Pastor et al., 1991). A (Leonard and Willis, 1979), $h L A (Graf and
Baker, 1985) Tl&. SMEamERIIYAIREBABIZOMMT VLI EAHMOENT
Wd, SO &K SEDAFTHTOERBRTIIBALNZLESEMN oI, sinm
BARICA TR, MEIZ2RELG>THMNTLYS (datanotshown) S &S,
A F N THHNERERLYRE & RRAEICOMN TV LTSN H D,

RHE
RAICHEITHAIRNOBERY FO—JICEALTRELEFETHLERNZ (RE

THLHMRVEDOSNTEY ., BRATRFRIEEDOTIL—TITL>TTF 4 FE7 (X
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AEXBAR P31 Z2RRELTHEIMERMBESN LGS TS, —A, AFTHIC
BTMHADHERY bD—0 ORBZHBIE, FLEAETDATLEL,
DEHD—DELTATAINNSKFRERVPBRTHLILDHIToND (N
Yamamoto, personal communication), LA L. * FH ONBEO KBS ERH1-

(BE—MBHE) FHEEN LERREITI C EHNHE,

FHRICTE ST, AFHORBBOFIERS. AAER. MEFEXERT HE
Boa—0 OSHMNALIIG ST, HE. RERESHCOVTEEREMN. TH
FPRLEHARLA ST HEE > TTHONTz (Beck et al,, 2004), EHEIZZID &S HHE
B2, TEHEHERRICE > THREIFNLGEREZRBUITEITHAL 5. - B
EOBRBEICOVTHRKOBHETH>TL S, ChLDOHMRITHIRERE %1
RPMB LI UVEBRSRMICHARDIEOICRBELT -2 THD, -, A FTHOERR
BMELTOARBEEN LT, RALBITHOER OHEICEHLLEGFERR
TERODEEELTLARMRIEETHHSEER D,
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AON

APd

APv

CcC

CG

CR

DLT

Dm

flm

GR

HB

LI

nlll

NIII

nlV

NIV

nVI

NVI

NC

NDLI

B

accessory optic nucleus

area pretectalis pars dorsalis

area pretectalis pars ventralis
corpus cerebelli

corpus glomerulosum

crista cerebellaris

nucleus dorsolateralis thalami
area dorsalis telencephali pars medialis
area dorsalis telencephali pars posterior
fasciculus longitudinalis medialis
corpus glomerulosum pars rotunda
hypophysis

habenula

lobus inferior

oculomotor nerve

oculomotor nucleus

trochlear nerve

trochlear nucleus

abducens nerve

abducens nucleus

nucleus corticalis

nucleus diffusus lobi inferioris
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NE

NPC

NRL

PA

PC

PRN

PS

RF

SAC

SC

SFGS

SGC

SM

SO

SPV

TE

TL

TNG

TO

tro

trod

trov

TS

nucleus entopeduncularis
nucleus of the posterior commissure
nucleus reccesus lateralis
preoptic area

posterior commissure

preoptic retinopetal nucleus
nucleus pretectalis superficialis
reticular formation

stratum album centrale
suprachiasmatic nucleus
stratum fibrosum et griseum superficiale
stratum griseum centrale
stratum marginale

stratum opticum

stratum periventriculare
telencephalon

torus longitudinalis

ganglion of the terminal nerve
tectum opticum

tractus opticus

tractus opticus dorsomedialis
tractus opticus ventrolateralis

torus semicircularis
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VC

Vv

valvula cerebelli

area ventralis telencephali pars ventralis
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RAZRGKIFHEDOMHECPHERBERBLULRRRERRTES/20. M
BOBENRY FT—IBRICHEIDODEEZZIOND. T TRMEDEEN
Y b —OBIRICRIAUDRAERBEAS N TRHRDI2D., BEFXIiTIRERE -
EIERIERITHESRR, ARSIEML7O o b (RO VMY —4— i
B FEAN BIR) ADASTHEE S RBERAERGR IV —=20 (UN—T
U—4—  HZHE-FKR B FD) (KL
ZREABICAITHICHLUTDRA MV RZBHINZ S ET. AFTHNDIEE
(CHENZEREAAFEZEZHILL, ELT, ROBEICREZTIRALRK
Z 52, iNAROBEICREEZTIRAERKZ T /I EMNHES,
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Feig

HEHWEMOP TS, €T5740 v aRAFhBREDNRERRILBEEN -
REAMENEHARCELIZOLSDOHDLDOMAZEFF> TIND (Westerfield, 2000;
Ishikawa, 2000; Wittbrodt er al., 2002), T7bHE, O INENWRAR—RATHETZ B,
@ HAXAREN 23 sALHED. @ SETHD. @ BEIHTEIRET 5.
® BREENIERAT, BOEBHATH S /-OREBEEZHRELYCT V., BEFTIE, K
RBREARERBRO ) —Z I DBET ST 4 v 12 E>TITONEALRE
FRXICBEh D EARERBIEE < BONIZ (Haffter er al., 1996; Driever ef al., 1996),

ATHBFADOAEL L THEELBAOEBEFHARDSEATNDIIE, AY
DT ) Av A4 XL 800Mbp TETST7 4w rad 1700Mbp [CEERFRLITTH
U (Lamatsch er al., 2000), BEEBIFICEVWTHENTHE L. TLTESHOKA
ZRMFNATE S & (Sakaizumi et al., 1983; Hyodo-Taguchi and Sakaizumi, 1993).
BEBHITFENS,

MREREMRTIBEDNOETSI T4 v astRBE AT HOTEHEXD
SHRMEPERED, KFOEXEFICHSE, BXNICEEEEDOATHIET
574y alCHERT, AFHISE#E., #R, L. HAEITKkS ZEBAIRET
HBd. TOM. RMEBRVSEIELLEDIUTHC [AFTHOFERK LLTHLHN
AL TENERT I EPMEZINTIVS (Yamamoto, 1975 ; Egami ef al., 1990;
Iwamatsu, 1997), E/-RAZRFMERICBEAL TIE. ASHATHHABRMICTONT
B Y (shikawa et al., 1999), /W UMERES D> EICHBHOLST, SEMAERE
NTELETSI T4y 2aICHRT, HBBERVPBRHERICREETIRARE

REDSBEEZLBEOLNTIVS (Ishikawa, 2000), ESICAFRTHH TS 70 v
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23 25°C LT TIRIEEFERE LD (Westerfield, 2000), A4 AL 0°C-40°C £T
DEWGEBETERICETR. BET S (wamatsy, 1997) 728, BEBRIUHETREE
BONDAIEEMDSH D, COZLBRELXZTERICEDER. TEICEDLIBEES
7%/ v o070 MLBHTBILEDBHERDATHEMERT,
AEACIEBULDELS BRFRDBHBDT, MEBEOBENRY N —J Z8B4IF
T5LT, WEOYHRPHEERERBLARRRELRY S 2RAEREFE(FER

THILBIFBICHEBARILTHS.
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MR EFE

EN

A& (Oryzias latipesy DFEBEREFBRFERX R Cab-Kyoto R#ff (Furutani-Seiki
M. etal.,2004) ZRW=, KRBRGRARERKR V) —Z VT 2RITT 58I,
KIREKHE S R T L (Aquatic Habitats) 315 LIFEFZTEHEM LIz SOV RTA
FRBEDEAFTKBERATL S . PROFAFKBERIOATL | R, NEORAF
KBRATLRZEZNGLGY, S5 120 BOMZEHEZ D, COMICIT 1L, 2751,
9L, SHOBREXHmA-REOTIIUNE L) ZERHICTKET D ENTE, |
EOMICIXI LAED7590 209, 275 LG5 5060229, 9 LS 25304
DEMDEIERHEERLDT, DATLERTIX275L DF IV VILE 2D % 6,500
BELRERRELGRREKE A TLTH S, RAEFOLDFTIINLEZIZH30E
At 14 BfEl—10 BFREIOBREEAR. KR 26=1°C. pH 7.0:0.5 OEHTTHERRL
f=o BBIZ—RH 20, FRIOBEFRIBIZIITSA 1) >T (Artemia salina) &

¥8H (Hikari Curst Guppy, Kyorin) #5 % 1=,

EREA
I. PR D S

RN IIZ30-40°C ITBDHT=KEK 10 L #:3FKL., FAREES F)YLREK
¥ (Nacalai Tesque) 2.5 kg, NaOH 30-40 g Z/X . B E TR LA SEML
hFIRPH 10) ZEE Lz, 3 TFRICLREBKRICPINERZERT 5, avTF
% K57 bF+/3— (DRI-Vc #, Shimazu) RIZERE L. RUNASVIE RS T b

Fr N —RIZERE LT,
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CNUBOERIIRAELTRS T FFrN—ANTITo2. BREMIMET
ST v XRFR (DGP-350-M, Microflex) #F A L. %12 ENU (N-Nitroso-N-
Ethylurea) %5 & EEFRE 2F(CERTEALZ, £LT. —DOEENK
HEZEITHUDFREFMBICAN, HILLWFREEAR LI,

2. ENU BR&RDER

50 ml GE5TER (BHEIMUMFFTULVAEL) TE—H—RIZEHLFz001M B
F MUY LIKER (pH 6.3) % 40 ml |KUVERDF=, 1 g @D ENU ASA o 71= ISOPAC
ENU (Sigma) DR MILOTLRIZHIFIE HBEICEREDEEDH o=, F5HF
(220G DESEZERY F1+. RO TLRICRILT-, E58% 10ml 9351< =
ETELEARMLADEETEZIALZ, COEXZHRYRLUIFNBEADEE
REUZTRTEALE:, CORATINBROERITENU (TIERINTNVDAD
THAEZPNREITFHTEOEFIFFADOERED > YKE LT, 206 DF5
HEGBOFZFEL. Lo AEHNBILET L. BUE—HT—ARADEZ 40ml ]
WER STz, EHRICR FILRZREICLEASIFRFROREZ R FILIZAKRTz, K

MLEBREIZESELE-LT. RIEBLAEMNS 260C TS oFarR—230 0L =,

3. ENU JLI2H D1E S

ENU BBROA F a1 R—2 3 UBKRERICKS D FF vy o N—RICUEEEH
BEL- (TRORZESEIZ), 9+—2—/\X (K FTF— PT-21, Yazaki) (Z/K#
KEANE—2—ODBREZ 26°C ITHRE L= CKBIEIERTRITSH ENU LEE L%

BEMNENGNCHLY), 0.03% HEKE ENU LEE Ry 9 X3 2FF B-6.6, Iris)
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[22.8L &3%SE (R 1B335x BITIXBEE 155em. #F Ry FnLy) I
4L Ah, ThoDUBEEDA—2—N\RIZRITz, TOH, I M ) UBF +
1) 2 LKIBIR (pH 6.3)2.8 ml & ENU MEEIZANT=,

IE L TUL V- ENU AARZ2ICSEITE -8 (0 1 BR) . KIESDTHIB[ &SN
#tEEAL. RMLREZEELZREICEDOESITEFELAEN SR LA L ENUE
BERYHE Lz, SESBE51E2ES%E 40 ml Ah., ESSBITTEEZIY 111,
RELOITLRRIZRIL ., RELZEESEITLEEEEZ 10 ml 51F ENU BRE
WU Ltz RITEFHFZMUIHBFRADZESR 10 ml 2R MLITSEALTZ, CO
KOITESBRADERE AR MLAD ENU BREZHEIZHSTERL T o1z, 5
SBAICEY E L1z ENU BEEZSEIL ENU REEBICHD > U LFLTREIZEN
HEIITFALTL Iz, COEEERYIRLA FILAD ENU 3% % ENU 0E
ECTARTELE: (ENUORKREEER 3 mM &4-o1f), 0%, ABLEAMA
B (7Y UIRTHESTIE 135 cm, BT 155 cm. BHE 20.5 cm OFOEIZHEE
Ay bERYMSITY) 2 B% ENU REBIZRE L=, R EFLRIZY UBKE
BEAN-EHETHANRZIALTHOERBZAHOIHER. IHHEELTRML
#HPMRIZR T =,

4. ENU 4038

AFNERER/THL., ENULEBIZREL: | DOABLBARBICHLT
25 LD (G5 50 L) #NMIBLANE:, RICRIBESZA LV OHICHEREH
AT LERRIRIET T | BRI, ENULIEBEZR L 1=,

ENUREZEL-%. AZABLEZARBILESFBICHNIBLE. OB,
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AN S E L TRUES ENU LEBRICHBREH LS. ABLEZAAMAD LIS
FLEFILTEZL, 1000%, AFNZABLEBARABCLHATARADIL 2
2128 L., ABLBARAMAZHNHETLELLIRER >, AFHEIODIL A
VORNTHESATIC—BEATL-.

A, HEIWABFKTHEZLEEETERAOOL 30 FZABL. £b0ICHEH
EE-TAZELE#, BERAYFATLT .

5. A a— )L

LUTORT O a—)LIZHit>»T—HAMIZ 1B ENULE L 3829 To1=,

F£—a R F£—EBDLE

K REKRIZEY, &MF=TT,
E£8 A F_EIBONE

K REKRIZET ., #hfDIT,
¥=8 A F=EBONE

U REKRIZRYT, #hf=DIit,

K HERCEZ D,

>

fRER<EZ D,

275L 20 TikERBEEIE S,

FmE A HRIIEH S,
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6. MOl

ENU ($IEBMERBRPTIINBLOTL, D EHEEMBFTRPT 10 HhE
BLLERENRT D, ZREFA. FALLTRATOBREPMECKLAL, 9
F—B—NREE—F—FDEFLTRTOBELPHAICER Tz, ZTOHE. FH
RITBIEEE GO THEB THREMEETPMUEELT,

RRERER Y VY—=

ENU LI L7150 TOREDAFTH (GO X)) tHEROMODATHEHAFTD
TR LiAFHE 12ETOREL, #9150 KEOXRHK (F1 #EK) ZEHRL
2 URESH-YH100ME), BAEFTERL- Fl X ZRHKRZEL F2 #HXE44E
BLf- (FIHRDO 1 REICOEF0FRED R2#K), E5ICHAETERLI 2
HEZRHEREL (I REH-Y 10R7), BHKAZAERLE: (B 1), LLEDB
EZ3EKRYERL. RETT GO HE 150 L, F1 4L 141 KiK. F2 #4€ 1300 Rk
ZHEELI-, CORBERDS S 137 REMNSHONE BB EHRAZKRALAETAR
9 1)—=2% L1 (Furutani et al., 2004; Kitagawa et al., 2004; Elmasri et al., 2004;
Loosli et al., 2004; Sasado et al., 2004; Morinaga ez al., 2004; Iwanami er al., 2004;
Yasuoka et al., 2004; Yoda H. et al., 2004; Watanabe er al., 2004; Aizawa et al., 2004), 1=
EFLAESMLEZTO BHRIZHLTIT2 RV U—Z U TREEABHEBETTO
RERBROHTH D,

-77 -



53
ENU BB D EF L EMEED
150 TDAFH% ENULELF-A, FOREHZELLLEFICEEEZITA XM

REBDICEDHFEL-AFTHIT I ETHHT=,

RO Y—=2J LI-RADOHHT—4
F2 #R1Z 1137 REZR V2 Y—=JI2ERAL. B3 #RAERDOE-HXE LR
DR 6,088 THH1-, F3 HEKIZ. BEOEINMEL 24,887 B 5 T 261,647 LI

t_tOT:o

BRERKOEELE

2031 OLHHRRERRERANBFON, BLOBEMRRICEDH S 356 DEARE
BN R E TE T (Furutani et al., 2004), 3 B0HITIE, BIRNOBEICREERTE
PRZE 4K 33 (Kitagawa et al., 2004) SR E MO D RICEEEZ TRTEZAREREK 12
(Sasado er al., 2004), £FERICRE 2RI BAKRIK 16 (Morinaga er al., 2004), {8l
RABROBEICTREZTRI RBRERAE 4 (Yasuoka e al., 2004), FFRRDFEMHICRE
Z IR T RAT RN 22 (Watanabe er al., 2004) RO MEICRE L R T RAERE 15
(Iwanami er al., 2004), BROFREICRE 7T RAKLRME 22 (Loosli er al., 2004), #8
ERERFICREEZTRIRALRERT (Yoda H. ef al., 2004), KREIDOHMEICRES
T RAER 12 (Elmasri ef al., 2004), BAHRBRZHEDRALRIK 3 (Aizawa er al.,
2004) THD, TOM. BEFMLETEIHETLLZVILOLEDH L L. KO

BICREZTIRAREREL 52, RHEBROMBEICREETTIRALREKET 67 &
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tﬂf%f:o

LRDOESITHRALGREDHEMBROBECEOLIERERARERLI AT
KD, ChoDEHITELOVBEIZOVTIHBRMXZESEICLTHESEZ, C
CTRABXOBEICEALIMRUBMARORAETRFKICEHL TOH. BEEH
LTHHEZEZHRET 5.

BROREBRE
REBRRONZRAEMBET THR IS LICKYBRBTEL-HEREZ. Al
fpi O r & XEFLRBORBOM, X, RETR. HRETH 1=,

BAEDOKERY

EORBROETIERTLECERTLZTOEETEIHRBTELRL, 201
HEFELEEIZFa—T U2 HNKI OHEEEFELBREZLZARIELE
(Yasuoka er al., 2004), COFETHRETS-HEREIL. REOMBEERORIA.
BEOEEASELE, ETRBRORETH 1=,

AR RERHEZARILT - HICRBRICHABREFL—Y—E LTEAL
BEAEMB T CHET LI LICLYRETELBEREE. BIE, S DBRHITE
REFREZTEXXLAMORBILKRERT HD (F2HSHB) (THLT. |REL
<K REIMNICBREEHETIO. EPREFMBATICRAIDREBICHMHE L@
ELEEXT LD, TLTEFRIBI LSS LREAOREICRMERIELLR

TH5LDODTH-HT-,
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ENU 4028

AENTINAETTONTE MR ARAEREKAIV—Z VI THLENU %
AL TEREALH (shikawa er al., 1999) [£HBH. TOEDETEIL 25%
THOT-o FRRTIE ML DA T OB -FEFTHZITTHEL, EFITHESE
ETARMREB/DIIEAEES, ChIXENU RBEEITHROTATDADK,
BRHEBANMA., L THTEVEILEZYE TR B TZLEEDME
[CEYATHNBEDR NV REEZ LGNSO THEIEEZDBND . ELT.
ROV—ZV T DHRELTHEZLDERKRNB ORI ENL. KFENAL
NIZNELIKEREATEZEIBN-FETHAIZEPBHLIE L ST,

BoORBRE

TIS T4 v aTADONERAERKRY == T (Haffter er al., 1996;
Driever et al., 1996) TIEHPRBABERORLEICREEZTIRAERARIZTLALR
ShEMoTz, TNICHR, SEIT AT HDORAERER V) —= 25 Tl
PREZEROFLEICRELZTTRAZRAINYEZ(Bon. TORBEILIFRO
LDONBETH o1z AN THRBBEROREN LTS T4 v ialttkRTE
BICEROABI L. ChETOMIBLRAERRR VY-V THiRES
N TULVS (Ishikawa, 2000), ¥FICABME TIIRMICRE LTI RRERKIH L <
‘Boht-, AEORBMIIT K ANOREIZOABDLLIEDTHLIEDHRMLELTH
Stzht EETERE. BE, —BAMRBREL EKRAGEROARE A THOAT

WNB I EABBEEIFMICEHOMNZENTEY (Yoshimoto and Ito, 2002), /o
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RN DRATERGFE S S ITEHEL CHBBREFMICHET 52 L ER#1ZERY b
D—7 DREFBAICLECDEERANRES A S EMVAR/TE S,

BAEOKERYE
BARORHIFAICRENRONDIRAERAEDSZE B[ OALA, TholEFE
EHREOAFICLREEF >TVIARMNER SN D, BE, BHREITHNT
X, EOFELIADREZTIRAERAENFIONTINS (Yoda er al., 2004), &
BEDISEHRANSDL Y HBLRENFZMBRALETH S, 51 Yoda et al.
(2004) 1%, BON-RAERFIIOVTRE-RERGFICOAEB L THEFLTL
HH., WUBOFBIHIEEZMTRRzLSIZ, BE-HEZFL T TIELRL,
RO A L HERADBRSFAFEL. S SITIXBRAL SRE~RSTT 2 HBIE
RNFETSHDT, CORARZRFCEL THRE-REBRFLUNOPIELSFICE
BLESORBRPLETHAL,

g

AHRED ENU ZFE - -EREANEEIXEMEMNLFETHY . SEISITHT-
BEEANCERARRV -V JZT5BRICHLBRIUDYWTH D, SEZSDRE
VimEORREICREZTIRAEZREARZR/oN-C L(E. A FH EMhiERERE
DETNELTHRTDIEGENT IO—FELELTRUD—SERAIAHLEEE
Zb, LhL., CNoDZERFKICE L CRELELFBREMICHSMZLTL,
BEINELGSENIEAZL, CHITITE—BEE_HTHOMILE-HERD

AENERVERAROBROBEZHBINLETRARGERFTRERMT ST
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ABSTRACT

Medaka (Oryzias latipes) is one of the few vertebrate experimental animals in which inbred
lines have been established. It is also a species that has advanced in genetic studies in a
manner comparable to zebrafish. This fish is therefore a good model for studying functional
organization of the nervous system, but anatomical analysis of its nervous system has been
limited to embryonic stages. In the present study, we investigated anatomy of cranial nerves in
adult fish focusing on the visual function, using an inbred strain of medaka. Cranial nerves of
medaka were labeled using biocytin, revealing a central distribution of retinofugal terminals,
retinopetal neurons, and oculomotor, trochlear and abducens motor neurons. The optic nerve
of the adult medaka was of a complete decussation type. Retinofugal terminals were located
in 8 brain nuclei, the suprachiasmatic nucleus, nucleus pretectalis superficialis, nucleus
dorsolateralis thalami, area pretectalis pars dorsalis (APd), area pretectalis pars ventralis
(APv), nucleus of the posterior commissure (NPC), accessory optic nucleus, and the tectum
opticum. Retinopetal neurons were identified in 6 brain nuclei, the ganglion of the terminal
nerve, preoptic retinopetal nucleus, nucleus dorsolateralis thalami, APd, APv, and NPC. The
oculomotor neurons were mostly labeled ipsilaterally and were located dorsomedially,
abutting the fasciculus longitudinalis medialis in the mesencephalon. The trochlear nucleus
was located contralaterally and dorsolaterally adjacent to the fasciculus longitudinalis
medialis in the mesencephalon. The abducens nucleus was located ipsilaterally in a
ventrolateral part of the rhomebencephalic reticular formation. These results, generally similar
to those in other teleosts, provide the basis for future behavioral and genetic studies in

medaka.

Key words: retinal projection, retinopetal neuron, extraocular motor neuron, brain,
teleost fish, medaka



INTRODUCTION

Medaka (Oryzias latipes) has several advantages as an experimental animal model for
genetic and developmental studies (Ishikawa, 2000; Wittbrodt et al., 2002). In recent years,
large-scale mutagenesis screening of mutations affecting neurogenesis or organogenesis have
been successfully performed using medaka (Furutani-Seiki er al., 2004). Many mutants
displaying defects in histogenesis of the brain and cranial nerves have been identified
(Ishikawa 2000; Kitagaka et al., 2004; Yoda et al., 2004, Yasuoka et al., 2004). Determination
of the entire genome sequence is currently underway (http://dolphin.lab.nig.ac.jp/medaka/).

The brain of teleost fish shares the same basic organization with other vertebrates,
consisting of the telencephalon, diencephalon, mesencephalon and rhombencephalon in the
anterior to posterior order (Ito and Yoshimoto, 1991). Small fish have markedly fewer neuron
numbers compared to other vertebrate species but exhibit common basic behaviors (e.g.
feeding, escape and reproduction) as well as more sophisticated social behaviors exemplified
by schooling (Yamamoto, 1975; Egami et al., 1990; Iwamatsu, 1997). This indicates their
potential use as an experimental model for the analysis of various levels of behavioral
responses. To take advantage of the biological characteristics of medaka in behavioral studies
and to establish links between genes and behavioral functions, anatomical analysis of the
medaka brain is an essential first step.

Neuroanatomical studies of teleost fish have been performed using various species,
revealing a diversity of morphological features (Davis and Northcutt, 1983; Ito and
Yoshimoto, 1991; Uematsu et al., 2002) partly ascribed to the variety of sensory inputs in the
life of individual fish species (Ito and Yoshimoto, 1991; Ito, 2002). A gross brain atlas of the
medaka has been published by Anken and Bourrat (1998) and Ishikawa et al. (1999). Previous
analyses of the medaka brain, however, have stopped short of identifying neural circuits.

To provide fundamentals to the study of the medaka nervous system, we initiated an
investigation into the cranial nerve connections and compared the results to other fish species.
Medaka belongs to smegmamorphs, which is considered to be closely related to percomorphs,
such as the archer fish and filefish, and holocentrids; all belong to neoteleostei (a newly-
evolved branch of euteleostei) (Nelson, 1994). Medaka is very distantly related to another
group of teleost fish frequently employed for experimentation, such as zebrafish, carp and
goldfish that belongs to cyprinids (an old group of euteleostei). There are several teleost
groups with well-developed eyes (e.g. holocentrids, some percomorphs), which presumably
reflect the large dependence on vision in their ecological niche. Medaka also has large eyes,
as implicated by its name (me = eye, daka = high in Japanese). The origin of the name also
relates to the known feeding habits of medaka that includes the dependence on the visual
sense to identify food while swimming close to the water surface. We therefore began our

study with an analysis of the cranial nerves involved in visual function. In the present study,
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the central distribution of retinofugal terminals, retinopetal neurons, and oculomotor, trochlear

and abducens motor neurons was analyzed using biocytin and tract-tracing experiments.



MATERIALS AND METHODS

Specimens

The Cab-Kyoto inbred strain, derived from the Southern population of the Japanese
medaka, Oryzias latipes (Furutani-Seiki et al., 2004), were used in this study. The fish were
raised in 9 L tanks (at a population density of 30 fish/tank) at 26°C+1, pH 7.0+0.5 with a 14 h
light/10 h dark cycle. Fish were fed twice daily with live brine shrimp (Artemia salina) larvae
and commercial dry fish food (Hikari Crest Guppy, Kyorin). A total of 17 adult medaka fish
(over 3 months old, 2-3 cm of body length) were used for biocytin injection and analysis. To
determine the peripheral distribution of cranial nerves innervating the oculomotor muscles, >5

adult medaka were used for each nerve.

Peripheral distribution of cranial nerves innervating extraocular muscles

Fish were anaesthetized for 5 minutes in chilled 0.04% 3-aminobenzoic acid ethyl ester
(MS222, Sigma) in fish cultivation water (Furutani-Seiki et al., 2004). Fish were held on a
dissecting stage with insect pins and then perfused through the conus arteriosus with 2%
paraformaldehyde (PFA) in 0.1 M phosphate buffer (pH 7.4), using a small glass pipette under
a dissection microscope (MZ12.5, Leica). Whole bodies were post-fixed with a fresh solution
of the 4% PFA in 0.1 M phosphate buffer for longer than 2 days.

The parietal, frontal, and occipital bones were removed under the dissection microscope
prior to the overnight immersion of fish in dimethyl sulfoxide (DMSO)-methanol (DMSO:
methanol = 1:1). After rinsing in 4% PFA in 0.1 M phosphate buffer, the peripheral

distribution of the nerves was observed under the dissection microscope.

General experimental scheme of tracer experiments

Fish were anaesthetized as described above for the cranial nerve distribution study.
Under anesthesia, fish were held on a dissecting stage with insect pins. The body was covered
with a wet paper (Kimwipe, Kimberly-Clark Corporation) to avoid drying. The procedure for
the injection of biocytin into the cranial nerve was performed under a dissection microscope.
After tracer injection (described below), fish were kept on the stage for 30 minutes, wrapped
in a wet Kimwipe and occasionally sprinkled with water to maintain hydration. Fish were
then returned to tanks and reared for 1 day.

Labeling of optic nerve

In order to expose the optic nerve, the left eyeball was turned ventrally after incising the
skin at the orbital margin, superior oblique muscle, superior rectus muscle, and the optic
nerve (the number of fish specimens, n=7). After wiping the orbit with a piece of dry

Kimwipe, a small crystal of biocytin (g-biotinoyl-L-lysine, Molecular Probe) was placed on
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the distal end of the optic nerve.

Labeling of oculomotor nerve

In order to expose the oculomotor nerve, the left eyeball was turned dorsonasally after
incising the skin at the orbital margin, inferior oblique muscle, inferior rectus muscle and
lateral rectus muscle (n=4). After wiping the orbit with a piece of dry Kimwipe, 1-2 ul of
biocytin solution (3% biocytin in 0.05 M Tris-buffer, pH 7.2) was pressure-injected into the
oculomotor nerve using a PLI-100 Pico-Injector (Harvard/Medical Systems). The oculomotor
nerve was injected with tracer just before the nerve branched in the temporal area of the orbit,
in order to trace innervation of the superior rectus, inferior oblique, inferior rectus and

medial rectus muscles.

Labeling of trochlear nerve
In order to expose the trochlear nerve, the left eyeball was turned slightly ventrally after
incising the skin of the orbital margin (n=5). Pressure injection was used to inject the biocytin

solution into the trochlear nerve running through the dorsal area of the orbit.

Labeling of abducens nerve

In order to expose the abducens nerve, the left eyeball was turned dorsonasally after
incising the skin of the orbital margin, then cutting the inferior oblique, inferior rectus and
lateral rectus muscles at their insertion to the eyeball (n=1). Biocytin solution was pressure-
injected into the abducens nerve running through the temporal area of the orbit.

Fixation

Fish were anaesthetized and perfused as described above. The brain was excised and
post-fixed in a mixed solution of 4% PFA and 0.5% glutaraldehyde in 0.1 M phosphate buffer
for 1 day or longer at 4°C.

Sectioning and staining

Fixed brains were immersed in 30% sucrose in 0.1 M phosphate buffer (pH 7.4) for 12 h
at 4°C, then embedded in 15% (w/v) gelatin and 5% (w/v) sucrose in 0.1 M phosphate buffer
at 37°C. After freezing at -20°C, brains were cut serially on a cryostat (50 um-thick transverse
sections), and sections were divided into wells in a 48-well plate and processed for
visualization of the tracer using free-floating conditions.

Sections were washed in 0.1 M phosphate-buffered saline for 10 minutes, then immersed
in 70% methanol containing 3% H,O, for 10 minutes. After two rinses in 0.1 M phosphate-
buffered saline, sections were incubated for 3 hours in a 1% avidine-biotin complex (ABC:

Streptavidin Biotin Complex Peroxidase kit, Nacalai Tesque) solution containing 0.4% Triton-



X-100 in 0.1 M phosphate-buffered saline. After washing 3 times in 50 mM Tris-HC] for 5
minutes, sections were incubated with diaminobenzidine (DAB) solution (6x10°% DAB,
0.4% ammonium nickel (II) sulfate hexahydrate and 3x10*% H,0, in distilled water) until
specimens developed color (approximately 5-10 minutes). To terminate the reaction, sections
were washed 3 times for 5 minutes in 100 mM Tris-HCI. After washing in distilled water,
sections were serially mounted in rostrocaudal order on silan-coated slides (Super Frost White
MAS, Matsunami), counterstained with 0.1% cresyl violet (Nissl staining), then analyzed
using microscopy (AX80, Olympus).

Figure production

Images of appropriate sections were captured using a DP70 digital camera (Olympus)

and imported into a computer. Line drawings were made using a camera lucida.



RESULTS

We first analyzed the optic nerve by examining 1) the crossing pattern at the optic
chiasm, 2) anterograde-labeling pattern or retinofugal system, and 3) retrograde-labeling
pattern or retinopetal system. We then describe the cranial nerves that innervate the
extraocular muscles and extraocular nerves, focusing on 1) peripheral distribution and 2)

distribution of extraocular motor neurons.

Optic Nerve

The optic nerve was labeled by placing a small biocytin crystal on the distal stump of the
nerve at the margin of eyeball.
1) Optic chiasm

Labeled fibers of the optic nerve were followed to the optic chiasm, where all labeled
fibers crossed the midline. After crossing, labeled fibers continued to the tractus opticus and
enter the contralateral brain. This indicates that the optic nerve of medaka is of a complete

decussation type.

2) Retinofugal system
a. Preoptic area

Immediately after crossing the optic chiasm, a thin fiber bundle emerged from the tractus
opticus contralateral to the injected optic nerve and coursed dorsally to enter the brain. This
fiber bundle terminated in the suprachiasmatic nucleus located immediately dorsal to the optic
chiasm (Figs. 1C, 2A). Terminals in the nucleus distributed from the level of the nucleus
entopeduncularis to that of habenula. At the level of the habenula, a portion of the labeled
fibers in the suprachiasmatic nucleus crossed the midline again through the commissura minor
of Ishikawa et al. (1999) and terminated in the suprachiasmatic nucleus, ipsilateral to the
injected optic nerve (Fig. 1C).

b. Thalamus and pretectum

Caudal to the chiasm, labeled fibers in the tractus opticus coursed dorsocaudally to
provide terminals to the thalamus and pretectum, and finally to the tectum opticum. The
tractus opticus split into 2 branches: the tractus opticus pars dorsomedialis that gave off
terminals to the thalamus, dorsal pretectum and tectum opticum, and the tractus opticus pars
ventrolateralis that gave off terminals to the ventral pretectum, accessory optic nucleus and
tectum opticum.

At the rostral level of the habenula, a region with dense terminals was observed in the
nucleus pretectalis superficialis located dorsolateral to the tractus opticus pars dorsomedialis
(Figs. 1C, 2B).



At the same level, a fiber bundle branched from the tractus opticus pars dorsomedialis,
and proceeded dorsomedially. This bundle gave off terminals to the nucleus dorsolateralis
thalami (Fig. 1C). At a more caudal level, where the habenula appeared the largest, the
terminal field in the nucleus dorsolateralis thalami extended maximally in the dorsoventral
axis, where terminals appeared to be the densest (Figs. 1D, 2C).

Labeled fibers in the nucleus dorsolateralis thalami continued caudally and formed a
terminal field in NPC, located ventrolateral to the posterior commissure (Figs. 1E,F, 2F). A
fraction of fibers crossed the midline though the posterior commissure and terminated in the
NPC, ipsilateral to the injected optic nerve (Fig. 1F).

Some fibers of the tractus opticus pars dorsomedialis formed terminals in the APd before
they reached the tectum opticum (Figs. 1D, 2D). Ventral to the APd, another group of
terminals was provided from the tractus opticus pars ventrolateralis, which is the terminal
field in APv (Figs. 1D,E, 2E).

c. Accessory optic nucleus
Some fibers in the APv passed through the nucleus and extended caudomedially. These

labeled fibers terminated in the accessory optic nucleus (Figs. 1F, 2G).

d. Tectum opticum

The largest of the retinal targets was the tectum opticum. The tractus opticus pars
dorsomedialis entered the tectum from its dorsomedial aspect and the tractus opticus
ventrolateralis from the ventrolateral aspect (Figs. 1D-F). The tectum opticum of medaka has
6 layers, a common feature in teleosts (Ishikawa et al., 1999). Labeled fibers ran mainly
through the stratum opticum and stratum fibrosum et griseum superficiale, terminating at this
point (Fig. 3A). A fraction of labeled fibers ran deeper to terminate in the stratum album
centrale. The stratum fibrosum et griseum superficiale appeared to be divided into a

superficial layer with denser fibers and a deeper layer containing less dense fibers.

3) Retinopetal system

In medaka, neurons projecting to the retina were identified in 6 nuclei: TNG in the
telencephalon, preoptic retinopetal nucleus, nucleus dorsolateralis thalami, APd, APv and
NPC. The latter 4 nuclei are retinorecipient nuclei as described above.

The TNG was a cluster of large neurons located in the area ventralis telencephali pars
ventralis (Fig. 1A). Labeled cells were piriform or oval in shape (Fig. 3B). Fibers of labeled
neurons in the TNG extended dorsocaudally, turned ventrolaterally at the rostral level of the
habenula, and then a subpopulation of fibers merged with the tractus opticus (Fig. 1C) toward
the optic nerve.

Approximately 20-labeled neurons in the preoptic retinopetal nucleus were observed in
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the boundary region between the preoptic area and the tractus opticus (Fig. 1B). Labeled cells
of the preoptic retinopetal nucleus were oval-shaped. At more caudal levels, labeled neurons
in the nucleus were distributed more dorsally and reached the nucleus dorsolateralis thalami
(Figs. 1C, 3C). Labeled neurons in the nucleus dorsolateralis thalami thus appeared as a
dorsocaudal continuation of labeled neurons of the preoptic retinopetal nucleus (Figs. 1C,D,
3D). Labeled cells were piriform or oval-shaped in the nucleus dorsolateralis thalami. Small
numbers of labeled, oval cells were also observed in the NPC (Fig. 3E), positioned
immediately caudal to the nucleus dorsolateralis thalami. A few neurons were seen lateral to
the preoptic retinopetal nucleus, and labeled, oval neurons continued to the APv (Fig. ID).

One single, labeled, oval neuron was also observed in the APd (Fig. 1D).

Cranial nerves that innervate extraocular muscles
1) Peripheral distribution

Under the dissection microscope, the oculomotor nerve appeared to exit the brain from
the ventral side of the mesencephalon and run rostroventrally along the lateral surface of the
brain. The oculomotor nerve exited the cranium through a foramen located in the caudal
basement of the parasphenoid bone (Iwamatsu, 1997) that constitutes the rostroventral wall of
the cranium. The oculomotor nerve then split into 4 branches in a caudal area of the orbit to
innervate the superior rectus muscle (SR), medial rectus muscle (MR), inferior oblique
muscle (IQ) and inferior rectus muscle (IR) (Figs. 4A,B). The origin of SR was an
articulation-like portion at the center of a parasphenoid located slightly caudal to the optic
chiasm. The SR extended rostrodorsally and inserted into the dorsal part of the eyeball
(rostrocaudally central portion). The MR originated from a central position of the
parasphenoid bone and inserted into the rostral part of the eyeball (dorsoventrally central
portion). The IQ originated from the medial end of the dorsal part of the palatine bone,
extended caudoventrally and inserted to the ventral part of the eyeball (rostrocaudally central
portion). The IR originated from the center of the parasphenoids, similar to the SR, and
extended rostroventrally to insert into the ventral part of the eyeball (rostrocaudally central
portion).

The trochlear nerve exited the brain from a position dorsocaudal to the exit of the
oculomotor nerve. The trochlear nerve extended rostroventrally along the lateral surface of
the brain and exited the cranium from a foramen in the caudal basement of the parasphenoid
bone. The nerve then traveled along the dorsal side of the eyeball and innervated the superior
oblique muscle (SQ) (Figs. 4A,B). The SQ originated from the medial end of the dorsal part
of the palatine bone, extended dorsocaudally and inserted into the dorsal part of eyeball
(rostrocaudally central portion).

The abducens nerve exited the brain from a ventromedial part of the rhombencephalon,

then extended rostrally and slightly laterally along the ventral aspect of the brain. The
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abducens nerve left the cranium from a foramen in the caudal basement of the parasphenoid
bone and innervated the lateral rectus muscle (LR) (Figs. 4A, B). The LR originated from the
medial part of the parasphenoid bone, extended laterally and inserted into the caudal part of

eyeball (dorsoventrally central portion).

2) Distribution of extraocular motor neurons

Extraocular motor neurons were labeled retrogradely by injecting biocytin solution into
each cranial nerve. The oculomotor nucleus was located in the dorsal portion of the
tegmentum mesencephali at the rostral level of nucleus recessi lateralis. The oculomotor
nucleus was dorsomedially adjacent to the fasciculus longitudinalis medialis (Figs. 5A,B).
Most of the labeled neurons were observed in the ipsilateral nucleus with only a few cells in
the contralateral nucleus. Ipsilateral neurons were located dorsal and medial to the fasciculus
longitudinalis medialis, while contralateral neurons medial to the fasciculus. The labeled cells
in the oculomotor nucleus were fusiform or piriform in shape. The fibers derived from the
labeled neurons extended ventrally to form a bundle. The bundle turned laterally and left the
brain as the oculomotor nerve from the ventral aspect of the mesencephalon (Fig. 5A). A
subpopulation of labeled fibers derived from labeled neurons in the oculomotor nucleus
entered the fasciculus longitudinalis medialis and extended caudally as part of the fasciculus.

The trochlear nucleus was caudal to the oculomotor nucleus and located dorsolateral to
the fasciculus longitudinalis medialis at the level of the nucleus interpeduncularis (Figs.
5C,D). Labeled cells were fusiform or piriform in shape. In its most rostral part, the trochlear
nucleus was very close to the caudalmost neurons of the oculomotor nucleus. Labeled fibers
of the trochlear neurons extended medially, running dorsal to the ventriculus quartus, forming
a bow-shape tract, and passing through the commissura cerebelli to the contralateral side.
These fibers extended further laterally, then turned ventrally and left the brain at a position
caudolateral and dorsal to the oculomotor nerve exit (Fig. 5C). A subpopulation of labeled
fibers derived from labeled neurons in the trochlear nucleus entered the fasciculus
longitudinalis medialis and extended caudally through the fasciculus.

The abducens nucleus was located caudally away from the other extraocular motor
nuclei, in a ventrolateral part of the rhomebencephalic reticular formation. Labeled neurons in

the abducens nucleus were oval or piriform-shaped (Figs. 6A,B).
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DISCUSSION

To understand the central neural circuits in medaka, we initiated an analysis of cranial
nerve projections and distribution of motor neurons using tract-tracing biocytin tracers. This
study revealed a central distribution of retinofugal terminals, retinopetal neurons, and
oculomotor, trochlear and abducens motor neurons in medaka. Medaka belongs to
smegmamorphs, which together with the closely-related percomorphs, are regarded as highly-
derived teleost groups (Nelson, 1994). We thus compared the present results in medaka with

those of closely-related percomorphs and other more distant related teleosts.

Optic nerve
1) Retinofugal system

Retinal projections in medaka were contralateral dominant. Labeled terminals were
found in 8 brain nuclei: the suprachiasmatic nucleus, nucleus pretectalis superficialis, nucleus
dorsolateralis thalami (sometimes considered as a projection to the nucleus ventrolateralis
thalami; e.g. Braford and Northcutt, 1983; Northcutt and Wullimann, 1988), APd, APv, NPC,
accessory optic nucleus, and tectum opticum. On the ipsilateral side, small numbers of
terminals were observed in the suprachiasmatic nucleus and NPC. These targets as well as
terminal patterns in the tectum opticum are common to other teleosts (see review by Vanegas
and Ito, 1983), but a projection to the nucleus ventromedialis thalami reported for
percomorphs (e.g. Ito et al., 1984) was not detected in medaka. Contralateral dominance of
retinal projections is also common to other teleosts (see review by Vanegas and Ito, 1983),
except the piranha, in which abundant ipsilateral projections have been reported (Ebbesson
and Ito, 1980). Projection of the optic nerve to the ipsilateral nucleus of the posterior
commissure in medaka, as observed in this study, is also known to occur in ostariophysan
teleosts, e.g. cyprinids (Reperant et al., 1976), piranha (Ebbesson and Ito, 1980) and goldfish
(Springer and Gaffney, 1981).

As described above, retinal projections end in multiple nuclei. This implies that visual
information is transmitted through multiple functional circuits to carry out parallel processing
of visual information. The suprachiasmatic nucleus is located immediately dorsal to the optic
chiasm and receives a projection of nerve tract fibers distinct from those projecting to other
retinorecipient nuclei. This is analogous to the homonymous nucleus in mammals. Function
of the suprachiasmatic nucleus in teleosts has not yet been determined, but the nucleus is
likely involved in regulation of circadian rhythm, similarly to other vertebrates (Klein et al.,
1997). Many pretectal nuclei receive retinal projections and project to the cerebellum (Meek
and Nieuwenhuys, 1998). In filefish that belong to percomorphs, the APd, APv, and accessory
optic nucleus are known to project to the oculomotor nuclear group, in addition to the

cerebellum (Uchiyama et al., 1988). These nuclei may constitute neural circuits regulating
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oculomotor kinetics to stabilize visual images on the retina.

In filefish, the NPC sends information to the ciliary ganglion relayed by the accessory
oculomotor nucleus (or Edinger-Westphal nucleus) and regulates visual accommodation
(Somiya et al., 1992). The nucleus dorsolateralis thalami, although belonging to the thalamus,
projects little to the telencephalon in most teleosts (Striedter, 1990; Yamamoto and Ito, 2000).
In the visual system of percomorphs and holocentrids, the tectum opticum sends abundant
fibers to the nucleus prethalamicus, which in turn projects to the telencephalon (Ito et al.,
1980; Ito and Vanegas, 1983, 1984). The nucleus pretectalis superficialis projects to the
nucleus intermedius, which in turn sends fibers to the corpus glomerulosus, an afferent origin
to the inferior lobe (Murakami et al., 1986; Sakamoto and Ito, 1982; Shimizu et al., 1999;
Yamamoto and Ito, 2002). In percomorphs, the inferior lobe receives gustatory and
viscerosensory inputs (Yoshimoto et al., 1998), and electrical stimulation of the lobe evokes
feeding behavior (Demski, 1983). It is possible that the visual signals through the nucleus
pretectalis superficialis participate in the regulation of feeding behavior.

In the present study, no terminals of retinofugal projection were found on the cell bodies
of nucleus corticalis neurons, a finding similar to the situation in percomorphs (Ito er al.,
1984; for review see Vanegas and Ito, 1983). The nucleus corticalis develops well in
percomorphs but is not present (or at least is undetectable) in ostariophysans or salmonids,
both of which are considered to have been derived at a relatively early stage in teleost
phylogeny (Ito and Yoshimoto, 1991; Yamamoto and Ito, 2002). The nucleus corticalis is also
present in medaka, a smegmamorph consistent in its close relationship with percomorphs
(Figs. 1C-E). In percomorph teleosts, there is electrophysiological evidence that the nucleus
corticalis receives input from the retina (Rowe and Beauchamp, 1982). The nucleus corticalis
neurons extend huge dendrites to the stratum fibrosum et griseum superficiale and stratum
griseum centrale of the tectum opticum (Sakamoto and Ito, 1982; Shimizu er al., 1999).
Dendrite morphology of the nucleus corticalis neurons is not described in medaka, but from
an analogy with related percomorph teleosts, it is likely that the nucleus corticalis neurons
receive retinal projections on their dendrites in medaka as well. The nucleus corticalis projects
to the corpus glomerulosum, an afferent origin to the inferior lobe. Hence, visual information
relayed by the nucleus corticalis may modulate feeding behavior, as discussed above for the
nucleus pretectalis superficialis.

In teleosts, the tectum opticum is not only a relay center for visual input to the
telencephalon but also an area that receives input of other modalities and sends fibers to
various targets, including descending projections to the rhombencephalon (for review see
Vanegas and Ito, 1983; Meek and Nieuwenhuys, 1998; Yamamoto and Ito, 2002). The tectum
opticum is thus one of the most important centers for sensory-motor co-ordination.

Neural circuits related to vision that have been described for percomorphs are probably

present in smegmamorphs medaka because of their close relationship. The present study
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provides a basis for further investigation into the visual circuits from a morphological,

functional, behavioral, and genetic viewpoint.

2) Retinopetal system

In medaka, neurons projecting to the retina were identified in 6 brain nuclei on the
contralateral side: the TNG, preoptic retinopetal nucleus, nucleus dorsolateralis thalami, APd,
APv and NPC. To our knowledge, this is the first report in teleosts of retinopetal neurons
located in the NPC.

Subsequent to the first discovery of projection from the TNG to the retina (Miinz and
Claas, 1981), this pathway has been confirmed in various fish species (for review see
Uchiyama, 1989). Position of the TNG is variable depending on the species. In species with a
stalked-type olfactory bulb, where the olfactory bulb is located close to the olfactory
epithelium and distant from the telencephalon, the TNG is located in a rostral region of the
olfactory bulb. In species with a pedunculated olfactory bulb-type, where the olfactory bulb is
positioned immediately rostral to the telencephalon, the TNG is usually located at the
boundary between the olfactory bulb and telencephalon (for review see Demski, 1993).
Medaka, a pedunculated olfactory bulb-type species, had the TNG at the boundary of the
olfactory bulb and telencephalon, in concordance with a previous immunocytochemical study
(Ishikawa et al., 1999). The neurons of TNG, also called the nucleus olfactoretinalis, receive
olfactory, visual and general somatosensory inputs, and project to wide areas in the brain
(Yamamoto et al., 1995; Yamamoto and Ito, 2000) and produce gonadotropin-releasing
hormone (GnRH) (for review see Demski, 1993, Yamamoto, 2003), presumably functioning
as a neuromodulatory system (for review see Oka, 1997). GnRH derived from the TNG
affects the excitability of retinal neurons (Stell ef al., 1984; Walker and Stell, 1986; Umino
and Dowling, 1991). At the behavioral level, in a percomorph (dwarf gourami), the TNG is
involved in regulation of the nest-building behavior of male fish (Yamamoto et al., 1997;
Yamamoto, 2003). Study of medaka will contribute to the further understanding of
neuromodulatory functions of the TNG.

In medaka, retinopetal nuclei were observed not only in the telencephalon but also in the
diencephalon, a common feature in percomorphs and other closely-related teleost groups
(Uchiyama, 1989; Butler and Northcutt, 1992). In ostariophysans, no retinopetal neurons have
been observed in the diencephalon; in zebrafish, only the TNG or nucleus olfactoretinalis
have been described (Burrill and Easter, 1994). The reason for the difference is unknown, but
considering the fact that a sturgeon, which branched earlier than teleosts, has retinopetal
neurons in the diencephalon (Hofmann ez al., 1993; Ito er al., 1999), the lack of diencephalic
retinopetal neurons is likely a derived feature in ostariophysans.

Retinopetal neurons of medaka were distributed in a continuous zone and found in

several nuclei of the diencephalon. A similar distribution of retinopetal neurons in the preoptic
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retinopetal nucleus and nucleus dorsolateralis thalami has also been observed in percomorphs
(Ito et al., 1984). Retinopetal neurons in the diencephalon of medaka were generally 4-6 um
in size. These retinopetal neurons may, in fact, represent a homogeneous population of
neurons. It is possible that the distribution of diencephalic retinopetal neurons is spread in a
more rostrocaudally-elongated fashion in medaka, resulting in the inclusion in a number of
nuclei. It is important to determine the connections of these neurons other than their retinal
projections and to identify their neurotransmitters in order to solve the issue of the identity of
these neurons in multiple nuclei. A sub-group of percomorphs, the Tetraodontiformes fish,
which includes Navodon modestus and Stephanolepis cirrhifer, have highly-developed visual
systems, and presumably as its consequence develop the preoptic retinopetal nucleus to
contain as many as 8000 to 10000 neurons per side (Uchiyama et al., 1981; Uchiyama and Ito,
1984). In tetraodontiformes, the preoptic retinopetal nucleus receives projections from the
tectum opticum (Uchiyama et al., 1986) and may be involved in visual attention shifts on the
retina (Uchiyama, 1989). Although medaka also has a well-developed visual system, the
preoptic retinopetal nucleus is less developed than tetraodontiformes. The medaka showed
approximately 20 labeled retinopetal neurons in the presently described tract-tracing
experiments. Even though there might be neurons that were not labeled, the total number of
neurons in the nucleus would not be significantly larger. Archer fish, another type of
percomorph with a well-developed visual system, possesses very few neurons in the preoptic
retinopetal nucleus (Tanaka, Yoshimoto, Yamamoto, Ito and Somiya, unpublished
observation). These fish seek food on or above the water surface, while tetraodontiformes see
objects in water, frequently by binocular vision. The difference in the development of the
preoptic retinopetal nucleus may reflect a difference in the way visual information is used
among fish species. This hypothesis can be examined by quantitatively analyzing neurons of
the preoptic retinopetal nucleus in a variety of fish species.

Cranial nerves that innervate extraocular muscles

In medaka fry, gross peripheral distributions of cranial nerves innervating extraocular
muscles have been previously described (Ishikawa and Hyodo-Taguchi, 1994). In the present
study, adult medaka was investigated and the overall distribution of extraocular cranial nerves
was in accordance with those of medaka fry. The present study extended further the
investigation to include the distribution of motor neurons innervating the extraocular muscles
by use of tracer experiments, the first time conducted in medaka. Projections of these motor
neurons were unilateral dominant, namely ipsilateral dominance of the oculomotor neurons,
contralateral dominance of the trochlear neurons and ipsilateral dominance of the abducens
neurons. This pattern is also observed in other teleost fish (carp: Luiten and Dijkstra-de
Vlieger, 1978; stargazer (a percomorph): Leonard and Willis, 1979; goldfish: Graf and
McGurk, 1985; flatfish (a percomorph): Graf and Baker, 1985; weakly electric fish (an
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osteoglossomorph): Szabo et al., 1987, file fish: Somiya et al., 1992). In these studies, the
oculomotor nucleus is subdivided into sub-nuclei depending on the muscles in which they
innervate. According to these studies, labeled neurons in the contralateral oculomotor nucleus
in the present study appear to correspond to those innervating the SR. Labeling the four
individual branches of the oculomotor nerve should provide more detailed information. In
carp (Luiten and Dijkstra-de Vlieger, 1978), goldfish (Sterling and Gestrin, 1975; Sterling,
1977; McGurk and Graf, 1984; Graf and McGurk, 1985; Cabrera er al., 1992; Pastor et al.,
1991), stargazer (Leonard and Willis, 1979) and flatfish (Graf and Baker, 1985), neurons of
the abducens nucleus are divided into rostral and caudal groups. In the present tract-tracing
study of medaka, the distribution of these specific neurons remained elusive, but considering
that neurons of the abducens nucleus form separate anterior and posterior bundles in the brain
(data not shown), it is likely that in medaka, the abducens nucleus is also divided into rostral
and caudal compartments.

Recently, physiological and behavioral studies have been carried out in medaka (Beck et

al., 2004). The present study will provide an anatomical basis for these types of studies.

Concluding remarks

In the present study, central projection of the optic nerve, distribution of retinopetal
system and distribution of motor neurons innervating the extraocular muscles were
characterized in medaka. Analysis of other cranial nerves is currently ongoing. These findings
are essential for understanding central neural circuits in both morphological and physiological
terms. The use of medaka as an experimental animal serves a number of advantages and will
be an important tool for future investigations into genes involved in the elicitation and
regulation of behavior.
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Fig. 1. Representative frontal sections from the telencephalon (A) to the mesencephalon
(G) showing distribution of retinal projections and retinopetal neurons. Left optic nerve was
injected with biocytin. Labeled fibers (thin lines), terminals (small dots) and retrogradely la-

beled cells (large dots) are illustrated. Scale bar = 200 ym






Fig. 2. Biocytin-labeled retinofugal fibers and their terminals in suprachiasmatic nucleus
(A), nucleus pre-tectalis superficialis (B), nucleus dorsolateralis thalami (C), area pre-tectalis
pars dorsalis (D), area pre-tectalis pars ventralis (E), nucleus of the posterior commissure (F),
and accessory optic nucleus (G) in frontal sections. Sections were counterstained with cresyl

violet (blue). Scale bar = 25 um.






Fig. 3. Biocytin-labeled retinofugal fibers (A) and retinopetal neurons (B-E). (A) Frontal
section showing retinofugal fibers and their terminals in the tectum opticum. Fibers are
mainly observed in the stratum opticum and stratum fibrosum et griseum superficiale (SFGS).
Labeled fibers are dense in superficial portions of SFGS and less dense in the deeper portions.
Much fewer fibers and terminals are found in the stratum album centrale. Retinopetal
neurons in the ganglion of the terminal nerve (B), preoptic retinopetal nucleus (C), nucleus
dorsolateralis thalami (D) and nucleus of the posterior commissure (E). Arrows in (D)-(E)

point to select retinopetal neurons. Scale bar = 25 um.



Fig 4. Schematic drawings indicating innervation patterns of extraocular muscles by ocu-

lomotor, trochlear and abducens nerves. (A) Right lateral view of the head of medaka.
The circle drawn with a broken line indicates the right eyeball. (B) Ventral view of the me-
daka head, upper-half (right-half of the head) showing oculomotor nerve and muscles in-
nervated by this nerve (inferior rectus muscle, inferior oblique muscle, medial rectus mus-
cle, but superior rectus muscle not shown). The lower-half shows trochlear and abducens
nerves, and superior oblique muscle and lateral rectus muscle innervated by the nerves,

respectively. Scale bar = 1 ym.






Fig. 5. (A) Frontal section at the level of oculomotor nucleus after unilateral injection of
biocytin into the left oculomotor nerve. Scale bar = 200 um. (B) Increased magnification of
oculomotor neurons from (A). Scale bar = 50 um. (C) Frontal section at the level of
trochlear nucleus after unilateral injection of biocytin into left trochlear nerve. Scale bar = 200

um. (D) Increased magnification of trochlear neurons from (C). Scale bar = 50 um.



Fig. 6. (A) Frontal section at the level of abducens nucleus after unilateral injections of

biocytin into left abducens nerve. Scale bar = 200 um. (B) Increased magnification of ab-
ducens neurons from (A). Scale bar = 50 ym



