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Fg.1 Shemdtic dranings summaizing B achydanio rerio pittitary formetion and patterning (from Wiebke, et al ,2003)
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The pituitary anlage ispatterned adong its mediolatera axiswhile dill organized as a placode at the anterior neurd ridge (different
domeinsindicaed by , , ). Later dnog cdls spedify firg into lactotropes and corticotropes (Firg arrow;  —AM/ P) .
Medd cedls are the firg to nove into the head , ending up in pogterior regons o the dand , while laterd lactotropes and corti-
cotropes converge toward the midine before moving inwards (second arrow'; cell movements indicated by curved gray arrows) to
end up in anterior regons of the pituitary. Smatotropes and thyrotropes, posulated to derive from intermediate podtions of the
placode () differentiate in intermediate regons o the pituitary &ter they have noved into the head (third arrow; -9 T;
novement indicated by curved gray arrows) . Gonadotropins are hypothesized to derive from media regons of the placode ()
and to differertiate lagt in poderior regonsd the gand (fourth arrow;  —~@ . The development of melanotropesis currently un-
clear ; however , it gopearsto occur inone dof two possble ways(fourth arrow) . They either differentiate together with corticotropes
in latera regonsd the placode/ anterior regons o the gand , and move poderiorly dterwards(marked in blue) . Alternatively ,
they could differentiate later in pogerior regons o the dand (marked in black)
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NH: Neurohypophyss; RPD : Rogrlis pars digdis; PPD: Poximdl pars digdis; Pl:
Pars inermedia
Chordin; Rox/ Hesd  Pop-1
2 Pax6 (pituitary homeobox Fitx)
, Atx1  HAtx2 POU PIT1 CGATA
; GATA-2 LIM
: Lhe3 (PLim/ mLim3) Lhx4 (G Lh  19-15
, Brachydanio rerio ,
, Hh (Hedgehog) Jennifer  [® Hh
(Cyclopamine)
(5 8 10hof ,15 20hof ,24 30 hpf) lim3
Hh nk2. 2 PR S
(Fbroblag Gowth Factor ,FGP , Hh
(Bone Morphogenetic Proteins, BMP Wit , (5—0hof) ,Hh
shh(Snic hedgehog) ; ;15 —20hpf Hh
BMP2  Wnt4 ,
IHH Wnt4  BMP2 ;24 —30hof nk2. 2



1 105
Hh shh  twhh mMRNA ,
Hh ptcl k2.2 lim3 Oncorhynchus mykiss! !
eyeB , (6 1dpf) GH PRL S mRNA ,
Hh , mMRNA , MRNA
Hh lim3 1—2h , (Atractosteus spatula) 1)
Wiebke 2! Brachydanio rerio shh (syu) ( Epinephdlus caicaides)  GH®! PRI mRNA ( Cypri-
shh nus carpio)  'JACTH aMSH mRNA
GH PR 3 ACTH aMSH mRNA ,
Hh , ,GH
) PRL
Hh [51,52]
[31—%5] , Gasgow 36 LIM MRNA , Sparus auratal® Oreochromis mossanr
LHX3 lim3 bicus'>" PRL MRNA
; (FGP) mRNA ,
(BMP)  Brachydanio rerio YANG []
(557 , Brachydanio refio ) )
shh At1 (1 A1
[%.3.%] , 10—13d At-1
, (sl 16d,At1 ,
[57 58]
3 GTH
mMRNA , ACTH aM$H
GTH , MRNA (%01 pR_
GTH MRNA 19801 sparus
[13,16 ,20, 18 ,40—45] aurata[SS] PR ,Fﬂ_
( Xiphophorus macul ates) GTH ,
GIH [13.16.18 40 —2] ; Oncorhynchus myki$[61] Sparus auratal®
(Odontesthes bonariensis) (¥ Sparus auratal! GTH GTH GH mRNA  IGF MRNA |
., Sparus aurata GTH IGF  mRNA GH mRNA (es] H
GIH , , GIH G+ IG ,PRL
GTH , Odontesthes bonariersi , , (24
GIH GIH , GIH GIH 5
11 ,GIH , ,GIH 20 , e
, (daries ,
gariepinus) GTH , Clarias garigpinus GTH (Pattern formetion) ,
a B , : :
GIH , RNA
,GTH GH B GIH (cRNA) ,
[45] - GTH
GIH GIH GIH )
’ (8] ’
4 (Suppression subtractive hybridization ,SHH)
RTPFCR, Northern Suthern , ,
, GIH mRNA GIH



106

32

[1]

[2]

[3]

[4]

[5]

[6]

(8l

[9]

[10]

[11]

[12]

[13]

[14]

Nagehama Y. Higo-physologca gudieson the pituitary gand of some
tdeod fishes, with gecid reference to the dasdfication of hornone
producing cdls in the aderohypophyss [J]. Mem Fac Fish. Hokkai-
do University , 1973 ,21:1 —63
Webke H, Zeng X C, Zlt L , e a. Aderohypophys s formation in
the zebrdish and its dependence on Snic hedgehog [J]. Dev. Bid ,
2003, 254:36 —49
Villgplana M, Garda Ayda A and Aguleiro B. Immunocytochemica
denondration of mdanotropic and adrenocorticotropic cells from the
dlthead sea bream ( Sparus aurata L. , Tdeoge) by light and elec
tron microsoopy :an ontogenic sudy [J]. Gen. Comp. Endocrind ,
2002 ,125:410 —425
Kimmd CB, Warga RM, Shilling T F. Orign and organization o
the zebrdish fate mep [J]. Devdopment , 1990 ,108:581 —594
Jennifer L S, Michad J FB, Rolf O K. Mutiple rolesfor Hedgehog
sgnding in zebrdish pituitary devdopment [J]. Dev. Bid , 2003,
254:19—35
Whitlock K E, Wegefidd M. The olfactory placodes o the zebrefish
form by convergence of cdluar fidds & the edge o the neurd plate
[J]. Devdopment , 2000 ,127 :3645 —3653
Nato N, DeJesus G, Naka Y, e a. Ontogeny of pituitary cdl-types
and the hypothd ano- hypophysd rdationship during early development
o chum sanmon, Oncorhynchus keta [J]. Cdl Tissue Res, 1993 ,272:
429 —437
Rau L C, Maiadd M SN, Maiadd PM R, & a. Ontogeny of
aderohypophysed cdls in the pituitary of the American shad (Alcsa
sapidissma) [J]. Gen. Comp. Endocrind , 2003 ,132:454 —464
Zhang F. A developmenta higology on the pituitary of larvd searhorse
(Hippocampus japonicus) [J]. Journal d Dalian Fisheries Cdlege,
1994 9(1.2) :41—46 [ (' Hippocampus japonicus)

, 1994,
9(1.2) :41—46)
LuSQ, LiuY, Chen SQ. Sudeson the orign and deveopment of
the pitutary dand o the tdeos, Ctenopharyngodon iddlus [J].
Journal o Hunan Agricultural University , 1996, 22 (2) : 182 —186
[ , , .
, 1996 ,22(2) :182 —186]
Tang YJ. Sudeson the orign and development of the pituitary dand
and its utragucture o the tdeost, Slurus asotus [D]. Suth China
Normd Universty , 2002 [

, 2002]
XieB W, Yue XJ, Znang Y G, & a. Sudeson the devdlopment of
the pitutary in silurus meridionlis [J]. Acta Hydrobidogica Sinica,
2004, 28(6) :600 —606 [ , , .
, 2004 ,28(6) :600 —606]

Md A O, Svanon P, Dickho W W. Immurocytochemigry o the de
veloping salnon pitutary dand [J]. Am. Zod ,1989 ,29:94 —102
Cambré M, Mareds G, Qornélllie S, e a. Chrorologica gopearance

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

[27]

o the different hypophysed hornonesin the pituitary of sea basslarvae
( Dicentrarchus labrax) during their early development :an immunocy
tochemica denondration [J]. Gen. Comp. Endocrind , 1990,77:
408 —415
FPowver D M, Canario A V M. Immunocytochemigry of sometotrophs,
gonadotrophs, prolactin and adrerocorticotropin cdls in larvd sea
bream ( Sparus auratus) pituitaries [J]. Cdl Tissue Res, 1992 ,269:
341 —346
Sga T, Oota Y, Nozaki M, e a. Sdnonid pitutary gonadotrophs.
I11. Chrorologcd gppearance of GTH | and other aderohypophysd
hornones in the pitutary of the developing rainbow trout ( On-
corhynchus mykiss iridets) [J]. Gen. Comp. Endocrind ,1993 ,92:
233 —241
Tanaka M, TanagonanJ B, Tagava M, & a. Devdopment of the pi-
tutary , thyroid and interrend dand and gpplications of endocri nology
to the inproved rearing o marine fish larvae [J]. Aquaculture,1995,
135:111 26
Feg G, Shreck CB. Branpitutary-gonadd axis during early devel-
opment and sexud dfferentiation in the ranbow trout [J]. Gen.
Comp. Endocrind , 1996 ,102 :394 —409
Wingsrand K G. Gonparative anaiomy and evol ution of the hypophyss
[A]. In:Haris GW, Dorovan B T (Eds.) , The pituitary gand
[M]. London:Butte-north. 1996 ,1:58 —126
Sga T, Yaneki K, Doi Y, & a. Chrorologcd sudy of the gopear-
ance of aderohypophysd cellsin the ayu ( Plecogiassus altivdis) [J].
Anat. Embryd , 1999 ,200:469 —475
WangL C, Liu X Y, YanJ B. Sudeson the pituitary dand of juve
rile Mugil Soiuy [J]. Marine Sdence,1984 ,(4) 127 —32 | )
, . . , 1984,
(4) :27 —32]
Fang ZQ, Tang Y J. Observations on the morphologica development
o pitutary of Silurus asotus with light and laser scanning corfocd mi-
crosoope [J]. Journal o South China Normal University (Naturd sci-
ence edition ) , 2004, 3:96—103 [ ,

( ) , 2004 ,3:96 —103]
DasenJ S, Roserfdd M G. Sgnding mechaniamsin pitutary morpho
geness and cdll fate determingtion [J]. Current Opinionin Cdl Bido
ay , 1999 ,11:669 —677
Shoots A F M, Rujter J M, Van Kemenade J A M, & a. Imr
muroreactive prolactin in the pitutary gand of cyprorodort fish a the
time of haching [J]. Cdl Tissue Res, 1983 ,233:611 —618
Volckaert FA M, Mugoyo J WM, Lescroart O, et a. Immurohigo
chemicdly detected ontogeny of prolactin and growth horrrone cdls in
the African catfish Qarias gariepinus [J]. Comp. Biochem. Physi-
a , 1999 ,122:423 —431
VillgplanaM , GadaAydaA , Chaves P E, e a. Idertification of
memoometotropes, growth hornone cdls, and prolactin cdlsin the
pitutary dand of the glthead seabream ( Sparus auratal . , Tdeodd)
ugng light immunocytochemica methods: an ontogenetic sudy [J].
Anat. Embryo, 2000 ,202:421 —429
Ayon F G, Kaneko T, Hasegawa S, & al. Differentid expresson of



107

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[36]

[37]

[38]

[40]

[41]

[42]

prolactin and growth hormone genes during early development o tilgpia
(Oreachromis mossambicus) in freshwater and seaweter : inplications
for posshle i nvol vement in osoregul aion during early-life sages [J] .
Gen. Comp. Endocrind , 1994 ,95:143 —52

Rand-Weaver M, Rottinger T G, Sunpter J P. Hasma sometolactin
concertrations in sdnonid fish are devated by dress [J]. J B
docrino,1993 ,138 :509 —515

FuCC, Zhu Z Y. Inpactson gonth and osvoreeguation in fishes by
gowth hormone (GH) and GHtransgene [J]. Acta Zodogica Sinica,,
2000, 46(4) :407 —415 | ,

, 2000 ,46

(4) :407 —415]

Cheng Y, Hu ZQ. The review o the sudieson reguaive molecuar in
development o aderohypophyss [J]. Section Genet Foreign Med S
2005 ,28(1) :14, 33—36 [ .

. . 2005 ,28(1) :14 ,33 —36]

Chen W, Burgess S, HopkinsN. Andyssd the zebrdfish sToothened
mutant reved s conserved and divergent functions of hedgehog activity
[J]. Devdopment , 2001 ,128:2385 —2396
Varga ZM , AnoresA , Lenis KE, & a. Zebréish stoothened func
tionsin vertrd neurd tube gecification and axon tract formetion [J].
Deve opment , 2001 ,128 :3497 —3509

Karlgsrom RO, Tdbot W S, Shier A F. Qonrparative synteny doning
o zebrefish yourtoo :mutations in the Hedgehog target di2 dfect verr
tral forebrain paterning [J]. Genes Dev, 1999,13:388 —393
Karlgrom RO, Trone T, Kogermann S, & al. Zebrdish mutaions
dfecting retinotectd axon pathrfindng [J]. Development , 1996 ,123:
427 —438

Kondoh H, Uchikava M, Yoda H, e a. Zebrefish mutationsin Gi-
medated hedgehog sgnding lead to lens transdfferertiation from the
Aderohypophysis anlage [J]. Mech. Dev, 2000 ,96:165 —174
Gagpw E, Karavamov A A, Dawid | B. Neurond and neuroendocrine
epresson d lim3, aLIM dass homeobox gene, is dtered in mutant
zebrdish with axid dgnding dedects [J]. Dev. Bid ,1997,192:
405 —419

Suly KM, Roserfdd M G, Atuitary development :reguaory codesin
memmelian orgarogeness [J]. Sdence, 2002 ,295:2231 —2235
Sanpath K, Rubingein AL, Chen g AM S, & a. Induction of the
zebreish vertrd brain and floorplate requires cydops nodd sgdling
[J]. Nature, 1998 ,395:185 —189

Rebediati M R, Toyoma R, Hdfter P, & a. Cydops encodes a
Nodd-related factor involved in midine sgnding [J]. Proc. Natl.
Acad. Sd. USA, 1998 ,95:9932 —9937

Shreibman M P, Holtzman S, Cepriamo L. The life cyde d the brain
pituitary-gonad-axisin tedeogts [A]. In:Epple A, Sanes C G, Set-
onM H (Eds.) , Pogress in Gonparative Endocrirology [M]. New
York :Wiley-Liss. 1990 ,399 —408

Nozaki M, Nato N, Svanon P, & a. SdAnond pitutary go-
nadotrophs II. Ontogeny o GTH | and GTH Il cdls in the rainbow
trout ( Salmo gairdneri irideus) [J]. Gen. Comp. Endocrind ,
1990b ,77 :358 —367
Madiuo-Cepriamo L , Schrelbman M P, Blim V. Didribution of vari-

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

[52]

[%4]

[55]

ant forms of immuroreactive gonacdbtropi r-releas ng hormone andB-go-
nadotropins | and 11 in the platyfish, Xiphophorus maculatus, from
birthto sexud meturity [J]. Gen. Comp. Endocrind , 1994 ,94:
135 —50

MirandaL A, Srissmann C A, Snoza GM. Immunocytochemica
identi. cation o GH1 and GH2 cdls during the temperature sendtive
period for sex determination in pejerrey , Odontesthes bonariensis [J] .
Gen. Comp. Endocrind , 2001 ,124 :45 —52

GadaAydaA , VillgplanaM , Grda Herndndez M P, e al. FSH,
LH , and TSHeqpresing cdls during development o Sparus aurata
L. (Teeogd) . An immunocytochemicd sudy [J]. Gen. Comp.
Endocrind , 2003 ,134:72 —9

Shuz R W, Peute J, Bogerd J, & a. Atutary Gonadotrophs are
grongy activated a the begnning o gpermetogenes's in African cat
fish, Qarias gariepinus [J]. Bidogy d Reproduction,1997 ,57 (1) :
139 47

YangB Y, Qeene M, Chen T T. Early embryonic expresson o the
gowth hornmone family proten genes in the developing ranbow trout ,
Oncorhynchus mykiss [J]. Mdl. Reprod. Dev, 1999 53:127 —134
Agnés R, MaiadeL GR, Victor HM, e a. doningd the gownth
hornmone cDNA o dligator gar Atractosteus spatula and its expresson
through larval development [J]. Comparative Biochemistry and Physi-
dogy , 2005 ,140A :423 —429

Li WS, ChenD, Anderon OL W, & a. Molecuar doning, tissue
ddribution, and ontogeny of mRNA expresson of growth hormone in
orange gotted gowper ( Epinephdus coidides) [J]. Gen. Comp.
Endocrind , 2005 ,144 :78 —89

Zhang WM, TianJ, ZhangL H, e a. cDNA sequence and atio
tenpord eqresson o prolactin in the orange spotted grouper ,
Epinephdus coicides [J]. Gen. Comp. Endocrind , 2004, 136:
134 —142

Southat AJH X, Lucassesn ECH ET, van Srien FJ C, & 4d.
Sress reponsveness o the pitutary-interrend axis during early life
stages o common carp ( Cyprinus carpio) [J]. J. Endocrind , 1998,
157:127 37

Madsen K, Fiberg U, Roos P, e al. Gowth hormone gimuaes the
proliferation of cutured chondrocytesfrom rabhit ear and ret rib groath
catilage [J]. Nature, 1983 ,304:545 —547

Qevenger CV, RusHl D H, Appasany PM, & al. Reguaton of
interleukin 2-driven T-lyrrphocyte proliferation by prolactin [J]. Proc
Natl Acad Sd USA , 1990 ,87 :6460 —6464

SosCRA |, CavacnJ EB, Ingeton PM, et a. Developmenta onr
togeny o prolactin and prolactin receptor in the sea bream ( Sparus aur
rata) [J]. Gen. Comp. Endocrind , 2003 ,132:304 —314

Shiraish K, MasudaM, Mori T, e a. Changesin expressond pro-
lactinrand oorti 0l-receptor genes during earlylife sages of euryhdine
tilgpia ( Oreochromis massambicus) in fresh water and seawater [J].
Zod. Sd, 1999,16:139 —146

Om M, Mochizuki E, Mori Y, e a. The reguatory regon and tran-
scription factor required for the expresson of ra and sdnon pituitary
hormone encoding genes show cdl type and edes Pecificity [J].
Gene,1995,153:267 —271



108

32

[56]

[57]

[58]

[59]

[60]

He X, Treecy MN, SmmonsD M, e d. Bgressond alargefamly
o POU-domain reguaory genes in mammdian brain development
[J]. Nature, 1989 ,340:35 —41

Bodner M, Karin M. A pituitary ecific transacting factor can gimur
late transcription from the growth hornone pronmoter in extracts of norr
epressing cdls [J]. Cdl, 1987 ,50:267 —275

Ingraham H A, Chen R P, Mangdam HJ, & a. Atissue edific
transcription factor containing a homeodomain ecifies a pituitary phe
rotype [J]. Cdl, 1988 55:519 —529

Kimura R, Tanaka M. Polactin production during larvd and early ju
venile periods of euryhdine marine fish, black sea bream Acanthopar
grus Schlegei [J]. Nippon Stisan Gakkaishi , 1991 57 :1833 —1837
Ruijter J M, van KeemenadeJ A M, Wenddaar Bonga S E.  Envirorr

[61]

[62]

[63]

menta irfluences on prolactin cel devdopment in the cyprinodont
fish, Cyndebias whitei [J]. Cdl Tissue Res, 1984 ,238:595 —600
Geene M W, Chen T T. Terpord expresson patern o insuintlike
gowth factor mRNA during embryonic development in atdeod , raim
bow trout ( Oncorhynchus mykiss) [J]. Md. Mar. Bid. Biotech
na ,1997 ,6:144 —51

Funkengein B, ohen |. Ontogeny o gromth hornone protein and
mRNA in the glthead sea bream Sparus aurata [J]. Groath Regul ,
1996 ,6:16 —21

Gdhillard J C. Differentid expresion of the two GH genes during em
bryonic devdopment o rainbow trout oncorhynchus mykiss in reaion
with the 1G=s sygem [J]. Mdecular Reproduction and Devd opment ,
2003 ,64(1) :32—40





