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ABSTRACT

POU genes encode a family of transcription factors
involved in a wide variety of cell fate decisions and in

the regulation of differentiation pathways. We have
searched for POU genes in the zebrafish, a popular
model organism for the study of early development of

vertebrates. Besides five putative pseudogenes we
have identified five POU genes that are expressed
during embryogenesis. Probes obtained by PCR were
used to isolate full-length cDNAs. Four of the isolated

genes encode proteins with class Ill POU domains.
Analysis of genomic clones suggests that the fish

genes in general do not contain introns, similar to

class Il genes of mammals. However, the C-termini of
two of the encoded proteins vary due to facultative
splicing of a short intervening sequence. These two
genes show very strong similarities in their sequence.

They have probably arisen by gene duplication,
possibly as part of a larger scale duplication of part of

the zebrafish genome. Analysis of the expression of
the class Il genes shows that they are predominantly
expressed in the central nervous system and that they
may play important roles in patterning the embryonic

brain.

INTRODUCTION

EMBL/GenBank/DDBJ accession nos Y07905-Y07907

separated by a short linker from a particular type of homeodomain
(reviewed in refg,8). Both the POU-specific and the homeodomain
contribute to DNA binding each via helix-turn—helix motifs. The
two subdomains are also involved in several types of protein—protein
interactions (reviewed in ref). POU domain proteins generally

act as transcription factors but some of them also have additional
functions e.g. in DNA replication. POU genes are found all across
the animal kingdom. According to the sequence of their POU
domain these genes have been grouped into at least six classe:
(reviewed in ref9).

Some POU genes, liket-3/4in mice opou-2in zebrafish, are
expressed very early during embryogenesis and are possibly
involved in controlling some of the first steps of development
(10-13). Expression of other POU genes is initiated later during
development. Many of those are transcribed in the forming
central nervous system, especially the genes with a class Il POU
domain. In mammals each of these genes show a very elaborate
expression pattern in the brain (reviewed inlr§f. Similarly, the
zebrafish class Il germp-50shows a very complex and dynamic
expression pattern in the embryonic braif).(Genetic analysis of
naturally occurring or genetically engineered mutations demonstrate
that POU genes are involved in cell fate decisions and in the
control of terminal differentiation. For example, genetic defects in
several class Il genes have been investigated: naturally occurring
mutations obrn-4in human patients lead to profound sensori-
neural deafnesd §) whereas knock-outs of the mobise-2gene
cause the loss of several types of neurons in the hypothalamus
(17,18).

The zebrafishanio rerio) is a popular model organism to study To investigate POU genes that are potentially involved in the
early embryonic development of vertebrafies]. The completely control of zebrafish embryogenesis we isolated several cDNAs
transparent embryos develop rapidly and are easily accessibléth POU domain probes obtained by PCR. We have previously

Furthermore, large-scale mutagenesis screens have been perfordestribed the sequences of two of the identified géBdsy). In
in several laboratories identifying hundreds of genes involved this communication we report the sequences of three more genes
controlling early development,f). Analysis of these mutants encoding putative transcription factors containing class Il POU
will be instrumental for an increased genetic understanding dbmains. One of these genes has been independently found by
developmental pathways in vertebrates. Many genes involvedathers (9). Some of the genes appear to have arisen by gene
the regulation of early embryogenesis have been isolated frataplication events that happened after the separation of the
other species. Molecular characterization of homologs of mamgtinopterygian lineage from higher vertebrates. The transcripts
such genes in zebrafish is complementing the genetic approach&twvo class Il genes are alternatively spliced which leads to the
and will provide possible candidate genes for some of the obtairfedmation of POU domain proteins with variable C-termini. This
mutants (see e.g. reéf). appears to cause a diversity of class Il proteins in zebrafish that
POU genes encode a class of DNA-binding proteins interactig larger than in mammals. All these POU genes are expressed
with DNA through a bipartite domain 6lL.50 amino acids. The predominantly in the central nervous system and may thereby be
POU domain consists of a N-terminal POU specific regioimvolved in patterning the developing brain.
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MATERIALS AND METHODS primers targeting conserved regions in POU domains of other
) species. Sixty randomly picked clones of the subcloned population
PCR reactions of PCR products were analyzed by sequencing. Forty-one clones

PCR reactions on genomic DNA were done first with 35 cycleg’,ere related to POU domains and could be grouped into 11
using the two following primers: FITWYGGIAAIGTITTY- ifferent classes (data not shown). Sequence inspection of five
WSICARACIAC-3 (64-fold degeneracy) and5GGTTYTG- classes obviously suggested that they represented either pseudo
YAAYMGIMGICARAAR-3' (256-fold ~degeneracy). The Yenes or that they arose only during PCR amplification e.g. by
annealing temperature was’80 An aliquot of amplified material ‘Polymerase jumping'2). . _ _
was then further amplified over 38 cycles with the nested primersSince the initial PCR screen was carried out using genomic
5-CCGGAATTCYTIAAIAAYATGTGYAARYT-3"  (32-fold DNA, intron containing POU genes might have been missed.
degeneracy) and-BTIRTIMGIGTITGGTTYTGYAAGGAT- Therefore, we repeated the PCR reactions on phage DNA from
CCGGG-3 (16-fold degeneracy) and annealing atG2For different embryonic cDNA libraries using either of the two
PCR of cDNA libraries 3-& 10 phage particles were heated toPrimer pairs. The frequency of (mostly artefactual) non-POU
100°C for 10 min. Their DNA was then amplified with either of Sequences was higher in the cDNA screens, probably due to the
the two primer pairs mentioned above. PCR products were treaféft thatin these experiments only one round of amplification was
with Genecleafi (Bio101) glass beads to remove low moleculaP€rformed. Of the 25 subcloned PCR amplificates from a 6-9 hpf
weight DNA. The ends were polished with T4 DNA polymerasdbrary four isolates seemed to encode a novel type of POU
and the DNA fragments were phosphorylated with T4 polynucleglomain. This GP-9 group of isolates was subsequently used to

tide kinase before subcloning and sequencing. clone full-length cDNAs of the zebrafipbu-2gene as described
elsewhere2,13). Of the total 37 isolates analyzed from 9-16 hpf
Library screening and DNA analysis neurula or 20-28 hpf postsomitogenesis libraries, three more

clones were derived from tippu-2gene and nine isolates were
|qually identical to sequences present in three groups of PCR
products identified previously in the genomic screen. These groups
\5vere represented by isolates termed ZP-12, ZP-23 and ZP-47.

S) To determine whether any other POU gene is expressed at some
oint during embryogenesis, w8P-labelled uncloned PCR

Standard procedures were used to isolate cDNAs and geno
clones for the differerpgenesZ0). Probes obtained in the original
PCR screens were used to probe BP plaques of 9-16 h post
fertilization (hpf) (neurula) or 20-28 hpf (postsomitogenesi
cDNA libraries constructed WZAPII (prepared by R. Riggleman

aﬂd K. Helde, abk:nd %'ft irogslg.lg._grgnwald.)..lnsel\rlts ?f dth roducts amplified from the cDNA libraries with both sets of
phages were subcloned Into —IDyIVO excision. Neste mplification primers. These cDNA derived probes were hybridized
deletions were generated from both ends of the longest CDNAS iy 11 ot5 containing DNA from all our zebrafish POU isolates.
the Erase-a-Base system (Prpmega). These delet'%gs were use gi)ﬁg the three different embryonic libraries we found positive
sequence determination using the Sequenase kitSrATP hybridization signals in the casespafu-2and of four (ZP-12,
(USB/Amersham). Sequences were analyzed by the GCG progrié_z?, ZP-47 and ZP-50) of the eight potential POU genes
suite of DNA analysis programs. A genomic library prepared iYe y

AFIXII (Stratagene) was screened using full-length cDNAs of thgh ntified by amplification of genomic DNA (data not shown).

lass Il POU | S of DOSili h h teri other four genes that were apparently not expressed encodec
class 1l FULU genes. INSerts of posilive pnages were charac e”i)%qzntial POU domains whose sequence deviated considerable
by restriction analysis.

from those found in the databases. Therefore, we consider them
RNA analysis to be pseudogenes although we cannot exclude that these gene
] are expressed at a very low level or at some later point during
RNA was prepared from embryos or adult tissues. For Northegievelopment. The four genes identified by PCR amplification of
blot analysis 1Qg total RNA were run on formaldehyde agarosgyenomic DNA that are expressed during embryogenesis all
gels @0), blotted to nylon filters and hybridized ¥éP-labelled  encode class Il POU domains. We used representative PCR
CDNA probes. . _ _ isolates for each gene (ZP-12, ZP-23, ZP-47 and ZP-50) to isolate
In situhybridization analysis was carried out as describBd (  full length cDNAs. We report below the molecular characterization
Digoxigenin-labelled RNA probes were generated by T7 RNAf thezp-12 zp-23andzp-47genes, whereas the sequence and

polymerase transcription of subcloned restriction fragments. Bxpression ofp-50has been described earligby
the case ofp-12we used @ab70 nucleotide (nt) probe specific

for the 3 UTR reaching from thefend of clone #20 to thémrl .
site at —27. Th&B40 nt probe forp-23extended from thBsmi  Cloning of zp-12cDNAs
site downstream of the second stop codon through most of
3-UTR to aTad site just before the polyadenylation site. Th
(2115 nt longzp-47 probe was derived from an exonucleas
deletion clone removing the poly-A tail. That probe started at tl
Aspr18 site 59 nucleotides upstream of the end of the op
reading frame and extended through the entitéTR region.

eﬂi] ﬁe postsomitogenesis cDNA library was screened with the
P-12 isolate of the initial PCR screen. A PCR fragment with
jgh similarity to ZP-12 was recently identified also by others
3). From screening 500 000 plaques we identified 36 plaques
which repeatedly hybridized to the ZP-12 probe. The DNA
sequence of three overlapping clones (#3, #20, #29) was
determined (EMBL accession Y07906). Clones #20 and #3
RESULTS contain an apparently full-length open reading frame {righe
PCR screen for zebrafish POU genes frame begins with a motif (MA'_I'AA) highly c_onserved among
vertebrate class Ill POU domain genes. This presumptive start
To identify zebrafish POU genes we performed two consecutivl G is preceded three codons upstream by a stop codon. cDNA
rounds of PCR reactions on genomic DNA. We used nest&@9 starts 28 bp downstream of the putative initiation codon. In
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B zZp-23 3.2kb
ZP-12
1 MATAASNPY L ASSTILASRES LVHSESGOGE HOPGSGAVTE VIGSYRGODDT WHMVQEDFMO aq
41 GAMAASKGGH MLSHLHGWVT SLEHARAAAR ARAARAAAER GSFWSSSIVG MAGSPOOODV 120 Zp-47 3.1 kb
121 KSSS5NREDLH HLGAEQSHZS AWNGGTTASHEI STITGGORGS QOS-IYEQRG 1lac
~a8l G TVHGHLE Y o RGESPEMDHE HEHHHEQROH PHEHHHQYUHA CVITSHDSHSD 240
241 EDTP Q! QFEQ] IFL QADYV GLALGTLYGN VFSQTTICAY BEALOLEFKMM 300
301 CFLEPLLNEW L TGS P » Fh) I Eg HFLECFEPSA 160
6L GEITSLALML GQLEREVVAWW PONARGEEKR MTRPCVEPCTT ECVYTHAGHY SADTPRZEMD 420
421 CER
-tarminus spliced 424 EFCGRLLERD KFEW
C-temminus unspliced ;24' HFTET lp'so - .. 2-9 kb
ZP-23
1 MATAASHNPYL ASSSILSSGS IVHSDSGEGGM QOUGESAAVTSY SGETHGDETY KEVGSDFMHGS &L
Bl AMAASHNGGHM LSHAHQWWTS LPEALRRAARE RAVAALERCS PWSSSPVCMT GEPLIODVEN 120
2L HEGRDDLHESG TALHHKAFHL GPHEQTHAGAY I LTGEQMDE LIYSOPGGET 1ac 1 i i
1681 VNGHLSP2GE QSLVHPGLVR GLDTPELDHER HHODAHHGUY SHOPHRDEDYDY 240 Flgure 2 NortheranOt anaIySIS dp gene expreSSIOn TOtaI RNAOf the
741 praDDLENEA o 2 QTTICRFEAL QLSFRIMCEL 300 indicated embryonic stages or from adult tissues was size fractionated on
3 H . ]
T Aenncn) NEGTA SoveCTEE tooain T NGPRRGAQEL 380 agarose gels and blotted. In case of RNA from adult tissues the ‘gut’ RNA was
C-tarminus spliced 407  GHFLUDYLKD ASLTGPSERG DORVITTSST HOV-LAH obtamed_from all the_ intestinal organs, ‘trunk’ R_NA was prepareql_from mostly
C-terminus unspliced 407 VSADTEFPEM DCXRMFSET muscle tissues obtained from the tail, and ‘brain’ RNA was purified from the
brain, the eyes and the attached cranial nerves. Filters were hybridized to
ze-a7 radioactive probes specific for eithep-12 zp-23 zp-47 or zp-50 The
1 DWATTASNHYN ILTSSFSIVE SEFGSUOOAT AYRDAQTLLO SGYSTGSWSH PLSHAKQWIT 60 estimated size of each transcript species is indicated.
Gl ALSHGEGGFY SS5FLGEQDI APAVDSPRDE MHNSSNLDOH] SEPPHLVHOT EGNHHDSRAW 120

121 RTTTARHIPS MATSNGQSLI YSOPST WG LIPGSGOGIH HHSMRDAEED HESFHISDHS 180

18l  HPPSQUOAQS QSHACIEDE DTPTSDDLEQ FARQFEQRERT ELGFTOATAVG LALGTLYGNY 240

I01 VOVRGALZSE PLRCPRFARS BITSLADSLG LEKTVVRYWP CNRRGRERRN TPRCCPLEGT 300 . . .

161 EDVEGHIDEH EVOTVO - ° found cDNAs with variable'3nds: cDNA #3 ends 14 nucleotides
downstream of a perfect AATAAA polyadenylation motif. In

Figure 1. (A) Schematic representation of the organization of the cDNAscontraSt' CDNA #20 ends Just UpStream of an A-rich sequence

sequenced fromp-12andzp-23 White narrow rectangles indicate untranslated between nucleotides 1861 and 1880 which may have erroneously

5' and 3 sequences, broad shaded boxes the coding region including the POserved as template for the oligo-dT primers during library

domain, and broken lines indicate the spliced out intB)rPredicted sequence reparation. Partial sequencing of additional isolated cDNAs

of the ZP-12, ZP-23 and ZP-47 proteins. The POU domains are indicated ; _

bold type. The alternative C-termini of ZP-12 and ZP-23 are listed separatel ata not Sh.c.)wn) ShQWEd-@’IdS with short pOIy A stretches at

under the main body of the respective protein shared by either sequence variap€Veral positions which however were not preceded by obvious

cDNA sequences have been deposited in the EMBL sequence database undeATAAA motifs.

accession numbers Y07906, YO7907 and Y07908. Alignments of the cDNA

sequences with the corresponding amino acid sequences can be accessed o

NAR web site. r(ljtn)ening of zp-23cDNAs

We screened the neurula library prepared from 9—-16 hpf embryos

with the ZP-23 isolate of the initial PCR screen. Fifteen of 500 000
the second half of the reading frame we find a class Ill POkcreened plaques repeatedly hybridized with the ZP-23 probe.
domain that is 98% conserved with that of mdarsel. Except  The two longest inserts of 2.1 and 2.3 kb were entirely sequenced.
for two nucleotide mismatches the three cDNAs are neari@lone #10 is shorter at theénd (Figl) resulting in a truncation
identical over the entire length of the reading frame. Clones #8 the open reading frame by more than 150 amino acids in
and #29 differ however significantly from #20 by the fact that @omparison to the ORF of clone #7. The predicted N-terminus
short intron has been spliced out from their corresponding RNAsicoded by clone #7 starts with a MATAA motif conserved
(Fig. 1). This 184 bp sequence starts with a canonical GT moti#fmong other class Ill POU domain genes. Besides'ibrd5
and ends with a consensus AG sequebdége llost of the open variation, clone #7 differs from #10 downstream of the POU
reading frame is unaffected by the splicing event but the resultidgmain by the removal of an intron sequence of 309 nt. Thereby
proteins have slightly different C-termini: in the unspliced37 amino acids of clone #7 replace 19 amino acids at the
version of the mRNA represented by clone #20 the reading frareterminus encoded by the unspliced cDNA #10. Restriction
is extended by five codons encoded by the facultative intron. dhalysis of additional cDNAs suggests that the majorityp<43
the intron is spliced out, as in cDNAs #3 and #29, the second eximanscripts are unspliced (not shown). Since Northern analysis
contributes 14 amino acids to the body of the reading fran{€ig.2) suggested a considerably longer transcript size of around
shared by all three clones. Restriction analysis of additiondl kb we screened with the entzp-23#7 cDNA the cDNA
isolated cDNAs suggests that the intron is spliced out in tHibrary prepared from 1 day old embryos. We found nearly 100
majority of the cases (data not shown). Although Northern blgtositive phages in the 500 000 screened plaques. The longest
analysis (Fig2) suggests a homogenous sizgmei ZmRNAswe  insert (#18) was sequenced (EMBL accession Y07907). This
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cDNA was derived from an unspliced mRNA and extended thdetected that had an estimated siZedf kb. For thep-50gene
region of the 5untranslated region by 0.5 kb (Fig. we observed a RNA a@i2.9 kb. In the case of the highly related
Apart from the spliced out intron, isolate #7 is nearly identicatp-12andzp-23genes we estimated transcripts sizé®0f and
to the sequenced cDNAs #10 and #18, except for the insertion[d.2 kb. The two bands predicted from the alternative splicing of
a CAG trinucleotide at amino acid position 116. An additionathe latter two genes were apparently not resolved in these blots.
five mismatches or deletions both in and outside the coding regiorilranscripts of all four identified class Ill genes begin to
have no functional consequences. There is a microheterogeneitgumulate between 10 and 12 hpf just after completion of the
at the immediate '3&nd of the three cDNAs resulting in the gastrula period. Maximal RNA levels are observed in all cases
addition of the poly-A tail either 12 or 16 nucleotides downstreamfter 1 to 2 days of developmemp gene expression slightly
of a canonical AATAAA polyadenylation signal. A RN&ffou)  decreases during the following days but is still clearly detected 2
with strong similarity to the unsplicezb-23 #18 has been weeks after feilization. In adult zebrafish we could detect
reported by otherd §). However, its open reading frame deviatesranscripts of all four genes only in the brain. At the sensitivity of
at 12 nucleotide positions from the sequences of ourzpr28 these Northern blots we can, however, not exclude that these
cDNA isolates thereby changing eight amino acids in the encodgénes might also be expressed in other adult tissues, albeit at
protein. lower levels.
: ) To investigate the sites of embryonic expression afibenes
Cloning of zp-47cDNAs we began to study their expression patterim Isjtu hybridization.
The cDNA library prepared from 1 day old embryos was alstn the case ofp-50we have found previously that this gene is
screened with the ZP-47 isolate of the initial PCR screen. Froaxpressed in a highly dynamic and complex pattern in several
500 000 screened plaques eight phages were recovered tegfons of the central nervous systet)( To investigate the
repeatedly hybridized to the ZP-47 probe. The clone with thexpression patterns of the other genes we prepared probes specific
longest insert was subjected to the generation of nested deletiamsstly for untranslated regions thus ensuring that the probes do
and these were subsequently used for sequence determinatioticrossreact with other class lll mMRNAs. SimilarlgpebQ we
(Fig. 1, EMBL accession Y07905). Although the long openfound predominant expression pb-12 zp-23 and zp-47 in
reading frame extends up to tHeefd of the cDNA we believe various portions of the CNS (Fig). All zp genes are thus
that translation starts at the first ATG codon found 41 néxpressed in all the major subdivisions of the embryonic CNS,
downstream of the'#nd. This start codon is part of a MATTA including the fore-, mid- and hindbrain and the spinal cord.
motif as found in other class Il POU genes. The POU domainterestingly, the precise arrangement of the expression domains
itself is found as in other class Il genes in the second half of tharies between the different genes. Wherga47shows some
protein. The cDNA ends with a longuBitranslated region of over similarities of expression to tap-50pattern, it differs frorap-12
2 kb in length. This '3UTR terminates with an AATAAA  andzp-23expression. For exampla-47andzp-50are strongly
polyadenylation signal followed 27 nucleotides downstream byxpressed in the cerebellum whereas the other two genes are not
a long poly-A tail. Althoughzp-12andzp-23show in general very similar expression
profiles, there are also differences, e.g. in the telencephalon where
Isolation of genomic clones foep-12 zp-23 zp-47and zp-50  zp-23expression is more widespread. Besides their predominant
e>g3ression in the CN&p-12andzp-23transcripts were detected

We have used the longest cDNA isolates for each of the four cl S}notable levels also in the pronephric duct (Bgand D).

[l POU genes to screen a zebrafish genomic library. Inserts
repeatedly hybridizing phages were subcloned and analyzed by

restriction digestion (not shown). For this purpose we used

restriction enzymes that were cleaving sites close tottm& DISCUSSION
3'-ends of the cDNAs. We compared the size of several restriction

fragments of genomic clones with fragments derived from th’ifer the discovery of the family of POU genes it was initially

}%mpted to group the family members into four subclasses based
differences in their POU domaina8). The discovery of

corresponding cDNAs. In all cases we could not detect significan
differences in size. This suggests that the genomic sequences

colinear with their respective cDNAs. Therefore, the four gen o ‘ ) .
2p-12 zp-23 zp-47andzp-50apparently do not contain intron additional POU genes led to the expansion of this scheme to six

sequences, with the exception of the facultatively spliced Smﬁ,ﬁerentsubclasseg,e). Withinany of these classes, genes show

intervening sequence at the end of the open reading frame d&h simifla;}rity V\I’ithin the POLIJ domain.bln a_ddi':ion,f a Ii(rjnitetd "
zp-12andzp-23 Our finding that all four class Il POU domain égree ol homology among class Members IS aiso found outside

genes isolated in the zebrafish lack introns mirrors the absenc%fhe DNA binding region, especially among vertebrate genes.
introns in the murine class Il gertes-1, brn-2, brn-4andoct-6  Y/hile the majority of known POU domain genes can be easily
(25). The non-existence of introns in the class Il POU gen%ted into one of the six subclasses, the sequence comparison in

contrasts, however, with the presence of multiple introns in othE[9Ure4 shows that some genes cannot be easily assigned to a
POU genes (V;Ieg e:g\jlzwm 26 2p7). utiple ! I particular class. These include the zebrgimin2gene 12,13),

theXenopus oct-2®ct-6Q oct-79andoct-91genes9-31), the

rat sprm-1 gene 82), and the nematodeeh-18 gene 83).
Similarly, the partial sequences of the planadgpou-2 and

Total RNA was prepared from various developmental stages adjppou-2POU domains deviate considerably in their homeodomains
of several adult tissues. In all cases single major RNA specigem other POU genes84,35) and might thus have to be grouped
were detected after hybridization with probes specific for thmto a separate class, at least until the evolutionary relationships
longest available cDNA sequences (B)jgForzp-47aRNAwas  of invertebrate POU genes are better understood.

Analysis ofzpgene expression
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Figure 3. In situhybridization of early zebrafish embryos. Probes specifipfd2(A andB), zp-23(C andD) andzp-47(E andF) have been hybridized to zebrafish
embryos and whole-mount preparations were photographed as side views under Nomarski optics (A—C, E—F) or as a dorsal view under a dissection microscoy
zp-12expression is well visible at 27 h post fertilization in several regions of the brain (A) and in the spinal cord and pronephric duct (arrogpre8dxp{Bssion

in the pronephric primordium is already visible at the 10 somite stage (arrowheads in D) and expression in all major portion of the CNS is well visible at the 23 so
stage (C). Expression pfp-47in distinct domains of the forming CNS is already clearly visible around the 7 somite stage (E) giving then rise to an elaborate patte
of expression at 27 hpf in the fore-, mid- and hindbrain and in the spinal cord (F). Abbreviations: ¢, cerebellum; d, diencephalon; f, forebrain; h, hindbrain; m, midbr
nt, notochord; sc, spinal cord; t, telencephalon.

Despite the problem to accommodate all POU genes into onat previously,zp-50is probably the homolog oflpoul in
of the proposed six subclasses the fmgenes are all obviously Xenopug15). This gene pair shows some similarity to mammalian
of the class Il type. The POU domains are >90% identical toct-6 Nevertheless, differences in the expression argue against
those of mammalian class Ill genes. There are also considerathle assumption thatp-50/xlpoulare functional homologs of
homologies outside of the POU domain (Bjg Similarly to the  oct-6 On the other hand, the pair of highly related 2andzp-23
intron-lacking mammalian class Ill POU gengS)( the zebrafish genes shows very high sequence similarity to miousé. Both
zpgenes do not contain introns, except for the short sequencegedirafish genes are expressed in very similar domains in the
the immediate C-termini &fp-12andzp-23which are removed developing central nervous system and in the pronephric Wolffian
in a subset of transcripts. Resembling the mammalian genes alswt. This expression pattern mirrors the embryonic expression of
functionally, our analysis shows that thegenes are primarily mammalianbrn-1 detected in several domains of the brain, as
expressed in the embryonic and adult central nervous systemwell as in the fetal kidneyg). Therefore, we consider batp-12
Notwithstanding the fact that our screen identified in zebrafisandzp-23to be direct homologs of mammaliamm-1 Thezp-47
the same number of four class Il genes as reported in mammgése is most closely relatedxdpou3of Xenopusand may be a
(25), it is not possible to assign each of the fish gene a diredirect homolog of mammaliabrn-2. Interestingly, a partial
homolog in the mammalian genome (Y. For example, no  sequence of another zebrafish class Il POU domain gene, termed
obvious homolog has yet been found in zebrafish for thiern-1.2 has been recently reportezBY, Over the known 112
mammaliarbrn-4 and the amphibiaklpou2genes. As pointed amino acids this sequence differs fromzpet7POU domain at
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Figure 4. Sequence comparison of all POU domains. POU domains deposited in the EMBL and GenBank databases were compared to each other. Their relatic
is displayed by the output of the GCG program Pileup. The generally used classification into subgroups is indicated by roman numerals. An alignment of
corresponding sequences can be viewed at the NAR web site.

only two positions. Nevertheless, sequence identity at the nucléieen found not only in mammals but also in amphibians and even
acid level is onlyB3%. This clearly demonstrates thpt47and  in invertebrates like sea urchin aBuosophilg it would be
brn-1.2are distinct although highly related genes. expected that members of this class were also present in zebrafish.
In our PCR screen we have identified only class Il POU gendssis currently not clear why we have not identified such genes in
and the prototype of a novel class of POU domaios-@ (13).  the PCR analysis of the cDNA libraries. Possibly, the genes are
Comparing the sequences of the PCR primers to POU domairpressed either at low levels or only at later time points of
sequences of other species it is clear in retrospect that #mbryogenesis. Another gene that has certainly been missed in
homologies were not high enough to amplify members of all theur screen is thern-1.2gene 23) related taep-47 Furthermore,
major POU gene classes. In our screen no members of classaegdlhave not found a direct homolog of the class Il gelpesi2
(oct-Llike genes) or Vdct-3/9 have been amplified. This is (Xenopu¥yandbrn-4 (mammals).
unexpected since the primers match well the POU domainThe protein coding sequences of2pel2andzp-23genes are
sequences of these classes in other species and were capaliginly similar over their entire length. They share, except for their
control experiments to amplify POU domains of the huoati  divergent C-termini, a sequence identity of nearly 90%. This
andoct-2 genes, th®rosophilanubbingene and of the murine sequence similarity suggests that these genes have a common origir
oct-3/4gene (data not shown). Since at least class Il genes harel have arisen by gene duplication which must have occurred
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[ MousaOcts of the DNA binding regions tend to be much less conserved.
[ Fwoas Similar evoluti h lied to maintain th
- suman Oct6 imilar evolutionary pressure may have applied to maintain the
; X Xigou1 zp-47 and brn-1.2 coding sequences relatively homogenous.
' Zp-50 However, more sequence information alwnt1.2will be needed
Humarn Brn-2 . . . . . .
L Mouse Bz to investigate this point further. Several reasons can be imagined
L Rat8m-2 why protein sequences of duplicated genes should remain closely
Zabratt ‘gx‘f’ conserved: POU genes with highly similar sequences could be
Mousa Brn-4 expressed in different cells of the brain. Nevertheless, the genes
,—ﬁ :,. Bm;M may still be regulating the transcription of related sets of target
L enopue ipou2 genes and could do so only if their sequences are highly
[ Zebratish Zp-12e preserved. In another scenario, highly related POU genes could
i i z:z::: ;:;;: be coexpressed in the same cells. Eventual expression of sequenc
— L Zebrafish Zp23b variants could lead to aberrant transcription of some of the target
Mousa Bin-1 genes which in turn could negatively affect cell functions.

Alterations of the protein sequences could therefore not be tolerated.

Figure 5. Sequence comparison of full-length vertebrate class 11l POU protein Our analySlS Opr gene expression durmg embryogeneSIS

sequences. Those class IIl proteins of which full-length sequences have be&NOWS that the differe_nt genesare primarily expressed i_n the brain,
determined were compared. The relationship over the entire length of tha@lthough the expressionzg-12andzp-23in the pronephric duct

proteins ha; been determined by th(_? GCG program Pileup. An alignment of ﬂ'guggests that some genes may also be involved in patterning of

corresponding sequences can be viewed at the NAR web site. other tissues. The expression patterrzpef2andzp-23in the
embryonic brain show strong similarities but they are not entirely
overlapping. Most importantly, these genes are not expressed

after the actinopterygii diverged from the higher vertebrates. TH®Mogeneously throughout the brain. They are strongly expressed
common ancestry of the two genes is also reflected in thémlyln some regions of the brain but not, or at much Iower levels,
splicing pattern: despite the general absence of introns from clddsothers. Conversely, thep-47 expression pattern in the
Il POU genes short intervening sequences are spliced out n€gabryonic brain is distinct and resembles in part that reported for
the 3-end of the coding region during processing of a fraction ¢fP-50although several differences exist. It therefore appears that
zp-12andzp-23transcripts. As a result proteins differing at theireach class Il POU gene is expressed in a unique pattern that
C-termini are produced. Since the POU domains are unaltered#'tly overlaps with expression domains of other class IIl genes.
can be assumed that these proteins maintain the same DNA-bindiftf is somewhat reminiscent of the overlapping ranges of
potential. However, the amino acid variations downstream of tipression of differertiox genes in more posterior CNS regions
POU domain might modulate interactions with other regulator{39). Higher resolution mapping of the individuzb gene
proteins, e.g. analogous to the auxiliary factor P-OTX whickxpression domains may reveal an analogous POU code for the
specificially interacts with the N-terminus of the POU proteirPatterning of the anterior brain.
Pit-1 but not with Brn-236). At least in the case of tlzp-23 The close relation between the-12andzp-23genes, as well
reading frame the variation of the primary sequence might al§ betweerzp-47andbrn-1.2 suggests that these genes have
affect posttranslational protein modifications since splicing of tharisen by gene duplication. These findings are further evidence
transcript removes a potential N-linked glycosylation §i@. (  that a considerable portion of the zebrafish genome has been
Although thezp-12andzp-23genes resemble each other in theirduplicated after the branching off of the actinopterygii: several
overall splicing pattern, they differ in the details since the positiogene families have been found that have more family members in
of the 3 splice site of the intron afp-23is 14 codons more the zebrafish than in mammals. Examples include both the
upstream than the Splice site used in two of tlzp-12cDNAs  engrailedlike (40) and theotx genes41). In both families three
that we sequenced. An unpublished longer cDNA has be@gne copies are found in fish but only two occur in mammals.
deposited in GenBankd§) that is related to thbrn-1.1 PCR  Similarly, fourmsxgenes have been found in zebrafish compared
fragment 23) which is derived from thep-12gene. That cDNA to three genes in micéZ). Also the number of zebrafistix
appears to lack a sequence corresponding roughly to the inti@enes exceeds that found in mammé8. (n the case of genes
removed irgp-23clone #7. However, it is not clear whether theencoding RXR-type nuclear receptors five genes have been found
sequence absent in thisn-1.1 clone is really an intron since in zebrafish, whereas only three genes are known to exist in
comparison of this segment with our full-lengfil2sequence mammals 44). Although the precise organization of the family
does not show good matches to splicing consensus sequetices Of ashhelix—loop—helix regulators has not yet been elucidated in
Despite the high degree of amino acid sequence conservatigbrafish, it appears that in fish there are two genes that are both
over the entire length of tiap-12andzp-23reading frames the most closely related to a single gene in other vertebréfs (
corresponding DNA sequence is only 78% identical, wheteas Burthermore, several genes encoding signalling molecules similar to
and 3 untranslated regions display even less than 65% identigonichedgehogxist in zebrafish that have no direct mammalian
This indicates that the duplication of these genes has occurredaainterparts 46,47). In the face of a possible large-scale
considerable time ago allowing since the DNA sequences to divergeplication of the zebrafish genome and the existence of two pairs
Nevertheless, there appears to have been substantial evolutioradgiosely related class 11l POU genes, it is tempting to speculate
pressure to maintain the amino acid sequence both within as watt a precursor afp-12andzp-23might have been duplicated
as outside of the POU domain. This is remarkable since in théthe same time as a precursampsfi7andbrn-1.2 It might even
cases of many transcription factor families the DNA bindindpe possible thatp-12might be physically linked to eithep-47
motifs often remain highly conserved whereas sequences outsitebrn-1.2 whereaszp-23 might be located on the same
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chromosome as the other member otmd7bm-1_299ne pair_ 18 Schonemann,M.D., Ryan,A.K., McEvilly,R.J., O'Connell,S.M., Arias,C.A.,

Whether these genes are arranged in such syntenic relationshipégagi‘vz*;Aé’l'éiéP-v Sawchenko,P.E. and Rosenfeld,M.G. (1&#5)es Dey.

will be tested when the position of these genes are established, @Nyy isuzaki T.. Amanuma.H. and Takeda. H. (1€a@hem. Biophys. Res.
the genetic mapig). Commun.187, 1446-1453.
. . . . 20 Sambrook,J., Fritsch,E.F. and Maniatis, T. (1888lecular Cloning: A
See supplementary material available in NAR Online. Laboratory Manual Cold Spring Harbor Laboratory Press, Cold Spring
Harbor, NY.
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