
TheFishBiologyJoumalMEDAKA,7:1I-･14(1995)

●
Characteristicsofmedakagenesandtheirpromoterregions

MinoruTamaka

ReproductiveBiology,NationalInstitutejTorBasicBiology,Myodalji-cho,Okazaki444,Japan･

(ReceivedSeptember14,1995)

Abstract HereIbrieflydescribethecharacteri-
zationofthemedaka(OTyZiaslatipes)genome.
Thesizeofthemedakagenomewasestimatedto
be680-850megabasesbycomparlngthemedaka
genomewiththatofthepufferfish･Thisvaluecor-
respondstoone-fourthtoone-fifthoftheentire
humangenome,probablyduetoshortintronsand
shortintergenicreglOnS.Howeverthesizedistri-
butionofmedakaintronssofarexaminedappears
similartothatofhumanintrons.Thelocationof
theintronsisconservativebetweenhumanand

medaka.Moreoversomeimportantcis-elements
andtrans-actingfactorsfunctionlnginthepromot-
ersofmedakagenesalsoseemtobeconservative
betweenthetwospecies.Thisallowsmedakatobe
asuitablemodelforgenomicanalystsaSa
miniaturevertebrate.

Introduction

Deyelopmentofmolecularbiologytechniques
hasenabledscientiststoattemptelucidatingnucleo-
tidesequenceoftheentiregenomeofseveral
species.Determinationoftheentiregenomic
nucleotidesequenceinspecieshavingarelatively
smallgenomesuchasEscherichiacoli,Saccha-
romycescerevisiae,Caenorhabditiselegansand
Arabidopsisthalianaisinprogress.Althougha
humangenomeprojectisalsoinprogress,more
timewillbeneededtocompletethedetemination
becauseofthelengthandcomplexltyOfthe
humangenome.
RecentlyBrenneretal.(1993)proposedthe
pufferfish(Fugurubripes)asamodelforverte-
brategenomeanalysis･TheyshowedthatFuguhas
0.4｣).5pgDNAperhaploidgenomeandisesti-
matedtobe400Mb(megabases)ingenomic
length.ThisisequlValentto1/7.50ftheentire
lengthofthehumangenomeandis29times
longerthantheyeastgenome.Uniquesequences
occupymorethan90%oftheentireFugugenome.
ThesefactspromiseFugutobeoneoftheideal
modelsforgenomeanalysisWhichphylogeneti-
Callylocatesbetweenhumanandotherorganisms.

Whataboutmedakagenomicsequences?
Severalmethodstoproducetransgenicmedaka
havebeendevisedandthefunctionofthe

introducedgeneswasassayeduslngeXOgenOuS
promoterssuchasthechicken8-crystallinpromot-
er(Ozatoetal.,1986).ES-likecelllineshave
beendevelopedinmedaka(Ozatoetal･,1994)･
Thesesituationsdemandmoreinformationon

genomicstructureofmedaka,whichisusefulfor
clonlnggenesandconstructlngexpressionyectors
inmedaka.HereIbrieflysurveythecharacteris-
ticsofthemedakagenomicstructure.

Medakagenomesize

Uwaandlwata(1981)reportedmedaka
(0り′Ziaslatipes)karyotypeshows48chromo-
somes(2n=48)consistingofonepairofsubtelo-
centricsand23palrSOfacrocentrics.Theyfurther
showedthattheamountofDNApernucleusis
calculatedtobe1.7pgwhencarperythrocyte
nucleuswasusedasastandard.Basedonthis

result,theentirelengthofthemedakAgenomeis
estimatedtobe680-850Mb,whichcorresponds
toone-fourthtoone-fifthoftheentirehuman

genOme･

Medakagenestructure
Thenumberofisolatedgenesfrommedakais
nowincreaslng.AsatyplCalmedakagenewhich
iscomparabletothehumancounterpart,Idescribe
thestructureofthemedakap-450aromatasegene

(humangenename;CYP19)(Tanakaetal･,1995).
Thep-450aromatase(abbreviatedasp-450arom)
geneencodesanenzymewhichcatalyzesconver-
sionofandrogentoestrogenandbelongstoalarge
p-450genefamily.Thededucedaminoacid
sequenceofmedakap-450arom shows51%
homologywiththatofhuman(Meansetal.,1989;
Haradaetal.,1990).Sincehomologiesofother
genessofarclonedarebetween50and70%,p-
450arom canbesaidtobeaconventionaland

ordinarygene.
Comparisonofp-450arom genestructures
betweenhumanandmedakaisshowninFig.1.
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Fig.1.ComparisonofP1450aromgeneorganizationbetween
medakaandhuman.Theblackboxesindicateexons.The
numbersbelowthelinesshowthesizeofintrons.Notethatthe

sizeofmedakaintronsisrepresentedbybasepalrunits
whereashumanintronsbykilobasepairs(Meansetall,1989;
Haradaetal.,1990).

SequenclngOfthewholemedakageneshowed

thatthebasicorganizationsoftheP1450arom

geneswereidenticaltoeachother.Theco°ing

reg10nOfp-450arom geneinbothmedakaand
humanconsistsofnineexons.Themedakaintrons

∬einsertedexactlyatthesamepositionsasthose
ofhumanatthenucleotidelevel.The5'and3'

endsofthemedakaintronsequencesconform to

theGT/AGruleasdescribedbyBreathnachand

Chambon(1981)(medakaconsensussequence
deducedfrom P1450arom;5'GTRRRY--YI

YYYYAG 3',whereRandYindicatepurineand

pyrimidineresidues,respectively).However,there

arealsogreatdifferencesbetweenthetwogenes･

MedakaP1450arom spansonly2.5kbonthe

genomewhereasthehumancounterpartspreads
overinmorethan70kb.Thisindicatesthat

medakaP1450aromconsistsofverysmallintrons.

Thesmallestoneis73bpandthelargestoneis

only213bp.Humanp-450arom intronsrange
from 13kbtomorethan10kb.Thisisnotan

exceptlOnalcasefor血emedakagenome.Another

steroidogenicP-450gene,p-450C17,alsocontains

extremelysmallintronswhencomparedwith

humancounterpart(Matsuyama,unpublished)･

Theseexamplesindicatethatmedakagenesarea

miniatureversionofthehumangeneduetohar-

boringsmallerintrons.

Thisdiscussionraisesanotherquestion.Does

onlythesmallsizeofintronicsequencescon-
tributetothesmallersizeoftheentiremedaka

genome?Isummarizedthesizedistributionof

medakaintronssofar Obtainedandcomparedit

withthatofhumanintrons(Ogata,unpublished)in

Figs.2and3･SurprlSlngly,thefiguresshowthat

humangeneswith smallintronsappearas

frequentlyasmedakagenesandthedistribution

profileseemsalmostsimilarbetweenthetwo

species.Thefrequencyoflessthan200bpintrons

ishighinbothspecies.Astheintronsizesbecome

larger,thenumberoftheintronsbecomesless

frequent.Thissuggeststhatintergenicsequences

aremuchshorterinmedakagenomethanin

humangenome･However,thepoolofmedaka

genesisnotlargeenoughtoallowforconclusive

analysts.Recentlythegenomicstructureofthe

HuntlngtOn'sdiseasegenewaspublishedbythe

Fugugenomeproject.TheFugugeneis7.4times
shorter(23kb)thanhumancounterpart(170kb)

(Baxendaleetal.,1995).AssumingthatFuguand
medakahavethesamenumberandsimilarsizeof

genes,40-55%ofmedakatotalgenomeiscalcu-

latedtobeoccupiedbyunlqueSequences.

Consideringtheexamplesofmedakagenes

havingsmallerintrons,thedistributionprofile

impliesthatgeneshavingextremelylonglntrOnS

occurmorefrequentlylnthehumangenomethan

inmedakagenome,whichmightcontributetothe

differencesofthegenomesizebetweenthese

species.
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Fig.2.Distributionofthesizeofmedakaintrons.TheVertical
axisindicatesthefrequencyofeachintronsize.Thetotal
numberofmedakaintronssurveyedis33.
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Fig.3.DistributioI10rthesizeofhumanintrons.Thevertical
axisindicatesthefrequencyoreachintronsize.Theunitofthe
intronsizesis10basepal一s.Thetotalnumberofhumanintrons
is1425whicharecompiledfromGenbankRelease86.0.



Medakagenes

Promoterstructure

Therearefewexamplesshowlngtheprecise

characterizationofmedakagenepromoters,

althoughthenumberofexamplesisexpectedto
increase.Wecharacterizedthepromoterstructure

ofmedakaforthe5'upstreamreglOnOfp-450-

aromgenebyprlmerextensionanalysュsandSl

nucleasemapping(Tanakaetall,1995)･Fig･4
illustratesthepromotersequenceandexon1of
medakap-450arom.

Mammaliansteroidogenicp-450genesrequire

atrans-actlngfactor,calledSF-1/Ad4BP,to

regulatetheirexpression.Thisfactorbindstothe
Ad4motif(YCAAGGTYA)conferringthe

responsivenesstointracellularCAMPlevels･Since
medaka p -450arom activltyinisolatedovarian

folliclesisenhancedbytheincreaseofintra-
cellularCAMPlevels,wesearchedforCAMP

responsiveelements.Su叩rlSlngly,107and135bp
upstreamfromthetranscrlPtlOnalinitiationsitewe

foundmotifsperfectlymatchingthemammalian
consensussequence(Fig.4andTable1)･More-
over,anothertwotandemlyrepeatedhexameric

sequences(TGACCT/A)arefound40and51bp

Pstl
!頭重かTCTGCglTCATATAAATTCTAAAAAGCTCAAAATAAAAAAATCTGTGAMAAT -407
NDAR5-7
ATCTTAGCATGCTAACCTCCAGCACCAAGTCGAAGCAITTTCAAAGATTAGAGAACITIT -347

Pstl
TTCCTTGAGTTTTTCCAAACAACAATGTCAAAlm ACAAGATGA感 TTGTAGC -287

TGATACTCCCGTCATCCCATGGCCCTGCTGTrAGGTGCAGGATATCCGACCAGGClm -237
C旺

TGATGTTCAAAGAAAGAAGACTGCAACCTGlTACCCAACTGTCAAACAAAACCCCAGATC I177

AACCTACCCCCACCCGCCTGTGTCCTGITCATTCAAGGCCATAGGCAAGAACTCAACCCT -117
Ad4

ccAAGGTCTTCAGTGTATTGTITACCCm CCTTACTATGTTGTGGCITGTGTATTACCC -57
Ad4

W GGCITGIGACCAGCTCCGACTGG正払仙GAGAAAAGCGAGGAAGCTTCCAGTG
ERE-half ERE-half TATA _ +1･

TITGCACACATCAGGTTGGAGCAGCTGTGCTCATTGITGCTTGCATCCTTCTITCTG皇望

GATCTGATCCCTGCTTGTGATCGGACAATGTCATCTTCATGTCTGGTGCAGAGCTAGTCT

CAATAGCCCCAAATACC好TGTAGGACTCCCATCCGGCATCCCCATGGCAACAAGGTCCC
Ⅶ)AR9C

^

+64

+124

+184

+244

Fig.4.NucleotidcsequenceofthepromoterreglOnande又onI
ofmedakaovarianp-450arom(Tanakaetal.,1995).Nucleotide
sequenceenclosedbyablacklineise又on1.Dotsabovethe
nucleotidesshowmajortranSCnPtlOnalinitiationsites,thefirst
nucleotideofwhichisnumberedat+1.PutativeTATAbox
(TATA),SF-1/Ad4BPbindingmotif(Ad4),half-sitesof
estrogenresponsiveelement(ERE-half)andcAMp-responsive
element(CRE)∬eunderlined.Horizontala汀OWSWiththe
namesofMDAR5-7andMDAR9Cindicatethelocationof
pnmersusedfわrdeterminationoftranscnptlOnalinitiationsites.
Aputativetranslationalinitiationcodonisdoublyunderlined.
Thebound∬yofintronande又onisindicatedbyareverse
triangle.
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upstream from thetranscnptlOnalinitiationsite･

ThismotifiscomplementarytotheAd4motifand

isthehalf-Siteoftheestrogenresponsiveelement

(ERE-half).Whenthemedakapromoterregionis

comparedwiththehumanp-450arom promoter

region,amoderatehomology(60-80%)islocally

recognizableatthenucleotidelevel.Thismay
suggesttheoccurrenceofotherpossiblecis-
elementswhicharefunctionallyconservative
betweenhumanandmedaka.

Theresultofthepromotersequenceanalysts

encouragedustocloneSF-1/Ad4BPhomologues
from medakaovarianfollicularcells,wherep-

450arom isexpressed.Conventionalpolymerase
chainreactiontechniquesuccessfullyallowedus

tocloneputativeSF-1/Ad4BPCDNAfragments

whichsharemorethan90% homologyinDNA

bindingdomainwithmammaliancounterpart

(Tanaka,unpublished).ItislikelythatmedakaSト
1/Ad4BP-liketrans-actlngfactorfunctionstobind
toconservativeSF-1/Ad4BPmotifslbundinthe

p-450arompromoter･Theseresults,togetherwith
theoccu汀enCeOftheSFl/Ad4BPconsensus

sequence,suggestthatfunctionallyimportant

Table1.ConsensussequenceofSF-1/Ad4BPmotif.Thenames
ofgenesandtheircodingproteinsareasfouows.p-450cl7;
cytochromep-450 17a-hydroxylase/lyase,p-45011β;cyto-
chromePl45011p-hydroxylase,Pl450scc;cytochromep-450
cholesterolsidechaincleavageenzyme,p-450arom;cyto-
chromep-450aromatase.+indicatesthatSF-I/Ad4BPexpen-
mentallybindstothesequence.Theothersequenceswere
surveyedandcompiledfromtheputativesteroidogenticp-450
promoters.ModifiedfromMorohashietal.(1992).

Gene Source ConsensusSequence
(C/T)CAAGGT(C汀)A

Pl450C17 human TCAAGGTGA+
bovine AGAAGGTCA+

p-45011β human

ACAAGGTGA
GAGAGGTCA
CAGAGGTCA
CCAAGGCTC

bovine CCAAGGACC+
CCAAGGTCT+
GGAAGGGCA十

mouse CCAAGGCTC
P1450scc human TCAAGGCCA+

CCAAGGTGA+
CCAAGGTCT+
TCAAGGTCA+

P1450arom human GGGAGGTCA
AGGAGGTCA+

rat CCAAGGTCA
medaka CCAAGGTGT

TCAAGGCCA
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regionsOfthepromoterareconservedbetween
medakaandmammalsandthattheidentification

ofbasicregulatoryregionsbetweentrams-acting
factorsandcis-elementscanbeassessedbydirect
sequencecomparisonbetweenmedakaandother
vertebrates.

ActuallyBrenner'sgrotlpfoundthefunc-
tionallyregulatoryelementsconservedbetween
Fuguandmousebyidentificationofpossiblecis-
elementsbythedirectsequencecomparisonfirst,
followedbyproducingtransgenicmicewithFugu
promoterconstructs(Aparicioetai.,1995,Popperl
etal.,1995).ThedeletionofputativeFugucis-
elementsresultedinatissue-specificlossof
expressionintransgenicmice･
ItisnotsurprlSlngtOfindaTATAbox25bp
upstreamfromthetranscrlPtlOnalinitiationsiteof
medakap-450aromgenesinceTATAboxbinding
protein(Tap)isknowntoexitfrom yeastto
human.

Asdescribedabove,thesizeofthemedaka

genomeissmallprobablyduetoshortintronsand
shortintergenicsequences.Thefunctionally
importantcis-elementsinmedakapromotersare
possiblyidentifiablebysequencecomparisonwith
mammaliancorrespondingregionsandareexpecト
edtobefunctionallycompatibletothoseinmam-
malianpromoters.Thispossibilitysuggeststhat
medakaisanoutstandingmodelsuitablefor
genomicanalysts.
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