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TransientExpressionoftheGreenFluorescentProtein
GeneinCryptoIneriajaponica , ChaInaecyparisobtusa,
Pinusdensiflora タ Pinus thunbergii, LarixkaeInpferiand

AcanthopanaxsciadophylloidesFollowingParticle
BOlllbardlllent

ToruTaniguchi(l) , YasunoriOhmiya(I) , ManabuKurita(l) andTe 司 i Kondo(I)

Summary:Genetictransformationcouldbeanewtreebreedingmethodforconferringnewanddesirable

traitstoforesttrees.However, littleinformationisavailableonreliabletransformationmethodsfor

Japaneseforesttreespeciesusedinplantations.Reportergenesplayanimportantroleinestablishing

transformationmethods.Inthisstudy, weexaminedtheefficiencyofagreenfluorescentprotein (GFP)

geneasareportergeneforforesttreespecies.WeintroducedtheGFPgenebyparticlebombardmenttothe

followingtargets:zygoticembryosofCryptomeriajaponica タ somatic embryosofLarixkaempferiand

Acanthopanax (=Eleutherococcus) sciadophylloides, shootprimordiaofChamaecyparisobtusaand

embryogenictissuesofPinusdensiflora タ Pinus thunbergiiandL.kaempferi.Transientexpressionofthe

genewasobservedinalltargetedtissuestested.Moreover, theexpressionsweregreatlyenhancedbythe

pre-cultureandosmotictreatmentsoftargetedtissuesbeforebombardment.Theseresultsindicatethatthe

GFPgenewouldbeusefulforJapaneseforesttreespecies.

1. Introduction suchasPi ce αα bies (Waltereta l., 1999, Wencket

Treeimprovementbygeneticengineeringcould a l., 1999) , Pinusradiata (Waltereta l., 1998) ,

confernewanddesirabletraits, suchasimproved Pinustaeda(Tangeta l., 2001), LarixkaempferiX

woodqualityandgrowthcharacteristics, resistance L. decidu α(Levee et a l., 1997), Eucalyptus

todiseasesandinsectsandtolerancetostress.A camaldulensis (Ho et a l., 1998)and Acaci α

reliableandstablegenetictransformationmethod mαngium (XieandHong, 2002).However, thereis

toproducetransgenictrees is requiredforthe littleinformationavailableonreliabletransforma-

geneticengineeringofforesttrees.Sincetransgenic tionmethodsforJapaneseforesttreesusedin

treeswerefirstobtainedforthepoplarin1987 plantations.

(Fillattiet a l., 1987) , transformationtechniques Indevelopingatransformationmethod, reporter

havebeendevelopedformanyforesttreespecies genesplayanimportantrole.A greenfluorescent

(reviewedforconifersinTangandNewton, 2003) , protein(GFP)geneofajellyfish(Aequoreavictoria)
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hasanadvantageoverotherreporter proteins,

suchasbeta-glucuronidaseorluciferase, because

presenceofGFPcanbedirectlyvisualizedbythe

emissionofgreenlightwhenexcitedwithlongUV

orbluelight.Moreover, anengineeredsynthetic

GFP, sGFP(S65T)(replacementoftheserinein

position65withathreonine)hasprovidedupto100ｭ

foldbrighterfluorescentsignalsthanwild-typeGFP

(ChiuetaI., 1996, Niwa, 2003).Transientorstable

expressionofbeta-glucuronidaseorluciferasehas

beenreportedforsomeJapaneseforesttrees(Mohri

etaI., 2000, MaruyamaetaI., 2000, Ishii, 2002).

However, toourknowledge, theGFPexpressionin

Japaneseforesttreeshasnotbeenreported.

Theobjectiveofthisstudywastoexaminethe

efficiencyofusingsGFP(S65T)asareportergenein

six Japanese forest tree species. Five were

coniferoustreespeciesusedinplantations, andthe

sixthwasabroad-leavedtree species, Acαntho

panax (=Eleutherococcus)sciadophylloides , which

isusefulforitsedibleyoungbuds.

2. Materialsandmethods

2.1Plantmaterials

SeedsofC.japonica(Naka6:Kanagawaand

Ohno2)weresoakedinwaterfor3d, surface

sterilizedwith70%ethanolfor2minfollowedby

10%H202for10min, andthenrinsedthreetimes

withsterilized distilledwater. Zygotic embryos

wereremovedfromtheseedsandculturedon

woodyplantmedium(LloydandMcCown, 1980)

thatcontained30gilsucroseand3gilgelritefor4

d.Theembryoswereincubatedfor4honhigh

osmolalitymediumsupplementedwithanaddiｭ

tional0.4M sucrosebeforebombardment.The

numberofembryosbombardedwas40and8for

Ohno2andNaka 6, respectively.Theembryos

withoutosmolalitytreatment(46embryosofOhno2

and8embryosofNaka6)werealsobombarded.

Shoot primordia of C. obtusa(Ena 3)were

induced from cotyledons ofa seedling on CD

medium(Campbell and Durzan, 1975) ,which

containedO.3μ 乱1: NAAand 10μMBA ， and

subculturedmonthlyonCDmediumcontaining1.0

μM zeatinforpropagation.Tenclumps (ca.1cmin

diameter)oftheshootprimordiawereincubatedfor

4honhighosmolalitymediumsupplementedwith

anadditional0.4M sucrosebeforebombardment.

Tenclumpsofshootprimordiawithoutosmolality

treatmentwerealsobombarded.

EmbryogenictissuesofP.densiflora(Susakia27)

andP.thunbergii(Ohsetoku12)wereinducedfrom

femalegametophyteexplantscontainingpre-cotyleｭ

donaryembryos, andsubculturedeverythreeto

fourweeksonsemisolidmodifiedDCRmedium

(Taniguchi, 2001). Embryogenic tissue of L.

kaempferi (Minamisaku12)wasalsoinducedfrom

femalegametophyteexplantsandsubculturedon

semisolidmodifiedCDmedium(TaniguchietaI.,

2001).Theseembryogenictissuesweresuspended

in liquid media and the suspension, which

contained500mgcells, waspouredovera5.5cm

sterilefilterpaperinafunnel (Millipore, Bedford,

Massachusetts).Ashortvacuumpulsewasapplied

todraintheliquid, andthefilterpaperwasplaced

onthesamemediumasusedforthesubculture.

Mter1or2dofpre-culture, theembryogenic

tissues on the filter paper were used for

bombardmentwithplasmidDNA.Threeor4filter

paperswiththeembryogenictissueofeachspecies

werebombardedforeachtreatment.

Lα rix kaempferisomaticembryosderivedfrom



GFPExpressioninForestTreesFollowingParticleBombardment -3-

embryogenictissue(TaniguchietaI., 2001)were somaticembryoswereculturedonhighosmolality

incubatedonmodifiedCDmediumsupplemented mediumsupplementedwithanadditionalO.5M

withosmoticum (0.4M sucrose, 0.4M maltoseor sucrosefor24h.About30somaticembryoswithor

0.2M sorbitol+0.2M mannitol) for5h , followed without the high osmolality treatment were

by bombardment. Number of somatic embryos bombarded.

bombardedwas10or20pertreatment.

Somatic embryosofA. sciadophylloideswere 2.2PlasmidDNA

inducedfrommatureseedscollectedfromatree ThepRT99vector(TopferetaI., 1993)waskindly

(TaniguchietaI., 1996) andsubculturedeveryone donatedbyDrR.Tel ・ pfer ， InstituteforGrapevine

totwomonthsonMSmedium (Murashigeand Breeding, Geilweilerhof, Germany. The plasmid

Skoog, 1962) thatcontainedO.01mgll2, 4-D, 30gil CaMV35S0 ・sGFP (S65T)-nos3~ (Niwa, 2003)was

sucroseand8gilagar.Beforebombardment, the kindlydonatedbyDrY.Niwa, LaboratoryforPlant

Fig.1. TransientexpressionoftheGFPobservedunderafluorescencestereomicroscopewithfilter

system(excitationfilter:480/40 nm, emissionfilter: 510nm)inzygoticembryoof

Cryptomeriajaponica(a) , somaticembryoofLarixkαempferi (b) , somaticembryosof

Acanthopanaxssciadophylloides(c) , shootprimodiumofCham αecyparis obtusa(d) , a
cellofLarixkaempferiembryogenictissue (e) , two cellsofPinusdensifloraembryogenic

tissue (f) , and embryogenictissueofPinusthunbergii(g).



第 20 サ林水育種センター研究報釣
4

anddiameterofgoldparticles)hadnoobviousCellTechnology, UniversityofShizuoka, Shizuoka,

effectonthetransientexpressionoftheGFPgeneJapan.A HindIII附EcoRI fragmentthatincludeda

(datanotshown).cutwasCaMV35S 司sGFP (S65T)-nos3-cassette

Whenembryogenictissueswithoutpre-culturefromapI拙mid CaMV350-sGFP(S65T)-nos3-and

werebombarded, thenumberofcellsexpressingobtaintoハ
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2.4VisualizationofGFPexpression

GFPexpressionwasobservedinthebombarded

tissuesunderafluorescencestereomicroscope(MZ

Switzer-Heerbrugg,Microsystems,FLIII; Leica

filtersystem(excitationGFPPlusland)witha

n
、
A'

A510filter:emIssIonnm,480/40filter:

PhotographsofGFPexpressionweretakenusinga

digitalcamerasystem(DC300F;Leica).Mter24h

。

ofbombardment, thetargettissuesthatexpressed

Fig.2.Effectofosmoticumtreatmentwith
sucroseontransientexpressionofthe
GFPinzygoticembryosofCrypto 網

men αJαpο nic α. Forty-six or 40
embryosofOhno2, and8embryosof

Naka 6 for each treatment were
bombardedwithGFPgenes, andthe
numberofcellsexpressingtheGFP
wascountedafter1dofbombardｭ
ment. Error bars show standard
error.

OAMOAM OM

Sucroseconcentration
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wasgeneGFPthe

3.Resultsanddiscussion

ofexpressIOnTransient

which1) ,tested(Fig.specIesallInobserved

indicatesthatthisgenewouldbeaveryeffective

reportergenefordevelopinggenetictransformation

methodsofthesespecies.Differencesinbombard 網

mentconditions(heliumpressure, targetdistance
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wouldhaveahigherprobabilityofbeingexpres 自ed mannitolwaslesseffective.ThemixtureofO.2 羽

(TangandNewton, 2003). sorbitolandO.2M mannitolwasusedasthe

ThetransientexpressionoftheGFPgenein osmoticuminthebombardmentofsomaticembryos

zygotlc embryos of C. Jα :ponLc α was greatly ofPice αmα ri αnα(Tian eta l., 2000) , butwasless

improvedbypre-treatmentwithsucroseosmoticum effectivethansucroseandmaltoseinL. たαempferi.

(Fig.la).Geneexpressionwasenhanced16.S-fold For expressIOn of transgenes In embryogenic

inOhno2embryosand19. ふfold inNaka6embryos tissuesofP. αbies ， themixtureofsorbitoland

(Fig.2).Anincreasinggeneexpressionbythe mannitolwasalsolesseffectivethansucroseand

osmoticumtreatmentwasalsoshowninsomatic myo-inositol(Claphametal., 1995).

embryosofA.sciadophylloides(Fig.lc)andinshoot Inconclusion, transientexpressionoftheGFP

primordiaofC.obtus α(Fig. ld).Theeffectofthe genewasobservedinallspeciestested:C.japonic α，

kindofosmoticum(0.4M sucrose, 0.4班 maltose or C.obtus α， P.densi βor α， P.thunbergii, 1ふたαempferi

0.2 M sorbitol 十 0.2 M mannitol)on gene andA. sci αdophylloides. Thissuggeststhatthe

expressioninsomaticembryosofL.た αempferi was GFPgenewouldbeausefulreportergeneforallof

examined(Figs.lband3).Althoughmalto 日e was theseJapaneseforesttreespecies.Moreover, pre-

aseffectiveassucrose, themixtureofsorbitoland culture and the osmoticum treatment of the

2

6

4

TheJapan).(Ibaraki,CenterBreeding

targetedtissuesenhancedthetransientexpression

SeedsofC.jα'P onic α and C.obtus αwere obtained
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ノえ}ティクルガン法により導入された緑色蛍光タンパク質遺伝子
のスギ\ヒノキ，アカマツ，クロマツ，カラマツ及び

コシアブラでの一過性発現

谷口亨 (1)，大宮泰徳 (i)，栗田学 (i) ，近藤禎二(j)

要旨:林本の遺伝 I-組換え技術は新しい育種方法として期待できるが，我が国の林木について遺伝子導入に関す

る知見は少ない。遺伝 j主導入訟の開発の際にレポーター遺伝子 Lは重要さな役割を果たす。本研究では，緑色蛍光タ

ンパク質的 FP) 遺伝子のレポーター遺伝子としての有効性を調査した。 GFP遺伝子をスギの極子 IfE. ビノキの

がi条原基，アカマツとクロマツ，カラマツの embryogenic tissue さらにカラマツとコシアブラの不定脹にパー

ティクルガン法で導入しそのー過性発現を確認した。また，その発現はターゲット組織の前土庁養と尚浸透圧上高

地での処要望により向上した。本研究の結果より. GFP遺伝子は，調査した樹種においてレポーター遺伝子として

有効に使用できることが示唆された。
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