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Abbrev土ations  

ÅDP；adenosine diphosphate   

α－Ala；α－alan土ne   

ATP；adenosine triphosphate   

Glu；L－glutamic acid   

Gln；L－glutamine   

2，4－D；2，4－dichlorophenoxyacetic acid   

†－GfIA；L－glutamic acid Y－mOnOhydroxamate   

GOGAT；glutamate syntha＄e   

GS；glutamine sYnthe七ase   

l MS medium；Murashige and Skoogs medium   

MS－NH4medium；HS medium without NH4NO3   

MS＋NH4 medium；班S－NH4rnedium withlO mM NH4CI   

MSA medium；MS－NH4medium withlO mMα－alanine   

MSE medium；MS－NH4medium with10 mM L－glutamic acid   

HSQ medium；MS－NH4medium withlO Ⅱ朗L－glutamine   

NiR；nitrite reductase   

NR；nitrate reductase   

ORF；OPen reading frame   

PCR；POlymerase chain reaction   

R℡；reVerSe七ransCr土p七土on   

RACE；raPid amplified cDNÅends   

SSC；Salt－SOdium citrate buffer  
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TCA；trichloroacetic acid   

TE buffer；Tris－EDTA（ethYlenediaminetetraacetic acid）bufferilO mM  

Tris－HCl（PH；8・0）andlmM EDTAI   

Tris；2－amino－2－hYdroxYmethYl－1．3－PrOPanediol   

Xg；ⅩgraVitationalfield  
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Abstract   



The addition of工，－glutamine′ CX－alanine or L－glutamic acid   

StrOngly stimula七es somatic embryo formationin carrot，nOt Only the   

number of somatic embrYOS formed but also their development．The   

effects of the amino acids on somatic embryogenesis were stronger   

than that of 乱mmOniumion・＝n particular，L－glutamine strongly   

Stimulates the development of soma七ic embryos．To clarify the   

different effects of amino acids and ammoniumion，the activity of   

glutamine synthetase（GS；EC 6・3．1・2・），a key enzymeinvolvedin   

ni七rogen assimilationr was measured・Its activity decreased during   

thelater stages of embryo development・  

Three cDNA clones corresponding toisoforms of carrot GS were   

isolated and used as probes for an analysis of the expression   

PatternS Of theisoform genes during somatic embryogenesis and seed   

developmentin carrot・Transcripts correspondi11g tO tWO Of the   

CDNAs，，．CGSlO2一一 and，一CGS201ff，Were Observed during somatic   

embryogenesis・Theirlevels were high a七the earlY Stage Of   

embrYOgeneSis butlow a七thelate stage of entbryogenesis・This  

pattern of expression is similar to the pattern of changes in cs 

activitY Observed during somatic embryogenesis・BY COntraSt（   

expression o董the transcript for another GSisoform gene′   

corresponding toItCGSlO3‖ cDNAr was not Observedin somatic ernbryos・  

＝ also analyzed thelevels of the transcripts for ‖CGSlO2H and   

－tCGS201fTin somatic embryos which had been culturedin mediumwith   

either arnmoniumions or L－glutamine as the source of nitrogen・The   

amounts of the transcripts for，．CGSlO21’and．一CGS201”fellwhen L－  
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glutamine was suppliedin the medium′ but the decline of the   

transcripts at thelate stage of embryogenesis was observed   

irrespective of the supply of L－glutamine or amrnOniumion．These   

resultsindicate that the GS activity was regulated at the   

transcriptional level and that the expression pattern of GS genes 

during somatic embryogenesis was regulated bY embryogenesis－SPeCific   

manner．  

The expres宮ions pattern of GS genesin developlng Seeds was ■  

Similar to the pattern observedin somatic embryogenesis except for   

the pattern of the expression of the gene for 一，CGSlO3一一which was   

Weak during zygotic embryogenesis and strong during seed maturation．   

Expression of the gene for 一一CGSlO3．Tin developlng Seeds was   

COnSidered 七O bein senesced maternaltissues but notin2；ygOtic   

embryos，because the transcripts for，TCGSlO3日 was only observedin   

scenesced leaves but not in young leaves. Therefore, the expression 

PatternS Of GS genes observedin developlng Seeds except for the   

gene for”CGSlO3一一 arelikelY tO COrreSPOnd to thosein zygotic   

embryos and the expression patterns of the genes for GSisoforms   

during somatic embryogenesis reflects their patterns during zygotic   

embryogenesis・＝concluded that somatic embryogenesis and zygotic   

embryogenesis have cornmon regulatory systems with respect to’the   

expression of the genes for GSisoforms．Finally′IpropoSed a model   

▲ by the environment of zygotic embryosin developlng Seeds・  
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General Introduction 
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rn higher plants，a fertilized egg celldevelops to a zygotic  

embryo which has almost all basic structures and organs of an 

individualplant・Thusr the study on七his processis prerequisite to  

understand the differentiation and development of plant・However，  

ZYgOtic embryogenesis progressesinside of the mother plant and this   

fea七ure makes embryogenesis difficult to be analyzed the biochemical   

and molecular biologlCalchanges during embryogenesis．Somatic   

embryogenesis，an embryogenesis from somatic cells′ WaS fir＄t   

reported by Steward et al・（1958）and Reinert（1958）．Somatic   

embryogenesis changes of developlng SOmatic ernbrYOS are l  

morphologlCally and developmentally similar to zYgOtic   

embryogenesis・Thus，SOmatic embryogenesis was used as a model   

SYStem for understanding the regulation of gene expression required   

for the earliest development eventsin thelife of a higher plant．   

However，there are noinformation about any factors regulating the   

development and morphogenesis of somatic embryos．  

Carro七is known as one of the best plant materials for   

investigating somatic embryogenesis，because an easy experimental   

method toinduce synchronously numerous somatic embryos had been   

established（Kamada and Harada1984a）．Thus，the process of somatic   

embryogenesisin carrot has been extensivelyinvestigatedin   

PhysiologlCallbiochemicaland molecular bi0loglCalaspects ■  

（Z土merman1993）．  

＝t is well known that addition of nitrate ion to a culture   

medium as a sole source of nitrogen does no七PrOmOte SOmatic  
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ernbryogenesisin various plant speciesincluding carrotlbut  

Simultaneous application of reduced nitrogenous compounds with  

nitrateion strongly stimulates somatic embryogenesis（Halperin and  

Wetherel11965；Kamada and Harada1979；Reinert and Tazawa1969；   

Reinert et al・1967；Walker and Sato1981）．Among various   

nitrogenous compounds（α－alaninelL－glutamine and LNglutamic acid   

exhibit strong stimulative effects on somatic embryogenesisin   

CarrOt and pollen embryogenesisin tobacco and potato（Kamada and   

Harada1979；Harada and ＝mamura1983；Harada e七 al．1982；Wetherell   

and Dougall1976；Wetherhead and Henshaw1979）．From these findings，   

there are some regulatory systems involving in nitrogen metabolism 

during embryogenesis．However，PreVious reports only said   

about the stimulating effects of those amino acids on the number of   

SOmatic embryos formed．Thus，in this s七udy，＝ observed details of   

SOmatic embryogenesis when different reduced nitrogenous compounds   

Were SuPPlied and clarified what the effects of those amino acids on   

SOmatic embryogenesis were・Then＝tried to obtain the reason why   

those amino acids requirement was occurred during somatic   

embryogenesis and to show embryogenesis－SPeCific regulation for   

ni七rogen metabolism，eSPeCially nitrogen assimilation・  

＝n part rl＝re－eXamined the effect of the three effective amino   

acids′ L－glutamic acidJL－glutamine andα－alanine／and ammoniumion   

On SOmatic embryogenesis・When these amino acids were suppliedin   

the medium，Iobserved not onlyincreasing the number of somatic   

embrYOS but also s七imulating the development of somatic embrYOS・  
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On the other hand′ the cause of these effects of each reduced   

nitrogenous compound has been sti11unknown・Douga11（1965，1966）  

reported thatin tobacco cells（α－alanine／LNglutamineJL－glutamic  

▲ acidJL－aSparaglne and LNaSPartic acid were readily transforrned to   

Other amino acids andincorporatedinto proteins，butレhistidine，IJ－   

1eucine and some others were not．Thus，Ⅹamada and fIarada（1984a）   

COnSidered that the affect of a particular amino acid／either   

Stimulatory orinhibitory′ On SOmatic embryogenesis may be   

determined byits availabilityin protein synthesis．  

In higher plants，itis thought tha七the main route of nitrogen   

assimilationis as fol10WS（Mifflin and Lea1977）：nitrateionis  

metabolized七O nitriteion by nitrate redhctase（NR；ECl．6．6．1）；  

nitriteion to arnmoniumion by nitrite reductase（NiR；ECl・6．6．4）；   

this ammoniumionis bound with L－glutamic acid to formレglu七amine   

by glutamine synthetase（GS；EC 6・3・1・2・）；a mOlecule of L－glutamine   

Sharesits two amino groups with a molecule of oxo－glutaric acid and   

forms two molecules of L－glutamic acid by glutamate synthase（GOGAT；   

ECl．4．1．13）．Zn this system，NR and GS are thought to be the key   

enzymes・NR aCtivity decreasesin earlY StageS Of carrot somatic   

embrYOgeneSis and the reduction of NR activity resultsin fewer   

SOmatic embryos being formedin media without reduced nitrogenous   

COmPOunds（Kamada and Harada1984a）・  

The most effective amino acids for somatic embryogenesis，IJ－   

glutamine′ α－alanine and L－glutamic acid／are able to be metabolized  

as nitrogen sources through L－glutamic acid・L－glutamine and L－  
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glutamic acid are the m01eculesinvolvingin nitrogen assimilation  

CyCle called GS－GOGAT cycle（Fig・1）・Exogenously supplied cx－Alanine  

WaS raPidlY七ransformed to Lqglutarnic acid・On the other hand′  

ammoniumionislocated upstream of GS－GOGAT cycle anditis not so  

effective for somatic embryogenesis・From these findings（Iassumed  

that10W GS activity resultsinlimited use of nitrogenous compounds  

10Cated upstream of GS－GOGAT cycle・GOGATis notlimiting for  

SOmatic embryogenesis because glutamine whichis only utilized about   

the substance of GOGAT can be also effective for somatic   

embryogenes土s．  

From these findings′ ＝ measured GS activitY during somatic   

embryogenesis，and determined when the effective amino acids are   

required for somatic embryogenesis．  

Plant GS exists as twoisoforms（Wallsgrove et al．1987；Freeman   

et al．1990；Kamachiet al．1991；Yamaya et al．1992）：Onelocated   

in cytosol（GSl）and the otherin plastids，eSPeCia11yin   

Chloroplasts（GS2；McnallY and Hirel1983）．GSlacts for the   

translocation of nitrogeninside of plant，including the run out of   

nitrogen from senesced tissues，While GS2inv01vesin   

re－aSSimilation of arnmoniumion generated from photoresplration．   

However，these findings only got from the study for maternal’   

tissues，there were noinformation for ernbryos．  

＝tis reported that there are multigene families of GS genesin   

the genomes of various higherplants・＝n maize（for examplelthere  
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are five genes forisoforms of GSland one of GS2（Liet al．1993）．   

The expression patterns of genes for these sixisoforms differ and′   

thus（eaChisoformislikely to have a different r01e・Moreoverr the   

existence of so many isoforms indicates that the regulation of 

expression of genes for GSin plantsis very complex．Thus，the   

Study to analyze the expression pattern of each gene for GSisoforms   

isimportant for understanding mechanisms controlling GS activity・  

1n PartI＝，three cDNA clones for GSisoforms wereisolated from   

CarrOt，and the expression of the gene＄ for these GSisoforms during   

somatic embryogenesis in carrot was investigated. The results 

SuggeSted that GSin somatic embrYOSis also regulated stage－  

specificalLy and embryo－SPeCificalLy at t吏anscriptionallevel・  

1n PartI＝I，＝ analyzed the expression of the genes for GS   

isoformsin seed development and discussed the propriety of the   

measurementin seedsinstead of zYgOtic embrYOS・FinallY，I   

discussed the physio10glCalmeanings of the change of GS activity ●  

during embrYOgeneSis・  

9   



Part I 

Therelationbetweendif托renteffectsofseveralreduced  

nitrogenouscompoundsandthechangeofGSactivityinsomatic   

embryogenesisofcarrot  
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Introduction  
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It is well known that simultaneous supply of ammonium ion with 

nitrateion，is prerequisite for formation of asexualembryos   

including somatic embryosin various plant species（Noreeland   

Nitsch1968，Thomas and Street1972，Wetherelland Dougall1976）．   

Concerning with this stimulating effects of arnmoniumion on asexual   

embryogenesis，SOme reSearChers examined extensively the effects of   

other reduced nitrogenous compounds including amino acids in carrot 

and they clarified that some amino acids such as L－glutamine（Gln），   

レglutamic acid（Glu）．asparagine，aSPartic acid andα－alanine（α－   

Ala），POSSeSSed stimulative effects，but other amino acids are not   

SO effective orinhibitory（Kamada and Harada1979）・These findings   

Showed that the number of somatic embryos formed was different   

depending on the kind of reduced nitrogenous compounds supplied   

including amino acids．Especially′ the supply of Gln，Glu and〔l－Ala   

Were mOre effective forincreasing the number of somatic embryos   

formed than the supply of ammOniumionin carrot（Wetherelland   

Dougal11976，Kamada and Harada1979）・However，those reports only   

Said the different effect of reduced nitrogenous compounds on the   

totalnumber of somatic embryos formed，but did not other effects on   

SOmatic embryogenesis・  

Thus′in this part，＝ re－eXamined the number of somatic ernbryos   

formedin the medium containing three effective amino acids，Glu，   

Gln and（l－Ala，and arnmoniumion′ tO know how the suppIY Of these   

effective amino acids is different from the supply of ammonium ion 

COn七aining the efficiencY Of somatic embryogenesis．＝n this  
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experiment，＝ found that the stimulatory effect of these amino acids   

WaS mainly caused by theincrement of the number of we11－developed   

embryosleSPeCially torpedo－Shaped embryos・On the basis of this   

Observation′ ＝discussed the relationship between the different   

effects of these reduced nitrogenous compounds and the change of GS   

activity during somatic ernbryogenesis．  
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Materials and Methods 
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Plant materials andinduction of somatic eITbryogenesis  

Ten－day－Old carrot seedlings（Daucus carota L．cv．US－Harumaki＿   

gosun）were surface－Sterilized with sodium hypochlorite solution   

（available chlorine concentration ofl％）for15min and rinsed3   

times with sterile deionized water・Ten－mm－long hypocotylsegments   

Were Cut from the seedlings and placed on semi－SOlidified（0．2％   

Gellangum）Murashige and Skoogls medium（Murashige and Skoog1962）   

（hereafter referred to as MS medium）containing4．5Ⅹ10‾6M of2，4－   

dichlorophenoxyacetic acid（2，4－D）．EmbrYOgenic callus was obtained   

from these segments after one month of culture′ and suspended with   

lOO mlof MSliquid medium containing4・5Ⅹ10－6M of2，4－Din300ml   

Erlenmeyer flasks・These suspension cul七ures were put on a gyratory   

Shaker（70 rpm）at 250cin darkness and subcultured every2weeks．  

To obtain smallce11clusters．two－Week－01d cultures were   

SuCCeSSively sieved through three stainless steelmeshes withlOOO，   

63 and37トtmin pore size．Ce11clusters remaining on the37 um mesh   

Were rinsed with2，4－D－free fresh HS medium，and collected by   

Centrifugation（100Ⅹg）．The cellclusters were rinsed additional   

five times with the fresh HS medium′ then suspendedin15mlof test   

medium a七a finaldensitY Ofl．O mlpacked cellvolume（the value   

represented the volume of pellet after 5 min of centrifugation at 

lOO xg）perliter and culturedin50mlErlenmeyer flasks・  
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Effects of reduced nitrogenous co叩POunds   

In the examination to test the effects of some amino acids，it   

is necessarY tO aVOid the contamination of arnmoniumion from   

PreVious subculture′ thus smallcellclusters between37and63匹m   

Were rinsed wellwith HS－NfI4medium（MS medium without NH4NO3）．Test   

media used were MS－NH4mediurnCOntaining various reduced nitrogenous   

COmPOunds，aSindicatedin Tablel・After 2 weeks of culture′ the   

nuInber of somatic embryos at each developmentalstage（globular－′   

heart－Or tOrPedo－Stage）（Fig・2）were counted．Each experiment was   

repeated atleast twice．  

gズCJ】aJつダe Of cuユセure∬led加劇  

To clarify the effective stage of Gln on the development of   

SOmatic embryos，the cellclusters culturedin MS＋NH40r MSQ medium   

for 7 days were collected by centrifugation（100 Ⅹg），rinsed twice   

With fresh MS－NH4medium and resuspendedin fresh MS＋NH40r MSQ   

medium．でWO Weeks after the transfer to somatic embryoinducing   

medium，the number of somatic embryos formed were counted as   

described above．  
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Protein extraction and analysis of GS activity  

Protein extraction was performed according to the method   

described bY Kang and Hymowiz（1988）．Cellclusters and somatic   

embryos culturedin growth regulator－free MS medium were collected   

On a glass filter with suction by asplratOr，meaSured the fresh ●  

Weight，and stored at－800c untiluse・These frozen samples were   

groundinliquid N2（then homogenized for5min at40c by a glass－   

teflon homogenizerin a 4－f01d volume of 25 mM Tris－HClbuffer（PH   

7・6）containinglrnH MgSO4′10mMβ－merCaPtOethanolandlmM   

dithiothreitol・These homogenates were centrifuged（20，000Ⅹg）for   

30 min at 40c and supernatants were co11ected．The supernatants were   

desalted through a PD－10 column（Pharmacia），then used for the GS   

enZyme aSSay・  

The synthetase activity of GS had been measured according to the   

methods described by Kang and Titus（1981）．The reaction mixture   

COnSisted of 653 rnM Tris－HCl（PH 7．6）containing 44．4 rnM MgSO4．44．4   

rnM Glu，4・4 mH ATP and 44・4 mⅢof hYdroxylamine・The reaction was   

Started bY the addition of hYdroxYlamine．The totalreaction volume   

WaSl．125ml．After10minincubation at 350c，the reaction was   

StOPPed by the addition of O．375mlof a solution containing 6・7％   

（W／v）FeCl3，1．O H HCland4．0％（W／v）TCA．The transferase activitY   

Of GS was measured by the method of Shapiro and Stadtman（1970）・The   

2ⅩreaCtion mixture consisted of 80mMimidazole－HCl（PH 7．0），  

17   



COntaining 67 mM Gln，60 m虹HnC12，0・8 mM ADP－Na′ 40mM K2AsO4and   

120 mM hydroxYlamine・The reaction was started by the addition of   

equalv01ume of enzyme solution・The totalreaction volume was O．4   

ml．Afterincubation forlO min at 370c，the reaction was stopped by   

the addition oflmlof a solution with3・3％（W／v）FeCl3，2．0％（W／v）   

TCA and 250 mM HCl．The enzyme activitY WaS meaSured as the amount   

Of synthesizedレglutamic acid Y－mOnO－hYdroxamate（Y－GHA）・  
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Results  

19   



Effects of amino acids  

According to the report of Kamada and Harada（1979），three amino   

acids（GlnlGlu andα－AlaJStrOngly stimulated the number of somatic   

embryos formed・Thus ＝ selected these three amino acids for rny   

experiment・Hereafter，the media containing Gln，Glu or ct－Ala atlO   

rnH with18・7mM KNO3are referred to as MSQ，HSE aLnd MSA media，   

respectively. I also prepared two other MS media containing 18.7 mM 

KNO3With or without NH4Cl（10mM）．The nitrogen composition of these   

media are summarized in Table 1 and the number of somatic embryos 

formedin each mediumis shownin Fig・3・SignificantlY mOre embryos   

Were formedin MSQ or MSA medium as compared to that of control   

medium（MS＋NH4medium）．Because only Gln has two amino groupsin a   

molecule′ ＝ also tested another班S medium containing half   

COnCentration（5 ntM）of Gln．The number of embryos formedin the   

medium was similar to thatin MSA medium（data not shown）．On the   

Other hand，the to七alnumber of ernbryosin MSE medium was slightly   

higher than七hat of controlmedium 岬S＋NH4medium），the number of   

Well－developed embryos（torpedo－Shaped stage）was apparently   

increased with the addi七ion of each of the three amino acids as   

COmPared to thatin controlmedium（HS＋NH4medium）．  

The morphologlCalfeatures of somatic ernbryos formedin each ■  

medium are shownin Fig．4．＝n MS＋NH4medium′ the somatic embryos did   

not fu11y develop and many embryos remainedin七he globular and  
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heart－Shaped stages of deve10Pment・In the media containing amino  

acidsIWe11－developed somatic embryos at the torpedo－Shaped stage  

Were frequently observed・＝tis noteworthy that the somatic embryos  

in MSQ medium werelarger than thosein other media．  

From these observations，the effects of these three amino acids   

on somatic embryogenesis seems to involve in the development of 

SOmatic embryos・AJnmOniumion was not so effec七ive toinduce highly   

developed embryos. Ammonium ion is usually assimilated to amino 

acids bY GS activityin plants・From these findings，工 SuPPOSed that   

insufficient GS activityin developlng SOmatic embryos cause these   

differences of utilization of reduced nitrogenous compounds．Thus，＝   

measured GS activity of somatic embryos．  

Estimation of the methods for measurement of GS activity  

There are two kinds of methods for measurement of GS activity；   

Synthetase assay and transferase assaY．＝ examined which methodis   

better for the measurement of GS activityin somatic embryogenesis   

Of carrot．The amount of†－GHA produced by transferase activityis   

lOrfold more than the amount of Y－GHA synthesized by synthetase   

activitY（Table 2）．Because collecting the sufficient amount’of   

Cellsin early soma七ic embryogenesisis difficultlIdecided to use   

transferase assay method for measurement of GS activityin following   

experiments．  
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GS activitY during somatic embてyOgeneSis  

GS activityincreased during the first 5 days after transfer to   

2，4MD－free MS medium，and then decreased during the fo1lowinglO   

days（Fig．5）．This decline of the GS activityin somatic embryos at   

thelate stage of somatic embryogenesis suggested that the   

requirement of amino acids for their developmentis caused by the   

lack of GS act土Ⅴ土七y・  

Effects of glutamine on somatic embryos at different develppmenta1   

5七aダe5  

To determine whether Gln was effectivein early orlate stage   

Of somatic embryo formation，the culture medium（HSQ or MS＋NH4   

medium）was exchanged after 7 days of culture（Fig．6－A）・As a   

COntr01experiment，MSQ or MS＋NH4medium were used during the whole   

Culture period．When MSQ medium was used during thelast 7days，the   

number of well－developed embryos（torpedo－Shaped embryos）was higher   

（Fig．6－B）′ but the number of globular and heart－Shaped embryos did   

not rise apparently．When MSQ medium was used during the first 7   

days，the number of globular and heart－Shaped embrYOSincreased′ but   

the nurnber of torpedo－Shaped embryos did not．  
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Discussions  
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Somatic embryos of carrot are practica11yinduced for two weeks   

Of cultivation・The development of somatic eI血ryosin mY   

experimentalconditions are shownin Fig・2・Globularr heart－Shaped   

and torpedo－Shaped embryos had been observed since5days（7days   

andlO days after transfer to the2，4－D－free MS medium′ reSPeCtively   

（Fig．2）・Thus ＝ divided the culture period七O the first7days as   

the early stage of somatic embryogenesis and the last 7 days as the 

late stage of somatic embryogenesis and selected two to three points   

Of both developmentalstages to measure GS activity or GS gene   

express土on・  

The addition of three amino acids，Gln′ α－Ala or Glu did not   

resultin onlyincreasing of the totalnumber of embryos formed but   

also stimulating the development of embryos（Fig・3）・The addition   

of Glu did notincrease the totalnumber of somatic ernbryos formed   

SO muCh as compared to thatin the addition of arnmoniumionr but   

stimulated the number of we11－developed somatic embryoslike   

torpedo－Shaped embryos（Fig．3－d）・Previous studies onlY Claimed the   

effects of amino acids on the totalnumber of the embryos formed   

（Wethere11and Dougall1976，Ramada and Harada1979），but my   

observations showed that the contmon effect of these three amino   

acids was toincrease the nuTnber of well－developed embryos・Thus／it   

is possible that the effects of these amino acidsinvolvedin the  

development of somatic embryoslnOtin the stimulation of them・  

The morphologlCalfeatures of embryos formed were different ●   

depending on the nitrogen source used（Fig・4）・Torpedo－Shaped  
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eInbryos obtainedin MSQ medium were bigger than the embryosin other   

media tested．＝n contrast to the above case．the size of the embryos   

in MSA medium was small，七hough the number and the developmental   

StageS Were Similar to thosein the MSQ medium．Embryosin MSE   

medium sometimes showed we11－developed vascular system and r00t   

elongation（data not shown）．The reason why these amino acid－   

1 dependent morphologlCaldifferences occur was unknown，but Gln   

Seemed to be one of the most sui七ed reduced nitrogenous compounds to   

induce somatic embryos of carrot．  

The GS activitY decreased at thelate stage of somatic   

embryogenesisin carrot（Fig．5）．This result suggest that somatic   

embrYOS at thelate stage of embryogene＄is did not utilize   

externally supplied arnmoniumion wellfor thelow activity of GS．   

From the feeding experiments′ the supply of the three amino acids   

Particularly affected the developmentalprocess from heart－Shaped to   

torpedo－Shaped embryos because this process progressed thelatter   

half of the culture period ofinduction of somatic embrYOS（Fig．2）．   

This also supported by the fact that the number of well－   

deve10Ped somatic ernbrYOS SuCh as torpedo－Shaped embryosincreased   

by the supply of Gln only in the latter half of the culture period 

（Fig．6－B）．Form these findings′Isuppose that the decrease・Of GS   

activity specifically affect the development of somatic ernbryos．   

＝n the earlY Stage Of somatic embryogenesis，七he carrot cells have   

Certain GS activity enough to develop themselves〕uSt SuPplying ●  

arnmoniumion′ but GS activity was decreasesin thela七e s七age of  
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SOmatic embryogenesis and they cannot utilize ammoniumion to   

develop torpedo－Shaped embrYOS from heartMShaped embryo－ Glu and Gln   

are the down stream of nitrogen assimilation pathway of the reaction   

Catalyzed by GS．αqAla，anOther effective amino acid for somatic   

embrYOgeneSisis not positioned nitrogen assimilation pathway，but   

the report which exogenousIY SuPPlied another effective amino acid，   

α－Ala，WaS also rapidly convertedinto Gln or Gluin the cells of   

CarrOt SOmatic embrYOS（Kamada and Harada1984b）supported my   

explana七土on．  
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Part II 

IsolationofcDNAclonesfbrGSisofbrmincarrotandthe  

analysesoftheexpressionpatternsofthegenescorrespondingto   

thesecDNAclonesduringsomaticembryogenesis  
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Plant GS exists as two types（Wallsgrove et al．1987，Freeman et   

al．1990，Kamachiet al．1991，Yamaya et al．1992）：Onelocatedin   

the cytos01（GSl）and the otherin the plastids，in particular the   

Chloroplasts（GS2；Mcnally and Hirel1983）．Many researchers have   

investigated the roles of these twoisoforms．GSlregards to be   

inv01vedin trans10Cation of nitrogenous compounds．Kamachiet al．   

（1992）showed that GSldistributedin bundle sheath cellsin rice   

leaves．Studies on mutants without GS2 activityin their   

Chloroplasts demonstrate clearly that a ma〕Or rOle of GS2is to   

facilitate the reassimilation of ammoniumions released during   

Photorespiration（Wallsgrove et al．1987，Freeman et al・1990）・  

In maize′ for example′ there are five genes forisoforms of GSl   

and one forisoform of GS2（Liet al．1993）．The patterns of   

expression of genes for these sixisoforms differ，and，thus，eaCh   

isoformislikely to have a different r01e．Moreover，the existence   

of so many isoforms indicates that the regulation of expression of 

genes for GSin plantsis very complex．Thus′ the study to analyze   

the expression pattern of each gene for GSisoformsisimportant for   

understanding mechanisms contro11ing GS activity．  

＝n this part，three GS cDNA clones named ‖CGSlO2”，fTCGSlO3tIand   

‖CGS201”wereisolated from three distinct cDNAlibraries of carrotl   

then ＝ studied the expression patterns of the genes for GSisoforms   

to clarify the relation between the expression patterns of the GS   

genes and developmentalstatus of somatic embryos．  
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Materials and Methods  
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∫soユatユoJ】Of 属〃A 8月d co点5truCtion of c上）〃A ユユわraェ・土es  

Total RNA was extracted from cultured cells and several organs 

by the Tris－SDS－Phenolmethod（Schmidt e七 al．1981）．For the   

COnStruCtion of the cDNAlibraries，POly（A）＋RNA was separated from   

the totalRNA ofleaves′ SOmatic embryos and embryogenic callus on a   

PrePaCked01igo（dT）cellulose column（Pharmacia，Uppsala，Sweden）．   

The cDNAlibraries were constructed with a cDNA cloning system   

（Amersham，Buckinghamshire′ England）according to the manufacturer，s   

protocol．  

Reverse transcription－POlynerase chain reaction（RT－PCR）  

Al一昭 aliquot of totalRNA from7－day－01d somatic embryos was   

reverse transcribed with Moloney murineleukemia virus reverse   

transcriptase（Toyobo Co・Ltd・′ Tokyo′Japan），aCCOrding to the   

manufacturer－sinstructions，in a totalvolume of 20トtl．The first  

PCR was carried out for 30 cyclesinlOOトtlof a solution composed  

OflO血相Tris－HCl（PH8．0）′ 50Ⅰ肌RCl，2．5rnM HgC12and2・5units of   

AmpliTaqTH DNA polymerase（Perkin Elmer，California，USA），With20pl   

Of the solution of the product＄ Of reverse transcription・The   

conditions for PCR were as follows：40cycles of 940c forlmin†   

550c for 2 min and 720c for 3 min．The second PCR was carried out  
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for 25 cycles under the same reaction conditions as the first pcR   

Withlト1lof the solution of the products of the first pcR．The   

PrOducts of the second PCR were then precIPitatedin ethanol，   

dissolvedinlOト110f TE buffer and subjected to electrophoresis．  

The primers were 5’－ATATGGATCGGTGGATCAGG－31as the forward primer   

for the first and second PCR，and 5一－CCTCATTGCCTTCTCCATAAGC－3－ and   

5一－GGTGGTNTCNGCGATCATGG－3－ as the reverse primers for the first and   

■ SeCOnd PCR，reSPeCtively．These primers were deslgned by reference   

to a cDNA for rice GSl（RGS28）．  

5∫ 月apユd a叩pユユfユcaセユoJlOf cβⅣA eJ】d5「5一 見AC勘  

●   Iisolated a ‖CGSlO2”cDNA clone withlacking 5T reglOn Of the   

CDNA．Thenlperformed rapid amplification of cDNA ends（5．RACE）   

according to the protocoIsupplied with the Amplifinder RACE kit   

（Clonetech，California，USA）to obtain a5．fragment with   

OVerlapplng reglOnS that wereidenticalto the partialcDNA clone   

for ‖CGS102”．＝ determined the entire sequence of the’一CGSlO2‖ cDNA   

Clone，including this 5－ fragment・  

GeJつOJ厄c goutムerJコカユめrユdユza七io月  

Genomic DNA was extracted from carrotleaves by a modified   

VerSion of the method described by Wagner et al・（1987）and Bousquet  
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et al．（1990）・Ten－LLg aliquots of carrot genomic DNA were digested   

SeParately with EcoR＝，Hindl工1and Xbaland subjected to   

electrophoresis on a O・7％ agarose gel・Bands of DNA were blotted   

OntO a Charged nylon membrane（Hybond N＋；Amersham，Buckinghamshire．   

England）．Procedures for hYbridization were those described by the   

manufacturer of the membrane．For high－Stringency conditions．   

hybridization and washing were performed at650c・Forlow－Stringency   

COnditionsr these steps were performed at500c・Probe DNAs were   

labelled with［32p卜dCTP by the Hultiprime－labeling sYStem（Amersham，   

buckinghamshire，England）and results of allhybridizations were   

analyzed with a Bio－＝mager（BAS2000；FujilFilm Co・Ltd．．Tokyo，   

Japan）or by autoradiography．  

〃br七山er刀 力yわ鳥山g点上ユon  

TwentyトIg Of totalRNA from cultured ce11s and variou琴OrganS   

Were denatured with2．2班formaldehyde and50％（W／v）formamide，   

Subjected to electrophoresis on al．2％（W／v）agarose gelcon七ained   

2．2M formaldehyde and then transferred to a charged nylon membrane   

（GeneScreen Plus；DuPont／NEN，Massachusetts′ USA）with20ⅩSSC as   

the transfer buffer・Hybridization was performed according to the   

instructions from the manufacturer of the membrane with【32p］－1abeled   

PrObe DNAs that had been prepared with the Multiprime－1abeling  
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SyStem（Åmersham，Buckinghamshire，England）．The results of   

hybridization were visualized as described above．  
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Results  
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∫50ユation of cか〃A cユoJほS foェーG5 fro爪Caヱ・ro七 Cエ）凡諷 ユ＿ibrar⊥es  

＝deslgned primers for PCR to amplify a fragment of cnT寸A for   

CarrOt GS and used totalRNA as a template for RT－PCR・Aft＜ヨr PCR，I   

Subcloned the fragment and confirmed thatit was a fragment of cDN   

for GS bY SequenCing（hereafter this cDNAis referred to as   

－－CGSlOl－－）．  

The cDNAlibrary constructed from14－day－01d somatic凱Ibryos was   

SCreened with”CGSlOl．T as a probe・＝ screenedlO5pLaques nnd found   

lO positive plaquesin the first screening．Then エ Selected one   

positive plaque in the 2nd screening based on the sj.ze of hhe cDNA 

fragments・This cDNA cIonelacked a part ofits 5．reglOn．Then＝ l  

Performed 5－ RACE and obtained the 5F fragment with overlaT）Plng   

reglOnS that wereidenticalto the partialcDNA clone・Id（コtermined ●  

the entire sequence of this GS cDNA cIone of carrot（Fig・7）′   

including this 5－ fragment・The deduced amino acid sequencq was   

83．3％ hom0logous tolettuce GSl，82．6％ to pea GSland 82・椚 to maize   

GSll（Table 3）．Thus，this cDNA clone appeared to encode a GSl   

homolog of carrot，Ca11edl’CGSlO2”・  

Two other cDNA clones for GS，，一CGSlO3tt and，．CGS201‖′ W〔汀e   

isolated from cDNAlibraries that had been constructed from   

embryogenic callus andleaves（reSpeCtivelyr wi七h the open reading   

frame（ORF）of －TCGSlO2一．as a probe underlow－Stringency   

hybridization conditions（Figs・8and9）・一一CGS201”wasidentified as  

36   



the cDNA for a GS2 homolog becauseit encoded a pu七ative transit   

SequenCe for protein transportinto plastids（60％hom0logy to GS20f   

Arabidcpsis and58％to Nicotiana sylvestris GS2 at the amino acid   

level）in the 5T region（Fig．10）．一一CGSlO2一一 and”CGSlO3‖were more   

Similar（about 8ト87％ at the amino acidlevel）to GSlthan GS2   

（about 73－78％ at the amino acidlevel）of other plant species（Table   

3）′ SuCh as Arabidcpsis，rice and radish．On the other hand′   

‖CGS201”was very similar t0 0ther cDNAs for GS2（86－90％ at the   

amino acidlevel）．Thus，＝ determined the three cDNA clones as   

CarrOt GS cDNA clones from these sequence similarities．Furthermore′   

the deduced amino acid sequence of each cDNA clone has an ATP   

binding domain（Gly－Ⅹ－Phe－Glu－Asp－Arg）conservedin eukaryotic GS   

（Figs．7，8 and 9；Kim and Rhee1988）．The fact also supported that   

the three cDNAs encode GS．  

GeJlOmic Sout力eヱ■刀 aJ】aユy雨5  

To determine the copy number of genes for GSisoforms，＝   

Performed genomic southern hybridization・Leaf genomic DNA was   

isolatedJdigested with the restriction endonucleases（EcoR＝r Hind   

Il＝ and Xba ＝r and then fragments were allowed to hybridizer・after   

electrophoresis′ tO eaCh probe（Fig．11）．The PCR－amPlified3一－   

noncoding reglOnS Of the cDNA clones were used as specific probes   

（Figs．7，8 and 9）．There were many bands detected on the   

hybridization with the coding region of”CGSlO2一一 as a probe（Fig・  
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11－a）・On the other hand．only one band was observed when  

hybridization was performed with the specific probes derived from  

一一CGSlO3一’cDNA（Fig・11－C）and”CGS201‖ cDNA（Fig．1トd）．The results  

Show that the genes for these twoisoforms are single－COPy geneSin  

the carrot genome・When the hybridization was performed with the3一－   

SPeCific probe derived from，一CGSlO2－1cDNA，Iobserved severalbands   

（Fig・11－b）・Thus，there are atleas七two copies of the   

corresponding gene in the carrot genome. I could not distinguish the 

transcripts by hybridization so ＝trea七ed allresul七S Of Northern   

analysis with the ‖CGSlO2‖－SPeCific probe as beingindicative of the   

expression of the ‖CGSlO2TT family of genes．  

ガズpre55ユoJ】Of GS ユ50form5 durユ叩βOJma七⊥c e爪brγ0ダeJleぶIs  

In order to analYZe the patterns of expression of the carrot GS   

isoforms，＝isolated totalRⅣA at4′ 7，10 and14 days after   

transfer of embryogenic callus to somatic eIttbryo－inducing medium．   

でWentyトLg Of each RNA were subjected to electrophoresis，blotted   

OntO a membrane and allowed to hybridize with the 3，－nOnCOding   

region of the cDNA for each GSisoform as specific probes（Fig・12）・   

■ Hybridization with the coding reglOn Of ‖CGSlO2‖ as a probelthe   

Slgnals were strong at4and7days and weak atlO and14days・The l   

PatternS Were quite similar to the patterns of changesin GS   

activi七y during somatic embryogenesis：a decreasein activity was  
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also detected at thelate stage of embryogenesis（Fig・5）．Signals  

Were Obtained when the probes specific for the‖CGSlO2・・family and  

．’CGS201‖ were used・The amounts of transcripts of bothisoforms were   

also high at the early stage（4 and7 days）andlow at thelate   

Stage Of embryogenesis・Then the amountsincreased again slightlyin  

14－day－Old somatic embrYOS・On the contrary／nO Slgnalwas observed   

during somatic embryogenesis after hybridization with the ‖CGSlO3，一－   

SPeCific probe・These results show that transcripts from only two of   

the three genes for GSisoforms were expressed and accumulated   

during somatic embryogenesis（eSPeCially at the early stage・  

EざPreSSion of the．．CGSlO2．．familY Of genes and the，1CGS20l，．genein   

SOmatic etTZbキyOS Culturedin medium that contained different reduced   

nユセroダeJ】Ou5 CO∬甲OuJコd5  

＝n radish cotyledons，the expression of cytos01ic GS（GSl）is   

affected by the application of various nitrogenous compounds   

（Watanabe et al・1994）・This findings showed that the expression of   

GS genes was affected by products or substrate of their enzYme   

action・Zn carrot somatic embryogenesis′ the supply of different   

nitrogenous compounds also affected the expression of the，一CGSlO2一一   

family of genes（Fig・13）．＝n somatic embrYOS Culturedin MSQ   

medium，thelevelof ‖CGSlO2一，and ‖CGS201”transcripts was   

Slgnificantlylow as compared to thosein MS＋NH4medium at both7   

daYS and14 days after the七ransfer to2，4－Drfree HSQ or HS＋NH4  
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medium．Butin each culture condition′ thelevelof the transcripts   

for both GSisoforms decreased at14 days after the transfer．These   

results suggest that expression of the genes for’一CGSlO2‖ and   

－fCGS201一一 was suppressed by the七reatment with nitrogenous compounds・  
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Discussions  
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＝isolated cDNA clones for threeisoforms of GS，‖CGSlO27T（Fig．   

6），T－CGSlO3－1（Fig・7）and ‖CGS201‖（Fig．9）′ from severaltissues of   

CarrOt・Both T－CGSlO2‖ and HCGSlO3‖ encoded proteins with   

COnSiderable similaritY tO GSlof other plants（Table 3）．”CGS201，一   

encoded a protein with considerable similarity to GS2 0f other   

Plants throughoutits entire ORF and also exhibited similarity to   

the 5－ regions of the ORFs for GS2in other plants（Table 3），Which   

encode a transit peptide for protein transportinto plastid 

9）．Genomic southern hybridization revealed that ‖CGSlO3‖ and   

．一CGS201，一 represented single－COPy geneS，but the gene corresponding   

to 一一CGSlO2一▼ was present as atleast two copleSin the carrot genome   

（Fig．11－b．c′ d）．＝ could not distinguish the members of the   

‖CGSlO2”family of transcripts because of their strong similarity′   

and the genomic clones of the”CGSlO2‖ family remains to be   

analyzed．Furthermore′ the results of genomic southern hYbridization   

Showed that 3I－nOnCOding reglOnS Of the cDNA c10neS Were nOt CrOSS－   

hybridized to each other．Therefore′ these probes were used as   

SPeCific probes to detect the expression of the genes for GS   

土soforms 土n carro七．  

From the analysis of the expression of transcripts，tOtalamount   

Of transcripts for GS was high at the earlY Stage Of embryogenesis   

andlow at thelate stage of embrYOgeneSis．The patterns of the   

expression were similar to the changesin GS activitY during■SOmatic   

embryogenesis（Fig・5）・This result suggested that GS activity was   

COntrO11ed at transcriptionallevel．  
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＝ also found that two among the three types of genes for GS  

isoforms′ the‖CGSlO2f，family and，▼CGS201Tt′Were eXPreSSed during  

SOmatic embryogenesis，but the gene for一■CGS103－T did not（Fig．12）．  

The expression patterns of the genes for TTCGSlO2”familY and   

＝CGS201一一were same as totalGS gene expression・Thus（both genes for   

‖CGSlO2‖ family and 川CGS201”were expressed mainlyin somatic   

embryogenesisin carrot whereas these七WOisoform genes encoded the   

different tYPeS Of the GS，GSland GS2，reSPeCtively．It had been   

reported that these two types of the genes and their products were   

usua11y regulatedin different waYS Ofin adult plant（Kozakiet al．   

1991119921Kamachiet al・1992IYamaya et al・1992（P6rez－Rodrエguez   

and Valpuesta1996）・Furthermore，itis also known that the   

expression of GS genes and GS activity were affected by nitrogenous   

COmPOunds supplied（Loyola－Vargas et al．1986，Watanabe′ e七al．   

1994′ M呂ck1995）．This effect was also observedin somatic   

embrYOgeneSis（Fig・13），but the decline of the amounts of   

transcripts of the genes for，TCGSlO2一一 familY andl－CGS201‖ at the   

late stage of embrYOgeneSis was unchangeable bY the supply of   

nitrogenous co叩Ounds．Itis probable that there was an other   

regulation mechanism whichis dependent on the development of the   

eInbryos′ butindependent of nitrogenous compounds・These   

Observationsindicate the existence of embryogenesis－dependent   

regulat土ons of GS 曾ene eXpreSS土on．  

＝t has been unknown whether the roles of GSland GS2in early   

StageS Of somatic embryos are the same or no七′ and what kinds of  
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roles they carry out．However，there must be some physioIoglCal   

meanings that both GSisoforms subjected to the same regulation．  
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PartIII   

TheexpressionpatternsofthegenesforGSisoformsinsomatic   

andzygoticembryogenesis  
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One of the problem regarding somatic ernbryos as a modelfor   

ZygOtic embryosis that both embryos are subjected to different   

Circumstances during their embryogenesis・Somatic embrYOS uSua11Y  

inducedin synthetic medium and they do not have any connections to   

Other plant tissues・Under these conditions，there are some abnormal   

events，for example secondary embryogenesis，Were Observed（Amirato   

1974）．Furthermore．gene expression observedin somatic   

embryogenesis are sometimes the same as thosein zygotic   

embryogenesis，but sometirneS nO七（Zirrmerman1993）．Thuslif the   

genes for GSisoforms are subjected to embryogenesis－SPeCific   

regulations，the same expression patterns are observed during   

ZYgOtic embryogenesis．  

In Partland Part ＝＝，Ifound that the expression of the genes   

for GSisoforms affec七S thelevelof GS activity during somatic   

embryogenesis of carrot，and the decline of七he GS activity caused   

the requirement of amino acids such as Gln・This pattern of the GS   

gene expression seems to be specific to embryogenesis，the same   

Pattern Of the expression would be observed during zygotic   

embryogenesis．Butitis difficult to collect zygotic embrYOS at   

earlY StageS from developlng Seeds because their sizeis t00Small・   

Felker and Muhitch（1980）showed that七he amount of GS waslowin   

endosperm which occupleSlarge part of the seed・Howeverr thereis ■  

no reportindicating the changes of gene expression of GS during   

ZygOtic embryogenesis．＝ thought that whole seeds can be used   

instead of zygotic embryos，and used carrot seeds toinvestigate the  
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expression of the genes for GSisoforms．In this part，Iwill   

describe the expression patterns of the genes for GS isoforms in 

developlng Seeds whichincluded developlng ZygOtic embryos・  
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Materials and Methods 
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タユaJl七 皿ateriaユg  

Young leaves and naturally senesced leaves were collected from 

adult plants that had been growingin a greenhouse．＝rnmature seeds   

Were harvestedin the＝barakiExperimentalField of Takiiseed Co．   

Ltd．（Ibaraki，Japan）．  

ⅣDrセムer刀力jめrユdユgaセユ0乃  

Twentyい一g Of totalRNA from various organs were denatured with   

2・2 M formaldehyde and 50％（W／v）formamide．subjected to   

electrophoresis on al．2％（W／v）agarose gelcontained 2．2M   

formaldehyde and then七ransferred to a charged nylon membrane   

（GeneScreen Plus；DuPont／NEN，Massachusetts，USA）with20ⅩSSC as   

the transfer buffer．Hybridization was performed according to the   

instructions from the manufacturer of the membrane with【32p卜1abeled   

probe DNAs that had been prepared with the Multiprime－1abeling   

SyStem（Amersham，Buckinghamshire′ England）・The results of   

hybridization were visualized as describedin part ＝I．  
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Expression of GSisoformsin developing seeds                                                                                                                                              ■  

Shiota et al・（1997）showed that the stages of development of   

CarrOt ZygOtic embryos were as fo1lows：the globular stage／14days  

after flowering（DAF）；the heart－Shaped stage，20DAF；and the   

torpedo－Shaped stage′ 30DAF・＝examined the gene expression of the   

”CGSlO2”family′ 一ICGSlO3”and，一CGS201‖ during seed development with   

the same plant materials as Shiota et al．（Fig．14）．The patterns of   

expression of the corresponding genes were similar to those during   

SOmatic embryogenesis・The expression was highin the early stage   

and decreased gradually to thelate stage．The expression of the   

genes for 一一CGSlO2一一 and －1CGS201‖ were alsd highinllDAF．In somatic   

embryogenesis，GS gene expression also raised before globular   

embryos formed（Fig．12，4 days after transfer）・These observation   

Showed that GS gene expression stimulated at very early stages of   

embryogenesis，atleast before globular embryos formed・Thelevelof   

the，1CGSlO3，T transcripts waslow during zYgOtic eI血ryogenesis but   

the mRNA accumulated after the development of 2：ygOtic embryos was   

COmplete・  

Expression of the transcripts for”CGSlO3‖in senescedleaves of   

CarrO七  

The pattern of the accumulation of the transcripts for‖CGSlO3－T   

in developlng Seeds mayindicate that．fCGSlO3一一is one of the  
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SeneSCenCe SpeCific GSisoforms．To confirm this hypothesis′ ＝   

COmPared the arnount of the transcripts of －tCGSlO2‖．一一CGSlO3日 and   

’一CGS201一一in youngleaves to thatin naturalsenescedleaves（Fig．   

15）・Only the transcripts of 一一CGSlO3■一increasedin senescedleaves   

This result strongly supports that the gene for ‖CGSlO3一一isinvolved   

ln SeneSCenCe．  
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Discussion  
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Ifound that both types of genes for GS，GSl（●一CGSlO2一一）and GS2   

（‖CGS201一’），Were eXPreSSed strongly during the first25days after   

● P011ination of developlng CarrOt Seedsrin which七he developmental   

StageS Of zygotic embryos correspond to the early developmental   

StageS Of somatic embryos・The expression of both genes decreased   

after25 DAF（Fig．14）・The similar changesin expression of GS   

during both somatic and zygotic ernbryogenesis strongly sugges七that   

expression of GSis developmentally controlled・  

The mRNA for another GSisoform ‖CGSlO3”，aCCumulated faintly   

during zygotic embryogenesis but notin somatic embryogenesis（Figs・   

12 and14）．butit strongly accumulated at thelate stage of seed  

development（Fig．14）．At that time′dramよtic changes occurin   

carrot seeds：the amount of Abscisic acid which is one of the   

Phytohormonesincreases transiently′ the pericarp turns brown and   

dehydration starts（Shiota et al・1997）・The maturation of eI血ryos   

and senescence of maternaltissues occur at this stage．The   

SeneSCenCe－SpeCific expression of GSlhas been observedin several   

Plant species（Egliet al・1989，Ⅹamachiet al・1991．Bernhard and   

Matile1994，Pearson andJi1994′ Watanabe et al．1994′ P6rez－   

Rodriguez and Valpuesta1996）．The expression of GSisoform genes   

during naturalsenescence ofleavesindicates that 川CGSlO3‖ cDNA   

encodes one of the senescence－SPeCificisoforms of GSl（Fig・15）・   

The ‖CGSlO2一一 transcriptst for anotherisoform of carrot GSIJdid not   

accumulate during senescence（Fig．15）・These observations showed   

that the gene for”CGSlO3＝was one of the senescence－SPeCific genes  
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and might expressin the maternaltis＄ueS Of the developlng Seeds ▲  

but notin zygotic embryos・  

From these observations′ ＝concluded that the expression   

PatternS Of the genes for GSin zygotic embryogenesis were similar   

to thosein somatic eInbryogenesis・This suggested that七he   

expression patterns of the g■eneS for GSin somatic embryogenesis   

OCCurredin a development－dependent manner seenin zygotic   

embryogenesis．＝tis possible to conclude that somatic and 21ygOtic   

embryogenesisisidenticalatleast the regulation of the expression   

Of the genes for GS・  
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In Partll＝used four reduced nitrogenous compounds for   

inducing somatic embryogenesisin carrot and analyzed the effect of   

each of them on somatic embryogenesis・A11reduced nitrogenous   

COmPOunds tested stimulated somatic ernbryogenesis，and the addition   

Of three amino acids，Gln，α一Ala or Glu resultedin theincrease of   

the number of well－developed somatic embryos（Fig．3）．These reduced   

nitrogenous compounds related to nitrogen assimilation system（   

Called GS－GOGAT cycles（Fig．1）′including two types of enzymes．   

GOGAT（E・C・1．4．1．13），One Of the enzYmeS，Catalyzes the reaction   

transferring one amino group of Gln to2－0ⅩO glutaric acid and   

making two Glu．Zf this process had the problem during somatic   

embryogenesis，SOmatic embryos could not utili2：e ammOniumion and   

Gln．However，Glnis the best ni七rogen source forinduction and   

development of somatic embryos among allnitrogenous compounds   

tested（Figs．3 and4），SO GOGAT acts enough to a1low the   

development of the eI一心ryos・GS，anOther enzyme of the GS－GOGAT   

cycle, catalyzes the first step to take inorganic nitrogen to 

Organic nitrogen・Lack of this enzyme activity causes plant not to   

be able to utilizeinorganic nitrogenous compounds for nitrogen   

metabolism necessary for protein synthesis・My results on the  

stimulatory effects of the reduced nitrogenous compounds including 

Gln for somatic embrYOgeneSis suggest the possibility of thelack or   

decrease of GS activity during the developmentalprocess from heart－   

shaped s七age to torpedo－Shaped stage（Fig・4）・＝n fact，the change  

of GS activity during somatic embryogene＄is was supported by this  
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idea（Fig．5）・Thisidea was also supported by the observation that   

the number of well－developed somatic embryos such as torpedo－Shaped   

embryos wasincreased by the supply of Gln onlyinlatter half of   

七he cul七ure per土od（F土g．6）．  

rn Part ＝r，the analYSeS Of the expression of the genes for GS   

isoforms showed that there were two genes for GSisoforms expressed   

during somatic embryogenesis and the expression patterns were   

Similar to the change of GS en2：yme aCtivity during somatic   

embryogenesis（Fig．12）．Surprisingly′ these two genes were different   

types of GS．1tis genera11y thought that the gene expression of   

each GSland GS2is subjected to different regulationin adult   

Plants．My results presentedin this thesis show that七he expression   

of the genes for both GS1 and GS2 was controlled during somatic 

embrYOgeneSis．The r01es of both GS，eSPeCially GS2which usually   

act for photosynthesisin adult plant，have not been clarified yet，   

but the expression of the gene for GS2in somatic embryos which   

harbor undifferentiated plastids．proplastids，mayindicate that GS2   

has another unknown role．  

＝n‡）art ＝＝＝，＝ showed that the expression of the genes for GS   

during seed development was comparable to thatin somatic   

embryogenesis．This resultindicates that the GS gene expression   

during somatic embryogenesis were not contro11ed by artificial   

COnditionsin cultured cells but the expression was controlled by   

embryogenesisitself（Fig．14）．  
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Based on these analyses，＝concluded that the expression  

patterns of the genes for GS in zygotic embryogenesis correspond 

With thosein somatic embryogenesis／and that these patterns of gene  

expression cause the change of GS activityin somatic enibrYOgeneSis■  

Why the expression of the genes for GSis suppressed at thelate  

Stage Of embryogenesis？To answer this questionrIpropose a model  

by the environment of zygotic embryosin developing seeds（Fig．16）．  

At thelate stage of somatic embryogenesis，the ce11mass and   

PrOtein contentsincreased rapidly（data not shown）．These changes   

may also happenin zygotic embryos・For these changesr quick   

nitrogen assimilationis required・However（nitrogen assimilation   

Pathway needs alarge amount of energY tO－assimilateinorganic   

nitrogen，and also needs alarge amount of organic acid as2－0Ⅹ0－   

glutaric acid・To avoid these energy－COnSuming events′ utilization   

Of Glnis a good choice for the development of zygotic embryos．In   

fact，alarge amoun七Of Gln was supplied from mother tissues and   

PreSent SurrOunding the zygotic embryos（Ohkawa and Haeda，1992）．   

Thus，ZygOtic embryos can suppress their nitrogen assimilation by   

the controIs of the expression of the genes for GS．Somatic embryos   

have the same controlmechanism for GS gene expression，and so theY   

CannOt utiliヱe ammOniumions a七thelate stage of embryogenesis・  

AllthoroughI町eXPeriments，Iclarified there are an   

embryogenesis－SPeCific regulation for nitrogen assimilation caused   

by the transcriptionalregulations of GS genes・These regulation may   

involvein the developmentalprogram of plan七embryogenesis・Thus，  
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these findings may glVe the fundamentalinformation to understand ∵  

the developmentalprocess of eInbryogenesis・And to study further the   

details of the nitrogen metabolismin somatic and zygotic   

embryogenesislead us to clarify the roles of changes GS activity   

and the meanings of the patterns of gene expression for GSisoforms   

during embryogene＄is of carrot．  
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Figure3．Effects of4reducednitrogenous compounds on somatic  

e血bryoformation・  

A．Totalnumber of somatic embrYOS formed after twoweeks of  

Culturein2，4，D－free testmedia．zl，C and D show the number of  

globularT heart－Shapedandtorpedo－ShapedembryosinAr  
respectivelY・1；MS－NH4mediumr2；MS＋NH4mediumr3；MSEmedium，  

4；MSAmedium′5；MSQmedium．The error bar represent＄the SE  

Value（n＝2）．  
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Fi9ure4・Morph010gY OfさOmati（コ嘘ryoさformed after14  
day80fく氾1ture．  

A－E show the somatic embryos formedin MS－NH4′ MS＋NH4．  

MSE，MSA and MSQ media，reSPeCtively．Barsindicatel，rnm．  
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Figure5・Time course of the change of GS activitY during somatic  
embry09eneSis．  

Somatic embrYOS formedin2，4－D－free MSmediumwere collected at  

Various culture periods andmeasured the GS activitYlnthe extract． ●   

The error bar represents the SE value（n＝2）．  
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Figure6・Effects of Gln at different developmentalstages on the  
development of＄Omati亡母mbryos．  

■   A；Experimentaldeslgn Of the suppIY Of Gln．Blackbar andwhite  

bar shows the supplY Of Gln（10mM）or NH4Cl（10mM）in culture  
Period′reSPeCtivelY．＝n allcases，mediumwas exchangedto a newon∈  

at7day＄Of culture．B；Relative number of somatic ernbrYOS formedir  

each Lot・The number of the embrYOSinLotl（the number of globular－  
heart andtorpedo－Shapedembryos formedwere20・6，65・O and94・O per  

m10f culturemediun，reSpeCtively）is referredto aslOOin each  

graph．The errorbar represents the SEvalue（n＝2）・  
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1◎  之◎  3¢  ヰ0  50  6◎  7◎  80  ！婚  100  

9gtCtCtg⊂dttCC8Ca⊂⊂qt⊂tdt⊂dt⊂daa⊂CLtC4⊂tC⊂dtqtaqtCtt⊂ttCa亡tCLC⊂Ctt⊂t⊂tgttt⊂CI⊂CqqtqQCdTGGCTT（A（TTACAGA  

H A S L T D  

ll◎  1之◎  13◎  14◎  15◎  160  17◎  18◎  19◎  2◎◎  

T〔T〔ATCAAT（TTGA（〔m〔TGA（A（⊂A（TGA〔AAGTT（AITG〔TGAGTA〔AT（TGGATTGATGCTGTTGGTGG〔（T〔dGGAG〔AAAG〔TAGAA（C〔lT  

L I N L D L S D T T D K F I A E Y I Y I D A V G G L R S K A R T L  

21◎  2Z◎  230  之ヰ◎  Z5◎  之6¢  Z70  Z紳  Z閲  300  

T（TGGT（CGGTTGATGAT〔C〔A⊂CAAG（TCCCAAAATGGAATmGATGGAT〔AAGTA（TGGT〔AAGGA〔CAGGGGATGATAGTGAAGTGATCA1111TC  
S G P V D D P T K L P K Y N F t）G S S T G Q G P G D D S E V II Y P  

310  3之◎  33◎  3ヰ◎  35◎  3甜  370  38◎  3！柑  棚  

〔〔（AAGCAATATTTAAGGAT〔〔ATT〔AGAAGGGGTAA（〔ACATATTGGT〔ATGTGTGATAC〔TACA（A〔（AG〔T6GTGAG（（AATT（（11CAAACAAGAG   

Q A I F K D P F R R G N H I L V M〔D T Y T P A G E P I P T N K R  

ヰ10  ヰZ◎  ヰ3¢  4ヰ◎  ヰ5◎  ヰ60  ヰ7◎  ヰ8◎  棚  朔  

ATGluTGCGG⊂TAAGATmCAGC〔A〔【CTGATGITGCAGCTGAAGTTC〔TTGGTT（G6TATTGAGCAAGAATA（A〔（〔TATT6AAGAAAGAGGT〔AA〔  
〔N A A K I F S H P D V A A E V P Y F G I E Q E Y T L L K K E V N  

51◎  5之◎  53◎  S4◎  55◎  56◎  570  58◎  5！柑  688 

TG（〔〔TATTG6GTGT（〔〔A〔TGGAGGATAT（CAGGA〔（A（AGGGG〔（TTA（TA（TGTGGTATTGGTG（TGATAAAG〔CmGGA【GGGA（ATTGTTGATG  

〔P I G（P T G G Y P G P Q G P Y Y（G I G A D K A F G R D I V D A  

61◎  6之◎  63◎  6ヰ◎  65◎  66◎  67◎  68◎  も9◎  700  

（T〔ATTA〔AAAGCATGT〔TGTATG〔TGGTATTAACATAAGTGG（ATAAATGGG9AGGTTATG〔〔TGGA〔AATGGGAATTCCAAGTGGGAC〔AG〔TGTTGG   
H Y K A〔L Y A G I N I S G I N G E V M P G Q Y E F Q V G P A V G  

710  7Z◎  73◎  7ヰ◎  75◎  7翰  770  78◎  79◎  ＆◎◎  

TAT〔TCAG〔AGGTGATGAA〔TGTGGGTGG（（亡GTTA（ATT（TTGAGAGGATAA（TGAAATTG〔TGGGGTGGTTGm〔ATTGGAT〔〔TAAG〔〔TAT（〔（T  

I S A G D E L Y V A R Y I L E R I T E I A G V V V S L D P K P I P  

81◎  82◎  さ3◎  8ヰ◎  850  g00  87◎  88¢  89◎  朔  

GGTGATTGGAATGGTG〔AGGTG（〔〔A（A〔GAATTACAG〔A亡CAAGT⊂〔ATGAGAAATGAGGGAGGAmGAGAT（AT亡AAGAAGG〔TATTG〔（AAA（TTG  

G D Y N G A G A H T N Y S T K S M R N E G G F E II K K A I A K L E  

91◎  9ZO  93◎  9ヰ◎  95◎  96◎  97¢  98◎  9％  1888 

AGA〔¶仏G〔ATGCACAA（A〔ATTG〔TGCATATGGTGAAGGCAA〔GAA（GT〔GT（TCA〔TGGAAAG〔A（GAGA（TG（CAGTATTCA（AAGTT〔T〔ATGGGG   

T K H A Q H I A A Y G E G N E R R L T G K H E T A S I H K F S Y G  

l◎1◎  1◎Z◎  1◎3◎  1伽帽  1◎5◎  106◎  1◎7◎  1◎8◎  1㈱  11◎◎  

TmGCAAA（〔GTGGAG〔AT〔AGT〔〔GGGTGGGTAGAGA〔A〔TGAAAAAGAAGG〔AAFGGTTA〔TITGAGGA（〔GTAGG〔〔TG（TT（（AA〔ATGGAA（〔A  

v Å N R G A S V R V G R D T E K【G K  IR P A S N H E P  

lll◎  11Z◎  113◎  11ヰ◎  115◎  11甜  117◎  118◎  119◎  1Z◎◎  

TATGT（GTCA（TT（CATGAT〔G（AGAAA（h〔AATT〔TGTGhg⊂⊂ttgCtgggqgqqtttg⊂tg⊂ag（】tq⊂tttg⊂ggtgadCLgqgtq⊂⊂qtgqttgtgt  

Y V y T S M I A E T T I L ■  

1Zl◎  1之Z◎  1之3◎  1之」帽  1Z5◎  1Z6◎  1Z7◎  128◎  1Z9◎  13㈱  

t⊂⊂qtCI⊂⊂CIq⊂⊂Ctt⊂tagdttt⊂tCttta9dqttqg⊂t⊂9t⊂tggt⊂qt⊂qtttgttgttq⊂tggatttgC⊂tttatdtt⊂⊂tggtdttta⊂gg⊂atgag  

131◎  132◎  133◎  13ヰ◎  135◎  136◎  1370  13鋤  13！婚  

CCLdtg⊂t⊂agttq⊂tttattttCqQqQq⊂tCI9ttgCdqtdtgaqCLgggtttggtqt⊂tqttadg⊂qttt⊂t⊂8tgtaadddadda  

Fi9ure7．伽eleotide8equenくコe Of（コDm for－－C¢SlO2－－and tbe dedueed  

乱mino aeid8eqⅦOnee．  

Specific probe for”CGSlO211is underlined・ATP binding＄iteis shom  
bY green box・  
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1◎  Z◎  3◎  4◎  5◎  6◎  7◎  8◎  9◎  100  

TAT（（T〔AAG〔TAT〔TT（AAAGAT（（m（AGAAGGGGGAA（AATATATTGGTTATGTGTGATT〔l，TATA（A〔〔AG〔TGGTGAA〔〔AATT（（GA（AAA（A  

Y P Q A I F K D P F R R G N N I L V M〔D S Y T P A G E P 工 P T N N  

ll◎  1Z◎  13◎  1ヰ0  15◎  16◎  17◎  18◎  1！婚  Z◎◎  

ATAGGTTTG（TG（GG（GAAGATmCAG〔〔ATC〔TGATGTTG〔〔G〔TGAAGTG〔（ATGGTATGGTATTGAG〔AAGAGTA（A（T（TGTTGAAGAAAGATGT   

R F A A A K I F S H P t）V A A E V P Y Y G I E Q E Y T L L K K D V  

Zl◎  2Z◎  Z30  Z40  Z5◎  Z60  Z7◎  之8◎  Z9◎  300  

T〔ATTGG〔（T〔TTG6ATGG〔〔AAATGGAGGATTTC（AGGG（〔A〔AGGGA（〔ATA亡TA（TGTGGTATTGGTG〔〔GA〔AAGG〔（mGGAAGAGACA－TTGT（  

H Y P L G Y P N G G F P G P Q G P Y Y〔G I G A D K A F G R D I V  

31◎  3Z◎  33◎  3ヰ◎  35◎  36◎  37◎  3さ◎  3！拍  ヰ舶  

GATG〔TCATTATAAGGmGITGTATG〔TGGGATCAA（ATAAGTGGAAT（AA（GGAGAAGT〔ATG〔〔AGGA〔AGTGGGAAT’TT〔AAGTTGGA〔〔TGITG  
D A H Y K A〔L Y A G I N I S G I N G E V N P G Q Y E F Q V G P V V  

ヰ1◎  ヰ2◎  ヰ30  棚  ヰ5◎  爛  ヰ7◎  」は◎  ヰ！婚  5◎O  

TTGGGAT（T〔AGCTGGTGATGAATTGTGGGTTGCT（G（TA（ATTTTAGAGAG｛ATAACTGAGATTG（TGGGG11GTGGmCAmGAT〔（AAAG〔（TAT   
G I S A G D E L Y V A R Y I L E S I T E I A G V V V S F D P K P I  

51◎  52◎  53◎  5」婚  55◎  5翰  57◎  58◎  5！姶  6◎○  

〔（（GGGTGATTGGAATGGGG⊂AG（TG〔TCATA〔AAA（TA（AG〔A〔AAAAT〔TATGAGGAATGAGGGAG（（TTAGAGGT〔ATCAAAAAGG（CATCGAAAAG  

P G D Y N G A A A H T N Y S T K S M R N E G A L E V I K K A I E K  

61◎  62◎  63◎  648  65◎  66◎  67◎  68◎  69◎  7◎○  

〔TTGGmGAAGCA〔AAAGAA（ATATTGTTG〔lnTGGTGAAGG〔AATGAA〔GT〔GT（TCA〔TGGAAAA（ATGAAA〔AG（TGATATAAA〔AAm〔T〔AT  
L G L K H K E H I V A Y G E G N E R R L T G K H E T A D I N N F S Y  

71◎  7之◎  730  7ヰ◎  75◎  76◎  77◎  78◎  79◎  8◎◎  

GGGGAGITGCAAA〔（GAGGAG〔AT〔TGTT（GAG－rAGGGAGGGAGA（AGAAAAAGATGGGAAA66GTATTTTGAG6ATA6AAGGC〔TT〔〔T（AAA〔ATGGA   

G V A H R G Å S V R V G R E T 【 K D G K R P S S N H D  

81◎  8Z◎  83◎  gヰ◎  85◎  86◎  87◎  88◎  89◎  9◎◎  

T〔（GTATGTTGTGA（〔T〔（ATGATTG〔GGAGA〔AA（AAT（TTGTGGAAT（〔lWg⊂tag⊂⊂t⊂dgtadaCItt⊂q⊂⊂a⊂⊂qgg⊂tq⊂tggtgCIgttgCt⊂  

P Y V V T S M I A E T T I L Y N P ＋  

91◎  920  93◎  9ヰ◎  950  96◎  97◎  98◎  珊  1888 

CtgttdCLa⊂atqtggaaCt⊂q8gaaaqq9t⊂tqttt⊂tt⊂ddgd⊂aga⊂gtattagtttqaa⊂ttggtgQ⊂dtCtggt⊂ttqtttgtCtggttttg⊂atttg  

101◎  1◎Z◎  1◎3◎  1◎ヰ◎  1◎5◎  

ta⊂t⊂⊂qtg⊂dtttCLtqtgqC］gtqCtt4qq（】tttgtqtCL8q  

Fi9ur08・Ⅳueleotide8equenee Of eDm for■■CGSlO3’■and tbe dedueed  
amino aeid80qⅦOnee．  

Specific probe forllCGSlO3”is underlined．ATP binding siteis  

Shown by green box・  
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10  之◎  30  ヰ◎  50  6◎  ア◎  8◎  ！拘  100  

⊂⊂dtt⊂tdqg9t9d9PA遡拓迎！亙i 匝王 室召 王頭：巧 Ⅲ 陀 醍  醐  巨孟！i裏打玉【監篭  

11◎  1之◎  13¢  封怜  15◎  16◎  17◎  180  190  Z◎◎  

G〔A〔〔AGCTAGAA6TT（TA〔CAAATATAGAGCATTAG〔AGTGAAGT（TGAGGATGGCA（〔ATAA  

A P A R S S T K Y R A L A V K S E D G T I N  

210  Z之◎  Z3◎  Zヰ¢  Z5◎  Z6◎  Z7◎  Z8◎  之！袷  300  

ATAGGATGGAAGAT〔TA〔lmGGATGTAA（TC〔ATA〔ACCGATAAGAT〔ATAG（CGAGTATAⅧTGGATAGGAGGAACTGG（ATTGATGTC（GAAG   
R H E D L L N L D V T P Y T D K I I A E Y I Y I G G T G I D V R S  

31◎  3Z◎  33◎  3ヰ0  35◎  36◎  37◎  3さ0  39◎  ヰ00  

〔AAAT〔AAGGACAATCT（AAAG〔CAGTTGAG（A〔（（GTCT6AG（TA（CAAAATGGAA〔TATGATGGATCAAGTA（TGGG亡AAGCA〔（TGGAGATGATÅGT  

K S R T I S K P V E H P S E L P K Y N Y D G S S T G Q A P G D D S  

ヰ10  ヰ之◎  ヰ3◎  ヰ4¢  ヰ5◎  ヰ6◎  ヰ7◎  ヰ8¢  ヰ！拘  500  

GAAGTWTTTlm亡〔〔TCAAGCAATTTTCAAGGA（亡m〔（GTGGTGGIWCAA亡ATC亡TCGTCATATG（GATA（【TA〔A（G〔CACAAGGAGAG亡（TA  

E V I L Y P Q A I F K D P F R G G N N I L V I〔D T Y T P Q G E P I  

Sl0  5之◎  538  5」怜  550  560  57◎  58◎  5！拍  688 

TT〔〔TA（AAATAAA（G（CACAAGG（TG〔T〔AAATATTTAGTGATG亡GAAGGTTT11GGTGAAGTT〔〔ATGGmGGAATAGAG〔AAGAGTA（AC〔TTGAT   

P T N K R H K A A Q I F S D A K V L G E V P Y F G I E Q E Y T L M  

61◎  6Z◎  63¢  細  65◎  6甜  670  68◎  6！拍  700  

GCAACAG6ATGIW〔TGG（m9GGATgGqATgTTGGAGG（TATCCTGGT〔〔T（AgG6T（〔Al肌TTACTGTG〔TG〔TGGAGCG9AWGT〔ATTTGG（  
Q Q D V N Y P L G Y N V G G Y P G P Q G P Y Y〔A A G A D K S F G  

ア1◎  72◎  ア3◎  7ヰ0  75◎  7翰  77◎  78◎  7！姶  8一拍  

AGAGACATAT〔TGA【G〔TCATTATAAGG（TTGCTTATATG〔〔6GAdTTAATATTAGTGGCACAAATGGAGAAGTTATG（CTGG〔（AGTGGGAAmCAAG  
R t）I S D A H Y K A〔L Y A G I N I S G T N G E V M P G Q Y E F Q V  

818  8之◎  830  8ヰ¢  850  8馳  87¢  8さ◎  89◎  別旭  

TGGGT〔亡CAGTGT〔GGTATTGAAg亡TGG（GATCA（ATCTG6TGTG（CAGATA（〔T（〔TGGAGAGAATTACTGAGCAAG〔TGGGGT〔mCTCACA〔lTGA   

G P S V G’I E A G D HIY〔A R Y L L E RIT 亡 Q A G V V L T L D  

91◎  9之◎  930  940  95◎  9閲  970  98◎  99◎  1888 

C〔（GAAA〔CAATTGATGGTGA〔TGGAATGGAGCAGG〔TG（（ACA（（AACTACAGTACAAAAAGTATGAGAGAGGAGGGAGG〔mGAAGTAATTAAGAAA   
P K P I D G D Y N G A G （ H T N Y S T K S M R E E G G F E V I K K  

l◎1◎  1◎Z◎  1◎3◎  1◎ヰ◎  1◎5◎  1◎6◎  1◎7◎  1◎8◎  1◎9◎  11◎◎  

G〔AAT（TTAAA（〔m（A（TT（G（CA（AAAGAG〔A（ATCAGTG〔ATATGGAGAAGGAAATGAAAGAAGATTGA〔AGGAAAG〔ATGAAA（TG〔GAG（ATTG  

A I L N L S L R H K E H I S A Y G E G N E R R L T G K H E T A S I D  

lll◎  11Z◎  113◎  11」帽  115¢  u6◎  117◎  118◎  119◎  1200  

A〔AGCTTITC¶GGGGAGTTGCTGA〔CGT6GTTG（T（AAT〔〔GTGT6GGG〔GTGATACTGAGAAGGAAGG  （G（〔【TG〔  

R P A  S F S W G V A D R G 〔 S I R V G R D T E K 【 G K  

1之1◎  12之¢  1之3◎  1Zヰ◎  1Z5◎  1Z閲  1之7◎  1之80  1之！拍  13◎◎  

TTCAAACATGGAC（CAIWGTTGTGA（TGGTm〔TTG（TGAAA亡TACATTA〔TGT6GGAG（CAACA〔TTGAAG【TGAAG〔T（TTG〔TGCACAGAAA（TA  
S N M D P Y V V T G L L A E T T L L Y E P T L E A E A L A A Q K L  

1310  13Z0  133◎  13」怜  135◎  13馳  137◎  138◎  13！婚  1ヰ㈱  

T〔TTTGAATGT〔11Gqtt⊂CIgttCqqgC［tqQCttttCt⊂8tttt⊂⊂q⊂CIqCtqtt⊂attgt⊂gtCCtgttgaCt⊂⊂g⊂⊂t⊂⊂tg⊂ttt⊂tttggCtt⊂attagttg  

S L ll V 書  

1ヰ1◎  1ヰ2◎  1ヰ30  1ヰ4◎  1ヰ5◎  1欄  1ヰ7◎  1ヰ鋤  1ヰ90  15‘旭  

cItddtttCtgtdQdtCLaQgggCtg亡⊂C⊂CLgtggttqCI⊂CtttC⊂tt⊂tdttatgCtddgqCOtt⊂ttggqggt⊂CLttaggtgtt亡adqagqqtddttdtgdt  

151¢  1S20  1530  15ヰ◎  

gottttg8g4dta⊂t止∝CCg9血gc血ttgt⊂8tCd  

Fi9Ⅶre9・刊鵬＝m柑1eotide80qⅦen亡母Of eDm for＝C¢S201・・and dedⅦeed a血ino  

aeidさeqⅦene0．  

Specificprobe for”CGS201”is underlined・Transitpeptides andATP  
bindingsiteareshownbyyellowandgreenbox′reSpeCtively・  
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Fi9ure12．AeeⅦmlation of transerlpts of GSi80form曾eneS  

durin9SOmatie嘘ry09eneSis．  

TotalRNA（20い・g）from carrot somatic embryos prepared5，7，  

10 and14 days after transfer to somatic embrYO－inducing medium  

WaS Subjected to electrophore5is on an agarose gel，blotted onto  

a nylon membrane（GeneScreen Plus）and allowed to hybridi2：e With  

the probes．The［32p］－labeled probes of the coding region of  

一一CGSlO2一一 cDNA，the 3l－nOnCOding regions of．tCGSlO2‖．一一CGSlO3．■  

and ‖CGS201．IcDNAs and18S ribosomalRNA were used．  
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1234  

cGSlO23・0● ●●  

CGS2013－0●●  

rRNA  

Figure13・The effects of exogenously applied nitrogenous  
COrrPOunds on the expression of transcripts of GS  

isoform9eneS．  

TotalRNA（20 い・g）from somatic embryos cultured for7days  
（lanesland2）or14 days（lanes 3and4）in MS＋NH4medium  
（lanesland3）or MSQ medium（lanes 2 and4）．was subjected  

to electrophoresis on an agarose gel，blotted onto a nylon  

membrane（GeneScreen Plus）and allowed to hybridize with  

PrObes・The【32p］－labeled probes of the3．－nOnCOding regions of  

一一CGSlO2一一 cDNA and ‖CGS201‖ cDNA and18S ribosomalRNA were  

used．  
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（t葦昭弘）  
11ヰ1丁却三治劫さ5朋  

CGSl 02 

Fiすurら14．Ace肌1ation of tranきCriptさOfGSiさOform9en08  

durin9SeOd dev010p山鳥nt．  

TotalRNA（20pg）from carrotirrmature seeds，C01lectedll・  

t041days after pollination．was fractionated by  

electrophoresis on an agarose gel，blotted onto a nYlon  

membrane（GeneScreen Plus）and then a1lowed to hybridi2：e With 

probes．The［32p］－labeled probes of the coding region of  

‖CGSlO2‖ cDNA，the 3一－nOnCOding region5 0f ‖CGSlO2，，，‖CGSlO3‖  

and ‖CGS201‖ cDNAs and18S ribosomal RNA were used．  
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e  a   

Fi9ure15．AecⅦmlation of transeripts ofGSisofdm9enOS  

durin9naturalleaf senescence．  

TotalRNA（20 い・g）from young greenleaves and01d yellowish  

leaves wa5 fractionated by electrophoresis on an agarose gel，  

blotted onto a nylon membrane（GeneScreen Plus）and allowed to  

hybridize with probes．The［32p］－labeled probes of the3一－  

noncoding regions of －1CGSlO2‖，．．CGSlO3”and ‖CGS2011，cDNAs．and  

18S ribosomalRNA were usedin panels a，b′ C and d，  

respectively．YL，Young greenleaves（fully expanded）；SL，  

Senesced leaves．  
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