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CHAPTERl 

1. INTRODUCTION 

1.1 Introduction of Tomato 

1.1.1 Tomato 

Tomato is among the mOSI popular fruus or vegetables. More than one and a haJf billion 

tons of tomato凶 areproduced commerciaJly every year in the world (Smi出 1994).Its 

origin was not resolved until the middJe of the 20出century. The account出atemerged 

wωthat出eぬmaωoriginatedin the∞as凶 highlandof wωtern South America， where 

Mexico is especially considered to be the original site of domestication a∞ording to出e

balance of evidence (Esquinas-Alcazar 1981). The cherry tomaω (Lycopersiωn 

esculen加mvar. cerasifom吋 wh.ich1s two-celled is known 10 be the direct加 C凶伯rof the 

modcrn cultivatcd lomato. A genetjc mutatjon occurred， developing a multi-celled fru1t， 

which w笛 largeand lumpy. Currently large， smooth-slOnned fruits are probably crossed 

betwecn the large， lumpy-slOnned rn山 tionsand the smooth-slOnned che町 tomato(Rick 

1956). 

Firstly，ωmato was propagated to Spain from originaJ region，ぬItalys配 ondly，

and finally spread to anotber European countries in Europe. Although tomato w邸

∞nsideredぬ havebeen cultivated in continental Europe since 1540s，出eywere not 

grown in England until the 1590s. While， cultivation of tomato had been seen in Carolina 

in the British North American colonies in the early seventeenth cenωry according to出e

first known reference. It was probably the first time that lomato was introduced to 

America. Besides， the ∞untry which has the oldest history of tomato cultivation is 1凶y.

1n 1811， tomato was cultured prosperously in Sicily which is the biggest island in the 

Meditcrrancan. Those tomatoes were shipped 10 Rome and Naplcs allhat time. 

According 10 some specialists， it w邸 inearly 18th century that tomato w笛

introduccd 10 Japan and its cultivation also started. However， a sketch of lomato in 1668 

1 



CHAPTER 1 

wa:> found on a skctch book， which means lhal lomato had alrcady inlroduccd lale 17 

ccnlury. Tomalo w邸 consideredぉ anomamcnlal planl rathcr than a p凶11for food at thc 

bcginning and bcc創nemore and more popular sincc 1930s. According to the Slate of 

agriculturじinJapan， the crop yield in 1995 amounlcd 10 about 753 000 lons under日eld

and grecn housc condition in Japan. 1t is remarkablc lhat lomato conlains important source 

of mincrals and vilamins. Indeed， lomato slands at thc top as rcgards 10 the lolal arnounl 

of mincrals and vilamins avaiJable in a vegetable. ln rcccnl ycars， they are nol uscd only 

in sa1ads but also in making soups， juices， ketchaps and so on. Tomalo has been ranked 

on importanl vegelable in Japan as well as in other counlrics. 

1.1.2 TIαxonomic slatus of lhe tomato 

Lycopersiωn is a∞mparatively small geneus in family So伽 αceae.It shows Iypical 

uniquc anthcr morphology.明1eflower normally has (ive anlhcrs， the slamens町ejoined 

logethcr 10 fonn a flask-shape加 lhcrcont!. AlI spccics in Lycopersicon genus have a 

chromosomc base number of x=12 and idenlica1 gcnomc formula 2n=2x=24， w hich is 

rcmarkablc uniformity. 

This gcnus consists of 9 species and those arc cJassified into 2 main group凶，

une is esculentum-complex， the other is peruνianum-complex. Rick (1976) carried out 

lhesじ classificationsbased on the crossing relation wilh commercia1 ωmato. The 

escuLentum-∞mplex inc1udes 7 species， L. escuLenLUm (Ihe presenl bo凶 ica1narne of 

tomato， it was getting popular 1n early 1980s after much argument (ciled in Taylor 1986))， 

L. pimpinelLifolium， L. cheesmanii， L. pcuviJlorum， L. chmielewskii， L. hirsutum and L. 

penneLLii， and lhose species can be crossed wilh lhe lomato casily. on the olher hand， 

peruvianum帽∞mplexcon凶ns2 wild species， L. peruv凶numand L. chilense which 

cannot be crossed withoul any techniquピsor lreatmcnts. Dislribution of 9 species in the 

gじnusLycopersicon is shown in Table 1・1.

フ



CHAPTER 1 

Tablc 1・1.Distribution of species in the genus Lycopersicon (adapted from Esauinas-

A1cazara 1981). 

Species 

L. escuLentum var. cerasiforme 

ιpimpineLlφlium(Jusl.) MILし

L. cheesmanii RILEY 

L. chmielewsku RICK. KEAlCKI. 

FOBES加 dHOLLE 

L.pαrνiJlorum 

L. hirsutum H u悶.and BONPLL 

L. peruvianum (L.) N1ILL. 

L. chilense DUN. 

L・pennelliiD' ARCY. 

Native皇竺graphicalarω 

Tropi叫 area，Peru， Ecuador 

Coastal and northcrn regions in Peru， 

Ecuador， Andes 

GaJapagos lsJands 

CentraJ Peru 

CentraJ and Northcrn Pcru， Ecuador 

500・3300m above sea level， Central Peru， 

Northern Ecuador 

Peru， Northern Chile 

Southern Peru， Chilc 

Western region in CentraJ Peru， well d.rainage 

area 



CHAPTER 1 

1.1.3 Breeding and biotechnology 01 tomato 

Tomalo genetics and brceding have resulled in grcal mulual benetit and much research hぉ

bridged both area. Many useful materials in tomato gcnetics havc been∞ntnbuted by 

ωmato brccdcrs， and conversely sludies in basic lomato gcn凶ωandilS tech凶qu白

dcvcJopcd by geneticists have peπ凶ttedmuch progrcss in tomato breeding. 

Work ωdeveJop new varieties of improvcd lomato started more than two 

C叩 luriesago (Slevens and Rick 1986). During the rcccnl pぉttrcmcndous breeding 

efforts have been made in several countries including Japan to deveJop potenuaJ varieti回

suited 10 different conditions. GeneraJIy， simple selection from the naturaJly existing 

chance variants wilhin the varieties w出 beingpracticed for improvement before 1925. 

Later， con汀olledhybri也izationwilh sel民 tionfoUowcd 10 develop new varieties have led 

10 increasing the yield， quality and resistance lra.its considerably. 

Tomato is one of tbe most agriculturally important. In that case， why tomato is 

also onc of the most geneticaJIy important飢 dadvantageous veget油le?Because tbe 

lomaωplant is an excellent genetic materiaJ for c1assical brecding. For instance， it is eぉy

to grow， a short life cycle， high se1f-fertility and many olher tra.its offering a numerous 

advantage to genetic research. 

In recent years， the wild relatives of tomato which slill remain a virtually 

untapped reservoir of genetic potentiaJ have extensively been used笛 geneticsourc岱 for

genetic improvement of tomato. A number of agronomically important tra.its such as 

discase resistance， fruit characteristics， hiσh level of soluble solids and stress tolerance ， '''0 

have already been inlrogressed intoωmato [rom the other wild Lycopersicon species 

(Kalloo 1991， Rick et aL 1987).必 suredly，the genctic resources embodied in the wild 

species will generously provide出lport如 ttra.its 10 the future generations of tomato 

cu1tivars. 



CHAPTERl 

1.2 Introduction of This Study 

百lCwild species in lhe genus Lycopersicon arじimportantfor tomalo breeders because its 

prescn凶enormoussωragc of polcncially valuable lrai凶(seeseclion 1.3.1). These spedes 

constiLutc an exlreamcly vaJuable collcction of useful genctic variation， including diseasc 

rcsistance (Boukema and Dcn Nijs 1984)， nemalode resislancc (Lobo et a1. 1988)， insect 

resistance (Rick 1982)， strcss lolerancc (Boukema and Den Nijs 1984， Bennetzen and 

Adams 1984)， and fruil qUaJily (Saccardo e/ 01. 1981). 10 L. peruvianLlml av凶ablelraits 

suchぉ resislance10 root knot nematode (McFarlanc el 01. 1946)， mosaic virus 

(Alex加 der1963)， baclcriaJ spot， leaf mold， fusarium wilt， and scptoria and aJtemaria 

bJights (刈exandcret aL 1942) should bc noteworthy. Production of intcrspecitic hybrids 

bctween tomato and L. peruvIanum， one 01' the members of peruvianum・complex，is 

difticult becausc of embryo abortion in the seeds of Fl hybrids during fruit ripening 

(Barbano and Topolcski 1984). Different techniques such as embryo cuJture (Smith 1944)， 

chronic gamma irradiation of pollcn of・L.peruνianum (Yarnakawa 1971)1 embryo cullus 

culture ('百omasand Pratt 1982)， ovulc cullurc (Imanishi 1988， Chcn and lmanishi 1991)， 

ovule selcction mClhod (Irnanishi et al. 1993)， lhe hormona1 treatmcnt and bud po山nation

(Gradzial and Robiωon 1991) have been t'ormulaled to develop hybrids between tomato 

and L. peruvianum. In earlier reports， Fl hybrids were sterile (μslcy 1950， Rick 1963)， 

but these techniqucs cf・fectivelyallowed the devdopment of bridgc lincs possessing high 

cross abilily that ∞ uld be 山巾b凶a似ck附Cαωro悶Oωss凶Cωdwith Lム.eω'S川、iCU叫C臼ωωUωtl削l

and Soω〉汎刈tirov刊a(1993) d恥tじ!v吋elopeωdt出hre伐e-g伊enomlじ!hybrids of lomato， L. chilense and L. 

penlvianum var. humグωum，lhrough the sは uaJcrossing using tomatoωpislillaほparent

with L. chilense and subsequent crossing oL' thc rcsulting Fl with the pollen of L. 

perLIVLanum. 

Solanum lycopersicoides is anothcr wild relative of tomato possessing 

potentiaJJy vaJuablc traIls for tomato improvじment，especially cold tolerance (Rick 1988， 

5 
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SCC Slコclion1. 3.2)・IIis lhe only one wh.ich has bccn dirωlIy crosscd 10 tomato among出c

four tomato-likc nighlshadt!S. Firsl scxua1 hybrid wilh tomato w~ reported by Rick 

(1951) 36 ycars ago and he suggested lhat lhc hybridizalion bctwcen tomato and S. 

lycopersicoidωvia cmbryo culture was considerably easier lhan lhat bctween tornalO and 

L.pω'uvi，仰 um.Scxual hybrid can readily bc produc叫 usingtomato as pistil1ate parenl， 

but malc slerility of Fl hybrids causcs a difficulty in backcrossing to lomalo (Bills and 

Martin 1962). To break lhis problem， Stocva et al. (1990) pcrformed a hybridizalion 

belWcωFI (L. esculentum var. cerasifomle x L. eSCLl伽 tum)and S. lyι:opersicoides. The 

hybrids wcre successfuly produced by embryo cu1turc mcthod， however， Sler出tyof 

hybrids could not be overcome. Consequently， the badくcrossing10 lomato was 

impossible. Different approaches have bcen used to ovcrcomc this deadlock. Robinson 

and Phills (1979) dcvelop叫 twoFl plan凶， onじ01・whichwas backcrossed to tomato. 

Gradzicl and Robinson (1989) reported that Fl plants could bc backcrossedωωmaω 

cithcr by selecling the individuals with sufticicnt pol1cn [crtility or by applying a vむietyof 

pollinalion tcchniques to bypass the unilateraJ incompatibility which is norma11y expressed 

by FJ hybrids towards tomato pollen. On thc othcr hand， anolher stralegies asisledω 

ovcrcornc the barriers. Chatelat et aJ.. (1989)川 Chatelatet al. (1997) oblained a 1訂ge

BCI population by using a bridging line bred from L. pennellii. However， lhe hybrids 

dcrivcd from the crossωof tomato wilh wiJd Lycopersicon and Solanum speci凶

呂じncrallycontain cytoplasm from the tomalO bccausc 01' unilatera1 incompatibility， or 

prctcrably incongruity (Hogenboom 1972) at any ralC. 

Ouring the rccent ycars， somalic hybridization has bωn usedぉ analternativc 10 

ovじrcomcIhc limIlation of c1assica1 sexual hybridiz31ion betwecn lornato wilb wild 

Lycopersicon and Solanum species (See rcviωs Lcl"rancois et (11. 1993， Wollers et al 

1994). Considerable numbers of syrnmetric and asymmctric somatic hybridization 

belWecn tomato and L. peruνianum havc becn rcporlcd (Kinsara et al. 1986， Han San el 

(u. 1990， Wijbrandi el aJ. 1990， Dcrks el al. 1991， Sakata et al. 1991). Handley el CU. 

6 
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(19Ho) devclopcd allopolyploid somatic hybrids by fusing mcsophyll protoplasts of 

ωmato and protoplぉtsderived from suspension of S. lycopersicoides. Although chilling 

tolcrancc ha.s been detected in these hybrids (Ba11 and Sink 1988) [urthcr hybridization 

W出 notrじportcd.Hossain el a1. (1994) devclopωferLilc tctraploid somalic hybrids by the 

clcctrorusion o[ mesophyU protoplasts th以 couldbc backcrosscd wiLh lomato poUen. 

Howcvcr， rcpo巾 onthe dcvelopment of hybrids by lhじprocesso[ sexua1 and somaLic 

cell fusion involving the three genomes of three differcnt spccies arc vcry limitcd. Guri el 

a1. (1991) rcported trigt:nomic somatic hybrids by the l山 ionof mesophyll prolopl笛凶 of

tomato x L. pennellii wiLh the ca11us derived protoplasts of S. lycopersicoides. Using山e

same proccss， McCabe el a1. (1993) developed asymmetric somatic hybrids by the fusion 

of thc mesophyl1 protoplぉtsof the Fl of Tomato x L. pennellii with callus-derived 

protopl邸 tsof S. lycopersicoides. Howcver， in bOlh the c出岱， thc somatic hybrids were 

stcrilc. Eleclrical1y induccd fusion of mesophyll protoplasts have been reported as a more 

et1icicnt melhod for lhe production of higher ralc of ba1anccd fertile hybrids than 

chemically induccd fusion (de Vries et al. 1987， Sihachakr et al. 1988， Han San el al. 

1990， Nalon el al. 1992， Hossain et aJ.. 1994). ln addition， introduction of the valuable 

traits scpara比Jyfrom L. peruvianum and S. lycopersicoides into ωmato would be a time 

consuming and tedious process that requires rcIlerated backcross with tomato. Production 

of fcrtilc somatic hybrids that contains the genomes of thc both wild species would be a 

time saving process出atwould a110w lhe transfer of the dωirable traits toge出erinto 

toπ1ato. 

Thc presenl study aimed to producc and characterize somalic hybrids betwcen 

FI(tomato x L. peruvianum) and S. Iycopersicoides obtaincd through thc electrofusion of 

mcsophyll protoplasts. 
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1.3 Material Introduction 

1.3.1 Lycopersicon peruvianum var. hwniJlωtm (LA2153) 

L. peruνiallwn is a highly polymorphic spccics∞mposじd01' morc than 30 races (Rick 

L986， Warnock 1988)・Thenortherly races， L. peruvianwn var. humiJ山um，which is 

t'ound in thc rcgion around C司amarcain Peru， mo中hologicallydistinct and have barriers 

restricting their intercrossing with the majo出yof othcr L. peruvuUlum races (Rick 1963). 

明lisgroup was separatcd from the typica1 forms 01'山cspeciecs on lhe basis of its sbort， 

dense， non-glandular hairs， its trun procumbcnt stem， and its small simplitied leaves. 

L. pen川anLimvar. humifusum retains many valuablc traits such as resistance 

ωClavwacler michigan仰 sissubsp. michiganensis (Volkova and Solirova 1993)， high 

rcgcnωion ability (Imanishj 1991)， and sucrose aωmulalion abilily (Stommel 1992). 

Howcvcr、sexua1 hybridization between L. どscuLenlum and L. peruvianum var. 

humifusum is the most difficult work because cmbryos of this hybrids norma1y abort very 

early thal il can not bc rescued by cmbryo culturc (Taylor 1986). Nevcrlheless， Imanishi 

et aL (1996) oblaincd 23 germinated ovules from hybrids according 10 the ovulc selection 

method (Imanishi et al. 1993). A1lof・fivehybrids testcd wじremore than 20 % in pollen 

rcrtility and scLf-incompatible. The self-incompatibility expressed in a11 plants was derived 

from L. penlνianum var. humilusum. Using those pollcn， they obtaincd a number of 

backcrosscd progenies. 

1.3.2 Solanum lycopersicoides (LA2386) 

SouUlum iぉaじloselyrelated genus to Lycopersicon. In thc tomato-likc nightshades. a 

serics in thc SoLanum spccies consists of S. jugltUldifolium， S. ochranlhum， S. sitiens 

and S. Lycopersicoides w hich espccialJy shows the grealcst aliinity to the tomato. S. 

lycopersicoides is found at around 3000 m abovc sじalevel in lhc south 01' Peru and 

Northern Chile which are higher localions lhan lhc altitudc of any of thc Lycopersicon 

8 



CHAPTER 1 

spccics. Onc of the most intcresting lraits of S. lycopersicoides for ωmato brecding is its 

cold tolcrancc. rnlrogrcssion of this trail to cultivatcd lomato lowcrs thc grecn house cost 

for cnergy production. Robinson and Phills (1977) reportcd that S. lycopersicoides加 d

thc intergcneric hybrid grcw vigorously and llowcrcd profusely at lO
oC， whercas 

lomalocs wcrc slunted， chlorotic and produced only a fcw stcrilc llowers. Accession 

LA2386 which was used in the prcsent study also produccd llowers in wintcr without 

hcaling thc grccnhousc. S. lycopersicoides possesses anothcr available lraits such出

disease resistances for cucumber mosaic virus， tomato mosaic virus (Phil1s et al. 1977a)， 

Fusarium will (Phills el a1. 1977b)， baclerial canker， Phytophthora rOOl rot加 dgray mold 

(Gradziel and Robinson 1989) and insect resislance which may be relaled to its 

cxcecdingly high leaf glycoalkaloid content (Oleszek el al. 1986). Remarkable monogenic 

charactcrs (white anlher， sensitivity of tlowering to long day)， woody shrub habit (Rick 

and Yoder 1988) are also useful traits as phcnotypω. 
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2. ESTABLISHMENT OF PROTOPLAST ISOLATION， 
CULTURE AND PLANT REGENERATION OF Fl (L. 

ESCULENTU凡1X L. PERUVIANUM) 

2.1 lntroduction 

For an efficicnt production of somatic hybrids， sevcra1 ccll biologica1 procedures have to 

be optimized before starting the cell fusion experiment. Thcse includc the isolation and 

cul1ure of parenlal protoplぉ15and plan1 regencralion. Thcsc slcps in lhe case of L. 

esculentum have extensively been studied and systemalI1ed (Zapata et aL 1977， Muhlbach 

1980， Morgan and Cock.ing 1982， Adams and Townscnd 1983， Sh油in1985， Neidz et. 

aL 1985. Chen and Adachi 1994， Hossain et al. 1995). However， i1 is not certain if出c

efficicnt methods in the production of somatic hybrids in L. esculemum is app1icable to 

another species. 

Protoplast isolation and pl加 tregeneration in L. peruvianum have also been 

attemptcd and optim也edby m加 yresearchers (Zapata et al. 1977， Muhlbach 1980， Tal 

and Watts 1979， [manishi and Hiura 1983， Lefrancois and Chupcau 1993). Compared to 

L. esculentum， L. peruvianum is rnuch easier 10 regenerate from protoplasts and also 

callus grow1h民abundant(Zapa1a et aL 1977， Muhlbach 1980). Koomneef et al. (1987) 

presented that this favorable cell-culture trai15 could be bred into L. esculentum.百四

method of plant regeneration from mesophyU protoplas15 of Fl plants between L. 

esculenlum cv. Early Pink釦 dL. peruvi.anum var. humifusum (LA2153) has no1 also 

been established yeL It is likely that出esωne nature as cell-culture trai凶 mightbe 

observed in the Fl plan15. 

In this scction， altemalive enzyme combination for protoplぉtisolation and 

suitablc medium and combination of plant growth regulators for plant regeneratioo io Fl 

werc investigatcd. The reproducible proαss would apply to the plant regeneration from 

fused protoplsts. 

10 



2.2 Materials and Methods 

2.2.1 PLant mαleriαLs 

CHAPTER 2 

Thc set::us 01' L peruvianum var. humifusum LA2153 (ucnotcd Lp) wcre obtained from 

Prof"cssor C. M. Rick， Tomato Genelic Resource Centcr， U nivcrsity of California， Davis. 

FI hybrids 01' L. esculen似m cv. Early Pink (dcnoteu lρ) x L. peruvianum var. 

仰向井Isum(lA2153)(denoted Fl) developcd through ovule selcction mcthod (Imanishi el 

al. 1996) wcrc propagated inνitro cullure. One to 2 cm Icngth of ShOOI lips were excised 

and pUl into grow出 regulator-仕切 MSmedium (Murashige and Skoog 1962)∞ntaining 

3% (w/v) sucrosc and 0.8% agar in 300 ml conicaJ tlask. Sun cap shect (Iwaki GIぉs)

W 凶 usedぉ aωpfor conical flask 10 control air circulalion anu humidity.ηle shoots 

werc culturcd in a growlh cabinet with 2500 lux (16h day lenglh) at 25
0

C.下、"0to 3 days 

ancr culture， roots devcloped. !n νilro grown FI plants arc shown in Fig. 2・1A. 

2.2.2 Proloplast isoLation 

(1) Prcparation of cnzymc solutions 

The following enzymes were used for the isolation of Fl protoplasts: 0.3 % of 

Macerozyme RI0 (Y:紘ultManufacturing Co. Ltd.， Japan)出 pcctinぉeand a combinaLion 

of two out of tive cellulases which are Meicelase P 1 (Meiji Seika Kaisha Ud.， Tokyo， 

Japan)， Driselase (Kyowa Hakko Kogyo Co. Ltd.， Japan)， Cellulysin (C剖biochem，

U.S.A). Cellulase Onozuka RI0 and CeUulaseαlOzuka RS (YはultHonsha Co.μd.， 

Japan). The enzym白 weredissolved in CPW 凶凶 (Frearsonel al. 1973) solution 

containing 9% mannitol邸 anosmotic s凶 ilizcr(CPW9M).明1epH of the enzyme 

solution wぉ adjusledto 5.7 wilh HCI or NaOH solulion and ccnlrifuged at 3000 rpm for 

10 min. Finally， the supcmalant w錨 stcrilizedlhrough 0.2μm pore membrane filter and 

thじenスymcswere storcd at・200C until required. 

11 



CHAPTER 2 

(2) Protoplast isolalion mω10出

明lrcc10 rour weeks after in vitro ShOOl cullure of Fl plants， fresh and grecn Icavcs werc 

sclcctcd for proloplasl isolation. Dclachcd Icatlets wじrenotchcd in small strips wilh a 

midrib， tloaled on CPW9M solution in plastic petridish (50 x 12 mm， Falcon pJastic Ltd.). 

and incubated for 1 h in the dark for preplぉmolysisat room tcmpcraturc. Aftcr 

plasmolysis， CPW9M solulion was carcfully replaced by an叩 zymcsolution. Digestion 

wωcompleted aftcr 17 h in the dark at 260C. Thc enヌymcsolulion was carcfully rcplaced 

by aboul an equal volumc of CPW9M solution. The digcsled leaves wcre gcnlly squcezcd 

and sieved through a stainless mesh (200μm pore si却)with a pipeue. The suspension 

induding protoplaslS and comparativeJy big debris were ccntrifuged for 4 min at 650 rpm. 

布。 grcenpel1ct wぉ rωuspendedwith CPW21S (21 % sucrose in CPW s必ωsoJution)，

and ccntrifuged for 8 min at 650 rpm 10 obtain only ckan protoplasts.百1efloating 

protopJasts were collccted with a pipcltc and transferrcd inlo new centrit・ugelubes wilh 

CPW9M solution for washing. At this stage， a minimum volume of CPW21S with 

protoplasts was collectcd. The protoplasts wcre resuspcnded in a certain volume of fresh 

CPW9M solution (e.g. 10凶)after washing. A drop of prolopl出 1suspension wぉ

transfcrred to a modificd Fuchs Roscnthal hacmocytomcter and the numbcr ot・protoplasts

in five lriple uned squares w出 counted.The tot心yicldof protoplasts was calculatcd 

using l"ormula: 

Tolal yield 一 number of protoplast x 

protoplaSl suspcnsion 

2.2.3 Fl protopLast cuLLure 

(1) Prcparation of culturc media 

TMルM-2(SσSh凶油in 19兜妨則8お85)勾)， h川a川州l礼山Ifc∞conαon附1

103 x volume of 

wc町rcuω仙山』瓜胤以sれ出tじ:da悩St恥hebasic mcdia Organic c∞omp仰onen俗O凶fB邸5mc叫~(刈必di訓ium汀川1mπm(ρGar却amb加or喧geωtα叫L196ω8) 
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wcrc also combincd with l!2MS medium. Each mcdium wilh or Wilhoul a plant growth 

rcgulalor w凶 prepared.明lreeplanl grow出向gul以ors(BA. NAA and 2，4・0)weTe filter-

steriliχ以jthrough 0.2μm pore size membrane filter (Toyo Roshi kaisha， Lld.， Jap加)and 

addcd in lhc mcdia which were sterilized by autocraving. Thc culturc mcdia werc storcd at 

-20.C until reyuired. 

ρ) Culturc of Fl proloplast 

Thc density of proloplast in each of lhe medium mainl凶ncdabove wcre adjustcd to 1 x 

lOS/ ml. Plant growth regulalors were combined， i. c. NAA， BA and 2，4-0 in 8E medium 

and NAA. BA and ZR in l/2MS and TM-2 mcdium. FinaJ dcnsity of proloplぉtw邸

adjusled to 5 x 10"/ml and 2.5 ml of protoplぉtsuspcnsion w凶 placcdin plastic petri dish 

(50 x 12 mm， Falcon Plastic Lld.) sc剖edwith Paralilm (American Natio叫 Can，USA). 

ηle cultures were kept at 250C in the dark without shaking until cclJ division wぉ

obst:!rvcd (2 or 3 days later). When ceJJ wall synthcsis and thcn favorable ccll division 

slartcd， the cullurcs were transferred to a low light condition. Whcn active protoplast 

division wぉ obscrvedwith a white subslancc， 1.0 ml of fn:sh growth regulator free 

medium w凶 addedinto the culture every a[ter 2 days. Thc contcnt of one petri dish w出

dividcd into 2 dishes， when the volume of culture cxccedcd over 2.0 mL Tcn days after 

initial culture， the number of divided protoplぉtswas counted and the plating efficiency 

(numbcr of dividing protoplasts/total number of protoplasts) was cruculatcd. 

2.2.4 Callus development and plant regeneration 

(1) Preparalion of callus dcvelopmenl and plant regcncration mcdium 

TM-3 basic mcdium (Sh油in1985) supplemcnted with BA (0.5 mgll ) and 2，4・o(0.2 

mgll) was solidified with 0.9 % Difco Bacto agar and stcrilizcd by autocraving. This 

mcdium was ulilizcd for callus devclopmcnt. For plant rcgeneralion， MS medium 

13 
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じontainingZR (1.0 or 3.0 mgl1)， Gへ(0.1mg!りand20 g/I sucrosc wぉ preparedand 
soliditicd wilh cithcr 0.9 % Difco Bacto agar or 0.9 % agarosc. MS scmi-solid medium 

wilh Gへwぉ autocravcd，while ZR w凶 filtcrづlerili:tcdthrough 0.2μm pore SIZe 

mcmbranc liltcr (Toyo Roshi kaisha Ltd.， J apan) and aducd in an aulO craved medium. 

Each mcdium was platcd in plωtic pctridishcs (50 x 12 mm， Falcon Plastic Ltd.， USA). 

(2) Planl rcgcncralion 

Tcn-day-old colonics were lransferred into a glass centrifugc tubc containing lhe culture 

mcdium. Thc suspension was kept for 10 min and th心colonicswcrc made to settle down 

in the bottom 01' tubes. The cullure medium was r心placcdwith frcsh TM・2medium 

wilhoul growth regulator using a pipette.明lCdensity of colony suspension (number of 

colonies per 1 ml medium) w笛 adjustedω3X 102. Onc mJ 01' thじsuspensionwas spread 

on TM-3叫 lusdevelopment medium or dircctly onlo MS rcgcncralion medium (伽t

pJ以ing)・ηlClid 01' the petridishes were seaJed with ParafiJm. AlI thc colonics which grew 

on TM-3 and MS rcgcneralion medium withoul the caJlus dcvcloping green spots (ShOOI 

primordia) were transferred onlo MS regencration mcdium 10 days after日rSIplating 

(second plating). The cultures wefe kept undcr 2500 Jux (16h day length) at 25
0

C. Shoots 

of 1 to 2 cm in length originaling from callus were culturcd and rooted on MS (0.1 mg!l 

lAA) agar mcdium. 



2.3 Results and 0 iscussIon 

Protoplαst isolation 

CHAPTER 2 

Total yiclds o[ protoplast isolaled lhrough differenl combinUlion of cnzyme IrealmenlS 

wcrc (.Jelcrmined.相官 resultis shown in Table 2・1.ThじhighcSIyicld of protoplasl s 

was obtained in lhc enzyme solution which consislcd of Meiccrase P l， CclJulase Onozuka 

RlO and Maccrozyme RIO with a yield of more lhun 25 x 106 prolopl凶 ISfrom 1 g of 

fresh Icavcs.明lC∞ncenLrationof Meicerase P 1 belwecn 0.5 and 1.0 % revealed no 

signilicanL diffcrcnce in thc yield of protoplasts. Howevcr， proLoplasl yicld was reduced 

whcn Mcicl!rase P1 concentration wぉ increasedto 2.0% and combined with Cellulase 

Onozuka RlO. 

The cnzymatic isoJation of proloplasls W凶日凶 repo山 dby Cocking (1960) 

from tomato seedling root ups. Takebe el aL (1968) succceded to apply commercially 

available ceU walJ-degrading enzymes in lobacco and large amounl of protoplぉtsfrom a 

wide variety of plant lissues were isolated. Enzymes for proloplast isolalion are c1assified 

into lhrce categories; celluJases， hemiccUulases and pectin泊csby出eircataJytic action. 

Combinalion of these enzym岱加ddevelopmenl of isolation procedur岱 havemade 

protopJ出tisolation from any plant tissues easier. The concentrution of enzyrne required is 

剖so加 importantfactor because it affects the yield of protoplぉtsand their吋abiJjty.

NormaJly， protoplasts lose their viubility during the process of enzyme digestion. If the 

concenlration of enzyme is too high， the tissues are digestcd too much. ln facl， the yield 

of FI protoplasts wぉ decreasedwhen higher conccntration of Meicerase Pl w邸 applied.

Another t'actor which intluences the isolation of viable protoplasts is the∞ndition of the 

maleriaJs uscd. For examplc， old cell suspensions yield vcry littlc or no proloplasl at all， 

whcreas young culturcs， especiaJly embryogenic lissues are eぉilydegraded (Abdull油 el

a1. 1986). Likewisc young in vitro-grown planls requirc low concentrations of enzymω 

and rclalivcJy short period of treatmenl凶 comparedlo largc Icaves from old or Erorn 

malurじ planlS(8司吋 1972). A manipulation or young tissu('， purc enzyme and the 
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rcduction in Ihc pcriod of incubation often rcsult in highcr viability and plating efficicncy. 

(t is likcly出atwhcn the planl materials are grown undcr conditions such as Jow Jight 

intensIlies， in vitro or when thc tissues are young， the ct:lls 1じndto synthesize thinner cell 

walls with low concentralions of p∞uJalc (C出scJsand 8arlass 1976). Consequenlly， 

lowcr conccnlrations of cnzyme solution will bc rcquircd and viablc protoplasts lherefore 

yicldcd. According 10 lhe previous works， young Icavl.!s from in vuro cullured Fl plants 

uscd wcrc apparcnlly lhe appropriate matcrial 10 oblain viublc proloplast. It was aJso a 

better point to use inνitro grown materials lhan lhosc from inνiνo cultures since the 

lcavcs nccdcd no st心rilizalionwilh hydrochloric acid Solulion， hcnce less damage 10 Ihe 

plant malcrials. Isolated proloplasls are shown in F i g. 2・1B. 

One-monlh-old leaves from in vitro cullurcd Fl planlS wcre digested by lhe 

cnzyme solution which consisled of 0.5 or 1.0 % o[ Mcicerasc P1. 1.0 % of Cel1ulase 

Onozuka R 10 and 0.3% ofルfacero勾meRlO for 17 h al 260C in lhe dark. lt was proved 

出alapproximatcly 25 x 106 proloplaslS from 1 g fresh lcavcs could be isolated.百leyeild 

was cquivalcnllo the amounl of protoplasts for 25 timcs of clcctrofusion experimenls. 
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Protoplast cuLtureω'ld planl regeneralion 

Plating cllicicnciじsin the lhree d江ferentcullure media supplcmcntcd wi山 plantgrowth 

rじgulatorswcrc investigated. The basic 8E medium w ith N AA 0.3 mg/l， BA 0.3 mgll and 

2，4・D0， 3 mg/l induccd 6.1 % of plating efliciency (Tablc 2・2).Other combinations of 

plant growth rcgulalors gave less than 1 % o[ plaling cniciency. l/2MS mcdium did not 

inducc activc ccll division， i.e. protopJasts divided only fcw limcs or did not divide at a1J 

(TabJc 2・3).Proloplast division in TM-2 medium secmed to bc comparatively stable. 

明1Chighωt plating cfficicncy (7.58 %) w出 observcdin TM・2mcdium containing N AA 

1.5 mgll and BA 1.5 mgll (Table 2・4).

Some key factors for successful L. esculentum protoplast culture were 

considered. Firstly， Hanson et al. (1989) suggested that low NH~T ion concentration in 

initi剖mcdiawcrc req山red.Handlyand Sink (1985) aJso reporled that high concentration 

of NH.jNO， was loxic to lhe proωplaslS. MS medium containじdNH/ ion. On lhe other 
hand， 8E and TM・2did not contain it. However， elimination of NH.j t、~03 from the culture 

medium gavc no benefit in the proωpl邸 tdivision o[・S.Lycopersicoides (Zapata et al. 

1981). Thcreforc， lhe effect of NH/ ion seems 10 depcnd on the plant genotype. 

Secondly， some vitamins probably have influenccd good protoplast division. TM・2

mcdium which provide much higher plating efficiency than 8E mcdium was enriched with 

vitamins and tirst inlroduced by Shahin (1985) in the tomalo protoplぉtculture medium. 

Tan el al. (1987)剖sosu∞eeded in developing plants from tomato protoplasts using the 

medium [ortificd with rich vitamins. However， as thc number o[ vitamins was increased 

in culture medium， for exampJe， 18 organic componenlS in TM-2 mcdium， it wぉ not

clear which organic∞mponeot wぉ essentiaJor if aJl were rcquired. If an importaot 

organic componenl was obvious， a simplc medium ror protoplast culture could be 

orgaoized.明1irdly，i礼tw笛 sugge白st旬edt山haωlr悶apl凶ddilution 01' proωp判la凶stωswaおsimpo刊ant

(Har江f

bccロam附n肘1吋I!i川mp仰ur代cwith w州hi尚1“山ish川5u伽b凶s凶 Cαe.Hossain (1995) suggωtcd that the pr邸 cnceof 
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somじdetrimcntaJsubstanc時 mighthavc causα1 thc cc)) browning and colony dcalh. The 

addition of a Crcsh medium did not only reduced conccntration of whitish subslances bul 

aJso thc dcnsity of the ce日colonies.This melhod has bccn cmployed in inducing 

sut1icicnt plating e11iciency in other studies (Shahin 1985， Sakata et al. 1987). 

Morc than hall" of thc caLlus turned grecn artcr transfer directly t'rom the illItial 

culturc mcdium onto the MS regeneration medium (Fig. 2-1 C). Shoots were only 

induccd t・romthc callus cultured on MS + ZR (1.0 mg/1) + Gへ(0.1mg/l) medium and 
subseq凶 lllyon MS + ZR (3.0 mglり+Gへ(1.0mg/1) mcdium. For wcU shoot 

formation， comparatively high concentration of ZR might bc necessary. However， the 

callus via culturc on TM-3 medium (0.5 mg/l BA and 0.2 mg/l 2，4-0) seemed 10 be dry 

and powdcry， and it did not develop advenlitious shoots even trans[erred onlo出e

regenration medium with 3.0 mgll of ZR (Tablc 2-5). 

For the plant regeneration from proloplast， it is considcred that initial culture 

should bc donc in the medium containing high conccntration of auxin and low 

concentration o[ cytokinin and transferred the callus onlo/into lhc mcdium containing high 

conccntration of cylokinin and low concentralion of nuxin. Morcover， osmotic pressure of 

medium was required to decrease gradual1y (Shahin 1985， Sakata et al. 1988). 

Short period of culture for callus development is onc of the critical points for 

cfticient advenlitious shoot regeneration. Nishio et al. (1988) reported that only a few 

shoots werc developed from callus which took long lime 10 be ready for transfer in shoot 

regeneration medium. 1n tomato， a similar tendency w邸 alsoobserved by Sh油in(1985)

and Sakala et aL. (1988). 

Onc 01' the important factors affecling plant regeneration from protoplぉtsis the 

plant gcnotypc. Some lines belonging to thc pentνianum-complex have higher 

regcncration capacity， and thjs desirable Irait has been introduced into tomato from L. 

pentvi，仰 um(Koomncef et al. 1987). Chen and Imanishi (1991) rcported lhat the plant 

rcgcncration ability from leaf segrnents of FI bclwcl!n tomalo cultivar and L. penlvianum 
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wa.s obviously greatcr than tomato cultivar and less than the L. peruVICQlUm. $uperior 

rcgencralion capaciザfromprotoplぉISofL. peruνωlum wぉaIsoproved by Zapata et a1. 

(1977)， Muhlbach (1980) and Koornneef et aL (1987). In臼ct， the regeneration of plan凶

from F I protoplasts in the pr岱 entstudy was [astcr and its mainlenance was much easier 

than the L. esculenlum. [t is出enposssiblc that thc high regencration capacity observed in 

the FI plants w出 introducedfrom the L. peruv仰 umvar. humifωum (LA2153) by 

scxual hybridization. 
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Fig.2・1A. ln vitro cultured Fl plants between L. esculentum cv. Early Pink and L. 

peruvu:mum v訂 .humifusum LA2153 in MS agar medjum. B. Freshly isolalcd Fl 

protoplぉtsin CPW9M solution. C. Fl ca1Jus derived Erom a protoplぉton MS 

regeneration medium (second plating). Bar = 10 mm. 
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Tablc 2・4.Effect of combination and conccntration 01' plant 

growth rcgulators for plating efficiency in TM・2medium. 

BA(mg!l) 

。
0.25 

ZR(mg/l) NAA (mg!1) Plating ctTicicncy 

。
0.25 

0.50 

(%) 。
2.18 

0.39 

1.50 6.55 

0.50 0.25 3.08 

1.00 

1.50 

0.25 

0.50 

0.50 1.93 

1.00 

1.50 

0.50 

1.00 

1.50 

0.25 

1.00 

1.50 

0.25 

0.50 

0.25 

3.92 

3.34 

5.26 

2.44 

6.29 

4.37 

7.31 

7.58 

1.16 

0.39 

2.18 

0.50 2.70 

1.00 4.11 

1.00 1.00 2.05 
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CHAPTER3 

3. SOMATIC HYBRIDIZATION BETWEEN Fl AND S. 

LYCOPERSICOIDES THROUGH ELECTROFUSION OF 

MESOPHYLL PROTOPLASTS 

3.1 Introduction 

The production of somalic hybrid circumvents scxual crossing barriers elnd provides new 

matcrials (Shcpard et al. 1983， Kumar and Cocking 1987). Con5equenUy， the ceL1 fusion 

proccss will rcsult to: (1) the combination of two comp1clc gcnom凶;(2) the partial 

genome transfcr from a donor to a recipient protoplasts; (3) and the lranSrer of organell岱

(chloroplast and mitochondria) in relation to various propertics. Hence， many reseachers 

have attempted to produce interspecitic and intergeneric somalic hybrids and various 

rcgencrated planLS have been obta.ined in Pelunia. Nicol;ana， Hyoscyamus， Solanum， 

Cilrus， Brassica， Mediωgo， Trifolium， and 50 on (scc review B吋吋 1989).Likewise， in 

Lycopersicon} many somatic hybrids bt:tween cullivaled tomato and another speci凶 or

gじnushave been developcd for the introduction of thcir valuable genes toぬmato(See 

rcvicw， Lcfrancois el al. 1993). 

明1Cbじginningof protoplast isolation from Icaves was developed in lhe 1960s 

(for review 5ee Chupeau and Bourgin 1980). Following this， chemical melhods such出

NaNO) (Power el al. 1970， Kameya and Takal1ashi 1972)， a high pH and high caldum 

ion Solulion (Keller and Melchers 1973)， polyelhylcncglycol (PEG) (Kao and Mにhayluk

1974)， dexlran and dcxtran-sulratc (Kameya 1975， 1979) and polyvinyl a1cohol (Nagala 

1978) methods wcrc reportedぉ proloplaslrU5ion in 1970s. PEG melhod is the most 

commonly used proccdure on chcmica1 fusion experiment and many somatjc hybrids 

abovc mcnlioncd werc also obtained lhrough thi5 procedurc. Howcvcr， Ihc chemical 

fusion was rじportcdto give undesirablc efl'ects 10 lhc protoplasls (Binding et a1. 1987， 

Han San et a1. 1990). Prolonged experiments wcrc a150 rcquirccl and il was nol suitable 

for large scalc trealmcnl. on lhc othcr hand， electrol'usion was uscd in lhe 1980s. Senda 
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et al. (1979) with thc aid of a micromanipulator brought two dωtrodcs into ∞ntact with 

adjoining proωpJぉLSand， after applying a brief eJcctrical pulse， induced fusion. 

Subscquently， Zimmermann and Scheurich (1981) established the elcctrofusion method 

using thc dieJcctrophoresis. This method was considcrcu safer to thc protoplasts， rcquired 

lcss .skill and take less time than the chemical fusion mcthod. 1I has providcd many 

somatic hybrids in Solanum (Puite el al. 1986， Dc Vrics and Tempelaar 1987， Sihachakr 

et al. 1989)， lpomoea (Sihachakr et al. 1988)， Petunia (Taguchi et al. 1993)凶 Brassica

(Nishio et al. 1987). on the other hand， not m加 ysomatic hyb耐 i2'.ationby elcctro[usion 

in Lycopersicon have been re仰巾dexcept sever剖studics(Han San et al. 1990， Wolter el 

al. 1991， Hossain et a1. 1994). Hossain et aL (1994) indicated that somatic hybridi_zation 

belWcen tomato and S. lycopersicoides wぉ effectivclycarricd out through electrofusion 

and fcrtile somatic hybrids could be produced at a high ratc. 

計四 objective of tbis section w邸 toestablish somatic hybridization by 

eleclrofusion in the gcnus Lyωtpersicon and ωproduce somatic hybrids belWcen μx  Lp 

and SI using thc l"usion of mesophyll protoplasts. 
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3.2 Materials and Methods 

3.2.1 Planl materia[s 

Fr凶 hand green leaves of in νUro Fl hybrids wじ印 used for protoplω1 isolation (see 

Chapter 2、Sωtion2.2). The seeds 01' S.かcopersi仰 les(LA2386) were obtained l・rom

Pro[cssor C. M. Rick (Tomalo Genelic Rcsource Ccnler， Univcrsily 01' Calirornia， Davis). 

Thesωds wじrcsown in a commercial potting soil (Soil∞mpoSI， Kurca Chemica1 Co.) in 

clay pots and maintained in the greenhouse. 

3.2.2 Protoplast isolation 

Fl mcsophyll protoplasts were isolated according 10 thc procedure described in 

CHAPTER 2 (Section 2.2.2).明1eenzyme solution uscd consistcd 01' 0.3 % Macerozyme 

RlO. 0.5 % Meicelase Pl and 1.0 % Cellulasc Onozuka RI0 in 9 % mannitol and 10% 

CPW 叫 ts(pH 5.7). S. かcopersicoidωiplanls were propagatcd by cut山gsand 

maintained in a growlh chamber at 20
0C wilh 16 h/day illuminalion and 75 % humidity. 

Three-wcek-old pJanls werc incubated in lhc dark at 20
0C for 48 h before protopl凶 t

isolation.前lCful1y cxpanded young leaves (3rd a.nd 4th leavcs) wcrc surface steriJized for 

20 min in a solution containing 3% commercial bleach (Sodium hypochloride) and a few 

drops of Twccn・20.The leaves were rinsed 5 timcs wilh stcrilc tap water and notched in 

small SlripS with lhe rnidribs. To preplasrnolyse lhc cell， lhc 1ca11ets wcre tloated abaxially 

on CPW9M Solulion in plぉticpetridish (90 x 12 mm. Falcon PIぉticLtd.)， and incubated 

for 1 h in lhe dark at room temperalure. Aftcr plωmolysis， CPW9M solution w凶

carcfully replaccd by an enzyme solution containing 1 % Cellulysin (C心biochem).0.5 % 

Maccrasc (Calbiochcm)， 0.01 % Peclolyase Y-23 (Scishin)， 9 % mannilol and CPW salts. 

有1Ccu Itures w cre kept in the dark for 17 h at 250C (H ossain el a1. 1994).ηle enzyme 

solution was carcfully replaced with an eque.u volumじofCPW9M solution. The digested 

lcavcs wcre gcntly squじezedand sieved lhrough a stainless mcsh (68μm pore s也e)wilh a 
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pipcttc.前lCprotoplぉlsuspension wぉ pouredinlo a glass ccnlrifugc lube and washed by 

ccnlrifugalion al 800 rpm for 4 min. The supcrnalanl w凶 rcplaccdwilh CPW23S (23 % 

SU<"Tose in CPW sall solution) and centrifugcd at 800巾m for 7 min after resuspended 

carcCully.甘lCtloaling proloplasLS werc collCClcd Wilh a pipCllC and lrans[erred into a 

clcan ccnlrifugc lube wilh W5 solulion (Menzcl and Wolfe 1984). 

3.2.3 Elμ:trojilsion procedure 

[solaled parcnl心proloplぉtswere suspended in a fusion soluion (2.5 mM  CaC~ 加d 9 % 

manniωりandwashed once. 80th parenta1 protoplas凶 wcrcadjusted to a density of 1 x 

106/ml with lhe fusion solution and mixed logelher al 1:1 retio. One ml of lhe protoplasl 

mixturc wぉ transferredinto a steritized fusion chamber (FTC-03).百leelcctrofusion 

lrealmenl wぉ carriedoul by Shima別 SomaticHybridizer SSH・2(Shimazu， Kyoto， 

lapan).η1C clcclrofusion condition were as follows; 40 VAC， VAC initialtime of 15 sec.， 

1.5 kV/cm， pulse widlh of 30μs and two times al room temperaturc. Fused protoplasts 

wcre allowcd to stanu for 10 min after electrofusion. 

3.2.4 CulLure of fused protoplast 

αlC ml of TM・2(N打M2， composed of 2 x concentrated ot' a11 componcn岱 ofTM・2

exccpllhal 山 CaC~ ∞悶nlration wぉ reducedl'rom 440 10 170 mg!l) medium (Hossain 

et 01. 1994) supplemenlcd with 1.0 mg/l NAA and 0.5 mμBA werc added to one凶 of

fused protoplast mIxlure.甘lCdensity of protoplasts after fusion was adjusted 10 5 x 104 

wilhTM・2medium with 0.912 % mannitol， 6.84 % sucrosc， 1.0 mg!l NAA and 0.5 mg!l 

BA Proloplasl suspension (2.5 mりwasculturcd in a 50 x 15 mm pl出 ticpetridish in出e

dark at 250C. Whcn ccll wall synthじsisand lhen favorablc ccll division wcrc obscrvcd， 

the cullurc was transferred under light condition (aprox. 1000 lux). When active 

proloplast division was obscrved， 1 ml of fresh growlh regulator frωTM・2mcdium w凶

addcd 10 thc culturc every after 2 days. The contcnl of onc pt!tri dish was t1ivided into 2 
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dishcs whcn lhじvoJumcof the culture was excccded Qver 2.0 ml. Tcn days after the iniliaJ 

culturc， Ihc numbcr of protoplasts undergoing division was counted and the plating 

ctl・icicncywas cstimated. 

3.2.5 Plant regeneralion 

TcnぺJay-oldgrowing putative-fused coloniωwcrじcolleClcdand put into a dean glass 

tube and kcpt stationary for 10 min. The supcmatanl w凶 rcmovcdand the colonies found 

at the boltom of the tube were resuspendcd Wilh frcsh TM・2plant regulator frcc medium. 

α1C ml o[ colony suspension wぉ flrstpJated on either TM-3 mctlium (0.5 mgll BA， 0.2 

mg/l2，4-D， 0.9 % bacto・agar)or MS rcgencration mcdium (1.0 or 3.0 mg!l ZR， 0.1 mg/l 

GA). 3 % sucrose and 0.9 % agarose) (日rstplating). Thc cu1turc was kepl at 250C under 

2500 lux. Tcn days after the first plating (20 days after initial protoplast cuture)， calli 

withoul shoot primordia were transferred onlO the MS rcgcneration medium. Advenlitious 

ShOOlS which grcw morc th加1.5cm long werc cxciscd and lransfcrred onto MS roo山19

medium (20 gIl sucrosc， 0.1 mg/l lAA and 0.8% agar) in a 15 cm glass tube (φ2.5 cm). 

Whcn thc shoots werc sufficiently rootcd. the agar medium w出 washedwith tap water. 

明1Cshoots wcre planted in clay pots conlaining a commerciaJ potting soil (Soil compost， 

Kureha ChcmicaJ Co.).百lCpOlS were∞vcred w ith pl邸 ticbags and placed under low 

light condition in the grcenhouse for acclimatizalion. After 7・10days， whcn the plants 

appじarじd10 grow vigorously， the ∞rncrs of the plぉticbags wcrc cut open 10 a110w 

gradual airexchange. When thc plants had finaJly aclimatized， plastic bags were removed. 
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3.3 Results and 0 iscussion 

Aftcr 15 scc of dielectrophoresis. protoplast pairs wcre obscrvcd. Several protoplasts 

exhibited a p伺 rlchain formation (Fig. 3-1 A). Protoplぉtfusion was attained following 

thc elcctric pulse application. In preliminary experiments， sulTicicnt fusion events couJd 

not be confirmcd with a single application of dectric pulse. When double puls回 were

applied， fusion ratio wぉ incre邸 edand many fuscd prolopl出 tswere obscrved under a 

microscope (Fig. 3-1 B). Additiona11y， multikaryons， i.e. fusion of more than three 

protoplasts were also observed (Fig. 3-1 B). 

Fused protoplasts were cultured without removing the fusion solution by 

centrifuge. The supplement meclium w路 onlyadded 10 fused protopJぉtsafter fusion 

experimenL 1n fact， Ihe fusion Solulion simply consisted of CaC12 and mannilol which 

also are contained in the culture medium. Besid回， lheir concentralions were出esameぉ

or lower than TM・2medium. Therefore， it was not necessary any longer lhal出efused 

protoplaslS su旺'ered仕omthe conventiona1 centrifuge step which results in the mechanical 

damage， if the supplement medium is applied a[ter elcctrofusion. Hossain (1995) 

inlroduccd this method and obtained a large number of somatic hybrid plants. 

τbc earlicst ceU division wぉ observed3 days after lhe initial culture， bUl 

mOSl of the putative heterokaryons started undergo division within 5 days (Fig. 3 -2 A). 

However， the frequency of protoplast division w出 low.Ten-day old colonies (Fig. 3・2

B) were Lransferred onto TM-3 medium or direclly onto the regeneration medium wherein 

出eycontinued to grow rapidly and vigorously. Some of the calli tumed green and 

developed bud primordia within 10 days after trans[er onto the regeneration meclium. The 

highωt frequency of ShOOI regeneration (number of shoots forrning caJlus/ number of 

cultured callus) was observed when colonies were cullured onto MS agarose medium 

containing 1.0 mgll ZR and 0.1 mg/l GA" and subsequcntly lransfcrred onto MS Bacto-

agar medium conta.ining 3.0 mg!l ZR and 0.1 mgll GA，(Fig. 3-2 C). Fourtecn cωal凶liou叫t 

of 52 (ρ26.9 %) devcloped shoots when lhe caJli were cωullωUflωdircctJy onωMS aga釘rose
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mcdium containing 3.0 mg/l ZR and 0.1 mg/l GA) (Tahlc 3・1).lt is probable出atlhis 

trcatmcnt induct浴 rapidshoot reg伺 erationwhen thc calli are still small (2 to 3 mm in size) 

(Fig.3・3A).百leperiod of shoot regeneration was approximalcly 20 days. on the other 

hand， it wωpreviously reported lhat shoot regencration from SI protoplasts wぉ attained

3 monlhs of initial culture only. It was also suggested that lhc S1 protoplasts couJd not 

divide in TM・2mediurn.百1erefore，self-fused SJ protopJasts wcre inhibited to divide， 

while thc heterokaryons and Fl fused and unfuscd protoplasts could ∞ntinue to grow in 

this cullure. However， callus derived from lhe one-stcp transfer mcthod to regenerate 

shoots produced only one shoot whkh appeared to show hyperhydricity. 

Ef1'ective seJection of the heterokaryon is onc of出eimportanl steps in somatic 

hybridization. Regcneration capacity from one of thc fusion parents has becnωedぉ a

seleclabJe marker and wぉ reportedto be ulilized in protoplast [usion experiments in 

NicotiCUla (MaJiga et aL 197η， Petunia (ltoh加 dFuLSuhara 1983)， Brassica (ferada ec aJ. 

1987) and Lycopers化onsp阿倍(ん血mand Quiros 1985). [n addition， vigorous growth 

(heterotic cff∞t) of the calJus resulting from the hybridily or the ceUs was aJso applied出

a sclcction syslem of somatic hybrids (Shieder 1982， Schenck and Robbelen 1982). ln 

this study， the period of initial culture and subsequent subculture or plating were 

comparatively short. then onJy vigorous caJlus were transferred onto出enext cuJture or 

regeneration medium. Therefore， it is Iikely出創出eregenerated plants obtained were true 

somatic hybrids. 

FinaJly， 85 regenerated plants from 46 out ot・184cullured calJi were obtained 

andaωlimatizcd in the greenhouse (Fig. 3・3 B).ηlC hybridity 01' the pJants were 

anaJyzed and confirmed using various methods described in CHAPTER4. 
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Fiほg.3 -1 A. Pearl chain Cormation 0ぱfFl (μL. e白scαωul，伽el仰'n{似um x L . . 

pe 川 licu仰仰tμuω仰.1，刈7

P桁Pro巾Oω1ωopl凶凶笛似tfusion. Two protopJ ぉts were fust!d (Black arrow). Three 

protoplasts werc fuscd (whilt:! arrow). 
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Fig. 3・2A. First division of a putative fused proloplぉtthr伐 daysafler initial 

culture. B. A colony derived rrom a putative fused proloplぉtone week after 

initial culture. C. Green cal1i on MS regeneration medium (sccond plating). 

Many adventitious shoots were observed. 
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Fig. 3・3A. Callus transferred directly仕ominitiaJ culture onto MS 

regcneration medium ∞ntaining 3.0 mg/l of ZR and 0.1 mgl1 of G~・

Adventitious shoots tend ωshow hyperhydricity. B. Putative somatic 

hybrids at 2 months aftcr acclimati泊 tionin the greenhousc. 
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