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Intrageneric fusion of protoplasts from gametophytic blades and 

development of fusion products in Porphyra spp. (Rhodophyta) 

YAN Xing-hüng 
(F;时肌'ie，1 Col/eft!'， SFU， ShaJ喀如i 200嗣川阳)

Abst:ract: The prot叩la'lts .....ere ioolated et17.}rnati('ully Cmtn llu: g;.町 elophyt ie bl叫e� üf II忧wild t叩e缸】d red mut皿

of P!叩InTa ha山旧nûs and from the wild type blaof':S 01' 1斗河内m ye.旧时川， re-s阳叫iveh. Pmt叩!a;;! fu旧üns wt'f1 

rnadt' I:.ry t r它a lmen twith polyethylene gLycol (PEG) soluti州 Many hf'terokaryo('yl(日 fo rmed after tlw PEG �ü !utiü l 

Wt1-<; diluled out. The rate of intrug俨neric fusion W3.-; 9.7% - 12.40fc， for f'. Juúlnrum.旧， arHllO% -11.5% fo 

f'. yezrw仙旧 TII(: fu民iün rate became hig-h巳:r as the rnül凹ular wf;;ght of P�:C i t】阳在吨ed frurn J 540 to 6仅附 h划"

p n)(lu【 ts thal involvcd on俨 n:d祖ld otlP wild ty伊P"巾Iplw;ts in P. hαlIanπ阳、附陀p ickecl out and individuall: 

山ltuæd. After 30 days of cultu配. one of them d!'v!.1叩t'd inlo a ("hi[m�ral hlad(' eOnr[KIHf'd 01" 1....0 阳 tor.- �howill!!; rel 

and wild type【飞Jlor. W'hile. a fusion produet invnl川ng t阳川'f'd prutnpl也I� develop('d ill仙a n'd blad;� that ha，、tw，

巾JZOllιal the top and basal ends of the blade. HO\'>'t'v凹. proloplasts isolat叶from the hlade. f'1�(�lleml叫IJlto w( 

hladt's. .....hich l川lv Iwve ont' rlli7.oid a\ Ilre ha封tI f'nd of Ihe hJad俨 Afit'r ("u1tur吧� oC 15 - 20 days. ;Jltra�思:Jl;'r;(' h旧时

pmt!l川约of P. y/:'zocn;，;Îs developt'd in\o (，f'll-m a s.'崎H， whil'h wl俨ll;，ed ffillll\i �萨河'es t仆自俨IDlinalf' into nOIDlal .，.，.ild-I)'I讯

bladt'� 
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紫菜种内原生质体的融合和融合体再生

严兴;去

( 1沟水产大?情\[�"r院l沟 2(KX1X) ) 

摘 要利Hl�ü啊LI:.外闹出野丁型叶状体和幻也冗业体的l.c;紫菜I)}.，[ I�i体1').战条JXf紫斗(Wflf刷叫状休的W

生!员仲、\'iJ[J和乙 附(l'H;)法进竹种内原生质体刷什 '(佣人I};(斗明体j俊的的I'E(; t皮稀H回去 U.I-，!j，{'1质

体发'1.融合J--í-Jf3!戊许多杂fT体 种内t币'1质体融f〉才;;;t二紫菜).;9.7';在句12.4'7� 来圳紫菜).; lO'ìf…1I 5% 
l吨:í;分(- :[1-在IS40-601Xl之间.I\.iúù分r- :1:- rf�挝向阳'1肢体融合卒增间 隙 '1质体融合体被挑出求进行

单个培养 纷ü30天屿f，dl紫菜的 个杂介体(含 个红色&.í-':，-卡质体和 个j'f'l川吁;<: '�-质体)而非成 1'- 'Il 
红色和野生色的刷版叫状体 向 个合两个主i色原'1质体的融fT体冉生成 个ú' 1.1;部初步、部均l乏似恨的"1

状体 111求自达?内生体的陌生肢体只长城l-l. 个似恨的"1状体p 从原生肌体融fr体的再生件以放匕们兀

n喝声辙体的结果来看，坛紫菜的种内原'1质体融合体吁能只发生(f细胞臣融fI而j l'! lf的核融介JI没有发'L

Jg养15-20天，条斑萦装的原牛质体融合体ít J!I牛成细胞园。然忻州细胞回事手放11: r'l乡胞「判萌发成iT_南野

牛型叶状体f

关§建词叶状体叮聚己 醇，原生质体融什柏株再生，常菜
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The isolation ilnd cultuæ of prut，叩l出ts have been successful in more th皿阴 阳酬。f higher r归n\J;. The 
p陀topJast、we陀used w; tooJ:; in phy.;iological皿d cytological studiesl1 ，2]. The somatic hybrids through intra街;enenc
and intergeneric prot叩lωt fusiol1 from 45 species were obtained:2.3，7l. In配l:ent yt"Æ"S， many pmgre附S of pmtoplast 
cultu它10 seaweec也have been matle[5-14:. Some 配优archers have taken in pmducing the improved咆ains by 
cult町and fusion of pmtoj阳怡。f刷weeds，阴阳ially p，早hyra. There v .. ere several呵)(Irts on pmtoplast fusion of 
，æw回ds. Fujita皿d Migita had reported fusion of pM句)lasts frurn diffe盯ere配旧m它凹"0此t eolor tv叩'1'" t由halli of P. y严t四阳m，宫 U协ed由a 
皿叫d d曲e例、刊e由In叩P阳men酣t of 血趾e fl趾山1011 P旧时?山uct怡tS[l S卢[，阳1归时另 ] D凶aidal. hadn阳剧时时l扣e 阳川top叩p]a;;tω削A挡>;t剑t fu山川E巳s
bul 1 10 h峙ybri诅d pl皿t w，缸S ob恤3刘陋t旭alnedfh ur FU甲涌es of山c pn:scnl吼叫，a陀10 rnake intmgeneric fusion of prot<叩æt，
川P吓内TtI haÌlanensÌ.'i and Porphym yezoensis， which wel它k又h ext臼施ivd" cu1tivatcd in China， and tü unJersland 
whdiwr the real nuelear fu;iün üf prutüpl出ts in PO早h)Ta C皿时cur or not 

1 Materials and Methods 

1. 1 Strains of P. haitane阳i.� and P. yezocnsis 

The wild type s!nùn of 1'0早h，"rTa haila!lRn、ù Chang时Zh4吨w<记刷111ted frum a eultiva!ed popula!ion in 
Linjil1吨F阳ries Farm， F újiarl Provinee， 皿d the时m.皿! wa<; ohLainNI h} irradiatioTl of prul呐5tS from the 
g剧问hytic hlade;. 01' tlt(' wild Iype山tin v..ith UV[ 17]. 'Ibe wild type strain of H呵lhym Y"'UJen.灿UeJa w()'j 
ohtained from a川lti、akd jklpul呻4月1 in Lisi Aqulll'ulture Fann， JiilllW;U I'rovince. StocJ... eulturr' of tlwir fr咽livinι
eonch()('p[i吨havp hpf')) maillLu川4.d 111 Lhe [abora\o月 al20吃 under a phüton Oux density of 10 Itlnol phoLon m'2s-t 

pm飞ided hy【明才协Ihite， 40 - W Ol14叭飞刊It la叫附刷1 a 14: 10 h li严ht: d，时毛cvde ( 14L: IOD) . The stllek cu1tu陀W品
mallltam刷Iωp�、."'临h. d附 门l)('dl ]民

1 .2 Culturl:' 01" garnetophytÎ{' hlades and protoplast i附lation

An aliquot of吟tü...k eünch()('e!i忖filarnf'nb "，a� in川i川叫klt 2R飞fllr P. ha山nt.'n:.旧and at 23't: for l' 

J"汉阳山.\ under 15 Itrnül ph(灶。n m-2 s.] ( IOL : 14υ) to ind山f唱 fOl1natic川 of cünehüsf-州飞m�a. Onee the 
eon('!胁仙rangikl wew forn时， tl附eünchoc'e1is filmnen挝、�'el"t' trunsf，惯例I into a 3附ml， Ed付m机er nl自k eüntainin宵
150 mL of thp \1ES mt'diulll U alld 5 vinvloll 1lI(川)filalllellt.� (川5 eI!l lon剖， mld culturro. witl】aeration at 25't: for 
p， haitane/lsis and ut 20吨 for I'.}但俐n.\I.'"守1H1I1(吁2只，1H1Iol山山川m与I( 10L: 140) to wle丛�e ('01】("hoRpon�. Thc 
cünchüspores uttlleht'd ünto the Ill()nofilarlwnt� 
附陀 then cultu时ω 巾!mn 阳nt'tophy!i{
blade>ò at 22'l� f(lr P. hωtWI.n，i.1 und at 15、

for 1'. )!f'z()ensi览， und俨r 40 Illl'(川ph(巾JlJ ul 2民i
(12L: 12D) 

fht' (吨lmpont'nt，.; o! tllP 何lzyrm' "olllti()n� 

fOf i�()fati()n 01" prolüplιISt�ρr P. 'U/ilalii!n�is 

alUl P. H':.tJ/'fl.l/.\ Wf'l"(' g-iven ÎIl 1油1. Cmdf" 
ba("(4'rial ，川\'111时wt'rt' pr飞�pall:'d 1监def>('fihed
preVI川I�h II� I 

Tlw pnx'，'<.luIT-' lo pwpure 
uhd"，w gut �川1lI{';. w&<; �h叫什ωroll().，....�

飞X:hen lh(' bladcs rca('hNI 0.5 - 2.0 ern in 

T ab. 1 Components of en巧� 回革uti债主s for isolation of protopta!>ts 
in P阳il.anensis am P. yewensis 

(;"ml""，，'nl气

'b巳u"n('I"""j"，(件)

B，l{'j'>II.U ，'n盯J)\(、
(>lIuj�". O"'JZUI...l( lt - 10) 

Clu".....1 m"t' L - ' ) 
�L�""t"J( tll"j' L - ' ) 

s，.""'，，l川
"，由"冉i ""�町

I川
""...t 

1'. ""，wl�n".\ 1'. } 、出刷品也、
\\ dol I�I'" H问t t}']，俨 明11<1 typ'-' 

1.0 - 1.5 :2 (J 

2.0 2.0-] 0 3.0 
2.0 2.0 

0.8 

+ + 

6.0 6.0 6.2-6.5 

leng-th， some 01" them wew usP<] to i协.}ate prot吨，1ωL�. Afler hei咱('leaned wilh a soft brush in fresh stelile seawatel 
mon� thun jive tÎmes and dlied üfI seawater on山e blade slllface， the hlarl阳w(�re eÌTopped inlo small piec四(1 - 2 

mmL) and imrnersecJ盯I lhe t'IlZ)'IIlt'锁lulioll for isolating protüplasts， About O. 2 g fresh weight üf山t' ÌJlades was 
incubated in a sn且11 Petri dish Mnl川111;:--男ml， or阳"F.V附solulion， 1毗Ubl山on tempe田山"f' wa<; 26't: for P 
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haiuu阻m"皿d24't:fc贸P. y回到erui.s. After 2.5 - 3 h of 

mωhation， during which time 由e tlSS矶时 W凶 gently 

swirled on a rolary曲回(80 r'miωE

protωopla剧st mi丑n刘，t阳t阳恤u皿圃re哩田s we酣挖 冉飞喃喃d 由througl由， • 2百5 川川川 盯1mρm川'" 宜nl 

rπY剧hω陀m阳"'它e由， un时dige田s剑tεed blade r回e俑;;. Thc (旧ìllra刚a副te归 另黔 5 

w附e陀由e凹n回n川t口时fu吨区;00 (80拥o r'mi丑1皿n'!，5 mi丑m叫) 10 sedime r矶

山e prot句11&'>ts. The su严matants we陀discarded and the 

protoplasts we陀 陀剧spenùed in the MES medillm al a 

higber salinity (45.5)， and w!lShed th配e times in 由e

崎m巴ways continllollsly. The protoplas巾 thus isolated 

we陀 ready for fllsion 

1. 3 Protoplast fllsion and cultllre of fusion 

prodllcts 

The prot叩.1!lSts with difIerenl color Wf're ff'叮"lf'ctiVf"ly

isolated from the red mutant and the wild type blades of 

P. haitanen.si.s 咀le protoplω1.5 01" P. yezOt.'nslJ W它配

制lated from the wild !开Je blad阳 A parl 01" pmtoplasls of 

p刊及短时臼were stainecl with 0.5 % rwutral red协lutîüll

ω阳m吨目山酣in 2.0 mol'L-1 fl万5 rniil 10 be叫

color. The method r甲)rted bv Kao et a1. -ll)l圳ilS lIlodified 

for proloplast fusion. The prolopla"ts with rf"d and .....ild 

type color in P. rnl阳æn.si.s were mixed in tlw rati() of 1 

1. Approximately 150 ftL of the mixeo:l pmtopl也t

suspension wa" transl"crn'(1 叫。丛slide， which wa'i plm;f'd 

in a Petri dish. to r目iUf"f' f"vaporalioll. Arter the 

protüplasts h.ad seuled 10 the slide (("a. 5 min)， 450:tl 

111 

Freezin在twiC-，f' at -20't: 

Smash digestive 0耶ns and add班times
、.'oluα11:' of di由lIed water( 4 't:) 

l叫川l:ZO:::O r' mi 
f" 茧】mÎn.Ol 4、c

Supematants J 
| 到铃M1m用tiOllamlllOIllWll "，lphalt' 
M的川崎r 四川哗12lUl r'min-I 
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川U
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 Crudl付17.\'llll' solut仙"

De:salting hy sPphadf"x eolurnn Ch'i 
� 1..'0]'1山川川

"浏阳l萨《咽zymt"严)wer
pIlX'edu陀for preparing al"lll1OJw gul 
t"rt7.vmes d 

1àb.2 町后sdutiom For protot回国"，"00
l吼叫Jll(xl�

。.f the PEG solution showed in Tab.2 wa.. �lo.....lv added lo C，叫嗣州τ 、

由e protoplast culture. Then， the protopla...L� 圳问 丁百函，(<;1-)
incubated in the PEG solution for 却 30 min at 25 _ f'tJ......"'(侨)

28'(; in山e dark， ALout 5∞μL of the washing t;ol川lon

队 l飞 飞
w 

及}
川:c，-，，，，i马) 到) )

6

0

7
 

1

0

5

0
 

几-l.iJlll川(圳市1.)
showed in Tab. 3 was g'刷Itlyadded to thi5 mixtuI1'". Aftel" C，(.I，II，o("，"1ol/l.) 

KH�I叫(呻仇，1/1.)皿成her 10 min.由e protopl剧的wt:f(' w8.':ihl:'1.1 �w\"t'ral tjrlle� 

with‘1 tütal üf 10 mL of MES m俨�dium. 11u 阶Iri dÎsh 

conta\1lI吨the treated protopla'its WIJS aòded with 20 mL nf 

MES meclillm and wus maintainoo at却:t 1 't， und�r 20 

μmol photün m-2s'一1(12L:12D)for40h. And then， ùw 

mte of protop地t fusion was examined micIU8cüpically 

ldentification of heteroplasmic fl山lün was陀adily possihle 

hecoo鸭山e heterokaryocyte�ω>ntW.ned both阳i-purple

chromat.叩』电t fmm the rcd proωpla<;t and light pu甲1，

brown chromatoplast from the wild Iype proωpla叶111 P 

:;"" 阳lel -
Oislill叫，，"，，1付
pll 

+ 

65 6.5 65 6.5 
喝 "明嗖!

1àb.3 SOI晒00 f.σ[" wll'ihing PF.G 

\\'""hillj( ，""lu 且对
\1.-'， W、 W， "， 

�...."t�r + + + 
h】，hh 45.5 45.5 0

6

8
 

丑

0
9

32.0 

0.6 

10.5 

矶山旧川(m，I/L)

￡旦 7.0 90 

ha院附旧i.s. The fusion product.s Wε:re tran.<úerred with a x :u..-d 
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fine pipette to a Pelri dish仰阳ining 5 mL of MES m时1町， and cultureJ at 20士1 't: under到JLmol photon m-2s.1 

(12L'12D) 

The neutml-配l-sLained prot叩，la.'\ts were mixe过v.ith the wilJ t飞ve prutopla穹ls in [1忧propo!1ion of 1 : I in P 

)Y'2Of'mis. 1fte fusioIl methods and eu\ture conditions for fusion prudllds we陀thc、咄附监d(:spribed al削阶 Th，

fusion produets in P. Y四)l'n�ù were identified accüniing 10 whether 111(' rusion proourts contained red-stained 

ehrornutüpl1i、t from the neutral-red-slained prutoplωt or Tlüt 

2 Results and Discu阳100

2. 1 Prutoplast fusion and culture of fusÎon pnxfucts in P. lwita阳削

The adhesion of protoplasls ()('('uræo inunediately mtf'f inlroduetiün üf PEG剧lutiün ÎII the mixlUr'l' of red and 

lh.. \\'ikl type protüplæ啪 飞。r ünly lwü prnt叩lasts句如可ated togelh凹，队此alsü阳。陀 than two prulυ>pla<;ls adhered 

t勒tly. The protüp比如wÎth di般n:-nl ('o\or arlhered over a la唁e area üf their �UTfa('e a.� well (L� did Ih(' I川üplasts

with the SIDne l'olür (Plale I a - b)， As the incubation of prutoplusts ill PEG ，�oluliOTl pmlυilW'd. a few of pmtoplast 

fusioil创刊UIT('d， Howevf'r. u再四让number of pml叩last fiJ附)rl oeeUl陀.-l after thf" f'由.; ;，olution wa� nilul叫bv the 

"'盐、hin� solution (凹ate I e)， 'n1(' f1川irl� ('el1 was 8�shapffi initiul1y， hüwever.出thl:' hJsiün did fu叶凹， 111( 、;h叩

hl:'('ume 10 be üvul ‘川i自rwlually to [11' ;，phnieal (Plate 1 d - g)， In the fusiün pmduet:-i， Iht: t'hmr也loplat<t约m

differenl cülon; inlf'rmixcd \'t刊 的100，'ly. and they could be di内Y阴阳hed PW!I 46 h aftt-r wldilit川 of tht、wa<;hin�

问lution lü If俨P"川!叫，1儿、I-P�:C prtparation. TIlerefor，俨 it .....it� ea'';Y 10 idellLif:v 11w lu�ion pmduds ('oJllaining two 

呻romutüpl‘l:-il� wÎlh di町('rl'nl ('olor， TIw !Ilolecu!ar weight (M\V) üf P�:G playt-d川叫川'Ianl rolt. in pmtoplæ吼

fu�iüJl of f'or7!h，YHl. 'l1w fn'qut'ncy ()f hf"terkuryocyle fommtiün w<�" 4. 6o/r..， 门57r <111(1 I I.K%守 凹spt'diwly，

when Ilw prolopla吨1:-i WN(' incubal叫in the附lution ('onluining 30(没PEt; in \1W of 1 540，4 (XXl and 6 (XXl. Thf' 

hÎ严fwr Ilw MW of p�:(;， the highf'r the fusÍon mle. B附ÎdC:-i， Ilw 1'11 飞lllH 是阳1 (j牛 吃啊nccntralÍon in lh<:-' PEC 

s(才ulions also inf1ut'nct'd thf' mle üf pllJtopla:-i1 印刷川 ι"h(川叫in Tab.4， lht' hi�hf'r th俨pH mhw and ci + 
《吨!tl{'(.nlration， th俨higher Ihe fU:-iÎon 111!(户 TIH':-i(

1沪、llt" w俨n' Ilw崎阳F‘�" !11I)�(' of hif';h pl出I1 '211 

Inculx业ion teTllpnalul1' also a仙飞i何1 LI廿protoplast

fusiün. Tfw ()叭IIllal i们leubation ternp..mturt' WiL'; 

28 �，: fi)r 1'. }wiliuwn旧 A wlati刊highe-r fu再 n

fll.'1μH吁"、 w仙 ohtain刊1 wh俨n !Il('uhal刊1 !he 

1)1'(址叫lla."I� in 忏':C ;，olution at 28'''C 101' 2') min 

I，\-'hf'll tlw in('uhulion IPrnpt'raluJr WI川 呵) 10习。

't:. the hlslün ml!' 1I'1，IIÎv{'h i阳W<1.-;('d. howe\，町，

Tah.4 E何εcl of wa也ing S(地ution创1 thc fusioll rntc 

of pro�叩l匹"

\\'.c-llLrLg咱，1111肘'" I'H �llLlIh l'lN-'!" ，，，1<-( %) 
飞" 7.0 斗5 5 07 

飞A 9，0 45 5 " 4 

飞A飞 9g 3�.O 12 .. 
飞A斗 10 5 .，�.O "丛

the叫r，-.ival ra[(' or fusio!l pn叶町的wru、ve-ry low and问!nll'lm附Ifw ln'ul问1 prol叩b-"l� died ol'f I'.'Îlhin 12 h. Thl"("t 

fusîüTl pn.山H'ls {'(川丛!tl(吨。nly a red and u wild type p川lla."l�， <lrHl Iwo fU:-iuHI l)Ilkhwls lnvnl\，i吨1帆) rcd 

protüpl(�"I" WI'll.' pid..r11 out ann transferred inlü Pelri dîshes for eultull.' individually. ()r](' of 11](' fomu:r r咱ιnlòral叫

('ell 1'.'εIII in 5山刊， and、U�f'quently扯得ul tü cell di\'isÎ(月1.ln30 davs nf【u!tun'， il de-vdoI叫into a ('hime-ral 

1>1呻叫 随削1 uf a I"l�d ann a wild type sedoTh， whieh W(l<;州npar1rr川laliz(山，、a ('1他r lind Plah、II h). ()ne of 

tllI:' lult何陀generalcd ('('11 \'0'311 in 6 days uml deveJuped i叫o a n:d hlad(: that haw twn rhizoi(ls at both pnds of th(' 

blud俨(P!ulc II a). Aft臼I monlh üf eultu陀， i! was tram;f('rn刊1 and ('u!tu陀.-l in a f1at lx沈阳m flask to get la吨e

blade. \Vhen it grew up to 5 crn long， il wa;吨U咽1 to pmdulòe- prntoplasts唔a!Il. All of the pmtoplasts devel吓Je(J into 

r时hlanes. Most of them have unlv明c rhizoid， and a few of the blade哆had no rhiwid. However， nü bludes hud 

two rhiz盯ids (Plale II c) 
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2.2 P，ηtoplast fusion and plant 陀generation in P. yezoen.川
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A gwat dea! of p飞Jtüplusts唔>7巧grucd前锁。n a乌 Ihf> PFD剧luliün wa� arld，.d Îlltü the mixed pl'1川pJast

!:iuspension ('onlaininp; lhe neulral-red-stainpd and wild type pn川Jla.<;ls (Plate山a - b). V/hen the pmtopla.'-\h were 

川culxtted in 30% of PEG.拍l) sülution at 26、I()f 25 rnin，and diluled witlt V;.:二or \.\'3间)1tnion (T山3)， the ru�iür】

rak怕乱、 109( - 11.4%. Fu�iüTl proces何 betWf'en two pruloplasts ."，.ilh dilTerenl cülors wa� OIk-;lT\'ed. The fusion 

pn阳:SS üf two prol叩læ啪， fmrn 8-:.;hapecl tü o\'al冉hajw 11叫fÏnalh- be('at)l(剖helÌcal，飞Vf'æ ('0叫巾，ted within 55 min 

after additil川 01' tlte 飞四hing so\ution tü the prot叩lasl-PEG p陀F皿ution (1'1all' 1lI ι n. Thrf"(， ru�iün prodt川s

contmnmg t悦。prüt叩lasls of Ollf' neutralπu-5lained andωw wild t、'V'". Wf"n" pickcd out :md individual1y cultu陀d

Two of th刊m 1，布IUI 10 eeH division in 7 ，hj)'� 01' CUItUl"f'， and d!'veloped into刊l1-tm电气川哨 in thI1"俨 W怦ks (刊ate 用

!!;). Many sporo对陀leased fmn】thf' ('dlη峭的 latt-Iy， and �crrltinaled into nortnal ".，.ild type hladf's (刊拙m h) 

11lÍs re唱ult \'\'a<、�imilar 10 that ohtaint.fl by Fujita and \figitai 1吨

2.3 Inl1uene(号faetors on prol叩1ast fusion and anal刊1吨。f thp rPgeneralf:'d plants fmm fusion produets 

N冲υnly the MW O( P�:G， pH valuf' and C}牛 叫neentmt川， a们(('('\!.d protopla�t fL电ion， hut also did tbe 

followil】g factor.-;. The pf'ITentaε:f' (lf tru守pmtoplasts '"部Ih!' rnost impOltant 10 mak(' fUo>ion， pr吼叫)Ia�t吨问laled from 

t趾young blade、l'uItUll:'d in tl1<' lah (0.5 cm I呵，咱叫25 � 30山v;，) Wf'f(' I1H' hcsl rnat俨Jial� for fusi(川 rhe 

fusion mt俨"民u('h protoplast，; w也fIlw.h higher t!tan thf' pmtoplw.;[，; from thf' hladf'�，山ieh were川ltivakd in 1I0ri 

lIel in thf' iìf'3. Thc blude市目llwmg on巾川ri-net wel"f' thi('kn lhHlI those gmwi叩in Ihe luh阴阳in thf'山111'

klll-\th ulld ，\t the "arnc咱e， l>et'au�f' thf' fotTIwr all:' oftf'n expofwd 10 Ihe uir f(厅附怦ral hour.-; even' uay. 111俨I'f'fol1'， 

Ihe pen'ent of tl11(' pro\!ψlasts from thf' lall<'r wa� hi在her than fmlll Ih!:' lonner 

rh.. t叫川\<':\inH'，�附陀 onf' of th(. 川剧 川ψortant faf'1or.-; 10 oblain宫时tl'll，' j川lopla�ts. Atζ'()JTlin� to the 

『叫Jlb of thf' I1"p('ah�1 (':>.1民 rJJn配ne>臼en山Is， m(阳"俨 tha旧"川量讪川n 叹叨)巧%石 of t川nυ陀e 川山阳'1'】l且拙M咐h罚 of P. haω川11m川E

t山h， 【 n川J<':、刊呐，e俨 n川n川llX挝tu山n肥e ('OJ且川1Ia副l川y川川n川t口川n吨l咱白 al阳M川川川，1扣on肘俨 enz\'1斗\'1n附K俨、 a缸『川M叫l 川Ildι.'<e (H-IO). lIow1.'\f'r， u�in只 the 自ame 川阳llJP rmxture to 

pn计1]('(' P. H'.仄刑肌" prot叩k、1，;， only 80.3% of trt](' prol叩!a-;h ，\"f'1俨υbtaÎJ川l. �illlilurly， 98o/r (Jf Inw I川此，，1山t<

of P. W'，且附汹�\' l四Id L附旧址atrtl hv ('J川Hle mixture of haclerial enzymes anrl (，f'111J1�N' (H-lO)， but using t怔酬附

!:'nZ\ll1<' ml吐1m呻l、50% � 64'/( �ll nw protoplu:.;t自of l' . }wÍ.lllrwn:;/.J \'WI1" obtain(�I. Th川l'Psults indirak叶剑Ih俨

('pll wall (明mj)()!;IIJl川 of P. hailαIWn.lt.\' i". diff't>I1"nt from Ihal 01' P. H'到Jf'n.llS. '11w 1)('1\肝凹lZyl口le to pntdw'( 

，rn1呐l-;h， 把 al时川阳明1es for J'. 11"阳wnSIS， hul如1ft!' huderial f'nzv川响)()r P. H'Z(X'nsl:" For l' 
'wÍlalle/lsis， u�ing tlw prolopla<吨ts J，乌olatf'l1 hy em:凹n俨mixtulT" 01' ab11loJlp PJlZ1111f' and {'l，l1ula，<e( R-IO) ， rf';.;LJ!t叫

ll1u{'h morf' hdc川arVOl'\'te and h胁f'r fUSJ()IJ rdl户than Lli"ing pm\!忖asts j"oJat刷1 h\ (.m，ytn<: mi飞turp of harkrial 

{'n7.\'!Yw;， and {'..Ilulosf' (H-IO). I Towever. thf' (明nlrar\陀圳lt同wel1:" o!阳irwd川P.H'工;oenllS

'11]( 民川阳山n of p!anl ('h!ontpla�ts i:、 mainh刊川口才led I川 1lL1('!{'arβ'Jl(';，121 丁lle lu，;iot】 pt'O(lltcl 01' P 

hailwl!'1l剧， 叶JÎl'h involn�tl <l n�1 and a wild t)'[If' pn川)!(l.'<I�， 出刊lo[附1 inlo a 巾H川raJ bl以If' with t刷刷叶lop.s

showing rrtl a叫wild type【olor， "，hil'h pml旧hh- lT"�u1t刊I fJurTl (巾'pl丛、mic fu划。IJ 11ml llO real nu('lf'ar fusÎ，川

ocrull1:"d. lll(' red hybrid plant ()f P. 1taÎtωlt'mis， whi('h IJad Iwo rhizoirl" at 1叫1，川Jds ()f the bladf'i"， 阳 al四

eonsidf'ff'<才卧π叩11 of a eytoplænic fw、iOll，f)pcuLI;，萨1I0J]{' ()f 11](圳ne 1池，01俨 appmr!'d trJ tt町blades regeneral('d fmrn 

the阳市)pla;，l� lIf il. l�oenz:>TIlf' aml)'悍的1H川('!Jromo，.onw 1川1:tl'Îor 01' tlw hvhr川i巾!ll� JJl尸缸川ωwn\'ù nf'f'd tυι 
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