
n,~At9IL~ilm4'tJ,1-".I1h~t9I\lill-l Lentinus edades (Berg) Sing vi'mL\l~tJ'l,Hl"rL;jU. • • 
'Wil ~ 'Wa 'iI tJ ~ ~'l tI LA a;~ u. Lot tJ m 'n 'W'::: ,,x Ln 6'1 (;Iii n 

.. ~ ~ - .... 
A W::: 'lVlt,n rn~ tot'i "t'rt'ft4 M N ),t'Wl'lY' Ina!! • 

TImiAm*, 2549 

ISBN 974-14-2696-8 

~ 'Hi VI fi'"lJiI.:J<ill'f,a.:J n HU),J,\",1V1 m -i !I 
• 



SELECTION OF COLCHICINE-INDUCED POLYPLOID IN SHIITAKE 

Lentinus edodes (Berk) Sing BY MUSHROOM CULTURE 

Miss Pachanee Uaraksakul 

A Thesis Submitted in Partia l Fulfillment of the Requirements 

for the Degr~e of Master of Science Program in Botany 

Department of Botany 

Faculty of Science 

Chulalongkorn University 

Academic Year 2006 

ISBN 974-14-2696-8 

Copyright of Chulalongkorn University 

491969 



-,,- ..... 
~'lllfJ'l"'U1U"Ufi 

i'l1'!11il'!l1 

~1~1ffi~t11nlO1 

_ .. ... .. <J . • ..l 
n1"""Lfltlni'l111"'U~L~~Wfl~ Lentmus edodes (Berk) Sing Y1\1n 

L "tim';1 'hI' Lilu"~~,, ~~u ... ou l"~~'iu 1.u m1L "1. t ,; Ln •• ~ n 

U1-1i'11'l~1I;j L~fJ;ni'l~fl 

"~n"'~1~.f 

ffi.~1~'1'l~1ffi ~n.1 ~iif'U 

• 
• N.'i"U1.1~.f ~"1~.n1ru~"1'i"u1i1'u ~1j~t,;ulJ'i"U1il"utf\)lJlJ;lLtlu~ou 

"~ •• ~.m1"nlO1'1~"i1'n~.nr:'U'U1~"1lJ",;; • 

.... ... ~ ............. "NIJ~"~'i"m~1~Af 
(~1~A1'l~11tl 01. L~U~"n~ L>JU.L.OA) 

......... F ............................. ..... Ur.fi1Un1mm1 

(ffi •• 1~'l")~1ffi '1.t11'11J'U-"~.) 

....... ~.~ ...... ~.~.f<:!; ............. m'1ffi~t11nlO1 
(ffi •• 1~'1'l'1ffi ljn.1 ~iif'U) 

........ ~ ............. ............ n"~m1 
(~'liou.1~.m1ffi 01. ilu."n~ .~~"~m;) 

.nA~ ~.nnn.nnn.n n"~m1 
(m.11tl ~;. ~~U ",\lAmn1) 



~'lIilltflfnfHJit : n1tftfllflfln\'l1U~uiL~f1'\.1tUJ Lentinus edades (Berk) Sing ~~m'\.lilU'lin 

1..tltlUYiflfiYiitfltJ,,;r'lULf'lflt;uLflUn1tlYi1:::1..tLnflflfln (SELECTION OF COLCHICINE· 

INDUCED POLYPLOID IN SHIITAKE Lentinus edades (Berk) Sing BY MUSHROOM 

CULTURE) fl. ~mnb1 : ffi~t1'\1\'1l'111"'11U l-!nfl1 ~Vijcy, 72 l1U1. ISBN 974·1 4·2696-8 

n1rinu11~Lnfln11Ofl1tJ~u~1Ul'll itfll"'f1'\.1tl~ Lentinus edodes (Berk) Sing ~'ltJLflitt;U LflU 

n1ru.1L'JIit;L~tJ'l<JIfl~ L"'fll1fllJ\'I1tJ~ui CUL07 4 )'!1l1Ufl\'l 11~::it1ULf'l it;;UL;rlJ ;rU 0.15%(wlv) 1t.~1i'l~ 

5-70 U1Y1 rifluLnfln11utj,-ll'JIitit1l1~ lfl\'l1uvTui 5M 10M 20M 30M 40M 50M 60M Uit :: 70M VI1lJ~1f)U 

,j1 L'ilitri"L~tJ'l\'l1U~ui S05 ,",1nn11l~tJ~ L~ultJ1U\'I1tit::it1Eltf'litt;UL;rlJ;rU 1.5%(w/v) djUl'lit1 10 rJU 

Uit :: S07 "I1m'JIitfll~tJ'l~l1Ufl\'l11it::it1ULf'lit'i'iu 1.5 %(w/v) lUUl'lit1 2 i'l'UJ~ ~1Vi1n11'V1flittl~ 
• • 

LU1UUlYltJUl1~ 11 \'I 1uvTuf YiU~1 40M 50M 60M Uit:: 70 M i1n11L"t1ru Ljj lJL~1;r~~n~1\'11u~uit1~ l;;lJ 

CU L07 4 LflEl ~it t.I fi VI f1-ilni1f1'l1lJl1it1 nl1it1U'VI1~vTu~ nnlJ 1 -UUl.h:: LEl'llutJitln1nJfutJt~~ui 

41U'luLfl1h1L'!IlJ"t1nn1nIlJIl1[Jl~mi-il~'it'VI11P1ul't1umt'l1..tL~tl111'h 50M Uit:: 60M fl1"tLnfl 

Yiflfl YiitflUv) 1 ~-il~"'1 n\'l1lJ11(1 VI r1 '"1l!u Lfl1 LJ.J L '!IlJ l;r d:lu~ 1U'lUtJ ?::).!1ru 2 1 Yi1'l1-il~41U'lULfl1 LlJ L 'JIlJ"lIfl~ 

\'I1uvTui~~L;;lJ ~iJ41U'lULfl1L~L'iI~th::lJ1ru 26-28 uli~ flth~hii~\'I1U~U1f 5M, 30M. 70M ua:: S07 

\l nYiU~1iJ~1U'lU Lfl1 L)'! L 'JIlJ~ i1 Pi11nfl' LPitJ~ nU\'I1uvTui,r~ ~lJ 

Il1f11'111 Vi~n~Pl1\'1V1f 
....... :'): 

it1EllJfl"llflU-.:ItJI ... 

\'11'111 '111 Yi ~n1'tPl1 \'1 V1 f • -' ...J 1\ , . . iw>Lc- ~ ~ 
it1EllJfl'llflfl1"111U'VImn1't1 .. J •. I!Y.v.--' ..••.. •••.. .•••• .•.. \) ...... .. ~ 

um,.",., 2549 



# # 4572409523 : MAJOR BOTANY 

KEY WORD: SHIITAKE (Lentinus edodes (Bee<) Sing )1 POL YPLOIDI COLCHICINE 

PACHANEE UARAKSAKUL : SELECTION OF COLCHICINE-INDUCED 

POLYPLOID IN Lentinus edodes (Berk) Sing BY MUSHROOM CULTURE. 

THESIS ADVISOR: ASSOC. PROF. MUKDA KUHIRUN, 72 pp. 

ISBN 974-14-2696-8 

• 

Single cells from mycelia of shiitake (Lentinus edodes (Berk) Sing) CUL074 

strain were induced by O.1S%(w/v) colchicine during 5-70 minutes cell division. The mutant 

strains were SM, 10M , 20M, 30M, 40M, SOM, 6OM, 70M. respectively. S05 culture from single 

celt in 10 days 1.5%(wlv) colchicine and S07 culture from single cell in 2 days 1.S%(w/v) 

colchicine were tested too. All 11 strains were compared and found that 40M SOM BOM and 

10M cultures had better growth than CUL074 culture. Fruiting bodies production had genetic 

variation and to be useful for strain improvement. 

The counting chromosome number under the microscope. to believe that the 

SOM, and 60M were polyploidy. From chromosome number counting were approximately 2 

times of chromosome number of controlled strain, which had 26-28 chromosomes. However, 

it was found that SM, 30M, 10M, and S07 cultures had chromosome number as same as the 

controlled culture. 
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U\'1 V1 1 

\1,,\11 

Yi"llfl,)lJlt.l'lit'L.Ifi1n.1"II1~;rn"::Li:lu~'t'itU1Uv) (diploid) ~~jJ~1t.!'lUlMllJt"lllJ 2 1Vl l-11n 

o m1LtJ~UU1LUfl~~1U 'lU Lfl'f hJ t 'IIlJ LnV1;u11'nil t.Jft ~tl n11 LL~Vl~tltl nYl1'l~1'\.I ft n'l:tru::: l1i1'l1 

LVlEJ L 'ilVi1::Yi'iliiYiflflU II (polyploid) ~'lil~1lJ'lU LfI'j' hlL'I! lJ L ~lJ;lJd:lUVlfl1tJ' fI "t:::;i1'l1U161"l1'fl'l 

L'IIfl a1Vl;U LL6\'IIt.1161l1tl'lYi"ll,r'l~UVlffi'lhU 161fl'lUVl~-3"l1 'iHtl'lltl1'"1"1::-:tfl;U",1fl 'W nl~ tl1"il 

m1-ntU~1nf"li1~:::fllJlt.1~'lU(;h.J1lJ1n;tJ \-1ffiihrm:tn::::;~~;U"1l.1Lt'lnt3n"l LlIU ;1'lhu"ild:lu 
~ ...... 'I' ... .r ......... ..1 

LPIf1'j'::Yifl'EltJ6I (tetraploid) "I::lJUJflVl'llU1fl ~""CYU.fl:::.,tw11 l'i 6l'llU (Allard, 1960) m'i1'i(ij.JU1'lfiYl 

'"I::i ml11\¥ Ln 61't'itlfl'flfl'fl u~u luYi'llfl1lJ11nii 1 L6ItJ n1'j' 1i~ 11U'li'l\.tfl1tJ'lIUVl L"IIU caffeine 

(Espino. 1979) LLfl:: oryzalin (Van l uyl, 1992) LL1ifl1'j'Lf"Iil~utJlJl;n\.llJ1nfi'EI fl11LPla'ii'iilJ 

(colchicine) 

Lflfl'ii"tiU (colchicine) d:lufl1'j'tf\il~ihJ1::~l'lti111't'ilun1rinu11"'Ln6lm1\~lJ~1U'lU 

Lf'l1 LJ.J t 'IIll 1~~llJ~'I!,.u'l1tJ'I! U~ bJ Li]lJt1lJVl11U lilt:! L 'IIafl1lJ~1lJ~lJ ft1rd'"l:::Yi11 m~' ill L 'IIlJ L ~lJ;lJ 
Li]lJ 2 L,,11 L~u'Wiln11LtJ~UlJutJfi~fl1u1lJLR,h.,L'IIlJ ugj,",:::ltJtT1JJ~n1'flh~ spinder fiber 1\& 

m':::UllJn1' utJ~il') LR~ ufl UUU 12.1 L(;l;fl\-tffi b.J L 'tI~ fl n11Utl n ~,)'tIt:!~ LF'!'lJ 1iii~; 1fi ~ 'Wil n11 

LPI~tllJ~'Dtl~ Lfl1 LlJ L 'IIll llJ,:::u::: U'tllJ1 Lrl fl Yi11mfl,. hi L '!IlJfl1ullJL 'llfitfL~lJ;lJLU\& 2 L "h 

• • • 
(Dermen, 1940., Eigsti Ufi::: Dustin, 1955.) LilUfl1ril'i:::~tJfl~'tIL'IIfitfYllhtr~utJ~~,)L"hu\& ~~ 

lTnuullH"tl1n1nmhlJtfl1 Utl~tit1lJ ~lJtit1lJ Ufi:::LUt1L~'tI~1~"I1nm1LYi1:::LttJ~L~t1L~t1 (Hagino 

..... ,-" 1 11 "",,~ • n .••• -J. et aI., 1978) mTllnl,\1 ~"'lJn11LYilJ'1lil'lltl~ ~,. lJ 'IIlJLYitl Llt Wli'l1tJVi\&~ ltlJ'VllJfi n~ru:::'Vlil'Vl1~ 

Lf'I 'fH!i ii"ltIlJt'\')t.U.J1mj'n H'nu~"II LlIlJ 
• • 

U9H LlJYi d:]lJ't"i'tl aYifltlU~1i uJtl fL oilJvlU1 ton fi ~~ n~1~ 

"' •• a" (';1" out,a. 2521) Lflu~u il11U~1lJtJfi 01 ,.';j'itln1ri n U 11'" Lii l1I't"itlaYifi'tlU il1lJ 

Agaricus bisporus ~'lULflfi:n'illJ 100-1,500 J..lg/ml LUlJL'lfi110 i'lhl~nu basidiospore t11 
"LvlYimfl91 ufi :::t'hU"ll'tl~Lt\ultl Viu Lflmn111;t~fl;'illJn1JLtJ1LVlYifi 1i'l91L"h,ru~ilunJ1ru DNA 

L~lJ~UlJ1nn~1fl1u-A'u~tltlwJ"fi1ULvl1vT'l ~~t11'"1LuultJl~~1Liifl'i1nn11L~~~1U'llJLfI'LllL"lIlJ 
Ldtl~"I1n'Jniml1~'ltJLRfi~~lJ (Handa et aI., 1997) 

Sarangbin Ufl:::~1-llJ~1lJ (1994) "'l1Ifitl~imhl~Lii!YI autopolyploid flU Aspergillus 

niger fl1U";lJ{ wu-2223L ;t'lULflfi:n;lJ V1U~1'~tJfitJfi:91ml1l'ilVllnlJ1nn~1fl1tJ'tiu{vi'tlwJ n~ 

1.4 L',;, Lde '~~1UU~Lfluu"fi~R1futllJ u~Lrleu1fl1u'tilJ~Yi'tlaVifitltJpf 111inU1nSULUlJ 

haploid ~'ltJ benomyl Viu~1tJr.:;a'Vlfir11'Vm1,.tJa9107f1~~lnnaulJ1\l'i1nUfl1u~u{~t:lul-l 



2 

L 'lil.!L~lJ LL'll ~~ 1'" L ~urj 1 n l1t.1tl j;1 m!i\~i.iln L ~lJ~ \.H titJ~ 'nn m 1L Vi JJ, '" LPl1L;.J t'lllJ hn"li li'i v)'''tl n 

film \'11 [Jliu{'t!tJ~UlA~ L~tJ'l ;]tJ-l nlJ n11tJ ~ ~ n 1Vl;~;1n L~tl ~ n L l-ItiU'lU lv1'ltJ Ll"lfl'ii'iiU 

Toyama us::: Toyama (1994) 'fj 1J~'JLPifiml~illlUl(/lLfinnrjltJn&1 L1uwh smaller 

nuclei ~lnn1rinu11~Liii1l au topolyploid ~'l tlLflft'ii'i'Wl1J Pleurotus ostreatus "tlnn~lJL~U 

..... ,....... .. ~..t ... 
Trichoderma reesei ~ltJYfUll OM 9414 ','jU'l1 f1 W'CI'iltJPl ).Jn11tJfI£fl cellulase wnJ'IIumtJu 2 

L'r'h 'iltJ~"'l[Jliu*~lJ LLtti binucleate conidia ~LtlU LI1I~1:::YifltJtJf1 'Wiim1tJalN cellulase 

L~lJ;U ua:::Lntnh LC;)lJlr::YiatJtJ~ U1tJinv,1v1'lULPla'ii'iiu O.2%(w/v) i8nf\f~9-lLiiVl multi nuclei 

~r.lflt1l cellulase l-l1nn1' binucleate LV1lJl1:::YiatJtJ~ L~lJ u\'! :::: ~Yifl:tJU'" LL"'I1I~luL,"t.l'll 

multinucleation technique ilri')u'li')ul-Xiinl1L~lJnlrtJa(;1 cellulase 

Toyama ua::: Toyama (1995b) 'IIf1fttJ-limll1~ LnVl 'Yi fl~'Yift'flEJ~ rlU T. reesei ~,)EJlf'1ft 

~~u 0.1 %(w/v) l'i11~LiiVllF1NYih~f'I·,hEJ micronucleus ~ijtl',)U1.h::n'flU'!Jfl~ DNA Lil~EJ 30% 

'!J'fl~U'lLf'I~maJn;; LL~Vl~1~L~u~1 nuclei L'v1~1nLilu aneuploid nuclei ;-.lfn'<l1.111t!1it!r::1EJ"II-w 

lun1r,hEJVlfl~Eiu transformation n~tJ DNA ~j:jur::1EJ"IIu~ltl11~ 'Yi ft1fl~11i 

Toyama LLt1I:: Toyama (1995c) V1~ftfl-lfnW1L~ulEJ Lentinus edodes (Berk) Sing 

~,)EJlf'1ft~~U~f'I'l1tJL;rtJ~U 0.001%(w/v) LiluL'lft1 240 of,)LtJ-l ~~nn.lI§j 26 gc 'YiU 

hyperpolyploid nuclei 89% 'II'fl -l Li\'ulEJ~1iVlCilftfl-l LLft::'Yi UL~tJLi'lu 96% Lrlfl Vl Vl fl flU~,)EJlf'1ft 
~tB'\.u;rtJ;ru 0.01%(w/v) LLttiLrl'fllitf'lft~;\'H;rtJ;ru 0.1 %(w/v) nftuYiU smaller nuclei 

Toyama LLft:: Toyama (2000) W1L~ulEJL.;tVl'v1'fll.J~~ninw11~d'lu autopolyploid li'lEJ 

If'1ft~tBu L;rtJ;ru 0.01%(w/v) LiluL'lm 240 of'lLtJ-l ~~ (\J'v1lJii 26 °c LLft::itVlLafln~1EJvru~~rJii~ 

cellulase 1~tJ1 ntJ1l'i1 n11V1 CIl "''flU PI 'l1 tJ'fl~!ii'l'llfl-l~1EJvruf Lilu41U'lU 5 tU 'Yiu~1t!r::: fI VI flfl1'Yi 

n11rJfltil cellulase lJ.JflCilft-l 

L,"VlwatJ Qn9' (t) 1~ LilUL'Il(t) LPl1M3:ri9 Vi~ '; ~ ty'll'fl-llft n~u~u 2 1~W'l1 m \l Vl LL "IItJu 'Y'tl~ 

ur:: LVI PI~ tJfl t11 L ~ Vl'!lUflll'tlfl n41'v1U 1 tJ ~ ~ft 151tJ1 n~~ fll U lf'1 n nf')'fl U1::: LVI PI ~~U ~ 1'v1 rut! 1:::LVI PI 

1 VI EJ L 11 L ~~9:::LitJvh n11r.l ~ til ul'fl b.l ~1] tJ1n ; -l L ~ fl'v1'tltJdrij:j'tl~'v1a1EJ~ 1tJvrU~~ L'Yi 1::: L~ 'fl~U l li;! 

1 Uflf11V\ LL'l CiI ~'tltJ Vl1~f11 f'I L'v1 i1'tl LLa:::f11i"otil:;1".t'flfln L ~EJ-l mU'tlt11flUUULLft :;:;u lliiil U l~ ri 'fl Lvi 1'!-U 

LLt1lW rl'tl Li'luvrufhl~;Ufl ~ ~1tJ~u~1a1 li1 n11-l n 1tJU1 Uft-l V; n 1'v1UCiI Lilu 'hl'v1'l~~ 1 tJ ~1tJiil ~ 
0Vl!li Vl tJ1 H L 'Yi1::L ~ (t)t.1'tl)J LLfl::~U1 L~'tl'tl'l fm:;!iiU~1fl1tl11vT-l n ~1'l H i-lVl1-lf11 PI 1! U1a LLa:: 

L 'tl fi"!lU~-ll~'Yi tJ 1EJ1tJ"'~ n L~ m~'<I:::f'l~ L'lI1~ n11L i'n::: L if vm~m 1 U"lI flU 'hl rl'il LflU 1~'Yi EJ 1EJ 1tJ~ fi1:t1 
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t!:1'ifln1HVil:::l-Mfl'\-lfll.J lu,pYifl1f'j~n ~'l[Jn111-ril~tlu hlL~tJ'titlU (u1'lVnn) LlIu<)~V}L.,.n::: 

Vi ffilJ~'lu fut! t 'li'!1uliu i li~ ~"',[)lJ 1 iii'! 1)-111(1 LVi 1:::;\.1 1~ u 'I'l11 1Yi \.l 'l!il. ~ 'illJ~nU~ lJ~ ') hJ ;'l~flYi 

l~tl n n!l~11~ tJ fi ~ d~lu~ti 1i'lt1 19 ~lJ f\ 1Yitl~",::;.,; ') n11 LVi 1::;1 UL iO'ln 11A'11~ 

mt.111~ i?J~1~U\n~1U'ilP.f1 i'lrnuulJ ::;Lf'lLl~'1"111~'II'El'l1..h:::LYlf'\cti~'WYi1n1114'uflnf1f'j11"'l1n 

L ~ V1M'il)J Ufl::: Lit U1~n 3-4 "II n!il.YiU~1ili'l1 riifl12.J11(1 t'i'il,lhUL 11 'iJ'I'il n US:::lJ::; 1." (~V1fil'l'11tu Jlrf(;l,J, 

2523) Ufl:::i1f111~1Pl'll L'tiU Eritadenine ~ill'lrufllJ1J~ftVl cholesterol lULfl'Elfl (Saitoh, 1974) 

Lentinan 'li'l[Jc;!tHliluLd'El'ltlnufl::;l.J:::l1'11f1tJ ·,hnuL~m;rf)'1nu T-cells (Chihara et al.,1969; 

Espino el aI., 1974) Ac2P 1i'ltJt'ifl~lUhffl (Yamamura Ufl:: Cochran, 1974) Ufl::;Mushroom 

RNA ill'lrufU.J1J~(;\flcthubffllUltJinul1i1'i'lr,'1 interferon (Suzuki et aI., 1974) d:Ju~u 

PJ rufT nMru::Yl Lf'I'ttYl ~ 1 f) 'l!~ nflth'l ~i1 Lit f1\l',[)).J i1 n ~'U'wa).J L 'Uti 1::: l'l,) b.l~19:::~ ~1 U~f11'r'\ V1~ n~ PI 

.. ".J ... J' 1 
\l'ffifl't'ln ~t.1-l LU't'l-l91nfl11 Guanosine-5'-monophosphate (m'UuVl L~fl(JI1:::Qfi, 2532) fltJ 

un~h,"f1WtllJLUULl1P1~'Il'EllJ~ru\-11Jn~1 LPlu1u1:::U::: vegetative growth L~'U1u9:::L91ry~~ 

~ruWJjj 20"C -25"C ~'lu1'UtttJ:::,[)'ElnPl'iln\l'1'E1 fruiting tt1'il-lm1firu"UJn~1f1-l1tlt1n i-lU . . ... ... ..,.... .. 
tl ru\l'1Jl.J'Yl L '\.1).11:::fI ).J"il'U'El ~ nlJf11Ul'!UfI 

tl1).J1'"l1n~1-ltl1 ::: L'YIf'I ~-lL~lJm'"li1ftn:t;ru:::iI'il nLl.f1:::tJatJ Htil~ Ll.tiiL~tN"I1nLilufl1tJl1uf~~WJU1 

lJ1 L ~'tl H' L 'i'l1::: 1 Ufl1l1l'! LI. ') II ~tl ).J"iltl-l ~1-ltJr:::L VI f'I ui't'lUl).J1 ~ 'i'l1::: 1 Ufl1l1Vi LI. ') IIfltllJ"lI't'l-ltJ r ::: LVI PI 

I'll U~-l i1t'llll'i'l LL ') fill tl).J~ l1i1-l1tJ nt119Vh 1 '" Ln r~ ~11LLtJ11v1~-l1 U~lU~nJ1llVi u,a:::CJ fI tJ ~ (JI \l'\.bu 

tJDlJ~m r'lroitlLtifl IllPi'l'lll'f1 ~ n1<tf'l1 ~ tilT Pi N:::'lV1m f'llfH11 f ~lilf1-l mcU)J\l'l'lV1UlaU 1;; tJ i\).J 

~UfU,fI:::Plti!Lti'iln~ufLtiV1'\.1f1l.Jl;;t'l1tJl1u~~iJPI,)1l.J'YIuffiuL~lJ~u~'t'l L~II\l''t'llJ't1uffiu\'lltJ~uf 

CUL07 4 L~UltJt'l1l.Jlrf1L"l?ry lli;\~~ru'\.11Jjj 26"C-30"C u,fI:::ml.Jl1f1tl'ilnfltln l~~tlruwJjj 

220C -26"C (fl't11lV1rrru 11I'17lJ1U LLfI :::PiCU::: , 2530) LLtiiPl'Elm~fli1'11U1f1 Lfln ~-lPl'l1UllJ1ufutll-l 

lJl-lPlf.:JVilJ~1b.lt'l1l.J1nlLnfllltlmtill'tJl (Lilumr'U) ~-l wJd:l'LJ. dikaryotic mycelia LLft:::iJflf11Vi 

m1 L "I?ry'lltl.:J L~U lt1 1 'LJ.tP~ L~ tltl L UtuJ n ~ n lJIllJ n 11Y\ V1f1-'[)lJ Pi') 1lJfl1)"J'Wf11 um nn II flfln~.:J LiJu 

~.:J~l L U'LJ.LLf1::: ~tl.:J vh ntlumrPl VI Lflfln ft n :t;ru:::~u "11 ntr'LJ.~-3Pl II L~tl nt'll U~'LJ.~ -l1~ CJ fI CJ~ (JI~ 

(stability) 

(su bcu Itu re) 11.1 ~tl1 1 u'li'l .:J L'l fl1 ~U1'lUlti~ 'LJ. LLft:::'YI IIfltllJ PI,)1lJtl~ l'l,) 1 'LJ.;;lUmffifl nV'l,[) n;1.:J 

fll).J1rmmUlJ LYitJlJtJfltJfilJl'll'il.:J culture fu\l'a.:JrilJ culture ttlu.m L~"iIt.11''El1;!mritJ')rilJPI,)llJ 

LLtlnh'lu'llfl.:JflltJ~ufL\-1fh~ 



4 

. . 
Fll.Jd'U lIlJVl~l.I111 (2545) Y1f1fltHU1L'!ItufLf1t1'l1Jt1~L~Pl"t1)..J~1tJ~ui CUL074 VI~Pl 

Jl1 Ell~ nat1-t'1flYl11f'1U lJ1i 0'11,1,.. Lnfljj,) LVIi\/' (mutation) LPlU\ltJ PI fl11fl~fl1tJ lP1fl~:au 

1.5%(w/v) vt1.J'htfhnru DNA flPlfl-t"l1m~lJ LiiflLtiWULiiEJ1Jr)Pln11~Pln~UFl~t.lU~ -t '!l'8-t DNA 

(OD
26Onm

) 1Ifl-l Lt\' u ttl d~ fl"t1]..J~-t d:ltu \1 f;J tJfll \\ L;fl1~~ 1L,",fl:a:aU hi L flu '! u~nPJ[UtUJ1J~imh 1,.. 

Lii6l'ritlfl'rifltltJ~ Lyhliu u~tT-,1im11li(Lnfl aneuploid ~nli'ltJ 

ti'ltl'l.ln11'\h Lfltl. ttl L \1fl"UllJ~ Liluvttlft'n flt1U" L dfl'l"l1nn11L "tiEl'lil1~'lEJ Lflflon.UlJ1 

RVI lfl'Elnfl1fJl1UflfltJ ~ nl;1 m1L'"IlqJ"DN1::u::: ~t\'u ttl fl'l1lJfl1lJ11tll umnn 11I(?1t) n r:::u:: L'lfl1 . . . 
" """'" .. "I1U')ULLfi ~1""un tiltl nVltlQ'I"lI Lflt1tJ 

"lIU161 Uti :: f'I'l1lJfll.J\!1N'!I'tl'l fI'fI n n11V1 PI \'IfllJ n11L UUYitlfl Vi fltlEJ ~ 1'llJ~.:J Wln'l Pl\'lt11JPI,)1lJ t1~ ~'l 
'!ItN\'I1tJ~uiL~tll,nlll1u1fV\;1ilPl'l1J.JPI-1~'!IfI"\'I1[J~\uf~'1LuuiU~flU"'~'11un1m~U1\'11Ell1Ui 
L~fI"tllJ 1,xj'j tJfl tJ ft LJI~ii;u luVl1,J Lf'lnt~ii"llll 
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m'ifJI'i1'"1l'il n~1'i 

~~~t.l'fl~ij;'El'Yl1~~V1EJ1t'\1i'lVlf';h Lentin(lS edodes (Berk) Sing ",1a Lentinula 

edodes (Berk) Pegler (Pegler, 1983) ufl :::il;fl':nlTcy (common name) UfJln(;h:1I1'WVl1l-Juliifl::: 

lh:::LVlf'lL"Iit.l f11'!i1~wGun (5EJLn (Haeng-Ko) [)'1hl Ln1",~l1tJn ltlLn::: (Pya-Ko) ll1M1€,mq1't 

L1tJn Black Mushroom 'ZI1'Ull1'd1r1i~U~'flrj1L~ttl\l'fll-J;'U'fl~n1JbJ41Vi1n llTIi)f'I ,.fill 1~ria~ 

GtJn~1 tmfi (Shli) LLfl:::L1tJm,"fl~1 vmn::: (Ta-Ke) ~.:jrn.mL,"(f1",tl~J1 1 Shiitake (t11\.1l..l1ll L~tl 

.'"QO,2532) 

Kingdom 

n114'11I41U'WntUJ'Wl"'~''fl~L,"11I\lfll-J (Pegler, 1983) LUUv1'1n 

Myceta 

Division 

Subdivision 

Class 

Subclass 

Order 

Family 

Genus 

Species 

Amastigomycota 

Basidiomycotina 

Basidiomtcetes 

Holobasidiomycetidae II 

Agaricales 

Tricholomataceae 

Lentinus 

Lentinus edodes 

a mtCU:::'Vl1~i' CU ,;P 'U.1V1 !n'll'il~ L ~ 6l,..i1lJ 

1'1A;!Yi'll'el'U~ riI\1 'el~u.t.i .,1torLijU 2 'i::: t1:::A'el @~~1 lR'Uiln1qJ~ti , 2529) 

1, '"U",i\'ULU 
ul'Eli'i1.Jtlf (spore) Qn~~'EI'E1n';nn~'El nL~~u.fl:;i'li'ill1 'l :; U.'l~tt'ElJ,J'Vi l'm.n:;i'u.Jlii'Eln1'N'Eln 

"i:;.:J'tlnL"1jry~tI\.lL~td1m':;u:;~ 1 (primary mycelium vtr'tl monokaryotic mucelium) i'l 

il'lL?lfi'tJ'i'lU.UUu.lIl1~'EI[Jii (haploid) 'Wi'l clamp connection dj'ElL~td1ur:;t1:;~1 ~i'l\),')L?l~t1'i'l~.:J 

i'l incompatibility factor FllJ'i'l:;'!IU(i\).J1 l1Untd "I :; iin1r1')~r;l'l"tl'El.:Jl"l!t~ l1 'i'l1'i'l;).Jufl :;U'l LPI~t1 'i'l 

"I1m"ll'i'l6vt~.:Jlt11'l).J'EI~1'wiinL'!I'i'l'ifvt~.:J na1EJLih.n~t.!1m::t1:;~ 2 (secondary mycelium vt1tJ 

dikaryotic mycelium) ii'i'lll1l'jLtllJ dikaryon (n+n) ~ffi heterokaryon i'l n11'i'ln.:J clamp 

connection ~lJ1td'!lru:;~iin11lLu.:JL'!m'ifu.uul~t(;1;\'l (mitosis) l'h1~L~ult11:;tJ:;~ 2 t uU.:J~'tIa'if 
.U1u •• nhl1li,i"u1 

2, 1 :; tJ::P1'E1m~f11 



uj't!~1l1Yi U 'l (;1~t1 J,.J ~\U.n::fllJ liitl n11LnflVlfln ~~U ltJr::;tJ::;~ 2 '"t:::l"))J fl'l Ii\un VI d~u 

VltlnlUVl ;,nh::;n't1lJ~l)tJfl'lU~h~1~~d 
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2.1 VllJ'lnfl't)n (pileus ",111 cap) n11'1ut::lJ1N 5-12 l'DU&iUJVl1 OpJh'll,+U9Ulii'tllJ 

UUU111J ~'lU"''1 fl1luflatlu'fj'l (cuticle) iJ~~1j;11ftt1t)nUIiI'l ~'1LL6iU"'1.eflU9Uii'HL(;hHt).J ~hfl1"l 
UUmUU1tH L ~tl fltl n 1 ~61mht1'l".i1flt1n~J1 V!1fll \lUll'ltu 'tna 1ti'lULPlflfltJ lj'l 'It! n~ilfl1!J)J1n . , ... .. ... , ....... , , 
9:::lJLUtlLVlUEI'ln'l1flflnYltJ'I't!t)ut11J 

2.2 fI-ru (lamellae) Lilufl'lu~t1~'~\-I).l')nVlt1n iJ~'b1'l ujtJ'Jnnr:::Y11Jnr::;~V1t1W"lU~1 
... ... .... s-

",1ljtJ\flnumULLUU 

adnate 9'UO'l adnexed 'bfl1Jil~m;ru:: serrate '"IUO'l denticulate fihJ\.n.,mJr.;~J1N 5-7 

bJle'IlJ.' 
2.3 r'hUfltln (stipe ",111 stalk) tJ1'lUr.::lJ1IU 3-5 L'IIU&iLlJl'll L«l~huf!!uuntn.:J 

lb::;~J1N 8-13 ilftfhl.Jt'l1 'IIU1f1LnfluLYi1nUVlft't!t'lfl'l1lJEl1'l'bfl..:JnTU ",ffi'fl19'111.11f11V1nin~1[ij'N 

Lflt.!FhlJ L;1'8 u.;'1 I.Lft::: LvtUEl'l 111L'lCUEi'l r'huO L~flU1'11 PIa 1tJ'IIUUn PI fll-J 

2.4 Sn1=HU::1Jt1-lfiUt1f (spore) 1l1tlllJd1t1~~fl1Jfl-l f\rutu~flm-a~ ~-lutiifi::~"lIft~ 

l.h::nflU~'l[j fi"fl-lU'llf\~ [jft "t::ilO111'J2JOlJ"lIfl-lU'l tf\~tlfi 1~u'l Lf'lfltl ft uuu t)Y4ftt1tJ ~ (2n) ~ 'flvn:: 

L".IIflflvi"'l ::ilO11L <·i1'l! hhuu basidiu m L vh,ru Uft::Ln ~ n11L1.U-lU'l Ll'lfltJfj UUU b.J lfl~fi (maiosis) 

l1uVi lmiu'lLf'I~m'l L"tfryLuufiut1f~-l(ffin~1 L1Ja~lflfttJflf (basidiospore) 1Jl.\1fl 5.5-6.5 x 3· 
, ' -I ... [' - ... ...... .. ~ ... 3.5 IJJ f'lm.J!1I1 l-Jp..!'r!"] subc~/!!r!dric r!cr!amy!oid ~!'"Jt1t!lJUfl::2JtJlJ-l1J1-l \-1U·HU"ttLfltJ 

(basidia) n~luil.l •• ,M 

n1'iilli1-11~t1'i1.f u.~::~n't!tn&::~t1'i1f'l1'i1-l~,"Ii'I\1'i1l1 (Alexopoulos et aI., 1996) 

f11tl 1u1ilt1L~fl"llt1-lf'lru 1lJfl"flnL~fl~tjh'lnuU"fl L~fld'llJ Hymenial tissue ~-l Lll'1ft::L"llfltl 

tJ1::nt1U ~'ltJ fit1-lU'lLf'I~ tJft~ ire n~11flf'l11t1flu (n+n) "::Y11J~1il O1mll OU "lIt1'lU'l Lf'I ~ tJ fi Llt\' 'l 

nfl1tJfif11Yi LtJ~ tJlJLUlJ~Vi flfltJ ~ (2n) lfltJ'"I::Ln fl;lJL 'flYi1::L"llfl ftvi"t::il O1lL"t fry 1tJ L'UUL1J a L;\tJlJ 

L'Vi1t!U n11f111-l Llfi::li ~ U 1 L1J ~ L~ lIlJ Llft:: L1J a ~lt1 fiUt1 f Ln tiI;ULnt1 L'II fttl ~NtJfntJ cilJlJ'llJV'4t1-l 

flt1n L ~ t1~1"'U1~ LUlJL1J ~ L;im.J Llfl::ib Lf\fltJfi.,r-lftfl-l1Jt1-l L 'IIfltl l1INtJfl1tJ~1'llJ 91'lnuLUu~Y1 flt1tJ ~ 

(2n) ~-lU'l L f'l~tJfi~ LUlJ~Y1fl 'fit] ~~ '"I::UU-l9l'l uuu htr 'fI~ fil1uVi"tu LAn'l Lf\flU ft'llU" UlIY1flt1U ~ (n) 

41U'lu~il'l LI'I~ U fi Ufl::UULUa L;im.J~Lnfl r11uJU1 (sterigma) 41U'lU~tTlJ;lJ~'lU l61tJil'l Lf\~tJfi 
,\',a_",e~.u~,';'iu.~iun,um.,d .uiu~q",e~.u~'';1iu.~iulu.'l •• u.ni'',"u1;u 
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(basidiospore) L~E1'ClU~f1I'B'>1Ll1(111nU.J~LiiVl~lJ.t~u.,r'lhj"i::ii'!lU1P1 5.5-6.5 X 3-3.5 b.J1MLl.Jtfl'J 

ilpJh~1 ii'lLWULLa:::iltJu~U1-lLLa::'111'll.nn lV1ufl'l'L.!l\Hllll~,uUaL~El (basidia) ~:;n~Luaiiil'tl 

~!l"f 

til Utl ffitl lIl.hu'!Itl'l L;'ill1~lI~ VIm n"l1ty L~lJ 1~ 1'111 'Yl V'l fl 1fllJ"'l ::il~'l1l.J\-1U1 LL tiu tJU-1 

lIt.n;u.LLfI::::-t1tfl11LlJtfl1lJtlfi;lJ Ltlulutlth-1~11 n1Nt1mjtNfltJ'Elfnjun1nJ-1~(\'l n1'JGJJil 

tl{jffitJ11J1'E1'UflU'fI'l'll'B'lflU'fIftil'il n11Ln VI tha II us ~'lJJn'"l::;LntJI;"\1..'~'l41j1 n'll 'l 'l'J::El ::~nl.'1'l n1 Ntln 

~tl'l011f'1'l1lJLtJ~E1uLLUtNlutrVl11"11tl'lnr.::U'll.m1rUJtfl1Uflfi~)J ri 'B\..ILnVlO1Nt1nt1tlm.nl14Ll1"u 

'IIfl'l L~'W lEl"!1 ntuJflf 

O1Nfln"Ofl'lflUflfiln a 1n ~'lli 

1. fltJtlfl~fun1'Jn"::::~u""n[l1tJUtln ltflEJ~'lltl41j::: Ln""I1mJ{jffitJ1~(ffin~1 rehydration 

lVi l1:::flUflfpifli'hu~Qn dehydrated l1'n":;~nnr::~ulli'l'tlnl@141j1n~"n,"ffiPl'l1lJ;U 
2. fltlflfI!lVloiuJ1L;1luLLa:::LllJLiiVlmtvitl'lIff'l;U (swelling) '"IUJJ"llU1flUr.:l.J1CU 1.5 - 3 Lvi, 

'!I'EI'l'!lU161L~1J "'~~"t1ntltlt1mt1~J;i''l;UUfl'H'1'''1:::1fi~ germination tube L~~f1:::q~.fU~tltlflf 
tlfln1J1 

3. cilJih-Au LEl u f1~tA''l'" ::~flt1 n1J1 ~11J germination tu be L U(;ltlUU 1n"l ::d:lUl '!ifl ff~il"'fl1El . , 
il'l\fI~tJtl ~fl1J1~~il~11~1J1nuvhLm""L-AuLElYiiJ 1 il'lLflam~~tll L'liflff 

01'i'u.\J 'i'erU"JI'tl~41U'lu1F1'i't,iL'liJ.J (variation in chromosome number) tl1J1f'1lJ~UflPl1tllJlf 

LLti~tlr.:LfIP11",tJ (2546) n~1'l~~d 
mntl~tJuutlfl~41U'luLfl1LlJL'Iil.Jt11"1Lil1.1mn~1J;1.1\11flflVlfl~ Lil1.1u1~uvi~ 

(aneuploidy) \11fl\11tJltl.x-~1l""LPl1LlJL'li1J (monop!oidy) \.l1fl l~lJ;ULilullfl (euploidy) "t1n 

411.1 'lU;''(1 flfltJ fftlniii i1 ~fl m:::",u ~t1tJLU l",u~ Ut'iVl~flfl n 

1. Aneuploidy Vi1Jl~lu.Yl·nJ1nnt)1LuifJl1!lU1JU~1~1L'tI1.1 

- nullisomy m'~'lIL'" 1"'1~1'~"vi.1.11!l,f. ~". "vi. '" bJ;j';o"~ul",l~l,~"vi. 
,ru1u:;lu~ (2n-2) 

• monosomy m1~'YLaEJLPl 1LlJL"II1J1tl 1 uvi-l fI-lL\1fitl~Lfl1LlJL'Iil.HYlmuvi-lL~tJ'lLU~ 

lu~ (2n-1) 

- trisomy n11~Lfl1LlJL"IIlJL~ 1J;U~n\1d.-lu'ri-l"'l1n~iltl~ 1~1J 2 Uvi-l1')lJLilU 3 uvi-l 

(2n+1) 



8 

(2n+2) 

2. Monoploidy lUfi111J'li1~ihlfltJlJ1n~UtH"t'nn'1"II1f1tiutln~~"t::";1""U1~U6lU-3~fl'lit1..:JUU 

fl fa bJ i U VifltlU ~ 9>1 J! n (;l1 tJ n'tlu ~"t::(;1'n"V1U ~ 1UL Vi '" i U LflU'D,)111l1Y1'NYl'll l~u ,l-1a-n mni, 

monoploid J.J1tl1::tjnttl L'!iU n11LYi1:::L~u,aitJfl::flfl 'H"~U~'lL".tiEJ,)u11~vrlil.n.'nLtlu~\d ';:;'I!~ 
Ln6'l;u~-1dju monoploid 'UI:::tl1"t";1n11n .. titJ'lu11-Mdlu~uYl'llf1Vifltl[JC~Ltli~1'111nfl~'lu~1" 

l.a':;" 
3. Euploidy r.;lUlJtfl-1~-1ii;1tJ1~r.i1U')U'lj!11 LI'ITLJ.JL'Ill.JUtl'iiflflEJttlJ.J1nnrJ1 3 ~u ltJ(ffinrj1Ln~ 
Vi tlttVifltl[J(f) (polyploid) LV1tJ~'lltJYl"!liin 11Y1t.U1ifl m ,. j:jYnl~Vi fltl [J fl1~ nrJ1i (;11 Ufl::: Liifl;U 2 

LLUU Lflu ~1-1 n Ut1 ~~ U. "'fl-1~lJ 1't1'f1-11f1" 1).1'( '!IlJ 

Autopolyploidy L'liU 

autotriploid mf'l1L).Ji"nILUu AM. Ufl::: aulotetraploid LUU AAAA Lrit"HVluurilJ~Vifltlu,,~d1u 

M 

n1n~lJ~1U'lU'61d:lut'lfl-1nh 
allotetraploid 

MBB ""n1Nn1"ilu 

Autopolyploid Ln6\"11 nn '"I n ~lJ~T\.I. 'l U iPiT LlJ i fDlJ L i1Utl f1-1l vh t ull'J-116l1'11tl.:J'l.:J'ii'i'l ,.. 'ttl 

~1"1ttl'l[Jn1n,..titJ'lU1~'lEJfI'l1lJffiu fI'l1lJLtiU ,..r~H"l11l"n ~"Ii t.l t"a;n;nt.l t~u tetraploid ,rnbJ 

dl"~>1',, (l~'hdl",~~. hi) ,ct.,,"n 1"'I~l.~ii~';"l""'I.:;~';"djulul •• ""~unii "":>1'n 

fl.:Jr.Jfl1~iJ'tIU1f11,..rU L'lit.l 't.l1(jlUlflm-i1"!lt.Jfl1"'rU~t.I "I1nn1MlU1U't.l1111'fl.:J~'Ila~ hn'lin~1t.1'lt.l 
L"Il fl tf L ~lJ;t.I ~.:Jn11' lI1U'tlt.l1 (i'I ua:::n1'lLUt.l,..,rt.l'bfl.JYl"ll i1 ~ (Upb VI').J n11"'1 L "Iit.l W"lI tri plOid 

'tItl1.J~t.ltJf.:J n~'lU ULJI.J tlJ Ufl:::UflU\Ufl~1"'fu t.Jfl fJll'lt! n1Mlll1[J~t.liw"lI~tl.J1oQrj~n11b.ifl1~U 

~'i'lf'l tl"llm1fh~d:]t.I tetraploid L'lit.l ti'avhvh muvl O'lfl~.JUfl:::Uflthtlflt\1U~uiUlJfI~U'YIfl"ll 

~N~).Ju"itt1l!l-k~ \tJ"II'il~i~ij~(ilYiiliiYiail!lp. (Dnyansagar, 1992) 

L6'ltJtt'lltJ~n~::: LU1tJU ditJu~.Jjj~~VitlflViSfl[J lifnu a~jj~ l'1 ~VifltlU~ t1I1lJfl nHtu::n11 

ut\ fI~tltl n~ lJtl>3 L~t.I ufi1t.1f1'l1lJ"I7>3 n11L ~lJ~t.lttl>341t.1'lt.l Lfl1 LlJ L 'IIlJtl1"n (.I a t'itl,r~ n 11 

LtJ~Ut.lUtJ S.JflnHCU:::Vl1 ~i cu 31t.1ua:::ft' n1:tCU:::Vl1>3 n1[J1l1Vf utJi n11ltJ~tJUUtJtHVl1~ n1UIl1Vi,!t.I 

911')"1 flflU 1~ f\flU' 1 >3tJ1 n 



1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

12. 

... ,,, .... "..t 
J.J ~Un'l1~ l-lU1 Uft::L'ilU'lL'tIl..!'il'W 

thn lu'tl'tl~yj'll)jnil'llul ~ l'v1'll;u 
'ilU~1J.J~1~uua::lu~::~nUft::'vIU1Un~1 

"lI\J1f1 u.ft:: fI'lll-JU~.:jLLN 1~tJ1'llJlItJ~~Ul~lJ;U L'IlU Nicotiana 

'ill..!l"'f1'tlnUft::'i'l'l'\.A'!ltl~f1tlnL~lJ;ll L'liU Chrysanthemum 

~ ...... "t'.r 
fl::tl'tJ..:JLn~rl1l'l ~lJ"IIU1'" 1'vI,\!'D'W 

. , . 
~lU'lUfltJn~tJ~Ufl"'fl..:J 

~'!Il!nil'n~lf1rJflhH\j;u L'lIl.! LLLflthDfl 

'ilt.ll '" U-l~ {iU! nil'llU1 fit 'vi r0; u 

Yi'tlfllLflm~l (xylem) lu~1~uil'llulVll",qj 

il'l LFlflUfi il'!llJl Vll"'qjnri 1 

9 

13. m1Lnfl~tJiiVi flfltJli iltJfl~'tl"''l1)JM.J\!1nr~t.I~'!Itl..:J~..:Jjj~(ijIl'm m'"tilfll'l1lJFJfltl n~lu 

n11 UU..:J L'I!fl ff LLU 1J 'bJ 1 tl~fI .,; 11" LiJU"'lJ\!' ,rmJ futJt..:J.,.rt.uftl"ll~..:J lith:: LU"IIu1um 1f111'1f11 uriuf 

ii."", •• "u U",l~"uil""'" ,flu"u 

ft miru::VI1-lfi r1!7iYltJ1'11 'iN a'lil:rri t'lfi tlii l'i fltltl f11f1u.,r'l 11.1 Lritl LVi tllJ riu iiYi fltltJ f1 (;l1)..JYi il ~6-1 LnVl 

• YiU Flil 

1, ~(fJ11n1n'"tt'YL~ul91'!l'il-ltl"l! autotetraploid '1011 

2. 'tltlnVltln-nln11 

3. tJhnru nectaric L~)..J~tJ.1tJ.)..J!a;'ilLl'lPI tetraploids 

4. tITmtu ascorbic acid Lyj)..J~tJ.1tJ.)..J:::L~'ilLYlP\Ufl:::n:::\-1~11.lii tetraploids 

5. tIhntu alkaloid LtiltJf'J)..JL~ll~tJ.1tJ. autotetraploids '!I'EI,:j Rauvolfia serpentine 

6. Na Ca K Ufl::: Mg iJLl.l'ElfL'IltJ.1JI1fltJ1'JllL~)..j;tJ. u!ilfnfiull1Lfl1tJ1 Ufl::: S n iUfltilfl,:j 

7 . ;i1'} LYitil tetraploids tiU~1 40 Ll.l'ElfL'tJ.~1J'EI'lCJflCJfltJ1 mmiJtJ.L~ll~tJ. 1tJ.'!Itu:::~fl~tJ. 
• 

tetraploids jjtfhntu riboflavin Ufl::: pantothenic acid hl!il1'l'ij1n~Yifl'EltJ~ 

8. 

9. . , 

. . r ~ 
osmotiC concentration 1J't1'lL'IIflfl\\,:j'iltJ. 

tIhn tu~11 tJ.L"J! fl 'if"'!::: L vill~UlJl1l.J'IItJ.1 til'!l't1,:j l 'IIfl'if ~'llh 1~i:i ~,)1llI11tJ.111tJ.m nlltJ.~ 1 u;j,:j 

tJ.'t1tln'l1 



1. ~'Bii~~'BtJ '" R'B~~il;pj~~il allelomorphic genes ~J1nn~1fl'B~ 

2. alloteraploids ilfl,)1:'HflnUfVI1~~u~n11:.nJ1nn~1~y(fl'BtJ"'Win::: m1u.tJnnu'tJth~ 

t1fl1:::"!I'B~LPl1L2JL"lI)Jlu autotetraploids ntJaH' recessive types nfl,)1).J~1umnnf1iifltm~1 

3. trtJl11m1nfl1tJ~uiii'tJtJn~1f1y(flflU~(;l12Jl-lan~-r(ijJU1n1ri1nft1,)~1 fli];inln41U')U 

1"'1~1.~~"nn1"Qn~'"'N"1"dl"flil:;Jfyji1'i1''''''"m'~'n1" 1."i'i'~i141"o,,1",I~I.~ 
2J1n1~niuUH31U~1~n"~1n~Yl'l!'l!ilf1~U~~2J41U,)ULPl1L).JL"II)J;U~fl~ l-l1flLnfl"l1nn11~fl2JntJ 
Lfl1UJ l"ll2J'lIt1~~'II~U 

n,~",lil,"lnIilYi'iliiYi~'il!lr;t (fl1iril1"!1tlL'11qj. 2538) 

U-ilwnn'tlflii Vi flfltJ"'~::: ~n fI;U U\ ~t1~ (;I12Jfi112J'l!1~ Ufl,) U-l-il19 Ln fI 'tDl'1f1tJ mnnu11 ~ 
Lnf11VltJ2J~1ffinr:::";11~uri n11L-nf-lfl ft,)12J1flU fI,)12JLtiU (environment shock) l-l1tl1tJlum1 

ethylmethane-sulphonate (EMS), N-ethyl-N-

nitrosourea (NE), N-methyl-N-nitrosoquanidine (NG), benzene paradichlorobenzene, 8-

bromonaphthalene. 8-oxyquinoline, 5-agacytidine, nitrogendioxide ua:::u1,hLU.Jfl-l1J1-l 

'l!UfI L'llU lindane LL~fl1nftil~ilu2JL-nn'Uflth~uY(1l.Ifl1tJ~f1f1~t1 colchicine 

m'i"i' n 'liil," Ln 6'lYi'il iiYi~'il!l r;t A,)!1 tFl~~;n\,l (colchicine) 

1ft fl~;U Ltl'Ufl11L11il~ihJ1 :::iI "'fif11Y11 umn nu,l ~Lii" m1L ~).J41U,)U 1ft1 12J 1 "!I2J 1Ml 'U 

Yl'll'\.1fl1tJ"!IUfI '\.11;'BJ1tJ LLfl:::~~11'l qj ~-il 'W Ltl'U€'U~ntJ~fl L "II~ fl1 U~1U~'U1 1fl tJ~ fl1~9:::"; 11 ~ 

1",1~1'~L~~dl"fl"L~1 1."m"1uI",I"I."1>iL~~~".~.' li",""~.rIJ.r'm"';'l!'"' 
spindle fi ber 1 un 1:::1J')'Un 11 LLti~U') Lfl ~tJfl LLUU 'UJ 1 VI; flM1tl bJ 1 fl'Dfl ~11~n11utJn ~,)"IIfl~ lft12J1 

;;'';10' 1>inm ""~""~."' I., I~ I," "",""".""" L ~fl dl".ol mo,~ I'~m" 1 " ... " 
L~2J~'Ud~'Uflt1~L'h (Oerman,1940. Eigsti . Dustin. and Gay-Winn, 1955) 91n~fl1tdiJ~~vifl 

~ .1.J 
L~1:::LfltHLUflLtJfl (Hagino. Murakarni-Murofushi. and Ohta, 1978.) 

lflfl;;u ilfJn.!fl2Ju"1ij1um1u1J6~n"'1flh~ spindle fiber 1'U'D~~il,)Lf'I~Ufliln11 
LLti~~')iltJf~1~L"lIflozf'\.1~Vlt1~~1:::u:::L2JVI1Lvlfl (Eigsti et ai, 1949) ;~.,hl~lnflLtI'U autopolyploid 

nuclei vitl2J1 ~~uu)J1rL'Un11Anli11f'l112Jt'l!2J Ufl::: Hinu11~i1m1L~2J'fllfl112Jl"ll2JL~'B 'WIfl1tJ 

~'U~1'\.1:.i~fl19iJa nttn.!:::~;I." 1~ Lf'I mn9 lfluzhu 1 '\.1 qJutm 1 rLuYl'l! L'llu .,; 11lfu~-l12J~tlfi~fl f1tJvl 





(stability) 
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~1 m!u~-lA' fl1St! n~ 1tJWU~~ '''' rJfI tJfllJl~ 
1I'fN l:it! 1 u/hun1'l.,lru'!l~,nftu 1£1 uiflchu L;e 

(subcultu re) 11.1 ~ EJ1 1 u"li'l-1 L 'lfl1~tJ1'lU1'U;t1. UtI::'VI fl ~flU Pl'l1l.Jfl~vT'll\.A~T\'&n1ffitl n flfl n~-l 
~1l.J11mtf1EJlJLVltJut.JmJ~fI'tItl-l culture luVia-lnu culture tuU1fl L~f1V11.nfll;;!fu~[J')nUfl'l1l.J 

uUnJ1'lU'!ItNft1EJWU{LVlfhU (qrll'll'il1(u IJinflu ufl::Fl r~:;. 2530) 

fUJ~\'! UUVlQU.", (2545) U1Lflu'mihmtu.Jfl1tJ~uf CUL074 1i11m.nl'llltl~Ui1n1fj4'tJ 

L-MQI Jl 1f'1ij'll1Vi~m:tPl1i'lC1lf f'\{U:::ijYltJ1i'11fi~f ';fIi1ft..:Jn1nrlJ""~'VItJ1atJ lJ1',hn"'!1'~n1i1 ~-ld 
1. Yi~3in'l1l-Jn1n"'lrryuUtlTW')1 PDA YJUthn11U.tl-l L'IIflfl"'l::Ll-)J;ULntlLftuluilfl'l12.JtJ1'l 

l.h::lJ1N 450-700 ~m 1f1EJ~flrt.:J clamp connection L~t1LiluYifl~,uhuil'lLflfltJfI ;-lLoDL'lft1 

lWn11f1fl-l clamp connection UU'·nmnfl~lJL;n1'r'ifli'un fll~ "'l:::-1f1nEJ1'llJ1"1'VlOuvi'lL'I1fUf 

;)1Ufh-l (UU"nm../fl1UL"IIfta) l.h::::l-n(U 20 U1Vl tfitl).J1 Lii fl~.nr-lf~\.!1:::"'ri 1-l L'IIfl6'l.j'h'l(u clamp 

connection lfl-.lth:::l-J1(u 10 U1Vl "'1m!u'l.h:::)'J1(u 70-90 UTV! "'l:::iln1ffif1-.l~-.l~1.J1 L'lNtff 

clamp connection ~Ln~tll,j "'lUu]f1R-.l-.lflntJ1'lflflohJU1:::lJ1(u 11 0 IJm ~-.lln~ clamp 

connection L~tl LLU-.l L 'IIflflfl'tl 0 ltJ"'1 0 Lt\'U tU~'tllu rm n11 LLU-.l L'II flfl LL~fl :::flf -.l'ntN L«U LUlItr O'"i::: 

'l-i1-.lTlU U1:::lJ1(U 2 1/2.r'l1).J-.l o-.l3 .r'll~N 

2. n11&r(jUt\'ULEJL~'tlLrn~L'IIflffL~U'l (U v11LL""U-.l~1ntj1 clamp connection LL10 U1.J'"i10UfnU 

Lt\'ULUfl-.llJ1U1:::lJ1(U 200 IJm ~U 1i'l.J'hLt\'ULU~ilri-.ltJ1'l 30-100 ~m ",:::iln11~fl1tJ~'l'lltHri-.lU 
•• . 1"Ii'oJ • 1 .".oJ U • lIfl-.l(;lCi'l Vl1 II ~ L'II flflLCi'I[J')11I1).J~t1~rn1 ~tI~1:':1:;"~~~U.t.m~'uu~1l~m?,t;~ •• , 57 L';r.~ "'10 58 

L'Ilmf ;;~L11u 98.30 LUtlfl'iiUfl -i-.ldYi1.J 40 L'IlfltiYiih:::u:::L'lfl1LUn11LLti-.lL'Ilfl6LL\-t1JlItr-.l~~ 

~tlU;r1-.lfl-.l~ p.tl L-DL'lfn 70 U1l1 ~vlLUU 70.17 LU'tlfL'IlUttl'ntl-.lL'Ilfl6L~tJ')~~~LLtJO l Ji' 

3. u]'tlil1uciu PDA 'IIU1Ci'1Lt\'uci1u~utiOin>3 0.5 'IIlJ. ~iht\'ULUi'11U~ui CUL074 L"'llCUtl~ll~lJ 

lJ1L~U-.lLU~11fl:::fntJ1flfl;nonudllJ;ru 1.5%(w/v) (15 IJg/lJl) Lth..lL'lfl1 10 1'u ~t}(u\-t1Jih~tl-.l 

ut\'l~ Ci'I uu n Lt\'U LUtJ1>3i'l 'lUlJ1 LiU-.llJU PDA ri'tlU~ ~ LLun L 'IIflfl L~tJ'lil11u LiU-l L ~t1'!1U1U Lt\'U LtJtJU 

'tl1l111 PDA ~~1u~uf S05 ~YitJtj1ihRlJ1(uf'I'l1lJL;rlJ;rU'nt1>3 DNA Ut1Untj1~1u~ui~>3L~lJ 
lJ1 n ;>3tl1"1 L tlt1>3"11 n 011 L-D ~11fl :::fl1U 1f'lfliiiiu~ L1lJ1Uua:::U1ULnu lu "IU 1M LlJ L'IIlJtJ1>3i'l'lU 

t-, • • ~ 
'111V'1\11U u lIttlLOVl aneuploid 'IIU 

4. u]f1il1Lt\'ULUf11EJ~uf CUL07 4 lJ1utmL'IIflflL~tJ'l Ufl'llltJVI~1ffi:::fl1t1Lfilfliiidu 1.5 %(w/v) 

(15 IJg/lJl) L1~UL'la1 2 f'lb.J>3 ~~(ulI1Jih~f1-.l lItr>3"11n~UlItJ~fl1-1L'IIflflUfl:::LL'!!~1nfiu~tnuu 
L'lfl1 1 f'lL).J-l rifluihlULiEJ-.lL~f1'ntJ1EJLt\'uLtJlJUtl1l111 . PDA lJi'~1u~ui S07 ~Y1lJtj1fl'l1lJ 

L1lJ;U'IIfI-lIDlJ1ru DNA 'W~1>31U"l10~1u~uf~>3L~).J CUL074 lJ1o'l!n 
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fj f1Itl n ~ RflU ;)1~~ "In U~::: 1l,j~1~ l1n lI\ h"fqUfl1 l@ltJ@lfl n;:;~ nttru.:: u.~ U U\Jt'lfl n ~ 11.J;)'" dlwuciu 

L\I'll ".,t.n .. l1n,,'tI ?I'D",,,!,,, ii'!lUl51hiutiu'flU Ufl:::nlUflflfiJUlJ1n 

6. flttJ-ll ~dl.Mi''''V1flfl.,Jil1l"JlfH:rl~tJ'l''JJfl.m'P1t.lfllJfl1tJrl'uf CUL07 4 ~~~l1nEJ l!1ln~fl" 
"I~l'lnf'l,r ]'.n-Dm111i1(iiflJJ'llYl.ff\./. (mutation) lI1\EJlltJ51fll1fl:::fllUlf1flt;V, 1.5%(wlv) l'lUt)l 
• 

mlJ1CW DNA fl@lfl""Ilm~hJ ldflLUffi1.nVltJu1'f'lnl1~f1In~UPi~'W u.f;.1'1IItN DNA (OD26Onrn) "JJfl-l 

kt\'U ttl L ~ f1\'!'a]..J~" Li:h.n "~tJa 1 iI L ~fllf.' t), Lf'lfl=ii'llU hi L VIm LLfiii fJ N£IllJUii n,j,l" Ln fl Yifl~ Y1 flfltJ ~ 

Ll11t!'l.! uuiu-limll1",Lil@l aneuploid tln~'lu 

'lIru::.~ Handa Ufl:::f'lru:: (1997) H1f'1fl;'fiU~f\'lllJLoDlJ;ULYltJ" 0.15 Ltl'tlfL"lIU~Y1Vli'!flUnU 

Agaricus bisporus 'Y1ut)lli11..i'tI'hnru DNA L~lJ~U"'fllmvh~'lToyama, Ufl::: Toyama, 

(1994)litPlfl=ii;'W~PI'lllJL;lJ;rU 0.1 LUtl1L'ilUt'lYlflfl'ElUflU Pleurotus ostreatus 'V'lU hyper 

polyploidy multinucleation 
o , .. ~ .. _ 

"I1'U')lunn L "II ULVl[J') nU'YI'YI Vl'M1U nu Trichoderma reesei 

(Toyama, Uft:: Toyama, 1995a) 

1'U'IIcu::~ Toyama, UfI:: Toyama, (1995c) 1'~11ft::fnU1Plft;;'U 0.01 UfI:: 0.1 

LtJ"tlfL"IIU~ nm«'U1u Lentinus edodes l'iU multinucleate UfI:: small nuclei 41'U')'U~nn ~-.l 

fl'il(1)f'I~"tl-.lnuntJ-.l1'U'II "tl-.l Wakata, Uft:: Sasaki, (1987) nth'l~11-.l~Uft::i'l11LPln~'{UUN'\.-\ft1U 

"Oilfl LU'U i'l1 Llll1J 1 mPl1-.l d1-.l'll"tl-.lll''I1 11..1 l'nJ Ei (1)tJ n~ '\.-\1n PI'l1)..JEi V'ltJn~~Lii fl;'Unu ~1 Ull"l-.l 

!<".in.etochores ;-.lLu'Utjhu.m,i-.l~1ufl1U spindle fiber m1:: '\.-\1'i1n1ni11u,...ih~'II'i1-.l 
~ ~ ~ , 

kinetochores u~qJL~tJltJ"I::(ffin'il'U~,)'ULmhi1~1 acentric fragment (AF) 1'U'lI0'!'::~L'IIfI'ifiin1T 

ulhvi'luuu'b.J1Yl;fl AF U1-.l~,)'U"I::Qnnu"tl"tlnltJ"I1nn1'1u.U-.lL'IIfI'iftu6i"tl)..J1 ufl::'il1"1~h-.l small 

extra nuclei [l1u1'U cytoplasm 1'UL"IIfl6~n'\.-\ii-.lL'lIft'if ll1-ai-.lft"tl-.lL'lIfI'ifnl~ llun~1 micronuclei 

(MN) U.~1UL'lIfI'if~UU-.ltK,)'iltl1-.l'11 t-11"tl bJ UU-.lL'lIfI'if '\.-\"1"tl(JnuuJ-.ln1TUU-.lL'IIfI'if ul"tlQninU1 ~'lU 
ft11'LPI~'\.-\1"tl1-.l~vi-.lnfi1'l "tl1"1~n~PI,)1)..Jl~i1hhiifl MN ;-.lPl'l1)Jr.il-.lil1"1ii AF U1-.l~'lUtJnnu 

"tl"tl n ltJlli-.l"l1n Ln 11! n1'-UU-.l L'lI ftfl1u'\.-\fl1Utuufl 'l tJ-.lYiUUh.nCUfl'l1)J L -n)JoDU DNA L ~)J;'Un~1 ft1U 

l1U~ ~-.l L~)J L~"tl 1-1 fl1 T 1P1f1;;UVI Vl '{;"tlUrlU L«U tu L ~ V'I n 'il1"1 L~"tl-.l)J 1"11 n n11 UU-.l L '11ft ff,ju~.iTw hJ 

LYlU-.lbJ~tu ~ui'l')u1P1'-1)J1'11).J AF ~-.lu-.lfl-.l"tl~1'UibLPlatJ-a '\.-\ffi1ul'!11!f1ufn"D)J UfI::fl1).J1'1tlflflt"l 

L~"tl(flTl"l1flt1l)J1ruPl 'l1)JL;r)J'ifu'II'il-.l DNA 1~ 



. . . 

... 
1.J'VIVI 3 

1. Lflffi~il'l':J1L;j'f.l (autoclave) LllJU-aflfl'l1l-J\11\J. 

2. ~'f.lUfl'll)..Jffi\! • 
3. n""'iI'l(htJfllVi~~t'l'flfl 1'W Power Shot A620 Canon 

4. nt\'iI'l~frv111P1tl" 

5. n~'iI'l'~Y1;;i'\lflLuunfi'u (inverted microscopes) tu Wilover 5 'tIt}~U1HVI Hund. 

Germany 
. . 

6. Lfl1tJ'li'l~~tJ1'f.lmlU1Jfl:::LiitJflVlflilm.J 4 ~l U.'Viti-l ~ 80 A~200M"tI'f.l'lti1';V1 Precisa, 

Switzerland 

7. If'lNl'li-l Triple Beam Balance "EFlUNYI Ohaus,USA 

8. Ll'lflnl-JihlilflT 

9. bji(1H'lflTLUU 

10. fntl'rflPl')1lJtn'l 

11. Vacuum Pump Lla:::: Glass filter holder 

12. Filter Paper CirclesL-A'Wr.h'W~1J6mn-l 90 JJfliil,lJ911'11'f.l,lUHYI Schleicher & Schuell 

13. Millipore 'lIU111l 0.2 UJ1P11LlJ(1I; 'll'f.l-luTIiVl Sartorius 

14. Syringe 

15 Desicator 

16. micrometer'll 'f.l-l1.ih1Y1 Nikon, Japan 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

8. 

t11",11U,;..:J PDA (Potato dextrose agar) 'lI'i1-lu1'rlYl Difco Laboratories, U.S.A. 

tnll1nWfI'l POB (Potato dextrose broth) '!I'fI-l\ilHVI Difco Laboratories, U.S.A. . -. 
1UtN (agar) '!IfI-lUntl1 Difco Laboratories, U.S.A. 

tJ-lt'lti~Eit'l~ (Yeast extract) "lI'fI-l1.i1Hl1 Difco Laboratories, U.S.A. 

n~LPlt'l (glucose) '!IfI-lUnfl1 Difco Laboratories, U.S.A. 

Colchicine "lI'fI-lUnfl'l SIGMA. Germany 

-n1'l~1-l 

thJoDl.J 
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9. n1(;)'tl:::;~n 

10. Propionic acid 

11 Iron alum 

12 utJflntJ~'S6 100% U~::: 95% 

13 ~utJ~tR11).Jl·i!lJ hematoxylin 

14 ~u'tll-Jlfl11l-JL"I!)J orcein 

~i u "1. uvi'l "If' U n'l'i''Vl (;I'Ci'il4 

L;t1d~I1I"'~UJfl1[JvTu~ CUL07 4 "1mnl'l[Jl.J!itNin111r.rm~V) Jl1PI1'111'Yi~n1iPl1f1(;1f 

Plru:::~Y1U1i"'\1f1LJ\f ,Yl'1fl,m1nr~J\n1Y1tJ1ti[J L~[J..JL~ul[Jlut11"'1r PDA ~'t(ru"'J:Ji'h~''fl-l (30+2 

DC) L~'ilLih.mlul[JdlJ~\.,I,n1m~flt1.., 

1fin1'i1~tJ 

1. 011 Lu~tJ')U1L'ilflflL~I1I"''illJJi')tJtflfl;;tJ 

CUL074 

~1LL,.nl':lL'!Iflfl~fI 'il"'''I1 m.Jfi1m~ulEJuu PDA (f'lJ..JiftJ l!UYlQUYl1, 2545) Ufl::t,.tUfi\ugia:::L"lIfUf 

L~mJi'l[Jfl11a:::t'nutPlfl;;\.lL4i'lJ;r\6 O.15%(w/v} (1.5 1-19/1-11) 'hWl'u 2 "'EJV) u'liHd:lur:::u:::L'ltn 
• • • , ..... ....oj _.., '" ... ..... 0 

M1,mUPI'f) 5, 10, 20, 30, 40, 50, 60, Ufl::: 70 \,!'WI Y1 fJCUlUJlJ",tl-l "I1nUUlUJfltn4L"lIflflfl')UU1 

mrULLfl:::u'liJ1n~u!ii ·mih.,l,L'lfl1 1 -B''lLJ.J-.l ritlu\l1hJL~tNL~tl'!ltJ1m~ul[Juu'il1"'11 PDA U,fl::: 

Lrom.u1""'n""'"."""U~ 5M, 10M, 20M, 30M, 40M, 50M, 60M, .0: 70M (iI",,~€tiu 
~tlU,2546)~1~~1~U 

1.2 U1LflU1EJmuYTuf 505 ~PI~d'u oJUVl~UVl1 (2545) 1V)L~1tm1')"I1nn11U1utJU 

PDA 'IIU1~L~UtJ1U~l.IUmn~ 0.5 'Il~. ~iiL~u1tJ~1tJvrU{ CUL074 L"I1CY'El~Lt~l-J l-J1L~U-.11~ 

'(j11fl ::: fl1tJtf'lfl:n:nl.lL.u~iu 1.5% (w/v) (15 ~g/~l) Lijl.lL'lfl1 10 1'u ~fJrw"'1Jn~'EI ..:J ri'Elulff~utJn 

L~U 1tJU1-.1fl'lUl-J1L~tJ-.1UU PDA "I1m!W~-.1";1n11tilil L~'EI UtJnL'i!flflL~tJ'l hJ L~tJ..:JUU'El1U11 PDA 

ufl:::~unL~"WltJ~-.1nti1'l~1 fl1mi"W{ S05 

1.3 H".u1"~1""U~ S07 ~"~"u 1!u~~um (2545) 1IiL.ro~1o""nn11'1h.u1" 
fl1Uvr"W{ CUL074 l-J1u.um'llflflL~U'l rifl"WUUIIv)'lU'a11fl:::fl1ULf'lfl:n'il.l1.5 % (w/v) (15 ~g/~I) 
LiJ"WL'lfl1 2 i'lLl-J-.1 ~~ru.""1Jih~'EI -.1 "l1mr"WUUflfl1-.1 L'Ilfl6v)'lu~1ntT"WLLfl ::: u'~1ntT"WtiiflLtI"W L'lfl1 1 

i'l L~..:J rifl"WU1 hh~EJ-.1Lfifl'JjtJ1tJLfl"W1uu"Wfl1U11 PDA Ufl::LWm-!"W ltJ~-.1nti1'l~1'a1tJvrl.lf 507 



16 

1.4 U1l~lJltl~-l 11 fl1UvrUf[ ~t) fl1EJYTU1f~-l~fllJCU L074. 5M, 10M, 20M, 30M. 

40M, 5CM. 60M, 10M, S05. LL~:: S07 JJ11hJl~tJ,J1JU POA ~'t.lrull1Ji1iitH (30+2 °e) ~rit)1i 

.flu •• u'" 1un1'" ."""" 11J 
2. ~nH1n1n"i1CY"llt)-3L~ultJL~(i1"''illJ~-l 11 flltJvruflu'B1m~~1-l1 

LVlEl'l1-lLLt.ll.ln11l'1flflt)-lLLUU Completely Randomized Design (eRD) 

2.1 l'Vlnln'"l1'Y'!lfl-lL~ultJlt.!'tI1t.n1 PDA "I1.!U~llJ"'l1u L.,.n::::~'t.lru,.uJi1"'tl.:J (30+ 2 

°e) LLa::~'t.lru\uJii 23 °c t~tJ1'''''Ll~\~~1u~udnai-ltRtflil~n 2 1U l11n1fYlVlfltl-l 3 ~1 ~1f1:: 
10 '"I1ULVi1:: 

2.2 1'Vln1n"'lry'lltl-lL~ultJlu'il1mn"'f1'l PDB tfhJ1(;l1 50 iJaflfl(;11 It.!f1f11Viti-l~ 

~ru"~n,,", (30+2 0c) .iiu •• u1"~n 4 "u11J,u~~ru"~n 70°C .flu.o.1 24 .,Tol", ~""" 
.r-lL~'flLU1tJUn1w'l1'l1'"11nJ1l-1trnu."'-l"ll'il-lL~l.IltJ ';;'n11V1f1f1'ihl 3 i1 i1a:: 10 'Il'mIU'lIlJl:j 

2.3 l'iln11L 91CY1Jtl-l'lltl-l L~U tEll UlIfI t) Vl'tJ1Ul11J1'lyh-l9101.h nllflt) Vlti.:nulIfI'fl UI 

~'qru"UJi:IlXfl-l (30+2 °e) ua::~'t.lru\it1Jii 23 °c t~tJli",aflflYlVlaf)-l"!JU1I11Lt\U~hu~uElnfn-.1 

1.5 L'IIU~U.J(;!1 1J1~if1'lYl1-.1~-.1 1 0 L'II'\..I~UJ(;!1 'l1-.1l!ciu PDA ~i:1L'l1ulm"l1'Y'tlQLI~hJlJuiht11,.n1 

iVlmn"t;ry"!J'ft-.1L'l1ulEll'ln 2 iu l11n1TVlVl'(l'tl-.1 3 oi1 i.1'(1::: 40 "1'(I'fl61 

2.4 1ti1ma"lr'Y"!Jt1-.1L'l1'WlulluJ-.1~L~t1ULvn:::L~!rl 

"un,u1m~u1"i, 11 ~1"';u{,~,\·n.uU"O'~'1U(PDA) ri'U(hu", 

'1'lYl1-.1 ffi "l 'WLt\'Wltl L~ULl~lJ L ~'fl L UU"''l L ~'fl;r1'lYl1-.1 "11 n,r'Wch U"''1 L~'Bif 1'lth-.1fl-.1QAL~t1tJlVn::: 
L~Vl"!JU1V1U1'1',,! 600 nm 1ti1m1'L~1'l!"iI'tl-.1LaulEl'"l1m.hn'l-.1n-.1nl.lQ-.1 l'ln~1tlvrt.l~l11m'i'Vl@l'Ml-.1 

1:' 1:' 
3 '111 ":11'(1::: 40 Q-.1 

30 manUtJ'(ItJiiCOl@ltln 

3. 1 U1IJAo L~tlU~ ij L'l1t.11u L~'WL~lJ Q-.1 LL~'l hh.llJ 1t.1 ~tl-.1F1'llJ ~lJ~ CU \uJii L ~'flfll'l1lJ 
~lJ\l1ru'!J1Nol.su.1ElLihmfl1 4-5 L~tlU ~-.1l11m1Lil(1'Wlt1nd"lt.lL'l'(l1 2 mYi~tf 

3.2 LnutJ'(ItJiil1lVltln(QVlllYi1TCU viITVlll Ufl:::PlN::: , 2530) LmEllJLiiulJi'!1uliu~ 

4 . V1fi.,t'ltlllfl1 au ~ElULLU'(l-.191U'lU 1Pl1' 1lJ 1 "!IlJ"iI'tl'lI1l'fl n LmEllJ LYi ulJi'!1uliui 

4.1 t'jlJl1Itlm"61~mG 2 il.l 31U 4 iu 5 iu61U UTI::: 71U L~'flR61f1'fln~ 

1 t.llJ1:::i'!lJ 1 um nlli91U'l U lfll11lJ 1 'IllJ ~-.1tl~lu"Ii'l-.1n11ut.l..:lU.'l LPla Eli'! UUlJ 'tlJ 1 'fl'ii i'! L ~tli'l 11-.1 LUS~ 

1,.11" 
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~t1m~fl~a~l'U button stage fI~hJU'1l1u propionic acid c;i'B ethanol ulq"l'lf €1'I11fi'lU 1:2 

d:1U~')f1124 i'l1"Hritll.!";1n1ffi'il].J~ 

4.3 ,j1fltlm\;fl~~huml fixation Ufl'll.l1fl1~~'lEJ~'"ln£fu (;j'flL~tlL~tlt'hu 

1~fl11J hymenial tissue 'l1~fI~1U~EJ"'~U'tl].J aceto-iron-hematoxylin 1JUU~Ufllf1,;1 HL;lJL~tJ 

1~ Lila L~t1 U(;l n i] fl;]'lUO 1:::'"tnilflfllfl ~ oi1Jflutl1Jfb\J~~u rltlU 1"j' ~ 1].J L<'61-J L~U n fl L1J111 ~ L Uti L~f1 

m:::"i1ElLLfI:::UUU ~uLLt.Jufllflf1"1uflU'tllJLiifl1JL~f1"'L~flLYilJf'I'l1lJL~lJ'II'il~n11~V'I~'IIfl-lU,1Ltll'1!lJ 

LLa::: L ~flvh 1 "'''lIl'''~fl1f1;)J tel;U "I1n,ruLf'I~tllJiJ fl'lltlU nr.:"iouflfllf1tl ritluu,1,Jdfh1 ~\<)tJ nfltl-l 

,flVl'f1I'1U 

4. 4 ~mn41U'lU LR,. 'G.J t '!IlJLU1tJU L ~tJun1tJ 1IA' nflfl~' tW\ l1P1UU1JU H LLfI-l~ 

rhtf-l'DU1tJ 1000X ua:::U1fl1YiIhEJhJ'IlEJ1EltlO 3X 

5 . VI flelflU f'I'l1lJfl ~ ~'l (stability) 'IItl-1fl1 EJ~U~1flU LVi '1::: L~E1'" L d'fl L~tl"i1 nflfln L,""'\.ftl ].J~lcX 
tuu,;."tu.~ ••• ",".ih!l\\utututuoi.11l .,d 

tJ G1 Rf! L~ultJ~lfl"nnn1rL~i1tJ1-JL'IIflaL~EJ'lLlll~U 

tu G2 ,",S L«ulEJ~1~"1nn1N1~sn~1fl"1ntu G11-J1LYf1:;L~U-1L~SL~tl 
, , W W , 

tU G3 ,",S L~ulEJYllflr,nnn1N1~snYil~"1ntu G2 mL~1:;Lfl[J~L'USLtis 



. ~ 
1. rnH!tIn.nmiitJ 

U'Vl'Vl 4 

1"1 <q1nmn!1Lt\'ulml1~\{'EllJ~1U~Uf CUL074 lJ1~hm1~f!u.unL"l!fl6L~U')fl1Elltil 

t'l1lJ11ClUEln 1~L'lifl6L~U'l<q1-3 m1L\,~ctEJ')U1L'lifl~L~EJ')~'lU~1ffi::::fl1Uif'lftii;U 0.15%(w/v) 

lu1i'l-3L'lfl1 5-70 uTVi rit1ULn~n11u.tl-3L"llflfl1\{~ 'rh 3 ~1 ViU~11~L"llfl6L~EJ')~\lm\{;jmihu.a:; 
iJ~f;l1t1(;l1'l1tJ 3 ~1 L-A'U luLiJuun~Vi1t1lJfh"d'Jn1mPlflt1-3c;ltllu 

1"2 L-A'U lEl~1ElliUf S05 Uft :::: S07 iin1n"lry'll 'fNLt\'ulULiJuun~Vi1t1lJ~1\{fun11 

YIPltitJ..:witJ LtJ 

2. (n'1~lll!t'"lfn1~""hY'il'tJ-l!.-!uluL~PI1-1'tJi.J'rr-l 11 'tj"',uli"u{lU'iI'I\1""ir.h-l1 

L~t1-l<q1m-A'u lEl'llt1-3~1ElliUf 20M Uti:::: S07 iJf'I'l1lJtl'ElUUt1u.ft::::J1'n\{QflLliijlryL~t1LVi1:::: . . . 
l\UjiJilLii'tlU "t'U "uj~, 1).J"1H 1 Li'iu ~tll'l"IiJ~(1~1Ji' u.'CI~'D ' l"l!.~U 1u lutu 2 (G2) 'D'iI-lVI'l 2 ~'"IU-nUtj 11.1 

tJ1-3n11Y1f1flt1-3 t1u1-l11n;! 1~Viu1EJ1m'hn1ntl~51'ElnL~tlf.Ji\1iI Lt\'ululu1u G2 Vi11,\iitJfI LL~51-l 

1 UU1-3 n11YlPlfl t1-3 

Lt\'U 1u 151u1'llJ'lIt1-llJntui1~'lI1'l~nHru:::1ml\fi)EJ-lrlu unL-luG3-CUL074 UfI:::: G3-10M 

~i1inHru::::lt\'ulU1'llJ~'lllU1U.'IlU;U mhn'l'ljun~1Ufi:::Lihm1 fl'luG2-S07 n6ui1n11L<ql'l!1~ 
L7'l;Un~1Un~ 1flUU-3f'1-linHru::::'lIt1-lL~U1UL~flt1~ t1u1-lhnIil1).ltr-lijl~u11uL'n1:::Ltl6161t1n~-31~ 

VJnfl1uliuiiin11L"lryYi~n.llI1Jilf'l'lUf'llJ 23 °c 1~~n~1~fjrull1Jil'\t1-l (30±2°C) 

unL,hl. G2-S071U'i(11-1""ltb"""J'yh-l 

n1n<ql'l!lut11\f11 PDA L~lJ~1nn1N1L~ulu~L"lryuu~u1U PDA 'lIU161Lt\'uehu 

~'U6nti·"'-l 1 ~).J"'YI~n'ii""I~··n\.i!.'n rl t LJ.~·)·rp',1,;1'iiC,,!\.i(I-lililiJ'"I "" UL'rnzt.h:::w'(L.l9 'lj)J,~.;j1-1~IfI·rp', 

n11L'iI lry 1 Ut11111 n1'l~1-l L~t1'l1-3~U1U'll'El-l Lt\'U lUUUt111111~1'lW 1-3 Lt\'U lu<q:;flt1 tJ1~ 
~ ~ . . 

iJ iJ.~ iJ.''ji..! "n fill' i..!~-l UWLtJ ;]·"I).J~'-j 1-1 \i·",{;"",')'rh.l ri'ili..!!. '"I1" (yii~WI).j LJ. \d'l ii-ltJth.:i'tj ~rl ~'tj ~tJ tttJ t u 'If. 
"' ~ ." .::. ......... J' <t" • 

L~'U LU'1~t'I'tI'U'D"liJU" 1'1 LJ.~::r 1.,"::"t"IEJW 1.J "f II rU'U"N~"I"LoI"I'll !l.Il .. n.r I LJ.1.I"LOI'DUt'I'1'tlUi1t!).J L1J ~trl'D' I' J'n' 1'1 • 
~. . ~ 

fr"lt L.,1-(1 11 i..!(l.:i'; L~'iltJ L -c'il.:i"1"", II ('.:ij:j'ili..!"",!?1 LoX 'Uw-n..lt'lutJflt!·"I-l~ '"' 1"1 tJ "-,.:i i1f~ L-!U 1tJ L., 1-(1 I~ fI 
itI • ... itI 
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tlth~hn~1)J 111m..lfttl[Jl,\'LftultJL~1'11fitl~uL~JJIUtlUAq)Jtl1l11~~tU\uJ~Ltiultffi 

~rurnlnr:;~ulii\ll utnl-l"-'tlJfI'lil:&" nu,j'l ~ii" t r I ti")J./.f J'lI"tI'l ~\l\.& lu luintt(UZl;;U')I)'urr It 

~ h~~lJ"fln l6lEl L 1lYi 1::' Ut11111H1'l~ 1~ ~.:j L ~ ~l1fllJft1)J1,.tl L 'ljlt\! d]'Ulifl n Vi' u.lIijjil L11.1tltln 

11''1 b.lVium~fth"'fnJtlfLLfiflth..] 1" ujtl~1 L ~tH~flltl culture ViU'l1i'l1lJ11Cll "'fry ltX LftU lEl l~ 
L"JIuLtilu')nti 

l1tr"'''1nVlflafl'''LYn:a~fl\-lfllJtu G1 luQ"'~L~f1El LmtJULYitJU 2 q~n1ft tf"'LntilvtU~1 
L~,,"m1i'U>\"M~.bift1~1'OL'1'\i\;r.1~tJn",UI\J110:~(\jMlJih'",1"'Ii",L>i.uiiu1.~a, 
!JJ'i:r)tJ\i LnT·I::;LUW'I~t-vi/.~'iI·)-.lntn-l,rWtltJt··I,)iJ'VfLl.\.4IJijtJt=lJ··I (~ 32·33 °c iJ~n l~l~u ltl 

,r..,'UJIIIVI!Jf'ln11L"t'lry lU'llru::~~ru\UJij~tl"'''tN'Ii''NL;jflun'lPl~n1tJuii'''fiU'l1f\lJtJ:=)J1ru~ 28 

0>, - "~I - ~- . 'JY - ..... ' C L~U tJ~ ·ur)ttlL.,tfu LP1iJflH '1"'U)"" .-tl)J~nIi11"''fIt.rl-111''L''U'1ltJ'''~(U\.iIJiJWM LUu.Pln::::: 

'l~n1au.fl::01rt1"fltl"'lYn::;11.Ul-l~~~~tJ~il41U'l\"1-llJitl~1lJ1mru~1~i]u~tl-ll.n~u~luhJ 
f1oi1f1f1-ll,nn ;;-lj~~~-l"fntf1V1ftfl~~'q,u\t/Jij1X'iJ-l\I1J<it1rrtu~~n~H~1tJ 

n1n'1"ft~-l~li1n1~LfU1:::"-ttl~ftm-lftnit~'ltJhbWl1lJ SPSS 
. . . ...., ...... 

l11::flU fI'l1lJ L "JitllJU 

. 
2.1 n11LI<I1q:i1i1J':Lf,ulm";,\-1~lJtuYi (G1) lU'tl1'-'11f PDA Vl~r~'-'1.lJijll'tl-l 

(30±2°C) (l'I111-l~1) ~u'h 40M iln11L'rcyii~~" Lift :::iin~1t11tJ~uf,r-lLj\lJ CUL074 ffi-llJ1 

iii'iJ 30M SOM 60M LLft:;70M iln1t~ ... tty'W60h-l<it..,n CUL074 thu SM -10M 20M 505 u.ft: 507 
... .....\', 'i" ... ~..J 
lJn1tL"lff\j1l1n'l1 CUL074 ~~ti S05 i,.,1qJ'D11iQll 

2.2 rYllL"tlqJ"ntl,;j~tli&lm~~WfllJtu~ 'I (G 'I) lwir'l1lr'rt PDA ~'q(UVllJ~ 23°C 

( 
..J_. ... _ ... ..J .. ..I .... 

1il"lt1-lVtL) nU,)1 30M Lift:. 40M ).JrYlll'1ttYVlYlfjVliilfttlflmtVIVIftil-l ffi-l)J1"iI 70M VI 8 ')ULitn 
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i1V:~' 
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um~u SaM u.ft::: 60M ~L"Ilcy-n1n~1 
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2 .. 12 rnl~'11'Yil'il'lL~'U1m~ IhVi'illJtu~ 3 (G3) 1u'trH.nr PDA i'I*L.ll1/Jij 23°C 

(~rW'};j~12) 5M -10M 30M 60M 70M CUL074 u.t'iz S05 Lt1U1t;~L'11'ULr.'ln~Lj!jtJ,:j''ll.l40M 
, - .-SOM L", 'j'(yii'WI~ Vl 

2.13 rnTl~1r~'!i'a~l~ulm~~iHJNttA~ 3 (G3) lUm'1tliil'a'),"lt11'l~'~'N~rqru.\-t1Jij~'fl~ 

(30±2°C) (mn~l113) bJ"r·iUn 'l I).JiJ.iiinvh.:J ·'11~~r.~ L'il'Ul3imnUn11L'i1q!'lI'iNL~UltiL'"U1'"'tl1J 
, , 

, . , .oj - ~. + 0 ' 
t U.ll 3 (G3) '\..!;irH·nt PDA YI -qrl.!lt1JJlJt.1'tl-.l ~30:t2 C) 

2.14 n11L"'1qj'jj'tl~ L~ulm"U1"''tllJlU~ :) (G3) lUVl~'t1Ul'ti'l""n1')'h-3~~w\UJ~ 23 

°c «(;11T1-3~14) ~U~1 10M 30M60M 10M CUL074 tl~:: S05iJn171"l1rui1n~15M 40M Uft:: 

50M 

2. 15 nTrL"I1CY'ilfl-3L~U1EJ1Utl1l111l'VI~ 'l POB 1"'~ftlnflLfltl-3nulufl1\nru.1i.., PDA 

3. rn1LntJtJfH~~~vl'ilm~VI\.-lilJJ 

3.1 fr)'HnutJfltJfi"ltJ1flm~ljH"'ilijtU G -! (WrTI-l~15) LIiLmriUtJfl l'lr,nilu') 

,,"0 .J, ~, A ", ' , ..J 
CUL074 ij';'-lil/JUPl'iln ~'U\'itiVlilQ-lUiltJm1 Ufl~ 5M l\1f1il(']UilUVI~ VI 

3 .. 1.2 J'nnrflflVliiiil'J"j~L~iltJ 600 flfj.J YiiJ;:hfl"l tJli'U{~7~L~j.J CUL074 il 
~ , , u 
0 ..... ,~, .... ... . ... . .. _"-

U1'WWflfjflL'iltltJPlilQ'i \J .. iltJn 'Ylii"iUYi'U~L\1'Uti'j'U··1 u.tI~ 505 ~i.\"I\1'Um .. nnl'!~1 ni)i.\ 30M 40M 

uti;; 5M i1~1\1tIn1f1 ~l~E1"jf'lil. 

3."1 .3 J~'\1 tIntltJnu.\i....j"ltJt~"j~L~'iIU 600 nfi.! 5M 40M 70M 505ilJ~I'loItIr"1 . , . 
~ ,.. .... ... ... ... . .. '" 

u.\1"jt'il.JiJtil n).nflm1t'i"lu'n\,\~P;I.JLP!~ CUL074 t(U!:;Y1 '10M 30M 50M 60M l-J\.\"I\1i.\nu.\1~Plilfi 

Tf1<&'l;;!l'~ CUL074 lf1!l CUL074 jh1"lwlm!~!l~~9! u.!.'l9!-l~"llJn~"l!!~'I.!~lVltim!h1,x.~"l\.nrn 
, . 

." ... ~ 

U \1"j iilil 'J'i L'rU.j'ilil. 

3.1.4 J1\1umf.L~u;lil i Vlilfl 't1u')'"j 5M ilrhJ· .. I\ .. !1JnPlilnlJ .... O"iVl tiJ'i).l .... ~iI . . 
50 30M 60U snl;; r ,",. "' ,., .. ... ... .... M OJ.. OJ." '-'OJ ...... UL074 10M u.a~ 40M l..l'.nm.m n~n'W U.;i~ 70M :.JU"lw.!.n~"iln 

3. '1.5 ~~lk''U'il il.JPl'ilfi W1J,)· .. tli.hkl~r'"l'UYr""~ fl?i~ 

3.2 n1llnU~i'HJfl(;l~'ilmih~ll-1tllJtu G2 (m1'1.J~ 16) L"JEUnU~flilf-,1L;}EI'l 
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3.2.1 ~llA'lU!1ltlm'n~utoitHl.J WUr)l SOM u,fl:: SOS 1,x41U'lUfI'Elnlnnwh 

'ii·H.ni\,r{~~Lih~ CUL07 4 i1 'IA::~'i(llI n\.I~1..! 1~'1··ll .. !,jt.!lhiJ(11~ ~h ~'·nll CUL074 

3.L.2 ~·-I'I'Hr(I VI'il(I'ii~Lioiil'l"..j;L~tJtJ 600 'n iJ')'"1 50M ltiJ"''''U(II'''iinL~W~'hlV1 
. ..... .. 

Ufl ::LVim.J1nntj1'(l1U~lJ{v1-l l~JJ CUL074 1tl~JJ1f'!tl 5M 10M 30M 40M 60M 10M 505 'II'! 

. . . 
3.2.3 U1""UnVltmU~'H.itl'l-l:Ola'iJEJ 600 nflJ mlJn1f)lPln:;,rR1V11'l~n~ 

ViUr)1 UJuflnvh-.1nu . . 
3.2.4 u1\.J1!m'ilftuf;ifj 1 fltln f;l1)..Jn1fhf'ln::lfI'i1,()1'lt'l[1~ 'ViUr)1b.iU!ilmi1'l 

nu 

,}. ... ", ...... '" 
50M 60M 70M u.'iiz CUL074 '",'iu 5M iOM 20M u,\'t::; 505 iJrYrUtn'Jrl'Y1LiJ'tlLYlutJfltJiUJ'jn 

4 . Vlrj"'~'tIu fr 1ntJ~lIUU.U~\1l "Ii 'rI oJ Uri:::: LI'1 t LJ.J t "lllJ"IItJ'l "l'lll t L ,"!1\ wtJJ.J 

4. "j "II\.n~Lii'ii.J.ij'·IW'jt.& 50 L'll'4'l.J iJil-lLv.liIi,.j'tJ).J~··ltJ -;l.Ii(ih,jl bJ~"I~I-rUl'rl~~'I~frr;::;1iJ 

f'I'l"n.JL~tl~U 95% LL91 G3-CUL074 jj~mfru::6h'ltl'Eln1tJ 

4.2 41U'llALfl1LlJL'fIl.J'Ilfl-l SOM u~::;60M l~'8lJi~ll~lJ;U)'J1nn~'UllU~Ui~-ll~lJ 2 
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"' u"" 5 

.'it1ufit~~1fnl~an1'l"61fiil.:J 
" - . 1. n11U'11tJ).IlL'II~ 

• 

~1 nm 11 ",timu1 L ~'ill'" di 6liJ'l LtJli\" 1 Wl1'l::~ L \UJ1 ::~).I PI,): H~ ~i1'iilIJl~ d:J'\.JL 'IIfltl L~tJ') 
L~t1ilt1'1 nuPl'l 'U.! LLf'I n ~1'1"D~Nm1Ll.J~tJu utlfl'! L lIu n11 H'~ Ufl ~'Wt11~tJ L Yi PI ~tltl fa, ~[J \Vi PI 

",Tt1 L'ftftL~tJ'l~\"tOil1m~ultJ d~h.!Piu 

, " 
L",ilu'n!,l,.. Ln ~mrntntJli' UfUUtl'l PI'Iuu).Il-t fl~ L'IlU m1"fi'mh 1,.. Ln ~Yiflfl vtft'flfJfl1u,;uu')u n 

LfltJ Hft1fl~U~11'fl ::tnu LR aou;h..1 2% 'l1.:)uulK'LJtit1l.1 fl1lJ1 1tl'li' nin 1"' L"flYlfl flYiftfltJ "fj n~1 n11 

H1'uut'UJ If'lft'U;U 1 % \-111l2%'l1..:Juuti'utlfl1[JUflfl"Dfl'liA'UtiflU tl'luPiUYi tlflYifttltJ ,,;i LO";UUi'l f'I'I 

inM(Ui9h..1't1 nPi't.lftYi ft'fltJ 61 ~1U'lUf'lfitl tmft1fl (;I1\1L'Iflft flJ..! LLfl::41U1U t",. UJ t 'IIlJ 1 UL'IIflfl'llfl'l 

PiuYit1fh'jfltltJ~~'1n~1;rU;;"'fltl[Jft (Chula laksananukul and Chimnoi, 1999) 

n11"n1i1L~\JltJ~fl'li1~fI Pitl..:Jtinfltl'l,ft'r1nf'lU'IIUfI inverted microscope 
JK .. .,J" "I.l' ... ......1.... , .. ....,J .. 

011'1'1" Uti n L'Ilfl fl LfltJ'l L"-'f1\-lillJIl1 tJ WI n¥'ltl~' ~1111f'!lJtiI')tJlJ~1tJ)J11I ~1 ~ fl PI,)'1'" till'I ~'!I~~ 

...11tJ,tH'tllJ till tflU l dtl~"t1 nii m'1n'1::;"t1EJtIT'l'!l'fl~l 'llfl fl ~ ::;6'I')n ~tlm '1t;l11l U.fI ::;~ihu 'llfl6~ active 

Pitltl~lU'1::u::;L~'1C\1~~lJLIJI ii~1ttl1\.n'11.LfI::; organells ~)J\!'1nr 

m1t;lftu.tJm'llflflL~mf\'l'lfi'I1IL~ulu~iJfi~El1'),r~1J.1Ii 30 JJ.m 04 100 J.UTl l41tu~uM~tN'W 

fi 114 clamp connection Liftll ~ ~d'uri~~ 'U LfttJlItl~ ~ l4fl ')1 U L 'llflS ~rttl~"I1 nJ~ 'WiJ ~U4,rUIJ.fI::;pntJ 
,." ~ ., ~ ~. ,,~ . " '" .~ • .l_ 

fifl1tJ ~lJ \Ul1~ ~ "~Ll4fltlL'IIflfHflml1~f14 '114I11tl~111m'ItJ1tJL'!Iflfl \lItJn1ru1tJu.~U· ~U PDA 11)J 

fi'~nri1,)~1lJ1'1()u.tJm'llflfl~~m~iJ~1JI1~ 98.30% (fu.afu. 2545) ;~1fi~~nri1')iJf'I,)1lJLUJuih 

IJ.fl::; LU"fIfL 'IIutJi'm1'1fl11l~ lJI'!Itl4 L 'lltl6~ 4n~1 n1'1IJ.tJn ~ 'litiS ~~m tlltJ1fi~u~ 'IIu n1'1IJ.tJ n L" tI fl L~tJ') 

L~IIl4rluU;r')tJn1n1u~l4~tJ4IJ.lJlJ~",)1lJL1-lttlU 6900 ttllJlPitlU1ii d:]UL'lfl110 u1ii IJ.fl,)~1t.;t.71 
.J ...... ... _ ... 

nttl4nl1ft, 50 JJ. "4lJtlfi'11m1'1fl6'lL'VitJ4 10% ('1f1U, 2542) 

Lrl'flt;l11l u.tJnL'IItl6L~m tfltJ1fifl4nri1'l'VilJ~1 70. 17% 1~L'ltl1Lum'1u.ti4~rHL'IItlfl1\4),/ 70 

- ~. 1" 1 .. ...I .......... ...I" 1 -- il U1V1 mfVH'lfI'fI4U"N 'Ii~'ltl1 UVll1IfltllJL'IIflflUJ\tJ'l\4~4~flVlUVlfl')tJ~1'1t1::;tl1tJ PltI'Ii"lll.l~ U~'lfl1 

1l1tJLU 70 U1ii~f1~Ll.I'lI'l4n1::;u,)l.Im1n11u.tl~L'II~fld 

2. 01'1~m~nm1~"'1'UlItl4~d'ULtJL"l1Il4fllJi4 11 fl1tJYil.l(LUtl1l41'111i141 

Ld'U LtJ1Ifl4\11tJvfl.l( 20M IJ.fl::; SO 7 iJ 1'I'l1lJtltlUU.fl Ufl::;ll nl4'J6'I L"t'1C'U ultl ~ 'Vi1::; Ll.IC]4f 

L~'tltJ "U'Wfl1lJ1'1mnUtfflVl14f1n~~ 
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'ln~1tJv1l.1fjjn11l"1T~~~ N"'lJjjf'\'lU~;J 23 °c lAinrh~~N\uJii"'{l-l (30±2°e);-1 

lih~fij'1lJ"II1~ 'II'E1-.l L ~ f1l-!{I).J U m t)\L G2-SO 7 1 'Wtl1 1.4'1;) 1'lvh-l ;-1 PI'l ni '1 n11~ n1i11 fh.niihmtu tu 

~~flltJ flE.h-l hli ~ '1;J uft IM';i1 L~U ltll ~ fl"'fl).JJ,n";J fl L" ley lli~'il1 ml"l 1 unt-1 L'VI YilJ""UR l' Em 1 tj'l.I 

n11L '1 Try lUQ-.l'i l~tlU lu~ liJ~rew~' fll"liU~tlt~jjU1 PI;..! n-l LlJkt1tJu 

n11L"'\7ru'lltl.JUtu 1m "fII1UUJ 1 Utl1'tf'1,j1-l nu nfl1J'rmtj1U1-lft1EJ~U i 1 '17CY lMn-l1 ft1 El 

liu~u Ll~LiitlltJ~tJU'il1\-111O~1JL'11cyl~""tltJn11 fn'1LUUlYiM:::n11nfl1tJv1u{d"-lrJfi(;jtl 

i'lmYltJ1 v.'hIn11ft11-lLtlul"!llJ U1-1ft1tJ~U~~>ltifltJ C-source 1~~1-lnU ~·ml\'\ ft 1tJv1Ui 20M 

Ufl:: 507 ~L91rul~(;j1lJun~lu'il1"'11 PDA Ufl:: POB ~i1J1 t'11ft dextrose lUUU",ri-.lPl,rutlU 

Ufl::;;r1'lvh-ld-l ~ n~ jj UU-.lfl n ttl", u:~"ri-1 fl1 rutlU Ur;l nflU'lI ::;Sn n11L "liry 1 uQ-1; L~t)[J UJu 1-lVi11';-.l 

ihlhnn.wllfl ~ tfi i'I~1U'lU;J1 n d~h.!u",ri-l Pl1 TutlU 

n11L"'ry'lltl-1u~'U 1m "fi'I\-TtllJ lUQ>l; L~tltJ LYn::L'~ ~ ~ mJ :::ftlJif{\I'~nO"l nJu~ntlU'!Itl-1 ~ftl . .. . .. . .. 
tiu rltlUn1101ElL 'iitl4l,lf'l'lrU-1t.i1 ~'iitl~ntlth ,nltltJ 3 i'l LlJ-1 Ll.fI ::t1!jlJ"ill'! n{u~tluif'ltJ if'l ElL." flUPI 

., .. •. .. •.. , -""'.,. ." ... il -, • ufltl ~ ~ 'I:Itl "'fI 'I fI1U L'I:ItI'!I1'l -n1-1f1-1'l-1 PI'll u fI u1 n'l-1 ;I1'lUn1::fl1Ht1 n FIN ~ fi tl L Un111Jtl-1 nt.auJfI-1 

01,1. (~ ••• 1tru. 2530) 

"'l1n1::U::L'lfl1n1n"'lrry'!lfl-1L~u1u1um\.l11 PDA <D1'l'r'h-1 Utl::~L~tltI ~-1LUU~16\'lJ 

iUtflflU01 1'!ItJ1t1 L ~lJ L ~tl1umnJ!jlJ"il1 \&tl1P1m'LnHfIl' "'1n H' L 'lfnU tltl<1t::l'i:]utI r:: LU'II'\Jtritlm1 

fNl'!U lWifilJ~1 LftU 1tJ~ L~rcy L11lJ1")Flf-11 "fltln'!lu 1f1Lftn J1 ",un fltlOUtltJ n~1 LftU 1tl~ L .,rcyf1 

., .t.. ..; ... ..; "; . ,t 1 - - 0 r;O/....1 ,,\ M .... ft1tJfiU~~"'fI"'tllJ'YIL'IIflmfltJ'lQm"'Utl'l\&1 . .'l!l P!f!'!!"!!".! .L .. ,w. I, LUg,}!:!,,! 40 ~!"!r! 

(40 M) UfI:: 30 U1~ (30M) d1uft1uvru~~L~fl'l"1niJn1fL'lry'!lt1-1Lftu1ul~1ul'!n'llilflm"'1' 
~-1 2 'QNWJi'j f'I'l~lJIf1fl!1l 31U'YI~fI~N 1u'llN::~1J1-1ft1uvru~L"lrrylM1u1J1'lftIl1'}::n·h,ru 

n11L ~ lCU"lltl 'I LftU 1tJ UfI::nTtL "'l rCU'!lfl-1 f1fl n L ~ tJ1J Utrifl::tu~ tri1-1 nu~u fi1J~1lJ1-1fl1 "'11 

tu~ 2 UfI:: 3 L'\lcuiln~11U~ 1 tl"Ltitl-1",n Ltu1tJlifQn~flLfltln<1t'niutfltlun1n1;-'-1f1tlnfll1JJ 
fi1'nJ'II1 ~"u 1~ LftU 1tJ~ii f'I'l1lJ LL;-1 UN Utl ::t1f1J 6\''l L i 1n1J1I1l1fi U'l flfltllJ l~jj~u a'lu~1tJvruf 
'YI61fl tl-1~1i1"1 n ~'IIf1 fl L~tJ'l1~ 1,.. ~ fI O11L "lruil "'ltl~tl ~fllJlil n~1tl1tJvru~u ~n.,:: 1\\ ~fl1nflliltJ-1 

nud1uYJntu~'ltJu~LftultJ,,::thtAn11 subculture "'fl1U1P1f-1l11tltlfl 2 tI nlJl1)'! LfltJUt;lfl::tl1U 

vruf UlJI nvi1-1 n Utl tl1-1iJUtl~ 1 ~ru ;-1ih~uu 1~~ 1t'11UvrU f mfi 1~ii PI'l1)'! Ltl ClU1'!Itl-1tl1UvTuf 

3. n11Ln1J~tl~afJIfltlm~fI"'f)).! 

n11L\.ltitJ')U1~'IIf1flL~U'lil'ltJtl1ffi::fl1tltf'ltl~;U 0.15%(w/v) 1U;'l-1~,)fl1 5-70 U1Yl 

rlf)ULii fI n11Uti..) L'IItlfl1",~ ;-1~fi61'-1 na1'l'rf1J~ 1 \,'iL'tl fl ~~tJ'lvl ~n L ",UU'lU1i:ifl' OlfN::n11L" lry'!ltl-1 

Lt\' U 1tJ Ufl ::n11tl h-1f1tln~"'tl1n"'tl1[J trl1-1 ritA 
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l"lry~UJ~Llfl:: SOl ~h.:Jf'ltlnEJ1nn~1tJni1 flth~i~H"'I.Il,h.A lilEl"lnlJ 20M Ut>ln[Jh-.l"l1n'l'l1tJ~\l~ 
~U u,fi f'I-.l~ 1 011 H PI')l).! 1 ;!J.J''I.I'!Ifl-.l'l'l11ft::::fl1 [J tf"lfl;; UlJ 1n uffi H l 'lfl1 'W L lUJ1 ::::"I::::ij ~fI ~fl L 11 fl if 

1 uJJ~ Lnf'l~t.lfi tl L ~tl-.l nUJ.J1 

U1m~u 1u L~UL6i)JQ-.l Llthu-.l b.il~fu 011LDf'le'lflO"l::;JJ r.Jfl1~f'I'il nijm '''UtlQIl1U 1 t.I']-.l 

ufl::ii'n.nf'l pJ"'N~~61tln~ ;.£Wfl'lr.l1)J1t;'Lilu'fl~ft""hltfry!i1'1.1~."tJ11~ 

"I1n n11fitu;Jtl1;jflYl 1-.li ru 31U~U lJ\fj tu", n tff'ltlr.i1-.lU1-.l f'lf)O ~-.lU1"f'ltl n nil~ mf ru::~ 

vl'-.lfltl n 11J LUlL "ley., 1 OS1EJliu{L;)m nu LLfl::Q" l;)U'J r1tln till)J ~-.l nti 1'l1"tl1tl1UWUi L utim\l1 

~ila m=tN::Plfln~UJ PitltJ f'H~ 1'UI ii-.li f'I~Ufltl n Ufl ::J1u1!n fit! n ~'JtJ tl!h-.l hnfl1)JOtl d'lu 

.",-.1 lfltlOUn""tl-.l flfl1 fln11A'1~U1"L '1 fllUmJ d:~ II fI~m 1 \oJ 'li L"lium,.., ~u U.viU1-.lf'lTl'lUtJJ.J fltl n 

l.n".';11'U"\l1,<ii~udlu"u . . , 

mnnutJ fl CJ ~ fI fI'flO L "fI"'tllJ lflu Lnu CJfll'lf.:, L~tJ 'lll'u tflmi'l1th~\J'h CJ fI CJa fI Vltl n HlU LLTn 

Lihn:nEJ1"J1tJ~,,\'i1n1'/LurouliiEJlJ~fI~~(;Il'tl.Yi1::mnn1nflt1mt1UU1n 

~1U'lUflt1m'tl.~EJt'it1'l~;1~t1tJ 600 nfJ.! ~t1~~~'fI~nU~1'\.nrm'tl.~EJ&it1 1 flt1n lYfTl::uj'fl 

flt1 niJ.nu1 I'IL'\.4 rU J1'\.411'n~ 1'IJ.!1mJ' nil~1U'lUl'ltl nutltJ 1 Ullru::~ flt1nllU1 filS n~1'\.411'n~flUtlEJ~n . . , 

1,..9"'1lJ'llJ"tln IJiflPlf ~JJ1 nn'h t1Eh~ hn(;l1).JU1'\.4\l'n LI.~~~n" ::f'I~ii L ,h nu 

~1t1vruiL~fl'\.4t1J.!~L'lIflffL~tl'lQm'\.4~tJ'lU1~'ltJtf\fI'Bijju 0.1 5%(wlv) d~UL'lfl1 5 u1Vi 

(5M) 10 U1;; (10 M) 30 U1;; (30 M) 40 U1;; (40M) 50 U1;; (50M) 60 U1;; (60M) 70 U1;; 

(70M) 1'lJ.!,r~ S05 d]u~1EJ~ui~U1~uL" dit1~~1n~1).J11nll\J1'\.4untH~11If)~(;Iflmif)Q~ J1'\.4Un 

ul\~')Jt1~f\fln6lt1Q~ Ll.fI::~1'\.4UnJ;ifl'\.4~~f\f1nlMin'h~1u~u1f~~L~J.! CUL074 lu~~ 2 ~n11 

.... f\at1~ .. ... . .. 
"1nm"V1l'1ftfl~ 'I'1U~1ft1El...rui~~L~).J CUL074 ihh'\.4un~~U'tl.fttJJ;iflQ~Uft::U1'\.4Unflfln 

u~~ &if) Q~~ \~ flU 600 nf).J uf)tJn~ 1~1tl~U1fl t.-1titJ'lU 1 ;~ Ui'l f1~~ 1n11L t.-1 tiU'l U1il14ft fi!'if) nTtL ~).J 
lli).J1tlA~S ~ fl til US ::~tiJU 1 ~ ') El~ui \ ~fI L ~fll m~ tJ S r.lfl ~V11~ 011A1~ ~;u US:: ~ ).JllU 

ft fltf 'lU'llt1~ fltln'"l1 ntltilTlfhu"::'\.4~1~f\'l1).JEl1'l r'hU(;IfI nti'lU'IIU1 (;I\.t).J'ln flfI n 1 U~Ll.1n 

vtU~1 b.i9\'W)u .... 1~tln~ u9ift6\tf'll.l'llt1~6\t1n lutu~ 2 ilf\'l1J.!\Unn\.tfl1m~).J;U t11'"1Liifl"'"I1n 

n1nJfu rij'l'llt1~ L~U tEl .,r ~~d]U111~ Lflfl n~ ;i111~ U'Int ..,ii'"l 
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011'111 LUfIl!f}lJ U. "'~ f'I'l1' l.frlii~ L \.nJ1:;ri\J~(l1U~ ll1 n H' ~fl\J hlYh f'I'l1'~~fI).i tlX u. ~-l1:::~U 

'\.Iii.:J nflU L~ U"'.:J1tJ fI'tJ n l," f);'Wl ~fl fmn'r11-1 "'fln''1l n~u~..:Jt1 U lu~ Nl-1lJjj 30-40 fl~ Pl1 L "IIfI L'iiufI 

"uLL"'.:Jl~f1fW)1'f1(111lJ~Q[JlJ (wmrr{U, 2531) 

4 . 11I1'l"lf/fl'U n1 n U~tJULLU iN L"II ad LLft:: 1~11lJ l"u.JlI'il.:Jf'lfln L "v)VI~UJ 

vn.J~111U1 fI L'lIft a'llfl-l LUf'I"'fllJfl1EJ,ruf tJi1.:J1 b.itJh-ln UVl1~tI n ~~r.::~1J f'I'l1lJ L -at11l'u 95% 

fl!.h-ll1n 11I1lJti-lf'l-l ~fl..:Jlh n1:r~n1i1 ti-lf'l'l1lJ LLtfln t'!''''IItN LU1 LI1I'fIft1 tI Uft:::U'l Lf'Ifltlft tJit1LtI 

n1ni" •••• , G3-CUL074 •• " G2-S07 n"n,.",""" •• nlu,ru41dlu."u1lu"""",ou1" 

Llft ::LU PI Pltln L~'ElI1l:r'l"ltlt1U lRflLtI 

1un"iin",uu4'UOu1",1~1'~'UffiU,~"unu1""n1"ru41UOu1",1~1'~111"11i 

nt\'fl'l'ft-"'11P1UU.U1Jtiu.tN~ri1a'l'llU1tJ 2000X 'r'i1J ~1tJfln1,.,ru41U'lutR:rt2.l1,!!lJ~1~ 'flU"), 

tl1tJl'1ufvi~hun1n1EJI1ILf'lfiiiiiU~ SOM Llfi:: 60M ~UU1"1:::liifl'flflflYU~t1tJ~U1JUL~fl'l"l1n 
~1~1,o.n,uu1",1~1,~1Iidlu41uouu'"~1'" 2 ,~,..,41UOu1",1~1,~, .. ii"0(n) .. , 

~1m;U~"OU~~ (CUL074) ~n41UOu1",1~1,~u'"~1'" 26-28 .~, 1U''''"~~1"';U~ SM, 

30M, 10M LLft:: 507 'fIU~141U'lutPl1tJJ1·JIl.J~uulJliifi1wh \tffitmh;;El-lnU~1Elvru~PI'lUp)l-J 

~-l'Wlh'l:::~n~Vi'fl~Viflt1tJ~ fI'lU~1U"'U~ 40M VlU-l1 'W~1l-J11f1t\pJ~fll~ld'iw'l1n UJt\1)J11rl 

UU41U'luifl1 il-J t 'IIl-J l~tlE.h-li 61 ~ "IU ;-lm"l ~ii'fl-l"l1nnm n"lUUUEl1n ri d~u 1~ 

m1L~'fImriUf1tlm~61\tffifl'lU Fruiting body ~~t1u.11tl(;i1-ltu~11 fixation ~Ul~fJnuiu 

61tlm~fI~il"llU161"l1tl-l6l'flnUfl:::t11Eflltl-l6ltlnUVln~1-lnU i6lU(1u-lfTI1)Jtl1Q 2 1'u 3 r)U 4 1'u 5 . , , 
........ _, .. ... .... 0 .. 

'lU 6 'lU Ufl::: 7 'lU\ttH"I1mnfl(ij)J61tlmfln1 -ltlntltlnl-J1,",1ntJ-ltl1\t11'DlfltlfnVitllit:::vnm1f161 

~~tln61tl n ~ ,"61~ ~ \tl-J1:::t'll-Jvi'fl n1nrU~1U'lU if'l1 il-J i"lll-J ~tl hJ iViElViU-l1 V1tln~ ~\t1 l-J1:::t\l-J P;tlli'ltln~ 

tl1:::l-J1fU 4-51'u Ufl::: il'J)U161~~\'/'~1'1.!.I~UUnfl1-l'J)tl..:JVltlm~Pltl1:::l-J1ru 4 ~"lIU91ll-JfTl1 \t~-l"t1mn61 

~l-JVI'flnLfln1 -lt1ntltlnl-J1"11ml-l;~~'flEJ i6lElmnd:lu6I'fln~ntl1QU'iJEl Lrlt1yhn11Utll-J~L~tlfTI11"1 

UU~1U'lU if'l1 il-J i"lllJ 1 ur.::El:::~~ 'II fl ft~"I::: L "Ilry LUULU; L~u"l:::ii"llU161lfl n Lnu ttl Ufl::: UJWEJ-lt1t1 n 

v1-l~U~-lbJt'l1)J11f1uu;1u'luif'l1i)Jt'lll-Jl~ uc4\t1nL~t1n1i6ltln~i1tl1Ql-J1nn~1 5 1u~ultl 
ViU~1 L 'IIflif~"I:::L"Ilry 11J d~ULUa ~El"l::: uU-lib U,\flUt\ uuu b.J t tl;t\ Lt\N iuut\'l~-l"l:::d'-l LnfTI L '"U 4 

id'l ~f'lfl Elt\ Ln6l~U1l1U 1ULUa LiitUl-J Ufl :::1J1-l fir ..:J\t1n "'tlm "~~i1'fl1Ql-J1 n1 ri"l :::..:Jt1n sterigma Ufl::: 

,ii" ,u •• 1 •• u.f""u "'" ."0 ;"" bj., ~"OUU41"OU te, 1~ 1,~ 1 "'o,;ilif 

uj't)L~'fln"llU1V1ufl:::t11Q')Jtl-l6l'flnL"61~Lmn:::t\l-J1uu~fl:::t\1uvru1l1~Ufh U1l-J1Vi1n11 

U'fll-Ja L ~'a fTl11"1uu41U'lU tf'l1 hi i 'IIlJ i61El 1um,.." 61 fl'fl..:J f'lf..:J U1n 1~ ~ti'fll-J propiono-orcein 
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1 • ;04 04 •• ' 04,. 
flU lfltm"UYlU1~Y1q IiIlJ1UtllJrt ~1J'l1~ ~YI ~"''"I1n 

".'hi'"~l1mru'hu1"1"'I~I.~~tJt1"!l.~1u" •• ~.: 
.. ;cy1tJ ,ilu,u. ,".10 .li.,,"n 1",~ 1.~;; •• "A' , .. ",.00 nU111.1" 1.1 ~"'.,.;;~ •• , " •• 
04 • '-'il ,_ •• il' 04 - • "". "uo4 .041 •• 1 11 Y1'"1 ::L"UTY ~ul ULUnLflUntftvH U'tfLLf'I~L"U lliltJ'lnU ,,~uu,,~ ~"1 fttJUfi'VI "'J!tJ'8lJ fiT lJ 'IIU"I,n 

il 1 . ....J..... - ~.J... , 
propiono-orcein L U aceto-iron-hematoxylin "U ~U'l1L"IIflflYltJ'8 ).n.Jn11'f;I"\'tYl"m1 \Lft:: 

1",~I'~~",""~I":".,"~"n;u,d.""n1.1~",.".~~ •• ,,, •• ~.: .. ;cy1tJ,ilu,u."' • 

• "u'",l. ';1H,~ul",I~I'~111.h" ••• ,," .. u ".:."~"'n';"n1nru'"",ul",I~I.~1~ 

LLfl::: LUU~lbi~ m tJlt;' 1\nn11 n11' 1-.l fI'l1lJff1UU1U LLS::UtltJ at'ibJ'n-l , "L~'fltl"'J!'il'liUft1lJ 1iiI::~'l"; 1 

1• • '1 • 1 " ~ \oIU1'L'10,/,\'11 YlV1ft1f1'11lJ flJ..J1ntJ..:J'IIU 

1un1'~n>t1Uu';1",,,I",I~I.~,u,"u,~.unul.an1nrU'hu1ul",I~I'~111.1" 

ft1tJ~lJ~~1lJn11'\4tJ"tflfl;;U~ 50M Ufl::: 80M JUU1":::Lii"V1tlih'iflt1tJ~LLUuliifl'l'"l1n 

."~"'n.11.,rul.,I~I.~1/(,ilu'"u1"tJ,:~"(u 2 '~"''''"u1''1"'I~I.~, .. "m(n) •• , 

.1m'ui.'u~~ (CUL074) ~~'"u1ul.,~I.~tJ,~"(u 26-28 "~, 1u.ru..-ii.1.""i SM, 

30M, 70M "S: S07 1'<u1"';"",ul",I~I,~~uu1/(~.","" 'i;'lnt\";;mnu.1."ui"'U~~ 
''1 uhi1"1::Ui f\V1t1iht fttltJ ~ ~,}Ui'l1tJ";U{ 40M ViU-l1 'Wft 1lJ1'rlfttu ~fI 'lA'Lnfl'l"l,n 'Wft1lJ11'Cl 

,ru41Wn~Ll'I1tlJL'IIlJU'flth'li"L"IU ~'ltl1'''liit1'l''l'lnil~'ln~t.LuuU1nnd:]ul~ 

n'l1"m~rl'~'lu'lulF1ii:lJl'!llJlI~~ 50M lU'I::60M l~lJ;\m'lnn~'lt'l'ltJ~U~,r~L~lJ 2 L'Vi1L~'C 

1~~1~1~Li]u'n'C~'nfltlUt1 uj~L~UUriUtl1U~ui"'~1~lJ utJI%,r~ntl1'l'Wt'l1lJ11CltJI1'l~tlaul~ 
i PI L "11.1 L ~fl~"I1n lFl11lJ 1 '!IlJlIa~ L -M ~illlU1fl L~ nlJ1n <11 Lilu~'C~ H ri1fl~1IU1tJlI~N n~'C~~~n~1 

2500,,," "s:."n~I" ,I~I.~~n""'"~;;n ., .. ii"n1nr,nu •• ,I",l~I.~ ~1Nuu';1",,,1ii 

'hi,. '"" ~'"''';1n1'~n"" 1".'iilt", ~~ '"~ '''u'iil." ~ I." ~ "il ••• 1tJ 
~1n~ Toyama (1995) "mn lflU H~1\nrnU\4~lItl~Lttu 1u 1um1nrrouLVltJU~LtlULtnrU 

il;tlft~mlll~1~L'!Iflifil"JIU1flLYhou U~tl1"1LtlultJ'lfl~L'IIfli~::il~1\4un'b.iL'Vi10U\41mUuL'u,ru 

trW1 N DNA ~l~titllJ 'b.itl1lJ11Cl ill nlU L YltJu OU ~~t11~ LU1tlU L iiuuD NNl1tJ 1 UL "!If! if LtltJ'lOU 

li'':Iu1fi biosensor Li4tlUtln "'':I1lJ LtlUYitl~'nfltlU" ~tl1t1 
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1. n'wiml11""~n~n11n~nfr~ufLul<JIflftli~f1'"t1lJ Lentinus edodes (Berk) Sing li'ltJLPla::n 

~u LfI!.m11U"W'llflflL~tJ')'tIt1,m'fllIfllJa1m~\·1ff CUL074 lJ1".,tJfI'll11fl::ft1ElLflflii"D1.1L'!lJtu 0.15% 

(w/v) lu'li'l-3 5·70 u1li rifluLnfln11utl.:JL"I!ftfl1\-1~ fnJ~1 40M SaM 80M !.La:: 70 M iln11L~r'1Jlv) 

~~n~1fl1tJliui ~~ L~lJ cu LD? 4 LfltJ 101ft t.lfll1l fltlnil Pl'l1lJ\Ui '1 nllm tJ'Vl1-3~UflnrnJ l rltuJ r::::Lu'llU 

".n1nJiiJlJ,,';-ui 

2. 91U'lU LPl1 LlJ t 'IIlJ"'1n~ti n11Ut1lJ~Lf'l1 11..1 t '!Ill LLfl:::lluI'l1tJ U1f nft tl-l, tWI 11P1udluLt-fltJ 1"" L ~ fl 

lV)11 50 M !.La:: SOM 'B1"1 'on 61Yifl~YifltltJ~ L ~ tH"'l1 ntl1lJ11tll1l1'l"1ll'u Lfli~lJ L '!:IlJ 1;; d:JU91U'lU 

lh:::l-J1f1! 2 LYi1'l1fl-391U'lUtfl1LlJL'lIlJ'ilfl~tl1[Jwui~-3LiilJ ~jj91U'lutfl1tlJt'nJlh::;"J1ru 26-28 uY!-3 

.",,"iiii "n'iiin1,.{f."in",1>Jl'"~1"';-ui 5M, 30M, 70M ."e 507 ~n"u11iH1UOU 

Lfl1 LlJ L "lIlJ~ii ph 1nft LiiitJ"nufl1tJliui~-1 L~lJ 
3. i'l1tJ~ufLMIil,"fllJ~L'IIftifL~tJ/l(Jnmi'imu1;;(lUtflflii;u O.15%(wtv) d:JUL'lft1 40 l.I1Vi 

(40 M) ."e 30 U1~ (30M) Lfluft,"';-uf>iiiLrt.",n~n1m1'l1,.".u1"1.ii1u~n.il •• ,~" 
..f~ 2 ~(u'-'1J~ PI~~lJIflflt'l 3 !uVlflfltH tl.l"ll(u::~1J1~~1El~l.IiL"I1t\11~tl.l1J1~~1l1'l:::Lvh,rl.l 

4. 
.. ..,.. .. , ., .. ~ - ... . ~ ..., . ~ ", ...... 

~ 1El,((l.I~fl~ LfllJ CU L07 4 lJl.I1'-'l.Infi VI L ~fl EllJlt)tJ~ Ufl ::l.I1'-'l.InlJlt) n U '-'~ lJIfl Q~'lI LflflEl 600 

nflJ i.ifltJn11a1U~l.Ifm~u'lU1 ;~U~fl~11n1n'-'~El'lU1ileJfl~~fln1n~lJtfn.I1(u~fleJfllJlUfl:: 

~ [;l.Jl.I1a1U~l.IiL~t'I L~fl t ~ eJ fl ~ftI'lVl1~n11~1~~;l.I 



D11:t1l VIE! 

Pll-lftU \l\.LYli'!1JYlt. 2545. n1n\.lriEl'lllib~LO"jbrniy:huihmfUJ Lentinus edodes 

(Berk) Sing. roEJtfla~;\A 'i}V1tJ1ijYil~lhfiruq!1lJ\.l1Uru;j~ . 1l1f\ij"ll1wqnHi"'I1t'1~f 

PI ru:::ilVltnfl1 el 91 f ,'ti1tHOtM.J"11Y1tni tJ . 

, . , '''' .. . . '". . ,., .,"... 'II:::U1 £111 LVi . 2527. 011=uflfl'li'U10UJJ4LQfI'nflflYiflfltlfuUUl'ND1tlHN, 'lYlEJ1UYil.Ui 

mryry1lJl-l1ucu<iif;i, ,li1a~nrorlJ"1i)YltJ1fltl . 

3~lJ1I'i'U~f11ry',t!. 2529. 011am:rlliY~"1ftflbfl4Lrullu'"l1nt'!tJflfL~fJ'l\Lfi;;'UI~ 

a~LL')"MlJritl?lflOrnVll1'tllJ Lentjous edodes (Berk) Sing .1J1~ft1f.Jl;Yi. fjVlmuYi\",fi 

mcyty1}.nnUN;;f;I, 1l1f'1'i}'111WQO:ttf'i1l'19lf f'lCU::;iJYltJ11'11ftfl f "!vl'1fl-lmcU 

lJ\t,'lVltl1fltl . 
. " • " •• '" . • • 1 <'·1 , <.... •• "1'~ nU L'\ItJ. 2521, n1t11ol(U1Ln"011ll'1H'1U1\L"tw}UUJU91..JUJ"u~101t\UlJ. 

1Y1t.J1U'I'I ufimcy ry1lJ,..'nj' CU;;II'I . f'lcu::;ill'1tJ "I fit1ft (;If l./\.l,'ll1tna mm:t9l1'f"i1ft 1JIf. .. 
1Jl1CU \!'CU:::'IIUUVI. 2542. Li4"fI"f1lJ Shiitake. ih,.lvifl1..Jl14. nt..JLYlVUJ\I' Ufl1: 

. ... ... .. 
fj1UOVj lJVi 31ULO'!f9l1n11lJ. 

,., •• ,; , 1 •• oJ., '. ~ , • 
uElVf','1fi ulJflfllJ. 2546. hli'!"'iI~ ~i'!'lI'11YVllJflflO1n"l7ry~i'!;::ftnl:tru::-lItl~ h'\l.UJnA~'H'il lJ 

Leotjous edodeS (Berk) Sing. tf'lN~1lJ~YltJ11'\1i't~f.1l1f\Vignl:tPl1f1f1f 

f'lru:::~YlU11'\1i'tflf ,111fl~ n7nIlJ"'1~V1tJ1 \itJ . 
¥- .... . ....t J! mi'irnu fI~"'l ". 2531. O17t)UU.\U~"'''''''fllJ(Lent/Ous edodes) U.fI::-"t:I\lfl'r'tlJl1lJYl1~1"I1lJ'!It:lVi 

ilJ Lt:I l 'II ~ YI'flflJ .~ YI tJ1UVit.l.1ft.firuCV1lJ\·nuru-n 91 . 111 PI~"JI1 ~V1 PIt UlflUVl1-1t:11,..17 U CUofi91 

~VltJ1 \iu ,111fl ~nrnrlJ"'1~YltJ1\itJ. 

~11nl 1.""11\1. 2538. n11"ntn';1uoul"Tl~I,~.m"u" •• n ".""01"~~~T<,,1Un1T 
• •• > , .. • '" • 
\'t1JnlJ~'II'Mn\'t'JEl LJ.,J"''J1EJ. 'l1tt'l17LOl:t!ll1f11\,!!I!7 1J1ltJ) 29: 150-157. 

\1V1fiVinru !l!11t71U. 2523. tJ1t:11t,rrlilU::"I1nn4fl\1f1lJ. 'l1 j\\1nl1~ fllJ1f'1l.nrn~(Elu.fl::- ~Vi1 ::­

~~flU.",~t17::-~V1f11V1tJ 1: 5-10 

... ... -- ..... . , 
QVlfi'YU7lU t717fflU Ufl::-f\r\J::- . 2530. mtti8lU101UY11;::rn""'fl)J Lenrmus edofies Jl 

lJ7;::mpflYltJ , nt~ ~VlVilJ""Uf'l7 1l1P1~'!I1 't'iqnl:t1'\1\\to'lf f'lCU::-~V1tJ1P11\\flf ,111fl~nrnr 

lJ"'1~VltJ1flEJ. 

tUJ1f'1lJli\&~1'\1f1!1!fLLl1~t1r.:LVll'\lV1tJ, 2546. 'HflmrY~f'l1\\!I!f, nt~LVI'r'I"1 

.~ • ".. < .... tl1lJlJVI Ltl tlt717::-~fl . 2532. mUn1;L'H,n'fllUf!!f1lJUJ, nt~ ~VlVilJ'tt 1\&Pl 7 : \7-1'r'1lJYfYflJ'Y'lfl 'ltJ 

88. 



67 

111l:t1'[),mq'M 

Alexopoulos, C.J., C.W.Mims and M.Blackwell: 1996: Introductory Mycology: 4" ed : 

John Wiley and Sons, Inc : USA 

Allard, R.W. 1960. Principles of Plant Breeding~ Japan. Tappan Printing 

Chihara, G., Meada, Y., Hamuro, G., Sasaki, T. , and Fukuoka, F. 1969. Inhibition of 

mouse sarcoma 180 by polysaccharides from LenUnus edodes. (Berk) Sing. 

tWure 222: 689. 

Chulalaksananukul. W., and Chimnoi , W. 1999, Polyploid Induction in 

Centelia asiatica (l.) Urban by Colchicine Treatment. J.Sci . Res.Chula. Unlv., 

Vol. 24. No.2: 55-65 

Dermen, H. 1940. A Colchicine polyploid and technique. 80t. Rev. 6: 599 - 635. 

Dnyansagar, V.R. 1992. Polyploid. Cytology and Genetics. 4'" ed. TATA McGRAW Hill 

Publishing Co.Ltd. New Delhi, India: 252-262. 

Eigsti , O.J. , Dustin . Jr., and Gay-Winn, N. 1955. Chemistry Colchicine in Agriculture 

Medicine Biology and Chemistry. U.S.A. The Iowa State College Press. 

Espino, Hamuro, J., Meada, Y. , Fuknoka, F. and Chihara, G. 1974. Antitumor 

polysaccharides, Lentinan and pachymaran as immunopotentiators. Mushroom 

Science IX (Part!), 477 

Hagino, K., Murakami-Murofushi, K., and Ohta, J. 1978. Effects of colchicine on the 

mitosis of Physarum polycephalum. plant Cell Physio!. 19: 71 1-715. 

Handa, S. , Sodhi, H.S., and Phutela, RP. 1997. Induc1ion of Autopolyploid in Agaricus 

Bisporus. Mycol. PI. Pathol. 27: 261-265. 

Husscin, F.T. and M.A.A. Narsa. 1974. A chromatographic method for assay of 

colchicines alkaloid . Planta Media. 25 : 396-400 

Mukda Kuhirun. 1975. A Genetic and Cytologic Analysis of the life cYCle of Coprinus 

cudus Kalchbrenner. Master's Thesis. Department of Biology, Washington 

University. 

Pegler, D.N. 1983. The genus Lentinula (Tricholomataceae tribe Collybieae. Shiitake 

Growers Handbook. : 217. 

Sarangbin, S., Morikawa, S., Kirimura, K., and Usami, S., 1994. Formation of autodiploid 

strains Aspergillus niger and their application to citric acid production from 



68 

starch. J. Ferment. Bioeng. 77: 474-478. 

Saitoh, T. 1974. Effect of eritadenine on lipids in hepatic bile. Mushroom extract as an 

interferon inducer I. Biological and physiological properties of spore extract of 

Lentinus edodes. Mushroom Science IX (part I), 509. 

Suzuki, S., and Ohshima, S. 1974. Influence of shiitake (Lentinus edodes) on human 

serum cholesterol. Mushroom Science IX (Part I) 463. 

Toyama, H. and Toyama, N. 1994. Nuclear abnormality in mycelia of Pleuratus 

ostreati..ls. In presence of colchicines. J. Biotechnol. 35: 97-106 

Toyama, H. and Toyama, N. 1995a. Multinucleation in conidia of polyploid derived from 

Trichoderma reesei. QM 9414 by colchicine treatment. J,IND. Microbial. 15: 

121-124. 

Toyama, H. and Toyama, N. 1995b. Factors affecting formation of micronucleus-like 

structures after colchicine treatment of Trichoderma reesei. World J. Microbiol, 

Biotechnol. 11: 97-106. 

Toyama, H. and Toyama, N. 1995c. Multinucleation through hyperpo!yploidization in 

the binucleate basidiomycete Lentinus edodesi with colchicine treatment. 

Microbios 84: 221-230. 

Toyama, H. and Toyama, N. 2000. Cellulase hyperproducers constructed from 

polyploids of Le"linus edodes. M1cjubios 101: 73-80. 

Van Tuyl, Jaap. M., Meijer, Bertus an Van Die'n, Maria . 1991. The use of oryzalin as an 

alternative for colchicines in vitro chromosome doubling of lilium and nerine. 

Netherland. (Mirneograghed). 

Wakata, A. and Sasaki, M.S. (1987) Measurement of micronuclei by cytokinesis-block 

method in cultured Chinese hamster cells : Comparison with types and rate of 

chromosome aberrations. Mutation Research. 190: 51-57. 

Yamamura, Y., and Cochran, K.W. 1974. A selective inhibitor of myxoviruses from 

shiitake (Lentinus edodes). Mushroom Science IX (Part I). 495. 



illflfH·&lO 



70 

lllflNUlO 

1.1 'l91Hlllfl'l Potato Dextrose Agar (PDA) 

n:::nltl PDA 39 nlu luJlfl~U I ~",. ii~~114()~~wt1IJU .121 °c t1'll1J~U 15 

,j £lUA~tl9l1$l~if') ,t1Ul1nl 15 'U,1;i 

1.2 tl9lHl1111'l Potato Dextrose Broth (POS) 

• 
tJou,,{~t191"l.:jih Itlumn 15 u,'" 

. ." 1.3 l!'ill01111'J"'\I1'lnH 

~ . !I d 
,.Tl nHU.:j 

Yeast extract 

Calcium sulphate 

· . --'\IIHOO 

1800 O; lJ 

10 ni'lJ 

ni'u 

0.2 

f4f1'1Jfhuth ::: ntluJ~l1lJ~u.,rl~'){/nU ,1~ttllI4tJ~~Wl1lJii 121 °C fl11lJftU 15 

'lh:)'uR~691nl.:jif11t1Ul1nl 15 ulli 

1.4 
. . -. . 

tj9l1tl l'HU'\IIf'lOtl (1f1'~IYn :: ) 

· . q '" "I" " '\I1ntJU IlltlHl11111l11.:j 

;1 

utJilJ 

- • fHmH) 

• ,h 

600 

30 ni'lJ 

12 ni'lJ 

0.1 % 



7 1 

fU"llihuth :: ntltnf~111lYll.fil~1lJih.1 1,rUfl11lJ~l.t 55 % tJn~iriQ.nmrOUil~ 

a:: 600 011.1 itnh14o~~unuJij 121 °c t111lJ~U 15 tJO\JA~6~Ul~if1 d'1urun 4 ~11tN 

nl11f11[J)JJUJ1 Fixation (Mukda Kuhirun, 1975) 

I. Propionic acid 

2. Ethanol 2 

in Fruiting bodies ~o~'u button stage iN'tllu propionic acid lin:: ethanol 'lilq'Yli (H'ffJJv11lJ 
.. " ... 

~ ,.. "I!"I ...... 1 ' • 
n~l1tY1U 1 :2) 'YI~ Fruiting body n n.nru 24 'If') lHf16\tYlU:; stain 

nnlfl;rnJiiilotllfl$1111'1lJ Aceto-iron-hematoxylin (Whittman, 1962). 

I. Hematoxylin 

2. 1mn alum 

2 

0.5 

3. Acetic acid 45% 50 i.jna~m 
• • 

n:::rnu Hematoxylin 2 ni'JJlumYl Acetic 45% lH;~'iI1mrunlri Iron alum i1~'tl ii~Hot.h>1,rmJ 

24 i,1"'fl61lth1ul~ 

. , 
ilftinUft8n = 
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lJHft11vt'lfU l5{rfmI'Q('I 'n~'riU6-3fll,li 24 n~111fl1J 1UI. 25 14 liOlUllVUJ111Ufll 

iha~~m'j~nlll'j:~utl;tyDJ 1UW.<tl~ 1l1fli", :r1111Ul fl OI :::ill[llftln~{ ~Wlft~mw1Jl1lilH.m;O 

iJ 'YUf. 2537 th::rrUfl1loi'lhnu 1inil'llJlfflrr"fR~U1R~OlJ u;'t1Y1 vt\lil\nnit.l ~lnR vnin,nu 

~lo~tJmWl'lHm'ml'fYl6 ul il'n ;il1U"",,lJ(th":: IYlfl11'1tJ) ,jlnR 

tintl'ui'll ~'l';Ulh.O"tJ~,ii'';lU.h 
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