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Abstract

To produce mushroom commercially the stability of mushroom spawn is very important,
which reguires the accuracy technique to detect the variation. The DNA techniques were used for
investigation because it is considered to be high efficiency to detect spawn variation prior to
applying to large scale production. The growth rate on the PDA medium, average of total yield
and detection by using PCR-RFLP technique, were erﬂployed. Mushrooms used in this study
were Pleurotus ostreatus, P. sajor-caju, P.cystidiosus, Lentinula polychous, L. squrrossula,
Lentinus edodes, Agrocvbe cylindracea, Auricularia auricula and Tricholoma crassum. The
results found that the growth rate and yield of individual species gave different patterns
correspond to individual species. Some species had decreased in growth rate and yield such as L.
sqarrossula, L. polychrous and P. sajor-caju when compared with the first subculturing, It was
also found that these species had prolonged the growth on PDA medium. For PCR-RFLP
analysis, the DNA templates were amplified with ITS 4 and 5 primers. There were differences in
size about 600-800 bp depend on each of species. The results suggested that individual of species
still gave different DNA-fingerprint pattern after digested with the 4 restriction enzymes. The
DNA patterns were different individual among species depending on each species and most of
species still gave the same DNA pattern when serial transfering of mycelium were conducted
except in 4. auricula (Ear mushroom). The third subculture of 4. auricula gave the different
fragment sizes with Hinf I when compared with the first subculture. The third subculture of 4.
auricula gave changing in fragment sizes when digesting with Hinf 1 up to 2 recognition sites
resulted in obtaining fragment sizes of 357 and 263 bp. While the first subculture had only one
recognition site gave in size of 300 and 300 bp. Therefore, the DNA sequences were further
investigated. From the sequences data were aligned between the first and third subcultures and
showed that recognition site had corresponded with DNA-fingerprint and homology found among
90%. In addition, another gene which related to fruit body development. By using B-tubulin
gene to detect the variation it was found a similar results as using restriction enzymes.

For Tricholoma crassum production, the appropriate technology was developed on the
basis of agricultural wastes utilization. In comparison of total yield, found that when using soil as
material substrate and clay plot as containers the highest yield (575 fresh weight g/ container)

was obtained at significant higher (P<0.01). While using soil mixed with soybean husk (1:1) and



soybean husk gave lower yield. In addition, when casing with rice-straw, rice husk and non-
covering it was found that these were no significantly differences (P<0.05) in yield enhancement.
Investigation the suitability of using controlled environment for production of mushroom
was achieved and found that moisture and temperature were important factors for controlling the
mycelium growth and mushroom production. These factors could be controlled by using
electronic equipment. The mushroom used for testing the controlled house were Flammulina
velutipes (Curt. Ex. Fr.). Under a set environment of15°C and 80% moisture the golden

mushroom gave higher yield than white mushroom.
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WMAUNWIY  Pleurotus ostreatus
<

Waund P sajor-cafu

o 1 dl.’

wenthdn P cystidiosus

=1

IMAreu Lentinus edodes

-

IHAYDUYY Lentinula squarrossula
-1

WienszAa L. polychrous

w3 =

AL Agrocybe cyvlindracea
l‘ﬁﬂﬁ'ﬂl& Auricularia auricula

o .
WMAAUWTA  Tricholoma crassum

m%mﬁu*ﬁmm%u DNA (PCR Hybaid and Perkin-Eimer-ABI 9700
thermo cycler system (Perkin-Elmer, Singapore)

Lﬂ?ﬂﬁl‘llth (Innovam, model 2300 Platform Shaker, New Brunswick
Sciencitific, New Jersey, U.S.A.)

Lﬂ%‘mi‘]umﬁ;m (Eppendorf, model: Centrifuge 5415C, Germany)

Water bath (Heto-Heten, model: maxi-Shaker, Denmark)

Vortex (Vortex-ZGenicm, model: G-560E, Scientific Industry, U.S.A.)
Hﬁaﬁammﬁu (HICLAVETM, medel: HA-300D, Hirayama Manufacturing
Cooperation, Japan)

Electrophoresis Chamber (Sub-Cell® GT, purchased from Bio-Rad)

: Horizontal Electrophoresis Chamber

: Vertical Electrophoresis Chamber

Gel Documentation (UVP ULTRA-Violet product; model: GDS > 50-

Camera, U.S.A.)

a s d’ Af
U ITUNTAUIYD
- PDA (Potato Dextose Agar): dsenonaln Tunss 200g/L

hnawn Inse 20 g/L

HI3U 19 g/L



- PDB (Potato Dextose Broth): 15:nausiiu surs 200 g/L
Wnawn lase 20 gL

2. MTUNITENA DNA

Lysis buffer: 50 mM Tns-HCl (pH 7.2)

50 mM EDTA (pH 8.0} (w/v)

3% SDS (wiv)

1% 2-mercaptoethanol (v/v)
- Phenol: Chloroform: Iscomy! alcohol (25: 24: 1} (viviv)
- 3M NaOAc (pH 8.0) (w/v)

- Isopropanol
- 70% ethanol (vAv)
- TE buffer: 10 mM Tris-HCI (pH7.2)

0.1 mM EDTA (pHS8.0)
- TBEbufferr  0.089 M Tris-base
2.5 mM Na, EDTA (pH8.0)
0.088 M Boric acid
- RNase A solution 100 Llg/ml
- DNA marker: 100 bp DNA
3. dmiumsiuiuILEY DNA
- Taq DNA polymerase (GIBCO) 5 unit/|4
- 10x buffer (15mM Mgel,, 500 mMKCI, 100mM Tris-HCI (pH 8.3)
- dNtPC dATB, dTTP, dGTP, dCTP)
- ITS4 uax ITSS primer
ITS 4: 5’ GGAAGTAA AGTCGTAACAAGG3'
ITS 5: 5’ TCCTCCGCTTATTGATATGC3'
- B-tubulin gene
B36F: 5’ CACCCACTCCCTCGGTGGTG3'
B12R: 5’ CATGAAGAAGTGAAGACGCGGGAA3'
4. FIMSUNTIN RFLP
- wowladasuwng: 4lul, Tagl, Mbol 0% Hinfl

- 2% Agarose gel



- 10% Polyacrylamide gel:30% Acrylamide stock solution: acrylamide
29g. N, N'—methylene bisacrylamide 1 g, bisacrylamide 1g ltam{'iﬂ’é'u
100 mi
5. dwmsumaduiue
- 3rdye labeled dideoxynucleotide triphosphate (dye ferminators)
fluorescent dyes
6. mn%’u’iﬁﬁnmzﬁ':mﬁﬁ
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ITS4-5 16 B-tubulin gene dh primer
A a4
f, MIneni¥euIgns
L4 » - & 1
aAuRugae 9 mwiuggmbuuwneuigninindesudu (original culture) Loz
y Y 4 P z ., |
woniyoiniioenislunIunanive (tissue culture) 91AMIRIININIVNBIMISIDELTD PDA
» ¥ »
meldanzilasade uaztuFenuldgaungil 30 °c Wuna 7-15 Tu deluGGouedy
< & s g ] F < n: v w 5
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DNA template ﬁ"lﬁ'@nﬁmuﬁném’mﬁ”w primer ITS 4-5 ST IUNANAI 1 reaction
ﬂﬁ:ﬂauﬁ’wﬂvmé'u deionized 27.5 {1, 10x amplification buffer 10 U1 (15 mM Mgcl,, 500 mM
KCl, 100 mM Tris-HC! (pH 8.3), dNTP stock 10 U1 (2 mM g dNTP), primer stock 50 LLM
stock 1 U1, 1182 Taq DNA polymer (5 unit/LL1) 0.25 L

gun i 1 luy§Asmarsiiuiuan DNA Ao

u

initial denature 3 WA ‘ﬁ 95 DIAUF DT
denature 30 3w i 95 DAL e
annealing 30 3N i 53 DR T ALY
extension 2 W i 72 LA IE
final extension 10 W% # 72 arsaidua

1’{111119 35994
A9 INT DNA template H 1M AN 1IUFY primer B-tubulin gene Fafidu Weruat
I reaction Y3zNouA Y Jmﬁ"u deionized 25 LI, MgCl, 2.5 LU (2.0 mM stock MgCL), dNTP
stock 5 LI (0.2 mM uAag dNTP), primer 1 [l (0.5 mM primer stock} ltdg 1 unit Tag DNA
polymerase

gomgif I ud§Rsmnmsmuduou DNA fie

initial denature 1 49 i 94 DIFT ALY
denature 30 UM i 94 DIFITATYE
annealing 30 IR i 56 DIFUBATIH
extension 30 N i 72 DIANTATUY
final extension 10 1% # 72 odesaEud

Ed
Navua 35 50U
%. RFLP (Restriction Fragment Length Polymeorphism) analysis

o s 1 ] = « @
oulaidas izl lunmsnaasafio 4, Tagl, Mbol Uaz Hinfl azinsiz¥imsda

¥ 1
= =y

%Uu DNA U Agarose 2% $ 80 volt, 40 W10 10% polyacrylamide gel 7 80 volt, 1.30 42T
#oudA0 ethidium bromide ALY < 0.5 mg/ml

l. Sequencing (MImDau)

windaue 1aunsen1n PCR product %3 600 bp. JatiASeaile Perkin Elmer’s ABI

PRISM ™™ 377 DNA sequence
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2. MIATILHNG ITS4-5 RFLP
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Alul
Mushroom species PCR product PCR-RFLP product digested

(bp) by AluI(bp)

L. polychrous 700 390, 135

L. squarrossula 700 400, 160

F. ostreatus 700 600, 90

P. sajor-caju 700 600, 100

P. cystidiosus 750 400, 180

Tricholoma crassum 700 500

A. nuricula . 600 390, 123

Agrocvbe cylindracea 750 520, 200

Lentinug edodes BOO 500, 190, 100
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PCR-RFLP product digested 7

Mushroom species PCR product
(bp) by Mbo I (bp)
L. polychrous 700 290, 190 R
L. squarrossula 700 290, 190
P. ostreatus 700 400, 190, 100
P. sgjor-caju 700 400, 200, 100
P. cystidiosus 750 400, 300, 70
Trickoloma crassum 700 390, 130
A. aquricula 600 400, 180
Agrocybe cylindracea 750 450, 280
Lentinus edodes 800 B 400, 190, 160, 90 |
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I_ Mushroom species

|—L. polychrous

L. squarrossula

P. ostreatus

P. sajor-caju

P. cystidiosus
Tricholoma crassum
A. auricula

Agrocybe cylindracea

Lentinus edodes

PCR product PCR-RFLP product digested 7
(bp) by Taq 1(bp)
700 (50, 100, 90
700 300, 180, 100, 70
700 350
700 350
750 330
700 350, 190, 180
600 320, 200
750 350,210,120

800

400, 320
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Hinf1
Mushroom species PCR product l PCR-RFLP product digested
{bp) by Hinf1 (bp)
L. polychrous 700 300, 200, 150
L. squarrossula 700 390, 380
P. ostreatus 700 390,230,110
P. sajor-caju 700 400, 230
P. cystidiosus 750 300, 250, 150
Tricholoma crassum 7060 300, 200, 180
A. auricula G600 300
Agrocybe cylindracea 750 350, 210, 180
Lentinus edodes 800 500
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Frodutiel Taql; 197 M: 100 fUUa (GIBCO BRL); HOMAYE : HavosFudiuioh

t o o [ 4’ n’: = = c:' a o P
‘hjFﬂ‘uﬂ']iﬂﬁﬁ"l!]lﬂu"l‘lﬁ.l'llBﬁﬂ']‘iﬂ'iﬂﬁmﬂ‘isiﬂ 1-20 LDAAVA : HAVDITUALDULDN

» o ¥
Fumseaaoeu ladussmsoinsensen 1-20
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M I 2 3456 7 8 9101112 13141516

=

M 17 18 19 20 21 22 23 24 25 26 27 28 29 30 3! 32

M 33 3435 36 37 38 39 40 4] 42

i = 4 o o o P v Hr
51t 37 waadwatil&anmah PCR veultamwRuf Lentinus edodes M lAruNIdRAIY
» [
Sl TagT; 107 M: 100 §iua (GIBCO BRLY; unuavy : wavesudiduiei i
' w ¢ oA & 4 2 ad  d
Fumsdadoeu lelveinaudeniifl 1-21 uoAIYRA : HAUIFUAID BN

a o 1 3 3 :‘l
misanou ladveenisauFensan 1-21
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M 7 8 9 10 11 1213 14 15 16 17 18 19 20

S00---

gt 38 wiafmatit 1danmsi PCR veuladwiu] Auricularia auricula H1RHIUNTIAA
s 1 1 4: A d i
aodu el TagI; 197 M: 100 giud (GIBCO BRL); UB1AYY : HaUBIFUALDUBT
1 ar W « ] d.’ : P = ﬂ? o of o
Tusunidadioeulsivoimsaudonsah 1-18 uauavh : HAYBITUALIEUIDY

1 a 9 Ly 1 a’ 3 P
f*ﬂuﬂ'l5ﬂﬂﬂ?Ulﬂu.l‘]fﬂilﬂ\lﬂ'l'iﬂ'lﬂlﬂfﬂﬂi\'lﬂ 1-18
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M 1 2 3 4 5 6 7T 8 % 10 1112 1314

GU0-—

M 1516 1718 19 20 21 22 23 24 25 26 27 28 29 30

H = oo F a w = ]
51 39 wanAwainldninash PCR woURAAWRUT Agrocybe cylindracea TIAHIUMI
»
sadrudulen] Tag I u0d M: 100 e (GIBCO BRL); HOWAYE : NAYDIFUAIDUI®
#Murumsgasoeu lafussntiowyendafl 122 uouavh ¢ HauIFUAB BT

1 w ¥ a” 4 & - A
H']‘Hﬂ']i'F!WF!'10&0111‘51!1]8Qﬂ150101‘116ﬂ5~!ﬂ 1-22
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M 1 2 34 56 7 8 9 10 11 §2 13141518

M 17 18 19 20 21 22 23 24 25 26 27 28 29 30

M 313233 34 3536 3738

1 oo 4 o =1 o { ' @
il 40 wiadouatn1onmavh PCR voudnewWug Tricholoma crassum MilAHUMIAR

¥
=y

o 1 ] =

Erodu'land Tag I; 107 M: 100 fiue (GIBCO BRL); UDUAYH : HAYDIFUALD DN
Vo o W F ' & ¥ 4 o & ad a
TuriumsaaaIuou TadusInIIon¥eaian 1-19 LOUALH : NRVDIFUADUIDT

» » .
Hrumssaaloen ledyoinisoivisonien 1-19
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3. madwnsvinaveariagwylasinames ITS4-5 RFLP
= a c? o o ] .n? '
asiudmaudu DNA Tutaynydae Iwswes 1Ts4-5 wud 1duundu DNA 600 ¢
[l o » 1 [ [
wanazdonFonfouddumunia 600 e sgviamiaynyadafl 1 uazein 3 A
1 o o 1 q’: -
TusunTy CLSTALX W31 %homology 4048 1@uud ITS Twsiwesszniunifi | uaz 3 A
’w 3 w w o o ﬂf
90% UANIINIIGINLNABUBINTIAATN DNA adoeulmd Hinf I Jvuna¥u DNA 1dauts
] 3 - o 1 d’ q’; — 3 t o ::’ o
357 uaz 263 guua (A5TH 3) Tuvaziinnawdeadail 1 1duua 300 gruadou 2 Fu (@l

i Ut a1, %)

a) 327 bps
r + ] wild type
327 bps SR7 bps
C ' ] mutant
b) 330bps +391 bps
{ . ] wildtype
323 bps 383 bps
r — + ]  mutant

4 Y a w R . d  w o R
51 41 OB UABUDVBIRAT WS Auricuaria auricula iodadaoioulyl Huif L
» r
Uo7 M: 100 §IWA(GIBCO BRL) : unnuavg : HavesFuAB IR liliumsdaday

1 4 q’a A P -: 3 ar )
Bulgfueamadiodonsafl 13 uadvn NAUBIFUABUIDANIUNITAAAIY

- & ¢ w o
owlasvosnistedenssdi 13 : unuiidadinoulalvesmeiug
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mﬂg‘ﬂﬁ 41 WUNHNIIRATU DNA Uy 10% polyacrylamide gel HATIUAOARAD I LLMT
nsdasmizuenewlnd Hin1 Ao Tumsdiodonied 1 vaafiayny uHufintsdas iz
Fioa 1 fumisfinsananisznda 600 e FatfusaMnnadu DNA v1I 300 RYPUmnIiu
wazluanmivadafuuoy DNA imnnnilumsdiodonsait 3 Sedumied 1 Tumséaag
7 327 GruauoeBndmitey#t 587 gumiusalinmaanmendamsdiadu DNA U 10%
polyacrylamide gel 321851 DNA fanua 2 daufivuie 327 oz 260 quua Pndmiawsn
agdldvenlmidadume dinf 1 munsoldasrvreunaulsusaumaiugaysuluriuy
myEuneiou s mzaubirmnsoldnsnmeuld  vndwienndnidhaw
wasswinnstedondai 1 uae 3 Tuaynylinmumandnduludduuad 587 guads
Lﬂuwaﬁﬁﬁnm13q'\'umiﬁﬁ%‘mmwmmnﬁﬁnmpmiwam‘sihm"gm\%ﬁ L F 3 Sslead

DNA f lilsuiy

1 : a 2 ar 1
a1519 s msnSsufevvnafudduiereuiamenu] duricularia auricula ysMaEY

w  d - Y of o =Y
Wuilnauaznaoiufiiodadmbu leivaeyia

Retriction PCR product in size of 600 bps
enzymes
Wild type a” subculturing) Matant (3" subcultuuring)
Aiul 390, 120 bp 390, 120 bp
Hinf1 300,300 bp 357,263 bp
Mbo 1 400, 190 bp 400, 190 bp
Tagl 316, 190 bp - 316,245 bp

AR 5 mmsnﬂdn'lﬁfiuﬁﬂuﬁgmsdwvﬁaﬂ%"‘qﬁ 3 shundsmpmsdauuy
DNA FasowlmigaiuisnunIunauuy DNA fuandfuanmatiodonied 1 @
3t 15, 24, 33 10 42) Famyitoulsisasunig Hinf1 uag Tagl ansaliaudIn DNA 7
uﬁﬂﬁ'wf‘i’uatim?ﬁwuﬁ’maﬁaﬂﬂﬁ'mﬁvwmm?;u DNA ﬁanam‘:mwaavmmmﬂrﬁhwm
SrfUEsTHTIm T eBenid 1 (wild type) SUAFIT 3 (mutant) Yuasoas eyl
pnMImd R AInAREi NSy DNA e 600 A udniwulSeufisutudoe

Tusunsu CLUSTAL X Aa3U# (42)
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CLUSTAL X ({1.64b) multiple sequencs aligmment

Hniitsé NGNNTTTCCCCGC T T TATTGATATGCTTAARGTTCGECTGGE- TAGTTCTACCTGATCTGE
En3iitad - ~GNCNTHCCOGCTT - ATTGATATGNTTTA ~ GTTCRAGCGGGETAGTCCTACCTGATTTGA

€ Fhadrhh hhkthhhrdkd &k ¥ wAEF Wh RE KEXT AR EEATEE N

HEHniltsd TEETCERAGCTTGCCAAGATAATGCGTT CACTTAGGGACGETIGTCAGCTGGACCTGTGA
En3itssé « GECCAAAGCTTT - - AAAATAGTT - GTCCACA ~ AGGGACGECTGTAAGCAGCGCCGCTGA

m & WA EEE L X I X L 3 L R X mkf kR h Rhk Ak & LE LR &
Enlitsd AGAGGCCTAGE- CATT - GGCGCATATTATTATYACACCGAT - SCCCAGCACTCTAMAAGC
Hriitsd AGAGGCCCAGGECAGTCEGCECAGATAATTATCACACCOTTCECCCAGCACTCTAMAAGT

ERR R R KNS RE F ERATEd Fh ANAANE FEhEEE 8 Rk bA R A AN T EARNEANS

HEnlitad GCCAGCTAATGCATTT CAAGACGAGCCGGTTAC - GGCACAGTCCAMAGTCCACCACGGGLG
Hniitad GOCAGCTAATGCATTITCALGACGAGCCGATTACCGGCACGGTCCAAGT CCACCGCAGGCG

e e R AR ARE R RR RS AN R A r o wadd AARR KRR AEN WA RN b drdk ¥ A kN

Hniited ACTGTTACATCGCAAGGETGAGGITTTACGTGACACTCARACABGCATGCTCCATGGRAT
En3ited ACTETTACATCGCAGGEETGAGGSTTTACGTGACACTCARACACGGCATGC TCCATGGAAT

FY T2 2R 2 XY E RS SRR R SRR AL 22 ARl el Ll

Enlitsd ACCAAGOAGCGCAAGATGCGTTCAALGATTCGATGATTCACTGAATTCTGCAATTCACAT
Hn3itsd ACCAAGGAGCGOAAGGTGCGTTCAALGATTOGATGATTCACTCAATTCTGCAATTICACAT
AR RS AR PR T OR S AR R PRI U PR R F AN AR AN WP e ST R R AR RN RN AN R Rk b
Hnlits4 TACTTATCGCATTTCRCTGLGT TCTTCAT CGATGCGAGAGCCAAGAGATCCGTTGTIGRAA
Hniitsd TACTTAT CGCAT T T CGCTGOGTTCTTCAT CGATGCGAGAGCCAAGRGATCOSTTGTTGAM
P LT L LT e R L e e e R s
Enilted AGTTGTTACTTITTATGGTTTTGT TAACATTCGAGACTGA - - FTTGTTGCATTIGAAAGC
HEnlitsé AGTTGTTACTT - - TATAGSTTCTCGTCACATTCTAGACTITTCET GG T TGCATGTAAMAGC
Ahh Rk NR ke dkd Rkk Mk AkekAk ke W WAk kkd B W
Bnlitad GGCAGCOACCEAAGCCGCAACCGARAAGGTGCACAGUTETGGGGTCTIGUTCCAGORTEL
Hnlits4d GGAAGTGECCEARACCGCAACCGARMAGGTGTACAGGTGTEAGAGGTIAT - -~-COGCETGC
P PRER ERhhd REAREER IR EANATERANT IR R A WA AN B -  wrukee
Enlited AGCCCTOTEALGGGOGCACA-GCTGAACGATCCCGTTAARAGCCCAA S MATCTITAATGA
En3itad AGCC~ = =TGA~ - -GOGCACAAGICGAA - ~ATTAAGACCGAMGCCTTAGAATCTTTARTGA
LR LR} & dhkdbkd & kAd e * *RER S *_*i*ﬂ‘*i*i't'
Hnlitad TCCTTCOGCAGECTCACCTAC - NGAMACCT TGT TANGACT TTNTNNARNA CC -
Hn3ltwed TCCTTCOGCASGT TCACCTACCEGHAACCTTSTTACGACTTI TT TN THRNNNNC

rhd bbbt rd EhbbkrRrh  Aewdhhhwdd Shbhkd B & L2

) Ve w g d o & . . .
3ﬂﬁ 42 ﬂ1581umﬁumﬁﬂmawumﬁmmmmamu‘wuq Auricularia auricula Tan
» ¥ ' » ¥ 1
Wlsnfousendiemssie@eniai 1 @uuly) LazmMIo¥easan 3 Ha 1 ITS4
» » 1
SudduwaveseoRufunalumsdindonssi 1 uaz Hn 3 1Ts4 udwumue

4’ w £ r -: 3 a
yauvomoRuin Idnnmsndenisii 3



80

& v 1
3.1 Mm3aia DNA 1naenfiayryvesmasanienan 3
: a o a & Y = oo
dloadn DNA vineeadtaymyhusuBeusuravesdu DNA funon ludhex
. 2 4 4 S I
WUTINMWHAFY DNA 11nRonuAzsInenmauas ludidon fe Maynyminosenis 3
w & Y] LY L o &
Fanalduuratu DNA novdenisdammonlaidasonie Hinf 1 18 2 51 DNA wua 357
L] » ¥
wae 263 g varimsaudeasai 1 Muwia 300,300 g awnsoagyidd A
o = ] o & 9 v d, 1 1A 7]
wlsdsumaRugnssuvsadamsofaiu ldnnnsdudedndenior  uazasieaenld
Y o ar 1 = -]
Tatimailn TIS-RFLP waganuulsdsaumaiugnssudnsaglunszuiumsiianeniia (31

i 43, 44)

GO (enw

1 (rmm

51t 43 IR eURUS U B OO URAMIONY  Auricularia auricula FwumIRARIY
Bu'lsal Hnif1 ;082 M: 100 lUa : UONAYE : navesduAB e lumun1sda
Sl uoavd : avesumSweRrmIsad e ued 1,3 e
wéuﬁné‘maﬁ'lﬁ'am'Iuﬁhﬁuwumuﬁmmmidm?s’aﬂ%ﬁ 1wz 3 MUBAY 1o

[ » [] ' » y’ t:l > -
#A 5,7 ; wavassuAduei ldnnaenitaroansaiaenia 1 uaz 3 amdia
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| D0

o =1 2 ad [ w o o
it 44 anfSoudioumavessufiduevoaiaawfug Auricularia auricula 1INNTARA L
o 1 1 a’ ] am 11 ar
wu'lnd Mbol 403 M 100 fiud : unuavy : wavesFuAiBuen lWAunsdady
4 o o 2 aad 4, @ 4 ¢
Sulasl : uouard @ wavssFuddueRsumsdadiodulal uad 1, 3 : woves
Y ad o =] ] 1 d'l' o o o o -
FufiBuwoh dnin uEdouvsartavesmsiedensad 1 uaz 3 mudAu wod s,

A:. = o P » o 1 d’ 3 a & W
73 Nf‘l‘llE]Qﬁfuﬂlﬂulﬂﬂ‘lﬁTl'lﬂﬂaﬂlﬁﬂﬂﬂ\'iﬂ'l'iﬂ'lﬂﬁfﬂﬂiQ‘ﬂ 1 uag 3 fwanay

- 5 1 ¥ p-1 o ] L d
3.2 M3iRTzRaTEHINNsoFenTaf 1 uaz 3 veudaynydia -tubulin gene
i w e o o '
nnurufimIdasu DNA  Taeulsidadumizludaynywunanuudsdsaumas
o o o, ; w v 3 & dy
Wugnssnveaiaiaiiumondsinnstiude Fwsvaoudan TIS4-S PCR-RFLP unnunil
" o : 4 - 4
§118n329 70U gene YA0H FaAD P-tubulin gene 118490 gene YAl Balduaf UAY Doolittle
(1997) 8138411 Thon 112 Rouse, 1999 ANt U1 PB-tubulin gene 1{lu gene Hiamusnldfinu
» ¥
oo @ @ A - .
fe3iannirveades 1dnnizdudu sulsznoudie o, B, uaz ¥ wbulins OL uas 3 wbulin
FmThiiade microtubules 1udulsznoudAaues cytoskeleton, mitotic spindles A
L3 o a > o = o ' ¥ -
flagella vouwaagmiilen Aniy gene yaflowiunumdigdelassasuvenenivan
o o -3 Ly - o 1 4 " =
idomimmsnaeuduaontiayyuazasiausilidnunziadnd wuduliodinsim
» ¥ . » 1
§1191 DNA veudaynyseninmsa1eenishi 1 uay 3 420 gene tinaf (JH 45) waves

4091 DNA flvua 100 giu @3 1) udluadsi 3 mamodeldvuna 400 uaz 100 g
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4 - o 4 . o4 d Y
FulowTsunsynnauasdnuasvasaomrayynuinmidgenssh 1 Mdnuwuzaen
= =] ' = : ar 4 = ' 5
wavadnninind fihea uardnumzasnimaraguiall (GUf 46)
¥ i
awsoagyl1an P-tubulin gene muisolduonszniemeniia wild type (ASIN 1) uaz
3 - of ¥ o = ndyw = 1 e o o
mutant (A547 3) Tumannyld wanuiadndiidlinodednyusilsnguesnsmiado uas
] o d’w 9 ar 3 = > ] W
uanai Iwswesyaiifiansolfifudnsnaeuluduneunsndariala
:fw 3 o of oday = Y] o = Y]
uenvinitaldassasuiusauisihalaenislndn ldnnvhiumnineds  wa
1 4 = o a a -ow a . )
nsastgeuwuIulisnSeudsufusenauisfhindnfndeniniuiuuae DNA Hvwia
T 3 - = Gf ! é t
150 giualusmzhnenhating lAun1ady DNA fie 150,100 uny 90 fud Feawisonannia
»
1 1o - a = o
Mhwdhdarimanigreuses wesyunduaiinmuguanimnadoulunamizi

a d da - - 1
mnIanaranmaniaNuAaLng 14 tusevIemsitlanen

1500 -

100—

31]’?! 45 Hammifuﬁt?mmmmiﬁﬂawﬁuﬁ Auricularia auricula \\0E Pleurotus sajor-caju '-‘?Q
Aumaiud Ty B-tubutin gene 1499 M: 100 LU (GIBCOBRLY; woa 1:
niceidendeit 1 nowufund) uaadt 2: dwideadad 3 (meug) ueadl 3:ua
WU Auricularia auricula Avhiuaeiydgn e 4: ameRug
Auricularia auricula FRAUAR 1A 5: AIUAN 1OIT 6: MR Pleurotus
sajor-caju fRelnd weaf 7: aonifaUnAveIa WU Pleurotus sajor-caju LAZION

<
7 8: AU
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+ o o o o =
Uil 46 AnumizRRRIiAT WS Auricularia auricula ; F10iie : MwRURNG

] w
yiie : AN

L] ar =1 w o 4 £ -
51 47 dnvazilsingueadina Wil Pleurotus sajor-caju MUANMAAIAAMIIMENTH

= & P < P w &= -4 o o
'ﬂl.“']gl.ﬂﬂﬂllﬂ“ﬂ'ﬁu unda. wwue mfmu'qﬂﬂﬂ VANUD : ﬂﬂ1U“u’§
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33 é’vmnnm?ﬂguﬂzﬂmamamﬁﬁﬁnu'lumsdmuéaﬁ%eﬁ 3

IINHAYDITY DNA  unzuwuimsdaveanylmigasumzlunsaodensadi 3
wuhBanuuands lnnwavesmsaedensn 1 ﬁ'ufum‘mﬁﬁﬂﬂﬁﬂﬂaﬁuﬁmmi{mﬂﬁ
mm:ﬁmi’fﬂaﬁ'ﬂé’ﬁﬂﬂﬁaﬁwluﬁau%ﬁlﬂu imrnmﬁﬁﬂymaﬂm1msmag'luﬂaumsaua~

WaHAA W‘IJ'T]'E"ﬁTIﬂ'ﬁLiiﬂ;ﬁﬂﬂﬂ?iﬂ1ﬂ£¥ﬂﬂi\1ﬂ 3 19ATIAAAUANAIINUDEIITAIDY lﬁ?]

ar ' @t ar o ar o = lg ar o o
!ﬂ?ﬂﬂk‘l’lﬂ‘]_lﬂ‘ﬂﬂTiﬂ'lﬂﬁfﬂﬂiﬂﬂ 18 'J‘Ll“ﬂ‘ﬂ'lﬂ']‘i'lﬂf]ﬁ‘i']ﬂ'lﬁl.ﬂﬂ!‘lfﬂ']u&ﬂtnﬂu ﬁQE‘IJ 48

[ ¥ . » ¥
5 48 msnlSsudisudanmsinsgues luddenludeuliesszniemsmiayens i |

¥

 d v ¥ ¥
1A 3 ; 2) OATININIYNINOIFOATIN 3 b) BATINTIVIYMIOTEATIN |

i .:iv 9 = = o o ' dl’ ::: =
dauimwseagl @ hanuRslnamavugnssuveasiayny lunsoeidenssn 3
= v o = 9 q’d'! = A ar T
i TagasanasnsiMinig ludoulineouasnanaagiaunsnduna 1d lusenang
= o == " 4’ v v & w - U dT g =
NIZIIUNSKAAIA  NUMITIoF0atNABIle  1AsdAI NN RUaIMsaIuyenssn 3
3 L ] v ¥ v
apasnINNImodenianl 1 Aailu 11.63% Mszduanui¥eriu 95% uAdaTIMsSyLY
a 3 » ¥ ¥ ¥
assusednalng aniudwnanlahmsiadasinmsnigreuFeuuemisiasase PDA
i " . ] "
dens hifisanesenismugugunnge esnneiisdeadeiluumdemisigauauysal
- a é‘l' = = A!' o A ar ¥
uazibeaemsinsgyveusaiaun luvazidewde lulidesdnlszneuidn cellulose 1y

a at & d.’ o 97 = = 1) a'cz A o '
ﬂ@ﬂﬁﬁ&'ﬂﬂﬂ?‘iaﬂ H| ‘lf\'lHfﬂl.ﬁﬁ93ﬂa\'iilﬂ'ﬁ”aﬁﬁ'i"lﬂlﬂu‘l'ﬁu“uu'] MoanEnInsvon
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1 ’r ar ok o
msdszneumariinenuditezgadumsomis 18 Fuoulanl cellutase, cellohydrase
o : - o' a_ o 1 1

(Zhao 1% Kwan, 1999) siariuumumuihfivesieu Imidalinnuddydensdosarsdssney
g ar o 3 o = ar = &

cellulase  HaNRMTUMenasmMunAuFe [dilinatimsanasvetnandauazdnmaesy 4
=y L} y -ﬂl o » é & o ‘:I
MsanRIvBINAMARTIMITIUIFT e oAUt deuLed i IdmIWamsafenenitasy

= J ] = g o dg N
Fuazlisrwmudarsireinsuinaeniiaiiuinii (flushing)

A o ' d’ ¥ P ] -: : a o 4 1 3 o =
Wiovimsmuiedslufinstedenian 4 Teoldludden wuinisdasinianiey

:? w ¥ = ar 1 g : 5 :i. 1 =
uATWavasTu DNA naulinamdoudunisaudonisn 1 (GUR 1) uaasheeifa

A L 1 i =y

reversible genetic 14 Fwmalnnuasandoi (Hartl, 1988) WU gene ﬁﬁﬂﬁﬁ‘lmm*gﬂ
o a a o ¥ = 1 = R 4 o ¥ =
nJAgu gene NNAWRUT (mutant) 14 5on3101315A reverse mutation FaTAWL IR IUBITUTA
1 a’.r & = 3 ar d’ = J w o 3 - = 4: d'
wniu Fnsalfoudounduuss gene Horfaduiiumsamoiuiniad 2 uazazifadui
'y ' -] v o 3 p-4 o d -] ‘:ﬂ . o 'ﬂ ¥
dumiatan1dlu genome Faiuntsdiodonisi 4 vourayryilidu reversion Fuilunald

¥ 1 »
BRSNS YUALHOVDIFU DNA nldsundumiouauiuanuaeAudy (1" subculture)
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4. MInaantanusa

A - - = | 4 a 3o &4 qy

Wefnuteanmzimuzaudemsmzraauusa  laslslrgmaslamanisinuas

L
, - = M
minaasstioanuuiniluiuy Split-Split Fnandanasatzznaimsinyl 4 Weou g
a e . i . = -
Sms1eW A0 T sunsy Split-Split Plot Design (M3 WHAMITIATIZY M135149 6, 7)
a - o Aﬂn’: o w o = :Iv

MITIN 6 MIAATIHNNATANINUAVBURAA NG Tricholoma crassum PIWITIRYINWY

TRan1zane 9

Tratment Main plot (H)

(Sub-sub plot (8)) Plastic Clay plot S-MEAN DIFF

Fresh weight (g)  Fresh weight (g)

Non-covering

Soil 220.00° 575.00° 397.50 -355.00%*
Soybean husk 50.00° 328.33" 189.17 -278.33**
Soil+soybean husk 75.33 233.33° 154.33 -158.00*
Rice husk-covering

Soil 163.33" 241.63° 202.50 -78.33"
Soybean husk 0.00™ 73.33" 36.67 -73.33™
Soil+soybean husk 253.33" 0.00™ 126.67 253.33%*
Rice straw-covering

Soil 30.00° 270.00° 150.00 -240.00**
Soybean husk 16.67" 16.67° 16.67 0.00™
Soil+soybean husk 0.00™ 150.00” 75.00 -150.00
H-MEAN 89.85 209.81 149.83 -119.96

**=gignificant at 1% level, * = significant at 5% level, ns = not significant

In a column under each M, means followed by a common letter are not significantly different at the 5% level by

DMRT
Comparision S.E.D. LSD{(5%) LSD(1%)
2-H means at each M*S 73.50 157.22 218.71

2.S means at each M*H 80.71 166.57 225.75
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AN 7 HAYBITARINIZAONANARYDUNR Tricholoma crassum

Casing material Plastic Clay pot S-MEAN DIFF

Fresh weight (g) | Fresh weight (g)

Soil 137.78° 362.22° 250.00 224.44%*

Soybean husk 22.22° 139.44° 80.83 ~117.22%*

Soil+soybean husk 109.56" 127.78° 118.67 -18.22™
Average 89.85 209.81 149.83 -119.96

** = gignificant at 1% level, * = signficant at 55 level, ns = not significant

[n a column, means followed by a common letter are not significantiy different at the 5% level by DMRT

Comparison S.E.D. LSD (5%) LSD (1%)
2-H means at each S 42.43 90.77 126.27
2-8 means at each H 46.60 96.17 130.33

W W a o a 4 4 ¥ 44 o
mradannseigusaiiafuussuuemisdoudio  PDA  unzludeulidesde
0.3530.07 e/ uaz 4.0510.30 /2 Tu RszAuanuFey 95% muddu uazgungiia
1 =y A ' A =l = 4 L] &
muzauaemuiyAe 30 °C Fuile uFdsueTydufoumdoud Ml danen Tash
[] ) - - ad o ar
msitlarenludasdieunsnginufegainuiiuna 4 @eu guungifcunaialdluTagune
- 0 - J v ar a’ w o d
fi9 26-30 °C Fusgiuanusuduimioma
w a ¥ = e a M A m Yo o A
wiin 17 Tu nnduSuimamzSudunanulu@itoufivsnaldfaudnadly
sz 5.0 . TaoSuwulu@iBonluTagmzildduenufvineu deandamuluTagwe
= -~ ar - o ] - o W r] o ’ ) aa
naudu-+lfenduasidontrediufss awd iy e1dlsannnesdyszneyluduiwnl
»
ATy HIRdATHUONBIUN (humus) naddemianSyveudoia (Ogawa, 1964 H19daly
»
Chang u8e Heyes, 1978) Auinh@douiannsahmsemisoindu 14186 (1dud,
1978) Tudaaqumizaiiady
A a " =1 s E ] v oA ] o
TudouamnuSuimsiiuronds Fuilugnggdu wudidulsngauasniiauig
@0 9 AseUSnaweLveIMEUzINE ndanniuil 29 vesmswiz Tagvuinaoniiduriy
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Su ndeu Al

minviaan (nTu)

1 (30fe1) 2 (30 Haw) 3 (30 Haw) 4 (30 NOH)

17/8/45 610 410 675 625
18/8/45 275 500 175 225
19/8/45 205 540 350 385
20/8/45 100 50 75 50
21/8/45 445 100 100 100
22/8/45 - 110 - 60
26/8/45 145 55 100 80
27/8/45 40 . - 45
28/8/45 75 50 70 -

29/8/45 90 62.5 62.5 85
31/8/45 75 60 100 70
2/9/45 100 200 200 160
3/5/45 100 50 50 50
4/9/45 125 120 . 75
5/9/45 65 30 75 70
6/9/45 - 100 - -

719145 75 . 55 50
8/9/45 80 125 50 70
9/9/45 0 60 50 60
10/9/45 75 - 55 50
11/9/45 - 70 60 80
12/9/45 50 30 - 40
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Fu niou Al vntinisiana ()
1 (30 fHow) 2 (30 Hlan) 3 (30010%) 4 (30 Paw)
13/9/45 60 - 50 -
14/9/45 80 70 50 60
15/9/45 50 30 40 30
16/9/45 40 90 70 100
17/9/45 35 - 40 30
18/9/45 - 40 30 -
19/9/45 50 65 60 .
20/9/45 40 50 30 25
21/9/45 100 80 90 110
22/9/45 50 60 150 100
23/9/45 70 80 75 65
24/9/45 100 85 90 70
mrinsauvanun 3,405 3,372 3,077 3,090
Wi, inagaedow 113.50 112.42 102.58 103.00




o ' ¥
AT 9 WandmaiuNB N IMIgATN 1 VAdeu 600 n¥Y

75

Su idvou A shwiainea (n¥%)
1(30 How) 230 M%) | 3(30 fiBy) 4 (30 fipw)
19/8/45 50 65 75 50
20/8/45 320 375 225 340
21/8/45 125 450 400 180
22/8/45 85 205 130 420
23/8/45 80 45 50 125
26/8/45 50 45 60 135
27/8/45 45 65 55 -
28/8/45 100 - - 50
29/8/45 50 50 60 -
31/8/45 50 300 100 75
2/9/45 125 110 200 125
3/9/45 30 a5 75 -
4/9/45 50 - 75 -
5/9/45 - 50 50 35
6/9/45 100 45 55 80
7/9/45 - 50 - 65
8/9/45 75 80 90 70
9/9/45 50 45 40 60
10/9/45 - 55 60 -
1179/45 75 - 50 50
12/9/45 . 70 . 40
13/9/45 50 . 40 -
14/9/45 35 70 40 80
15/9/45 30 40 45 35
16/9/45 55 45 40 60
17/9/45 35 50 60 35
18/9/45 40 - 30 502
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A1T1ER 9 (A1D)
Su ndvou Al shminiiaan (13a)
1 (30 Aow) 2 (30 flow) 3 (30 fow) 4 (30 fipw)
19/9/45 45 70 50 -
20/9/45 70 90 125 50
21/9/45 45 30 40 80
22/9/45 50 120 60 50
23/9/45 120 100 70 90
24/9/45 50 75 50 45
Yt usanue 2085 2685.16 2510 2475
. nBereden 69.50 89.51 83.67 82.50
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Yu ngenu /1 dmihisiare (i)
1(88 fiew) | 2 (88 fow) | 3 (88 flaw) | 4 (88 fiew) | 5 (44 few)
22/10/45 540 580 900 3400 320
24/10/45 1400 - - . -
29/10/45 1600 1800 1500 2200 1000
30/10/45 1000 980 825 1400 400
31/10/45 1400 1200 1500 1100 -
1/11/4S 900 1000 850 750 1600
2/11/45 400 300 500 800 780
3/11/45 200 400 300 500 .
4/11/45 500 600 450 - -
5/11/45 500 400 400 - 550
6/11/45 1000 900 500 800 450
7/11/45 700 400 500 - 300
8/11/45 500 600 500 600 400
9/11/45 1000 900 800 700 500
11/11/45 500 400 500 400 350
12/11/45 700 600 800 600 400
14/11/45 900 500 400 500 300
15/11/45 400 300 500 600 350
17/11/45 - - . 450 -
18/11/45 300 200 400 500 600
20/11/45 500 400 700 - 300
wins e 14,940 12,460 12,825 15,300 8,300
Wi, mdEneiewn 169.77 141.59 145.74 173.86 188.64
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