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ABSTRACT: Recently sawdust cultivation of Shiitake mushroom (Lentinula edodes) is increasing. It is important to make mycelia to be
brown on the substrate surface. This browned surface in sawdust cultivation plays an important role like as artificial bark of the oak log,
which protects the other pests and suppresses water evaporation in the substrate. In order to isolate genes which related to brown color
formation, differential display method was used. Two cDNA fragments obtained by DD-PCR were 1.2 and 1.6kb and these were expressed
in white colored mycelia from L. edodes, but not brown colored mycelia. Partial sequencing of these cDNA fragments showed that the 1.6kb
c¢DNA had 100% identity with the microsatellites gene from Dugenia polichroa. However, the other 1.2kb cDNA fragment had poly T tail
on 3’ region of partial open reading frame on 5’ region. The new primer designed based on the sequence of 1.2kb ¢cDNA was constructed.
RT-PCR analysis using the newly designed 0.12kb ¢DNA specific primer showed that the gene was only expressed in white color mycelia,
but not in brown color mycelia. Sequence analysis of 5’ region of this 1.2kb cDNA revealed that this gene contained partial open reading
frame consisted of 110 amino acid. Homology search using DNASIS database showed that this gene had high sequence homology of 66.7%
in DNA level and 69.2 % in amino acid level with dTDP-glucose 4,6-dehydratases gene from Arabidopsis thaliata. The dTDP-glucose 4,6-
dehydratases gene was known to be function to have tolerance with oxidation stress. These results strongly suggest that this gene isolated
from white mycelia of L. edodes might have a function of repressor against mycelia browning. Therefore I designated this gene as BCR

(Brown Color Repressor) gene.
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Isolation of total RNA from brown colored and noncolored mycelia

&

Extraction of whole cDNAs using oligo dT primer as antisense primer

4

PCR reaction using a set of random primers & oligo T primer as a sense and an antisense
primer, respectively.

&

Electrophoresis of the PCR products on agarose gel

=

Selection of difference band between black and white samples

=

Isolation of the selected cDNA fragment

=

Differential expression of the cDNA fragment gene by RT-PCR

=

Sequence analysis to characterize the cDNA

&

Analysis of the relationship between the confirmed cDNA and color formation

Fig. 1. Scheme of mRNA differential display to isolate the genes related to brown color formation

Table 1. List of primer used in differential display

Code Sequence( 5" t03" )
OPA-01 CAGGCCCTTC
OPA-03 AGTCAGCCAC
OPA-04 AATCGGGCTC
OPA-08 GTGACGTAGG
OPA-09 GGGTAACGCC
OPA-10 GTGATCGCAG
OPA-11 CAATCGCCGT
OPA-12 TCGGCGATAG
OPA-16 AGCCAGCGAA
OPA-19 CAAACGATCC

P = Maof| oste] Zrdo] o] Rojx]a g ojuff th=A) &
3= mRNAC] cDNAS 283} A7 (differential display)
&0t HolA o2 s = 5o fAE 'kl 14
2ol A A Bl gt £ o] & primer® AJAlsEo] Al7]
2 H= A AR ARl A o] fRARe] WS AtSto
A} sH3ATh

mE

e

22

o

1o

p

o

JERT

MR QEX S
o] FkApuel A RIe] 2 Siste] 100204 150
WA wjeyato] sk Bl U 2 AlrIE 8

Tt wEbA S A Ho R 2o Sold e

=<l I\



122 JOURNAL OF MUSHROOM SCIENCE AND PRODUCTION 10 (3) 2012

s = §H2LE Belal] $a) Zo] =
o] &3] B HALZEE] RNAS He 4,
mRNA differential display2] WS 53l S0 & 2=}
& T2} 5o

i

SAx=

18] Aol WAE FAAE HelEAsh] flste] 57
335 5 (ASI 3046)5 AFdloll 20m1¥] H3% PDB(potato
dextrose broth)8]Ao]] 217 5mme] #22 HE35}0] 152 2
Al PRI SFAL
£ SAIBHTE =3k el A Se] fxe] gels flste]

B
o
e
off
22
=
o2
ol
o
Q
P
g
1o
ox
u)
N
N
)
z
o
iy o
i3
o
m\l

TALZEE] total RNAS| 22

F 9] FAFRZEE total RNAED]= Sambrook 5(1989)
9] lithium chloride®¥& 443 Yang 5(1993)2] v o &2 A1
Alstdet, A ER] FELFARBEE S AZE o]-§5to] A}
A9k et oS AAEAE Il 55 YEAIHEA At
= gHbof|A mAISHA Bl4f & 10 m19] grinding buffer(GB :
100mM Tris—HCI, 10mM EDTA, 1%SDS)7} gA R L4l Eg]
o 72 24 phenol?} chloroform—isoamylalcohol(1:1) 21:1
O] §H(PIAA) 10mIE FaL 2 E3}sto] A 35 7
513t} RNAS 23Hgt o] 4=3-0] 1/35 1] 2] 8M LiCl(# &%
2M)& o] 4collA] A Ekgt o3, 10,000rpmef 4] 30+
Bt YAl sto] RNAS A F, o] &2 0.4 mle]
100mM Tris HCl/10mM EDTA-&Ho| 2§ HEFA]7| 2L ThA| A
£ 7, 1/10479]2] 3M NaOAc®} 2,54 F3]9] o AAF-S& 7}
Slo] =20 CoflA] 1AIZFo A Haksto] 2170A11 &, alwte]skal
70% o AL=Z M A AZAIA 100mM Tris HCl/10mM EDTA
goHo 2 YAErslo] total RNAS H2l5tdc) 2% RNA
& Sambrook £(1989)2] ®Ho]| 2J5}o] spectrophotometer
£ ol-&sto] 2607 280nmolA FFEE 543 - agarose/
formaldehyde Zo|A 77]%953Fo] 2lsi3ich

il

T

Differential display PCR

F 9] FALREE 2E3F total RNAS 2ol B -4
A5 'A5E] 918t0f mRNAS| cDNAZ& HAIsHIT ©]
o) A} B2 913F antisense primer+= oligo dT prim—
er (G—CGAGGAATTCTTTTTTTTTTTTTTTTTTTTTTTT
TTTTTT-3)E o]-&3}3t} A2 1st strand cDNA2] &
DNAse IZ A2]3}F 2ug2] total RNA, 0,5ug] oligo dT prim—
er, 25mM9] dNTPs, 200 units®] M—MLV reverse tran—
scriptase?} 20 units®] ribonuclease inhibitor?] 20u BH-3-

St Hof| A =351t o] Tl 42 ToflA] 3027t vE-S-A]
71 %, 65 T4 1027k 7Hgste] ¥h-g-& SAI5}ko] 1st strand
cDNAS] g5ttt o]o1A 2nd strand cDNAS A4S ¢
3 PCREFS-Z 20u02] RTHES- &3FHo]| 0,25ug9] oligo dT
primer, 212} T2 10 bp2] arbitrary sense primer(Table 1),
10102] 10 X DNA polymerase buffer, 10u02] 25uM MgCl2,
ANTPs9] 2% %7} 217} 0.25mMo] E=% 3137, 2.5 units
9] Taq DNA polymerase®} £33} 100534 0 2 4=3
3FSItt PCRERMS-2 HAd2 94Tl 4] 30z, od=-2 48T o)A
0%, ZZ2 72004 15L& 1 cycleZ 3} 40cyclesS A3
FoActk, WA O] JFALR} A O] FAS ARE-RE Z1ZHo] PCRAJAF
< 1.3% agarose gelol|A 7|50l 2Jsto] Eejsialom
o|& {tol| Ato| & UEb A WEE 7} cDNA HH-2 gel ex—
traction kit(Quagen)& AHE-8F] F=E353iTt

o W

il

ZHEH | AH

Differential display PCREYW O = ZZA|7] #311 {2
o] Zrivkd kel 7S flste] RT-PCRE AAISHIT
RT-PCRYM3-& &% cDNA ©#9] internal%d e 97|44
of -3} 5—CCCTCCTCACTACCAGT-3¢] £°] primer
£ arbitrary primert)4l PCREF3-2] sense primer®2A] Ak
|9 A& AlQlskaL, differential display=Alol| A2} o] 4=

2
2

DNAg7|MYE AHX

mRNA differential display ]l 2]&}¢] 2}0] & HERH cDNA
W H-S agarose gel 25-E gel extraction kitE AFg-5}o] &
259t w2 H 5o] cDNA TS EcoRVE At & dTTPE
7138t ligation WE](pBluescript KSY) 2} £31314 ligase2}
buffer’} 271 20u02] ZEHHM-S 16T A 15417t liga—
tion A|7|3L, E. coli DHboxtol F2AA3 A THSambrook,
1989). FAHHE E.coliz ¥ So¥d cDNA o] =3¢
H plasmidE DNA extraction kit(Quagen)& A-&-35}o]
Fae] F, 714G A0 o8-8t A7IAE A4S st
= DNAYHH-S: Sanger?] chain termination H1977) 0.2
sequence kit version 2.0(United State Biochemical Co.)
£ ol8sto] A7IMES AAslH 2 97149 Pro—
sis L2190 = PIRH|o|ERH|o] 20| 4] opmficil A5 d S A
A15F3IaL, DNASISE ©]-8-5+9] Gene Bank ] g0 EjH]|o] 20
A DNA ¢17] “5/3& HAsH3dT,

7= DNAQ| &2
Ernbay

H AR RE AZE primer?] working
3} L. edodes 9 w5 Pleurotus ostreatus 5t

2+, 18|31 P conucopiae, P cystidiosus, P salmoneo—



BCR (Brown Color Repressor) gene isolation related to mycelial browning of Lentinus edodes 123

M 1.2kb 1.6kb

kb

2.04

1.64

1.02

Fig. 2. Differential display to identify specific expressed genes 0.51
related to browning from white and brown colored mycelia
of L. edodes.. Total RNA(2 g) from white(W) and brown(B)
colored mycelia was subjected to differential display analysis
to isolate the gene related mycelial browning. RNA from two
colored mycelia were used in cDNA synthesis using oligo
dT primer and then amplified by PCR with combination of
various random 10 mer primers, mixed primer of OPA 1 to Fig. 3. Cloning of cDNA fragments, which are specifically expressed
OPA19(1), OPA 3(2), OPA 8(3) and OPA 10(4), and oligo dT on white colored mycelia of L. edodes, into pBluescriptor
primer. The PCR products were separated by electrophoresis cut with EcoRV. Lane 1 is clone 1(1.2kb) from differential
on 1.2% agarose gel with 1kb ladder DNA size marker(M). display of white mycelia by using OPA 3, lane 2 is clone
Arrow indicates position of PCR products(1.2, 1.6 kb) which 2(1.6 kb) from differential display of white mycelia by using
are only generated by white mycelia. OPA 10. M is 1kb ladder DNA size maker.
n zn an 4n 5N

TGGGT OGGTCACCCTAATT TTGAG CTOG TOGTATGATGT TG TAAGACCCTTT--TGT -TGA
L edodes : :
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DPCHSA3 -
AATTGTTATCOGCT- CAGAATT CCACACAACATA . = ~0GAG COGGAAG CATAAAGTCT 34
31 320 330 340 350

L edodes 2p 130 140 150

AGC CTGGGGTGCCTAATGAGTGAG CTAACT - AGATTAAT TG
DPCHSA3 - L o D
AGCCTGGGGTGCCTAATGAGTGAG CTAACTCACATTAATTG
360 870 380 sen 00

Fig. 4. Comparison of deduced DNA of 1.6kb cDNA fragment from white mycelia of L. edodes
with microsatellites from the planarian flatworm Dugenia polychroa.
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STTAT

CGT
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ACT

AAA ARA A 3T

CAG CCA CTIG GGT CGG TCA CCC TAA TTT TGA GCT

CCG TOACTEA TOT ~T.CT

TG CCAGAAT CTA TOA-TCT TGC ITG ICC €6 ATC

TCA CTA CCA GTT TAA TCT GIC CCA AAA ACC GTC

AAG ACT TCT TTC AGG GAC

AAG GCA CCA AGG CAC GGT CTG ATC TCA AGC

=CC: AAA ‘AGT GEC:I'TCA: CTT

TTT ATG TAC GAA TCG GAA CGG TCA TCA CTG GAT

GTC GGT AAT TTT CTT TA**G GTT AAT TAG ATT GGG GAT

CGA GCC CTT TAT TGA ATG

FJolale:

CTC AAT ATG CTT GCT TCG

ACA TAT TCG AAT AAT ATC

GAT GGT TAT ACA TAT AAA

Fig. 5. Partial sequencing of the 1.2kb cDNA fragment and construction of the

1.2 kb

cDNA specific new primers. Putative poly A tail signals(AATAA) and a poly A tail(AAAA)

are indicated. Dotted underline portion(*,

*, *) were constructed as sense primer(* 5’

CCCTCCTCACTACCA GT 3" ) and antisense primer(** 5 CCCC AATCTAATTAAC C 3" ).
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Fig. 6. RT-PCR by using newly designed specific primer with RNA
of periodical grown mycelia of L. edodes. Total RNA(2 1g) from
white(W) and brown(B) colored mycelia was amplified by PCR
with newly designed specific primer(1), and designed sense
primer and oligo dT primer(2). The RT-PCR products were
separated by electrophoresis on 1.2% agarose gel with 1kb
ladder DNA size marker(M).
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TR EFA7|E & S
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Fig. 7. PCR analysis searching the BCR gene on other species using
newly designed specific primer. Lane 1 to 9 were 9 strains of
L. edodes and lane 10 to 14 were 5 strains of P. ostreatus.
Lane 15, 16, 17, 18, 19. 20, and 21 were P. conucopiae, P.
cystidiosus, P. salmoneo—stramineus, P. sajor—caju, P. florida,
Flammulina velutipes, and Ganoderma lucidum, respectively.
The PCR products were separated by electrophoresison 1.2%
agarose gel with 1kb ladder DNA size marker(M).
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Fig. 8. Total RNA isolation from white mycelia(1), brown mycelia(2),
fruiting mycelia(3) of L. edodes

kb

204
1.64

1.02

0.51

Fig. 9. RT-PCR by using newly designed BCR specific primer with
RNA of periodical grown mycelia of L. edodes. Total RNA from
white mycelia(1), brown mycelia(2), fruiting mycelia(3) of L.
edodes was subjected to RT-PCR reaction to analyze the
1.2kb gene expression pattern in various stages.

10 20 30 40 50
57" ATCAGCCACTGGGTCGGTCACCCTAATTT TGAGCTCGTCCGT CATGATG

I 8 H W V G'H P NF E L VR HUD V

60 70 80 90 100
TTGTCGAGCCTTTATGATT GAATGTGACCAAATCTATCATCTTGCT TGT

v E P E M I E € & @ I ¥ H L A C

110 120 130 140 150
CCCGCATCCCCTCCTCACTACCAGTTTAATTCTGTCAAAACCGT CAAGAC
P A S PP HY Q FN S V KT V KT

160 170 180 190 200
TTCTTTCATGGGTACCCTCAATAT GCTTGGT CGGGCCAAGGT ACCAAGGG
S FM GGT L NMUIL G RAI K YV P R A

210 220 230 240 250
CACGTTTCCTGATCTCAAGCACCT CCAAGGT GTACGGAGACCCTGAGGTC
R F L I §..8 T 8 K Vv ¥Y G D P E V

260 270 280 290 300
AACCCACAACCTGAGGATTACT GGGGTAATGT CAACCCGATTGGTGATCG
N PP Q@ BE E D ¥ W & NV N P I G6'/D R

310 320
GGCTTTCTATGATGAAGGAARAGGGTCGG 37
A e X D Ef & KR NG

Fig. 10. Nucleotide and deduced amino acid sequence of cDNA fragment isolated

by mRNA differential display of white mycelia of L. edodes.
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10 20 30 40 50

L. edodes ATCAGCCACTGGGTCGGTCACCCTAATTTTGAGCTCGTCCGTCATGATG
e

dTDP-G GTTATGCACCATTTCAGTAACCCTAACTTTGAGATGATCCGTCACGATG

60 70 80 90 100
L. edodes TTGTCGAGCCTTTATGATTGAATGTGACCAAATCTATCATCTTGCTTGT

dTDP-G TGGTGAGC CGATTCTTC TTGAGGTTGATCAGATCTACCATTTGGCTTGC

110 120 130 140 150
L. edodes CCCGCATCCCCTCCTCACTACCAGTTTAATTCTGTCAAAACCGTCRARGAC

dTDP-G CCTGCTTC TCCTGTTCATTACAAATTCAATCCC GTCAAGACTATCAAGAC

160 170 180 190 200
L. edodes TTCTTTCATGGGTACCC TCARTATGCTTGGTCGGGCCARGGTACCRAGGG

dTDP-G GAATGTGGTTGGAACATTGAACATGCTTGGTTTGGCTAAGCGAGTTGGGG

210 220 230 240 250
L. edodes CACGTTTCCTGATCTCAAGCACCTCCAAGGTGTACGGAGACCCTGAGGTC
dTDP-G CTAGATTTCTTCTGACGAGTACCAGTGAGGTTTATGGTGATCCTCTGCAG
260 270 280 290 300
L. edodes AACCCACAACCTGAGGATTACTGGGGTAATGTCAACCCGATTGGTGATCG

dTDP-G CATCCTCAGGTTGAGAC TTACTGGGGCAACGTTAATCCCATTGGTGTTCG

310 320
L. edodes GGCTTTCTATGATGAAGGAARAGGGTCGG

dTDP-G TACTTGCTACGATGAAGGAAAACGTACGG

Fig. 11. Sequence homology between cDNA fragment and dTDP—
glucose 4,6—dehy dratases gene of Arabidopsis thaliata.
Comparison of the deduced DNA sequence of the partial
cDNA fragment of white mycelia of L. edodes with the dTDP—
glucose 4,6—dehydratases gene of A. thaliata.
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Fig. 12, Comparison of the deduced amino acid sequence of the
cDNAfragment of white myceliaof L. edodeswiththe dTDP-
glucose 4,6—dehydratases gene of Arabidopsis thaliata.
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