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Abstract

Pleurotus ostreatus is the second largest edible mushrooms next to Agaricus
bisporus. P. ostreatus is popular worldwide due to ease of and use of agricultural wastes
as substrates. Establishing a stable transformation system of P. ostreatus may provide a
tool for its heterologous expression and even oral vaccine production in the future.
Agrobacterium tumefaciens has been known as “natural engineer”. There are many
advantages of Agrobacterium tumefaciens mediated transformation (ATMT) over other
transformation methods such as convenience and less expenssive. The transformed
heterologous gene can be integrated into host genome by mostly single insertion, and
consequently more stable.

In this study, we successfully devélc;ped the = A.tumefaciens mediated
transformation of Pleurotusiostreatuss’/Agrobacterium harboring plasmid with different
promoters driving green fluoreseent protein (GFP) ‘and hygromycin phosphotransferase
gene (hph) was co-cultivated with Rleurotus ostreatus. P. ostreatus gill tissues used as

explants co-cultivating with Atumefaciens AGL-1 and LBA4404 could get more

=y
.

transformants, with transformation efficiency. ¢ around 80 ~ 90%. However, only a few of
transformants were obtained when homogémzed mycelia was used as starting material,
and no transfomant-was found jusing m;:e_eiha madified pellets: (MMP). Fluorescent
microscopic observation revealed that GFP <-:an be driven by the califlower mosaic virus
(CaMV) 35S promoter and JAgaricuS. bisprus* glycetaldehydes-3-phosphate
dehydrogenase (GPD) promoter, in. which GFP tended o appear as aggresome-like
fluorescent spot. When GFP ;gene with Ceterminal endoplasmic reticulum retention
signal was driven by P. ostreatus homologous GPD ‘promoters, the GFP also formed
green fluorescent spots. In the other hand, the Flammulina velutipes GPD and P.
ostreatus homologous GPD promoters without retention signal showed scattered green
fluorescence. These results suggested that fused signal peptide led to GFP accumulation
in P. ostreatu as aggregates. The highest amount of soluble GFP extracted from P.
ostreatus detected by ELISA is 43.83 ng per gram total soluble protein. Besides,
heterologous gene could be stably expressed after mitosis and meiosis.

Keywords : Pleurotus ostreatus, Agrobacterium tumefaciens mediated transformation
(ATMT), glyceraldehydes-3-phosphate dehydrogenase (GPD) promoter, green
fluorescent protein (GFP)
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Table 1. Comparison of production systems for recombinant human pharmaceutical proteins.

Overall Production Product Contamination Storage
System Glyecosylation
cost timescale quality risks cost
‘ Low Short Low Nene Endotoxins Moderate
Bacteria
Medium Medium “Medium % Incorrect Low risk Moderate
Yeast A\ ”
) ) —S— Viruses, prions )
Mammalian High Long Very high Correct _ Expensive
P and oncogenic DNA
cell culture Rl
' | : ‘ Viruses, prions _
o High Very long Very high | Correct,” ' Expensive
Transgenic animals and oncogenic DNA
Plant Medium Medium High Minor differences ~ Low risk Moderate
cell cultures
Very low Long Very high  High Minor differences ~ Low risk Inexpensive

Transgenic plants
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fruiting body. Figure originated from Casselton, L., and M. Zolan., 2002 (15).
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Table 2. Medicinal effects and substances of Pleurotus ostreatu

Medicinal effects Substances References
Antiviral Ubiquitin-like protein (94)
Immunomodulating Glucan (71, 80)
Antitumor Glycopeptides (56)
Mushroom grown on corncobs (103)
Mushroom )
Lectin B-D-Glucan (pleuran)
Anticholesterolic Mushroom (67)
Antioxidant B-D-Glucan (pleuran)-- (8)
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Table 3. Progressing of transformation system in Pleurotus ostreatus

Efficiency

Materials Transformation method (transformants /pg) Stability References
Protoplast PEG 5-46 N.A. Peng et al., 1992

PEG / Electroporation 3-48 N.A. Peng et al., 1993

PEG / ss DNA 200 N.A. Irie et al., 2001

REMI 0:1 Up'to 3 months Irie et al., 2001
Mycelia Particle bombardment 1 ‘ Up to 10 months ~ Sunagawa et al., 2002
Enzyme treated mycelia Electroporation 5E5071ES Up te 6 months Kuo et al., 2008

/ germinated spore

PEG : polyethylene glycol, REMI : Restriction Enzyme Mediated Integration, N.A.j Non-available
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Table 4. Edible mushrooms successfully transformed by Agrobacterium

Species Agrobacterium strain used Target gene Year References
Agaricus bisporus (¥ %) AGL-1, LBA1100, EHA105 hph 1998, 2000, 2001 (17, 24)
Suillus bovines (5 £ 3+ ) AGL-1, LBA1100 hph, EGEP 2002 (69)
Hypholoma sublateritium (% &) AGL-1 | hph 2004 (35)
Tricholoma matsutake (#> &) AGL-1, EHA105 hph 2006 (64)
Volvariella volvacea (3 %) EHA105, LBA4404 afp 2008 (95)
Antrodia cinnamomea (£ #-3°)  EHA105 hph 2008 (16)
Flammulina velutipes ( £ 4+ %) AGL-1, LBA4404 hp-)rl,.EGFP, GUS 2008 (105)

hph Escherichia coli hygromycin resistence gene, afp budworm antifreeze protein gene, EGFP:enhanced green fluorescent protein,

GUS B-glucuronidase gene
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Table 5. Selected discoveries and insights in Agrobacterium biology(29)

Year Discovery References

1853 B R R SR T L AR Fabre, Dunal

1897 #-z_ 4, Agrobacterium vitis 3 % = § §. Z—:‘*I%F“rﬂ}r% %] Cavara

1907 #-_J1 Agrobacterium tumefaciens % i = Paris Daisy = % =i B Smith and Townsend
1947 {4 B e B e R 2 L TR T ARSTRIE D TE B R s e e v S B4 S Braun

1971 Agrobacterium tumefaciens % 37°C ™ B'& % & 3 fm 4 R 4 ’é;}’( T TR 2 Lg¢ i AR A Kerr

1974 Agrobacterium tumefaciens Shigs 4 2 R 5 A (| %*"(Tl plasmld)rmac g B Zaenen

1977 Ti plasmid }+ 7 T-DNA 4 P TR B e § R Y M T DNA B2 R AR R Chilton

1980 B A% B e & & opine 4k B RE 5 B mi_ﬂ Guyon

1980 F A& f1* Agrobacterium tumefaciens # 25& 2% 8 & 42 4~ Francois

1984 T-DNA b 15 i b F17 24 3 3 B gk auxin 4o ctokiniflie 4 5 Klee et al ; Lichtenstein
1985 VIFANIIG = =33 & i St B 4% i) P i e e g @ %- ) Stachel and Zambryski
1986 ~ { % 22 T-DNA# # B A740 B e {2 Fov A3 I R3S ﬁ‘w‘w’ Bots FHE A i A AR

-~ R1E FREA A ek S 4 $FAgrobacterium tumefaciens (C58):& {7 % ¢ #DNA 275
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/15hr 2. =5 z%ﬁ“@%@r ".*-':f f:-:.
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*.-h_l

Ly -

< % 4E m(Escherﬁ'hlqc‘GE“) DHS'.G pﬂ#\ fﬂ IH—% ’*ﬂ.a SR IR B L8
Top 10 Ftk Pl & & 2 3% xrxé-e:'if ?‘,nm”a ; 37°C .f 1 5% Agar 2_ ] &
Luria-Broth (LB, Acumedia Manufacturers 1Vfl’ch1gan):L FEAANMRELBE A A
PR AR A RTER S 250rpme ¥ 12 2 25 % Glycerol 22 LB £ % A £ A i3t
-80°C -

B 1% *% % ) (Agrobacterium tumefaciens) Ftk = AGL-1 &2 LBA4404 » 7 32 % ¢

BREAA BEERZ28~30C RERFTHER L 250rpm > £ A FFifit e+

E;*;‘p;—]" o
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2. A

2.1 pPCAMBIA0380

pCAMBIA0380 (CAMBIA, Australia) > & ) 6.8 kb » 5 % 7| f‘ Mod ER 2
25 bp 2. Left border ¥# Right border % # T-DNA % 582bp: p % pUC8 2. % £ 7
i (Multiple cloning site) * Nopaline synthase (nos) poly A signal o # 2 F 7t bE5g
Fh e # #5 iF (Aminoglycoside phosphotransferase) & + 7% i % (Kanamycin)ift &

B B h 0 2 e .

g vk B
22 pCAMBIA1302 (o Y g N
» %-’;E-.h'li\"%"’ v d ER A
P78, A 'f-*ﬁf 1 CaMV

pCAMBIA1302"'(CA A,
25 bp 2. Left bc_'JHr'-der'ﬁ' Ri

?.l
358}9:@%—*1%-2_4];:?1;‘; i E AR s 0 s B|FE ML s 2 ¥ ',*ﬁ;»CaMV

358 feds 3 gedi 2. MGEP > # 33743 istidine 4 2 nos poly A'signal -
4 I'I-;_

. -
2.3 pCAMBIAoago-?i'H
pCAMBIA03 qp_m%}m

-“’i”# % % T-DNA 2

MCS if LB 34 § ~ . w;f;&.ﬁ_ SEBP g Hch 2 hph fE
¥ i aad
I e ?{_-'" « = a8
S Oy oy (AT i

2.4 pPiH-PiEGFP
pPiH-PiEGFP > £ 4 10.1kb > % pCAMBIA0380-PiH i RB =4 % » # 4. & F &
t+ GPD fxt> 3 % 4 % - B P 7 F Fed 2 EGFP sF #3L 7]

2.5 pPiH-PiEGFP-SP

pPiH-PiEGFP-SP 2 £ %) 10.1 kb> 3 pCAMBIA0380-PiH T RB =4 % » #& 4 % ¢
Flt GPD e+ F F % - B 7 FEcd 2 EGFPAREA T H 37384 5 p Fipis
%3 49225 HDEL -
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2.6 pAiH-AiEGFP

pAiH-AiEGFP > & % 9.4 kb » 4 pCAMBIA0390 i* % ¥ 2 » # T-DNA 2. MCS
LB 5 ¥4 GPD e+ 4 5 &% - B P 7 7 b hph 3 #1224 %] > 37 RB =471
5 G GPD et + 4§ % - B 73 fad 2 EGFP 3R $4 7]

2.7 pAiH-FiEGFP
pAiH-FiEGFP 2 £ £ 10.5kb> 2 pCAMBIA0390 it 5 # % » # T-DNA 2z MCS

iT LB 4 5 5 GPD gads+ 4 § ¥ - |
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Figure 8. Sterile fruiting bodies of P. ostreatus cultivated in laboratory.
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Pst1 (6764)  MCS (pUC8)
Basr:]';: Eg;jg)) Hind!11 (6768)

Xmal (6743)
EcoRI (6738)

Kanamycin R

& 0s poly A
- T B
&

=h . 4

Kanamycin R
pBR322 Ori

B4 % pCAMBIA0380 £ pCAMBIA 1302 2 *|fx 7 =& 4 T 5K ¥Rl +#
Figure 9. Restriction sites and specific gene map of plasmid pPCAMBIA0380 and
pCAMBIA 1302.
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NcoT (8706)
PstI (8683)

poly A

NOS poly A
BStEII (37)

hph

o)

P.O. 1st intron
P.O. gpd

EcoRI (6738)

LB

pCAMBIA0380 PiH
8731 bp

- ol

-

—

P.O. Ist intron

pPiH-PiEGFP
10097 bp

Kanamyein R

pBR322 Ori

B4 (%) 74 pCAMBIA0380-PiH £ pPiH-PiEGFP/SP 2 *U4|fs 7 =& 4 2 A
Figure 9.(Continued) Restriction sites and specific gene map of plasmid

pCAMBIA0380-PiH and pPiH-PiEGFP (w/o signal peptide).
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B4 (§) 74 pCAMBIA0390-AH-AiEGFP £ pCAMBIA0390-AH-FiEGFP 2 *

BglI1I (9420)

eg
Neol (8649) NOS PolyA

ApGPD-intron (= ~ RB
EroRI (835

/
ApGPD
hyg -

pAiH-AiEGFP

9438 1p

pAiH-FiEGFP
T—ETIODp. R

o
¥ o - R
B = . ¥ 4
Pstl (6750) = HEE'E.’-E@' ; .I_iﬂ'_" ' ~—PVS1-REP
B ada Wt
pBR322 bom site

Kanamycin (R) pBR322 ori

.

&

3

#IfF 2 A FIWE o A WA A R, 2008 -

Figure 8. (Continued) Restriction sites and specific gene map of plasmid

pCAMBIA0390-AiH-AIiEGFP and pCAMBIA0390-AiH-FiEGFP. Originated from Hsu,
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Table 6. Primers used in this study

Primer Sequence (5’2 3°)* Source

POGPD i-F CCAGTTAGTGGAAATCAATGGEAGCCGT This lab
POGPD iR CCAAAGGTTGGGACGTTGACCIGAATACG This lab
Hph-f ACTAGTATGAAAAAGCETGAACTCACC This lab
Hph-r CTGCAGACA ACTTAATAACACATTGCG This lab
L GGCCATTACGGCCGGCTGGTGGCAGGATATATTGTGGTG This lab
R GGCCGAGGCGGCCAACGCTCTTETETCTTAGGTTTACCC This lab
EGFP-F AGGTCAAAGGATCCATGGTGAGCAAGG This lab
EGFP-R GGTCACCTTACTTGTACAGCTCGTCCAT This lab

Tl 2 U AR o R AR ke 4841 > Spel ¢ ACTAGT . Pst LiCTGCAG ;:BamHT* GGATCC ;

34
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Table 7. Strains used in this study

Strain Characteristics Source
P. ostreatus Dikaryon This lab
P. ostreatus (A1B2) Monokaryon This lab
P. ostreatus (A2B1) Monokaryon This lab

E. coli Top10
E. coli DH5a

A.tumefaciens AGL-1

A.tumefaciens LBA4404

For molecular manipulation

For plasmid conservation

Disarmed strain, A.tumefaciens C58 as chromoésome background with rifampicin and
carbenicillin resistence. Harboring Ti plasmid pTiBo542A T-DNA without marker gene.
Disarmed strain, ‘A.tumefaciens AchS as chromosote background with rifampicin

resistence. Harboring pAE4404 with spectinomycin and stréptomyg¢in resistence.

Invitrogen (Carlsbad, CA)

Invitrogen (Carlsbad, CA)
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I F e

1.1 g 4 Sgkcd 3 B 7 Fesd
Rk EET2L TA-PIHFH e 4 G GPD&H+ 2 5 - B 2 F BAEFR
et h (RE > o) B4R+ o

1.2 Fr AR B e A
B0 R A AR 3 ml DB (TA Bt % 73
ampicilin & * )k & & 1004tg/ml - pCAMBTAwG F 7 & i Jp ** kanamycin B GER
% 50pg/ml) > 37°C ™ 250 rpm R 3 & 14~16 [ P& 2 @< <P~ A48 (5 > 1 Plasmid
Extraction Kit (Viogeney = #) iPig Rl
4o d1 2 B 48 TA-PiH -~ pCAMBIA0380.4 &)1 fz% Pst] 2 EcoRI# *~ >
TA-PiEGFP ~ TA-PiEGEP-SP - pCAMBI;é?‘SO-sPiH w2 BStEIT ¥ Necol #+7 > &

. N kg 24 2 L
/RN E S N N
i

2o~ UFIpE F e pEA L DI e iE

Table 8. The restriction enzyme'ratio and reaction conditon

Restriction enzymes Percentage (v/v) Reaction time (hour)”
EcoR I 2 1

Pstl 2 1.5

BstE 11 2 1

Nco I* 2 0.6

® Digest first when pairing with BstE II. ® Temperature used refer to New England
Biolabs products information. All in buffer 3 system . The DNA volume is 25 ~ 30ul

and total volume is 50pul.
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1.3 EF9a 4¥ DNA vz

HBedh B2 FRE S A 2 (52 A $ 8 6x i B 18(0.25% bromophenol blue, 0.25%
xylene cyanol, 0.1 M EDTA, 50% glycerol)i® & & » 12 1% 3 %388 i 7 3 A > 3% 0.5x
TAE buffer (40 mM Tris-acetate, ImM EDTA, pH8.0) 2 7 /B 140 K4z {7 7 4 20 &
4 o % ethidium bromide % ¢ 10~15 #4515 » 2 UVbox } BBAp ~ LB E % » 1Y
QIAquick Gel Extraction Kit (Qiagene, Valencia,CA)3 it p #& 5 £ o

14?Wﬁbﬁﬁ%

o ; | "I =
I B ol vector | insert .é,t'f"‘éc.%_ : :{"Eﬁ? 1ul T4 3% & f= ~ 10x ¥
) . %‘gplo 20l - % 4

@ﬁzxxloxfﬁmﬁﬁk*i » &
"'\-.{1 z ”ﬁ SQ_ﬂg/ml kanamycin

TF@W@@%@
2 LB plate £ &J@;ﬁ%

|ﬁ! :E
5 4 ”"gq i % f:l-'.'-
u?%#%4f% R YA
- o Y
\ ek =
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Table 9. Polymerase chain reaction condition used.

Target Primers Reaction condition Cycle
gene
P.oGPD POGPDi-F/POGPD 94°C 2 min 1
promoter i-R 94 °C 40sec—55°C 40sec— 72°C Imin 30
-intron
72°C 10min 1
hph Hph-f/ Hph-t 94°C 2 min 1
94°€40sec—56 °C 40sec— 72°C 2min 30
72 °C 10min 1
T-DNA L/R 94°.C 2 min 1
94:€40sec—56 °C 40se¢— 72°C3min 30
72 10rmin 1
EGFP EGFP-F / EGFP-R 94°C 2.rnin 1
94 °C 40sec—56°C40sec= 72°C Imin 30
72°C 10min 1
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M13F

EcoRI (441)

AmpicilinR
P.O.gpd

P.O.1st intron

Pst1(6764)
BamH]1 (6748)
Sma | (6745)
Xmal (6743)
EcoRI (6738)

MCS (pUCS) AR
Hind111 (6768) 4 v 3
Nco | (6787) =1
W.Nds pely 4
- 4 /

A

-

RE
Kanamycin R

pCAMBIA0380
6812bp |
B 7

(s
<k

pBR322 Ori

-I_u:.._m-"-.
EcoR I & Pst I digestion
N

f'",.-

pCAMBIAO0380 PiH
8731 bp

L Ligation —»

Fl- pCAMBIAO380-PiH £ ‘& 7 41 .7 & ] Kanamycin R

Figure 10. Construction of the recombinant plasmid pCAMBIA0380-PiH. /
pBR322 Ori
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BstEII (3799)

Ampicilin R

BGRe ol ffie
NcoT (8706) -L'--'m -1 TA-PiEGFP
psti (8683, NOS POIY'.A Bl 4302 bp

pOlYA BstEII (37) «

hph \ b RB‘* "iff
(o e ‘ h _:-
P.O. 1st intron =
P.O. gpd .EM PO.gpd
ECORI (6738) N . : EM(}MB?J P.O. 1stintron
pCAMBIA0380 "Pi
LB 8731 bp
e BsEII (1441)
v NOS poly A
L= RB
Kanamycin R oot |
namyein i ﬁﬁ; «EB I pPiH-PIEGFP
pBR322 Ori/ 9 NCO & BStE II digestion : 4 J p 10097bp
. ..-l":.-: - ‘nR
g L Kanamyc

Ligation —»
B -+ (%) pCAMBIA0380-PiH-PiEGFP £ & ?rr k12§ T#fl‘ = B pBR322 Ori

Figure 10. (Continued) Construction of the recombinant plasmid pCAMBIA0380-PiH-PiEGFP
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BsrEII (3799)
HDEL -~ Amspicilin R
P

EGFP .l 1 o
Ncol (8706) I TA PiEGFP SP
PstI (8683) i A
poly A = phi

T
s Y

e

P.O. 1st intron
P.O. gpd

EcoRI (6738) ' Pui(joen PO, 1st intron

LB
Bs4EII (1441)

7 NOS ply A
RB

l
Kanamycin R ; 3 'x.[ il il ‘ A& pPiH-PiEGFP-SP
/ s Nco I & BstE II digestion e _..-il y 1_0109b_p B
BR322 Ori . T O, | T
p 'J"',.-i. ‘ r . =3 Rasisimvbln R
=T AR - Ligation —»

S ACHIY EeT [ -

-~
. pBR322 Ori
- (i) pCAMBIA0380-PiH-PIEGFP-SP ¢ ‘& {4 1§+ & ]

Figure 10. (Continued) Construction of the recombinant plasmid pCAMBIA0380-PiH-PiEGFP-SP
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2. B4 EHE

21 RERAB Ty
MR LA THEE L AP R FE- FAx > HE» 3mlLB ¢ - 30°C
T 250rpm RFE A 48P R 0 R FRF®E 1ml I 100mlILB ¢ o e
BEIEERAER® > 1 ODgo>*E 5 1.5~2.0pF > 3+ 4°C ™ 12 3000 g &
10 448> 4 % 1 s FH 100 ml 4°C e kR iF o B0 s F 2w
M LR AC SRR B {'pﬁﬁﬂiﬁ £ 2020 Bots 4o r 400 pl 4°C

'r
i ‘-
L4

# 2 10% glycerol %@gﬁ AL 4‘%4 Aﬂifgﬂ'u ? 18 ?) » 4+-80°C T %1%
g - ¥, = _X N

Jldhmsh@ 1.25kV >
"‘-||1-| Tn
jets %“}'%ﬁ%% T 4o

400 I LB » ﬂ-}_ __1_ R

iy

AvN
%% 50 pg/ml Kanamy:é'in HLA .t.:js 30°C I—"?
-"'
£kt

B’~50ul/§¢b"f—

{“LEEE::'.F'FI*:' -“'1 1
23 R i E N
2T BB - R 5T PCRtube ¥ o e xR A B 31

(Hph-f/ Hph-r & L/R # EGFP-F/EGFP-R)z PCR % #] » %5 PCR 7 Ju 1 » M E ¥

Wit T PCR AP Tk > e PR Y A B3 M 278 »PCRF uif i L4 4 o
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3. B A BELA 2 6 )

3.1 g A A A
3.1.1 Fsk# (Modified Mycelia Pellet, MMP)
Bfhpe d S FT PDA &0 &6 D2 BASTRSE BB A AL > Uit BR

Had £ BN 5 MMP -

3.1.2 F$ki% (Blended mycelia)

Wi 5 SRR {O'i‘llﬂ?bﬁ'g‘ ’”é—%‘”ﬁgkﬁ Bz BALAD S I
..| s - i

GERE *ﬁi—%@ i '# B A ﬁ-z.a\fk(m@ 10 #5) B~
1.5 ml $= #3174 ,#?%?ﬁ S gfm. S dstsd Vf F

I||
N v L . s
/—%—Il ’ :T"“ _'E:;IP%‘ 'ii:.* —1»’ II%

+ -
i =
3.13 .,'% (G111 tissue) % ?
¥ AT A% 0.64cm’ =

=2=|
» W {%;*'E* i 7

RS .
32 B EE A E, A , ‘:E'q
Sl <A e,
#e g £ E.?fr 'ﬁ:ﬁf B & ;ﬁ:ZS'O °Cat /%}'ﬁv’i 7 5ng/ml Kanamycin 2. LA
L2
e RLIM REE - B ,ﬂzﬁé‘ ..Bmt;rwﬁszj -él'f 12250 rpm R iF 3 % 48 ) pE
{6 P 05ml 3 50mlLB*® > it % it Rk 121 4°C~3000¢g 4 10

AT AT w2 PR 0 s S0 ml 3 200 pM & 500 M 3 4

(Acetosyringone, AS)7:% H 12 & & (Induction medium, IM ; fie * 4o L #9777 ) ¥

33 ERFAEEAE A
3.3.1 sk ¥ (Modified Mycelia Pellet, MMP)

BT R o IMREPE B R BR3P EE R Rl bR
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¥ A2 IMplate(Z F 200 uM &

3.3.2 )4k (Blended mycelia)

B S R B s ImlIM RBGE R B HRR 0 25°C THEE LS B lml

R

Rl

{

CTEEE 3~5% o

333 ¥ime

#-0.25 cm’ ¥ 48 sE

TR —ER

& (Gill tissue)

F B EHI A2 IMplate (7 7 200 pM &

Tl AR EFR KM plate (7 7200 uM-s-

3~5% o

daz A AP AT LS B

-t R R 2R A A (inductionanedium, IM) ‘e = = 4

Table 10. Constituents of induction mediﬁm; Note : IM plate contain 0.9 g/L glucose.

=T

Constituent g/L
K,HPO,4 2,85
KH,PO,4 45
NaCl 0.15
MgSO 0.5
CaCl, - 2H,O 0.067
FeSO,4 - 7TH,O 0.0025
(NHy) 2S04 0.5
MES (pH 5.3) 8.53
Glucose’ 1.8
Glycerol 5
Acetosyringone 200 or 500uM
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various smrting materials

% (induced) Agrr:-.-':ac:erfum
Mnd.lﬂed Mycelium culture iy

Pellet mycelium "! “
Te
8

fruiting body
aill tissue

co-cultivation
Induction medium (200 /500 uM AS)

—

plate

l 3 ~ 5 days
transfer to selection plﬂ[e
B+ - Iﬁ a ﬁq/+ﬂﬂb% %&ﬁw -.'l.l;il:.ll _..':II

|,‘

Figure 11. Schematic opé'natlon of -host materh ‘co- ciﬂti‘{tate with A. tumefaciens.

Figure adapted from Michielse et!:lll- aﬁﬂ-)i‘ (©1). .|I
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4. & G ARG EE 247

4.1 FEHE MR R A GHE
LR R BN § 2 SRR SO SLE S SR SER L S S A EA
#3773 30ug/ml Hygromycin 2_ % # 432 % A3 & (/ 4r 200 uM cefotaxime Fr|

e

BHLL) BV BURESE N R R BB ATE SRR AR (5

3

30pg/ml Hygromycin £ 200 pM cefotaxime) > £ 4F &M 5 AT#HEHME R 2 A - &

MRS ST SRS 0 R Fl -

e s
12 ¥ SRR '1'f == Ji! gy,

|I"

S F‘]ﬁ’ 3 .?!JP“
A .
7 718 2 tip Fz;fﬂ’%“@-#-

T fﬂﬁm,}aﬁ

14
5 .w—"qa.a.\ ’1} 7, EH .» A5
LA MR
—ii s g s
s e

Ty

Eclipse E600 tleon Kanagawa, 11; o '-""l-
(Excitation wavelength 520 nrr‘f)'
'-.l'-'| e, ‘f- Tar® r"'-.

s g A

43 F9 B qei [ AT
431 HEABAT x"i» ?ﬁﬁ*ﬁ*f’ 4

B4 EESR F*is';i‘i #_»s,% %-’7' 'Ff]” 5 lb-j'-ﬂ PDB a'ﬁrg 3 BFAEILLE TR
S+ £20-80°C 34 — |- B 1500 BN Speed: \z,a@,;brgu R Wi FA A
VLR L BRSE S B gc E 0 # Tmg FAs A~ 20l 39 B B B (50 mM
sodium phosphate, 300 mM NaCl, ImM PMSF, 0.1% Triton X-100, pH 7.4) & 3 { 3%
Bk 1 o} pFES Y 4°C 12 13000g iE i Lo pES > B R % 2 BCA T

ELISA 247 » R GRS M5 0 > S e M52 ™ o F A E320°C #* o
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432 F9 T E
4321 %7 7% 9 F BCA =&

12 BSA (Sigma, Germany)fe # 2, 1.5, 1, 0.75, 0.5, 0.25, 0.125, 0 mg/ml 2_ &k &
s R A R AR AR E B E(10 2 20 B)E > E P10 pl = £ 45 4 2
96 3 HE F T £ A 200 ul BCA™ Protein Assay Kit (Pierce, Rockford, IL)# *
353 2 £ 2. BCA working reagent (reagent A: B=50:1) » ® k¥ 3t 37°C & i
Lol pELS S R 562 nm Bk (B o 118 O.D.sgp N~ BSA B W ME F o TE -
i w sj;;ﬁ;.—ﬁ B#cs EARAT S B9 T 39 F 7 £ (Total soluble protein,
TSP, ¥ i+ % mg/ml) -

4322 =2 EEAR S L AR~ 17 (sandwich ELISA)
fe @l coating buffer (0.1 M carbonate / bicarbonate, pH™9.6) » #- mouse anti —
GFP H A+ #8 (ab1218, Abcam, C_a‘i‘r_lbridgé,_ UK) 12 coating buffer #-f§ 4000

T

» B~ 100 ul 4 » ELISA &% # 967%&;‘% £ % (Nunc, Denmark) *c ¥ >+ 4°C
. |

-

#¥ 17 -} FEorz 200 pl PBST_(OiOS% ife.en—ZO, 0:13% NaCl, 0.01 M NaH,PO,) ‘}%‘
M s ATHER ¥ o | a= | "
?%i%ﬁ+%ﬁﬁ%m%uiEmm@mmaﬁ$@’mwp%¢Tn@
# His tag) i BCA @B 2 #5471 "HrmAe 00 600pg/iml 2 3k & b5 8 5
B AR Gy Tk g iR B B 100ul v~ 96 I MR F R 4°CHEE- )Y
200 pl PBST ji&® = & » 4¢ »~ 100pl blocking buffer (0.25% gelatin in PBST) » % &
#E A ] o200 pl PBST jfiew =t 18 > 4c » 100 pl blocking buffer ### i § & #&<
2_ rabbit anti-GFP % {x#<48(ab6556, Abcam, Cambridge, UK) 4°C # % - /| pF{s >
14 200 pl PBST it w =& 18 > 4c » 100 pl 12 blocking buffer £} ig % B #ic2. goat
anti rabbit HRP conjugate (PerkinElmer)*+ 4°C # ¥ — ] B¥ » 200 ul PBST #i% 2 =
{4~ 100 ul 3,3°5,5’- tetramethylbenzidine z & /% i% (TMB One Component HRP
Microwell Substrate, BioFX, MD, USA)# % 5 2 45/ » B O.D.gso %% i » & 5 &
B8R-S 3 X pFo EB Y R R R 2 PR Ak E o o R #)

R F-v %‘rb%' defedd e p ¥ A EGFP 2 £ (H =5 pg/ml) -
47



AT A B0 F P SHplE BGFP 5 820 bl 5 & A5k 5 B
% {4u 42 EGFP 5 £ 4% » 47 5 EGFP/TSP (ng/g) -

433 @ > & L7
Pk Atk 0 B XUk S00pl e g £ ¥ Microcon YM-10 (Millipore
Corporation Bedford, U.S.A)** 4°C» 6000 g i& 7 )k 55 L 484 5] S0ul» P~ 1S pl &2 5l
5x SDS # &% 7% R £353 5 100°C 44t 10 &~ 4518 > 3B 7k P A 4r 3 04
L LoBISHET o
79l 12% SDS F 7 RESHIM . % 50T P S o it 6~ SDS et e
i%(0.01% SDS, 2.5 mM EDTA, 80 mM-Boric acid, 90 mM Tris, pH 8.4){s » M k& =
RS  L1280 lj\iﬁf?_,&lé B30 ~40 540 FHEIEAREPHEL

B TRI 140 R H 20] Fﬁfé“'r"’ﬁ’\ 5 f?'r&“ (Ix ® A% e

%% 15%9 @) - % % PVDF (O45gn’r)m/é‘*“ 100%™ i o) 2 2 g A
g F
(Genmedika Biotechnology, & # ) f&H J}‘éﬁ“i‘; iR ZR i AR B~ T A

* ~ PVDF %~ i & i i :%;,.,\;[aﬁ»x%f . 1 HEAEER L 7SmA 15 A4 o
# 7% 14 2. PVDF %12 TSW uffer’(6325% Gelatin, 0.1% Tl X-100, 0.02%
SDS, 0.9 % NaCl, 10 mM Tris, pt—l74);af,,\po 1 5 1 F%(SOrpm) £ %35 TSW
# 6000 & 2z mouse .anti GFP — S (L1v1ng colors A.v. Monoclonal [JL-8],
Clontech, Mountain View, CA, USAYz B BT A 14 4 B 10 TSW A it & iFi%
- s RFREZ R F S E Ak ot » 1ITSW buffer #f 5000 %2 goat
anti-mouse IgG AP congujate = =% 48 (PerkinElmer, Boston, MA, USA)Z i 2§ ¥
Bl P TSW A ficds & e — =t 8 R ik = =% &+ & &> 12 AP buffer
T 1S5 248> 4 P AF NBT/BCIP @k # R F B 15~20 448 & 4 HR -

SRR LR o
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- > AR
= 5 ‘s‘:;"%

s R
1. .i. ‘E' ’Fﬁ—'}g 3-\2:\-‘»

1.1 pPCAMBIA0380-PiH

Bedx £ F et D FRHE ~ < % 4% Ffs > 1 Hph-f & Hph-r i£{7 colony PCR > &
AR Ty guﬁgw%,%“w.t_@fgvé'mig 8 13 kb chy o deR L S
(A) > 1 POGPDlF&I’&'GPDl-Ré»{:h. im_rﬁib 'f':b:?'ajrﬁx "B+ =(B)
#|p% Eco RI & Ps_tfll.é\*ff'!j:“'?ﬁ' R @%kb ’-"PVEHL(A) ¥
L4 fF Bl 117;}.;7-.' 575 ¥
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Figure 12. Agarose gel electrophoresis of pCAMBIA0380-PiH colony PCR products

(A) ™ Hyg-F & Hyg-R i& 7 colony PCR 2. & #
(B) 2 POGPD i-F & POGPD i-R i % colony PCR 2 A #
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Figure 13. Left : Restriction sites of pCAMBIA0380-PiH map
Right : Agarose gel electrophoresis of enzyme digested

pCAMBIA0380-PiH fragments to confirm DNA size
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Figure 14. Nucleotide sequence of the promoter region of P. ostreatus GPD . Putative

TATA and CAAT boxes are indicated by box. Small letters with underline indicate the

first intron of P. ostreatus GPD. Arrows represent primers PO GPD i-F and PO GPD

i-R used to amplify P. ostreatus GPD promoter.
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Figure 14. (Continued) Nucleotide sequence of hygromycin B phosphotransferase.

Arrows represent primers Hph-f and Hph-r used to amplify Hph in PCR reaction.
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Figure 15. Agarose gel _electrg';‘:)?lores:i§ of colény ‘PCR pi’ft:é_lucts amf)liﬁed with EGFP-F
and EGFP-R . " . B

(A) pPiH-PiEGFP colony PCR & » # {8 $|5g#p & £ 0.7 kb

(B) pPiH-PiEGFP-SP colony PCR & » ¥ ¥ 3|sg #p & £ 0.7 kb

B = pPiH-PiEGFP 2 pPiH -PiEGFP-SP ' 4| f# = & %

[§%]

1 M

A w4 EF Ncol 22 BStEIL #2718 » ZERMT ARLE ¢
EAEH FE <] 18T7kb ¥ 15kbo

Lane 1 : pPiH-PiEGFP ; Lane 2 : pPiH-PiEGFP-SP

Figure 16. Agarose gel electrophoresis of enzyme digested

pPiH-PiEGFP and pPiH-PiEGFP-SP fragments with desired size.
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reticulum retention signal peptide fused to EGFP C - terminus.
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(_)M AGL.1 (egfp) LBA4404 (egfp) _ AGL-1(SP) LBA4404§SP)(+)
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(B)14 313 Hph-f &2 Hph-r :& = PCR'Z & 3

Figure 18. Agarose gel electrophoresis of agrobacterium colony PCR products amplified

with primers EGFP-F/EGFP-R or Hph-f /Hph-r.
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Table 11. Abbreviated names of A.tumefaciens strains and P. ostreatus transformants with specific plasmid

Abbreviated name A.tumefaciens strain Plasmid P. ostreatus:materials used P. ostreatus transformants
A10 AGL-1 pCAMBIA1302 Gill-tissues GA10
L10 LBA4404 pCAMBIA 1302

AP AGL-1 pPiH-PiEGEP

LP LBA4404 pPiH-PiEGFP Gill tissues GLP
APsp AGL-1 pPiH-PiEGFP-SP_ % Gilltissues GAPsp
LPsp LBA4404 pPiH-PiEGFP-SP —

AA AGL-1 pAiH-AiEGFP Gill tissues GAA
LA LBA4404 pAiH-AIEGFP i

AF AGL-1 pAiH-FiIEGFP

LF LBA4404 pAiH-EIEGEP Blended mycelia MLF
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Figure 20. P. ostreatus dikaryoti_c1 @_{?Edﬁﬂlﬁifuﬁim -Q.f_:ft : 200 uM AS; right : 500 uM
: L N

AS) as transformation méerlt_?__ni'f's' grc_).’r}ligfn selefgnedlmgﬁ_g first time.

(1 38
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Blo - - B MLF2tEmibae %41 2 £ ) s
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Figure 21. The transformant MLF-2 grown well on selective medium. Number on each

figure indicates the subculture time on selective medium.
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Figure 22. P. ostreatus gll]lﬁsiue asg'ahsforma_t'g:matenal own on selective medium
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Figure 23. P. ostreatus mycelium developed on fresh selective medium when using gill

tissue as transformation material. The subculture times of each transformant was

symbolized in parentheses.
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Bl=- L » g4 fcds CaMV 35S kods + #1 £ 32 mGEP Bl(A) iz ¢ » f=p 5 % ¢
¥ k3D 3 42 FSE 0 BI(B)ded S EpTd 5 B @k Bhk o 5 o Bl ¢ %] & 50 pum e
Figure 24. mGEP exptression in P. ostreatus with CaMV"35S -promoter driving mGFP.

Red box indicates mGFP scattered myceélia and whitg arrows indicate the mGFP spot in

mycelia. Scale bar = 50 um. - =

Bl= L7 &4 5 b iR{t GPD fofs+ #t4 2z EGFP 3} > BI(A)s 2% %

W& rrkz EGFP - RI(B) & #3343 ;L 92Px2 EGFP - v 4 % #f#7dp = EGFP
B A G B AR S 50 um -

Figure 25. EGFP expression in P. ostreatus with homologous GPD promoter driving
EGFP. (A): EGFP without signal peptide. (B): EGFP with signal peptide. White arrows
indicate the EGFP spot in mycelia. Scale bar = 50 pum.
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Figure 26. EGFP exi;ression in P. os_t-r'éatus w{th_-h-omologousiéPD promoter driving

EGFP-SP. White arrow indicates|the E(ﬁ spot localized in partitioning nuclei within

: "*’-‘-'f""" :

the clamp.

Bl= L= g 4 55RR L 5F GPD gad + “74 2 EGFP» 6 ¢ # 57 %74, 5 EGFP 8
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Figure 27. EGFP expression in P. ostreatus with A. bisporus GPD promoter driving

EGFP. White arrow indicates the EGFP spot in mycelia.
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Figure 28. EGFP expression~in P. ‘ostreatus. with-F. velutipes GPD promoter driving
EGFP. Scale bar =50 um
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Figure 29. Fluorescent observation of wild type P. ostreatus mycelia.
Left : Blue light excitation field. Right : Bright field. Scale bar = 50 um
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Figure 31. Genetically diverse of P. ostreatus transformants results in different growth

rate when culturing. Upper left : liquid medium. Others : solid medium.
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Figure 32. Sandwich ELISA analysis of protein crude extracts from P. ostreatus transformants .
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Figure 36. Fluorescent observation of P. ostreatus basdiospores. Scale bar = 50 pum.
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Table 12. Compazison of different nji_'zfm.ialls_— from Pleurotus sostreatus used in

Agrobacterium tumefaciens mediated transformation

Materials Advantages - iﬁsadvantages
MMP Easy to get matcrials. Unable or difficult to get/transformants.
Easy to maﬁipulate. Genetically diverse in transformants.

Short preparation-time.

Blended Difficult to manipulate.
mycelia Difficult to get transformants
Longer preparation time.

Genetically diverse in transformants.

Gill tissue  Easy to manipulate. Must fruiting to get materials.

Easy to get transformants. Genetically diverse in transformants.

74



2. B

BHWEF AL AR AT Y 0 # % 2 Fk 5 5 EHAL105 ~ AGL-1
% LBA4404 ; a2 ix g awt 7 ¢ > EHAL05 &2 AGL-1 enfg 225 T @ g ¥ £ 8
(17, 64) > @ ¥ 3¢ 1 EHA105 2_ #& > % it LBA4404 i£(95) » A ¥ sz Lo 1 L
Fle-h £ 8987 5 7 > AGL-1 B %2 #2537 121 e I GUS SR 2L 7] > 4p
752 > LBA4404 & 2 751 A1 & AT GUS #12(105): B 7 b B FAH &
Bi¥ TDNA 25t mf g7 2 ke o A9 %7 1R AR AGL-1 &
LBA4404 #-%: 4 3 k3o A FIEA 1o G N 2R > JRR IR R A B A
s R AT ke P A T ﬂ‘*&«giﬂ P Hu R EAFLRERA
ﬂ@ﬁﬁ%’@ﬁﬁ*“ﬁﬁ%%” ~

3. Ey R QY

-

S e RS ?9:}, I1 10, 20mM = #6k & 3% -4 AS
Pl 2 2ckod ¢ | mMERAS 7 ﬁ 53T 3 (16) few ri_,;q(Beauverla bassiana)
dW““ﬂ’ASk&uJUHmUﬂL4OSmM 1%@ﬁﬂ,L¢@@ Frp o AT
1 AS )k & (0.2 mM) 4 %$4m %ﬁmﬁfﬁmp (17.764,69) - = 113 %
| R N-EER- N As,%&a‘%rs— s 05mM”*5E"'ﬁ B ERE
FRAS AT A R Tfuﬁ T plER 2. Afd AS RRA S Fla @Ay gl
80~90% > Flut ¥ RAEF LB CFARE S HAR AS B kR R AT e
o REIUFTHE AR ERRZ ASHFELBEFHEFR A1 A TR E
HF 2R R A B I T EFELE AR AR A G2 B ASER -

4, L AR

t v if F)(Beauveria bassiana)s#7 3 ¢ > BIRE AR A REBAFRF L 2,3,
4,57 % > EpEe A2 %V EINRSEGKR R d kL LT -
PF o Atk E & @ R0 (53) 5 2 2 (Antrodia cinnamomea) st 3 % %« BT o

75



Bl ehE 12 % % 8(0,3,6,9 X )2 ¢ 5 ¥

S
B
(@)
M

GEHESE S SR
WPk T (16) BT 2 s B SR E A T R AT R
FARREREE PR R G RAER AP L UAG
B IREEVRGES S o 2T REEEE IS 4,53 0 al e g3 FS
AR RIE T 0 B A P cE > A0 S AN A NS LR R

BeéFiE > AR LR PREERERE I XA TLEFEG L ERARERT -

76



- B EaGiTi R RAE R

- BRENEREIE ARSI R LIRS AT T
AR o AT P MNIFHAFES F L FY ?ﬁl?a 1 /?Hp’fiﬂr—
REFEAS 0 ARG F R TS A TE NG S B R B AR
TAR A Fw FRRENRE R FUCIRAY 2 P WBYFRY L6 & ]

la

‘\'ﬂ -t
|

(‘rﬂ'

3\

P!

>

T
pal

=3

ar

A
i

JREZPRREFE LS g (77 F P B AGERL % ¥ %23y TAEE

BEE LT ARG T 4383ng %J Fkv i onERRARPLH
CERG SE R AL DER SRS BTSSR S L )]

€00 s iplz A E AR 2 R TR T ke

=]

1. Bz + 3F 3 o i

' N £ :
p;’jé"’ﬂ’rﬁnki’;ﬂ%ﬁ}é’zﬁ%#ﬂé@‘f %:?GFPZiUi A GET TP A

IR R Reh GPD )ezﬁv+(104)bt’w.1§.é¢ GPD Eefin+ (45) 0 RAT g P 4

R 1% mwﬂi@“hé‘r@%#ﬁ”ﬁklﬁ‘uﬁ% iﬁmGPD@zﬁH TR PR

A £ g B g h GPD 3T ,ﬁr‘i‘ (CaMV)X/L%? L d F 0 W LA

% e 7% 1k FINPL 2GFP #f B - 1”

A LA AR APRA BAP > CaMVI358 2 ¥ 55 GPD b + gk o M/EGFP
GOSN LR & IR % 2 s gs MEGFP B4 h dut 7 4 £ M/EGFP 4 %
REPN 2 ILpFE 2D Bl o Bk WA sk R B AR E 0 4 M/EGFP 2 £ i
BE O QM dpT BRGS0 R B R (aggresome) (50) A Ay BLER T BE K R oD
GFP > el # & F& R GFP chF I ¢ > i bediR4ii L2Pkm €58 4 GFP R &
FA5(68) » 3% H 7 I F&38dp(misfolding)shk 17 it £_%k f 2L F1#E 4 - mRNA 7
{B(processing) & 3 F gt R > L PR ABRBERA IoER 5L BER
AR PR RZET I IREBEOR FE EBIRERE 0 A
KB RB TR by TR AT A EEE v Tk R I FY A R
FA R BEHAR) -

fi,»;;gt-grs; Mm% o CaMV 35S fads+ 5 @ * a0 7 ¢ > § - 554 kk

77



L R - T %1@%5&? WFES CaMV 35S fafe 3 0 ek Lz o AE
Gty P B EAF R yES CaMV 35S fad F Fp A o Ui kE GEE TR

P AT 2 A F B RIA g R B SR CaMV 358 fads 5+ 2
M H pede 3R F A F] GUS 8 (i3 4§ 4F GPD fads F fads 2. GUS 7E44(85) « »47
¢ E3F2 GPD fode+ 82 CaMV 35S fads 3 % g fado b d $ kdov WA M £ 5

RERR - FAFHAH T ERNARGRF S 6 32 8Ty BF A B
kB EFA 2 £ g e b5k R GPD fe#» 3 > 2% m ELISA T 2 2% irA= > 5
E¥ RMMBIESS > & CaMV 35S fadF TR ERB S F I T E

i Eads S fads 2. GFP &2 & 4G g g kcdiz. GFP 3 B 41T 27 i 4.8 5B~
Fov Fent 2 A - BB WA %‘rrrh B R o REML LB E
(50)> ¥ st & 7R 7 7 Ae Guanidinium 7ch1:0ride (Glll-Cl)i%ﬁ F By ;‘&%ﬁ_ Fov Frent VKB
(23, 92) » GFP ¥ a2 A& % i 6M/GnCl 7 ﬁ’;fifi_tif]&}lﬁ(ﬂ): TRl ¥ el 1gG
B G A fud 'iwﬁ T W g, JF - i, 5 B N ST B e 15
CE TR AR 3R e ;&#ﬁ-rfﬁw o0 ¥ FAF A Fle GUS &

E 4 fe 45 Bk 2EE T S /E'Jkﬁ?ﬁv WT (7 TR MR 0 IR 0
FE R AE > 1 ‘**;’aet«ﬁzﬂrzﬁﬁﬁ% ; _-rpae\% *‘RNA BE ps pit CaMV 35S gt
3 1525 GPD g ¥ ﬁ&%ﬁj S %’“ﬁz é. 4¢$,&r} GPD BB o BB 4 4

)

=

GPD fcfs 3 - fok tbdgamng le » 74 ﬂ/&t@zﬁi-{ﬁ}b/&lﬂﬁv—* { $ rcind M
¥k Id A Fleng s (105) . B

RS GRD scdrs w5k & = Cas LR RBERREEY > A
i GPD fads + it ind ¢ § i E £ R A ELISA T £ a4 8(4
GrigEcde 3 e 5 L3595 14.79ng/g s # 4 % 13.67ng/g) > MNP H%kESH TS
Fas s ApE o 8 4 R GPD gt + 302 i B RATF ehfadioon o 10 )

i *f—\k-

T SR T RRE R R T A bGP P g G b F e R R
e VBt A R AaM o LA Le o fxd 3 g i R B Ar TATA ~ CAAT &

A

GCbhox it e & &4 o

78



#4284 pEm CaMV 35S fads 3 2 o fh

Table 13. Published species capable of recognizing CaMV 35S promoter

Host Species References

Bacteria Escherichia coli Assaad and Signer ,1990
Lewin et al., 1998

Yersinia enteroconlitica Lewin et al., 1998

Agrobacterium rhizogenes Lewin et al., 1998
Fungi/Yeast Schizosaccharomyces pombe Pobjecky et al., 1990

Ganoderma lucidum (& 7. Sun et al., 2002

v 'I||':
Pleurotus utrm@ﬂﬂé‘z;tuf%!% 8 '_r?‘)-.".'-' -_I,Sun et al., 2002

Human Cell exfraci‘ of HeLa Qe-'lls -&g' Gﬁ'. illey et al., 1982

Ir_;

K‘%o ke‘afftl Penon., 1990

urke et all, 1990
< 2 AL
(N V- R
) &
+ =
R /ifﬁgAq,e'{icus bisoorus)
S BIFVE £ ;_#?—{ Fla ina veluti 4 Po. ,@T'J“‘;‘?('!R{éﬁrotus ostreatus)
B o Average-:SF /g 4 *Fi}r?;.’@;’ ¢OpIE g
i R -
GFP L3353 & o -'-' . ke .
’6 2D = A
Table 14. GFP expressmn-m P OStreaIuS with dlff.t?&int prgmo'ier driving GFP.

promoter Length Target GFP Average GFP
(bp) gene |localization | (ng/gTSP)

Heterologous

Pleurotus CaMV35s 538 mGFP  Yes 22.74114,34
ostreatus $ Ab.gpd 270 eGFP  Yes 11.15%1.53
? Ev. gpd 1320 eGFP  No 14.7913.23
Homologous
Po.gpd 510 eGFP, No 13.6712.81
f 0. gpd ;?FP— Yes 9.64+1.34
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