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Studies for strain development to improve mushroom
strain using the spedific genes related with the fruiting
bodies formation and mutant strains in P ostreatus.
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SUMMARY
(P &8 oFF)

1. Subject

Studies for strain development to improve mushroom strain using the specific
genes related with the fruiting bodies formation and mutant strains in P.

ostreatus.
2. Objectives of the project

In the basidiomycetes, fruiting body formation is the most important and
dramatic morphogenetic processes. The resultant product, the basidiocarp or fruit
bodies of basidiomycetes are the complex structures where meiosis and
basidiospore differentiation occur. The basidiomycetes which have the fleshy fruit
bodies were called as mushroom and used as one of the important food. Therefore,
the study of fruiting mechanism is important not only for basic knowledge on the
mechanisms controlling this process, but also for its putative utilization to improve
the output of industrially cultivated species. But for other basidiomycetes of edible
value, there are few studies for genetic and molecular biological analysis of
fruiting body mechanisms because molecular genetic system was not well
developed such as the transformation system, mutant analysis and gene
identification.

Pleurotus ostreatus known as the oyster mushroom is commercially important
in the world mushroom market. In addition to importance for food production, P.
ostreatus has, recently, received increasing attention for use in biobleaching,
catalysis of difficult chemical conversion, and the pharmaceutical industry. But the
fruiting body formation of important edible basidiomycetes is still unexplained and
new stains are required to improve mushroom strains. Most of commercial strain
cultured in Korea is not the developed stain by the studies, but the collected
strain which is not stable and unknown phenotypes.

Both of our teams have focused on isolating the mutant derived by UV light
and transformants and on analyzing the fruiting mechanism of P. ostreatus

through molecular genetic approaches. In order to isolate the new strain for strain



improvements, the mutagenesis will be applied by this project. The mutant strains
may be wuseful in genetic breeding programs and for the studies of fungal
development and genetics. The transforamtion system of P.ostreatus will be
examined, which is very important for fully accomplishing molecular genetic
research. At the same time, for the study the developmental process of P.
ostreatus and its regulatory mechanism, many numbers of EST sequence will be
analyzed in developmental stages, and their expression profile will be constructed.
The EST database construction is important to study development and is expected
the improved genetic studies about developmental mechanism of P.ostreatus. The
differentially expressed genes and other genes will be cloned and functionally
analyzed. After our project, it will be the first analysis using many number of
mutants strains and ESTSs in P.ostreatus. And we can guess the function of the
isolated fruiting body specifically expressed genes comparing the phenotype of
overexpression transgenic mushrooms and suggest the useful information to

identify the mechanism of fruiting body formation of P. ostreatus.

3. Contents and ranges of the project

A. The examination of condition for mutagenesis and mutants isolation
1) built up the transformation system by REMI transformation of P.ostreatus.
2) examine the condition of UV mutagenesis.
3) isolate mutant strain.
4) characterize the mushroom traits of mutant strains.

5) select the strain for the strain improvement.

The REMI transformation system will be examined ura3 gene in uracil
auxotrophs. But we will tried to develop the system using the antibiotics
resistance gene. The new strain isolated by mutagenesis will be prepared for

stain improvement in P.ostreatus

B. Gene expression profile and EST analysis of Pleurotus ostreatus
1) construct ¢cDNA libraries of eight developmental stages.
2) analyse EST by cDNA random sequencing.
3) search the homology of ESTs by BLAST program.

4) construct the gene expression profile during fruiting by reverse northern.



5) screening the stage specific genes

The cDNA database will be constructed by using the EST results. This
database will be contained the functional categories classified by yeast database.
All data will be submitted to any researcher to use for the studies of P.

ostreatus.

C. Differential gene expression during the developmental stages
1) Select the specifically expressed genes from EST analysis.
2) Isolate full length cDNA of fruit body specific gene by RACE method.
3) Analyse the gene expression in fruiting by northern blot, quantitative
RT-PCR or Real-time PCR.

After analysing expression pattern of selected genes, we will isolate the most
specific gene for fruit body formation in P. ostreatus. Full length ¢cDNA of this
gene will be constructed with over— expressing vector to be transformed into P.

ostreatus.

D. Functional analysis of specific genes by the over-expression in P. ostreatus.

1) prepare the cassette vector for over—expressing gene by using beta tubulin
promoter and terminator of P. ostreatus.

2) construct the over—expressing vector by recombination of specific cDNA into
cassette vector.

3) prepare the host strain, which have homothallic character to be necessary
for developing transgenic fruiting bodies without mating.

4) transform host strain by integrating the over—expressing recombinant vector.

5) analyse the gene expression level and the fruiting phenotype of transgenic

mushroom.
The function of specific fruiting gene will be able to be suggested by analysing

the gene expression and the phenotype of transgenic mushrooms.

4. Research results and suggestions for application of results

_10_



Pleurotus ostreatus, the oyster mushroom, is one of the most widely
cultivated and important edible mushrooms in the world. In order to study the
developmental process of P. ostreatus and its regulatory mechanism, both of our
teams have focused on isolating the mutant derived by UV light and
transformants and on analyzing the fruiting mechanism of P. ostreatus through

molecular genetic approaches.
The results are summerized as follows.
1) The examination of condition for mutagenesis and mutants isolation

Restriction enzyme-mediated integration (REMI) transformation system was
used to transform wuracil auxotrophs by ura3 gene and homothallic strain by
carboxin resistant gene. The optimal condition for REMI of P. ostreatus was
achieved when lug of vector DNA was added into 1X10" protoplasts along with
10 units BamHI. Southern blot analysis revealed that about 509 of transformants
examined were caused by REMI event and 30% carried single copy insertion at
the genome. We proved that the REMI method might be a useful tool for efficient
transformation and tagging mutagenesis of P. ostreatus.

The optimal conditions of UV treatment were examined and UV derived
mutants were isolated and characterized by fruiting. 3,000 colonies were examined
for abnormal mycelial and fruiting phenotypes. Forty one strains displayed variant
phenotypes in mycelia and fruiting processes. The variant phenotypes were
classified into 6 groups: (1) auxotrophic strains, which are incapable of growing on
minimal media and can only grow when provided with their specific requirements;
(2) abnormal vegetative strains, which grow very slowly on minimal and complete
media; (3) primordiumless strains, which fail to develop to the formation of
primordia; (4) maturationless strains, which form primordia, but do not form
mature fruiting bodies; (5) specifically colored strains, which have specific bluish
grey or bluish white pileus; (6) poorly spored strains, which fail to produce
basidiospore or which produce few spores. These variant strains may be useful in
genetic breeding programs and for the studies of fungal development and genetics.
The proteome spots related with the mutation of the color-specific mutant was
screened by 2DE analysis, and ten spots were isolated.

Monokaryotic fruiting strain should provide a good system to induce and

_11_



identify mutants, because mutations from such strain directly bring about mutant
phenotypes regardless of their dominance. Homokaryotic fruiting mutant (MB-1) of
Plurotus ostreatus was isolated by fruiting inducement of monospore isolates. In
normal strains, compatible mating process is essential for formation of fruiting
bodies. But, the homokaryotic fruiting strain formed fruiting bodies without mating
process with other strains. Only cold (4C) shock treatment for 3 days was
required for the fruiting of this stain. And then, the fruiting was performed at 1
8C. After 10 days of fruiting, clamp connections were developed. In this time, it
is detected by DAPI staining that all mycelia contained two nuclei per one cell.
And after 25 days, complete fruiting bodies were developed. By microscopic
obserbation of basidia, We knew that the basidia of this strain were normal and
contained four spores. The protein pattern of this strain by SDS-PAGE was
compared with that of their parental stain, ASI2706. And the EST clones related
with the mutation of monokaryotic fruiting strain were screened by reverse

northern analysis.

2) Gene expression profile and EST analysis of Pleurotus ostreatus

To characterize genes involved in fruit body development, eight
complementary DNA (cDNA) libraries were constructed from RNA isolated from
eight developmental stages of Pleurotus ostreatus. Using single-pass sequencing
of ¢cDNA clones, 16,000 expressed sequence tags (EST) were generated from eight
cDNA libraries. A BLASTX search revealed that 173 of basidiospore ESTs (34%),
390 of the liquid-cultured mycelia ESTs (41%) and 531 of the mature fruiting
body EST (50%) showed significant similarity to protein sequences described in
the nonredundant database (E values < 1X10°). When basidiospore,
liquid-cultured mycelia, and mature fruiting body ESTs were compared by the
Segman II program, among the total of 16,000 ESTs, 4397 ESTs were unigenes.
The functional catalogs of the ESTs were made by comparison with functionally
identified Saccharomyces cerevisiae genes. All EST data were submitted at the
database of National Institute of Agricultural Biotechnology. The EST database

was constructed in www.niab.go.kr/nabic/index.html .

And to identify for differentially expressed genes during fruit body formation,
we studied the gene expression profiles of 1594 unigenes using macroarray. Five

stages, basidiospores, liquid-cultured mycelia, primordia, young fruiting body, and
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mature fruiting body of P. ostreatus were compared for differential gene
expression. There was a significant distinction in gene expression profile during
fruiting body formation. Among the 1594 unigenes, 1528 unigene were altered in
expression. 151 (9.5%) genes were expressed at higher levels on liquid-cultured
mycelia, 161 (10.196) genes were expressed at higher levels on primordia, 407
(25.5%) genes were expressed at higher levels on young fruit body, 634 (39.8%)
genes were expressed at higher levels on mature fruit body, and 175 (11%) were
expressed at higher levels on basidiospores. Also, We isolated the most specifically
expressed genes in mycelia (8 genes), fruiting bodies (37 genes) and spores (7
genes). These genes were suggested that they significantly functioned in
developmental process, and the functions of these gene were analyzed. These
results indicate that our screening strategy is effective in isolating novel stage

specific genes of P. ostreatus.

3) Differential gene expression during the developmental stages and the functional

analysis of specific genes by the over—expression in P. ostreatus.

Of many stage-specific genes, firstly, we selected the metalloprotease gene
which was the most specifically expressed gene during the fruiting body
formation. A c¢DNA clone, PoMTP, encoding a putative metzincin family
metalloprotease was isolated from the expressed sequence tags of a basidiomycete
Pleurotus ostreatus. The 5'-end sequence of PoMTP was determined by the
5'-RACE method. Full-length ¢cDNA sequence (1,140bp) of PoMTP contained a
870bp open reading frame encoding a protein product of 290 amino acids in
addition to a 99bp of 5’ -untranslated sequence and a 171bp of 3’-untranslated
sequence with a poly(A) tail. The deduced amino-acid sequences of PoMTP
contained an extensive zinc-binding consensus sequence and a so-called Met-turn
sequence which are typical for the metzincin family of metalloproteases, indicating
that the PoMTP protein belongs to the metzincin metalloproteases. Northern blot
and quantitative RT-PCR analysis indicated the PoMTP mRNA to be abundant at
primordial and fruit body stages, but scarce at the mycelial stage, suggesting that
the PoMTP metalloprotease plays an important role in mushroom fruiting. So, we
decided that the functional analysis of PoMTP will perform by over-expression in
P. ostreatus.

Also, we analyzed the expression of CK-II alpa subunit gene, G protein beta
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subunit gene and ten unknown genes by Northern blotting, quantitative RT PCR
or real time PCR. These fruiting body-specific genes were confirmed that they are
differently expressed during developmental stages.

To test the function of Metalloprotease gene, we used the carboxin resistance
gene, pTMI, obtained from Japanese researcher. At the same time, we constructed
the over-expression vector of metalloprotease gene. This vector consisted of a full
length ¢cDNA of metalloprotease gene fused to the promoter and terminator regions
of the P. ostreatus beta—tubulin gene. We co-transformed the carboxin resistance
gene, pTMI1, and the over—expression vector of metalloprotease gene of P.ostreatus
by the REMI method. The host was used the monokaryotic fruiting strain. Many
transformants were isolated, and now, were characterized by fruiting. By the
character of host stain, the transformants were not developed stably and were
developed lately. So, we can’t 1isolate any significant transformaion for
developmental studies. Therefore, we are isolating the new monokaryotic fruiting
strain which have more stable and effective phenotypes. But, It is suggested that
this transformation system for functional studies can be used to express genes of

P.ostreatus.

4) The preparation of new strains for stain improvement in P.ostreatus

The cap color of fruiting bodies may be one of the important traits for
improvement strain of mushrooms. For the first time, specific colored strains of
P.ostreatus were collected on the base of different visual color. We collected
white, black, and bluish grey colored strains. This cap color was evaluated using
UV/VIS spectrophotometer and color meter. The optical density was showed the
highest value in black strain and then followed by normal dark grey, bluish grey,
and white strain. It is reveal that the color values by color meter were different
between specific colored strains. We can know that these strains are important
strain for strain improvement of P.ostreatus. We analyzed the proteomes of
different colored mushroom to develop the molecular genetic marker for protection
of new strain. In the proteome analysis of mushroom, the relative expression
patterns were compared by two-dimensional electrophoresis. More than 700 protein
spots were detected on each gel. We found that 10 spots were identified to be
differently expressed protein between different colored strains.

Many other mutant strains collected by this project were analyzed by above

strategy. And these strains were used to develope the new improved strain by
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mating process. After this work, we will be able to use the strain through the

different purpose.
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el Al AR T olgstA, ey 54 W AT 72 3 al/ 3 A% 1999, 94} 8}9] =
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ASI2029¢F 3 139

245 Fystgen, P 10970/ml olde 99

& UV.AE ZFASEe] mutagenesisE 33

mutagenesis® HA ol 2AS 3 HII}AY (Figure 1.1).

ol %ﬁéélﬂ %F/]-‘ﬂ

. U.V. mutagenesis®] ¢3F th#Fe] Sddola] Ha 2 4
ESdWolA Y] FATS fste] T ForFE AdFAA

HA UV. 24} Zﬂoﬂfﬂ ARl E EHE“’E T A Z T

5 ASI2029 = 5000709 ¥ 15+ 120070 0]t} o]

= o
WRel M JEeTAd A58 X %6} om (Table 1.1), BE‘J e Edwelrt
A LA NA E FFS L4 5H] %oﬂ mE 3o ) SurE oz 2
AS SYA A, ERABY2A AT WAEREA 7| Fo wal EA4o] AT}
WA S48 72 AL FHA ( p//wwwseedgokr)ﬂl*i d= Aok
ot REMIRell o] &k eteiusle] Jdd<
1) =et] WAl (ASI2029)9] uracil YFLTA 5 o] &3 FAAS

S EAlo] “Elgln]Alel ASI2029 o tisiA UV mutagenesisE E3 =<

WolE {3l uridine (50mg/ml)¥ 5'-fluoro-orotic acid (5-FOA, 1.5mg/ml)7}
i HawmAo A AP ORZMN, uracll FLFLTAH TFE AEsigion, 1 F

A b EEld FAS Mol ASI029-34 #FE A, FAAste] A gty
A e uracil SEFLTH dFE SFE o] &dte] =wewsle] Iz %‘iﬁ‘r"
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Mo o2 o
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2, 914 HAHo A& /\]646}03E}

Uracil ¥ &748 #FE o] &% =g Ae 418 uracil a4 o
Fol gk e Beto ] 7}—5L FAAEZMNE Ura3et Uradb FAAES F24ste] A}
&35l A9t (pTRUra3-2 and pTRUrab vector). H3F 23]l FHushe] &

& 77171 AEA, (D JA7bsE s Arade w9 &, (2) DNAS &, 122
(3) AP AA ] el dhste] vy HAS Tl HAH £21S AU
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S gdEA o] ozl A
carboxin A A FHAAE 7=
B AFARYE Ego} Abgo] 7}
A TR, ofn] BaE Wy
1A T

el Aol A carboxin A A GAAE o4 FAATS o
Mrafol st A Ao wvls] A AFE5 4
Y ades AjEA 23 4SS %fﬁé‘%% £ 8}aL, carboxin ;<1 i
A vector?l pTM1S A}&3te] REMI WH <
Zepdeh. Az vhe] tagging &AWl Al=
Aol et Aol FFEWS Mwaga, HF A

ojt}. Carboxine 2ug/ml®] T L& Apgo] FHH,
38 vector DNA (pTM1, Figure 1.3)& ¥
sttt FA M3 A o] A9 carboxin B A]
2 PCR %3 Adaie AHZE T &

r1r
o )
Py
rzi

off
{0

k)

2, 32 2aed S Fo FAA AP
, H 7ol gisiA PCRY Algas A
gE Fa A AR FAAe] FEASS Fdsian

7h) WAle]l TALA & AAAZRY el o]

Zh o dARAE 250ml EebsAe] WAl bRl E ZF 100mlY skl L
A Al wEAHA 7 0.75cm) 4278 & Ho] 1097F 27Coll A AA wjFstaa A A
= wu A el A skt MR dARE i 27k SRTel AlF sk o
A WA RS A ASAIL, filter paper (Whatman no.1)Z o 3ste] =33 2t
| Aol whste] ErlstAh. vl de] %2 Molloy 5(1998)2] Wi
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==
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=0
< T4, Bgste A4 2 E4EA dwd aga sawdR FEste 53
th o] T 584 @A 05g9 A= O6ml—4 FZE&8 (0.IM sodium phosphate,
pH8.3)S H7}ste] 4TCoA 4083F vortexst™ &gt} 15000rpmoll A 40&3F <
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AR ete] A5 AS Fsto]l SDS-PAGE® o] &3},
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WS A7 FEste] vl A6 iAol A eke g7k 3}
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S 200ugS SDS reducing £N4¥ A A7|9gE vl d719 =9 running 20
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o WA ¥EE AAsH 100VelA 1AZE 500VelAl 1A1F WA & E=ApA o=
8,000V7FA] AsAlA F 45000Vhret 80,000Vhr7F & w74 AAlsit, 5 A" A7
T & B g BEEE 9sted 0.1% sodium dodecyl sulfate (SDS)7} %3
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Alefol gel vt 7ZFA] ANE wf 74X 20mAol Al A N g EelE e E ] FE b
pI#tS 2D SDS-PAGES %% (Bio-RAD, USA)E o] 83t S74gtt)

2h) Gel g4

g adwAdS A 3sl7] 918ke] coomassie stain¥ sliver staine ©]-&3}¢]
2 A3kt Coomassie staine gel2 40% methanol® 5% phosphoric acid’} *3H%
fAo A 3AIZFESH 1A43}sEa, 0.1% coommassie brilient blue G-2500] ¥3% <
A oS o] &3l HME @M AS JHAIE A7l F gel WAL Folle G Aok
S SHTE ol&ste] gAAIA @A spots FelghTh

Silver stain® EMBL(Shevchenko %, 1996)¥H ol 7] %3}o] AA3t}. A7 9%
% 50% methanol, 5% acetic acidoll 4 20%7F A3 A1Z1 % 50% methanol

o

2 &
I SHTFE ol 8359 gelS FE3I AF FH 0.2% sodium thiosulfate® ©]83}¢] 1
7 wbe A7t 0.1% silver nitratedl A 208-7F WESA)7] & S/HSFE o] &35l

+ silver nitrate® FiEdl AlASHAL, 0.04% formaldehyde®t 2% sodium
carbonates X &3 &AM o] &3to] WANES FEgr) TS o] T3] 7y

W 5% acetic acidE ©]&3lo] W8-S AHA| A7t

o
9
fass

2) BAMol FHO FAA WA B

7}) DD-RT PCR

Hla Az gl M2 g2 2dsE F312DEGs: Differentially Expressed
Genes)E B4 37] $3te] TRIzolS ©| &3t 7 Al59] total RNAE 8] 3slaL
kg o3 cDNAE FAdstddth 4% cDNAE PCRuEES F¥o = A}%sh,
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GeneFishingTM DEG kitse] A= ©E 207012 ACP(Annealing Control Primer)E ©]
&35Fo] o] FAA} gAo o] &3t WH-S-H PCR productE agarose’dol #7]
9535k, KODAK Image analyzers -&3dto] @IS EAATh FdA 23] =
o] Kol FHAA @S agarose’dolA It A FHI F cloning7|ME F

3l A A7IMEs AAsA

) Reverse Northern 4]

Z} EST clones A #3}e] 50ng/ul® €A%l & nylone membraneo| 1ul % %
3t ¥ denaturation &% F3}g&HoA 184 A & UV cross linkerE AF-&3}
DNAE uAHA 7 filters AF&391th. Probe A %boll A&% RNAE TRI Reagent
AbE3te] Bt o, WARA EAE probex 50ug total RNAS} reverse
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ol Al 1IAIZEESE WESAIA  AZESAYE o]E2  hybridization solution  (6XSSC,
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overnight W3 % 1XSSC/0.1%SDS® washing?d ¥ X-ray filmol exposure*] Z th.

i

M @ ax
Ol

th) & profileAl 2

A3 X-ray filmS Agfarle]l ARCUSII 2 scanningd # TIFF imageZ
nonliningAte] Total lab software program< Al&3}o] pixel densityS ZAA3Ft).
actin 2+ #& 10022 3] thE cloneE9 #S Fudoz AAste ol&

excelo|l A database3} &} th.
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Figure 1.1 Effect of UV light on the survival of Pleurotus ostreatus protoplasts.
Suspensions of 1x10° protoplasts (@) or 1x10° protoplasts (M) were treated by
UV irradiation for various durations, then spread on MCM containing 06 M

sucrose. Survival percentages were scored after incubation at 28°C for 5 days.
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Table 1.1 List of solutions used for the screening of auxotrophic mutants

1 2 3 4 5 6 7 8

1.Choline

2.Cystine Biotine

3.Citrulline  Glutamate Adenine

4.Cytosine Histidine Nicotinic acid Aneurine

'5.Folic acid Isoleucine Methionine Pyridoxine Arginine

6.Guanine Inositol  Ornithine Pantothenic acid Serine  Alanine

7.Glycine Leucine  Proline PABA Thymine Tryptophan Aspartate

8. Glutamine Lysine Phenylalanine Riboflavin Tyrosine Threonine Valine Asparagine
9. (NH4)2SO4 NazS203

Amino acid: 0.5 mg/m¢, Vitamin and Nucleic acid: 0.1 mg/ml
“5: Folic acid, Isoleucine, Methionine, Pyridoxine, Arginine, Serine, Thymine, Tyrosine
9 (NH)2SO04 NapS:03
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Figure 1.2. Texture analyzer to test the texture of fruiting bodies.
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R4

Figure 1.3 Physical map of the plasmid pTMI1. The open box represents a
25kb DNA sequence from P. ostreatus which contains the mutant sdil gene
(Carb™). The location of the coding sequence and the direction of transcription are
indicated by the inside arrow. the line represents the pGEM-T vector plasmid
which contains the ampicilin-resistant marker (Amp®) and origin (ori) for
vegetative DNA replication in E.coli. Position of the amino acid substitution
(His239 to Leuw) and a recognition site for Apal in the CarbR sequence are also
indicated. Small arrows represent the location of the primer molecules, R1, R3 and
R4, used for amplification and detection of the sdil sequence.
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3. 49 4 u%

7F. UV mutagenesis® %
UV. ZAt 93 &
x}swa DNA*H Oéﬂil%—e— 2 DNA 75*‘

Eduolsl Aot FEe AP 54 T Al w5 Feuol,
JULTH DAY WMol Fol Atk 2719 FAATAN A8A FYHY F 5
4 e FAHe Aol ofd 2ARHE Aol ATHAL, HENANAE 2]
A ozApel o)) ARA FATAY] BAWlE Awsdch aemE ek e Ao A
= AAA BAugel Solye] Eeuoels Awst: 44 BA B 4 Qonm
Sele A9d AP #Fel gskel WY, AU SRS Ba) BaAwolE A
wahgct.

AR HANAT G el ASI029 (Figure 14a)d] A9] A€ zAbel
o 50007] ol gel #FE AL WFH, AAA EHL BAFAL o] FoA

370 T dAReE AAA EjelA SolA Rl FAES YEtR AL, 7 5 w6
= F AAJtt (Table 1.2, Figure 1.4). (DFGETA #5F, HALHA
o JIAE AFetd & A o5 QWS 5o o T,

pul

o

B
>
=
B
fo
‘
rzi
:1:1
B
td

IA 3 A F—ab FF Q97 WMAA #F, A

Iy T 47l A w5, AHEA A T drE

du °% 4“
baie
EL
rr
:U
W
=
E
0_!.4
H>

BHSE BT AAE BAHA RAE T GAS BF, TN 4242
el Aol gogol walAael uis P Mot AL ehiE FF (6)AEAY
q #FE, EAE G4 RAG 9 AL ge GHSE B F

2) AL A Ed¥e] e 54 4

Tl ASI2029% o3 Foln ghxdu) Ao} H mwfA|e A wE I A EHA 2}
&t} (Figure 1.4a, Table 1.4). ¥ ]% A LA ZA St A Eat 35Y v A
H 7] A AFekaL, A AAAA Y W Fol £ (level H)E AT ol AAA
o] zte] Al E3|afolm A& Z]'/\E]iﬂo] A5 A3 vEebdt AWl A At
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Table 1.2 Classification of U.V-induced mutants in P. ostreatus

Phenotype Mutants

UVM 10, 251, 293, 345, 534, 566, 592, 632, 647, 648,
(1) Auxotrophic strains 677, 732, 733, 755, 913, 998, 1040, 1146, 1298,
1239, 1310, 1319, 1794, 1806, 1816

(2) Abnormal vegetative strains UVM 491, 1032, 1623, 1807, 2101, 2683
(3) Primordiumless strains UVM 831

(4) Maturationless strains UVM 534, 790

(5) Specific colored strains UVM 676, 1068

(6) Poorly spored strains UVM 676, 1284, 1573, 1799, 2697
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Figure 1.4 Basidiocarps of U.V-induced mutants. a: wild-type strain, ASI2029,
b: UVMI1068, specific color of pileus strain, c: primordium of UVM 1068, d: young
fruiting body of UVM 1068 (left) and ASI2029 (right), e: UVMI1032, abnormal
vegetative strain, f: UVMI1799, poorly spored strain, g: spore print of UVM1799
(Ievel 0), h: spore print of UVMI1068 (level 1), ii spore print of UVM2683 (level 3),
j: spore print of ASI2029 (level 5).

_58_



Table 1.3 The characterization of auxotrophic strains in P. ostreatus

Mycelial growth

Strains MCM MM MMAYE MMiCAS MMENA Genetic marker
ASI2029 L L L L L -
UVM10 L S M M S Arg
UVM251 M S L S S Lys
UVM293 M S L L S Lys
UVM345 M S M M S Lys, Ino
UVM534 M S L M S lle, Lys
UVM566 L S M S S Tyr
UVM592 L S M S S lle, Lys
UvM632 L S M S S Tyr, Val
UVM647 M S L S S Lys
UVM648 L S L L S Ino, lle, Lys
UVM677 M S M M S Biotine, lle
UVM732 L S M S S Phe
UVM733 M S M S S Arg
UVM755 S S M M S Lys
UVM913 L S L L S Lys, Tyr

Gln, Folic
UVM998 L S L S S acid
UVM1040 L S L M S Gin, Lys, Asn
UvM1084 M S M M S Arg
UVM1146 M S L L S Folic acid
UVM1298 M S M S S lle
UVM1239 L S M L S Tyr
UVM1310 L S M M S Asn
UVM1319 L S M S S Arg
UVM1794 L S L M S Lys
UVM1806 M S M S S Arg, Met
UVM1816 L S L L S lle, Lys

Mutants symbols: Arg (Arginine), Lys (Lysine), Ino (Inositol), Ile (Isoleucine), Tyr
(Tyrosine), Val (Valine), Phe (Phenylalanine), Gln(Glutamine), Asn (Asparagine),
Met (Methionine),

L: largely (over 40mm diameter) and densely growing colony

M: medium colony (from 25 to 40mm diameter of colony)

S: small colony (below 25mm diameter of colony)
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Table 1.4 The characterization of abnormal vegetative strains in P.

ostreatus
Strai Mycelial growth Days to Color of Pileus Formation
frains MCM MM Primordia Young Mature of spore
ASI12029 L L 3.5 dark grey brownish grey 5.0
UVM491 S S 6.7 dark grey brownish grey 2.5
UVM1032 S S 6.0 dark grey dark grey 1.8
UvM1623 S S 7.0 dark grey brownish grey 2.5
UvM1807 S S 5.7 brownish grey light brown 4.3
UvmM2101 M S 6.0 brownish grey light brown 2.3
UvM2298 M S 4.3 dark grey dark bluish grey 1.7
UvM2683 S M 5.5 dark grey bluish grey 2.7

- Values in parenthesis represent percentage of variants.
L: largely (over 40mm diameter) and densely growing colony
M: medium colony (from 25 to 40mm diameter of colony)

S: small colony (below 25mm diameter of colony)
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Table 1.5 The characterization of primordiumless, maturationless and
specific pileus—colored strains in P. ostreatus

Mycelial growth Color of Pileus

Strains D.ays to Formation
MCM MM Primordia Young Mature of spore

ASI12029 L L 3.5 dark grey brownish grey 5.0

(3) primordiumless variants

UVM 831 S S - - - -

(4) maturationless variants

UVM 534 M S 7.0 - - -

UVM 790 M M 6.8 - - -

(5) specific color of pileus

UVM676 S S 3.3 grey bluish grey 0

UVM1068 L L 4.7 bluish white bluish white 1.7

- Values in parenthesis represent percentage of variants.
L: largely (over 40mm diameter) and densely growing colony
M: medium colony (from 25 to 40mm diameter of colony)

S: small colony (below 25mm diameter of colony)

_61_



Table 1.6 The characterization of poorly spored strains in P. ostreatus

Color of Pileus

. Mycelial growth Days to Formation

Strains Primordia of spore
MCM MM Young Mature

ASI2029 L L 3.5 dark grey brownish grey 5.0
UvM6e76 S S 3.3 grey bluish grey 0
UvM1284 L L 4.3 dark grey grey 0.3
UVM1573 L L 4.7 dark brown light brown 0.3
UVM1799 L L 3.7 brownish grey light grey 0
UvM2697 M L 4.3 dark grey brownish grey 0.2

- Values in parenthesis represent percentage of variants.

L: largely (over 40mm diameter) and densely growing colony

M: medium colony (from 25 to 40mm diameter of colony)

S: small colony (below 25mm diameter of colony)
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Figure 1.5 Effects of restriction enzymes on REMI transformation of
Pleurotus ostreatus. Protoplasts of auxotrophic P. ostreatrus were transformed
with a range of amounts of BamHI (@) or Hindlll (). Transformation was
performed with 1pg of circular plasmid DNA for 1x107 protoplasts. Values

represent the average of three independent experiments.
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Figure 1.6 Effects of DNA concentration on transformation of Pleurotus
ostreatus. Conventional PEG (@) and REMI (A) transformation was performed
with circular plasmid DNA for 1x107 protoplasts and, in REMI transformation,
using 10 wunits of BamHI. All plasmid DNA was concentrated by Et-OH
precipitation and was used in the same volume (1xf). Values represent the
average of three independent experiments in REMI transformation, but the
numbers of transformants by PEG transformation were obtained in one or two

experiments.
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Figure 1.7 Effects of DNA conformation on REMI transformation of
Pleurotus ostreatus. Conventional PEG (open column) and REMI (closed column)
transformation was performed with 1pg of plasmid DNA for 1x107 protoplasts
using the circular and linear DNA. In REMI transformation, 10 units of BamHI
were used. Values represent the average of three independent experiments in
REMI transformation, but the numbers of transformants by PEG method were

obtained in one experiment.
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Figure 1.8 Effect of number of Protoplasts on REMI transformation of
Pleurotus ostreatus. REMI transformation was performed with 1lug of plasmid
DNA using 10 units of BamHI. Values represent the average of three independent

experiments in REMI transformation.
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PEG REMI

Figure 1.9 Growth phenotype of REMI transformants. The strains were
grown on MM medium without uridine for approximatly 4 days at 28°C (Ist
selection, A panel). And colonies were transfered to MM medium without uridine
(2nd or 3rd selection, ¢ and d of B panel). The transformants were compared with
the wild type strain (ASI 2-107-o, b of B panel), and uracil auxotroph (a of B

panel).
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Figure 1.10 Southern hybridization analysis of BamHI-mediated
transformants. The probe DNA labelled 0-32P-dCTP was used with the 0.8kb
fragment digested with BamHI or EcoRI, containing ura3 gene. (A) The genomic
DNAs extracted from uracil mutant and transformants in P. ostreatus were
digested with BamHI to analyze the rate of BamHI-mediated integration. Lane 1:
transformant by PEG method, lanes 2-16: T1-T15 transformants by REMI method.
(B) The genomic DNAs extracted from P. ostreatus transformants were digested
with EcoRI to analyze the copy number of integration DNA. Lane 1: transformants
by PEG method, lanes 2-16: T1-T15 transformants by REMI method.
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Figure 1.11 Basidiocarps of momokaryotic fruiting strain, MB1. a: wild-type
and parential strain, ASI2706, b: the monokaryotic fruiting strain, MBI.
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Table 1.7 The characterization of monokaryotic fruiting strains

Stra Mycelial growth Days 1o Color of Pileus Formation
rains . -

MCM MM Primordia Young Mature of spore
ASI2029 L L 3.5 dark grey brownish grey 5.0
ASI2706 L M 3.9 dark brown dark brown 4.9
MB1 M S 35.7 dark grey bright grey 4.0

- Values in parenthesis represent percentage of variants.
L: largely (over 40mm diameter) and densely growing colony
M: medium colony (from 25 to 40mm diameter of colony)

S: small colony (below 25mm diameter of colony)
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Figure 1.12 Mycelial morphologies of monokaryotic fruiting strain and it's
parental strain. A: ASI2706, parental dikaryon observed with light microscopy,
and B: their nuclei staining. C: MBI1, monokaryotic fruiting strain observed with
light microscopy, and D: their nuclei staining. E: Clamped MBI, dikaryotic MBI1
after 10 days fruiting, and F: their nuclei staining. Black arrows indicated septa

and clamp connections. White arrows indicated nucleus.
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Figure 1.13 Basidial morphologies of monokaryotic fruiting strain.
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Figure 1.14 Basidiocarps of black and white mutant strains. a: wild-type and

parential strain, wonhyong, b: the black mutant strain, c: the white mutant strain.
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Table 1.8 The characterization of black and white mutant strains

. Mycelial growth Days 1o Color of Pileus Formation

Strains MCM vM_ Primordia Young Mature of spore
ASI2029 L L 3.5 dark grey brownish grey 5.0
Wonhyong L L 3.4 dark brown brown 5.0
Black strain L L 3.7 black black 5.0
White strain L L 3.7 white white 5.0

- Values in parenthesis represent percentage of variants.
L: largely (over 40mm diameter) and densely growing colony
M: medium colony (from 25 to 40mm diameter of colony)

S: small colony (below 25mm diameter of colony)

_74_



Table 1.9 The color measurement of pileus surface by Minolta colorimeter

Strains L* a b*
Wonhyong 64.48 1.55 9.64
Black strain 38.60 3.72 6.40
White strain 84.25 -1.47 1412

— The number can be defined by specifying its chromaticity coordinates.
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Table 1.8. Searching test of fruit bodies by the texture analyzer.

Wonhyong Black strain White strain
Texture and Strains

pileus stipe pileus stipe pileus stipe
Strength (g) 304 526 269 209 269 209
Total energy (erg) 2067 5578 1916 1304 1916 1304
Shearing Val (g/cm) 337 526 269 209 269 209
Shearing energy (erg/cm) 206719 557845 191614 130481 191614 130481
Height 1 1.5 0.5 0.7 0.5 0.7
Diameter 0.9 1.4 0.3 0.7 0.3 0.7
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Figure 1.15 Detection of the introduced sequence in the transformants with
Apal digestion. Agarose-gel electrophoresis of the Apal-digested 1.3-kb sdil
fragments amplified from the transformant’s (lane 1) and ASI2029’s DNA (lane 3).
The fragment amplified from the pTMI1 sequence (lanel) is Apal-sensitive and
has been divided into 0.2- and 1.1-kb fragment (lane 2). Whereas the fragment
amplified from the host ASI2029’s DNA (lane 3) does not contain the Apal site

and showed resistance to Apal digestion (lane 4).
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Figure 1.16 Protein banding pattern of color specific mutants. Protein bands
were isolated after discontinuous SDS-PAGE (10%) and Coomassie staining. M1,
protein size marker; Lane 1 and 2, UVMI1068-hypha; Lane 3 and 4,
UVMI1068-fruiting bodies; Lane 5 and 6, ASI2029-hypha; Lane 7 and 8,
ASI2029-fruiting bodies.
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Figure 1.17 Comparative of color mutant analysis. Representative 2DE
analysis of ASI2029 and UVMI1068 by the UV-treatment. Protein (200ug) was
loadd on each gel, and separation was performed in the pH range of 3-10NL. This
figure shows only the part of the 2DE images that were useful for

computer—assisted image analysis.
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Figure 1.18 Basidiocarps of black and white mutant strains. a: wild-type
and parential strain, wonhyong, b: the black mutant strain, c: the white mutant

strain.
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Figure 1.19 Protein banding pattern of color specific mutants. Protein bands
were isolated after discontinuous SDS-PAGE (10%) and Coomassie staining. M,
protein size marker; lane 1, wonhyong; lane2, black mutant strain, lane3: white

mutant strain.

_81_



ASI2706  MB1

Fb

Figure 1.20 Protein banding pattern of monokaryotic fruiting strain.
Protein bands were isolated after discontinuous SDS-PAGE (10%) and Coomassie
staining. ASI2706 Mc and Fb, mycelia and fruiting bodies of wild-type parental

strain of MB1, MB1 Mc and Fb, mycelia and fruiting bodies of monokaryotic
fruiting bodies..
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Figure 1.21 Gene expression profile of MBIl strain. ¢cDNA low density

macroarrays of the 1594 unigene to P.ostreatus hybridized with probes generated

from total RNA extracted from liquid—culture mycelia of MB1 and MBI1-clamped
strains.
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cDNAS] &gl FAE &tof, Northern? U3 ¥ TP, 1 4
¥+= densitometers AR&3to] Asto] dTtek Aol o g ZF e wd
23 AA3stal o] E databased}t o] Eolwrd FHAES 530

= UE

1) Reverse northern blot

Z} EST clones A %3to] 50ng/ul® ¥ A7l ¥ nylone membrane®] 1lul % #
A3k 3 denaturation £} FEE oA 174 HA F UV cross linkerE A3}
o] DNAE ZAAZ filterE AF&3l9Th Probe A %o A& ¥ RNAE TRI Reagent
E Algste EEsg o, WARA ¥ AFE probex= 5S50ug total RNAS} reverse
transcriptase$} oligo dT primer, 10mM dNTP, 70uCi [a-*P] dCTPE A}&3te] 37°C
ol Al IAIZEESE WESAIA  AZE QAT o]E2  hybridization solution  (6XSSC,
0.12%6SDS, 5X Denhardt solution, 100ug salmon sperm DNAE A}-&3}o] 65T ol A

overnight ¥F-g & 1XSSC/0.1%SDS®E washing?d & X-ray filmol exposure] % t}.

2) &3 profile#l] =+

HAe X-ray filme Agfarle] ARCUSII 2 scanning?d % TIFF imageZ
nonliningAt2] Total lab software program< AH83le] pixel densityES 2743} th.
actin A2k S 10022 3t T E clone59 IS AUldozm ZAste o&
excel°l A database3} 3} tt.
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3. 49 4 u%

7F. WAl A A 9] cDNA library A 2

= Eabe]l el Al EEQ ASI2029 7FE Ao ® 871 wAUAER
A=mE FRlsknh 9] AT A = of#iok Tk (1) Lm: HA suigE AR,
(2) Lifm: A AXl ek AR, (3) Sm: 45 Wl T4, (4) Pr: €471, (5) Yib: 9
g ZAAA, (6) Mfb: A& AAA, (7) Afb: =3 A4 A, (8) P AL o2 A A3}
AL A e AR FA] total RNARE], poly A tailed mRNA 2], cDNA A
2 clonings &3l librarys Al Zstsdth Al ZHE library = titer S4S S8 AHE
AR = 7t A HH, Abgo] A A library= -80TColA B ¥t} Titer =74 23
= Table 2.1° VeI

L}, ¢cDNA random sequencing®l| &3t A} A A, ¥z} dAE e {FH1Z =

)

87he] A A A A AR library25-EH dele] 20007 FES wEElste], &
16,0007 ¢] plasmids F=3Fth 2% plasmid oA 12402 6,00071¢] &
o] AVIME BAS YA, o] VMY 4 dataE DNAstar program= ©]-&
3le] 159271 9] unigenesS #]3FSith Table 22 oA e ZF TAGA AN FEH o
7149 JigE detldT EAeE AP 2gan A Al Zbzh 3127
(61.9%), 55971 (58.7%), L2l 5687] (53.1%)e] F&o] 1 FH oz J7[Ado]
EAE o 7z 19270, 39370, 183l 501702 F&o] 2HAA 33 7R 9] T 5=
A7IMER BT £ 2 WA A dAA 87] (05%)2] unigenes©] &%
o7 ddEglon 3297 (206%)= EAFAA Eol¥ o 5877 (36.8%)= Al A
ol o aea 5777 (362%)= AsAdAdA Seldow HdY= AS & F
AATH (Figure 2.1).

o€ #2l¥ unigenes<= Genebank nr database (all nonredundant GenBank
CDS translations + PDB + SwissProt + PIR + PRF)9lA4 BLASTX algorithm® &
F42ke] homologyE 243%™, E value?b 1X10° ©]atel o] oz Foja &
FoFTh 150070 unigenes ol A EAFol A 17371 (34%), ARl Al 39070 (41%), A3
S A A 5310 (50%)7F oA FEA S WHEFAT (Figure 2.2).

)

.

o

ok EST @714 €9 7159 &7
olg A #2l¥ unigenes FiE G7IAE A $  Yeast (Saccharomyces
cerevisiae) database®] 7]Z3s}o] 9] Ha BAde BHFIY

(Figure 2.3). Cellular organizationo] Z#E HFd27F 7b4 Bgon 1 Loz
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metabolismel] ¥ ¥
H FHAREe] 1 te

o ESTel W3 &4 17 dl
of A|F3te] database3d}l 3t o, o]5L o] &3
A2 FHILES BT 7 x AEE AN

™ Protein fate®} Protein synthesisel] ##

b
=
T U
g5

o
2
59
il
o
)
5

rlo
OPF
rN

B (www.niab.go.kr/nabic/index.html)
of ESTRIEC <siAE Solid

gf, Ay A 4 Profile 4

AZ2rE EST clone % 150070 unigenesS gt o5& Al83t9] nylon
membrane ‘ol A filterg A 4e F AAGAuF, A7), ADAAA, A A], =
A A A A RNAE #8389 probe® 3} reverse northern blotg 3 3}%
t} (Figure 2.4). Reverse northern 23+ densitometerS Al-g3lo] A &Fsle] x4
9} ARl #roem 7 ke WS ZAAskal ol & databasedt dto] 5oli3

FAAES 7 & F AAT =T V]Sl AHA Fo] H FAAE dHA Uv
hydrophobin, priAl%s ¢] reverse northerno]l %= 5o] @3 %= Aoz B FH U

Sold fFHztolQex: 7t MAGAERE F7F £ aste A s 1S
& F7F Ao, o5 AA cloned °F 40% ABEE AAS v whEbA A A
WAL FEHE fFHAAE] Fodt= vf§- dramaticet AlE W3t Fgoletal A}
bk, AA AXEIEE FAA Y A9 vegetative myceliumE-©] A2l hydrophin}
uricase’} S04 o2 wWdHE ™ hypothetical protein B5022.103%} snodprot precursor
o] o] Ho] Eokth a8ex Sodd {FHAe o AvtAH L= T]E ¢
FHAASH FEHAS BHolA gstew, waka At FHAe] JhsAdel mrhal &3l
t} (Figure 2.5, Table 2.2).

Glycosylhydrolase, PEP carboxy kinases = HXA}¥EA}o|A Eojx o=
Ao AzZtEh ARG vhel] mEW ofA 7] GApE oA Sl d H =
atol= Bad vprb glow, “erelwAle A vEe] "@axate] ujiby o
712 Qlste] FrtelA W wAZE WAt Joenz Agst 9 7|z
st AH7E & Aoz A7t H(Figure 2.6, Table 2.3)

e

Reverse northern #4743 AAA Eo] &d FHAAEL AJAXwEF FF
A2 Soldrd fF Aol HlEte] v FHAvE EElHAT w13 olE A
5 AAA A EA webd 2w ol 57}2% sk theFdk AR dde] W
st warh obel adzel Fol M= AEAAANA Sl W= FHel dis
oJut A& 319 (Figure 2.7, Table 2.4).

vh A e Ao A o] B AR o B
87 LATEA A Feld 16,0007He] &AM oln F=aF 600071 A7IAE
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A o] AEH SR v 10,0007 F&9 dA7IAEs AU oA 8
Ao sl A 2,00070 EE&4 %]94& FEote] EA g Aol #4H RE
16,0007 471449 data® DNAstar program= ©] &3} F 43977019 unigenese] &
A5 At} 4397702 unigenes< A A EST dataolA 170 ¥+ &2 301371, 282
o 2919 dbEE = FE0] £3589t (Table 2.5).

uh, =g Al EST9] database 75 % website Z}5 &7l

524 FAE F44 AHAE (www.niab.go.kr/nabic/index.htm) &= 2 &, 5%,
s FHAY 9 A4 AR 53 #He 2 A= HE(Bioimformatics) 7 2 &
E59%43t o v AHETT FAHRAHEAY 7|es TS HHoE FHHIAIG
(Figure 2.8). =elg]vAlolA 2% 16000712 EST clone> ¢ AHBAE AT
3lo], databaseE T3t ol E A AlFH EST datax Fdzbe] A71A L] A

4]

S 53 FNEEE 9o (Figure 2.9), Gene Ontology Assignmentsel] 7]%
EST 971449 7154 £7/E 33390 (Figure 2.10).

el ALY EST A71A¥9 database™ Nucleotide or Protein Sequence,
Identifier (TC, ET, EST, GB), Keyword (GenBank Definication), Functional
Classification based on the Gene Ontology Assignments o 2|3 @B Ao 71538}
L FA4H, 2 AFE Sl Wl 2 =99 WA A7AEY V2 AR AR7)
2 WAl (Pleurotus ostreatus)®] EST databaseE T=3A4 At o|ZHA =%
Aol A9 Ame olF =g Ale] ek wA|l BAY GHA FFAl Had)
T Aol M e fFEg 9AE HshA &tv, SeEvert =EE Al Ao FFFe
2A9 YAE =3l AVIE ntds

¢

1
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Table 2.1 Titer of cDNA library during nine developmental stages

Lm Lfm Sm Pr Yfb Mifb Afb

p

Titer 14X10° 14X10° 1.3X10° 27X10°  1.0X10° 15X10°  3.1X10°
Vector AZAP pTriplex pTriplex pTriplex pTriplex pTriplex pTriplex

2.9X10°

pTriplex

Lm: Shaking liquid cultured mycelia, Lfm: liquid cultured mycelia,
Sm: sawdust cultured mycelia, Pr: primordia, Yfb: young fruiting bodies,

Mifb: mature fruiting bodies, Afb: aged fruiting bodies, P: basidiospores
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SAF

12

Total Categories|H) Uncla==iFied Sequerces Excluded|¥]

CELL CYCLE FAMD W@ PROCESSING L171)

CELL FATE (2]

CELL FESCUE, DEFENSE, CELL DERTH AKRD AGEIWG 1300
CELLLLAR COMMUMICATIONSIGHAL TRAMSDLUCTION (571
CELLLLAR ORGAMIZATION (9%2d)

CELLLLAR TRAMEPORT AMD TRAMSPORT MECHAMISME (1900
CLASSTFICATION WOT %ET CLEAR-CUT [25)

EHERGY [17T0)

HETREOLISM (380]

FROTEIM ACTIVMITY REGULATION (1)

PROTEIN FATE |Folding, wodification, destiration) (234)
PROTEIN SYNTHESIS (ZE1F

REGLLATION OF f INTERACTION WITH CELLULAR ENVIRORM (51)
SUBCELLULARR LOCALISATION (13}

TRRRECRIPTION [LET)

TREREFORT FACILITATION (1)

UHCLASSIFIED PROTEIME (154)

Figure 2.3 Functional classification of EST clones.
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Figure 2.4 Gene expression profile of P.ostreatus during developmental
stages. cDNA low density macroarrays of the 1594 unigene to P.ostreatus
hybridized with probes generated from total RNA extracted from liquid-culture
mycelia(A), Primordia (B), young fruit body(C), mature fruit body (D),
basidiospore (E)
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Figure 2.5 Specifically expressed genes in liquid-cultured mycelia
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Table 2.2 Specifically expressed unigenes in liquid-cultured mycelia

Cloneip ~ hutaive Gene identification E-valte MC PRI YFB MFB SPO
01670LM - - 1494.3 531 70.5 136.2 46.2
01893LM - - - 1403.4 1.6 55.4 30.3 15.5
Hypothetical protein B5022.10 _
00971LM Novel limported]—Neurospora crassa 8.00E-06 1348.3 38.2 50.5 58.7 21.6
01719LM - - - 1327.7 13.6 59.9 354 13.2
00131LM Novel Protein SNODPROT1 precursor 2.00E-36 913.4 30.0 31.8 3.9 3.8
00703LM - - - 858.3 57.4 73.5 33.0 41.4
00217LM - - - 812.3 23.5 83.3 11.9 14.4
01846LM - - - 766.3 2.1 43,5 7.7 10.4
01725LM - - - 697.9 23.6 46.1 48.0 9.9
01934LM Novel Hydrophobin [Pleurotus ostreatus] 8.00E-36 5751 29.3 475 36.3 17.6
00511LM - - - 545.1 6.4 17.3 2.2 0.0
01940LM - - - 522.2 33.0 60.8 40.0 13.5
00972LM - - - 4951 62.8 745 82.8 30.7
00316LM - - - 453.4 35.1 52.9 3.7 5.0
00526L.M - - - 4455 10.2 246 0.5 0.6
Short chain dehydrogenase — _
00283LM Enzyme  fosion yeast (S. pombe) 9.00E-22 396.1 48.9 506 6.8 26.1
00403LM - - - 387.0 40.6 69.8 19.6 6.3
00371LM - - - 375.8 11.3 26.2 0.3 1.1
00664LM - - - 328.0 34.3 651 148 7.5
01654LM - - - 316.6 1.1 23.2 28.8 9.6
Hypothetical protein _
00946LM Novel [Homo sapiens] 9.00E-11 282.3 39.3 427 441 2.5
01004LM Enzyme  Uricase [Paecilomyces tenuipes] 3.00E-11 269.6 24.2 53.1 46.6 16.8
Cell growth Hypothetical protein SPAC29B12. _
00547LM and death 10 —fission yeast (S. pombe) 3.00E-43 256.3 104 419 1.7 0.0
00133LM - - - 2526 17.8 19.9 0.4 0.8
Cell growth Putative transcription factor; Crz1p _
00350LM and death  [Saccharomyces cerevisiae] 1.00E-15 237.7 123 33 02 135
01922ILM - - - 236.3 2.8 51.8 15.8 11.3
Putative proteinase _
00947LM Enzyme [Streptomyces coelicolor A3(2)] 2.00E-09 232.7 345 456 29 0.5
Hypothetical 37.7 KD protein _
00285LM Novel C1F7.12 in chromosome | 1.00E-17 222.7 56.6 34.0 40.7 7.0
_ Cellular Stress response homolog Hsp _
P10-CO07 organization [Bacillus subtilis] 3.00E-13 200.9 27.7 26.5 39.4 2238
Cellular  Sea urchin Arp3 (SUArp3) _
00373LM organization [Hemicentrotus pulcherrimus] 3.00E-21 200.9 224 483 71389
00633LM - - - 198.8 38.8 626 1.0 3.3
00922LM n'ig?;%‘gﬁsng High-affinity glucose transporter 9.00E-43 197.9 373 544 85 23
Eneray and ACYI=CoA-binding protein (ACBP)
00841LM metagb{jlism (DIAZEPAM binding inhibitor) (DBI) ~ 1.00E-17 188.3 60.7 67.4 61.7 2538
(ENDOZEPINE) (EP)
Cellular Translation elongation factor 2
00348LM . lization [Filobasidiella neoformans 6.00E-40 176.6 11.8  32.1 0.6 20.7
g var. neoformans]
00396LM - - - 166.2 14.7 329 1.0 7.3
Delta—9 fatty acid desaturase _
01280LM Enzyme [Cryptococeus curvatus] 5.00E-53 1415 36.3 51.4 548 11.0
00139LM - - - 115.6 14.2 253 0.2 0.8
MFB02-D12 - - - 112.9 229 29.6 66.5 35.0
00659LM - - - 106.9 4.1 28.5 0.7 0.9
Formate dehydrogenase _
00320LM Enzyme [Candida boidinii] 5.00E-82 105.3 20.7 26.1 0.8 1.9
00532L.M - - - 104.5 171 26.8 5.6 3.2
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Figure 2.6 Sepcifically expressed genes in basidiospores
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Table 2.3 Sepcifically expressed genes in basidiospores

Clone Ip ~ futative Gene identification E-valte  MC PRI YFB MFB  SPO
PO3-E11 - - - 12.5 48.5 48.8 74.2 5041
PO1-E06 - - - 9.4 24.2 25.3 86.4 439.2
P03-B09  Enzyme '[Dgttfgg’t%;eyccgefogllyocgg‘r" Aydease: g 0oE-12 45 336 51.3 53.6  397.3
P0O9-EO07 - - - 11.6 25.6 46.9 73.3 386.0
P02-B08 - - - 46 26.0 21.0 94.6 372.9
Celular  pep garpoxykinase (AA 1 - 553)
00269LM Onrqgez?gggltilsomn, [Saccharomyces cerevisiae] 2.00E-63 43.1 19.6 30.9 2.0 345.4
P02-E12 - - - 4.4 29.9 29.4 90.7 291.5
00177LM - - - 5.9 12.7 32.6 0.2 252.3
P11-F09 - - - 6.0 45.3 38.0 66.5 2401
P01-D03 - - - 7.2 225 25.6 31.0 200.1
PO7-A07  Novel f’rﬁg’ggfyfg&prg?goiﬁgg)r“t 6.00E-39 42 268 544 501  198.9
P11-F02 - - - 3.7 26.0 39.8 411  198.7
PO5-H12 - - - 7.9 56.5 501 688  198.4
PO6-B0O9  Novel ?Shtlrse%tomyces thermoviolaceus] 5.00E-08 1.0 11.8 240 255  197.5
P11-D12 - - - 191 350 540 631  175.0
P02-D04 - - - 3.6 23.9 45.6 41.0 170.6
Goluar & Keloaoy, Con olgse pgronma
00207LM or{)geaégggltigmn, (AcethyI—CoA acyltransferase) 2.00E-60 43.9 23.6 59.1 6.6 157.7
(Peroximal 3—oxoacyl-CoA thiolase)
P06-H08 - - - 5.4 40.3 40.2 62.4 148.1
00459LM Cel_lular Phenylalanine ammonium lyase
or%rgﬂgggﬁn, [Amanita muscaria] 9.00E-45 8.6 25.9 28.4 17.9 147.2
PO3-EO7 - - 12.5 32.2 21.5 40.9 145.8
P11-G08  Enzyme Ei%fstg’e[g];%%ﬁ;:f“vated protein g 0008 11.7 47.1  43.9  43.4  145.8
P03-C09 - - - 10.3 28.0 21.0 46.5 145.8
00126LM - - - 28.5 37.0 36.8 2.2 141.2
P11-B07 - - - 50.56 35.2 47.5 55.7 139.9
Protein similar to yeast gast
Glycophospholipid—anchored surface
PO1-F02  Enzyme ?Aé‘fcﬁgéﬁggsEﬁgagygsg:{rfﬁﬁédg'?e 1.00E-37  53.0 51.1 431 655  137.6
beta—1,6—glucans in the cell wall
[Schizosaccharomyces pombe]
01528LM Novel annexin XIV [Neurospora crassal 2.00E-46 28 2.3 49.4 35.2 129.4
P11-A05 - - - 8.9 258 37.6 55.2 127.9
PO1-FO1 - - - 12.7 35.7 33.4 45.0 125.8
P02-HO03 - - - 8.0 23.5 9.0 28.6 117.6
P04-C02 - - - 6.1 42.1 17.8 42.6 115.9
P05-D03 - - - 15.4 338.5 32.3 66.4 111.5
P0O2-A12  Novel ﬁ{g{g}g%ﬁ%@po“ system permease  q gop-17 42 285 231 276  109.1
Cellular Probable caCA proton/calcium
00086LM organization, exchanger 1.00E-15 9.9 30.7 23.1 3.1 107.7
transport  —fission yeast (S. pombe)
01663LM - - - 18.2 7.7 45.6 52.0 104.6
00182LM - - - 19.6 19.7 47.5 7.4 100.6
P11-B09 - - - 5.7 34.6 37.8 45.0 100.2
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Figure 2.7. specifically expressed genes in mature fruit body
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Table 2.4

specifically expressed genes in mature fruit body

Clone ID Gene identification E-value MC PRI YFB MFB SPO Folds
MFBO1-B08 — - 9.4 3288 6491 3637.4 839 56
MFB02-E09 Eéﬁ%ﬂ;&?ﬁfé‘é’;&%"vﬁi'&;5*5‘”2“’ 3.00E-07 4.8 323.8 675.9 3178.2 63.1 4.7
MFB06-B06 - - 3.0 3254 6159 24316 57.2 3.9
MFBO1-FO7 - - 5.5 188.4 339.8 2231.6 64.6 6.6
MFB05-HO03 g{géi‘ggﬁ%'g‘ﬁ)e isomerase 2.00E-44 552 93.3 497.4 21405 187.8 4.3
MFBO1-A01 [Sgglté'gﬁfgg'jgﬁd protein 6.00E-67 1.0 811.7 935.8 1578.9 325 1.7
MFB12-B10 - - 143 775 519.8 1566.3 8.4 3.0
MFB03-CO1 - - 46.5 359.2 655.6 14158 100.8 2.2
MFBO03-B05 Aa-Pri1 [Agrocybe aegerita] 7.00E-58 0.9 688.3 919.0 1381.3 26.5 1.5
MFBO7-F11 - - 126 522 126.7 12275 854 9.7
MFB09-A07 - - 15 1044 3342 1027.8 31.8 3.1
MFB08-DO1 - - 22 653 2385 10252 57.6 4.3
MFB08-B09 - - 245 37.0 2051 1016.9 59.7 5.0
MFB09-BO1 - - 35.3 653 194.6 993.8 57.5 5.1
MFB02-GO1 - - 1417 843 780 9596 911 6.8
MFBO06-BO7 g;‘gf‘émf,(‘“a‘trﬁggo[”sd_r'gérse‘\‘/igggﬁoma' 5.00E-14 0.4 488.8 669.6 9382 30.9 1.4
MFBO8-F02 - - 6.0 295 1647 927.6 540 5.6
MFBO5-H04 — - 41.4 376 1856 840.1 83.0 45
MFBO5-HO1 DNA repair helicase RAD15 (RHP3) 2.00E-45 1.8 1209 175.7 7642 39.8 4.3
MFB28-A04 mzfgg%ﬁ‘;@lgﬁ;g&?m 4.00E-58 41.0 4001 4131 7541 425 1.8
MFB08-G11 - - 3.4 244 1452 7161 422 4.9
MFB28-A06 - - 18.4 251.4 2745 6659 13.4 2.4
MFB32-A06 g"rﬁts"’(‘)‘g"ggtve;?eamggg“ggﬂetarh'Z'“m 5.00E-35 25.9 10059 798.4 6350 26.9 0.6
MFB04-C09 Hypothetical protein [A. bisporus] 5.00E-12 14.3 116.4 177.7 604.7 33.5 3.4
Enolase (2-phosphoglycerate dehyd
MFB30-B04 ratase) (2-phospho-D-Glycerate 5.00E-75 77.8 538.6 576.3 540.0 181.9 0.9
hydro-lyase)
MFB04-C07 - - 287 56.6 170.2 529.2 52.0 3.1
MFBO4-E04 — - 56 582 977 5008 72.4 5.2
MFBO6-H12 — - 0.0 1839 1957 5048 222 2.6
MFB10-F08 - - 119 269 69.7 4373 111 6.3
MFB28-D06 — - 106 61.6 62.6 4262 7.5 6.8
00655LM  Cytochrome C 4.00E-42 256 810.9 2012.9 4256 20.0 0.2
MFB02-A07 t’/{gﬂ}fheex“gg'oﬁéﬁtse'” aq-928 7.00E-15 18.0 53.4 71.4 4191 792 53
MFBO5-A07 Yhri00cp [S. cerevisiae] 8.00E-19 6.3 183 285 4051 30.3 13.4
MFBO1-GO9 - - 3.9 303 507 3775 57.4 6.6
Eukaryotic translation initiation
MFBO05-A11 Factor 1A; eukaryotic translation 1.00E-39 77.4 82.0 57.1 355.9 48.1 4.3
initiation factor 4C [Homo sapiens]
MFB04-D08 - - 10 236 450 3022 506 6.0
MFBO05-A08 50S Ribosomal protein L17 2.00E-28 111 548 559 3021 339 5.4
MFB28-CO05 - - 18.8 771 90.6 297.0 142 33
MFBO3-FO1 - - 06 230 334 2782 263 8.3
MFB02-A08 - - 0.0 121 6.4 273.7 254 43.0
01936LM Hﬁ’fn;g'g%%?gngﬁ’hydroge”ase 2.00E-40 7.6 154 556 2595 159 4.7
MFB11-A12 Laccase [Phlebia radiata] 6.00E-55 59.2 3053 209.0 2553 101.6 0.8
MFBO5-A10 E;g?hae@ies”[jr‘gt‘gfnnf“(%r_‘agg?#ge?c'd 6.00E-10 88 27.6 21.0 2128 233 7.7
MFB33-G05 — - 10.8 321 423 1986 8.6 4.7
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MFBO7-HO1

MFB08-D10

MFBO05-F04

MFB04-B03

MFB02-G04

MFB08-D07
MFB02-E05

MFB03-B07

MFB08-A10

MFB02-F04

MFB06-E08
MFB09-B04

P02-G12

Probable oxaloacetate transport
protein, mitochondrial — fission
yeast (S. pombe)

Ribosomal protein 22 of the small
subunit [Xanthophyllomyces
dendrorhous

Carnitine/acyl carnitine carrier
[Emericella nidulans]

Chain A, crystal structure of
S.Cerevisiae Eif6

FLJO0061 protein [Homo sapiens]
Ypl133cp [S. cerevisiae]

Importin beta—1 subunit (karyopherin
beta—1 subunit) (Importin 95)
Hypothetical 28.5 Kda protein
C1D4.08 in chromosome |
Dihydrolipoamide cetyltransferase
component of pyruvate dehydrogen
—ase complex, mitochondrial
precursor (E2) (PDC-E2)
Hydrophobin [Pleurotus ostreatus]
WD-repeat protein [Homo sapiens]

Arginine transport system permease
protein ARTQ

1.00E-39

4.00E-62

5.00E-20

1.00E-77

4.00E-32
2.00E-35

2.00E-38

2.00E-42

5.00E-42

7.00E-34
1.00E-46

2.00E-46

0.1

16.5

83.0

2.7

57.2

24.7
7.9

23.8

42.6

78.3

2.1
40.5

5.4

30.8

8.2
28.0

38.2

56.0

16.6
26.2

29.7

37.5

20.2
39.2

37.4

65.7

39.2
18.5

35.6

176.8

1651

146.6

144.0

1411

137.1
132.9

121.7

1211

119.6

118.6
1111

103.0

28.7

28.8
38.5

20.7

27.7
34.3

21.8

156.2

71

5.1

2.5

4.8
3.4

3.2

2.8

3.0
2.7

2.9
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Table 2.5. 4,397 EST redundancy of developmental stages in P. ostreatus

Redundancy level

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
3013 656 269 128 81 43 39 27 23 16 11 5 5 2 9 6 1 7

Redundancy level

19 20 21 23 24 25 26 27 29 31 3B 36 37 38 40 41 42 45

7 1 6 2 1 2 3 2 1 3 2 1 1 2 1 1 1 1

Redundancy level

46 49 55 56 57 539 62 64 65 76 77 79 8 92 113 186 229 291

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
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Table 2. Functional classification based on the Gene Ontology Assignments

BIOLOGICAL_PROCESS

. % of 268 TCs of typa % of 1300 taotal TCs of ype
Category Singleton/TC biological process biological_process
Bahaior I I ]
Biclogical_process Unknown a1 - 1007 20
Call Communleation I 0 ]
(baglate I 0 0
Physlological Processes I 0 0
Viral Lifo Cycle I 0 0
Call Growth And/or
Maintenance : 075 015
Deeloprment I I ]
Dlath I I ]
CELLULAR_COMPONENT
; % of 268 TCs of fype % of 1300 total TCs of type
Calegory Singlton/1C cellular_component cellufar.component

(bsolete ] I I

Unlacalized 0 1 I

Cell ] 0 0

Cellular_component Unkagwn & - na: 1l

Exlarmal Protectve Structur 0 ! I (

Eutracellular ] i f
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MOLECULAR_FUNCTION

com_peac_ SIBIC RO
Cell Adhesion Malecula :
Chapatona
Chaperone Aequlator
Citoskeletal Regulator
Defenza/immunity Pratein
Enzyme
Anti-tain
Anficoagulant
Antifreaze
drioxidant
Apaptosls Regulator
Binding

Tripket Codon-aming Acld
Adapor

Shruciural Molecule
surfactant

Tawin

Transcription Fagulator
Translation Regulator
Transporter

[ca Muclaation

Lysin

Malecular function Unknown
Mator

Nutrlant Rasersalr
(bealeta

Protein Stabillzation
Protain Tagaing

Requlatar Of Establishment Of
Compatence For 0 ' 0 I
Transformation

Signal Transducer 0 ! 0 0
Enzyme Regulator 1] ' 0 0

i)

- T
L g L i L
Co oo o Boocoo ool o oo R B o
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Figure 3.1 The strategy of over—expression vector construction with beta
tubulin promoter and terminator. (Current genetics (1999) 36: 371-382)
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7}” WA ALE mfb06a06 clone?] -5 A5 74 MZAI} metalloprotease 74 A
2 W A h Metalloprotease™ “=EF2IH ALY Az 7]5ddA wl¢ 83 54 F
o] shubetal Havk HAar, o sk odd $-8&= obA el Al A Hiv} &
o

&

Al ¢ metalloprotease?] full length cDNA2] 9714 <& RACEWR S E35le] 4335}
913 (Figure 3.3), northern %413 RT-PCRHel <3t wr& 2o o3t /H] I s ey
335199 th Reverse northern &4 3 mlx7kx 2 =glg] WA ¢ metalloprotease 7

T}
A= dAReE E AP A o] FFo]l WA ko Av])eh AAA oA wE e v
£ 2 Aol SIS (Figure 34). ¥ A+E T3] X9 metalloprotease= 7]&
of X 1% metalloprotease®t= THE X ZE& 79 metalloprotease® B3 H vl 18]
steg, 1 7]l e & b gloy A dAe HAeA I dHE= A
= &% ©] metalloprotease’} A A G443 ddo] & Aol AFE & vk 2
HEz Az DNA 24 9 Aopdds 3 7e MY dde=m Ad WA

metalloproteases A =35}l o},

3) AAA G B FolH o wdy = CK-II FHdAe] 4

AAA HAAIAANA EolHyQd FE Fo Casein kinase II (CK-II) - alpa
subunits R4t d7IAde] EASA T CK-II= 7719 subunit® o] Fo] A
o Z} subunit vFEF 2719] typel® EAEtE FAAR RaEH oy E -
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(Figure 3.6).
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Figure 3.2 The expression levels of house keeping gene, heat shock
protein, and hydrophobin genes during developmental process of P.
ostreatus. AT,Beta Actin, BT,Beta tubulin;, HSP104, heat shock protein 104, HP,
hydrophobin gene of P. ostreatus.
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Figure 3.3 Nucleotide sequence and deduced amino-acid sequence of P.
ostreatus PoMTP-2. Full-length nucleotide sequence of PoMTP was constructed
from EST sequence and by 5'-RACE PCR cloning. Lowercase letters indicate
nucleotide sequence and uppercase letter indicate the amino acid sequence. The
putative signal peptide is shown in bold. Oligonucleotide sequences and directions
of the primers mentioned in the text are indicated by horizontal arrows. The

putative polyadenylation site is marked by an vertical arrow.
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Figure 3.4 PoMTP-2 mRNA levels during developmental process of P.
ostreatus. [A] The gene expression of PoMTP-2 during the fruiting was analyzed
by Northern blotting. Total RNA (bug/lane) isolated from mycelia, primordia,
fruiting bodies and spores at different stages of the P. ostreatus life cycle were
subjected to electrophoresis in a formaldehyde—agarose gel, transferred to Hybond
N+ membrane, and probed with 32P-labeled PCR-amplified fragment. Lanes 1, 45
days cultured mycelia; Lane 2, mycelia under 9 days fruiting; Lane 3, primordia
(11 days); Lane 4 to 7, initial (14 days), young (16 days), middle (18 days),
mature fruiting bodies (20 days); Lane 8, spores. [B] To verify the expression of
PoMTP-2, quantificative RT-PCR was performed. cDNAs synthesized with AMV
reverse transcriptase and random hexamer or oligo d(T) primer were used as
template in a PCR reaction with two specific primers (MTPRQ-L, 5'-
atcccegatteccaaattac -3'; MTPRQ-R: 5'- gtccatgtagttatggatgg —-3'). As a control,
185 rRNA and G3PDH gene were used. Mc, mycelia; Pr, primordia; Fb, fruiting
bodies; Sp, spores. [c] Relative amount of PoMTP-2 mRNA, determined by Kodak
1D image analyzer, were calculated by the rates of intensity against the
expression level of POMTP gene in primordia and normalized with the expression
of 18S rRNA and G3PDH.
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Figure 3.5 Nucleotide sequence and deduced amino-acid sequence of P.
ostreatus Casein kinase II- alpa subunit (MFB09-D07). Full-length nucleotide
sequence of PoMTP was constructed from EST sequence and by 5'-RACE PCR
cloning. Lowercase letters indicate nucleotide sequence and uppercase letter

indicate the amino acid sequence.
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Figure 3.6 Casein kinase II- alpa subunit (MFB09-D07) mRNA levels
during developmental process of P. ostreatus. The gene expression of CK-II
alpa gene during the fruiting was analyzed by RT-PCR and Northern blotting.
Lanes 1, 45 days cultured mycelia; Lane 2, primordia (11 days); Lane 3, mature
fruiting bodies (20 days); Lane 4, spores. As a control, 185 rRNA and G3PDH

gene were used. Mc, mycelia; Pr, primordia; Fb, fruiting bodies; Sp, spores.
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Figure 3.7 Nucleotide sequence and deduced amino-acid sequence of P.
ostreatus G protein beta-subunit gene (01277LM). Full-length nucleotide
sequence of PoMTP was constructed from EST sequence and by 5'-RACE PCR
cloning. Lowercase letters indicate nucleotide sequence and uppercase letter

indicate the amino acid sequence.
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Figure 3.8 G protein beta subunit (MFB09-D07) gene expression during
developmental process of P. ostreatus. The gene expression of G protein beta
subunit (MFB09-D07) gene during the fruiting was analyzed by RT-PCR,
northern analysis and real time PCR. Lanes 1, 45 days cultured mycelia; Lane 2,
primordia (11 days); Lane 3, mature fruiting bodies (20 days); Lane 4, spores. As
a control, 18S rRNA gene were used. Mc, mycelia; Pr, primordia; Fb, fruiting
bodies; Sp, spores.
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Figure 3.9 Northern blot analysis and sequence of mfb06a06 clone. Lane 1:
mycelium (45 days after incubation), Lane 2: mycelium (9 days after cold shock),
Lane 3: Primordia, Lane 4: young fruit body 1, Lane 5. young fruit body 2, Lane
6. young fruit body 3, Lane 7 : mature fruit body, Lane 8: basidiospore
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Figure 3.10 Northern blot analysis and sequence of mfb08d01 clone. Lane 1:
mycelium (45 days after incubation), Lane 2: mycelium (9 days after cold shock),
Lane 3: Primordia, Lane 4: young fruit body 1, Lane 5. young fruit body 2, Lane
6: young fruit body 3, Lane 7 : mature fruit body, Lane 8: basidiospore
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Figure 3.11 Northern blot analysis and sequence of mfb12b10 clone. Lane 1:
mycelium (45 days after incubation), Lane 2: mycelium (9 days after cold shock),
Lane 3: Primordia, Lane 4: young fruit body 1, Lane 5: young fruit body 2, Lane
6. young fruit body 3, Lane 7 : mature fruit body, Lane 8: basidiospore
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Figure 3.12 Northern blot analysis and sequence of mfb07f11 clone. Lane 1:
mycelium (45 days after incubation), Lane 2: mycelium (9 days after cold shock),
Lane 3: Primordia, Lane 4: young fruit body 1, Lane 5. young fruit body 2, Lane
6. young fruit body 3, Lane 7 : mature fruit body, Lane 8: basidiospore
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Figure 3.13 Promoter and terminator sequence of beta tubulin gene in P.

ostreatus.
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