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A} = GG ANE A A o7 JERSE Bolty, A nidulans @AY W

3t2 B Al F79 ASAE 7HA =, deA 93] " sle FAAA
2, dAlo A olui AR ATt Aewdel g dgAlE ek fAAA
A agla o)uiAl 7 AL 954 23l nondisjunction®] & WA

3} 3= =344 (parasexual cycle) ©] Z7o|t} (Pontecorvo, 1953;
Figure 1). T2 AR A% AXE (foot cel) ZHE 7HA A b
stalk7} sterigmatas-?l medula® phialideEs A3t 1 EolA] mitosisel
ol3lod conidia®s #A8FaL ©] conidia’} Woldt F HAME W= AT
E et} o] HA oA+ mitosisel oE FAo] dojup HFAow FA
= conidium®] MEF7] AH= Gloltt (Bainbridgeetal., 1971).

1-2 A. nidulans® +/3 2]

A. nidulans®) 3 X2} B FAEA ] vl AZIA SR A YERG
o webd A E2A4FR] ascospore FAAG 2 o] w23t conidiagol Yol
7] wimol AYEI #Ee sy ofE ] AAEHA el 8ol @A ok
Aot FAd 28249 AHEQl ascospored ZHi= ascusit cleistothecium -
Z Qo] EATT wAbEo] S stut S AHAA WolgE FAdskd WAL
Zrell A3t (anastomosis) o] Lot o]ujAIQl AME7} REEIA 1L o] AET}

ascus AXEXZE Wty 1 FY ol cleistothecium f£]F°] FAFHE Fo=E

I-H

et A 31 91 9™ (Benjamin , 1955; Ellis et al, 1973; Zonn eveld, 1977),
Al Aol dojubx] b2 A Al AN iR A EH O] F7 ¢
A et 9l cleistothecium® 25 Z&Al ==t ©]&°] Hille
M 3Eo]t} (Thom and Raper ,1945). o] w] 3ol H3lE HH W0

Ab7 ol@Al  (dikaryon) @]  ascogenous hyphae@  #3}dte] g3t

_2_



(karyogamy)©] dojyil #HFwEdAS AAA H9, F5-EA F mitosisel
ol gt ascus?tell 8 709 ascospore’t A/ E T} ascospore= T 7N
= 7HAA = oteto] AN R RSN v dEAR du d AR S
T B A steriledt ARl ol& A cleistothecium W7ol A]
dojupr & cleistothecium@telli= °F 10470¢] ascospore’t E°] SQlal
viability ] W3} §lo] o <& 7|z Byd 4 Uvh. a9 oleh 22
B4 WstE FEshs signalo]l AlFEL]H A OA FHiEH=A S AlEUY 9
oy Wale] oA Zeu=Ae thsfir= el Aol gtk

1-3 A. nidulans® <1382

<

ofF e wmug (¢F 107 7) vegetative hyphaelx] 3-g3lo] o
olujAe]l o] WA= AS7F =, o] ojujAY HE A d#AE FA

°|

.

o

Azl st AgALE AF 4 Qlth a8y olujAlE =E’bYEkr] W
mitosis % nondisjunction®] A LdoJPF O ZM aneuploid’7}t A EHIL 9]

aneuploid 9A] Qg2 ALS 1A Xgor A7l 2 w7z A

5 AAE 3t olg Al sto] olufA| 2 HE dAE A E=H o] S
=2l sttt (Ponteccorvo, 1953).

2. Aspergillus nidulans® A%

19709t FRE 8 A& FHAR7F thdtolA] A cloning ¥ i1 @
tf

dol Hodtel hgel e WA A R E BAZ HAs] g8 A
Aol A@e AAT FAAH A= o] AUFAT FPolE BrE o

A5 A ot Al FEA ¥H<l=dl Hinnen & (1978)e 2l



Saccharomy cescerevisiae®] JdAgo] FFs #AFAIL ©] system= ©]
gsto] 1980d] 7)o 2R AAelM A nidulans®] FA A go] o] F
o] x] 7] AlZFEFA . 18t selectable marker® 19834 Tilburn ol 2
& amdS (Ballance et al, 1983)7} o] &5 3lal olo] Timberlake:= trpC
(Yelton et al, 1984) & o] &3t 2™ Perberdyel ]38l Poland®lA] cloning
H argB (John et al, 1984; Bereet al, 1983)7} 2/ 5 At A= niaD
(Unkles et al, 1989)%F °]&3t= vector7} 71Eo] ity 19 o5
B 5 insertional vectorg®A recoversti=dl oj#Fo] Ut FHITO
plasmid®] autonomously replicatione +FE3F= sequence’} W7 &
(Gems et al., 1991)°] & ©]&3% vectors 7N'& Folth

A F7A A. nidulansol A A% 9001 7|9 F A7} cloning® il 7]
Mol AR HAT. 247 ¥zl FAAES nitrogen, carbon tiARe] #Ho st
+ 4=, pH repression®l] #olsts FAAE, TRl Holstes oY
A A=, mitochondrial 4 AFE, tubulin 2 cell cycleol| #A = F4A

Soltt.
2-1 F4944%3

A. nidulans®] ¥ AR conidiaZ} A EH = B o Eh

Conidia7} #otsto] AIZFE 0.5 me #AHEEE stthrt 16 ARF d o
o]2 %] aerial hyphal branch”} colonyd] S %o AHE dAdEH o] & AR
7} conidiophore® #3}stAl Hth. FAEAL] FA L aerial growthEs A4
g 6213t A 8AIZE H o] dojdtt (Champe et al., 1992). ©]§-9 &
3}i=colony? FdolAFE 7FEA8]Z  conidiophore?] dAo] =T},

Colony 9 <=%olA+= *S conidiophore® EA7FA 16A7Fe] dAFAE o]

_4_



oty Hlsl] A2 P = A A E 1~3 AlZE AL dAREE S v
2 conidiophoreS ¥A 3t} conidiophored A& A7 2~3 mQl THAIZH

B AxEHo] FAYZ AXE (foot cel) 7} TFEo] X1 & Ho] 4~5 el 4
o]7} ¢ 100 mmQ! conidiophore stalk®] apical extension®l| 2Jal| 34 %™
conidiophore stalk® apical extension®] "9 2ol ¢F 10 m=E FEo]
/] conidiophore vesicles A%ttt o] wl foot cell, stalk, vesicle
septumel] o3&l FElFo] A &2 single unit®, vesicled] HPEZE FLo
ofe] 7§ Mol x5} synchronous budding®] 23 vesicle w}ZZ:o
primary sterigmata =< medulaeE A & AEF s} (Mims et al.,
1988). Medullae= + W buddingd}e] ¢F 12070 2] uninucleate sterigmata
%9l phialidesE A3} phialide?] #olA o2l WM mitosisE HE©°] 3f
o] oF 1007H¢] conidia® W=t 918k 22 o 7H+ e WskE fAA
ol Aretr] flste] ZF HAgol Hojsks A =dAWo|FI EElE
t} (Clutterbuck, 1969).

Ak gk o e d EAMCIFES o] g3te] 7} Eddvlo] fAAE wet

L=,

¢

3t 44 § yeA (O'Hara and Timberlake, 1989), trpC (Yelton et al.,
1984), briA (Boylan et al., 1987; Adams et al., 1988), abaA (Landschulz
et al., 1988), wetA (Mirabito et al., 1989) %2 F¥A7F B ek &=
gk HZoll= fadA (Yu et al, 1996) 58] A2 A4 2 A3t 34 ol
ottty BT 1 2o FAER Ao sk =AWl E o] &3
A% o]Fo]F=d Martinelli®t Clutterbucki:=  (Clutterbuck, 1969;
Martinelli and Clutterbuck, 1971; Clutterbuck, 1977) F/d&3}el ¢F 100
el A7 dosttta sty 12y Timberlake (1980) & FAXEAE
&= #AM 258 mRNAE o] ol thsk cDNAE wh=o] A

o
2%
& A3 oF 1,2009 FAA7E ey Atk BE o5 AAAE

R A

=

9

_5_



Ao TG Bolats fAASe tg webdel wxlo] o FolRt
AR TN /A thevt gk #Ab] Age] o= AE 18

¥ 5 ojd & 4= gle signalol 28] FluG(Lee et al., 1994a; 1996) ] 2] 3|

Mg EAdo]l A o] A&7t FIbA (Lee et al.,, 1994b) ]
Adwo] GTP Azl FadAe A4S Asfiste] #AMAS LS F5
= GB v Y FEE Adets 2oz we sy kA wAke] Aol |
Al ¥ 3L fIbAS} fIDAE Z3+retA k= U pathwaylQ! #IbB, fibC, fIbD, fIbE
of Q% AlzAgo] briA%t ths BAIRD abaA7FAl AA R37E LojuA
He Aoz B HA (Yuet al, 1996).

=
T

2-2 #7484 %73

FAEA AR 27 dAE wAF FRAL P, 2 dRle] 1
5] A A3 g WETZE 2obA anastomosisZh dojubAl ® ZQ
°oFU™ Dictyostellium* ¥ cAMP#2 signal dg=2do] wkEo#] A}
So] WASA =HEA L 87k glok. Cleistothecium  layer 343,
anastomosis, Hille MZ A 22 dAdo] Ao 52 olH 4= e
Aol deiME Ba " owk gleh oo did ANE de FHoR

cleistothecium®] FAE A %= =AWHo|E 53 = AL7F AA=d A

M

)

dAQ FAAAE Fdste WbA cleistothecium®He A4 Eats =4
HolE A XA (Arlett, 1960)

¢ Champe® 919 AR A& Alkste] ¥4 2 fAEAE 4
g g gle EdWo] 3FS g5ste] EAs e oled A 499

Z7)o A EAAA o] WE AS &4kt) (Butnic et al., 1984a; 1984b). ©] Al

_6_



g5 Zte A 278~2969 EAE HEFlth (Champe et al.,1987;
Champe and El—Zayat, 1989). Champe+ %A} acoB= psiZ} thS w4
o] =4S st Ao dosty et AZetal, psivs A I olA
sexual hormone ¢&& Fdsieleh= 7HHS Aldeitt (Champe et
al.,1987).

$HH, veA E<Wol= cleistothecium ¥4dS A Ashs dAAFS B
Hu7F =Y (Kiafer 1965), ved +2F veA —dF AFolol protein® x}o]lE
SDS—PAGES &sto] 248 A3 £A%F 36,0009 @ido]l yved— &5

AL WEIAA  Gruhi Aol WHEAm, olgh ge  wwol

rir

conidiation G E Tolst= O F Hol olnlx pedfHAE 7] B

gl FAAEA GG FEAEAF YRG0l o= w71 A4S

2 FAEAEAN S EsPAY g0l AR S HeER e Sl
o] gFoz Ha¥oe] 9t} (Han et al., 1990). E3t o5 FAAEIZ Ko}

(Han et al., 1994; Chae et al., 1995). o] & veB$ nsdD(never sexual
development) & FH< |7} o] FolA Aol WP U=t veAst veB
o= FAA7} epistasisE WEMH=7HE ofA W AA SOy nsdD=
ve?| dkeollM #gske= Zlor FAHI v I dFolAM nsdDE

niiA promotere] 23al] over—expression AlZAS Wl FAAGA 0] dojdri=

rlr

_’7_



AR e o8] ¥ ®oh (personal communication). ©18F YEo] nsdDS]
e AS Aow MZtE = psd (blocked sexual development) &} asd
(abnormal sexual development) E®o| t=7}F o] 9t} (Han et
al., 1990).

ool M= FAEIe ARSI ¥ A R A= 54 24,
o2 5w carbon source, W9 &4, T7]9 A =9 MFZA ulgt &
A FAAAATS AR F A Ho]l (Han et al, 1990) ko= FA4

Watel 22 w59 KRS 71 U Ao @detA JyE Zlow

$HH H] 2R conidiophore® WrEi= stuASt medA (Clutterbuck,
1969) & FA4Este] dAlsks A ow AZhHo] gtoy 7 {FAze] AWl
o577 F38sE shx Xstth= AR (Clutterbuck, 1969) 3 o] 7H <]
conidiophore /el #ofsh= FAe] EdWol7E FAdE3HE 8hA X3
+ AF (Navarro—Bordonaba, et al., 1994; Yager, 1992) % & uw] &
skel ARt ) #o] o= AR BE A Ao HHE F U
Eia=y

3. Gene Signature (GS)

3—1. GS vs EST

2 AA 9/MLe BAF X dal Bae] mobgrh wlgdt AE
Fol7l 98l AA fAAE e 27O

a
Ao A e =AE Qdst= 4 (mapping) o] 3= ojok 3 O™ mapping©] ©]F

_8_



markerZA = FA & olu] ¥ DNA f7|AEEo] ol &HUtt A
= 4 A& o, fFEEREe] 2,300 e FAAER mape A
=, o AAE mapo] FestA Aok webA FHAke] 28k mape] 2
W Wgete]l o m&Zola wE WHol FAQskAl HGl=dH 3o
Sequence Tagged Sites (STSs) ¢ Z=¢Jollth STSel &gt mapd 2
A FHAAE A AFaisz Hdste] ¥ DNA X275 in situ
hybridization®] & microscope® FAFste] AA AMA] = o= 29
A7 APt wrEolfith, 1’/ d STS+ genomic DNAS] FZFo =z i
B dojx7] wjZel polymorphismeltt viruss o] ke Wolzh Azl H
ol ot e s & F glvke dalo] Sl

olE F&aty] 918 wdo] dojy= FAtel] 2% mapel Aol A=
Z1710] v}2 Expressed Sequence Tags (ESTs)o|t}. =, EST+
o4 FEE mRNAZFE cDNAE 43t 5ol xl cDNA9 ¢

_9_



9th GST mRNAS EAH 2 (e.g. 5'—end or 3'—end) ¥FE dojujo] 7]
EE B35t Aotk weEtA mRNAZFE cDNAE &4 W random
primers AFE-3FA] &3 oligo— [dT]I WS primer® AFE3lo] cDNAE &4
stal A7 Es A Hed AR 5 —end7HA A o] o] FolA]
7l P97l Wi FE2 37 —endf 9VIAES EAEA Arh GSE AME
Fozx A A2 ESTe #2 49 A g F5s I 5 7]

ol AR R e s AR = vk Aol

3-2. & MAY 2H A2 ESTE GSE o] &3 A+

1991 Okubo S vector primerE ©|g€3to] ¢cDNAE A&t A3+
AAE olg3te] GSE doul= WHES sk on AA QA 7 243

cell line°lAl 3 ‘—directed cDNA &35 Azxsto] & =24 o 2F 1,00074
°] cDNA &9 d7IMds 9o mRNAS X E #4383t (Okubo et
al.,, 1992, 1994; Fukushima et al., 1994).

ol9lo = ESTE ol&3dto] Abgte] ¥ (Adams et al., 1993), A&¢d+#
(Liew et al.,, 1994), Brassica napus (Park et al., 1993), Plasmodium
falciparum (Chakrabarti et al., 1994), 3¢ A5 9A|3E (Nishiguchi et al.,
1994), ¥ (Sasaki et al., 1994) elA] 8= ddASFLES A= A77F F
3= AT

_10_
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Figure 1. Life cycle of A.nidulans
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1-1 #52% EST

B AYe| AMH Aspergillus nidulans @52 A EES Table 1 <

YER I AFE¥ EST & Table 2 o] e AT

1-2 wix] 2 vk =3

A. nidulansi= 37CelA wkstglom wjekel] AFSE wix|d &du)A|
(CM), #H4ui#l (MM) + Harsanis (1976) 9 ®¥lel o8 &nrlstqint.
M uF Alol EA EAH= 3YZE wieket wiF A ZH-E 0.08% tween802
2 FE3 o 1x107~10° AZ/ 100 m7 J5% AFQch uA A
AE 2%7F E| == agar powderS #7}élo] AFE-39ic)

A. nidulans W <Fell AFg-st w]#] = Difco, Q—Bio, AF&¥ Chemicals
Sigma®} MP A|F& AF&sEalth A 8] =403 v 2o

+ CM
1% Glucose
0.15% Yeast Extract
0.15% Casein Hydrolysate
(100X) Vitamin Solution
(100X) Thiamin HCI

(50X) Minimal Salt
— 12 —



« CMR
1% Glucose
0.15% Yeast Extract
0.15% Casein Hydrolysate
10% Arginine
0.25% (100X) Vitamin Solution
(100X) Thiamin HCI
(50X) Minimal Salt

*+ CMRK
1% Glucose
0.15% Yeast Extract
0.15% Casein Hydrolysate
0.25% (100X) Vitamin Solution
4.47% KCl
10% Arginine
(100X) Thiamin HCI
(50X) Minimal Salt

* MM + Thiamin HCI
1% Glucose
(100X) Thiamin HCI
(50X) Minimal Salt

_13_



* MMK + Thiamin HCI
1% Glucose
4.47% KCl
(100X) Thiamin HCI
(50X) Minimal Salt

* MMR + Thiamin HCI
1% Glucose
1% Thiamin HCI
10% Arginine
(100X) Thiamin HCI
(50X) Minimal Salt

+ (50X) Minimal Salt stock (1 £)
NaNos 152 ¢g
(MgSo4) - 7TH20 26 g
KH,PO, (monobasic) 152 g
KCl 26 g
(NH,) sMO702, (ammonium molibuden) 4 g
Z/nCl, 0.4 g
MnCl; 0.008 g
CuS0O4 0.032 g
FeSO, 0.127 ¢

_14_



+ (100X) Vitamin Solution (500 mé)
Riboflavin 50 mg
p—Aminobenzonic acid 250 mg
pyridoxin—HCI 250 mg
Biotin (stock) 2 ml
Ascorbic acid 250 mg
Folic acid 250 mg
Thiamin 250 mg

Nicotinic acid 50 mg

« (100X) Thiamin HC1 (100 m{)
TDW 100 m¢
Thiamin 0.15 g

filter—sterilized with 0.45

1-3 Agtai L Aok

PCR o # Q23 primer & A=, Taq polymerase & AWH=2] Nova
Taq = AFE8F3 o, A a4+ New England Biolabs (NEB) A& AME-
3FSth. Southern blotting o] AF&-¥ ECL (Enhanced Chemiluminescence
labeling and detection) kit += Amersham Life Science, PCR clean up kit

9} Gel extraction kit + QIAGEN #|&S o] &3}t

_15_



1-4 W g9

oH
1) A. nidulans Transformation

e Osmotic buffer
0.6 M KCl
10 mM NacCl

e STC buffer
1.2 M sorbitol

10 mM Tris—HCl (P.H 7.5) 0.5 M
10 mM CaCl,

* KC buffer
0.6 M KCl
50 mM CaCl,

* 25% PEG6000
25% PEG6000

10 mM Tris—HCl (P.H 7.5) 0.5 M
10 mM CacCl,

e Soft Agar
1% Glucose

1.7% Bacto agar

_16_



4.47% KCI

0.1% (100X) Thiamine—HCI
(50X) Minimal Salt

e GlucaneX
GlucaneX 1 g
Osmotic buffer 10 md

filter —sterilized with 0.45 4

« BSA (Bovine Serum Albumin)
BSA 0.2 ¢
Osmotic buffer 10 ml

filter —sterilized with 0.45 w0

2) Genomic DNA isolation

» Breaking buffer (500 m¢)
Triton X—100 10 m¢
10% SDS 50 me
NaCl 2.92 g
Tris—HCI (PH 8.0) 10 m¢
0.5 MEDTA 1 mf

« TE (200 m¢)
1 M Tris—HCI (PH 8.0) 2 ml
0.5 M EDTA 400

_17_



e (1000X) RNase A

10 mM Sodium acetate (PH 5.2) 9.1 m{
RNase 100 mg

1 M Tris—HCI (PH 7.5) 900 g

* RNase TE buffer
TE 1 md

(1000x) RNase A

3) Southern Blotting

* Depurination solution

20 N HCI

* Denaturation solution
0.5 M sodium hydroxide
1.5 M sodium chloride

¢ Neutralizing solution
1.5 M sodium chloride
0.5 M Tris—HCI (pH 7.5)

« 20X SSC
0.3 M sodium citrate

3 M sodium chloride
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e Primary wash buffer
6 M Urea
0.4% SDS
0.5X SSC

e Secondary wash buffer

2X SSC

» Hybridization buffer

0.5 M NaCl

5% blocking agent to ECL gold hybridization buffer
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Table 1. Strains used in this study

Strains Genotype
FGSC A4 Wild type, veA”
HSY?2 pabaAl, anAl: FargB: trpC: trpC801 veA”

VER7 (PILJ16)  pabaAl, anAl; JargB:trpC; trpC801 veA” argB*
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Table 2. EST used in this study

EST Protein number & name Domain

esd104  (AN2989.2) hypothetical protein Rgferyeg;%“g(’gN?gih (j{f)'a
esd107 (AN7617.2) hypothetical protein /

esdl114 (AN0833.2) hypothetical protein /

esdl126 (AN6497.2) hypothetical protein /

esd130 (AN8544.2) hypothetical protein /

esd131 (AN8852.2) hypothetical protein /

esdl151 (AN7950.2) hypothetical protein /

esd153 (AN4762.2) hypothetical protein /

esdl154 (AN3935.2) hypothetical protein /

esd158 (AN8768.2) hypothetical protein /

esd160 (AN3141.2) hypothetical protein /

0sd166 ;?gji(%B.Z)conserved hypothetical /

esd167 (AN5695.2) hypothetical protein /

esd178  (AN3908.2) hypothetical protein EUkaWOtE@‘;’;fi“ kinase
esd182 (ANG6657.2) hypothetical protein /
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Table3. PCR primer used in this study (continued)

Primer name

Primer sequence (5° — 37 )

5For104

bRev104

3For104

3Rev104

bnest104

3nest104

5For107

5Rev107

3For107

3Rev107

Snest107

3nest107

5For114

S5Rev114

3Forl14

3Rev114

Bbnest 114

3nestl14

AGCCAAGGTAGATCCAGGCCTAACACATCAGGCTAGACTCG
TTGAAGAG

GAGTAGCGCAACGATACAGTACC

GGTACAGTGTGCACTATACACCG

AGTCAAATGAGGCCTCTAAACTGGTCAGTGCTTGAACTGAA
GATTCACGT

GGTCTAGACAAGTTCATCGC

GACATGCATGGTCTACATTG

CTAACAGAGTCCCAATCATCCTG

AGTCAAATGAGGCCTCTAAACTGGTCAAGGTCTTAGAAATG
CAGCAAGTG
AGCCAAGGTAGATCCAGGCCTAACACATCTGCCTACTGCCT
AACCTGCC

GAGAGTCCGGTGAATTATCCGTG

CCATATTTCGGTTCAGCTGC

GAGAGGGCGATGAAGCGGAG

GCAGTCTGGACCTTGACAAATTG

AGTCAAATGAGGCCTCTAAACTGGTCAGTACTCAGAAGGCT
GCCATGTCA
AGCCAAGGTAGATCCAGGCCTAACACAATCTCGACCGATTC
GATTATCC

AGTTTATTGCAGTACCGGTAATC

CCGTAGACATGCAATGCAGC

CTCGTAATGGGTAACTTCGT
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Table 3. PCR primer used in this study (continued)

Primer name

Primer sequence (5° — 37 )

5For126

bRev126

3Forl26

3Rev126

bnest126

3nest126

5For130

5Rev130

3For130

3Rev130

Snest130

3nest130

5For131

5Rev131

3For131

3Rev131

Bnest131

3nestl131

AGCCAAGGTAGATCCAGGCCTAACACAAGGTTGAGTTGAGT
TTTCGTCG

GCGCAGAATATCATGACGCGTAG

GCGCAGAATATCATGACGCGTAG

AGTCAAATGAGGCCTCTAAACTGGTCAACAACCGGACTAGT
GATGTACG

TCTTCAGCTCTACGCTATCT

GCAGCACCGGATCGGATGAG

AGAACTGCGTCGATCAGGAGACG

AGTCAAATGAGGCCTCTAAACTGGTCAGGCTGACGGTAGGA
ATGCAAGTG
AGCCAAGGTAGATCCAGGCCTAACACATCAGTGCACTAGCA
AGTTAATC

TAATAGAGGCAGTGGACATCAGC

GCCTCTAAGTCATACCACTG

GCTCAAGCTCCGTATGGAGA

AGCCAAGGTAGATCCAGGCCTAACACAATAGCCAGATCTGG
ACTCTCGG

ATGAGCCATTGTCATGTCGACAC

CGGATACGA AGCTGACGCTTGAC

AGTCAAATGAGGCCTCTAAACTGGTCACTTGCCACTATCAG
CAGCATTC

TTCCGTGACTTTCCTCAGAC

CATGGAGACGGATAACACAG
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Table 3. PCR primer used in this study (continued)

Primer name

Primer sequence (5° — 3" )

5Forl151

H5Rev151

3Forl151

3Rev151

Bnestlbl

3nest151

5For153

5Rev153

3For153

3Rev153

Bnest153

3nest153

S5For154

5Rev154

3Forl154

3Rev154

Bbnest154

3nestl1b4

AGCCAAGGTAGATCCAGGCCTAACACAAGTGCGTTGTTTAA
GAGACGACC

GCCTGAGCTCATAATTGTGCTTG

CAGTAATCTTGCCGGTGTTGACG

AGTCAAATGAGGCCTCTAAACTGGTCATCGGTGGCTAATTC
CGCGAGAAG

TGACCTCATCACACAGTGGC

CGATGCTCTCGCTAGTGTTG

AGCCAAGGTAGATCCAGGCCTAACACAGGACGATTGCGGCA
CGATCATC

CCTGTTCTGGTTCATTTGATCAC

GGACGCCTGCAAGCAAGTTAAGC

AGTCAAATGAGGCCTCTAAACTGGTCAGAGCTGGATATGAC
TCAATGTTG

CCACGATGTGCTTGC AGACG

ACACCGACGTAAGCACTCCG

GCCCACCAATTATGATGTTGACG

AGTCAAATGAGGCCTCTAAACTGGTCAGCTTCTCCTGACCT
GGATACTTG
AGCCAAGGTAGATCCAGGCCTAACACACCACATGACACATG
ATTACCTG

GCCGGACGTCTCAAGGAGGTTTG

GATTCCTTGAAGATGCATGC

ACGGATAGAGAAGTGAGGGA
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Table 3. PCR primer used in this study (continued)

Primer name

Primer sequence (5° — 3" )

5For158

5Rev158

3For158

3Rev158

Snest158

3nest158

5For160

5Rev160

3For160

3Rev160

Bnest160

3nest160

5Forl166

5Rev166

3Forl66

3Rev166

Snest166

3nest166

ACACGCCGACATTCGATATCCAG

AGTCAAATGAGGCCTCTAAACTGGTCAATGGGTGACTTGAT
ACATGACTC
AGCCAAGGTAGATCCAGGCCTAACACACCTGACATTGACCG
ACTCTTACC

TATGCAGAGAACGTGATTCACGG

TGCTAGAGATAGGCTAGGCT

TGCGTTGCTGGAGATGACAG

AGCCAAGGTAGATCCAGGCCTAACACAAGAGCGGATCTATT
GAGACCAAG

TTAGTCCCTCGAGTCGGCAACAG

GACTCGTAATGCCACTTGGACGG

AGTCAAATGAGGCCTCTAAACTGGTCATCTCTGACAGCTCG
GGCACTTAG

GTAACTTGTGACGAGTCAGC

TAGGACAGCCTGTGAATCAG

AGCCAAGGTAGATCCAGGCCTAACACAATGACGGCGATGTA
GAGTATAGG

AGATTCCAGGTACGAATACTCCG

AGATTCCAGGTACGAATACTCCG

AGTCAAATGAGGCCTCTAAACTGGTCAACTGACGAAGGTGG
TATGCCTTC

AAGCTATACGGAGTGTCAGC

TTCTGACATGCGGTAGCCTC
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Table 3. PCR primer used in this study (continued)

Primer name

Primer sequence (5° — 3" )

5For167

bRev167

3For167

3Rev167

Snest167

3nest167

5Forl178

5Rev178

3Forl178

3Rev178

Bnest178

3nest178

5For182

5Rev182

3For182

3Rev182

Bbnest182

3nest182

AGCCAAGGTAGATCCAGGCCTAACACATAGTCTCGAATCTG
TTTACCTGG

CATCGCAAGGCACTATCATCCAC

TCATGCGTTCGCTTCCGGTTTCC

AGTCAAATGAGGCCTCTAAACTGGTCATCACCGAACAATGG
CATTCCGTG

CATCGTGACCATCGTGACCT

TCCAAATGACGCCTGGGTCC

AGCCAAGGTAGATCCAGGCCTAACACACATGAAGGCGCTTA
AAGATTATG

GAGGTCTTGCCATCGAGATACTG

CGTCCTCCGCAACTCAGCAGACT

AGTCAAATGAGGCCTCTAAACTGGTCATTCAGAAGCGGTTG
CATTAGAGC

GCAGCGATGGTTGAGTGTAG

GCGTATACAACCGCTCCCGC

CGCCAGAATAACAGATGAATCAG

AGTCAAATGAGGCCTCTAAACTGGTCAGGATGAATGGAGGT
CAGACCATC
AGCCAAGGTAGATCCAGGCCTAACACAGATATTATGTGGCG
TTGGCATCG

GGATAACGAACCGCAGCAGTAAC

GCTTGAGATTGCTTGACTCG

AGCTCTGCACCGTATCTAGG
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Table 3. PCR primer used in this study

Primer name Primer sequence (5° — 3’ )

argB OF GACCAGTTTAGAGGCCTCATTTGAC
argB DR GTGTTAGGCCTGGATCTACCTTGGC
argB 1 ATCGTCCTACCTCTCGCTTCATC
argB 2 TCGCACCCGGTGACTTTCACATG
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2—1 DJ-PCR (Double Joint PCR)& ©¢]&3%t esd gene9

replacement construct

Aspergillus  nidulans 733k QoA esd (early sexual
development) A2+ 7]e& dohfl7] fl&l DJ-PCR (Double Joint
PCR) WS o] &3} esd genesS disruption*] Z t}.

DJ—PCR 3971¢] PCRE &3l o] FolxA Hrt.

1st-PCR< &3kl HS (Homology Site)E 471 $18ke] 747+e] esd
gene? 5 ¥ 3 %o 5For (23 mer), bRev (50 mer), 3For (50 mer),
3Rev (23 mer) or S5For (50 mer), 5Rev (23 mer), 3For (23 mer), 3Rev
(50 mer)?] 4719 PrimerE "=+dl Primer A&t A marker® Al
2 argB9 THEHE HFEo] JEE S5Rev, 3For or 5For, 3Rev %ol argB
tail sequences H7bste] o o5 Fte] 57, 37 Feol Z7 800~1000
bpel AEFES IdA HAY. T3 AW markerE AFEEE argBT argB
OF, argB DF primerS ©o|g3lo] 1736 bpl HES 94 HArh PCR%E
elutions &2 24 Genomic DNAE AA st

2nd—-PCR= 871 §18f 1st—PCR % ¥ 5 HS% 3" HSE ©]&3t]
5" HS:argB:3 HSS DNAZE 1:3:1 & 41994 2nd DI-PCRE 49
ST

3rd PCR (nested PCR)< nest primers AFE3sto] PCRS 33t ¥
=49 5° 7 3° 9] bnest (20 mer), 3nest (20 mer) primer (nest primer
+ Taq polymerase® A-—tailing Wi-o] T (Thymine) T 5 T 3

primerE A%%hH) & PCRe sF3it.



olglst 3dAe] PCRe et H™ 15708 esd genes A4 Al
Knock—out construct® %5 F U7l H=dH o)A &2 A4 =AW
&l 800~1000 bpe] & F23 A4
Al A

DJ-PCR®] PCR mixture®} reaction < Table 4°| JF&sta 7 &7
Figure 29 YeEM AT}

N

rlr

x2

marker?l argB genes 7}A| 1

—

rlr

_29_



Table 4. A. nidulans deletion PCR conditions for DJ—PCR

First PCR: amplification of 5" , 3" flanking regions and of the genes of

interest
PCR mixture (final 50 z1) PCR reaction

5’ flanking region

Template DNA (FGSC4) 1 xl

5" For primer 1 p¢l

5" Rev primer 1 ul

dNTP 5 pl

10X Buffer 5 ¢l 94T 3 min

Taq polymerase 0.5 ul 94C 30 sec

TDW 36.5 ¢l . 1 mi o5 |
3’ flanking region ?gg 1 212 :| cyete

Template DNA (FGSC4) I ¢l 79C 5 min

esd 3" Rev primer 1 pl A o~

esd 3" For primer L gl

dNTP o rl

10X Buffer o nl

Taq polymerase 0.5 pl

TDW 36.5 u¢l
argB region . .

Template DNA (PILJ16) 1wl gi"g gom:elc

argB OF primer 1 pl E5C 1 mi

argB DF primer 1 ul . min 25 cycle

dNTP 51 (28 lmn

10X Buffer 5 ul 7505 > min

Taq polymerase 0.5 pl

TDW 36.5 u¢l

— Check PCR products and clean up by Qiagen Kit (or equivalent) for

future use.

_SO_



Table 4. A. nidulans deletion PCR conditions for DJ—=PCR (continued)

Second PCR: anneal and fuse 3 fragments (two flanking region and argB)

PCR mixture (final 25 #1) PCR reaction
5" flanking amplicon 1 ul
3’ flanking amplicon 1 xl 94C 2 min
argB amplicon 3 ul 94C 30 sec
dNTP 2 ul 58T 20 min:|10 cycle
10X Buffer 2.5 pl 72C 5 min
Taqg polymerase 0.25 ul 72C 10 min
TDW 15.25 41 4C oo

— This product does not need to be cleaned.

Third PCR: amplification of the fused knockout constructs

PCR mixture (final 100 #1) PCR reaction
Template DNA
(2" PCR product) 0.5 nl 94C 2 min
esd 5 Nest primer I pl 94C 30 sec
esd 3 Nest primer 1 pl 55C 30 Secn:| 25¢cycle
dNTP 10 pl 72C 2.5 mi
10X Buffer 10 gl 72C 5 min
Taq polymerase 0.5 nul 4C co
TDW a

— Check PCR products and clean up by Qiagen Kit (or equivalent)

_31_



First PCR .
"’ 5 flanking Marker (argB) 3 flanking

5 For orRev) IZ> |:>argB OF DI:> 3 For orRev)
] — I
I — I

<:: BRev(orFor)  (ZIargBDF 3Ry (orFor) ¢

Second PCR 1* reaction 2" reaction
N G e »
D R S S
[
DY i—

Third PCR 5 nest :>

3 3 nest

Figure 2. DJ—PCR (Double Joint PCR) step
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2—2 A. nidulans Transformation

CMRK plateo] Al 397t wjeFst HSY2E 0.08% Tween80°.% 423}
107 7§€] conidia® CMR brothell 3{&ate] 37CelA 16 A3 &k 2% v
k3t myclial ballg "3 AEH o2 AE T F7F549 osmotic buffer®
NojFQth E715 A A% mycelias 50 M2 10 mg /m¢ Glucanex 200G
(Novozyme, Switzerland) /osmotic buffer®t 2 mée] 20 mg /ml
BSA/osmotic bufferE #7}3to] 30TCoA 80 rpml.ZE 2 A7t F<t HE-2-A]
Atk o] A& Al Ead AEFY O 2 HY protoplastE ST ol @
£NE5 2000 rpmeE 4ToA 2 3 94 E8sko] protoplastE FHAAIZ]
T AEAe WMya 15 me A7k STC buffers H7bste] 4000 rpm o=
4ColAM 2 E3F AAEE St AT ds W v @R 15 me STC
N& Wi A7k STC buffer 1
= F7tste] pellets ZAAHA A ths f19k Zo] i skl

s M 42 250 pe] A7k STC buffers ¥ @AErete] Aol

—_

2
=
o
ol

o

10 B 98k 3 A28 EP tubeo] 10 x£2 DNASF 100 ul protoplast
dgdS @& & 25% PEG6000E ZH7t 156 we¥ 2 dFolA 20 &1t
vkx]stc}, ZF tubeol THA] 500 Q] 25% PEG6000E ¥il A&oA 15 &

b wAsk vk, KC buffer 1 mé& tubeoll H7Fst ths A2oA 5 F1F WA

3t & Soft—agar 5 mlo] transformantsES Y il gentledtA 4 = U

MMK plateo] Fo] =% ko 37TColA 3 A3+ vjekssitt.
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2—3 Transformants? FE 92 3l

FAHES k1] 39AHE Ay FAHIA 7 e =8 conolyso]l 4
o]7] Ao wild type®} &7 CM plateo] pickingdle] ZdFS sl
genomic DNA isolatione $3}%] transformantsE MMK plate®l

streakingdle] colonyS o=t}
2—4 A. nidulans genomic DNA isolation

MMK plateolA] 343t HlF$t transformantsE loop®E FHIA CM
broth 2 meell FolFE & 37TelA 16 Az Ax wiFstalet (20 Alzto] |
A = wjek stolErh).

Mycelium®|] CM broth %Wl "X & gk AS loops ©o] &3] HA
filter papers ©°lg3to] & AASF T3 forceplo® ZA Hojx 2 ml
screw cup tube with an O—ring cap .2 tradte] 500 ul breaking buffer 2}
500 ¢ phenol: chlorophorm: isoamyl alcohol (25:24:1)¢} 0.5 mm
zirconia/ silica beads (Biospec)E ¥° + ¥ Mini—Beads Beater—8
(Biospec) S ©]-83}9] highest speed® 30 sec &<t homogenized}$ith.
Homogenize3$t A& 13000 rpm for 10 min at 4 CellA A st &
Aot 400 WS wfo] 1.5 m¢ EP tube©l transferdt §& o]} FHo =
phenol: chlorophorm: isoamyl alcohol (25:24:1) ¥¢]s11 vortexingS 15
secdl9d= ¥ 10 min at 4C 13000 rpmelA ¥4 Fdtt (919 H4 S
3 HEESiT).

P

J=olul Al 2L EP tubeol £7]3 chilled 100% EthanolS twhyl <ke)
o] & v} 10 min at 4C 13000 rpmolA ¥ F8]3lo] =}, pellet

-~

¢

24l

i
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o
=

gt

sholstal AFE e Ethanols Wl WA thr] A4 223k pipette &
2 Ethanolg €#3] A A% Zo] 70% Ethanol 1 mS gol= & 2z 4]

F9lth. 70% Ethanol W2la €41 #2|8to] pipette & Ethanolg ¢x13]
A A =+ tha 2~3 #3F pellet2 air dry 3tk DNA pelleto] WA

$tolst & RNase TE buffers 50 w 2] DNAE o] F2itl RNase TE

B

bufferel] ¢l DNA¥= 1 wvlt FH3lo] d7|d5 oz selste] £},

2—5 Transformants® PCR&<!

Azxd Ad=Edviolss &t S8t transformants=2] DNAE
isolatione 3ol A2 Z¢Wo]2] genomic DNAES At} 9oz DNAES
For, Rev primer®} argB1, argB2 primerE ©]&, PCRS E3) &<ldlo] F4
.

PCR mixture$} reaction < Table 5l |3tk

2—6 Transformants® southern Blot &<l

Transformants 7} &3] disruption HEA thA] s 2elslr]
gl Amershams ECL nonisotopic method & A}&3t%] Southern blotting &
33tk Genomic DNA & AlgtaA=® A& § DNA AH-S size marker
9} #o] 1% low EEO agarose gel oA H7|9% 3o Eg st 3,
depurination &HeA 15 F, denaturation §HeA 45 + 19
neutralization €A 45 #37F A2 sFH T o] gel A2 DNA @HAES
reverse transfer ¥ © 2 Schleicher & schuell §7]& o] &3}o] 20X SSC

kI
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el A Hybond—N' membrane 22 6 AlZF~8 AIZF A& o] AL UV &2
cross—link (0.15 J/ cm® 3t} membrane o 1783t

Prehybridization = 42Cel|A 1 A%} &<t ECL hybridization solution
O % 3} 3, Probe labeling & 100 ng/x12% probe DNA 2.5 glo] TDW
75 plE 4o + ¥ 55 &< boiling A7 denaturation A7l t& ice
Auky] Qo] 5 8 EoF WX 9 tt. Labeling reagent 9 glutaraldehyde =
247 10 pl A ¥a ZF Ao] & % 37TColA 10 % incubation St Uh
Prehybridization §+ solution ¥ 2 4] 31 Hybridization < 42C for 16
A2 &<F X8 EtA Tt Primary Wash Buffer 2 membrane & wash k3l 2X
SSC = YAl wash 3 ¥ ECL DNA detection reagent & ©]&3}
detection =8 ¢t v}, chemi—doc |4 Quantity one (Bio—Rad) program
& o] €3} signal & F1&S

Southern blotting =& F3st7] st At airs3 gAds s

trrasformants 2] size & Table 6 o 423} t}.
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Table 5. PCR condition for confirmation of the disruptants by PCR.

PCR mixture (final 40 g 1)

PCR reaction

Template DNA (transformants) 1 ¢l
Primer (For or Rev) 1pl
Primer (argB1 orargB2) 1pl
10X ANTP 4pl
10X Buffer 4 pnl
Taqg polymerase 0.3 1l
TDW 28.7 11

94T
94°C
62T
72T
72T

4C

3min
30sec
30Sec
1min
5min
(ee]

:|35cycle
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Table 6. Southern Blot analysis using restriction enzyme and

transformants size

5For, 3Rev primer

Southern blotting

Size (b.p) Size (b.p)
EST Enzyme
Wild type Transformants Transformants Wild type
esdl04 2732 3728 Sphl 977 / 4379 4361
BamH 1
esd107 2197 3475 Sac 1 1779 / 3167 3773
esdl14 2178 3588 Hind 111 3115/ 2654 4357
esd126 2525 3687 Bgl 11 2824 / 3720 5382
esd130 3906 3849 Sac 1 2876 / 2920 5852
esd151 3437 3567 EcoR V 1782/ 3128 4830
esd153 2762 3689 Kpn | 5119 4192
esd154 2972 3626 Ig:s 11 2063 / 3011 4420
esd158 3621 3625 Bel 11 1231 /3388 5594
esd160 4501 3462 EcoR 1 4148 5187
esd166 3331 3330 Sal 1 2407 / 2765 5173
esd167 2796 3475 Sac Il 2071 / 3549 4941
Sph 1
esd178 7063 3570 Bamfi | 3189 6682
EcoR 1
esd182 2575 3842 BsaA | 2958 / 3729 5465
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m. A%

1. DI-PCR (Double Joint PCR)& ©]£3F knockout
construct A%

Knockout construct® W&7] §3t W o2 DJ-PCR WH & AFE33
ot DJ-PCR< 918t Primer Tl Al 5ol A2 First PCR Primer A%}
Al A marker® AREE argB9t TR E= ol AEF SRev, 3For or
5For, 3Revell argB tail sequences F7}sto] F=thi= Zlo|Jt}. DJ-PCR< 3
GA 2] PCRE 4338F9] Knockout constructE AlZ T},
First PCR #4 o4 5 flanking region< 5For—5Rev primer Z7}&
ZZ3lo] PCR productss 3213911, 37 flanking region< 3For—3Rev
primerg ©]&38|4 S%3te] PCR productss #2138}t Marker gene &=
AFE- & argB% argB OF, argB DR primerE ©]£3slo] 1736bp2] products
= gt
Second PCR< 5’ flanking amplicon: marker gene(argB): 3’ flanking
amplicon 1:3:1¢] H]&=E AloJA] T3 thE second PCR products®
template® 5° , 3’ Nest primerE ©]&3ste] HFA O F third PCRS A3
sto] knockout constructE A sk (Figure 3).
ol'dA sty & 15709 esdollA 157019 knockout constructE &t}
A Z% knockout constructs += gel elution 39y purify 3t & argB gene

= A1 YA 2 A. nidulans 2] Wild type HSY29l transformationsd}$}
=

_39_



2. DIJI-PCR (Double Joint PCR)E& ©°]£3F knockout
construct?] #4

2—1 Transformants® PCR &<l

Aspergillus nidulans® argB geneg 7FA31l YA %2 Wild type
HSY2 5] DJ-PCREZ %= productsE transformationdt & CMul =] of
A 23 HS BAET genomic DNA isolations €8] MMK#®]A] o platings}
A Th.

DJ—PCR (Double Joint PCR) & ©]&3}°] knockout constructE =<l3s}
71 $130 transformation 3} Y& colony=9% genomic DNAE +8] 3}t
F213t DNAE9 For+ For—argBl primer, Rev: Rev—argB2 primers

o] g3l PCRS a3t] esdl31lS A3t 14702 esdollA] A4 =0l

i
fou
(o]
o_r‘(r
»
o

32

u

2
sk Q1S 317] Y35Fo] construct AAES For—Rev primerE o] €3}
ol PCR& F3& A3 971 esdollAl 9712 A4 =AWolE 18 -

t} (Figure 4).

(esd 114, 1-2, esd 130, 13, esd 151, 2—4, esd 1553, 3—5,

esd 154, 2—5, esd 158, 3—3, esd 160, 1 -1, esd 167, 16,

esd 182, 2—4)

xS
32

2—2 Transformants® Southern Blot &<l

PCRel 93] &<91¥ trnasformants’} &3t knockout mutantQl %] &4l

sHAl &lst7] 9%k probe® A wpAQl argB (1736bp) & ©] &3}
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Southern Blotting=S 33t A3} thA] 3719 esdollA 3719 A4 =
gld o+ A% (Fig 5).

(esd 151; 2—4, esd 154; 2—5, esd 158, 3—3)

i
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1. esdD 104

1* PCR 3 PCR
N
am 3 5

4 4 —s577Hp
1067 bp 925 bp

3. esdD 114
1t PCR 3 PCR
»F
= ! L
S - =
e 4 ™ 3395 bp
929 bp 923 bp
5. esdD 130
15 PCR 3" PCR
N e
= —
T T 3621 bp

1054 bp 1059 bp

2. esdD 107

15t PCR

918 bp 821 bp

4. esdD 126
1 PCR

!5' 3
Sy

1035 bp 916 bp

6. esdD 131
1* PCR

e

1054 bp 1046 bp

Figure 3. Gene deletion by DJ—PCR (continued)
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7. esdD 151
15t PCR 3 PCR

! S 3 ! _—
3395 bp
1

806 bp 1025 bp

9. esdD 154
15t PCR 3 PCR

- 5 3 ! daad
f ? 3434 bp
889 bp 1001 bp

11. esdD 160
1* PCR 3 PCR

... .
—

= 3346 b
_— p
# f —

837 bp 889 bp

8. esdD 153
1%t PCR 3" PCR

= 27

— - 3588 bp
t

988 bp 965 bp

10. esdD 158
1*PCR 3™ PCR

5 g ! -
.- = t
S BB.436 bp

856 bp 1033 bp

12. esdD 166
15t PCR 3" PCR

811 bp 783 bp

Figure 3. Gene deletion by DJ—=PCR (continued)



13. esdD 167 14. esdD 178
15t PCR 3 PCR

1 PCR 3" PCR
.. N
2. 1 §..me
5w - —~ww — 1
BT 1 B oo — 4 4 3381 bp

2002000 920 bp 914 bp

15. esdD 182
1 PCR 3 PCR

5 3
= ..
— I - f

="' m
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Figure 4. Confirmation of the disruptants by PCR. (continued)
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Abstract

Systematic deletion of genes involved in development of
Aspergillus nidulans

Ji hye Park
Department of Biology Education
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A filamentous fungus, Aspergillus nidulans, which is belong to
ascomycete, is a eukaryotic microbe that grows quickly even in the
simple synthetic medium. Also Aspergillus nidulans is a model fungus
to study sexual and asexual reproduction because this organism
develops both sexual and asexual spores through complicated
morphogenic processes, and because genetical, biochemical, and
physiological analysis of this organism are easy and well established.

In order to clarify a regulatory network of genes involved in
sexual development of Aspergillus nidulans, hundreds of ESTs
(expressed sequence tags) have been obtained from mycelia at the
early sexual developmental stage. Among them, 15 full—length genes
encoding hypothetical proteins were chosen from genomic sequence
data of A. nidulans. To make deletion mutants of these genes, deletion
cassettes were constructed systematically by DJ—=PCR (Double—Joint

PCR) and transformed into HSY2 strain. Deletion mutant candidates



for 9 genes were selected by PCR, and three deletion mutants among

nine candidates were finally confirmed by Southern blotting.
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