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ABSTRACT: Several mutants which never underwent to sexual development(NSD) of Aspergillus
nidulans were analyzed genetically and physiologically. They were divided into two groups according
to their characterisitics of asexual development after release from aeration block. The mutants
in first group proceeded asexual development immediately after removal of aeration block, while
those in second group did 10 hours or more later. The NSD mutants were separated into 4 comple-
mentation groups, nsd4, nsdB, nsdC and nsdD. The nsdA and nsdD genes were linked to AcrAl
on linkage group II and pabaAl on linkage group I, respectively. The mutant alleles were all recessive
to wild type allele in heterokayon state. The mutants did not developed cleistothecia on any of
carbon sources, except NSD208 which developed cleistothecia on lactose.
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A& A At (homothallic ascomycete)dl As-
pergillus nidulans= AAE F4-& Fdlo] FAE
25 Qe FAANAA TG FFEEdel ofs) 7t
FEAE A FAAAARAESY AgAE )
A, zZhzre] EAE sk AL 55T
e o) o) o)A ckSmith et al, 1977; Zonne-
veld, 1977). o] 7}-&dl FAEA] A E 2 coni-
dia)7} A== Aol FHalle B 77 3
Ele] gton, FHITow o] AH Foshe FA
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=31 ¢JcHTimberlake, 1990).

oj oA FA}7t conidiophore® ¥3}3l7] ¢s)
e AdAZ AR 7Hcompetent time)e] {75
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Ao 2 delF e m(Axelrod ef al., 1973). #3}F com-
petent time = ol|42] nitrate reductase®} 22
e B0 golut IR AR Fo] FAF A
3tebe 7o) R wl rHGealt and Axelrod,
1974). Competencer A2 ZAEAAEZ,
AEWel H3el] B A AR R AzkRE

A)4¥(self-programmed internal clock system)o]
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e Aoz oAaElcl. Competence s FS53 %
358 x5z FA= foot cell, conidio-
phore, vesicle ¥ phialides2¢] dzle] ¥-3laix)e
AA, HFH o2 FAEAE A3} Clutterbuck
(1969)2 -4 &3}el| o)ate] e SdHolE gk
Felste] FMFozH, o] FAd Fodd= FA
25 o FASIATE olF FollA A, abdA,
wetA, yA, wA 598 AL EEEe] o]E #A
Ao 72 9 AE 2A7H 4 A7 A
HcKTimberlake, 1980: Law and Timberlake,
1980: Johnstone et al., 1985: Boylan et al., 1987:
Timberlake, and Marshall, 1987: Adams et al.,
1988: O’Hara ef al., 1989: Mirabito et al., 1989).
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77 & W g RIe ke, 1 shie
Hille cell®, = t}& sh}e primodia® ¥-3}s)
w7la o] primodias #E4H 2 23+ cleistothecia®
313t Zonneveld, 1977). Ads AFEAE=
cleistothecia 494 WA EZ cleistothecia®) 3
4 AL FAEsY JHE S8 BAR FE
ek Cleistothecia o]H ol JAJ o] FHo g
%49 cleistothecia F9& <l¢ #+= Hille
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88 g3 vl glom x| ¥ R EAl AE
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B =9 ¥ (Kurtz and Champe, 1981), &4 o-
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Heloh FAE3 ] o)Ae] Az EAWelE IA
3T, &, €37 A8 dovbA] ¥+ NSD(never
in sexual development), -4 3-3}3}A 9] UA<tA
o)A %%l BSD(block in sexual development)
283, AR HE37A AYPHA T L Folvt
QA A1717} kA3 FE ASD(abnormal in se-
xual development)2 ¥7#3l5< ¥»HHan ef al, 19
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Aspergillus nidulans®] o338 FF FGSC4
(velA*)2} FGSC1688 vl sled biAl, sB3, velA* 2]
#3432 zZHe recombinant, VE4E E2)sld]
NSDEawe]o] ¥el& 93 AHE-3tglew, NSD
el A 4% #3ked FGSC163, R3,
FGSC237 59 AMZFE olgsidch #=i%
NSDEWo|F9} HAFF Alo]o] wwj2HE o}
k3t recombinants® F-alsle] fAZ] RAjo| A}

43k o] 5] FA A2 Table 14 e sict

HHX] S s

A2 g A wA(CM)AIA 37C 2 347t
sl m 08 248 ddlMde 983 J%
LT-Eo] A7HE &4 wiAMM)E AHS-3HcHHa-
rsani ef al, 1976). ¥%2 A7|E Aslr] s&iA
8] =)o} sodium deoxycholate® HE% 500 mg/l
g4 "rVvslelciUpshall e al, 1977). FAl#-3}9
ke FAwhR|o] casein hydrolysater} 7}
wjR]e| A *DE-ufeKHan ef al, 1990) 3t &
3Fo2 §x=3 H FAbskdch

oo fu

FF5 397k vhekg F 0.08% Tween80o.2
AXEAZ G-3 glass filter2 «JF}s}e] 31l =) o)) 4
2217t F-qt welA| ). ol®l EALE 0.05M so-
dium citrate $F=8Y(pH 6002 HHsz £Y
Fgollo A ANEEt F 107 cells/m/ 2 3431
t}. 9cm wFPAl HF Zol7l 2mm °]F7} H



MUTANTS OF ASPERGILLUS 3
Table 1. List of strains used.
Strain Phenotype Genotype Remarks
FGSC4 velA* FGSC* wild type
FGSC168 suAladE20 adE20 biAl; sB3; choAl; chaAl velAl FGSC test strain
FGSC163 suAladE20 yA2 adE20; AcrAl; pheA2; pyroA4; FGSC test strain
lysB5; sB3; nicB8; coAl velAl
FGSC237 yA2 pabaAl; trpC802 velAl FGSC test strain
FGSC154 adE20 biAl; wA3 cnxE16; sC12; methGl; FGSC test strain
nicA2; lacAl; choAl; chaAl velAl
R3 adE20 biAl riboA2; wA3 enxE16; sC12; methGl; from Han(1986)
nicA2; lacAl; choAl; chaAl velAl
VE4 biAl; sB3; chaAl velA* FGSC4 X FGSC168
N204-1 NSD pabaAl; nsdA4; chaAl velAl FGSC237 X N204
N219-4 NSD biAl pabaAl nsdD19; trpC802 FGSC237XN219
a: FGSC; Fungal Genetic Stock Center
2 Tmie) dglg HeL Lol Az ol F5e BHAMA N 2447 EF DR

2 EFuA A94E AL AR AR AT
(Ultraviolet product inc.)®] ZAM&-& 16 erg/mm?/
secivh AAAE AR LS R3] A F
0.1% casein acid hydrolysate(Sigma)S A7} 3
Al Aol HEslsdn), o] AS paraffin filmoE o
B3te] 37T oA 24417k wioksl & WE-& AAs
Ak WE-& AL 2947 o] wgd F ou AN
Aol $AR3 S Holx colonyE o]|FAAS
o] &3] s Wk A& -’:v"a]ffﬂ W colonyZ4-H

Edo] cloned AEzd P T XF 243} )4
233 gxslgitiHan ef al, 1990).
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VEL4 #FZ4%E Han(1986)2] ¥hHe| oz} =}
S Mol sl BFEFRT 3ol A A3
FAE3E A Z3les EAWH)(NSD) 20955
Ha)slgdrt NSD Ead¥o]F5-L cleistothecia ¥-1t
ok}l Hille cell:s 3] gAslx] Sslglen, of
AYef vla) wd o] FAEAE A3l o)
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°
°oh$} g HE-S A oA A He FA
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WA A wer ZA F FoE el
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ol5o] Tl Ao UEHA F IS4 FA
2 AlabstglciFig 1), 5 $2 N2173 N219
T %"4‘*‘01&/‘1, ESA F 102]3E o] Abe]
*‘?*fi}i A apstdoh 2k 7ol e
, AR L veldl EDHo1NH
22} aerial hyphae7} 4le] conidial heads®]
Fol7} dAslT WAEE conidia®] $= Botch
I BH T2 velAt o3 ¥ X aerial hyphae}
AAx A A conidia = "R HA A
A=k ok HE B3t 22 T sl A17)(co-
mpetent time)el] WE¥iFIE, F FA o= &
272 % B3} AP A ke 2z, 8417 o) 4k
wokglt & 2B-g sA st A EE ko] .
ol AL F&7t fr=He A7l aeratione] A
W, ¥3= 2= gA fFAARE Fo 8wzt
D2 A o] WElx]7] fF<ql Aeg ¥lvkHan
et al, 1990). NSD ZdHo] 52 {FAEF R 1]
7hdA Aol Weix]= HAof Bl %dx}"“
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Incubation time after unsealing(hrs)

Fig. 1. Time of asexual development of various nsd
mutants after unsealing. The mutants were
cultured at the condition of restricted aera-
tion by sealing the plate with the parafilm.
After 24 hours the seals were removed. At
appropriate time interval culture blocks were
removed, suspended in Tween80 and the nu-
mber of conidia was scored with Hemacyto-
meter.

BaA F AR HAEE S50 wE e
Hol, o AN Fgshe Aoz A7 4 it
NSD EdwWle]ES <M3d ZHAFFFGSC1H
= FGSC163)} visle] meiotic segregantsS
ZAbste] B Az N202, N204, N205, N208, N214,
N215, N216 ¥ N219 5 8%¢] E<we]= NSD
segregants7} A segregants®] HulIoZ 1}go
24, o]F EdWelEL T T/ #AAA E
dwlel7} A AR AHHIUHAE PIAA).

Table 2. Complementation
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AR Fol &£3H= NSD E9dde] & 852 A=
awlsle] RS 9= o}S cleitotheciaZl 34

2] {55 ZAFsle] complementation groups
AslgitiTable 2). =L A3} A T N204 group,
N205 group ¥ N208 group] 37i2l complementa-
tion group2 @ u¥glen, witEel AR Tl
sj3shs NSD Ed®o]5-E-2 N204 groupel &
atgict. gkd B4 Toll $3ke NSD19& A 79
BE E9¥Ho)|FE7 complementatione] =i}k
(Table 2).

N204 group & N202, N204 % N2062] E<iso]
A AES mitotic segregation BH (Kafer, 1968)-2
o] 43t AATE E Al B A3 mF I o
AA 2 AcrAlel AREHAEE ¢ T UscKTable
3). °]& %3A3S 77 Clutterbuck(1974)2] ==
Woll u}e} nsdA2, nsdA4d 2 nsdA6Z sttt
N2199] §-AAR= [ GAA 2] pabalol A=
Asle™ nsdDI9Z 3stsich N205sF N2082
Ede] FHAEL 47 nsdB5, nsdC8=Z 7433}
At

7t Bole] fAxte] A& ZAbsy] A8 A
AFZe) walgt 5 o)At 4] heterozygous
cleistothecia”} A=A Lo} Bkl F-E-2
NSD EddlelEn ZHMFF Alold §AH o9
A= heterozygous cleistothecia® 3¥Aldlg] o
(Table 1), ¢] A3 7 nsd FHAE] <A
Azlell sl o)Al AelolA BAYE eRih
NSD Eade|FEo] A3 = o3 s}

grouping of various nsd mutants

NSD mutants N202 N204 N205

N208 N214 N215 N216 N219

N202 - - +
N204 - +
N205 -
N208
N214
N215
N216
N219

+ - - - +
+ _ _ _
+ + + +
+ + +

o+ o+ + o+ o+

+; Cleistothecia were developed in heterokaryon
—; Cleistothecia were not developed in heterokaryon
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Table 3. Mitotic segregation of snsd mutant genes.
N204-1XFGSC163 N219-4 XR3
Linkage group
Genotype No. of nsdA segregants Genotype No. of nsdD segregants
[ + 19 + 0
pabaAl 12 pabaAl 26
+ 26
riboAl 0
11 + 31 + 13
AcrAl 0 wA3 13
I + 21 + 16
pheA2 10 sCi12 10
v + 12 + 17
pyroA4 19 methG1 9
v + 23 + 5
lysB5 8 nicA2 21
VI + 14
lacAl 12
vl + 13 + 20
nicB8 18 choAl 6
VIII chaAl 15- + 12
+ 16 chaAl 14
Beata AR SARHE APATE FO® Acetated DY BARYUCE wjSEAE W FAHE
wlfo] Mo}, o]F Ehuol5 plasmogamyrt 1 3he A defubA] @ FARRE deldth W
o] o] FHA e o]Ado] glie AAkEIth wo, lactose, galactose 28] glycerol ¥}x]of| A&
Aspergillus nidulanss B4 Hol wel £ FAEE} A A AR, 9A FA4E

37} dojuis FAfo] vilg- chafsltiTable 4). Glu-
coser 7} £ i o g fAESe} FAE
317} #38-L o)F o] A=, fructose} sucrosew
glucose?t 719 2 Az #3} s Bl
(McCullough ef al, 1977). Lactose, glycerol, galac-
tose, ethanol % acetate & glucose sXHtl ©
F2 vAigoe2x(McCullough et al, 1977) °l&
A7be dal Bade R stof wopsiale o, Aol
glucoseql #A$-wr} Fxu A2 FARE AFSEE
EoltHHan ef al, in preparation). “LeJv} 3}
AL w9y FFel whe} s IsiciTable 4).

3l7t F2 Yeolytrh. Ethanol #jAl = £3}7t
A 2o 2 A= aerial hyphaes} ZA A8t
o} o|FA Aol FFol wEr E3te] kel
gt e 7)1zt dside eI od ¢ e,
energy thAMEA 9] thAPRA] = A £ W9 energy
Zz3 o] 9JL Aow A7k NSD Eod
o] ol i hE-E vk £Fo) BAgel FA
Hainte] AP E g o 1 ok opAF el nis) AR
woltTable 4). thak N208-2 lactose”} wHd &4
fog ZFENL o Pyl v I = A

cleistotheciaz} A 8}%ic}. Lactose= veld E
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Table 4. Effect of carbon sources on the developmental patterns of NSD mutants.

FGSC4(vel*) N204 ' N205 N208 N219
C source conc.(%)
AS s° AS S AS S AS S AS S
Glucose 05 ++ - ++ - ++ -~ ++ - ++ -
++  ++  +++ - +++ =+ -+t —
++  +++ +++ -+ S+ - 4+ -
++ 44+ +++ -+~ 4+ -+ —
6 +++ - +++ - 4+t~ +++ -+ —
12 +++ =+t - A+~ et =+ —
Glycerol 2 - e e S e
Lactose 1 - ++  ++ - 4+t~ H++ -
galactose 1 - +++  ++ - +++ ~ +++ - +++ -
Acetate 2 +++ - +++ - +++ =+t = 4+ -
a: Number of conidia : —; less than 5X10% +; 5X10%10%, + +; 105107, + + +; >107 per 0.25mmm? of

plate culture
b: Number of cleistothecia :
culture

olg} ¥ ANACE WYATE EHL 7}
AR ed, 2 713 olF & = ¢RI lac-
tose7} 2 A EE djAIHA A 7] FEA )
A velA* AR} B AR o E A
22 fAE3E 58 223 F55cKHan ¢ dl,
in preparation). WetA nsdC8L velA™ -+
e ARA FAESHE 2 AL Ao
2 FASS, A nsd FRAAEL FAESE
frEdhe B8 243 e 9A, F, 6t 3
AN A 2Ll FAREC ], 3] o]F Fo
A% nsdA, nsdBS-& nsdD B} iAo A 243
Aoz Agdr)

I

o] ¥E& 1919% R8Y sedTEAn|(HA
e olstel ATHNL
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