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ABSTRACT

Coprinopsis cinerea samodel mushroom
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used for studying the growth, development,
fruiting body formation and genetic systems of
the basidiomycetous mushrooms. This research
aimed to study the nuclear migration behavior
during the monokaryotic mating of 9 strains of
C. cinerea namely PS001, PS002, PS001-1,
PS002-1, 218, AT8, Uv-6031, MK54 and
Okayama?. The results revealed that there are
three patterns of nuclear migration, which are
nuclear donor, nuclear recipient and both
nuclear donor and recipient. The behavior of
nuclear donor or recipient of each C. cinerea
strain varied depending upon the mating
partners, as the B mating type gene exerted
clear effects on nuclear migration. During the
monokaryotic mating, the positions of nuclei in
the hypha were located by staining with the
fluorogenic dye 4',6-Diamidino-2-pheny
indole dihydrochloride (DAPI). The results
showed that the nuclear positions within the
hypha varied in each C. cinerea strain.
Moreover, at least two types of hyphal fusion
were observed, the hyphal tip fusion and lateral
fusion. This study also found that the numbers
of clamp cells did not correlate with the
numbers of fruiting bodies. In addition, the
dikaryons obtained from the monokaryotic
matings resulted in a higher number of fruiting
than those of the

bodies homokaryon

AmutBmut.
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body)
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ﬁ]’mg'm"ﬁagamﬂamm: (Coprinopsis cinerea
Sequencing Project, Broad Institute of Harvard
and MIT; http://www.broadinstitute.org/) ﬂvfﬂ’guyu
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Wuaanifia madnule (compatible) #3an3
whnwlald (incompatible) vaslaluaiSaa uas
mInaw lan13eaued C. cinerea YNAILAN
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Migration (UNM) ilulsingmininisiafaudie
yasiadsaluiianoades 99iaanminas
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Uszend A3 e LavA

Louchanwoot, 2009) #anannfegInuin taule
lamTeaunaunsniasgyidvlaldadnssaisi
A A a o ¢ A
laluanFoou AmutBmut Fadudnaonuinis
. AaA o &d o .
284 C. cinerea fiN1INABNUTNAUNIIVDS
fu A mating type uaziiu B mating type lagd
anwmzidulouazmaasyidulaveaduls ase
wdule'laniSaaunag 1d wiatSonindu
“dikaryon-like” (Kamada, 2002) FIW93TI0
Ya3lalunn3oa1 AmutBmut Usznaualsiduwle
a Aa PN a A & v
TaluaSeaunigoIiitafualunitILTas dwle
wwwlodnsaiudulausswaim liiduaaniia
fsnysatnelu 2 dlaw lapfilidaanisnis
NRNIN C. cinerea amw”uﬁfﬁu LA899NEK A
mating type uazdw B mating type dnanane
(Swamy et al., 1984) agdlsAaunuinlaly

A1380% Amut Bmut Lﬂumyﬁ'ug‘m 84d C. cinerea

Aa

Afinssssavesuunlianduwalasnuwiuies
Lfianﬁm_lLﬁwﬁ’ﬂ@m%aauﬁmauﬁu nialulu
m'%aaumaamw”uﬁ:ﬁu (Kertesz-Chaloukova et
al., 1998; Srivilai et al., 2009) wawuidlolw
LssaaaaLIa axiiumIaTsalesuuuliande
e AN wIBINN lunsAnsnnsIadawe
gasiafoanuinfiefeauad C. cinerea i
sarmuadentioiaiy 0.2 um dedwil Taod
Aamensiaaeugreanmesulandwlely g
dansvadidwle wazdslinunsudsfiedos
dadunoluiduly wasiig1dywudn Ras
TlsfuiinadansiasguazmInawizassul
lwAaduluy C. cinerea W8z  Shizophylum
commune lag Ras lUseunfaaUnadinasans
lAuazsufliafoguaIniiuanasuuus
(transformant) 1w C. cinerea (Schubert et al.,
2006; Srivilai, 2006) WRzWLINE® B mating type
gonabiifialdsfisn Bfactor daiulusaund

auda wazlduidadnsrainisafangs

Thai J. Genet. 2011, 5(1) : 34-49 37

fnedos uazmadouniuvasduly (Giesy and
Day, 1965) lunsdnwianinalsanSean wuin
Tunsdifion A mating type tnilaunu uaiu B
mating  type mad@jwammn@iwﬁuﬁundw
“‘common A heteronkaryon” Gowuinlufng
wWaswwdasraaduly aneiln S, commune
wutduwlofdanwoe “faf’ (Kolin and Flexer,
1969) U%qﬁ'umiﬁnquﬁﬂﬁmaaﬁamﬁﬂa
I le lasdauinfuaaaansiiaiuad
4',6—Diamidino—2—phenylindole dihydrochloride
(DAPI)
Phellinus igniarius (8%yWs Waza, 2554) 1u

A P a o
WaATIIRIIILAR DR uLFW Ly e

NMIANHINIINANTZAIIEERUTA9 9 209
3 A o A Y A a
C. cinerea \iNagnssuwiamilivasiaiadoalu
LL@ia:gjwau NUIIDAITINITLARDWEN YD
A a a A A Ao ' a
fedos awdudninanieniinadengdnssn
I %%amﬂﬁﬁamﬁﬂamauwiammw”ufmm
C. cinerea (Spit et al., 1998) MIMRLAZATIL
1'1:1mﬁﬂamaagjwamwdwﬂwium%aamﬁamﬂ
« & A o a
wus unszuaunsiiduloluluaioan az
o 9 a & &
warw liduidulelaanIean wasndizadgn
v J dl U o o ﬁl v
831991 WadulasigednIunisiafondne
1 a = = = A
HUWUDIRARER BNUIRLIFINITOLRAIDINIT
Lﬁﬂ@lﬂ”ﬂéﬁjaa@;wau WRZHILIUaNDIN LT LEY
a A o o s A
’l,zl"l@miaauﬂawyitﬁ F1RIULAANULTRAN WL
lwdulolanSeaudiog 2 anwuzfisdy fe
& cda ) . &
waantimasniinawawagniauy ol lapdae
A s o A o o o
Nousany1vasnaaNUiTaaladTannuLaule e
' & A A & & .
adaauy ok laof lidinkanuszninadanoas
s 6 v a 1 “
waanUiraaLaziduly 1Sun3n “fused  clamp
. s eda o A e
cel” waaudimasniilasiairaniauysali widu
Faansliiandos lolnwaraduwazlulnaon
1938 &INNIRW b gSLraaLawlona 1 la waad
dwLé'fulm”aamLﬁ@mmauw‘”mfﬁauymi 193U

v s e o ] e A
Iﬂ‘ix‘]ﬁ‘ﬁ{iLLﬂﬂNﬂL‘ﬁﬂﬂﬂﬂﬁvlllﬁllu“im%u Aaday



38 ThaiJ. Genet. 2011, 5(1) : 34-49

s Qs ] dl Qs e L4 s
YaIuaaNUiTansd buiTannuNbaLanly 1San
1a3983199437 “unfused clamp cell” fiadvaly
fuNInEule (Kies, 2000; Srivilai  and

U a { e
Louchawoot, 2009) i&uleg'laaSaauiifiuaaul
Lﬁnaﬁauu“snit,%a'h FTRINARDNITAINILASLNY
UIuimvesnszanaaniiia nIalnInasiay
. . 3 A 6 v ] =3
(primordia) uaz@aniAafiauyal ld agnalan
ANEI PIWLINWNITAN B AN VTN UTTZNRIN9
e U 3
FurnnnavUimaadaUSunmnsasniaaniia
o uqﬁ Aa o Avd a o 6 di
AIRUINWITERIINTAn YTz aedI N
Anwnganssunsinfentradiafog s2rINg
o & . v 6
MINFUNUTVDI C. cinerea 9 BNUWUE Tay
avasauhiingdnssuniaduglw (donor) #3u
L. A & o v A a
(recipient)  wIaidunagliuazdTuinafo

(donor/recipient) lulAaduuuy C.  cinerea
ARDAIBANBIBNTWAVIHH mating type HHade
AILAROUENVDIRNARET  WBNITNUWLI
mwaaugﬂwaaamu%awﬁ’umaua’ulm
FERIWINITHENVDIFDI NI UAT OO UNRN AL

> = 1 o o
ANBIANNFNAUTIZRINITIUWINVDILAANY

ed a & ~ a '

wraannaawnelulaladvaslan1Sean daniy

\AAanLAawad C. cinerea

aunsatuazisninaaas
ﬂ']ilW’]:L%a

11 C. cinerea sNuWu3 PS001 (A42B42),
PS001-1 (A42B42), PS002 (A3B1), PS002-1
(A3B1), 218 (A3B1, trp-1.1,1.6), MK45 (A42B1),
Okayama7 (A43B43), AT8 (A43 B43, trp-3, ade-
8), Uv-6031 (A43mutB43mut, pab-, skn) uazla
luan300% AmutBmut (A43mut B43mut, pab-)
mmwuﬁymaalummi yeast malt glucose/
tryptophan (YMGT) (VI,@T%'ummangw:ﬁLéa

WAAA1N Professor Dr. Ursula Kies, Institute for

szgnd A3l uazAuy

ForestBotany, GeorgAugust-University, Géttingen
Uszinenvasndl) lavlfidudodnoinisiund
v ‘i‘ 3 1 a 6 v
Laulmmamwaumazmywug lﬁLﬂugﬂ
FAROY WA 1 X 1 L TUALNAT INNBUIINIIN
dq/ ﬁ/ U U =3 1
Na9 W WA eLTe warene ldiiulundas
Wmaﬁﬂﬁiadéﬁﬂﬂizmwﬁ"ﬁzﬁﬂjuﬁw Nnuuda
rnasslaswsaianias s lddunguwnd 37
DIANTALTUR LDWLIAN 5 %

A3RFBUNTIRLATTUMIARFVRILAA LA
Twa1500%

Wiifa C. cinerea ﬁm%mﬂmiu@ia:mﬁ
w”uﬁfﬁl,wwl,gm"ﬁ NNENLT szt lalu
308U C. cinerea ANUWUTENI¢) Wafiazfinm
mslwuassuiaedss lagdaduarmnsididule
20 1 x 1 L rudles vadluluanSeanudas
SUWUY TasusaztunnsnaIawnizals
PNz 1 LTUALUAT Imwamwﬁa:@;ﬁdﬁ
PS001(A42 B42) x PS002 (A3B71), PS001-1
(A42B42) x PS002-1 (A3B1), 218 (A3B1, trp-
1.1,1.6) x PS001 (A42B42), 218 (A3B1, trp-
1.1,1.6) X PS001-1 (A42B42), 218 (A3B1, trp-
1.1,1.6) x MK 54 (A42B7), Oayama7 (A43B43)
X PS001 (A42B 42), Okayama7 (A43B43) x
PS002 (A3B1), Okayama7 (A43B43) x PS001-
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Table 1 Nuclear migration behavior of mating pairs of C. cinerea monokaryons.

Crosses Nuclear donor Nuclear recipient Nuclear donor/recipient
PS001-1 X PS002-1 PS001-1 PS002-1 -
PS001-1 X 218 PS001-1 218 -
PS001-1 X Uv-6031 PS001-1 Uv-6031 -
PS001-1 X AT8 PS001-1 AT8 -
PS001-1 X Okayama7 PS001-1 Okayama7 -
PS002-1 X Uv-6031 - - PS002-1/ Uv-6031
PS002-1 X AT8 - - PS002-1/AT8
PS002-1 X Okayama?7 PS002-1 Okayama7 -
PS001 X PS002 PS001 PS002 -
PS001 X 218 PS001 218 -
PS001 X Uv-6031 PS001 Uv-6031 -
PS001 X AT8 PS001 AT8 -
PS001 X Okayama? PS001 Okayama7 -
PS002 X Uv-6031 PS002 Uv-6031 -
PS002 X AT8 - - PS002/AT8
PS002 X Okayama? - - PS002/Okayama?
Uv-6031 X 218 Uv-6031 218 -
AT8 X MK54 MK54 ATS8 -
Okayama7 X 218 Okayama7 218 -

Figure 1 Mating behavior of C. cinerea monokaryons. (A) C. cinerea Uv-6031 accepted nuclei from
C. cinerea monokaryon 218, (B) C. cinerea PS001-1 and Okayama? were both nuclear donor and

recipient, (C) C. cinerea Uv-6031 accepted nuclei from a monokaryon PS002-1.
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Figure 2 The position of nuclei in the monokaryons of each C. cinerea strains PS001 (A), AT8 (B),

MK54 (C), PS002 (D), PS002-1(E), PS001-1 (F), Uv-6031 (G), 218 (H) and Okayama 7 (J) which

visualized by DAPI straining. See color figure on the website.
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Figure 3 Hyphal tip fusion between monokayotic
hyphae in each mating pairs PS001-1 x PS002-
1 (A), 218 x PS001 (B), Okayama7 x PS001-1
(C and D) and AT8 x PS001 (E). Appearance
of lateral fusion was occurred in a mating pair
218 x PS001 (B). DAPI was strained the
mycelium which grown in day 4 of each mating

pairs of Okayama7 x PS001-1 (C) and PS001 x
PS002 (F). See color figure on the website.
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Table 2 Average numbers of unfused and fused clamp cells in each mating pairs (dikaryons) and

numbers of primordia and fruiting bodies per a culture plate.

Crosses Unfused Fused clamp Average of Average of
clamp cells cells per a slide numbers numbers of
per a slide primordia per a fruiting bodies per

culture plate a culture plate

PS001-1 x PS002-1 36 (£3.10) 11 (£1.00) 28 (+3.60) 8 (+2.00) (29%)
PS001-1 x AmutBmut 64 (+2.98) 12 (£2.00) 32 (+4.72) 7 (£2.00) (21%)
PS002-1 x AmutBmut 39 (¢7.54) 10 (£2.64) 30 (+£2.00) 6 (£1.52) (20%)
AmutBmut 35 (+4.04) 9 (£1.52) 28 (+5.56) 4 (£1.00) (14%)

Figure 4 Morphological feature of fused clamp
cell structure (arrowed) (A), unfused-clamp cell
structure (arrowed) (B) and a fruiting body of
C. cinerea and primordia formed on the edge of

a culture plate (C).
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(Table 3)

Table 3 Allele function of the mating A and B genes in each mating pairs.

Gene alleles of mating pairs

Dominant alleles

Recessive alleles

A42x A3
A42 x A43
A43 X A3*
A42 X A43mut
A3* x A43mut
B1 x B42
B42 x B43
B43 x B1*
B42 x B43mut
B1* x B43mut

A42 A3
A42 A43
A43 A3
A42 A43mut
A3 A43mut
B42 B1
B42 B43
B43 B1
B42 B43mut
B43mut B1

*A3 allele of C. cinerea 218 was dominated by A43 allele of Okayama7

*B1 allele of C. cinerea 218 was dominated by B43 and B43mut alleles of Okayama7 and Uv-6031,

respectively.
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