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HhER b ECR RN AIR 160 TR, A3 AT TR
(Ascomycota). FHF ] (Basidiomycota). &5 1# 1]
(Zygomycota) . FK%E &[] (Glomeromycota)« 47 B | J
(Chytridiomycota). 3 F H (Microsporidia)Fl 5 i
37 B ELTE T (Cryptomycota) . 15 B Fh S £ REIE
ARF I, ECTE AR T8 7 AU By 2R, (R n] ] 5k
Gy R ICHE AR S A AR R R B R AR
FRABL, BB A R AR B I RS DL B AR S i
ZE R = e (N2 [ R N | B 2 N P A% N
(ploidy) A2ty — £ 443t i 5 £k 7 R 3RAT FR A 44 1) I
T (gamete) 8 HLAMAT ALY HAMZ L Y BC 1~ 2 [ 3
S 40 - A MR A R R A A i SRAS LA AR,
PLFHEE IS FIBR T 2 B (Saccharomyces cerevisiae)~ F
it ik #0 5% (Neurospora crassa) ) 3L [l 7 (Aspergillus

nidulans) K 3E5C W (Sordaria macrospora) F¥H T 5
B B BREK R (Cryptococcus neoformans)&s F %) 4%
I FEAAN A 7% T B B R A 1 A7 2 2 B T A AL A,
X TR YA AT RO AR AT
X5 (mate recognition) Az AF B 8 T 4 Ak, S FLA| ik
(benefits and costs)Z th H#2fiE 7 5 (K B 40 S )
H 7 11 2 1) 0 T 1 BT BE 1R 2K (1) HL R8T (Cordycepes
spp.)7EA T AR T kB B ) - 55 A& (fruiting body)
RAELEREhHME. DO EE o6 (Agaricus
bisporus) Kl R H(Cordyceps militaris)=5 %1 %, Wt
GO 78 FLR )7 SRR B O U A RS
SN S AR S A 1 3 T R L A M AR B
A T SRR B R T AR 7 A S W R L
KRG RIBAT 5.

SRR KOS, Rk, FORA PRI Sk, ThEER: ARk, 2013, 43: 1090-1097
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1 HRFAEFERE FOS R

FUBA 1 ME B RF1iE > (sexual identity) HHAS FE LAV A4
(mating-type locus, MAT)¥% i, Q1R e BF Al 511t
B HANIAC A 5 5 A MAT ol MAT a %R, kS
Ik R I A FL AL 43 i 4 i 44 4 MAT a 1 MAT A, H
fib BB (R AS LA — L MATIL-1 Rl MAT1-2 £
RO LT T RAT T ZR 35 DRI BB B AR 4 I 1 4
A, FLPE A PR AR 2 B n] LU Ay o S SR C & (hetero-
thallism) . [A] 5% lic & (homothallism) PL & AR [5) 55 lic &
(pseudohomothallism)'®*!. 5 55 i £ 3L B (¥ B A% 44 4N
Az A A — PP AL B BE N, SR B A A A
(self-sterile), 5 %55 547 H A AS Be 24 (1) B A% A4 AT
fil & A He 58 WA T AR T, BRI A i B S B R AT
(outcrossing); 52 AH ., [F] 53 C A BB 19 5L A5 74
0 A 485 1 A ol S A R AT G B R TR, A7 T AH [ A
[P g Ak b, RN H A8 W] 4 (self-fertile); M [] 5%
fic &, X FRIR A 52 e A (secondary  homothallism),
BRI BAZ 4, (A5 FRE G BB A R, LR
AN A B A T e T B P R R R A T R ) A
a0 A%, DRI SR I R ] DL 5 A M ik AT A M AR
AR, 5 IRl R A BB AT LA R AT AR AR B,
Fo) 55 A Y o S o e A B R TR RS A
B, il[]%f{'j*ﬁj\*}’}(Microbotryum violaceum)[m]. — L
BEZR, QO HEARWIIELE . R B (Schizosaccharomyces
pombe) I (A 218 R} (Candida albicans), {E{EFFA 1
A8 e B9 B e (mating-type  switching)HLi, RIEE T «i%
PR (active) AC L BY A7 s Ah, LA AS AR I DR 20 vk A7
7E T AN P T ERAS BE Y & (silent mating-type cassette),
76 HO WU R I (AE T, S g PR AT IE 2 A7 A
(4, W MAT ofl] MAT a 50k .

FLWR AT PEARE 5 o B A AT, ok AR R
i R R 52 A 15 5 DAL (R 5% 0 17 S B Ak AR B

CAF HERCR ], A PR AT R B 17 B (ascus),

T TR A R o3 R R T HE £8 T (ascospore).
AN e ) SR B VR 5. SR AR
F 32 JE (ascocarp), &= 400 38 18] 7 AL HE 21 IE 1 1 T B
KA, N FRMEBIHE L AL RIS
ANIE], % FLW IR 1 S AR T 43 4 4 7% (cleistothe-
cium). F %& 7% (perithecium). T ¥ (apothecium)Fll
157 2 B (pseudothecium)4 FhE AN P41 9 55 Sy o op
43 sk, PR EMEE, KZ2H 8

AN TR AL, RO . 5%
Fl, TR ey, (2 RAILREK
MR R T 2 L 1, 2B AWML FEkE
BRI TE, BT B A m] DU ik [ £L H 1) b
W, AP HHRE Ik fR 2 S BT 348N TR IR
SOMPAR B EAR, - % 70 3L 9 I 32 55 HE 51 TR 1A i
T HEJE. Wy TRA RS, BT RMBTF T
s R, TR, TR RS TR
T E R VRS TR, i 5t 4 B (Peziza vesiculosa). /NI
TLA R 3 MR, R R 2 R R R
FEBWR BN K, LR ICR RN s, 5
JPE 0 AR 53 o3 IF, HF 3 GRRE S5, 1%
WO MO KK D BE R ] (Cochliobolus  heterostro-
phus)™.

2 HEAMEASE SRR SRR IR

TR A MATI-1(MAT A 8% MAT o |5l
MATI-2(MAT a [R)35) A2 38 1) 50 TR AT 1) 5% Bt 1 42 K]
T, MATI-1 7 15— 55 3 AN BB HEM LA bl
a-box & [111) MATI-1-1, 4 HPG domain [{] MATI-1-2
LL K & HMG domain ] MATI-1-3"2. FLIAT BRI /2,
R — 2650 RIE S W IL AR A — e A dix 3 Fh
FEDR, an TR Jm ) X R 1 T IR Sk AR R (Metar-
hizium robertsiiyMATI-1 7 5554 3 AN, Bk
HE B (Beauveria bassiana) Ml G 1] MATI-1 47 /5,
ANEH MATI-1-3 =K MATI-2 437 5 — AN G g s
4 HMG DNA %54 X 1) MAT1-2-1 8 FI5E R,
BRI P AL MATI-2-2". MATI-1 1 MATI-2 47 55
FEFE R AL E AL BN, AH D IR, T 55
W3 0 v P DR, DR SR AS e Bk A S5 JE [ (allele), %
1M LA B X 8] (idiomorphic region)fS &M, [F] 22 Fl &
FLVR A, b A TC 2R 35 DR AT DA A A — AN B
B e [ Rl R o N O N N 7 SR S N 2 2
SR O A B0 AT BRL A A e L T R A i 2R 3
DR A AT — ) LA e S R 7 3 2 ) A i 28 3
DAL 1 3y fi G5 7 57 U 28 S TEE I R 40 B TR s 4 e
SN VRN AN 1 S e D WS e G ] W LK 1A
MEEH S0 B S LA REML, RARIA
MAT SR ] P EOHRS ik s A 1

XTSRRI A T w, AR AR
i FH A AT TC Y A 22 AR (P AR N AR G, PR T 7 3
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M A% R A AR B R S A

Pz fil(gametangial contact)( 1A)B A& 4H g A (som-
atogamy) (B 1B)SEILRAC KAz fl &, X —id i, (5
)L # (pheromone) I 1E 5 £ BT 0] 3 52 44 [ 4 S 2 TR
S, X REE A A R mET (58 £ A
i FE K] PRE-1(pheromone receptor 1)#k7%, n] SEUH
FEk AT A BRE K 2 (trichogyne) %) H 4N I 284 4]
HA PR A 73 RO SR RERADL, LR R R LA
aff BEM a G B ZWAE B 2. off B =00 Aol & &
H 2~5 MEEMRTFAIERTII(WCXXXGXXCW,
Hrp X N2 IR, Py S I A, &
o — RAIE D) S5 G s S B ZE ST a fF
BE C it RUMR 78, K CAAXT Ak
Ok A 25 R TR IR A S 25 T A B AT TG 2R A i 3 1 AR
HE SRR 0N, 30 T B 2 AR AR K kR
AZHEUO KR ik A A R Z AT A GRS IN CCG-4
(clock control gene 4)F1 MFA-I(mating factor a-1)43 7l
16 A ZSBC AR a A2 2RS40 vh e e RIS, I IR
MR o T EMEYEA T, i H A AT T R AR
[ JGEIER RN, W SEF 2R E IR EIE
g i

TR AT AR A 5 10 J A = AR T 40 M 2 1 1)
LR EA G HHMIKZ 4 (G-protein coupled
receptor, GPCR). JBEAME 5 (FLfk) 55 GPCR 44 A,

A B

FERL

BRI

BIE — o
O
o

—>

MATa MATA

MAT a

MATa uvATA

MAT A

B1 2REERRRGHREER
A: LT HE BT B: PRAH L A AT
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£t GPCR EEN 40 5 G | AM B 454, @it cAMP
RG] 25 11 B4 A(protein kinase A, PKA)E 51842l
o B4 2 P05 ) 55 A 4 B (mitogen-activated kinase,
MAPK) {5 5 3@ 726 B AM 5 ) M i gk A% 38, 5 5
TUFHEARIE N P RIA, REE MR R K2 %
2R L A 5 A% 8 KO T PKA Tl %, {H 2,
o 1B DR 2 % 308 T M 3R W, MAPK i@ A2 e HAR
SRR AT Rk 3 SR U, HDRE Bk f A Ot 3
ANEER i Gk Kk, 730l fir 44 4 GNA-1(G alpha
subunit 1), GNA-2 1 GNA-3. GNA-1 -5 520 e 1k ]
B, GNA-2 HL5878 JEW] R AL, {H GNA-1GNA-2 X
AR L GNA-1 AT KRR, KR
GNA-1 1 GNA-2 #83hfig b HAT— & & & 1020
GNA-3 SN oA 7= A2 e 7 el 7 v —
Y 52 (L, KRR 3 A Golll 3 gy
H: [N GSA-1(G protein alpha subunit 1), GSA-2 Fl
GSA-3 (I Ee S BIKAUE. GSA-1 BSAF G AT T K
B IR K TR EH J> 50%; GSA-2 LGN
FFHATER BT, GSA-3 BASRAST K K TS24k,
SERCH TR AETE, R BTE B 1 S A i R R
FAAIG: GSA-1GSA-2 F11 GSA-1GSA-3 XUSEAZAA I i 1%
Fet— SRR B EAME. BRIk A, Kise
W R RARAR G (5 B 524k PREI ¢ PRE2 R7ZAKIT)
W=kt iEn, FEEGSEEET GSA-1
T GSA-2 AT T, Hazid i h FE 2K T GSA-1,
GSA-3 ANHBAEM THEEREZAN NIE, Bi2Y
TEEEEHES 5 G EAKMEL, RAS(small
GTPase) & A IS 50 TN G 5 L. WoE
RS RAS EH—H AT G &AL,
Wt PKA B WO RN B L RaA S — T,
WG A RAS 8 17 #55 RAF i 2 1. MAPKK
(mitogen-activated protein kinase kinase), M Ifij 3 5l
MAPK {5 @it iiLis. MRk RAS RN
KREV-1(a member of RAS superfamily protein) s5 5 4%
FEAN I AT AR 52, (H 4 Rl Y 0k % 85 (1 1T )
A FRSFEIIEIE T K R TR

3 HETERHEERE

FLR T SR G2 AT 1 A FE o v s Do
Oy AR A RN M ) B ORAIE. AN [ FL R 1Y 5K
WL ZHE, TR T W RAF 40 107 AL 5B
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F, UKEURE Jik fl 87 56 38 A 3 se ] P AR ST 28 Fhm gy
HERI A BRI, JLrp AT 15 BINAE 7 SR 8 o f v
PP BT L, SRR BRI R 4l
ik B2, #EAN R E SRR 2 A i A A2 E g
Wiy Pk, B A PR A AR KR E TR
JAEN, ZENZ RN AL EAER. Kk, 25
FAIEE I 2 1) S DR 3% ) L A A PR AR B % SEAR T K
Ry S SO F AR I 1% 5¢, L FPHA
i DA 4 5 56 {5 3 (phytochrome), 1 7 % 21 (1) %
M, HILOE AR S, &Rk RELO0
FUETHERNKERRD. DR EN,
FPHA 5 LREA(homologue of white collar complex 1),
LREB FI VEA(velvet factor) 1 T AEFH, JL[HJE ik @
P75 &2 & K (light regulator complex), Tl i 4 Hi
s R s S5HERE 2 KPR BT Xt
LLICII N B 2 A6, Ha 5 il 5% B3 46 (4 2 (cryptochrome)
HH CRYA sl UV-A KN TIAEERSE.
HURE ik fli 8 WC-1 I WC-2 4 (145 & K . White
Collar H & 4 (white collar complex, WCC), {515
ZAREZ AN RN, S5 B A A LA T
EBH SR R BT, WCL AR A () BE 5 00
(perithecial neck)’k 2 [n] Y6 PE 7 Af g, I HIX
PP AU, HeFR A blind phenotype. it 5 #4) i
i 5% SILA(putative Zn,Cysg transcription factor)Jk X H
AIIE S ISBL blind KA, SRR A AF R
TP MRS, RIRE KA 35 3 HY-ATPase & [H {5k
Fa2, 75 pH F+ 2 7 WP R R LA KR D), HRILN
HEPEASE . LSDA(checkpoint protein kinase)# (4 1]
Pl BR R B R b B A A AR, W RIE VEA
FE DA AT (k4 S M B e AR I A AR (R . WSS 5R)
N ARSI Y.

B HI T B 5 5 DAL 1 A O R, L R A TR ) )
AR AR AR K- 3 0] 5E S8R K B . DURDRE
IOk f61 55 Ry Rt GBI S B KW, SR R B R
£ B A PG 7 R 4 e 1) s, B R AR
J 43 TR T 3ok B 6 % Tl R TR AR e i R A
JHfF WV CEL-2(chain elongation-2)5848 £ i il H 7
KRR E BT IR R AN F AT AED
¥ ALY 3 ANIE R SE H, PPOA(precocious
sexual inducer-producing oxygenase), PPOB FI PPOC.
Hrh, PPOA H 5t Uil ik A K A P AR T 2 R 1~
7, %6 T R XU 48U A 1 I Ok o T S0k L it &

A AT EL B K BB, PPOB i 2k 51 ke AT M & 7 4t
i, N HEEE PPOA F1 PPOC IR ARIE: 5
PPOB M %, PPOC [1)ii 5 7 S0k 5 57 11 % 7 £ H
(PIBE 0. 33 AN DAL 1 [i) B ke 2 D) S5 38504 2 24 3 L A3
SNSRIV S RENEE IO NI A (O PIAT AL ich i
Ik £ 25 F0 K 18 3% 52 R I 2 A 3k J e 2R I S Rl
(polyketide synthase, PKS)JE K3 1A K76 T sL AR TE
FSCINE B9 Sk b, G e — AN SR DR ) B SEAR T g
LR Ji M T 7 38 555 B fi 0 1 i 2 POV, ey S il 2 A
FH % T LAEA(methyltransferase, a global regulator
of secondary metabolism){F & 2 Bk Z A 4 1,
W2 55X AV Y, B Mo e A
BGR, —J7 AN ™ HZESE B R, 55— J7 i X
Xof LIS 4 AF R 1) AT AR 5 % 7 R A BT

20 i A B I5E S A8 1 A 4 06 T TR 1 SE AR ) B
HIEW R G FFELE. 5% (reactive oxygen species,
ROS)1E 4y & {5 i (secondary messenger), Z 541 il
{5 5 N5 B 2 M 16 B 55 A B R, HE W KT B
JEE 3 A 1R A 58 0 B0 1R A P AR B R S AR R R R RE
B8 i B Y ROS /KA T R AR AR fEBE A 15
T8 i fie 71 I BRAR, i R IR AME BRI ——AF
HeH Ik S AL ) GPXA(glutathione peroxidase A) 1]
DA sy R SR R B R AP, J6iE S N ROS
(R0 55 4 A1 532 i REU RS JUk 180 % 1 B e 39011 1) DM 23 A,
SOD-1(superoxide dismutase D$ R 0] S EHUZ R
PEO A ()32 K10 RSN FF (Podospora anserine) 2
> NADPH %L (NADPH oxidase)4i i 3L X PANOX1
A PANOX2 [ HAh R 252 M B 7R K T,
PANOX1 ARG T HEST R F %, PANOX2 RALK
WP E R A R T TR I R .
B NOXA FED R SR IR vl K A 3 7 7
FERGHBE™. RHRARAEEARS
(cytoplasmic thioredoxin system)X J-HAifi 420 IR A 4
¥ AT VER B FIFECHE. TRXA(thioredoxin A)fk 2k 5
St 5Lt w VR T AT AT RS R, I S Gk
JEE 3 J 1 2 e R AT b A — R AR R N M
(1) B TR B S A5 5 A 58 ) L B AT 2 (R R P AR
KRR B M AR R TR . R
29l J) W (Fusarium  gramminearum) i [ 8512 8 H
FIGl(a transmembrane protein of the low-affinity
calcium uptake system)5% i1 2 72 (1 2 k).

0 e AN R I R R R A B o, 5
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M A% R A AR B R S A

LR R RACH L R AR SR ) AR 2
(R 22 A2 B BEAN ), 7 S A O 1 B B s AT R B
22 1) 40 M B e 40 L A DG DR 1) 2 5 1801 g 3L
ih# TUBB K:P5 4 i 8 H (a-tubulin, i%HE PR Gk
KRFEAGTAE, TEEWTIEWKE, B E
FEAT A PR A0 A 0 T TR B B S LT
B R A AT AR, (EE e S EE T, L
JJTURE A R R A K BB S R B B A %
Pk, W1 CHSA(chitinase A)JL ] T HEHE A LT ASE TE b
brBeeik, CHSC HERANAE R 22 A H I LU A A Pk
BB RS, BHAA SRR RIS A E b
ASCBR - P B e A0 PR 1S S R A M R 2
AR ANEI R R 0 2%, k) 35 R 16 PR (4 3R (mela-
nin) AR RS ik £62 7F 19 SR B0 85 b 35 (carotenoid). b,
TR R AR PBTLLBIRAN, ARl DHN
(dihydroxynaphtalene)&(# DOPA(dihydroxyphenylala-
nine) & A2 R LB, 11X YA G R AR T 1 T R
(laccase) 12 1y, WFFT B, Ao 55l a5 4] A= 1A 52
WY SR A7 AR B ES PE, TAN & SR AR A PR N I R
LR WY PR R U, 3R W R DAL R e ey B ot g 1 1 Sk
PARTE 0,

4 HWAEAEETT e

AN T S R B & AR B 7 2, B R SR I S AR T
oG T 5 BB R 4L A #E R A (genome
deleterious mutation)®. X7 EEiE b, Fo3m0 A E
A R R LA FL B SR TR A A, WESCREN, 1
B R A AR B A D7 AR B A W] 42 m) AT
A7 AL RO AE, BIAE A FEA7 ) F) (basal species)
() ) B it B b [R) SR TG A BL R, T BV A T R R A
A, fumigatus)FUK MEZ(A. oryzae)E h Fofkil &
B MR A S R A R A K
RFSRACA 3 Py XA RIBIE. Eidx) 43 FPAE
Tl 24 Ik M w7 ) 38 A0 ¢ R AR B 7 SKHEAT 2 B B,
Uk 6L BT 4D #HL 5 SR ) S R I O AT A 1k AR L, 1
A Bt rh g g Y I 22 /D 6 IR IR SR L AR 5 7 X, B
& 1) ) SR e A AR B 5 A AR KR M ki
W90 i L R — e 1815 11 & L 1R (Cochliobolus spp.),
8 B RACL A AEAR  1 B  H E  E
PARAETE S R A 5 R S A S & I I %,
P ZRARE B o 10 B A R R R R T LB, 1T A R
5 ¥ (Ophiocordyceps sinensis) A 7] 5% B & 2L 1 B4,
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DRI, 0% T B0 B A 1 2R B8 T7 S A T ) )y = 4
—ME .

A B 5 2 5 e AR Wt Ak R 3 DR 21 45 R A T
WU R, GRS R RECA A PRI 5 AR 2
DRI TR BEAAHARL, AL 5 5 | L () S AR MR AN [], ) 5Lt
AR R A H RS T S, 3
WIFERE ORI P AR 58 7 X e 8 5 0 A% b 25 il 45
FHRA LU AT A [ S e & AR B 0 S0, SR
FEAETCE A A, 0 R A S A TR AN R TR AR 2 TR A
MR OAKE 2R, XMILGIR DA T
SRR A BB, R R R & R
ToE BEHE AL, RS 3 B0 A0 (1) B R e AR B
Il % (chromosome translocation)™®. I id kb %5 35 R 20
SIRTRIN, SRS O R ()l B (A Lyl S R D
B BEAT A PR A B ) R BR AR R B LUEAT A AR )
A 35 ] 2H 45 0 ik /b [R) £k M 5% & (syntenic relationship),
HEMAS [F) TRk A T, W R v AR ik
F IRy 3R T B G AR F NS,
VIR G A ATAE T-REAT [ SR e A A2 5 A4 B i /g A kAT
SR IC A AR A (B 0 00 b AT o 1 3 ) P o
B2 (AL MK T IO AR T, R
PEPGIA =2 B0 11 AT B A B JEL 0 40 e D % B A
(VA M 4 /e, AT B H B o ) 3 AN R AR 5 (el
T R AVIGE FR 45 I fig AP 4 i 0 AR D AR
[ S T L TR 110 556 DR 2 3R A 6 R I B 1Y i

5 RE

DAAS RIS B B A 0 R IS, 7 T A
PEABE M SEAR B B ILTE K Py pieRs S 2 v A L.
BT AR BE 5 AN [ PR BB BE DA A AL S AR A3
Ko EL R PRI I (speciation) 38 3. K& L 1 L K]
M7 R T BEA R I A A 7 K, T
8 718 FL R Ak AR B O S A s R A O L AR A
— G A T RE— PR, B, AR S
Wi E A FEN A AR R OGRS IS
AT RR R AR M Sy FE AN R I HLER, KR & F
PR AR B 7 X AR AR R 4R S T SR R B IR
BEds 5 N LR AR BE Uy oK B4 b PR BT A R ) DG IR
PESE. R, AR LR AR 4, IRATIT R LA 1
AT SRR R E REHURE I, AR A E
AN EEE WA AEE S A EE
IRy ANA N =98
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Sexuality Control and Sex Evolution in Fungi
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Fungi have been used as robust and genetic models to study the mechanisms of eukaryotic sexuality controls, which
have revealed the common mechanisms including ploidy changes, the formation of gametes via meiosis, recognition
of mating partner and cell-cell fusion to form zygotes. Sexuality in fungi is controlled by mating-type loci. There are
three modes of sexual reproduction in fungi, heterothallism (very much like two sex mating system in other
eukaryotes), homothallism and pseudohomothallism. Different from other eukaryotic organisms, some fungal species
like yeasts can perform mating-type switching. Fungal haploids with opposite mating-type locus can recognize each
other by a compatible pheromone-receptor system. The sexual process and fruiting-body development are regulated
by the following G-protein coupled receptor pathways. The initiation of fungal sex is also determined by multiple
intracellular as well as extracellular factors. The disparity has been frequently observed in different fungal lineages in
terms of the association between fungal sexual mode evolution and speciation. Future studies to unveil the
environmental cues in initiating fungal sexuality will not only facilitate the understanding of myriad forms of fungal
sex but also benefit the effective use of economic fungi by artificial cultivation of fungal fruiting-bodies.

ascomycetes, mating-type locus, sexual reproduction, fruiting-body development, genome evolution

doi: 10.1360/052013-317

1097



