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Abstract: The flourish and popularity of molecular phylogenetic study greatly promoted the
systematic study of fungi. Nowadays, naming taxa by “monophyly + phenotypes” is the most
popular method applied in taxonomic studies, and the taxonomic systems of lots of historically
problematic groups were thus revised, supplemented or reconstructed. Those more objective
and natural systems for those monophyletic groups could be the greatest progress we have ever
made in fungal taxonomy. However, a phylogenetic topology could not correspond to a
taxonomic system as there do not have a universal criterion in ranking these monophyletic
groups as genera, families, orders and classes (above species level), and that caused the unstable
fungal taxonomic system. In practice, different taxonomists have different opinions in choosing
criterion to rank taxa which greatly influenced the stability of fungal taxonomic system. With the
advances of molecular clock analyses, estimation of divergence times of living taxa becomes
available. Thus, based on phylogenetic and phenotypic studies, using divergence time as an
additional criterion (“monophyly + phenotype + divergence time”) to rank higher-level taxa has
been practiced. In this paper, the work which firstly rebuilt a standardized taxonomic system for
the genus Agaricus by using divergence time as an additional criterion was reviewed, and the
divergence time ranged from family to phylum in Ascomycota and Basidiomycota was revealed
and the achievements of using divergence time as an additional criterion to rank taxa were
enumerated. The key factors which influence divergence time estimation were discussed and
corresponding suggestions were given. Generally, using divergence time as an additional
criterion to build fungal taxonomic system can make the taxonomic system reflect the temporal
dimension of evolution, and make the new system approach the evolutionary process and
greatly promote the stability of related taxonomic system.
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AV BRSPS AT RS F AT 5
et HAER A, Tk, BT H R
). BT H AR R R G R A = RO R
AP TR A EIR AL, R TR RE T
M FEAES L —. BRAEHRESRGHIF
fER T TENA . RENEY . SHEDEEh
YEEILAE, RNV REEIEA A AT
BERIPER, SR T AT B BIARIE RS R
7/ QN I 1 PO =N 7 I TE I B 7/ N L
HEYE 7 D FEERAEY MR R T T
giitortr, HhEEREIKER, 9 3%-6%
(Wang et al. 2020), FrULE B 7 RA R Gi%
RS B A3 BE N A AR B M
BT BRI KRGS IR IR T R b
IR ELLRAE

bEE T RAKEWHIARE R, HES
ANAS TR 25 2 1) R BE B W B R R AR
#, XESRFHEEPERAH#L . HEs
Kk b, FIHSFRGKE 53 KL &
KB, WA B RHE AR R A
FHIE C “HR+HRRURFE” D XMAF R 73 5%
AT R 3 F iy 44 2 B R K 7, 1X
iy s EAAERKE 2 RAMPIESDEIT
whFMTEE, SRBN D RRAB[ENE
H L Z AT E 28 (Binder et al. 2005; Aime
etal. 2006).

WA KT R5K 8 TR iR SR
BRME, T HARR KRR FRETE & KHE
RIS R, (HIEARRERN N T B
H. 5= K555, Frb A RE B R i
RNAEFG. MH, HTARSEERER
B R ITERT BT AN [R] 53 55 2 1) I8 R FH
R RJEASTR], 0 AN [R] AR AE () B AN [,
SEOF UL B KRR BN E a4 A A
[F AR e, A HEE RS (ERE ) WA,
AIENENE (BRFHPD WA, &K
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HIH A RRBEN LR 5K CREE”
A=, BN RZF I RAE R A
A HAELER A, R 7R R
SR, 25 A RRAE A T R ORI R

AR ART A i 2 AR AR i) R 2 A R R AR
B = To = X (Dobzhansky 1973), IX X4
THARMDERERFEGEH, B5R%EEN
B RGN K B I R 3k Ak
J3 5 . FL7E 1800 4 Chevalier de Lamarck B {X
P A A U, B ] RO v 5
ANt FE. IS, xhdt A I FE iR A
BFEA RIS RIFHISEZ R R, A N [H .
AR E FRMER (Vargaetal. 2019). LA
Skt #8H i i & FAEAT — DN R R RS
e I, RN A ARG 2R 2 18] )5 2%
KRBT ST RGEKE EIEAIL, 77 E.
AR AR o A (E AW &, (HI[A]
REE GEAIED FEREIE TR ARG+
SRTTE A AR A oy K fabrta b BA HE R
L. O v B EE A, BArE A
vy, e AEYIE R AEEEE 1% 3
RITEAGIS TR] s 20 e mT s s i A2
R R BEA AT, B PATE AL I 8] 5 72 By
BEMEBRF P RARAAER — AN ILFEA
iy, AR A, BrE A VAR REAE IR TR R
& AR H ORHEK
1 3 b B 18] 1E 4 29 26 3T 3 48 A 1Y
¥ i)

1966 4, &4 M RS W. Henning
L) R TE L ) i 44 7% S AR ) (R T AL I ]
(Henning 1966), {HX4iR T WA R A
FrAs FIRIG AL (A A, K EIA AP B3
A B FF %A TMESRE . E 2T 10 RFRAE
F BEAST 2 A AR B9 53 T8 40 M 77 i 1
I CRobinson & Robinson 2001; Drummond et
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al. 2006; Drummond et al. 2012), ] DL
IAEAY) DNA P 2385 A, InbAh A4
YA PIIEAGINT TR AT R, A AR AR
WS B R IRBEREALIT 8] . 2B i o0 A
JiEEMNHILLCK, © 2 N TR
Pook. TR bR RS SRl n) 1 2R b P

(phylogeographics) H' (He et al. 2017; Han
etal. 2018; Zhuetal. 2019).

T B 1R 20 T A P v A BT TR e 44 AN [F] 4
KM uHI ST R EF T 1999 4, Avise & Johns
(1999) HE T HE (14 ANFET 9 J&@).
FNRKIW (7 DFETAFED . S (14
MMk B R—ANED WA A, R IAS [
KB RERAFAEBE RN ZER, WR
WEJE 13 A 3L R S R A TR 2 D
VT ERT (40Mya), RN REKY
BRI B T, 28 A 8
WAEJLTHR b . ANFEISEEE AR 70 2855
RPAETEAT R EIHA BRI ZE R, XA
YT HEARNR B E, B AEE A NN AL
DAJEE A4 IS 18] A 38 FH 48 4 oK i 44 AS 7] 93 2K 4%
Beo MAMBABI T FAAIRR DB RIG R ZH
FRRE S T AL IS TR) A BT S AR AE A 7 R R BRI
248 (Talavera et al. 2013).

2 DU b B [E] 4 T3 48 AT A E K
BM XM T E R EER—
BRI RRANER

BTk & Agaricus LYIFRER, A0,
& B AR R IA 1) J8 2 —  (Linnaeus
1753), NEEGERENE . ZEFAERKER
BHME, —HZRANHKE BT
TEASFHEAR R — e S B 3R TR REAIE HfE DA [
E CAIAUR S BT 7 S A B PR 2 i 7 U )
RN, ANEI 3 R R GG T A RR A
FRAEFRIALE AR, TS T V2 AN 1

KRG (FKINFHE Moller 1950; Pilat 1951;
Konrad & Maublanc 1952 ; Kihner &
Romagnesi 1953; Cappelli 1984; Parra 2008,
2013; E[EF Singer 1986; Kerrigan 1986,
2016; EW Heinemann 1978; 1% #f Wasser
1980) . VRFL I 4398 22 Gt B i JE M M ) 4326
Ko AR WM . 72 TR E EREE o S/ ) Ao A
Iz, BRI E 28 1 R RS AT 20
ZER, ZEBA AR R (T 1990,
Li et al. 2014; Zhao et al. 2016).

WaE 0T R K B RHERE, ERT
KEFHEATE R, HILEEXH 5K
SRR E M 44 E R Pl 7 0 R L B
AN G o A Xt FERGHT b DX 5 & 1 &
SR B RKIZE R B A 11 ASETH)
HRBEAIE R, (HIX i R R 4 RS R (A
VIR BIESFHE X B X — AR
LEEARAENS, HEMNZ R, XLEH
HME DR W L)« B R+ R TR AR 1) 07 V2%
% (Zhaoetal. 2011).

BT, zhaoetal. (2016) 5| ANj#fbHT
IR 4ahs, BIRA “ B RIE+R AR
TEHEALIN TE] 7 17 V5K 4 Fh By K52,
R T B o & bR At 2R R Gt AEMWT AT
e, EHCCAT JUANTT AR R — AR itEAL
SR RMIEARE R . 1) B RBHA KA
WE: 7T RAEK BT PRI RERINE
N R TT AL AR, R e
HIBRAELL 7 KA ROP T rh, X — At [ AR
o 2) B REFEAK R e . £ 2 5K
Fral Rt b, SR TR A Tk, HORAE
H T 10 N0 FR AR A I TR R T &4 B
R R] . — AN 5 AL TR 2
I Z )G R KR A R
P AR B RO S R
(crown group) F8— N2 &R FTA I A AL A
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i L EIE S, DL AR e
B Gl i rh i mT DAL 4 R R M “F
B (stem group), fRIEEHEZAMEN 51%
WA REVNRRKE RRMNEY R
(Budd & Jensen 2000; Budd 2001). fEj{L
g, BAR—ASTREIE U RS2 BT
Ho P F B el B 7 AL IS [E]) (Stadler et al.
2014) . 4 21 b BV I TR P T 2 Ak e 76
fhig % (diversification rate). #)FhF & FEfE
(species richness). Hf#r (timescale) A
[E] 424 (McPeek & Brown 2007; Stadler et
al. 2014, PRICFATAE 73 A H R FH Bk B 5%
FH 1 T V8 A BT TR AR D 3 A S 3 1) v AL IS
(6], PRI g et B 1) e A s 1) AT B8 2 BR R SR A (1Y)
ANFEIT R 3) R IR T PRk
TEFA ) 7 FEE R B A I TR NOR A R, &
I3 RGBT A (A R TR RS
IR, 88 & A9 2 EE R IS AL I TR bR
e, K& AR BB T15 U1 REE
I e 2 W R R 8 R bR e AL 70 2Rk &R o
FE T 8 B AR IR 43 28 55 ST AL I [R) AR 1R I
ERIEELAE T, FEEAZEEA N ZA
IR KN

AfmE, AFEERERAR ST
RGEKRE il b, R EEAREY R R
SR, AT TR N A £ 2L
R . KR EiR A ER,
Y =F HERTE A (30Mya) BE Tk & P B
B 5 N ERSSONEN S ME; T/
FERIAA (20Mya), X 5 N JRE— 5k
K20 MRS, TRENENE RN 20 1
H, Pk, AW 11 MERT, Mk
ZORNH, B TR R TR B T T
F(20Mya), Adrd: M2 RE “41” W
MR AL I (AR R 3R 20 0 LA B R A,
WHEFMEIT . e NHMER EERES

838 EMFIR

FRESE, Bk ST AR KRGS
DLEFi# i (Zhao et al. 2016) .
HALEEZF R “ B RN E+R AT
AE+IEE A TB) 7 0 v S M AR B 4k B — T 3
4 (30Mya) £ 4 W&, WiT 734 (20Mya)
Tt b, FEEAELINE. 5ASHAH
Widr 4 (Parraetal. 1950; Chen et al. 2017;
He et al. 2018). FrLL, iRy AL (8] bR
o) 1) i SR AR TE AL 7 R R G g gk 1
EAN BB R G IR E M, R AR K H 77 {8
TR R R, KREFVIMPEARIE,
5 B 7 SR PP AU 2008200 43 Fl, 7E3T J LA
I I 25002 F, HA A FE TSR H
& #8505 (Thongklang et al. 2016
Zhao et al. 2016; Callac & Chen 2018;
Mahdizadeh et al. 2018; Parra et al. 2018; Cao
et al. 2020; Liu et al. 2020).
3 “BZRIAE+RAFAE+E L AT
7 E R R KSR R
B A B VR S G Fa bR s D A 1
BB R ARG G, HAE &SRR
RAZIMET M EdEB DIIEEIT. Zhao et
al. (2017). He et al. (2019) 7EMJEHFH
76 ANHA (LSU. SSU. 5.85. rpbl. rpb2
MefD) K2 EH R4 K H KW & 396 MMH
RN FE B R 48k B 5 R A K]l 2
b, JFRE 771 AR 6 NEEEFE AR 1B
b, MAETHHEFEITNET. N
H R AL I 1] 6 [ 73 93] 9 406-490Mya
245-393Mya. 120-290Mya Fl 27-222Mya.
KONESAHFRE T AN HRERSA 7
FREER A TR AR HESR AL 7 255, FEiRIt
8 Cystobasidiomycetes 0¥ AN BHETF A
/NMH (Buckleyzymaceae FlI Sakaguchiaceae 43
FHEFE N Buckleyzymales Fl Sakaguchiales) ;
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— N FE AT Wallemiomycotina (Zhao
et al. 2017); BT THF 1B EM 3K R
gr, AL THFE TR BTA JE R
YK AY (Heetal 2019).

MAEARE A+ B it & 2 1+
W, BN ITTRFER (N, B, BED
TR T IMAJEA (B 73 R R S FC. Hyde
etal. (2017). Liu et al. (2017) FEMJ%E T3¢
#1442 K (LSU. SSU. TEFAIRPB2) 1]
Z R R Gk B BRI 5 79 90 358 B 7 B 1)
HH ) it 2 TR 2N RN 2SS R AN TR B 4 AT
B OR PR AN R BE 40 A B azt BCIR) v Ak IS [R) A2 T
RAE, HERERETRFATTAN. H.
B AL YEE ERAES, 25A
300-400Mya . 150-300Mya . 50-150Mya #/
300-400Mya. 100-220Myafi20-100Mya, iX
FCLHHF B 1T 986 545 H 10 45 SR B0k
£ (Zhao et al. 2017; He et al. 2019), 14k
WIS T A A 9 20 SR8 A 1) 387 2k i
PERTAT SR JEME . IR Liv et al. (2017) E5T
B BT RE A o BT B T AR R R, B
3 S — AN AN AL TR AR AT R S5 2R
N A B AR H RS G35 22 R 05
N A2.2Myafl1.3Mya, £ KN K EJLF
AJ L2

FIF B RN E + 38 B RFAE +7E A A] 7
7715, — e B ) o SR AR G ST AN
11T, lnDivakar et al. (2017) LA A
ffiParmeliaceae WA FU 0T B, E VR AL IS
[6]79102-112Mya, & 1] 529-33 Mya; Liu et
al. (2018) Fizhang et al. (2019) LAJEAKE[A]
YE RS FERRUE, 43S T Lentimurisporaceae
(34Mya) AlStriatiguttulaceae (39Mya) M
¥Rl Dayarathne et al. (2019) B EE R
G R B K R IR AL I [R]K Savoryellaceae
CED 3TN

4 Ak Bt A il 5 A R S ROA AL
ENE R ES KRR ANRE
TEA R (8] ) ] SE M — B A DS 9T %
PRzl —. (EEYEM I E L, BT
INFRRE IR AL EEAR | I B R RAZFN 2 54K
e R R IO G A RIS
R S AL 2 AR R AR R A, SR
T AR S T 5T B[R] o SR T B SR AF
FERLIS [A] N PR Pk L  SM Al (T I8~ 4
1%, punctuated equilibrium theory, Gould &
Eldredge 1972), {HIEMuEI 35 b, EGHER
2k, RZUFRZNILE HFEERAKR,
B LA b gt S AR R0 R R AR SR A 32 T 1)
AR, XM RRHE GE T & i A i [a] £
HEHIS AT Z — (Stanley 1975). Ih4h,
BRI AR R WA 2 R, Wit
AT R I AE A 2 (or 181D EeiAR
KAy, (BE— R EVEREpN, —gE
€ LEWV R 3 1 BT FIAEAS R B TR 1 22 52
5 X A5 28 7 (R sk 1a] 2 3 B4 IR 26 P Ok &
(Margoliash 1963), Xt 2480 th ik
MEMZOER M. BRmE, Kias
o 2 ] R 8 A% A8 e AT [B) R PE G R, B
CATES> TP 40 M, P B33 9 B2 E
P BtatR AR A, £
£ 2 05 1 1 R AR R 5 ) fa] A R iF rJL 2k
PE, MEE AR S, e
J& 3 18 43 BT IsE T DA BR 56 =47 25 5 1 DA3R
mEfERTE . AN T ARAYRIZER. EE
JiR B AR, AT RALE 43 B v b o e ik
HA W AR R S DU A L ] g
4 (Ronquist et al. 2012). TidE 2 AN AF,
U JModelTest ( Darriba et al. 2012 ) .
bModelTest (Bouckaert & Drummond 2017)
Re AR 4 LA (1) B4R S X0 B B A ) 5 B
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BEATRG A6, AN IE Fem B iy, W2 7)
Fr R ORAE 23 B AT SE IR ) BT B

N T AE A A A 70 28 R G HT G
i | APt ) A S I G ) e i T A P!
TSR — B0 ATV A AT T AL IS
AT Rt R U N EE, BFoYEE
“BRR” . I REE A I ) ik B0 A2 R ST A
ARl b H AT CA KB R AT A
B ACAARA ) %8 M (A 5, Xl
D FRATTHR AR B S 1 21 R0 A 5 ) T AL B TR AR T
& (Taylor et al. 1994, 1999; Liicking et al.
2009; Prieto & Wedin 2013; Beimforde et al.
2014) . Samarakoon et al. (2019) i@ idfiiik
129 SCHR HARE I L B AL A PR AE B, XS B
FORSFEME A EAAE R, T 7 T2EW
e AT R TR KRB AR A
KB ZHA: RAFAEZ KB InTEIE 4=
WA (Archaeomarasmius leggetti; Hibbett
etal. 1997) , RILTIEBHE ST 2 fLE RN
£1 (Quatsinoporites cranhamii S.Y. Sm. et al.;
Smith et al. 2004) LA KT AF SR AE 4l F 573
RIMIH A (Caietal. 2017) .

PATE A IS TR AR D38l 15 5 b A 1 S 2R 1
HERRG L, eI R AR B R
B, B ULRRRSS, (BAEf A 75 2 1 .
AL IS TR] AN S 1 78 0 IS5 IR R ME— 4K
DI RGKE i TEARHER &
HAR RE B EBHNGER . T8 0ir
N RFEFSEE T RGi45rhar inbhiz F
Jiik, ALK A SR I BRI, (B EE
T AT B 5 B AL P AR i e SIS 1) R
AT R LR AE UM ames et al.
2020) o WG H R B v A TE] R 5
RKFE, BN Mo mEmr K5 (L]
R WA RS B, T H ALK
A RIS B Y, EDN T 46K 22 30U s 4L

840 EMFIR

I IR OR 2 o BITEL E AT AR A O U R
W B0 J RO AC I TR L BRI SRE
i E T A E I FCIRAS- 25 B 1AL N R 45
PRo RAZ, FERIEEIN R ARG RE Ah g 0
LIS TR AN FEAR, KR8 10 73 S R e Re AR DL
BEACERE RIS TRIYESE,  BE ax it R B S A
RIBEAL I RE, NP B R AL TE AR A 42
et 7y KA G A ERRE .

DR ITEZR AR, BHEGEED A
Wr=E ' LR, IR A E B0 T R
SR B 0 W I3 VA B SCRTIR B 5y 1 B oy
B, #ABEE THT RGEERI TR,
M RENZ LT R GE 220t It . XN
il BMARZI M T g A=V B AREAL
R, BT BRI RAGRM 7 F
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