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ABSTRACT

Fungal taxonomy provides a fundamental framework for understanding the biodiversity,
ecology, medical relevance, and industrial applications of fungi. In recent years, on the basis
of development in high-resolution phylogenomic and molecular systematic studies, the
classification of fungi has undergone considerable advances. Contrastingly, in Korea, the
traditional 4-7 phylum model still prevails, although fails to adequately reflect recent trends.
In this review, we summarize advances over the past decade in the study of Mucoromycota,
Zoopagomycota, Entorrhizomycota, and Aphelidiomycota. In addition, we describe the
19-phyla, 9-subkingdom classification system now registered in international databases,
such as MycoBank and Index Fungorum. Finally, we highlight the need to adopt an updated
classification system in Korean academia, education, biodiversity research, and pathogen
diagnostics, and outline practical strategies and a roadmap for its implementation.
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Zygomycota” F THE mycota?t ¥ $l= 71602 F/d =] o] 3= A|EA 02 2| A5 1, 57
OF Zygomycotat= 3l1A| =] 31 1L Mucoromycota, Zoopagomycota 5= 235t of2] H7 2] F(phylum)
o] A& FAEIATH12,13]. ZA&H A-tollA FAA] 7]8ke] A= Ale4 2A4S &l #F
Al(The Kingdom of fungiy= 2|4 18712] 53 H F(phylum)2} 9712] o}A|(subkingdom)= 55}
+ M2 25 AAZEAIRFE] *ATH14,15]. 0] F 20241 17]19] Fo] F=7}E]of 19i20] Ao = <l
EIQUTH16]. ol23t FFolA UERE 7 272 M2 52 FHE fAMIol o&ste 1L
A 257 Aol A Bloju, 218} Al Fof| 7|8kt 2731 7|52 Ala-stal ATH17]. MycoBank
(https:/www.mycobank.org)L+ Index Fungorum (http:/www.indexfungorum.org) 52t 22 =A| -5
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[20]. 1eiut FFA 5] FAY, olvA] 4742 el =2 4 (glycogen)S AHE, AlZE 2] 7]
El(chitin) T4, AT} SAIAYA] HHA Be SN R JLAE EA 507 olsf 2177 (fungi
kingdom)= 2} Al g3t HEE] 7] AJ2FSHTH21,22].

20M17] FRMAlE 2 FEjet M4 30| 7|Hkete] 475 2R3 271 25 A A
A& 22 FA4 Al f/d77), Al AE E)) of 7’14 7)) e o] £8 7|Ee
2 AREERIT} o] S A A= Ascomycota, Basidiomycota, Chytridiomycota, Zygomycota 5-2] 4+
(phylum) H|A]°]TH23]. 20010} Glomeromycota?} 7He &, 52 A A7} 714 @] AFR-E] O*E}
[24]. thF-20] WS zpEot AAtollA] 7| BF AA= AFEE| ]It} 12t Zygomycota 73
FEEHY FAPdoll ZAg Q1914 3o 2 A A|E8H] 0 2 ThA| G (paraphyletic) O] 2H= ;go]
Al&siA A A= et BAA 8] W7} ] rRNA 37 2Kribosomal RNA gene), H|E-F-&

7 AK(B-tubulin gene), RNA 53 4 11 7% AHRNA Polymerase 1T largest/second largest subunit,
RPB1/2), 217 1A} 1-21} 374 2K Elongation Factor 1-alpha, EF-1a) 5] 97|42 H X7} A5
Y ATE FJet T3 A} AR SEEHA, 7]E 2R AAle] EA1H 0] HEts] Ex
U, A= Zygomycota FFw- SHAIEIRUT: o= 2 #F EF AAIZE O o) FEIA De/dell
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3. St AIS R 7]t 27 HA|

3.1. Zygomycota2] 3|42} 47112] E(phylum)2-22] 2| H

Zygomycota= Q2 717+ St M3 (Zygomycota)O] 2= SHLte] Fo & HErlo] 9oL}
HAAIE S B A 2A0) i e = QIS o] ERto] YAE g (polyphyly)yS Z=the Vé‘
o] H&s] B & th11]. o] 2 Q15 Zygomycotar= 3= .2 ™, Mucoromycota (Mucoromycotina,
Mortierellomycotina, Glomeromycotina), Zoopagomycota (Entomophthoromycotina, Kickellomycotina,
Zoopagomycotina) = AEFE| A TH13].

Mucoromycotar= LHFA O 2 Al Z-0] FHof| MAIStAU HEAE FAY% 02 Baljsk= AJEl
A 715& 71 d-R-E0] 30, A= Q17tof|A] 2T 2 Q1 ©#F250] 5 (Mucormycosis)2] <!
o] Hc} g5 0| S = Mucorales (order)—] oJ2] &, £3] Rhizopus, Mucor, Lichtheimia <501
&3 F50l ofoff Tk A 3R A -{-Fol| Al A A AdEoll A 21 A Q1 MG 4
= 9o 4tk 229 —.—2}7:1] oY §AA H 1 A52 o] 23 YT XEH A= E
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7F551HA) Sk =3 Mucorales Woll 41 2]
25 AAFSHH, Mucoromycota 4| 9] 115H4 -5-A/d 1k B /8 XI5t
ol2|gt EA2 27| 772l 7|¢& ol ol 7]ook= Aloll, dl 2 stollA] o] ==
g w72 XgkHA H%‘J—P‘”Eﬂ 2 HEkS ofaloh= d AAAQl 7| = AF57} =1 Qlk
Zoopagomycotat= &2 FHFFE0|U AR ES ZA S 7| 5k= FEIE 7HAIH, 5
&

Au fe mn 2 oo mx ol O 2

oY,
=
o =

5
A& A "”%Zﬂi AT A 242 Bl H 25 o B {fRAR) A A
& AL 22| A T AL 50] o] F AlEollA BHEA 0 2 XSith= AR o] B
ATH30].

32 AEA ARk =2 2 2l e

Entorrhizomycota= 2 21-5-QF Basidiomycotaﬂ' S 55 E S(Entorrhiza )& £8]5to] AAH

[nt

oz AE Heo] 24 k= 55 Aok 718wl o -7kA = Bas1d10mycota——] 5t Al
£91 Ustilaginomycotina® 25| ict J2ju} 2| BE 942 2 n|AL24] EJS AR o] &

F

2 54E o8 BYEUch SEAL fFAFTE, o FAFFA, FARSE HA S 2k gtk
& Zol|A] Basidiomycota2} 3575 7HAI 1L QAR f-A3-AH, Ax A, I=p7] g/do] |tk
+= Hoj|A] T T Entorrhiza -2 712 Basidiomycota®t THE 5291 21310] GALE 71A| o,
Basidiomycota?} Ascomycota®] -5 ZAFH T} B] o] 2 A|&of| 7|5k 7] 0 &2 A HTH36].
Aphelidiomycotar Z-F(algae)0l] 7| o= TAH|ZA 52, &5 MXZ YR Z Z] st 94
S E4ote BAY A EQo|Th A &5 NEHS BEsto] ofnuk o A

(amoeboid trophont) 2 A=, &30 M2 A& il

Sk fFANGS B/t ol et I WAl 2 S Rl S d gt oA HEEH,
Holomycota WOl 4] 214 Q1 AlE0 2 22| 75}3d Tt oM olli= Cryptomycota®} S| 2= A
O}, Za|A|E 9 RNA -2 2A o et S8 20 2 A4 E] UTH37].

Cryptomycotat= RozellomycotaZ = &4 Qlon thEE WS 2)d Z2LE 711 7]
A AYE FAE BRIt} o] 52 it 7+ F, 27 5)° 71485k, 34 A71A o] Ay
gz AR EAR QIS F44 XSS & A0 &2 HQITH38]. Rozellomycotalh= T2
Cryptomycota®} -5 45| 20110l A|F=| Lo}, BT ol AHS FHFA] Zohih
20114 119, 3H&A] IMA Fungus©l| Cryptomycota2H= B 0] ZA|A EPHFHICN)S] L& 2
AL 228 ez 9 as1 2= ITh3s) LEEE 12, James & Berbee 52 &
At AlEtoll thsto] Rozellomycotagt= = ARESH O, o] = S Al 0] =UTH39].
A A E 4 H 7 2HICN, International Code of Nomenclature)ol| 2] #42 f& 33} 94H

F
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(priority) &l 7] 1gHct ICNo]| w2 5D gt Al 5ol thal] H4=2] 3 o] At 7%, 7
2] f-astA 23 YA o] HA P o2 AHETH40]. Rozellomycotas £7314] 52lo|=
]2 =] i} &2 MycoBank@} Index Fungorum 5 =+A1| 3-21 ©f| o] E{H] 0] A0]| A == Cryptomycota=
A 3o 2 7|alE|o] itk tHE Rozellomycotar THE 455 (RozellayS BHYsHL 2°g0] &2

7 #el(-mycota FR)E W2 YHo|BE AlFER R0l E K5 HEEHAY S
&= 743o] it} of| & E01, MycoBankOl| 4] Rozella 42 7 A5HH -5 4| A|of]+= Rozellomycota
7} EAE A TE Rozellomycota®] #2H ©] Z-(current name)= CryptomycotaZ. H A =]0f /Tt

Sanchytriomycota+= Galindo 52021)°1] 2J&l] Fo|H MZ Fo 2 F2 Tpid 250
Sh= YA 714 45 LEolth16]. ole2 Bl 25782 7HAIARE fAtE ©Y &
HE7HA A Qlom, O HEe 2= XgtH o7 7 E|gketo] 7]50] A=, F7
2 - A|SHolc} whebA] o] HE = AA 2 H|-2-5/d < ‘QJARH 2 (pseudocilium) = 7+
o} o] &2 2 T4/ 270l 716HH, 58S 7Y TR o] 27} RIStA 0 2 E|3EE %
EiE BRItk o] 52 &5 Al 22 & o3 A|x g F4oto] HEALE dgich w5t
Sanchytriomycota®] = o flagellated fungi) 7-2+= T-¢- S0|$Hd], HEo] 7] 27|31 7|4 A
(kinetosome)= A 1L THedte FEIE tl=t], o) W 27 QA 08 SAE T S-S Al
AFgH}, Blastocladiomycota®} Al TS o] 20, E2] & 0] .0 2] w2 A3} £ 9} 11 o]
ARA A T & HojFal I} o] -2 Rozellomycota®t -FAFSH FEi A E4 & Z-R5h, Al
S84 0 g S5 27| 5 o] FH Holomycota] Hl-¢- 7] ©A|2] 150 & A|RFE| . o] % ¥
Sanchytriomycotat= X2}l A] B¢ @2dof] Zepa] U2, ZAF4o|ar A1 ARl E4S Ad
2oz 7kzETig],

Aphelidiomycota, Cryptomycota, Sanchytriomycota w5+ FEN 4 0 2= Jst #7-2 E4
= Holx] YA FAA e 0 2 21733 w79 YU o= AN Q)| om, XA Q] 7| At
ZIsto] tigh o|sl & A SHA| 7] Tl F23 7] o & shal AT 14].

N

o& rﬂ JH B ooz
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4. £|Me| 2.2 1|7 192 901

41.19% oM 27 AAle] A

Tedersoo et al. (2018)2 X A|(Fungi)2] &5 AAIE 712 %T(phylum) AAPRIA F 1952
2 35, 0] S-S 97H9] ofA|(subkingdom)E ZHZW%}?‘;E} . 0l= 71&9] iDNAY T &
AR 0] 23 AF4HTH N 22 TS AT, 11 B2 A0 0 BE st 7
7o ASA AAE BEe] AAste Hl 7]odsk3iH: Cﬂﬁi@_i 1,0007} o]Ake] #& QA
o} 374 M4 HlolelE F3tete, IFAIE 18702] 3t 971 2] ofA|= FE35IITH14]. o] Fof
Sanchytriomycota” F {22 Q17 0] E|HA] 192 90k 7} =] {TH40].

971l otAl= F= FEA Zpolof FSHA Al7], R34 B/l whet o=, tiEA e
= Dikarya, Mucoromyceta, Chytridiomyceta, Zoopagomyceta, Blastocladiomyceta, Aphelidiomyceta,
Rozellomyceta, Olpidiomyceta, Entorthizomyceta 5-0] Z3HETH14]. o|2{st Aol B5& A|AE oA
(subkingdom) 430l A1 % 2] 5} th(Table 1)[14,16]. ©£-2] =2 51 EGol|A] L2L o] 20]
W A2 FehEFtol 22 Q1-8sto] 2MdstAal oF4] o] 5ol gl &2 E}EW TS o
2t H715kAH ol= olahE w71 fisl obA] ol A/ A o =2 opA|e} o5 sl A] 5]
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oh=t 53] 5h-go] 4 2] 93] o ZQfo]
1 2pg el 2023 ol A& F7VE ZH(Class)7HA] E35to] 45 A4S 9o 2 AA5tit

(Fig. 1)[14,16,17,41-47].

o 25 A TR AE AL ol AEA A, WA o, Tt 7] BT 5 ThE
R 80] o AAe) 718 A1 iekis) 2R A b nE BRe

thol2 Hrh AR A o 2 Hiedlal gl o
A= A=t oe)st Ba

sk EAL

=

7 AA=

fdt7lzdoz Bed 4ot

:
U

Table 1. The list of subkingdom, phylum, and subphylum in the kingdom of Fungi recently

registered in MycoBank and Index Fungorum

™, MycoBank@} Index Fungorum -5 5. tf| 0| EfH| o] A0f]
tes] o] 5] Wel}of e, o-7of AEld vt 7l
3k2) 71912 W3] olslshi o o] 84 2lel B8 AgeIch 2 e 1
7]8k0 2 HolEjn, 3% eHdwsto) upE X3t & of| S Y AIF GMo e F

512 R84, Pt

Subkingdom Phylum (%) Subphylum
Dikarya Ascomycota (AFdwt) Pezizomycotina
Basidiomycota (BA =) Taphrinomycotina
Entorrhizomycota (¥-2] 2 +f-7) Saccharomycotina
Pucciniomycotina
Ustilaginomycotina
Wallemiomycotina
Agaricomycotina
Entorrhizomycotina
Mucoromyceta Calcarisporiellomycota (Z7}2] A~ 3L 2] A 2 7-5) Calcarisporiellomycotina
Glomeromycota (Z = | 2 1-) Glomeromycotina
Mortierellomycota (2 ?1-58°] &) Mortierellomycotina
Mucoromycota (B-550] ) Mucoromycotina
Zoopagomyceta Entomophthoromycota (TH2] 5350 |&) Entomophthoromycotina
Kickxellomycota (Z} A 2ht-7) Kickxellomycotina
Zoopagomycota (L5~ w) Zoopagomycotina
Olpidiomyceta Olpidiomycota (21| T] Q7-) Olpidiomycotina
Basidiobolomyceta  Basidiobolomycota (HFA] T @2 275 Basidiobolomycotina
Blastocladiomyceta Blastocladiomycota (B2t~ E 22t Q7-7) Blastocladiomycotina
Chytridiomyceta ~ Chytridiomycota (/<) Chytridiomycotina
Neocallimastigomycota (H] 2 ZH]u}AE] -7 Neocallimastigomycotina
Monoblepharomycota (5 S| 2 2 7-5) Monoblepharomycotina
Aphelidiomyceta  Aphelidiomycota (PR 2| T] @ ) Aphelidiomycotina
Rozellomyceta Cryptomycota (syn. Rozellomycota) (U] ) Rozellomycotina
Sanchytriomycota (A2 Adt2) Sanchytriomycotina
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Chytridiomyceta

Rozellomyceta
—— Aphelidiomyceta = Aphelidiomycota —— Aphelidiomycotina

Cryptomycota

Rozellomycotina—':

— Blastocladiomyceta — Blastocladiomycota — Blastocladiomycotina

—Neocallimastigomycota — Neocallimastigomycotina

Chytridiomycota = Chytridiomycotina

— Olpidiomyceta = Olpidiomycota = Olpidiomycotina

EBasidioboIcmyceta =

Zoopagomyceta

“—NMonoblepharomycota —Monoblepharomycotina—'

Sanchytriomycota — Sanchytriomycotina —
Basidiobolomycota — Basidiobolomycotina —
Zoopagomycota ——Zoopagomycotina

Mucoromyceta

Kickxellomycota ——Kickxellomycotina:

il

Entomophthoromycota—Entomophthoromycotina

— Glomeromycota —Glomeromycotina

!

(—Mortierellomycota— Mortierellomycotina.

| Mucoromycota—Mucoroymycotina

i

Microsporidea
Rudimicrosporea

Aphelidiomycetes
Basidiobolomycetes
Physodermatomycetes
Neocallimastigomycetes
Caulochytriomycetes
Chytridiomycetes
Cladochytriomycetes
Mesochytriomycetes
Lobulomycetes
Polychytriomycetes
Rhizophlyctidomycetes
Rhizophydiomycetes
Spizellomycetes
Synchytriomycetes
Hyaloraphidiomycetes
Monoblepharidomycetes

Olpidiomycetes
Sanchytriomycetes
Basidiobolomycetes
Zoopagomycetes
Kickxellomycetes
Asellariomycetes
Barbatosporomycetes
Dimargaritomycetes
Harpellomycetes
Ramicandelaberomycetes
Entomophthoromycetes
Neozygitomycetes
Paraglomeromycetes
Archaeosporomycetes
Glomeromycetes
Mortierellomycetes
Endogonomycetes
Umbelopsidomycetes
Mucoromycetes

L. Calcarisporiellomycota — Calcarisporiellomycotina— Calcarisporiellomycetes
Lichi

— Xylobotryomycetes

L Eurotiomycetes

— Arthoniomycetes

——— Dothideomycetes

Ascomycota

Pezizomycotina

Saccharomycotina

Lecanoromycetes
Leotiomycetes
Laboulbeniomycetes
Sordariomycetes
Orbiliomycetes
Pezizomycetes
Lipomycetes

Trigonopsidomycetes

—— Taphrinomycotina =

i

Dikarya

Entorrhizomycota =———Entorrhizomycotinga =——

il

p nycetes
Alloascoideomycetes
Sporopachydermiomycetes
Pichiomycetes
Saccharomycetes
Archaeorhizomycetes
Neolectomycetes
Pneumocystidomycetes
Novakomycetes
Schizosaccharomycetes
Taphrinomycetes

Entorrhizomycetes

Crypl

e
Microbotryomycetes

Agaricostilbomy

Pucciniomycotina

ol

Basidiomycota

Ustilaginomycotina _'_E

| IS

Classiculomycetes
Pucciniomycetes
Tritirachiomycetes
Mixiomycetes
Spiculogloeomycetes
Ustilaginomycetes
Moniliellomycetes
Exobasidiomycetes
Malasseziomycetes

Wallemiomycotina.

Peribolosp
Walemiomycetes

|
Agaricomycotina |_|_:

T

Agaricomycetes
Dacrymycetes

Fig. 1. Hlustration of phylogram of fungal kingdom showing high-level classification including
subkingdoms, phyla, and subphyla. The phylogram has been compiled based on several recent fungal
taxonomic reports.
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42.97}7) olA|e] 712

42.1. Dikarya
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Table 2. The list of fungal phyla covered in university textbooks related to microbiology, plant pathology, and mycology written in

Korean currently used in Korea

Books in Korean Publisher in Korean Publication year Described Mycota Reference
A SAESH4T e Afo]AA 2006 Ascomycota, Basidiomycota, Chytridiomycota, [65]
Glomeromycota, Zygomycota
RSk 3T L Afo]A A 2017 Ascomycota, Basidiomycota, Blastocladiomycota, [108]
Chytridiomycota, Glomeromycota, Neocallimastigomycota
Al EH]g]s} 51} L Afo]A A 2006 Ascomycota, Basidiomycota, Chytridiomycota, [43]
Zygomycota, Deuteromycetes
Agrios' Plant Pathology 6%+ HAE Ato]AA (Academic Press) 2024 Ascomycota, Basidiomycota, Blastocladiomycota, [109]
Chytridiomycota, Cryptomycota, Microsporidia,
Mucoromycota, Zoopagomycota,
Brock?] v Y-E5}t 15T H}o] @ Afo]od A 2020 Ascomycota, Basidiomycota, Chytridiomycota, [110]
Glomeromycota, Zygomycota
U2 E o] n| =5t gt =57 2015 Ascomycota, Basidiomycota, Chytridiomycota, [111]
Zygomycota
) A-ESh: 7| 20| A SE 7R HE ol FA 0] 2020 Ascomycota, Basidiomycota, Blastocladiomycota, [112]
Chytridiomycota, Cryptomycota. Mucoromycota,
Zoopagomycota
n|AY-Esk depgto] 113 glo] T Aol 2021 Ascomycota, Basidiomycota, Chytridiomycota, [113]
Zygomycota
Prescott ARt n|A-=5t 129k W -EA} 2023 Ascomycota, Basidiomycota, Chytridiomycota, [114]
Glomeromycota, Microsporidia, Mucoromycota
Talaro | AY-E-S} Z2}4to] EA} 2025 Ascomycota, Basidiomycota, Chytridiomycota, [115]
123 Zygomycota
Bauman ¢ u|ESH4T  H}o|Q Afo]AlA Ascomycota, Basidiomycota, Deuteromycota, Zygomycota  [116]
AA TSt s Jlejolst 2021 Eumycota-Ascomycetes, Basidiomycetes, Zygomycetes, ~ [117]
Deuteromycetes
28
2| ATH*E P2 213 A|(Fungi)e] 257 AAIE E714 22 A HsATE 198, 9
oA AA= J oA A1 ok, M2 Ephylum)] FH/2 115 w7

Dikayn)©] P Bk Pakshl Ae 4 9l 2AZ
27 wotoluje} Aeyst, 1

sk

A@steict, oleje A Hsk
y 27}t Rotol ARAR THEelS 70, 84 AR 7]

The Korean Journal of Mycology 2025 Vol.53

383



Kim & Kim

who] oAl o] B ST U oIS, 5 BT B7he] BEE Gaoz olojx| 1 gick
1&41%—@ﬂ4445 1ﬂ1@%%mﬁgﬂ % Aol B sfaAl AHg st

Eﬂﬂﬂﬂiéamwaﬁﬂ
g4 9431 Qo] 4| Ao} A

ﬂ%%ﬂ%&tﬂﬂﬂﬂﬂAﬂﬁqﬂﬂ

e T R
NEE A B850l 7|2 B5 AAE AP Yk gustslel me Aol 288 4 S
delo] e 7Hr 2o 24 g thenh gt

mE: P a=Xel g b Bl S| 5 wAfjol] A 27 AAE FH.

tl|o]ejso] A 734 I Ext T, ?_'?_E’\@%E}%“é/\]é%},l 9 dlo|EjHo] A0 BFE
33734

& 323} St eha] 9 Wl &3] AR ol A 25 AlA A =1 =9

A EZ7}e] AA|: MycoBank, Index Fungorum, UNITE 52} 5715 2 3.

5 5 AAL] ZAlghs B2 2578 el FEE Hol, Z7H BEAMY FH g1

ot A4 He} webA &% =ul Sl

AE) Aol A% 12A NS E5f 2

RS B

AE-GHA S A2 A2 _/'\_33]_3,_ BRI
45] A F2o| Biehs F5 257 AAS Esfof

H =00 L2253 ATARI(RS-2025-05962968)2] A o]l 23] o] F0i- Z19].

CONFLICT OF INTERESTS

The authors declare no competing interests.

REFERENCES

1. Coleine C, Stajich JE, Selbmann L. Fungi are key players in extreme ecosystems. Trends Ecol
Evol 2022;37:517-28. https://doi.org/10.1016/j.tree.2022.02.002

2. Lange L. The importance of fungi and mycology for addressing major global challenges. IMA
Fungus 2014;5:463—71. https://doi.org/10.5598/imafungus.2014.05.02.10

3. Zhou LW, May TW. Fungal taxonomy: Current status and research agendas
for the interdisciplinary and globalisation era. Mycology 2023;14:52-9.
https://doi.org/10.1080/21501203.2022.2103194

4. Nilsson RH, Anslan S, Bahram M, Wurzbacher C, Baldrian P, Tedersoo L. Mycobiome
diversity: High-throughput sequencing and identification of fungi. Nat Rev
Microbiol 2019;17:95-109. https://doi.org/10.1038/s41579-018-0116-y

The Korean Journal of Mycology 2025 Vol.53

384



Latest Trends in Fungal Taxonomy

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Liicking R, Aime MC, Robbertse B, Miller AN, Ariyawansa HA, Aoki T, Schoch CL,
Cardinali G, Crous P, Druzhinina I, et al. Unambiguous identification of fungi: Where do
we stand and how accurate and precise is fungal DNA barcoding? IMA Fungus 2020;11:14.
https://doi.org/10.1186/s43008-020-00033-z

Cavalier-Smith T. The origin of fungi and pseudofungi. In: Rayner ADM, Brasier CM, Moore
D, editors. Evolutionary biology of the fungi. Proceedings of the Symposium of the British
Mycological Society; 1986 Apr; Bristol, UK. Cambridge: Cambridge University Press; 1987.
p. 339-53.

McLaughlin DJ, Hibbett DS, Lutzoni F, Spatafora JW, Vilgalys R. The search for the fungal
tree of life. Trends Microbiol 2009;17:488-97. https://doi.org/10.1016/j.tim.2009.08.001
James TY, Kauff F, Schoch CL, Matheny PB, Hofstetter V, Cox CJ, Celio G, Gueidan C,
Fraker E, Miadlikowska J, et al. Reconstructing the early evolution of Fungi using a six-gene
phylogeny. Nature 2006;443:818-22. https://doi.org/10.1038/nature05110

Viswanath B, Rajesh B, Janardhan A, Kumar AP, Narasimha G. Fungal laccases and
their applications in bioremediation. Enzyme Res 2014;2014:163242. https://doi.
org/10.1155/2014/163242

Zhang N, Luo J, Bhattacharya D. Advances in fungal phylogenomics and their
impact on fungal systematics. Adv Genet 2017;100:309-28. https://doi.org/10.1016/
bs.adgen.2017.09.004

Pizarro D, Divakar PK, Grewe F, Leavitt SD, Huang JP, Dal Grande F, Schmitt I, Wedin M,
Crespo A, Lumbsch T. Phylogenomic analysis of 2556 single-copy protein-coding genes resolves
most evolutionary relationships for the major clades in the most diverse group of lichen-forming
fungi. Fungal Divers 2018;92:31-41. https://doi.org/10.1007/s13225-018-0407-7

Hibbett DS, Binder M, Bischoff JF, Blackwell M, Cannon PF, Eriksson OE, Huhndorf
S, James T, Kirk PM, Zhang N, et al. A higher-level phylogenetic classification of the
Fungi. Mycol Res 2007;111:509-47. https://doi.org/10.1016/j.mycres.2007.03.004

Spatafora JW, Chang Y, Benny GL, Lazarus K, Smith ME, Berbee ML, Bonito G, Corradi N,
Grigriev I, Stajich JE, et al. A phylum-level phylogenetic classification of zygomycete fungi
based on genome-scale data. Mycologia 2016;108:1028-46. https://doi.org/10.3852/16-042
Tedersoo L, Sanchez-Ramirez S, Koljalg U, Bahram M, Déring M, Schigel D, May T, Ryberg
M, Abarenkov K. High-level classification of the Fungi and a tool for evolutionary ecological
analyses. Fungal Divers 2018;90:135-59. https://doi.org/10.1007/s13225-018-0401-0

James TY, Stajich JE, Hittinger CT, Rokas A. Toward a fully resolved fungal tree of life. Annu
Rev Microbiol 2020;74:291-313. https://doi.org/10.1146/annurev-micro-022020-051835
Galindo LJ, Lopez-Garcia P, Torruella G, Karpov S, Moreira D. Phylogenomics of a new
fungal phylum reveals multiple waves of reductive evolution across Holomycota. Nat
Commun 2021;12:4973. https://doi.org/10.1038/s41467-021-25308-w

Wijayawardene N, Hyde KD, Mikhailov KV, Péter G, Aptroot A, Pires-Zottarelli CL, Goto
BT, Tokarev Y, Haelewaters D, Karpov SA. Classes and phyla of the kingdom Fungi. Fungal
Divers 2024;128:1-165. https://doi.org/10.1007/s13225-024-00540-z

Hawksworth DL, Liicking R. Fungal diversity revisited: 2.2 to 3.8 million species. Microbiol
Spectr 2017;5:10.1128. https://doi.org/10.1128/microbiolspec.funk-0052-2016

Yahr R, Schoch CL, Dentinger BT. Scaling up discovery of hidden diversity in fungi: Impacts
of barcoding approaches. Philos Trans R Soc Lond B Biol Sci 2016;371:20150336. https://doi.
org/10.1098/1rstb.2015.0336

The Korean Journal of Mycology 2025 Vol.53

385



Kim & Kim

20.
21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

Linnaeus C. Species plantarum. Berlin: Impensis GC Nauk; 1799.

Naranjo-Ortiz MA, Gabaldon T. Fungal evolution: Major ecological adaptations and
evolutionary transitions. Biol Rev 2019;94:1443-76. https://doi.org/10.1111/brv.12510

Ronald AR, Alfa MJ. Microbiology of the genitourinary system. In: Baron S, editor. Medical
microbiology. 4th edition. Galveston (TX): University of Texas Medical Branch at Galveston;
1996.

Guarro J, Gene J, Stchigel AM. Developments in fungal taxonomy. Clin Microbiol Rev
1999;12:454-500. https://doi.org/10.1128/cmr.12.3.454

SchiiBler A, Schwarzott D, Walker C. A new fungal phylum, the Glomeromycota: Phylogeny
and evolution. Mycol Res 2001;105:1413-21. https://doi.org/10.1017/S0953756201005196
Muszewska A, Pawtowska J, Krzysciak P. Biology, systematics, and clinical manifestations
of Zygomycota infections. Eur J Clin Microbiol Infect Dis 2014;33:1273—-87. https://doi.
0rg/10.1007/s10096-014-2076-0

Kwon-Chung KJ. Taxonomy of fungi causing mucormycosis and entomophthoramycosis
(zygomycosis) and nomenclature of the disease: Molecular mycologic perspectives. Clin
Infect Dis 2012;54:S8-S15. https://doi.org/10.1093/cid/cir864

Hane JK, Rouxel T, Howlett BJ, Kema GH, Goodwin SB, Oliver RP. A novel mode of
chromosomal evolution peculiar to filamentous Ascomycete fungi. Genome Biol 2011;12:R45.
https://doi.org/10.1186/gb-2011-12-5-r45

Keeling PJ. Congruent evidence from a-tubulin and B-tubulin gene phylogenies for a
zygomycete origin of microsporidia. Fungal Genet Biol 2003;38:298-309. https://doi.
org/10.1016/s1087-1845(02)00537-6

Salgado JFM, Quandt CA, Stajich JE. Phylogenetics and phylogenomics to understand fungal
diversity. Authorea 2023. https://doi.org/10.22541/au.167845826.61933731/v1

Wang Y, Chang Y, Ortafiez J, Pefia JF, Carter-House D, Reynolds NK, Smith ME, Benny G,
Mondo SJ, Stajich JE, et al. Divergent evolution of early terrestrial fungi reveals the evolution
of mucormycosis pathogenicity factors. Genome Biol Evol 2023;15:evad046. https://doi.
org/10.1093/gbe/evad046

Tahiri G, Lax C, Canovas-Marquez JT, Carrillo-Marin P, Sanchis M, Navarro E, Garre
V, Nicolas FE. Mucorales and mucormycosis: Recent insights and future prospects. J
Fungi 2023:335. https://doi.org/10.3390/j0f9030335

Liu M, Lin L, Gebremariam T, Luo G, Skory CD, French SW, Chou TF, Edwards JE, Ibrahim
AS. Fobl and Fob2 proteins are virulence determinants of Rhizopus oryzae via facilitating iron
uptake from ferrioxamine. PLoS Pathog 2015;11:¢1004842. https://doi.org/10.1371/journal.
ppat.1004842

Pérez-Arques C, Navarro-Mendoza MI, Murcia L, Navarro E, Garre V, Nicolas FE. A non-
canonical RNAi pathway controls virulence and genome stability in Mucorales. PLoS
Genet 2020;16:¢1008611. https://doi.org/10.1371/journal.pgen.1008611

Szebenyi C, Gu Y, Gebremariam T, Kocsubé¢ S, Kiss-Vetrab S, Jager O, Patai R, Spisak K,
Rita S, Papp T. CotH genes are necessary for normal spore formation and virulence in Mucor
lusitanicus. M Bio 2023;14:¢03386-22. https://doi.org/10.1128/mbio.03386-22

Wang H, Luo G, Hu X, Xu G, Wang T, Liu M, Qiu X, Fu J, Feng B, Li J. Targeting C/EBPa
overcomes primary resistance and improves the efficacy of FLT3 inhibitors in acute myeloid
leukaemia. Nat Commun 2023;14:1882. https://doi.org/10.1038/s41467-023-37381-4

The Korean Journal of Mycology 2025 Vol.53

386



Latest Trends in Fungal Taxonomy

36.

37.

38.

39.

40.

41.

42.

43.

44

45.

46.

47.

48.

49

50.

Bauer R, Garnica S, Oberwinkler F, Riess K, Weill M, Begerow D. Entorrhizomycota:
A new fungal phylum reveals new perspectives on the evolution of fungi. PLoS One
2015;10:e0128183. https://doi.org/10.1371/journal.pone.0128183

Karpov SA, Mamkaeva MA, Benzerara K, Moreira D, Lopez-Garcia P. Molecular phylogeny
and ultrastructure of Aphelidium aff. melosirae (Aphelida, Opisthosporidia). Protist
2014;165:512-26. https://doi.org/10.1016/;j.protis.2014.05.003

Jones MD, Richards TA, Hawksworth DL, Bass D. Validation and justification of the
phylum name Cryptomycota phyl. nov. IMA Fungus 2011;2:173-5. https://doi.org/10.5598/
imafungus.2011.02.02.08

James TY, Berbee ML. No jacket required-new fungal linecage defies dress code: Recently
described zoosporic fungi lack a cell wall during trophic phase. Bioessays 2012;34:94—-102.
https://doi.org/10.1002/bies.201100110

Tindall BJ. The relationship of validly published names to legitimate and illegitimate
names in the International Code of Nomenclature of Prokaryotes. Int J Syst Evol Microbiol
2016;66:4905—6. https://doi.org/10.1099/ijsem.0.001420

Voglmayr H, Fournier J, Jaklitsch WM. Two new classes of Ascomycota: Xylobotryomycetes
and Candelariomycetes. Persoonia 2019;42:36—49. https://doi.org/10.3767/
persoonia.2019.42.02

Wang QM, Yurkov AM, Goker M, Lumbsch HT, Leavitt SD, Groenewald M, Theelen B,
Liu XZ, Boekhout T, Bai FY. Phylogenetic classification of yeasts and related taxa within
Pucciniomycotina. Stud Mycol 2015;81:149-89. https://doi.org/10.1016/j.simyc0.2015.12.002
Agrios GN. Agrios’ plant pathology (Korean edition). 5th ed. Seoul: World Science Co.; 2006.
p. 392-5.

. Diaz-Escandén D, Tagirdzhanova G, Vanderpool D, Allen CC, Aptroot A, Ceska O,

Hawaksworth DL, Huereca A, Knudsen K, Spribille T. Genome-level analyses resolve an
ancient lineage of symbiotic ascomycetes. Curr Biol 2022;32:5209—18. https://doi.org/10.1016/
j.cub.2022.11.014

Mishra B, Choi YJ, Thines M. Phylogenomics of Bartheletia paradoxa reveals its basal
position in Agaricomycotina and that the early evolutionary history of basidiomycetes
was rapid and probably not strictly bifurcating. Mycol Prog 2018;17:333—41. https://doi.
org/10.1007/s11557-017-1349-2

Cadez N, Dlauchy D, Tome M, Péter G. Novakomyces olei sp. nov., the first member of
a novel Taphrinomycotina lineage. Microorganisms 2021;9:301. https://doi.org/10.3390/
microorganisms9020301

Groenewald M, Hittinger CT, Bensch K, Opulente DA, Shen XX, Li Y, Liu C, Labella AL,
Zhou X, Rokas A. A genome-informed higher rank classification of the biotechnologically
important fungal subphylum Saccharomycotina. Stud Mycol 2023;105:1-22. https://doi.
org/10.3114/sim.2023.105.01

Branco S. Fungal diversity-an overview. In: Grillo O, Venora G, editors. The dynamical
processes of biodiversity-case studies of evolution and spatial distribution. Rijeka: InTech;
2011. p. 211-26. https://doi.org/10.5772/23975

. Cavalier-Smith T. A revised six-kingdom system of life. Biol Rev Camb Philos Soc 1998;73:

203-66. https://doi.org/10.1017/s0006323198005167
Neiman AM. Ascospore formation in the yeast Saccharomyces cerevisiae. Microbiol Mol Biol
Rev 2005;69:565—-84. https://doi.org/10.1128/mmbr.69.4.565-584.2005

The Korean Journal of Mycology 2025 Vol.53

387



Kim & Kim

51.
52.

53.

54.

55.

56.
57.

58.

59.

60.

6l.

62.

63.

64.

65.
66.

67.

68.

Levin SA. Encyclopedia of biodiversity. Waltham(MA): Academic Press; 2013. p. 624-40.
Bennett RJ, Turgeon BG. Fungal sex: The Ascomycota. Microbiol Spectr 2016;4:10.1128/
microbiolspec.funk-0005-2016. https://doi.org/10.1128/microbiolspec.funk-0005-2016

Bhunia AK. Molds and mycotoxins. In: Bhunia AK, editor. Foodborne microbial pathogens:
Mechanisms and pathogenesis. New York: Springer; 2018. p. 167-74. https://doi.
org/10.1007/978-0-387-74537-4

Keller NP. Fungal secondary metabolism: Regulation, function and drug discovery. Nat Rev
Microbiol 2019;17:167-80. https://doi.org/10.1038/s41579-018-0121-1

Berbee ML. The phylogeny of plant and animal pathogens in the Ascomycota. Physiol Mol
Plant Pathol 2001;59:165-87. https://doi.org/10.1006/pmpp.2001.0355

Taylor TN, Krings M, Taylor EL. Fossil fungi. London: Academic Press; 2014. p. 173-99.
Duplessis S, Cuomo CA, Lin YC, Aerts A, Tisserant E, Veneault-Fourrey C, David LJ,
Hacquard S, Amselem J, Martin F. Obligate biotrophy features unraveled by the genomic
analysis of rust fungi. Proc Natl Acad Sci USA 2011;108:9166—71. https://doi.org/10.1073/
pnas.1019315108

Floudas D, Binder M, Riley R, Barry K, Blanchette RA, Henrissat B, Martinez AT, Otillar
R, Spatafora JW, Hibbett DS. The Paleozoic origin of enzymatic lignin decomposition
reconstructed from 31 fungal genomes. Science 2012;336:1715-9. https://doi.org/10.1126/
science.1221748

Riley R, Salamov A, Brown DW, Nagy LG, Floudas D, Held BW, Levasseur A, Lombard
V, Morin E, Grigoriev IV. Extensive sampling of basidiomycete genomes demonstrates
inadequacy of the white-rot/brown-rot paradigm for wood decay fungi. Proc Natl Acad Sci
USA 2014;111:9923-8. https://doi.org/10.1073/pnas.1400592111

Cairney JW. Basidiomycete mycelia in forest soils: Dimensions, dynamics and roles in nutrient
distribution. Mycol Res 2005;109:7-20. https://doi.org/10.1017/s0953756204001753
Ghobad-Nejhad M, Dima B, Cui BK, Si J. Basidiomycete fungi: From biosystematics and
biodiversity to biotechnology. Front Microbiol 2023;14:1128319. https://doi.org/10.3389/
fimicb.2023.1128319

Lacaz CDS, Heins-Vaccari EM, Melo NTD, Hernandez-Arriagada GL. Basidiomycosis:
A review of the literature. Rev Inst Med Trop Sao Paulo 1996;38:379-90. https://doi.
0rg/10.1590/50036-46651996000500011

Tam SY, Uchida K, Enomoto H, Takahashi S, Makimura K, Sakuda S. A new metabolite,
mannogeranylnerol, specifically produced at body temperature by Schizophyllum commune,
a causative fungus of human mycosis. J Antibiot 2022;75:243—6. https://doi.org/10.1038/
s41429-022-00511-z

Wargo PM, Shaw CI. Armillaria root rot: The puzzle is being solved. Plant Dis 1985;69:826—
32. https://doi.org/10.1094/PD-69-826

Deacon J. Fungal biology (Korean edition). 4th ed. Seoul: World Science Co.; 2006. p. 19.
Jennessen J, Schniirer J, Olsson J, Samson RA, Dijksterhuis J. Morphological characteristics
of sporangiospores of the tempe fungus Rhizopus oligosporus differentiate it from other
taxa of the R. microsporus group. Mycol Res 2008;112:547-63. https://doi.org/10.1016/
j.mycres.2007.11.006

Ribes JA, Vanover-Sams CL, Baker DJ. Zygomycetes in human disease. Clin Microbiol Rev
2000;13:236-301. https://doi.org/10.1128/cmr.13.2.236

Gomes MZR, Lewis RE, Kontoyiannis DP. Mucormycosis caused by unusual mucormycetes,
non-Rhizopus, -Mucor, and -Lichtheimia species. Clin Microbiol Rev 2011;24:411-45. https:/
doi.org/10.1128/cmr.00056-10

The Korean Journal of Mycology 2025 Vol.53

388



Latest Trends in Fungal Taxonomy

69.

70.

71.

72.
73.

74.

75.

76.

1.

78.

79.

80.

81.

82.

83.

84.

85.

Summerbell RC. Root endophyte and mycorrhizosphere fungi of black spruce, Picea
mariana, in a boreal forest habitat: Influence of site factors on fungal distributions. Stud
Mycol 2005;53:121-45. https://doi.org/10.3114/sim.53.1.121

Hirose D, Degawa Y, Inaba S, Tokumasu S. The anamorphic genus Calcarisporiella is a new
member of the Mucoromycotina. Mycoscience 2012;53:256-60. https://doi.org/10.47371/
S10267-011-0160-1

Voigt K, Kirk PM. Fungi: Classification of Zygomycetes: Reappraisal as coherent class based
on a comparison between traditional versus molecular systematics. In: Batt CA, Tortorello ML,
editors. Encyclopedia of food microbiology. 2nd ed. London: Academic Press; 2014. p. 54-67.
Sherchan R, Zahra F. Entomophthoromycosis. Treasure Island(FL): StatPearls; 2025. p. 1-14.
Moss ST, Lichtwardt RW. Development of trichospores and their appendages in Genistellospora
homothallica and other Harpellales and fine-structural evidence for the sporangial nature of
trichospores. Can J Bot 1976;54:2346—64. https://doi.org/10.1139/b76-251

Liimatainen K. Nomenclatural novelties 185. Index Fungorum 2014;185.

Barr DJ. An outline for the reclassification of the Chytridiales, and for a new order, the
Spizellomycetales. Can J Bot 1980;58:2380-94. https://doi.org/10.1139/b80-276

Kirk PM, Cannon PF, Minter DW, Stalpers JA. Ainsworth and Bisby's dictionary of the fungi.
10th ed. Wallingford: CABI; 2008. p. 469-500.

Powell MJ, Letcher PM. Chytridiomycota, Monoblepharidomycota, and
Neocallimastigomycota. In: Mclaughlin DJ, Spatafora JW, editors. Systematics and evolution:
Part A. Berlin: Springer Berlin, Heidelberg; 2014. p. 141-75. https://doi.org/10.1007/978-3-
642-55318-9

Taylor SK, Williams ES, Mills KW. Mortality of captive Canadian toads from Basidiobolus
ranarum mycotic dermatitis. J Wildl Dis 1999;35:64-9. https://doi.org/10.7589/0090-3558-
35.1.64

Marclay M, Langohr IM, Gaschen FP, Rodrigues-Hoffmann A, Carossino M, Stewart
MA, Myers AN, Grooters AM. Colorectal basidiobolomycosis in a dog. J Vet Intern
Med 2020;34:2091-5. https://doi.org/10.1111/jvim.15859

Porto E, Milanez Al. Basidiobolus isolated from reptiles and amphibians in Brazil. Rev Inst
Med Trop Sao Paulo. 1979;21:237-45.

Seyedmousavi S, Guillot J, Tolooe A, Verweij PE, De Hoog GS. Neglected fungal zoonoses:
Hidden threats to man and animals. Clin Microbiol Infect 2015;21:416-25. https://doi.
org/10.1016/j.cmi.2015.02.031

Zavasky DM, Samowitz W, Loftus T, Segal H, Carroll K. Gastrointestinal zygomycotic
infection caused by Basidiobolus ranarum: Case report and review. Clin Infect Dis
1999;28:1244-8. https://doi.org/10.1086/514781

Sethy M, Sahu S, Sachan S. Basidiobolomycosis: Case report and literature overview. Indian
Dermatol Online J 2021;12:307—11. https://doi.org/10.4103/idoj.idoj 456 20

Gugnani HC. A review of zygomycosis due to Basidiobolus ranarum. Eur J Epidemiol
1999;15:923-9. https://doi.org/10.1023/a:1007656818038

Zekavat OR, Abdolkarimi B, Pouladfar G, Fathpour G, Mokhtari M, Shakibazad N. Colonic
basidiobolomycosis with liver involvement masquerading as gastrointestinal lymphoma:
A case report and literature review. Rev Soc Bras Med Trop 2017;50:712—4. https://doi.
org/10.1590/0037-8682-0057-2017

The Korean Journal of Mycology 2025 Vol.53

389



Kim & Kim

86.

87.

88.

89.

90.

9l

92.

93.

94.

9s.

96.

97.

98.

99.

Al Yazidi L, Al Sinani S, Al Adawi B, Al Riyami M, Wali Y, Al Rawas A, Al Musalhi B,
Meis JF, Housni SA, Al Hatmi AMS, et al. Disseminated basidiobolomycosis caused by
Basidiobolus omanensis in a child with acute lymphoblastic leukemia (ALL). Case report and
literature review. Mycopathologia 2024;189:12. https://doi.org/10.1007/s11046-023-00820-3
Money NP. Fungal diversity. In: Watkinson SC, Boddy L, Money N, editors. The fungi.
London: Academic Press; 2015. p. 1-36.

James TY, Letcher PM, Longcore JE, Mozley-Standridge SE, Porter D, Powell MJ, Griffith
GW, Vilgalys R. A molecular phylogeny of the flagellated fungi (Chytridiomycota) and
description of a new phylum (Blastocladiomycota). Mycologia 2006;98:860—71. https://doi.
org/10.3852/mycologia.98.6.860

Porter TM, Martin W, James TY, Longcore JE, Gleason FH, Adler PH, Vilgalys R. Molecular
phylogeny of the Blastocladiomycota (Fungi) based on nuclear ribosomal DNA. Fungal
Biol 2011;115:381-92. https://doi.org/10.1016/j.funbio.2011.02.004

Seto K, Degawa Y. Pendulichytrium sphaericum gen. et sp. nov.(Chytridiales,
Chytriomycetaceae), a new chytrid parasitic on the diatom, Aulacoseira granulata.
Mycoscience 2018;59:59—66. https://doi.org/10.1016/j.myc.2017.08.004

Kilpatrick AM, Briggs CJ, Daszak P. The ecology and impact of chytridiomycosis: An
emerging disease of amphibians. Trends Ecol Evol 2010;25:109-18. https://doi.org/10.1016/
jtree.2009.07.011

Grogan LF, Robert J, Berger L, Skerratt LF, Scheele BC, Castley JG, Newell DA,
McCallum HI. Review of the amphibian immune response to chytridiomycosis, and future
directions. Front Immunol 2018;9:2536. https://doi.org/10.3389/fimmu.2018.02536

Van Rooij P, Martel A, Haesebrouck F, Pasmans F. Amphibian chytridiomycosis: A review
with focus on fungus-host interactions. Vet Res 2015;46:137. https://doi.org/10.1186/s13567-
015-0266-0

Krings M, Dotzler N, Galtier J, Taylor TN. Microfungi from the upper Visean (Mississippian)
of central France: Chytridiomycota and chytrid-like remains of uncertain affinity. Rev
Palacobot Palynol 2009;156:319-28. https://doi.org/10.1016/j.revpalbo.2009.03.011

Murphy CL, Youssef NH, Hanafy RA, Couger MB, Stajich JE, Wang Y, Baker K, Dagar SS,
Griffith GW, Elshahed MS. Horizontal gene transfer as an indispensable driver for evolution
of Neocallimastigomycota into a distinct gut-dwelling fungal lineage. Appl Environ Microbiol
2019;85:¢00988-19. https://doi.org/10.1128/aem.00988-19

Hackstein JH, Baker SE, van Hellemond JJ, Tielens AG. Hydrogenosomes of anaerobic fungi:
An alternative way to adapt to anaerobic environments. In: Tachezy J, editor. Hydrogenosomes
and mitosomes: Mitochondria of anaerobic eukaryotes. 2nd ed. Cham: Springer; 2020. p. 159—
75. https://www.doi.org/10.1007/978-3-030-17941-0 7

Kameshwar AKS, Qin W. Genome wide analysis reveals the extrinsic cellulolytic and
biohydrogen generating abilities of Neocallimastigomycota fungi. J Genomics 2018;6:74.
https://doi.org/10.7150/jgen.25648

Wilken SE, Monk JM, Leggieri PA, Lawson CE, Lankiewicz TS, Seppild S, Daum CG,
Jenkins J, Lipzen AM, O’Malley MA, et al. Experimentally validated reconstruction and
analysis of a genome-scale metabolic model of an anaerobic Neocallimastigomycota fungus.
mSystems 2021;6:10.1128/msystems.00002-21. https://doi.org/10.1128/msystems.00002-21
Dee JM, Mollicone M, Longcore JE, Roberson RW, Berbee ML. Cytology and molecular
phylogenetics of Monoblepharidomycetes provide evidence for multiple independent origins
of the hyphal habit in the fungi. Mycologia 2025;107:710-28. https://doi.org/10.3852/14-275

The Korean Journal of Mycology 2025 Vol.53

390



Latest Trends in Fungal Taxonomy

100.Karpov SA, Mamanazarova KS, Popova OV, Aleoshin VV, James TY, Mamkaeva MA,
Tevetkova VS, Vishnyakov AE, Longcore JE. Monoblepharidomycetes diversity includes new
parasitic and saprotrophic species with highly intronized rDNA. Fungal Biol 2017;121:729-41.
https://doi.org/10.1016/j.funbio.2017.05.002

101.Gromov BV. Aphelidium tribonemae Scherffel parasitizing yellow green algae. Mikol
Fitopatol 1972;6:443-5.

102.Karpov SA, Tevetkova VS, Mamkaeva MA, Torruella G, Timpano H, Moreira D, Lopez! ]
Garcia P. Morphological and genetic diversity of Opisthosporidia: New Aphelid Paraphelidium
tribonemae gen. et sp. nov. J Eukaryot Microbiol 2017;64:204—12. https://doi.org/10.1111/
jeu.12352

103.Letcher PM, Longcore JE, James TY, Leite DS, Simmons DR, Powell MJ. Morphology,
ultrastructure, and molecular phylogeny of Rozella multimorpha, a new species in
Cryptomycota. J Eukaryot Microbiol 2018;65:180-90. https://doi.org/10.1111/jeu.12452

104.Corsaro D, Walochnik J, Venditti D, Steinmann J, Miiller KD, Michel R. Microsporidia-
like parasites of amoebae belong to the early fungal lineage Rozellomycota. Parasitol Res
2014;113:1909—18. https://doi.org/10.1007/s00436-014-3838-4

105.Letcher PM, Powell MJ. A taxonomic summary and revision of Rozella(Cryptomycota). IMA
Fungus 2018;9:383-99. https://doi.org/10.5598/imafungus.2018.09.02.09

106.Voigt K, James TY, Kirk PM, Santiago ALDA, Waldman B, Griffith GW, Fu M, Radek
R, Strassert JFH, Lee HB, et al. Early-diverging fungal phyla: Taxonomy, species concept,
ecology, distribution, anthropogenic impact, and novel phylogenetic proposals. Fungal Divers
2021;109:59-98. https://doi.org/10.1007/s13225-021-00480-y

107.0rosz F. The unicellular, parasitic fungi, Sanchytriomycota, possess a DNA sequence possibly
encoding a long tubulin polymerization promoting protein (TPPP) but not a fungal-type
one. Microorganisms 2023;11:2029. https://doi.org/10.3390/microorganisms 11082029

108.Watkinson SC, Boddy L, Money NP. The Fungi (Korean edition). 3rd ed. Seoul: World
Science Co.; 2017. p. 8-9.

109.Agrios GN. Agrios’ plant pathology. 6th ed. Cambridge: Academic Press; 2024. p. 344.

110.Madigan MT, Bender KS, Buckley DH. Brock biology of microorganisms (Korean edition).
15th ed. Seoul: Bioscience; 2020. p. 448-578.

111.Nester EW, Anderson DG, Roberts CE. Nester’s microbiology: A human perspective (Korean
edition). 8th ed. Paju: Donghwa Technology Publishing; 2015. p. 336.

112.The Korean Society for Microbiology. Microbiology concepts and connections. Seoul:
Bummun Education Co.; 2020. p. 443-45.

113.Chess B. Foundations in microbiology (Korean edition). 11th ed. Seoul: LifeScience Co.;
2021. p. 146-7.

114.Willey JM, Sandman K, Wood D. Prescott’s microbiology (Korean edition). 12th ed. Paju:
Gyomun Co.; 2023. p. 565-994.

115.Chess B. Talaro foundations in microbiology (Korean edition). 12th ed. Paju: Gyomun Co.;
2025. p. 130-4.

116.Bauman RW. Bauman hospital microbiology (Korean edition). 12th ed. Seoul: Bioscience;
2015. p. 136-9.

117 Kim YG, Kwon PS, Kim SH, Kim SH, Kim JH, Ryu JG, Park M, Park SM, Park ES, Park
HH. Clinical mycology. 5th ed. Seoul: Korea Med Books; 2021. p. 8-231.

The Korean Journal of Mycology 2025 Vol.53

391



Kim & Kim

118.Acosta-Espana JD, Voigt K. An old confusion: Entomophthoromycosis versus mucormycosis

and their main differences. Front Microbiol 2022;13:1035100. https://doi.org/10.3389/
fimicb.2022.1035100

119.Shaikh N, Hussain KA, Petraitiene R, Schuetz AN, Walsh TJ. Entomophthoramycosis: A

neglected tropical mycosis. Clin Microbiol Infect 2016;22:688-94. https://doi.org/10.1016/
j.cmi.2016.04.005

The Korean Journal of Mycology 2025 Vol.53

392



