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Aspergillus fumigatus is a pathogenic fungus with a global distribution.
Although azole-resistant TR-mutants are widely distributed, a few TR-mutants have been isolated in
Japan. The emergence of azole-resistant A. fumigatus (ARAF) other than the TR-mutants is a problem
in Japan. In this study, we analyzed the genome sequences of 171 strains from Japan as well as the
antifungal susceptibility of these strains. Next, we conducted a population analysis of 876 strains
by combining the available genomic data for strains isolated worldwide, which were grouped in six
clades. We observed the geographic characteristics of clades such as Clade 2 where the strains from
Japan were over-represented. Finally, the genomic loci associated with azole resistance were
detected on the basis of a genome-wide association study. Thus, we revealed the complexity of the
genomic mechanism underlying the emergence of ARAF strains as well as the genomic diversity of A.
fumigatus in Japan.



¥ X C—19. F—19—1, Z—19 (@)

1. WFERHE S WO 5

BRI P B ATET 2 504K E Aspergillus fumigatus (77 7 531 X 29.4Mb) 1%, Bix
HOWBEMRRICERL TWA DA LT, EERMT A~V X L AEORRE & L TRH %<
DEESND Z LD, R E L THIRA EEBERBERICH D, TFE, BAEE SRR E T
DMZE T AL L ZIENBIMEENCH 0 . FICIRFEIEA SN TWE T YV — LR FIEERKIC
KT AHMMERR B HI L TOD Z D, T ORI OMNI N2 & 72> T D,

K%@@%m\w@%E%(ﬁaﬂ~ﬁ$)Kﬁé:&m BB T Y — LA Dt
BED T EOMERDS UITUIETEL T2 Z EDHLTVWD, %a/z%a&bt_hifmﬁﬂ}m:
mﬁm@Ele%%%®fﬁﬂw<o#@&47;A%fgé kﬂ%%#k@of%to
BB o THE L7 Y — VEERRIL, v~ 7 03T T4 MR D2 RMEITIC L o T,
EROX A7 L BB R & OREINRIBI N TN D,

Foxid, Wiy —47 oY — (NGS) it 2V b L EEER A~ U, et o MR &
7 ) DAL O BREIZ OV TR RS REMT L, 18RI T Y — V3K & 70 2 JRIKE s 1 & & D
BERIZOWTHLMNMZILTEZ, WITLT, 47 2% T T4 b7 ) BT LD R % B
i LT, R PR 53 BIERE oD SEAI TR 005 AE I BEE 9~ 5 iR IS R DRI DWW TR & il T &
2o LLRRS, %t%ﬁﬁi@&@ﬁ%WMﬂt % K & OBBHIE SO BEIZ DN T
IFH BN E o TR, T, MESC I OBEREIZBWT, 7/ AU A REBEMNT (GWAS)
DA ZIED R S HL, FEAIME R & ORBIRNCBE S 2 872/ T3 60 E 7> Tnb, £ 2T,
KIREIR T ) BFRITIC K - T, REREZ SR E L TIUX, 2NETROT D Z Lok
727 ) MO FEESS, THAERFER INTEm Y A7 RFEOFRIEIZEN 5O TR0 B 2
7o

2. WEDB
AHFGETIE, BRR D BERR & BREEBER O KRB 72 (5150 8K) 7/ Ay —F U A& L Ttk
D, ERBE ORA R ST 5, ﬁ%Mtf#M%&%ﬁmék@&@n%%ﬁ%ﬁ&Ab
52T, (1) EAMMEEEZ 2 FHERICRENZREFMIIH 2002 (2) BERRTBEEICR
TR ITIH DD L) 200 AV REITBELZ LA ANE LT,

3. WD kL

TERFEREETFIE ¥ —CIE - (RFSNTWD A fumigatus EHEOF 025, £ 150
B (BRPRSTBIERE 100 BR, BREZTBIERE 50 #F) 027 7 AEFIZH LT 5, 2D OEEDIE
FIEZMEZ W T b i/ NEBRLIEEE (MIC) B Cilfid 5,

BT DI  HRIHT 2T, %ﬁ'mﬁ PEALIEE, iE(fbD 2 4 77, & 512 MIC i & B
T HRFORKZE U T, EHMPEICH T omY) A7 ZMORELED D, S 512, BRESHE
FR & DEFRATIC K> T, WFEHEO R Y A7 ROV T HRIEZED D, 15 %ﬂfJﬁ?*ﬁLfE?
IZDOWTIE, ZOMREE EBRIICHRAET 2 Z & bR L T\ 5,

4. WF7EEk R

(1) ZEAIMHEREOINEE

AARTHEESNI-BER ITLRZIE L., FNODA T aF ) —v (ITC7) FHNRSZ M %2
L7z (M1), ZOREE. 22 Kk 1TCZ TR TH - 72, WIZ, BEROEFIMMEE T (cypbIA,
hmgl) DEBOHFEAFELI-L = 6:w%_owfi%ﬁ®ﬁﬁ%%iLﬁ.%@@Z%GW
62628 (13 H3K), IFM 63772 (E MHEK)) TIL, TNODOERNBHER SNl Z & D,
KA DML ERE DFELED RV K HuT-, AN O FEHI T MRS O AR X 5 Mt LA o 2 507
AR B b,

B 1 5yHE S 7o Higk & KAIMERR D ER
JifEidE (3 8k 5 Bifittekk 1 #6) . Ak (1 #K) . B
(142 Bk 5 HIMPERR 16 #K) . H1#8 (8 Bk 5 Bl

(‘3 PEER 2 BR) . e (7 8% O HIHERR 3 #%) . Jul
o (4 £%)

(2) A fumigatus OHEMEE OAREA
I LTZERD 9 B 92 BRIZOWTNGS IT XL A7/ LAESIT — X DEISG L, 171 BRETD 7 )



LT — X EBEE LT, RIT, TeDNETHBEES NI ER DR B A 2 7201, R Tk S
NIEERDF ) DT — 2 ZIWNE LTz, 3876 fkD7 J bF —Z BN L, ZBRFRITHE S\ -E
FHAESISIRT 2 2 LT~ FOREE. A fumigatus|Z. 6 DOZRHBEICHTHEIND Z ENRHAG ML
Tpolz, 6 DORMEEE Bk & oBE Iz oW

THE L& 2 A, A fumigatus DB L Hik ﬁ“aﬁa
Lomttnm e ot (@2, A | 5% | [
SHIHRIE, ZOSLBRABE2ICHL TN, | gy | L ’

A fumigatus DOBETNIT 7 BE S Lz il o

6

WRAKEVZ LATFRINT, Soic, Rk |77

DREMEEICOWTEMlI L7z & Z A, 1FEAEET | 1¥92] - a
DAL E DO TR L TWDEMZHER L, 5 | 2ro ] s
I, EHOREICIE, £ ROE  OBBIC LB AR MRz D3 NG AR5 AHS

RO RMREE L TWDAREMNE 2 bz,
2 BED Hdgt o A
(3) BV A7 ZRHICHED D& E R
HASRRREZ T 628 BROIAIRZ T — & 2 V¢, MPERRH BB 53 2 8 T D7
RAEAT o T2, GWAS fENT ORGSR, FHIMMHARICE#E T 5 12 Bl FEERE L (¥3), Zhbd
AR OBEIZ SOWTIE, FRDIFAENMETH D05, AT X 0 iR PIcmittE b+ 28 Y 22
RO —U A A CE 7=, 72, ZVE THRE ST 7= FANMHEA L~ B ER T RE & 1387

STWZ b, BAKZ G D

- SR, RARIL Y RS
;;%g?i;g%z CREEANG B 1ruzosmTRshsAGNER . .
wiz, EFImE Lo T A&
ERSHTIC L > TRAT- L A,

SNP 7 — & THEEAMMAL 3R BL T
ETbOO, HEOBARTIEHH
AP LIZZ 5 LTV D Z & 39R
e EiTo, B SEANME LT B — AR5/ LoReH

DT IR A JBIE LTV, )
KREORER, RIJEH Cly % = I3 GWAS RE:
EDRRATET,

L EDOFERNG, TeNECTHBESNT- A fumigatus DBERMEZ AT D L & BT, HRIR
B 2 X8 GWAS fRMT 23817975 2 & C, EAIMMEALICBET 2 8B TEEFET H I &N T
7o, THVE T HARGGBERE 2 KA L0372 < ex D7 NV—7THATL CED DL Z &
MTET,

ARG CEAS U 7-BiA T — Z 1%, GenBank 2B & L TCEY . A fumigatus D 5 —DDEHET
B D ZIRRHBEMIRR T2 & OFFE~DIE AN E SN S,



10 10 1 6

He Xiaohui Kusuya Yoko Hagiwara Daisuke Toyotome Takahito Arai Teppei Bian Cai Nagayama 7
Masaki Shibata Saho Watanabe Akira Takahashi Hiroki
Genomic diversity of the pathogenic fungus Aspergillus fumigatus in Japan reveals the complex 2024
genomic basis of azole resistance
Communications Biology 274
DOl
10.1038/s42003-024-05902-6
Yoshioka Isato Takahashi Hiroki Kusuya Yoko Yaguchi Takashi Shibata Akira Kirimura Kohtaro 12
Draft Genome Sequence of Aspergillus lacticoffeatus WU-2020, a Citric Acid Producer Suitable 2023
for Solid Culture That Belongs To Aspergillus Section Nigri
Microbiology Resource Announcements 0109322
DOl
10.1128/mra.01093-22
Bian C. Kusuya Y. Sklenar F. D"hooge E. Yaguchi T. Ban S. Visagie C.M. Houbraken J. 102
Takahashi H. Hubka V.
Reducing the number of accepted species in Aspergillus series Nigri 2022
Studies in Mycology 95 132
DOl
10.3114/sim.2022.102.03
Tsuji Masaharu Ishihara Jun-ichi Toyoda Atsushi Takahashi Hiroki Kudoh Sakae 12
Genome Sequence of Basidiomycetous Yeast Mrakia gelida MGH-2, Isolated from Skarvsnes Ice-Free 2023
Area, East Antarctica
Microbiology Resource Announcements 0106422

DOl
10.1128/mra.01064-22




Kusuya Yoko Bian Cai Hagiwara Daisuke Ban Sayaka Takahashi Hiroki 68

A novel Zn2-Cys6 transcription factor clcA contributes to copper homeostasis in Aspergillus 2022

fumigatus

Current Genetics 605 617
DOl

10.1007/s00294-022-01250-2

Bian Cai Kusuya Yoko Hagiwara Daisuke Ban Sayaka Lu Yu Nagayama Masaki Takahashi Hiroki 68

Dysfunction of Ras-GAP protein AfgapA contributes to hypoxia fitness in Aspergillus fumigatus 2022

Current Genetics 593 603
DOl

10.1007/s00294-022-01249-9

Tsuji Masaharu Ishihara Jun-ichi Toyoda Atsushi Takahashi Hiroki 11

High-Quality Genome Sequence of Cystobasidium tubakii JCM 31526T, Isolated from East Ongul 2022

Island, Antarctica

Microbiology Resource Announcements 0074122
DOl

10.1128/mra.00741-22

Tsuji Masaharu Ishihara Jun-ichi Gotoh Yasuhiro Hayashi Tetsuya Takahashi Hiroki 11

Draft Genome Sequences of Five Cystobasidium ongulense Strains Isolated from Areas near Syowa 2022

Station, East Antarctica

Microbiology Resource Announcements 0022422

DOl
10.1128/mra.00224-22




Takahashi Hiroki Oiki Sayoko Kusuya Yoko Urayama Syun- ichi Hagiwara Daisuke 23

Intimate genetic relationships and fungicide resistance in multiple strains of Aspergillus 2021

fumigatus isolated from a plant bulb

Environmental Microbiology 5621 5638
DOl

10.1111/1462-2920.15724

Majima Hidetaka Arai Teppei Kusuya Yoko Takahashi Hiroki Watanabe Akira Miyazaki 64

Yasunari Kamei Katsuhiko

Genetic differences between Japan and other countries in cyp51A polymorphisms of Aspergillus 2021

fumigatus

Mycoses 1354 1365
DOl

10.1111/myc.13370

10 2 1
He Xiaohui Bian Cai
18
2024
He Xiaohui Bian Cai
22

2023




Takahashi H

Genomic diversity of the pathogenic fungus Aspergillus fumigatus in Japan reveals the complex genomic basis of azole
resistance

The 10th Global Network Forum on Infection and Immunity

2024

Masaki Nagayama, Yoko Kusuya, Hiroki Takahashi

Aspergillus fumigatus

2022

121

2022

Masaki Nagayama, Yoko Kusuya, Hiroki Takahashi

Search for novel secondary metabolic gene clusters by large-scale genome analysis of Aspergillus fumigatus,

The 9th Global Network Forum on Infection and Immunity

2023




199

2021

Aspergillus fumigatus

dual-genomics

20

2021

Aspergillus fumigatus

cyp51A

65

2021

Aspergillus fumigatus

65

2021







