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Genetic Variations of Aspergillus fumigatus Clinical Isolates from Korea
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Fungal infections by human pathogenic fungi are increasing globally in elderly, children and immune suppressed or
deficient patients. Aspergillus fumigatus is one of the well-known pathogenic fungi and causes aspergilloses in human
world widely. However, current identification and classification methods based on its phenotypic characteristics still have
limitations. Therefore, currently, molecular biological tools using their DNA sequences are used for genotype identification
and classification. In the present study, in order to analyze genetic variations of A. fumigatus clinical isolates, a total of
six housekeeping genes were amplified by PCR using specific primer pairs and multi-locus sequence typing (MLST)
assay. Results from phylogenetic tree analysis showed that most A. fumigatus strains (88.9%) from respiratory specimens
were classified into cluster A and B, and approximately half of A. fumigatus strains (46%) from non-respiratory specimens
were classified into cluster C and D. Although the sample size was limited, genetic characteristics of A. fumigatus clinical
isolates according to their origins were very similar and well-correlated with other clinical data.
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A B Apdol7HA] ol A HaL, FRHAlE Fol gl
L Beta gk APGES v A Barsar gl
UH(Reichenberger et al., 2002). =3+ Aspergillus 42 A
o] IR, 9Jo] of 2| 272~ F(otomycosis), H oF~
Aedsis, et a8 264 99 209 4
o Fel 49le Qo o ofsr R
& Wl qeks BRI AN Dol 5+ gli= WA A of
¥ 2 F2~F(invasive pulmonary aspergillosis, IPA)5-E]
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2| 2R L A7 - WA deEbd
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Table 1. Clinical specimen sources for this study

Specimens No. of samples (%)
Sputum 12 (38.7)
Respiratory Tracheal aspirate 7 (22.6) 23 (742)
sources Bronchial wash 2(6.5)
BAL fluid 2(6.5)
Skin swab (pus) 309.7)

4 Pleural fluid 2(6.5)
Non-respiratory Stool 1(3.2) 8(25.8)
ources

Ear discharge 1(3.2)
Tissue 1(3.2)
Total 31(100)

A% ZPE 7% 57go] 7Fs3Fh(Yoon et al,
2004; Balajee et al., 2005). Wb 2 Aol A= Fol| A
L2 A fumigatus 91/3E-217-2] sequence type (ST)®] T}

P BAL 915 MLST 242 Fastch oS Ea

T A 3= A fumigatuse] ST WS et &
2}e] AR ek B o g R 7 Fxx}t 39
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=
HU

L

IRz

=u] 32 o] Wl A2 HE potato dextrose agar
(PDA), Sabouraud dextrose agar (SDA), Czapek Dox agar
(CzA), malt extract agar (MEA)Ol 26 Col A 2~457F wlj <
_T;Z Oé.‘c_l__ X]ﬂp/] EELJ_ .‘j(ll‘_']_:]_ /\“ @EH Aﬂ/\ 33/@ .[Q’J_:”_ ‘—O_:g
3t FeE4 0 543 fungal internal transcribed spacer
(Ts) 91 G714 £4& Bl 54 ALIS 4
< S 77 A 2 3 (Korean Collection of Medical Fungi,
KCMF)oll A 718, Bzl X2 & A. fumigatus
31FE W Wrol & ATl ARSIk e A F
Frol W lREelF ko] AfolE wlashr] ffs) ¥
AHE HEgE KCMFEH-E] Al g3t Table 1).

Genomic DNA (gDNA) =&

20~30 mL2] Sabouraud dextrose A HjA|E o] &3}
25CoNA 3~4947F 120 pm o2 WRFSFAA 8] g3 T
T8 At dARIE A=E deua, Hit SR
33] AT £71E5 S50 AAS dAHIE 1.5 mL
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Table 2. Specific oligonucleotide primer sets used for 4. fumigatus MLST

Target genes for MLST Nucleotide sequences (5'-3') Amplicon size (bp)  Reference
Lo . F GCA AAG CGT GAT GACAGAAA
anxC4 Annexin-like protein C4 729
R TAG GTC GAC ACA GGT TGT GG
. F ACG GTG ATG GCG TCAATAA
Bgtl Betaine-GABA transporter 811
R ACT GTC CCT CCT TCC GAT CAA
F TAT ATG ACC GGC GAG CTCAA
CATI Catalase 1 754
R ACG AAT CGG AAG GTATGCAC Bainetal.,
, F AGC GTA GCC TCC AGA CAT A 2007
LIP Lipase 802
R CTC GCCTCACTT CTCCTCAG
. . F TCG ACT TTC CAG AGC ATG G
MATI-2 Mating-type protein 360
R GTG GTC GCT TAATGA CAG CA
- Zinc ﬁnger RNA binding F AGG GAC CTT GAG GAT CGT C 639
protein 2 R GAT GAT ACC TTC GAC CCATGA

tubeZ H7|3L deep freezeroll X 54 SAAIZAY. &4
A FAAZ7]1E o838t 5 mmTorr o8] F
oA HAZ=AZAE 7Z2H FAMA 20~300 mgS 2FAFA
2 2731 sea sand (15~20 mesh, Sigma, USA) 43 o

+
O pZ Jf

HolFa A AE olgal m=a Fab A,

TAF i S FHete] AlEE tubeol] Tl genomic

DNAE FZ3I9th gDNA % B2 cetyltrimethyll-

ammonium bromide (CTAB) & 7|F2o2 33}t

%% DNA°] 2 uLe] RNase (10 mg/mL)S A 7}slo]
RNAE AAG F 20T AR A7HA] Batstith

Multi-locus sequence typing (MLST) £

A. fumigatus®] MLST 41 918l AMS-¥ Zefoln] &
K= Table 294 At zh Zefon] AL & 679 314
¢l annexin-like protein C4 (anxC4), betaine-GABA transporter
1 (Bgtl), catalase 1 (CATI), Lipase (LIP), mating-type protein
(MATI-2), zinc finger RNA binding protein 2 (ZRF2)2] %471
MEE 7128 7]E ATeA TrRlE ZefolwE A%
3 A8 tHBain et al., 2007). PCR &2 24L&
Prime Taq Premix 10 uL, B¢ 573 5 pL, 10 pmol -2}
oln] =& 2 i, template DNA 3 pL (25 ng/uL)% % 20 pL
2 PCR ¥h3-&=9] & 9th PCR ¥he 2302 27 ®
Z(initial denaturation)< 94 CollA] 5%, ¥AJ(denaturation)
2 94CoAA 13, Zetol Z3Nannealing)> 60T ol 4]
13, 2174Wk-S(extension)> 72°ColA] 17222 35%] WS}

(e}

gom ulxEo g 72CoA 108 5t FTE3F T 4T

o245 PCR g AHE2 1% agarose gel’doll A 21719
Fo & &QI%k & Accuprep PCR purification kit (Bioneer,
Korea)E ©]-83to PCR W3 2h=-& AAl8k3lch 94714
o #2412 vl ZA(Macrogen, Korea)ol| 2]#]3te] w415}
Stk 7MY B AAES 7122 47k gyt
o gt FHAES A fumigatus MLST database (http:/
www.pubmistorg)E ©]-&3F1 L, & 6712 HHFHA
AR S 2gste] ZF 7o) STE A3t 67119 o
Hrdak T ee shv o) o] 717 o gl
2 STR EHF3I3ich

Nucleotide substitution & SM& ot EM

A i o7l FAke] 7D 240l 9kRE 5
Axte] A7IME ztolE w48 flal % F E<ld
67 EAFHAF 2ol 47141 E-& Molecular Evolutionary
Genetics Analysis (MEGA) v. 7.0 X 21388 Z3|| Z 4,360
bpe] Ato]=7} B =S shte] mhelw AgbetgiaL, AgtE
A7IME JRE ©]83) 1,000 boostrap replication 5712
I unweighted pair group method using arithmetic average
(UPGMA) dendrogram< A3/33} A. fumigatus 917325
7+ 2po]Z E-2131 thBain et al., 2007). 472 cluster -
T 2 AEE T A7) #1380 cut-off limitS 0.1 genetic
distance= A ste] LA 3T
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571 el AT F 8U(258%)2-E S (pus)S
a4 1 EeE 95 swab AA FA7F 37(9.7%), AAo] 24
(6.5%), ¥, 7 FH|E, 220l 717t 1132%)S XS
3 ek EF7] AA FUE 0% ol e R P B vl
L5 YEFITKTable 1).

olAL ZFMIC| EF0 E A fumigatus®| 22| HIE

B Aqto| A AV F 3170 4. fumigatus Y32
3 Aue 23R 557 A4 FAt 5 A%

o= M 1AGs T, 71 BENN TA226%). 7B PCRE 38t MLST 24 |RAXIe| 5% Ant
2ol 274(6.5%), 71 BAHEAH A 27(6.5%)S E&ataL % 31709 4. fumigatus D732l g MLST ¥4
Table 3. MLST allele types and sequence types (STs) of A. fumigatus clinical isolates
Sgain Target genes / Allele types ST Clusters

0. anxC4 Bgtl CATI LIP MATI-2 ZFR2

1 2 3 2 1 1 1 USTS5 D

5 1 1 3 1 1 1 ST14 A

7 1 1 3 1 2 1 UST7 B
18 1 1 1 1 1 1 ST1 A
19 1 3 3 1 6 (new) 2 UST12 B
31 1 3 2 1 2 2 STS C
33 1 3 2 1 1 2 UST3 D
36 1 1 3 1 2 2 UST8 B
40 1 1 3 1 5 1 ST42 A
43 1 3 2 1 1 5 UST4 D
62 1 1 2 1 6 (new) 1 UST1 C
82 1 1 3 1 1 1 ST14 A
104 2 1 7 1 6 (new) 1 UST14 C
105 1 3 3 1 1 2 USTI11 A
107 1 1 3 1 5 1 ST42 A
112 2 1 2 2 1 1 UST2 D
120 1 1 2 2 2 1 ST7 C
123 1 1 3 1 5 1 ST42 A
125 1 1 3 9 (new) 5 1 UST9 A
126 6 3 2 1 1 5 UST6 D
127 2 1 3 2 1 1 UST10 A
184 1 3 2 1 2 1 ST3 C
185 2 1 3 1 1 1 ST9 A
187 1 3 3 1 2 1 ST19 B
190 1 9 (new) 3 1 1 1 UST13 A
198 1 3 3 1 1 1 ST21 A
199 1 3 2 1 2 2 ST5 C
224 1 3 2 1 2 2 ST5 C
229 1 3 2 1 2 2 ST5 C
230 1 1 3 1 2 2 UST8 B
231 1 3 3 1 2 1 ST19 B
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@Z}E— anxC4, Bgﬂ, CATI,
LIP, MATI-2, ZRF29}.31, ©]& 67l 3% housekeeping Tl

frA=}te] DNA 017%1 2 Z}7} 310~900 bp HJHOE‘ °©
EL b g5l daiM= o7l idrdAks 295kl F
4360 bp] H7IAEE Rl

CHERMAIL| M B9 M Z19} sequence type

o %

MLST &4 23} F 20709 T 915 &lsiie
v, oA 2971 A8 ) Hd A allele)=  anxC4

a7, Bgtl 27V, CATI 67N, MATI1-2 47\, LIP 27N, ZRF2 271 %}

om, o] T 5/ ol HauEA &2 M2 udAd
5219131, LIP, MATI-2, BgtIo| A A= Ack B3k 7 o)
Had2be] gl webd A fumigatus ST1, ST3, STS,
ST7, ST9, ST14, ST19, ST21, ST42, undetermined ST (UST)1,
UST2, UST3, UST4, UST5, UST6, UST7, USTS, UST9, UST10,
USTI1, USTI12, UST13, USTI45 ¥3al % 23714 <] ST
7F ERIFAAL, o] F 7|Eol HawA] eF A2 ST
UST1H-E] UST147H4] & 147FA1 2 E1%] A THTable 3).
2 ATllA FRlE F 147H419] 4. fumigatus ST 5 STS
} 4—.—(129%)01]/‘1 FRlslo] 71 B XS B,
© & ST427} 3559.7%), ST14, ST19, UST8®] z}7t
2T(65%)4 XS YERoH, v 1871¢] ST+ 7}
7H 158 ¢] B2 eI UK Table 3).

mlm

mlm
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A

Cluster

| 231 B
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I D

02

Genetic distance

Fig. 1. Phylogenetic tree generated from each A. fumigatus clinical isolate.
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A. fumigatus YAEE|#Z 7 A 2N

Cut-off 34S 0.1 genetic distance®. 273+ A, fimigatus
A TFES B4 A=, IA 4719 cluster® 75

2tk Cluster Aol ST1, ST9, ST11, ST14, ST21, ST42,
USTY9, UST10, USTI1, USTI3ZS ¥3ta] & 1271(38.7%),
cluster Boll&= ST19, UST7, USTS, USTI2E ¥3tal & 67
(19.4%), cluster Coll <= ST3, ST5, ST7, USTI1, UST14& X3}
3l & 870(25.8%), cluster Dol = UST2, UST3, UST4, USTS,
UST6E 223l 5 57H(16. 1%)4 AT T e S
fc_a}g_o]_oﬂ\:]. o xqzq oq_;,]_ﬂ e] §J— ﬁq. OIALZJHQ]_,Q]
A¥HES T YehA = F3AIT cluster A9 Bell
23 18719 BT F 167(88.9%)v o] AA)
fAdon, UHA 253:11.1%)= HEE7] AA A
t}. Cluster CZ Doll ¥3r% 13719 AEEF 5 75
(53.8%)= =571 A FEAL, WA 6546.2%)= Hl
3571 AA %ﬂlo‘—% 3l 4= ATHFig. 1). AAH L
2 7Y FEdoeEiy fed dFEe] e Y

cluster ol Hx]t;;% solsan).

|_
Mt

oA ALl Aspergillus 2] F T-Eo] vl§- o1
+ A7 2d Ao A v} B3, A fumigatus
o} o]9] FAF HF A lentulus 7+ TS 3 AR93
o] Wol7} B2 5H9E Mg d7IMdS vug 4
-7} A (Balajee et al., 2005), RFLP HHoll <)) 4.
Sfumigatus®] 57 A7} A udagawae= vH AHEIE Q)
S th(Balajee et al., 2006).

HANE A fumigatus®] o7 T+
Fol= WO = restriction fragment length polymorphism
(RFLP) typing, randomly amplified polymorphic DNA (RAPD)
typing 12| 3L Southern blotl] ©]$+ DNA fingerprinting 3
o] AR&H Atk sHAIRE, o] 2] F W E2 MLST ol
Hste] thdd Woll A gds] "ol Zlow vkt
(Anderson et al., 1996; Gil-Lamaignere et al., 2003; Balajee et
al., 2006). =38 Candida albicans (Bougnoux et al., 2003), C.

o

A APge T

glabrata (Dodgson et al., 2003), C. tropicalis (Tavanti et al., 2005),

C. krusei (Jacobsen et al., 2007), Cryptococcus neoformans var.
gattii (Halliday and Carter, 2003), C. neojbrmans var. grubii
(Litvintseva et al., 2006) 53 72 & Zit FollA 54
2 AT BAS 98] MLST HHHS 4318k Maed7)

ol UM, 7oA A
%= MLST ¥ 71 hnte
el ohe AP %‘%3} O ZEAE Folaat
g AlEEo] o]ojAaL 9}
etal., 2010).

AT = = 3AF Hle] Sakm e el
Ho] KCMFol 71859 = & 31709 4. fumigatus
el A Alge] ded A4S 98 MLSTE
Ttk Aol A AFH| = wkek 2ol F 3174
o] AT F 23709 STR Frgol wet 5 =
7holl A EElEE T T Aol M A Aol

mf- el vehd = dles B0 = ek 54,

fungatus ST7} TEINE EF 3R A Az 7+

o] A Ayl AHow FAFTH

AR A FAFo] W FE] STHEeE Bl
;1.141 7]-oﬂ o]] EH 3k { 9‘_%94 7131.;\] =i g'ﬂt‘ﬂ—x% E/\éo]
A WsiA QA ke gl 2 <l

FINA 2V B AR RelEe 7
== 7

il

apgel Hl% T e - 9188 & 4 3l
—

[e}

e BE5= 4 fumigatus] 75 7 ATA
2 RUHY Foax wuelA fae o

A. fumigatus STE 7| E] 01]“0]'3 e 7 ds Blow
ek oS 1/}0}7}’\1L 1A 23t A5
@ A8 B T

o B2 =%l 2 5 s AoR Alsd.
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