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Probe-based qPCR Assay for Rapid Detection of Predanant
Candida glabrata Sequence Type in Korea

Jinyoung Baé, Kyung Eun Le€™ and Hyunwoo Jin™**

Department of Clinical Laboratory Science, College of Health Sciences,
Catholic University of Pusan, Busan 46252, Korea

Recent years have seen an increase in the incidémamdidiasis caused by nalticans Candida (NAC) species. In
fact, C. glabrata is now second only t@. albicans as the most common cause of invasive candidifisesefore, the
rapid genotyping specifically faE. glabrata is required for early diagnosis and treatmentasfdidiasis. A number of
genotyping assays have been developed to diffete@tiglabrata sequence types (STs), but they have severaltionisa
In the previous study, multi-locus sequence tyMbST) has performed with a total of 1L glabrata clinical isolates
to analyze the prevale@t glabrata STs in Korea. A total of 11 differe@t glabrata STs were identified and, among them,
ST-138 was the most commonly classified. Thus,\elnarobe-based quantitative PCR (qPCR) assay emsaped
and evaluated for rapid and accurate identificatibthe predominart. glabrata ST-138 in Korea. Two primer pairs
and hybridization probe sets were designed foathglification of internal transcribed spacer 1 (] &gion andRP1
gene. Analytical sensitivity of the probe-based BRSsay was 100 ng to 10 pg and 100 ng to 100gpd.(fh.), which
target ITS1 region an@RP1 gene, respectively. This assay did not react avith otherCandida species and bacteria
exceptC. glabrata. Of the 101 clinical isolates, 99 cases (98%) wereordant with MLST results. This novel probe-
based gPCR assay proved to be rapid, sensitivdylspecific, reproducible, and cost-effective tluimer genotyping
assay folC. glabrata ST-138 identification.
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2018).
INTRODUCTION Although C. albicans is still the major cause of candi-
diasis, in recent years the number of infectionssed by
Candidiasis is a widespread fungal infection calsed nonalbicans Candida (NAC) species has increased (Ho
various Candida species, especially in acquired immune and Haynes, 2015). Among the@,glabrata has received
deficiency syndrome (AIDS) patients, immunocompse®di  considerable attention as one of the most commuaseaaf
individuals, patients with hematopoietic stem cetlergan  invasive candidiasis (Shahrokhi et al., 2017). fioetality
transplantations, and those who present undenshgilar  rate associated with candidemia by infection @ithlabrata
heart diseases or have received long-term anthiferapy  is also becoming higher than with any other NACcE®e
(Bineshian et al., 2015; Rezazadeh et al., 201#f; €ral.,  because of its resistance to azole antifungal ag€athar et
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al., 2017). Furthermore, with rapidly expandedafsechino-
candin as the primary treatment for invasive cdadis|,
echinocandin resistance @ glabrata has posed a serious
clinical challenge (Zhao et al., 2016). In spitatefgrowing
prominence, however, little is known of the popolat
structure, epidemiology, and basic biology@fglabrata
(Dodgson et al., 2003).

It is essential to develop DNA fingerprinting medto
which can assess genetic distance between indepésule
ates in broad epidemiological studies (Abbes g2all0).
A number of DNA fingerprinting methods have been de
veloped to differentiat€. glabrata strains, such as random
amplification of polymorphic DNA (RAPD) (Becker &k,
2000), pulsed-field gel electrophoresis (PFGE) (tiral.,
2007), multi-locus enzyme electrophoresis (MLER)j¢P
et al., 1997), multi-locus sequence typing (MLSIOt et
al., 2010), and multi-locus variable-number tandepeat
analysis (MLVA, also known as microsatellite aneys
(Abbes et al., 2012). Above all, the sequence-bamstod,
MLST analyzes five to seven selected housekeepgngsgy
for single nucleotide polymorphisms (SNPs) (Besdled
Subik, 2010; Enache-Angoulvant et al., 2010). Hawev
these approaches have several limitations. Althdahgbe
genotyping methods can discriminate between closkited
strains, they are costly, time-consuming, have taepro-
ducibility, and require highly trained clinicianarfproper
execution (Essendoubi et al., 2007). In order ®rayme
these limitations, a novél. glabrata genotyping method is
required.

In the previous study (Kang, 2017), MLST was penfed
with a total of 101C. glabrata clinical isolates to analyze
genetic polymorphisms and investigate the mostgieat
sequence types (STs) in Korea. In a total of 3t&d&e-pair
DNA sequences, 49 variable nucleotide sites wenedoA
total of 11 differentC. glabrata STs were identified, and
among them(. glabrata ST-138 was the most common
(53%). Each ST has a number of nucleotide differenc
between alleles; therefore, these polymorphic sisgsbe
utilized for PCR-based molecular assays (Pérezelznsa
al., 2013).

Table 1. Origin of C. glabrata clinical isolates used in this study

Origin of clinical isolates Number of cases

Blood 64
Urine 14
Bile 8
Otherd 14
_2 1
Total 101

D Ascitic fluid, joint fluid, pleural fluid, tissuete
2No clinical information

less setup cost, shorter turnaround time, and depiloility
(Foongladda et al., 2014). In addition, amplifcatieactions
and data analysis are processed in a closed-tuensy
eliminating the post-amplification step and redgathances
for cross-contamination (Navarro et al., 2015).

In this study, a novel probe-based qPCR assay was d
veloped for rapid and specific identification Gf glabrata
ST-138 from other STs in Korea. Its performance evas-
uated with a total of 10C. glabrata clinical isolates provided
from Korean Culture Collection of Medical Fungi (KIE,
Daejeon, Korea).

MATERIALS AND METHODS
Clinical strains

Atotal of 101C. glabrata clinical isolates were provided
from KCMF (Daejeon, Korea) and those isolates wete
lected from Asan Medical Center, Seoul, Yonsei ©rsity
Wonju Severance Christian Hospital, Wonju, The Glath
University of Korea Seoul St. Mary's Hospital, Seand
Chungbuk National University Hospital, Cheongju r&am
Clinical isolates were isolated from a wide varighyclinical
samples, including bloodstream, catheterized utlile,
and other body fluids (Table 1).

Genomic DNA extraction

Genomic DNA (gDNA) fromC. glabrata clinical isolates
was extracted using a I-genomic BYF DNA Extraction
Mini kit (iNtRON Inc., Seongnam, Korea) accordimgthe

Quantitative PCR (qPCR) assays have advantages ovemanufacturer's instructions (Da Silva-Rocha et24114).

other PCR-based molecular assays, such as higtsiivy,

Briefly, cultured yeast samples were added#206f MYP
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Table 2. Uploaded MLST status of ne®. glabrata sequenc
types

Asging‘ed FKS LEU2 NMT1 TRP1 UGP1 URA3
ST-138 3 2 4 3 3 4
ST-139 22 3 50 1 8
ST-140 8 22 3 5 1 2
ST-141 10 21 14 50 1 9
ST-142 7 17 11 10 5 9
ST-143 5 17 3 50
ST-144 5 17 8 7 14 6

YSequence type.
All sequence types indicated in this table are howbinations
of existing database

buffer and 2L B-mercaptoethanol. After incubation at@7
for 15 min, the samples were centrifuged and thmersu
natants were removed completely. Then the sampges w
lysed by 10QuL of MP buffer and 2uL lyticase solution
(4.2 unit(iL). After incubation at 3T for 15 min, the sam-
ples were centrifuged and the supernatants wecardisd,
and added 20QL of MG buffer, 20uL of proteinase K
solution (20 mg/mL) and pL of RNase A solution (10 mg
/mL). The samples were incubated af®3or 30 min for
complete yeast lysis. The lysates were addeqiR®s® MB
buffer and 25QuL of 80% ethanol. Portions of the lysates
were transferred to column in 2.0 mL collectionetudind
centrifuged. After washing stages, the gDNA wateelby
adding EB buffer. The concentration and puritytef gDNA
was checked by 260/280 optical density using a biamo
2000 Spectrophotometer (Thermo Scientific, Wilmamgt
DE, USA) (Da Silva-Rocha et al., 2014).

MLST analysis for identifying sequence type ofC.
glabrata clinical isolates

Table 3.MLST status ofC. glabrata isolates

Sequence type (ST) by MLST  Number of isolates
ST-138 54
ST-63
ST-22
ST-139
ST-55
ST-43
ST-140
ST-141
ST-142
ST-143
ST-144
Total

N
~

P P PP NN WO

101

the strains were defined according to the six MU&T.
Each unique allele profile was designated as ar&il€ 3).

Design of primer pairs and hybridization probes

For identification ofC. glabrata ST-138, the two primer
pairs and hybridization probe sets were designeddian
alignments of the ITS1 region, the conserved relgiiween
the 18S and 28S ribosomal RNA (rRNA) and Pl
gene ofC. glabrata, respectively, from the National Center
for Biotechnology Information (NCBI) database. Ol
primer pairs and hybridization probes were desigmgd
using Primer 3 (v. 0. 4. 0) online software (Roetral.,
2012). The characteristics and the sequences opriwer
pairs and probe sets are shown in Table 4. Twogpniairs
(CgITS and CgTRP) recognized a 144 bp region ofLITS
and a 126 bp region @RP1 gene ofC. glabrata. Two hy-
bridization probes (Cf/Pan and Cf/138) were alssigihed
by labelling different fluorophores (FAM and CY%)%end,

MLST was performed using a procedure described preand non-fluorescent quencher (BHQ1 and BHQ3) end,

viously (Kang, 2017). The six housekeeping gergnfients
including FKS LEU2, NMT1, TRP1, UGP1, and URA3
were selected for MLST analysis. The reaction prtslu
were purified and sequenced at Macrogen Inc. (Dagje
Korea). The obtained molecular sequences were zathly
by using theC. glabrata MLST databases (http:/jpubmist.org
/cglabrata/) (Dodgson et al., 2003). The allelefileso of

respectively.
Probe-based gPCR assay

Two-tube TagMan probe gPCR assay was carried out
on the ABI 7500 Fast Real-Time PCR system (Life-
Technologies, Waltham, MA, USA). Target amplificati
was performed in 2(L reaction mixture containing L
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Table 4. The primers and hybridization probes sequenceabdaPCR assay

Name Sequences (5'to 3') Amplicon size (bp) Taeggon
Primers
CgITS-F TCTGGGGAGGACCAGTGTAG 144 S
CgITS-R ACACTCCCAGGTCTTTGTCG
CgTRP-F AGCTATCTCAGACCTACTAC 126 TRPL
CgTRP-R ATCCCGCAAACTTTTACCAG
Hybridization probes
Cf/Pan CY5-GAATGCTATTTCTCCTGCCTGCGCT-BHQ3 ITS
Cf/138 FAM-ACCAACACACCAACAAGATGTCATTTG-BHQ1 TRP1

GroupName |+ #/* * #*# = &+ 2+ % 2 a s xs

TRP1_ref TTTTGTA LT.TT TGGTAACG _.—'CCTLCT—'TCTT»T;;ﬂ_CT;-TLC;
sT-22 TTTTGTA sATlTTATGGTAACSG 3ACCTACTARITCTTATAGAGCTGTACA
ST-43 TTTTETA ATETTATGGTAACG AGACCTACTABTCTTATAGAGCTGTACA
ST-55 TTTTGTA sATHTTATGGTAACSG CCTA TAGAGCTGTACA
ST-63 TTTTGTA ATHTTATGGTAACG ccT TAGAGCTGTACA
ST-138 TTTTGTACAGAAAATGATETTATGGTAACG CCTA TA GCTGTACA
ST-139 TTTTGTA cATETTATGGTAACG CCTA TA GCTGTACA
ST-140 TTTTGTA ATETTATGGTAACG 3ACCT TA 3CTGTACA
ST-141 TTTTGTA ATlITTATGGTAACE AGACCTA TA 3 CT ACA
ST-142 TTTTGTA ATGATETTATGGTAACG ATHTCAGACCTA TAGAGCTGTACA
§T-143 TTTTEGT \_;LT’TT;T];.T;.- G A ;TﬁTcL_,;CCTA TA BGCTBTACA
ST-144 TTIT6&] ATETTATGGTAACGA ATETCAGACCTACTARTCTTATAGAGCT ACA

Fig. 1.C. glabrata ST-138 specific sequencesTRP1 locus in Multi-align analysis.

THUNDERBIRD® Probe gPCR Mix (Toyobo, Osaka, Japan),C. albicans, C. glabrata, C. tropicalis, Saphylococcus aureus,
4.5l of ultrapure water, 1L of each primer (10 pmol/ andEscherichia coli. Atotal of 11C. glabrata STs were used
uL), 0.5uL of each hybridization probe (10 pmdl), and  to determine the specificity of the gPCR assaylétection

3 uL of gDNA template. The cycling conditions of gqPCR of TRP1 gene: ST-22, ST-43, ST-55, ST-63, ST-138, ST-139,
were as follow: 2 min incubation at 85 35 cycles of 10  ST-140, ST-141, ST-142, ST-143, and ST-144. Eadki4gD
sec at 98° and 45 sec at 63. A positive result was in- samples were assayed by the same procedures fiir@ie
dicated when the cycle threshold (CT) value was flesn  assay application.

30 after observing signal formation of a wavelerfgim

each channel (FAM and CY5). RESULTS

Determination of analytical sensitivity and speciftity Sequence type ofC. glabrata clinical isolates

The limit of detection (LOD) of the gPCR assay loé t With a total of 11C. glabrata STs, seven of which were
ITS1 region andRP1 gene was determined through the useidentified as new STs that were not discoveredhénpre-
of a 10-fold dilution [100 ng, 10 ng, 1 ng, 100 ©@,pg, and  vious study. These data of n€wglabrata STs were up-
1 pg (per uL)] along a standard curve of gDNA isolated loaded and assigned@andida glabrata MLST Databases
from C. glabrata ST-138. Each dilutions were tested in (https://pubmist.org/cglabrata/) (Table 2).
triplicate, and the LOD of the gPCR assay was detexd The data demonstrates that the ST-138 was thepmost
as the dilution at which all replicates were pusiti dominant ST in this study as a total of 54 clinisalates

Atotal of five different strains were used to detiee the  were contained in this ST, and the following mosg-p
specificity of the qPCR assay for detection of IT€dion:  dominant ST was the ST-63 as a total of 24 clingdhtes

-410 -



1 10 20 30 40 50 60 70 80 90 100 110 120 130

| e - ————— e ———_—— - ————— e e ————
ITS_ref GAAGGATCATTARAGAAATTTAARTTGATTTGTCTGAGCTCGGAGAGAGRCATOTCTGGGGAGGACCAGTG
Cf/Pan

TRAGACACTC|

CgITS-F Forward primer [TCTGGGGAGGACCAGTGTA
CgITS-R

CONBBNBUS  uvssesssorstsncesssssstsssssssssestesssstssstsssssstssttteetstsssttse sttt estesstetsettsetesrsstststnstsstssstsssstssssstsssssssse
13 140 150 160 170 180 190 200 210 220 230 240 250 260
T ]

ITS_ref CGCTIARGTGCGCGGTTGGTGGGTGTTCTGCAGTGGGGGGAGGGAGICGACARRGACCTGGGAGTGTHECGTGGATCTCTCTATTCCARAGGAGGTGTTTTATCACACGACTCGACACTTTCTARTTACTA
Cf/Pan CGCT

CgITS-F )

CgITS-R Reverse primer |CGACARAGACCTGGGAGTGT)

CONSENSUS  suvvercraneescnsrccssssssssrsssesrsossssssssssssssssssrsessasssssssssssessssssssesssssssssessssssesssssssssrssssssssssessssssssnne
261 270 280 290 300 310 320 330 340 350 360 370 380 390
| !

ITS_ref CACACAGTGGAGTTTACTTTACTACTATTCTTTTGTTCGTTGGGGGARCGCTCTCTTTCGGGGEGGAGTTCTCCCAGTGGATGCARACACARACARATATTTTTTTARACTARTTCAGTCARCACAAGAT
Cf/Pan
CgITS-F
CgITS-R

CONSBNSUS  1ocveescssesseresssserssrssresssrsssessesssssssesssssessessssssssssstsssssessessessssssssssesssssssssssssssssssteasessessassessane
391 400 410 420 430 440 450 460 470 480 430 500 510 520
| + I

ITS_ref TTCTTTTAGTAGARARCAACTTCARARCTTTCARCARTGGATCTCTTGGTTCTCGCATCGATGARGARCGCAGCGARRTGCGATACGTARTGTGARTTGCAGAATTCCGTGRATCATCGARTCTTTGARC
Cf/Pan
CgITS-F
CgITS-R

COMBONBUS  ccccccccccccecsecsessssescesssnstseeesessesesssessssssssesssssssssssssssssesssstesessssesssessesssssessssstscsscesssssasesscsssses

Fig. 2. Multi-alignment analysis of forward primers, reseprimers, and hybridization probes based oremfer TS1 gene sequences.

1 10 20 30 40 50 60 70 80 90 100 110 120 130
I L
TRP1_ref RAAGCTTGTTCACATCCTTATCGGAATTGTTCCAGCGTTTTTGTACAGARARTGATGTTATGGTAACGAGCTATATCAGACCTACTAGICTTATAGAGCTGTACAGAGTCTTGGARRCATAACCAARCACAC
Cf/138 Probe |ACCAACACAC
CgTRP-R
CgTRP-F Forward primer |AGCTATCTCAGACCTACTAC
COMBONBUS  souscose0080000s0000800000000000080000888008060000800008008800888060080000000000000000s8800008s8s00800s0000s808sssssesssssssssansss
131 140 150 160 170 180 190 200 210 220 230 240 250 260
1 I
TRP1_ref CAACARGATGTCATTTGATTCGTTACTCGACARGARTGATARGCTGGTAAAAGT TTGCGGGATYCAARCCGTCGAGGCTGCCGARACTGCGCTTCARGCAGGCGCTGATTTGATAGGGATCATATGTGTC
Cf/138 CAACAAGATGTCATTT
CgTRP-R Reverse primer [CTGGTARAAGTTTGCGGGAT|
CgTRP-F
CONSENSUS  ereeersererseressserseressessssssssssessstesssstssrsssssresstessetsessesssestsesrssssressesssserssssssssessssssssesssssessssssrses
261 270 280 230 300 310 320 330 340 350 360 370 380 330
I I
TRP1_ref CCCARCAGGARGCGGACTATCGAGAGCGCTGTGGCTCGTGAAATATCCARATTGATTCACARATCAGGTACTACARAGCTGGTGGGGGTGTTCAGGARTCARTCTGTTGAGGACGTACATCGGCTTTCTG
Cf/138
CgTRP-R
CgTRP-F
CONSeNSUS  c.ecesseccsssscnccsssnscee cesssrene sesssessetestsessttesssttrsatrstirerernsseresrree cesssssssersas .
391 400 410 420 430 440 450 460 470 480 490 500 510 520
1 I
TRP1_ref AGGAATATGACCTTGACATAATCCARTTACATGGTGATGARTCATGGCCAGAGTACTATARCGTCATTARGARACCAATAARTCARARGAGTCATATTCCCTAGAGATGTCGATGTTGTARCACAAGTGTG
Cf/138
CgTRP=R
CgTRP-F

CONSensus ...sceesesscsscssss seseese sessssssee ssessssssssssss esssssssssse sssssessess e EessesstIsetesesttstestestesss B

Fig. 3. Multi-alignment analysis of forward primers, reseprimers, and hybridization probes based onerefefRP1 gene sequences.

were contained in this ST. In addition, this stoiyained  gene was determined through the use of a 10-faltici
the ST-22, ST-55, and ST-43 were as a total of &n@ 2  [100 ng, 10 ng, 1 ng, 100 pg, 10 pg, and 1 pg Iper)]
clinical isolates were contained in respective 60 the ST-  along a standard curve of gDNA isolated frGnglabrata
139 was identified in 6 isolates. The ST-140 wastified ST-138. The LOD of the gPCR assay of the ITS1 regio
in 2 isolates and the remaining STs (141, 142, d48, was 10 pg (per LL) (Fig. 4A). The G values for each
144) were classified only once each (Table 3). sample concentrate ranged from 15.898 to 30.043LTD
of the qPCR assay of tH&P1 gene was 100 pg (pepl)
(Fig. 4B). The € values for each sample concentrate ranged
from 21.358 to 32.382. The average W@lues for each
The LOD of the gPCR assay of the ITS1 regionTareil sample concentration are shown in Table 5.

Analytical sensitivity and specificity of probe-basd
gPCR assay
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Fig. 4.Limit of detection of real-time PCR assayThe LOD of real-time PCR assay of the ITS1 regiodTRP1 gene was determin
through the use of a 10-fold dilution [100 ng, $0hng, 100 pg, 10 pg, and 1 pg (paL)] along a standard curve gDNA isolated fror
C. glabrata ST-138. (A) the LOD of real-time PCR assay of [ffi81 region was 10 pg (peni). (B) the LOD of realime PCR ass:
of theTRP1 gene was 100 pg (ped).

Ampilification plot

80,000 ¢

S. aureus
E. coli

70,000 ¢

~—— C. albicans
60,000 | C. glabrata
= C. tropicalis
50,000 ¢ . g - .
/ Fig 5. Specificity of real-time PCR
& 400007 assay for detection of ITS1 region.
20000 Atotal of five different strains were

used to determine the specificity
] the real-time PCR assay for detection
1o,ooo~3 " g of ITS1 regionC. albicans, C. gla-
; :’V._—_— - brata, C. tropicalis, S aureus, andE.
g coli. The ITS1 region-specific primers
T2 4 6 & 10 12 14 16 18 20 2 24 26 28 30 2 34 detectecC. glabrata accurately with-
Cycle out cros-reaction

20,000 ¢
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Fig 6. Specificity of realtime PCR
assay for detection ofTRP1 gene.
A total of 11 C. glabrata STs wert
used to determine the specificity
realtime PCR assay for detection
TRP1 gene: ST-22, ST-43, ST-55, ST-
63, ST-138, ST-139, ST-140, ST-141,
ST-142, ST-143, and SMA4. The
TRP1 genespecific primers detect

C. glabrata ST-138 accurately without
cros:-reaction

28 30 32 34 36

Table 5. Analytical sensitivity of the gPCR assay

Table 6.Result of the gPCR assay

Concentration Ct Mean
(nghL) ITS region TRP1 gene
100 15.8980.51 21.3580.26
10 19.4410.42 24.865:0.26
1 22.825:0.21 28.2440.19
0.1 25.73%1.10 32.3821.10
0.01 30.043:0.32 nd
0.001 nd n.d

Y'Not detected

Atotal of five different strains were used to detee the
specificity of the qPCR assay for detection of 1T&dion:
C. albicans, C. glabrata, C. tropicalis, S aureus, andE.
coli. The ITS1 region-specific primers detecedjlabrata
accurately without cross-reaction (Fig. 5). A taifll1 C.

Sequence Total Target - .
type (ST) samples  region Positive Negative
ITS 54 (100) 0(0)
ST-138 54
TRP1 52(96.3) 2(3.7)
ITS 24 (100) 0 (0)
ST-63 24
TRP1 0(0) 24 (100)
ITS 23 (100 0(
Otherd) 23 (100) ©)
TRP1 0(0) 23 (100)

122,43, 55, 139, 140, 141, 142, 143, and 144

143, and 144), all assays were positive in targetive
ITS1 region and were negative in targeting TRP1 gene
(Table 6).

DISCUSSION

glabrata STs were used to determine the specificity of the

gPCR assay for detection ®RP1 gene: ST-22, ST-43, ST-
55, ST-63, ST-138, ST-139, ST-140, ST-141, ST-$42143,
and ST-144. ThRP1 gene-specific primers detectéd
glabrata ST-138 accurately without cross-reaction (Fig. 6).

Performance of probe-based gPCR assay @ glabrata
clinical isolates

A total of 101 gDNA samples froi@. glabrata clinical
isolates were used for the gPCR assay. In a tbtadl €.

Candidiasis is a fungal infection caused @gndida
species that features various clinical expressiaokiding
superficial, mucocutaneous, and invasive infegtitamacho-
Cardoso et al., 2017). Althou@andida species are com-
mensal organisms that presented in healthy indilsdand
in the natural environment, some of these fungiemome
opportunistic pathogens induced by alteration i flst
environment, especially in immunocompromised pégien
(Sadeghi et al., 2018}. albicans remains the major cause

glabrata ST-138 cases, all were positive in targeting theof candidiasis; however, infections by NAC spetiase

ITS1 region, and 52 cases (96.3%) were positivetand
cases (3.7%) negative in targeting T®1 gene. In a total
of 47 cases of other STs (22, 43, 55, 63, 139,140,142,

also increased, recently. Among them, the inciderfide.
glabrata infection ranks second iBandida species with a
high mortality rate, and it is resistant to antgahagents
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(Becker et al., 2000). Notablg, glabrata has a wide min-
imum inhibitory concentration (MIC) range 82 ug/mL)
for fluconazole susceptible-dose dependence (SD) w
no MIC cut-off for the susceptible range, accordimghe
Clinical and Laboratory Standards Institute (CLBfwever,
despite fluconazole's wide MIC rang@ glabrata has dem-
onstrated reduced susceptibility and high-levestasce to
fluconazole therapy (Whaley et al., 2018). The aiiyt
rate of candidemia caused Byglabrata is also increasing,
becoming higher than other NAC species due toteegie
to azole antifungal agents (Gohar et al., 2017}5pite of
its growing prominence, little is known of the ptgiion
structure, epidemiology, and basic biology@fglabrata
(Dodgson et al., 2003).

In order to investigate the epidemiology of thesthp-
gens, it is crucial to perform genotype analysi€djlabrata
(Paluchowska et al., 2014). Several genotypingyassae
been used to differentia glabrata. PFGE compares total
DNA banding patterns with or without restrictiorzgme
digestion. MLEE discriminates genetic variationstloé
DNA products for a number of loci. RAPD comparesda
ing patterns following PCR with a non-specific peimThe

during infection in humans, unlike the usually diglCan-
dida species. However, little is known about the refadi
ship between the genotypic variation and antifuttgzdapy
among isolates of. glabrata (Shin et al., 2007). It is im-
portant to discriminate the most prevalent ST bsedbe
investigation of its virulence factor, resistanmedntifungal
agents or possible routes of transmission cantasdise
prevention of pathogenic fungi (Paluchowska et8l14).
For this reason, we developed a novel genotypintiade
for rapid and accurate identification 6f glabrata ST-138
using a probe-based qPCR assay. qPCR assays kave ad
tages such as rapidity, high sensitivity, lesspsetst and
reproducibility (Takahashi et al., 2017). The rRNéne
operon, encoding the 18S, 5.8S, and 28S rRNA géne s
units, ITS1, ITS2, and ITS4 are commonly used fiecHic
identification of Candida species in PCR-based assay (Silva
etal., 2012). One of the housekeeping genes asaddlysis

C. glabrata ST in MLST, theTRP1 gene has unique poly-
morphic sites that can identify ST-138 accurateffy.101
samples, 99 (98%) were concordant compared withMLS
results. The results of sequence analysis of twaples
were uncertain which specifically targeted TR¥P1 region.

sequence-based methods, MLST analyzes five to seveBecause thdRP1 gene specific primer targets only two

selected housekeeping genes for SNPs, whereas VA
amines length variation markers in six to nine R@ified
sequences that contain polymorphic tandem rep&bbeé
et al., 2010; Berila and Subik, 2010; Enache-Anggmnt et
al., 2010; Katiyar et al., 2016). But these methualse sev-
eral limitations, in that they are high-priced,gitonsuming,
and low reproducibility.

In the previous study (Kang, 2017), MLST was perfor
med to analyze prevalefit glabrata STs in Korea. Of a
total of 101C. glabrata clinical isolates, 11 different STs
were identified and, among them, ST-138 was preciainti
Several studies have assessedhglabrata genotype in
Korea by using MLST. In a study by Byun et al. @01
MLST analysis showed. glabrata ST-7 (100 isolates,
47.8%) was the most common type amongQQ§labrata
bloodstream isolates. A comparison betw€erglabrata
ST-7 and ST-138 allele profiles showed only the RHbtus
was different in their overall allelic profiles. Bto its haploid

different polymorphic sites iiRP1 gene, these two incon-
sistent samples require further sequence anatysieturate
identification.

In conclusion, the novel probe-based qPCR assay pro
ved rapid, sensitive and highly specific identifica of C.
glabrata ST-138. This novel genotyping assay can be used
for investigation of epidemiology, virulence factor re-
sistance to antifungal agents of predomir@nglabrata
STs in Korea.
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