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Abstract 

Candida tropicalis is a leading cause of nonalbicans candidemia in tr opical/subtr opical ar eas and a pr edominant genotype of azole- 
resistant C. tropicalis clinical isolates belongs to clade 4. The aim of this study was to r ev eal markers for rapidly identifying the predom- 
inant azole-resistant C. tropicalis genotype. We analysed XYR1 , one of the six genes used in the multilocus sequence typing analysis, 
and SNQ2 , an ATP-binding cassette transporter in 281 C . tropicalis , including 120 and 161 from Taiwan and global areas, respectively. 
Intriguingly, the first 4-mer of codon sequences ATRA of CTRG_05978 (96/119 versus 21/162, P < .001, at phi = 0. 679) and the SNQ2 
A2977G resulting in amino acid I993V alternation (105/118 versus 12/163, P < .001, at phi = 0.81) w as significantl y associated with the 
clade 4 genotype. The sensitivity and specificity of the clade 4 genotype detection with a combination of SNPs of CTRG_05978 and 

SNQ2 were 0.812 and 0.994, respectively, at phi = 0.838. Furthermore , w e successfully established a TaqMan SNP genotyping assay 
to identify the clade 4 genotype. Our findings suggest that to impr ov e the management of C. tropicalis infections, rapidly identifying 
azole-resistant C. tropicalis by detecting SNPs of CTRG_05978 and SNQ2 is promising. 

Ke yw ords: Candida tropicalis ; MLST; xylose reductase; XYR1 ; SNQ2 
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Introduction 

Candida spp. are typically harmless commensal yeasts found in 

v arious envir onmental, human, and other mammalian sources 
(Yang et al. 2012 , Mar ek ovi ́c et al. 2021 , Zheng et al. 2021 ). Within
humans , they pla y a vital r ole as a part of the micr oflor a pr esent 
on the skin, oral, and vaginal mucosa, as well as within the gas- 
tr ointestinal tr act. Ho w e v er, in case of se v er el y compr omised im-
munity, they can transform into opportunistic pathogens, lead- 
ing to illness and e v en lethality (Pfaller and Diekema 2010 ). Can- 
dida infections have increased significantly and have been as- 
sociated with 0.75 million deaths annually, posing serious pub- 
lic health problems (Thune et al. 2016 ). Among Candida spp.,
Candida albicans is the most fr equentl y isolated in hospital set- 
tings (Yang et al. 2010 , Mar ek ovi ́c et al. 2021 ). Ho w e v er, the
tr end has c hanged to w ar d the more treatment-resistant nonal- 
bicans Candida spp. (Yang et al. 2004 , Pfaller et al. 2019 , Kumar 
et al. 2022 ). The pr e v alence of these species may vary based on 

the geogr a phical location. For example, Candida tropicalis stands 
out among the nonalbicans Candida species as the second or 
e v en the most pr e v alent pathogenic yeast in some r egions, suc h 

as Asia and Latin America (Colombo et al. 2006 , Zhou et al.
2016 ). 
Recei v ed 26 April 2024; revised 22 July 2024; accepted 18 October 2024 
© The Author(s) 2024. Published by Oxford Uni v ersity Pr ess on behalf of FEMS. This
Commons Attribution License ( https://cr eati v ecommons.org/licenses/by/4.0/ ), whic
medium, provided the original work is properly cited.
Molecular epidemiological investigation of C. tropicalis can 

e instrumental in identifying its epidemic genotype, potential 
odes of transmission, genetic composition of drug-resistant iso- 

ates , biological habitats , and population structure . T he multilo-
us sequence typing (MLST) has been de v eloped to c har acterize
opulation structures within a species and distinguish geograph- 

cal origins (Tavanti et al. 2005 , Odds and Jacobsen 2008 ). The com-
inations of alleles at different loci yield unique diploid sequence
ypes (DSTs), which enable differentiation and classification of 
enetic relatedness among isolates . T he current MLST approach
or C. tropicalis utilizes six genes, including ICL1 , MDR1 , SAPT2 ,
APT4 , XYR1 , and ZWF1a ( http:// pubmlst.org/ ctropicalis/ ). More-
v er, MLST has been extensiv el y emplo y ed to assess the clonality
f C. tropicalis and ascertain v arious tr aits, suc h as fluconazole sus-
eptibility, hospital-based origins, and anatomical sources. Finally,
he allelic profiles of isolates can be compared by utilizing the on-
ine MLST database to explore diverse geographical origins, drug 
 esistance tr ansmission, and genetic v ariation patterns (Yang et
l. 2012 , Dougue et al. 2022 , Zhou et al. 2022 ). 

Of interest, MLST has been also exerted to uncover that
uconazole-resistant C. tropicalis isolates share the same clade 
 genotype (Tseng et al. 2022 , Zhou et al. 2022 ). These findings
 is an Open Access article distributed under the terms of the Cr eati v e 
h permits unrestricted reuse, distribution, and reproduction in any 
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nderscore the utility of MLST typing as a method for distin-
uishing drug-resistant C. tropicalis isolates. Although MLST of-
ers an easy application in determining genotype of C. tropicalis ,
 need for r a pid identification and more comprehensive charac-
erization of drug-resistant isolates remains vital in the realms
f diagnosis and antifungal stew ar dship. T herefore , this current
tudy endeavored to elucidate the genotypes of one of XYR1
enes, CTRG_05978, and SNQ2 , which is situated 25 kb upstream
rom CTRG_05978 and has been linked to drug susceptibility in
akaseomyces glabratus ( Candida glabrata ) and Candida auris (Torelli
t al. 2008 , Wasi et al. 2019 ) were the potential markers that enable
he r a pid identification of azole-r esistant C. tropicalis , contribut-
ng to the pr e v ention of further dissemination of the predominant
lade 4 isolates. 

aterials and methods 

tr ains isola tion 

andida tropicalis collected from Taiwan surveillance of Antimicro-
ial Resistance of Yeasts (TSARY) studies were described previ-
usly (Yang et al. 2012 , Zhou et al. 2016 ). All yeast strains were
dentified by the sequences of the rRNA as described (Leaw et al.
007 ). To make sure that we have re presentati ve population of C.
ropicalis from our collection to begin with, we analysed at least 10
trains (if there were) each of 11 most common clades including
7 strains having whole-genome data. A total of 120 C. tropicalis
trains, including ATCC750 and 119 from TSARY ( Table S3 ) were
nal ysed initiall y to identify potential markers. To v erify our find-
ngs, we further analysed 161 strains including all clade 4 whole-
enome data that we could find from the NCBI database along
ith 10 other clades that contain the most DST members. 

N A extr action and MLST anal ysis of C. tropicalis
solates 

enomic DNA of each isolate was extracted using a Yeast Ge-
omic DNA Kit (Geneaid) according to the manufacturer’s in-
tructions, and DN A w as quantified using the Qubit fluorometer
T hermoFisher Scientific). T he DNA fr a gments of six genes—ICL1 ,
DR1 , SAPT2 , SAPT4 , XYR1 , and ZWF1a —were amplified and se-
uenced as described in pr e vious studies (Yang et al. 2012 , Zhou et
l. 2022 ). The resultant sequences were aligned with BioNumerics
.0 (Applied Maths , K ortrijk, Belgium) and compared with those in
he database of C. tropicalis ( http:// pubmlst.org/ website ) to deter-

ine the le v el of sequence identities (DST). The primers used are
isted in Table S1 . 

hole genome sequencing 

he high molecular w eight DN As w ere used to construct a multi-
lexing nanopore sequencing library using the Oxford Nanopore
echnologies (ONT) Ligation Sequencing Kit (SQK-LSK109) and
ative Barcoding Expansion Kit (EXP-NBD104), following ONT’s in-

tructions. A standard 72-hour sequencing script was executed on
inKNOW; raw reads were collected then base called and demul-

iplexed using the standalone application, Guppy. 

n vestiga tion of XYR1 by nanopore 

 he ra w reads of 17 C. tropicalis isolates were aligned to the XYR1
ene (XM_002546469.1) using minimap2 (Li 2018 ) to produce reads
ontaining XYR1 . The XYR1 -containing reads were then de novo
ssembled using SMAR Tdenov o (version 1.0) (Liu et al. 2021 ) to
orm contigs. 
The assembled XYR1 -containing contigs were further polished
ith Medaka (version 1.5.0) using the raw reads and rearranged

o maintain the same orientation as the C. tropicalis MYA-3404 ge-
omic scaffold supercont3.11 (NW_003020040.1). The sequence
nalyses for the 17 XYR1 -containing contigs revealed a similar
c hematic r epr esentation of the two XYR1 genes compared to the
YA-3404 strain. 

ultiple sequence alignments and evolutionary 

istances 

fter designing the primer sequences for sequencing the par-
ial sequences of CTRG_05978 and CTRG_05993, we analysed 120
trains of C. tropicalis , including ATCC750, and 119 from clinical
ources . T he XYR1 DNA sequence was aligned using ClustaIW
ultiple alignment in MEGA 10 (Kumar et al. 2018 ). Pairwise ge-

etic distances were separated into intraspecific and interspe-
ific parameters and calculated to characterize both intra- and
nterspecific variation within and between CTRG_05978 CDS and
TRG_05993 CDS by using MEGA10. The statistical significance
 P -v alue), Wilcoxon r ank sum, and signed-r ank tests wer e deter-

ined by R software version 4.1.2 (Wilcox.test package). 

aqMan SNP genotyping 

he TaqMan SNP genotyping assay was performed using Taq-
an Genotyping Master Mix (Applied Biosystems) and the ABI
uantStudio ™ 6 Flex System (Applied Biosystems), following

he manufacturer’s instructions . T hermal cycle conditions in
TRG_05978 were as follows: 1 cycle of 95 ◦C for 10 min, 40 cy-
les of 95 ◦C for 15 s, 54 ◦C for 20 s and 60 ◦C for 1 min, and 1 cycle
f 60 ◦C for 1 min; and in SNQ2 were as follows: 1 cycle of 95 ◦C for
0 min, 40 cycles of 95 ◦C for 15 s, 60 ◦C for 1 min, and 1 cycle of
0 ◦C for 1 min. 

tatistical tests 

PSS softw are for Windo ws (version 12.0) w as used to analyse
he data. The null hypothesis that the frequencies of the MLST
enome type and CTRG_05978 start codon region type are equal
as investigated by the c hi-squar e ( χ2 ) test. 
The c hi-squar ed or Fisher’s exact test with 1-tailed correction

as applied for categorical variables. Logistic regression was ap-
lied to assess the independent effects of factors with values less
han 0.05 in univariate analysis. A P -value less than .05 was con-
idered significant. 

esults 

wo XYR1 genes were likely to be ancestral 
uplications 

wo XYR1 genes, CTRG_05978 and CTRG_05993 (GenBank
ccession number: NW_003020040.1), on c hr omosome VI
ith ∼30 kb apart from each other in opposite orientations
ere detected (Fig. 1 ). A distance matrix analysis, includ-

ng intra and intergenotype distances for CTRG_05978 and
TRG_05993, was performed using MEGA X software (Ku-
ar et al. 2018 ). The boxplots of the distance index values

or the CTRG_05978 intergenotype cohorts (median = 0.003,
ean ± SD = 0.004 ± 0.005), the CTRG_05993 intergenotype

ohorts (median = 0, mean ± SD = 0.002 ± 0.001), and the in-
r a genotype cohorts (median = 0.005, mean ± SD = 0.009 ± 0.007)
er e gener ated. Notabl y, the lar gest distance was obtained

rom the intragenotype comparisons (0–0.022), while the dis-
ances within the CTRG_05993 intergenotype cohorts sho w ed

https://academic.oup.com/femsyr/article-lookup/doi/10.1093/femsyr/foae025#supplementary-data
http://pubmlst.org/website
https://academic.oup.com/femsyr/article-lookup/doi/10.1093/femsyr/foae025#supplementary-data
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Figure 1. Sc hematic r epr esentation of the two XYR1 genes . T he direction 
of the arrows indicates the direction of two XYR1 genes. Since they are 
high consensus, in order to differentiate the sequence of MLST 

fr a gments of two XYR1 genes, we employed primer set HJL2808/HJL3097 
and HJL2808/HJL3098 for CTRG_05978 and CTRG_05993, r espectiv el y. 

Figur e 2. T he diversity of two XYR1 genes . T he distance of intr a genotype 
and intergenotype for two XYR1 genes . In this box plot of genetic 
distances, including intra and intergenotype distance for CTRG_05978 
and CTRG_05993, the box r epr esents the interquartile range, with the 
lines extending the range of the data. Points outside the range are mild 
outliers, with values greater than 1.5 × the upper bound of the 
interquartile r ange. ∗∗P- v alue < .01. 
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r elativ el y low v alues (0–0.005) (Fig. 2 and Fig. S1 ). The fact that 
the intr a genotype distance was greater than the individual in- 
tergenotype distances of CTRG_05978 and CTRG_05993 suggested 

that these two alleles may be ancestral duplications. 

The SNP of the translation initiation codon of 
CTRG_05978 associated with the predominant 
clade 4 azole-resistant C. tropicalis genotype 

Due to the higher diversity of CTRG_05978, we further analysed 

its sequence. We found se v er al SNPs in the translation initiation 

codon of CTRG_05978 ( Tables S2 and S3 ). One of these SNPs with G 

to A substitution in the start codon resulted in a loss-of-function 

mutation. We then conducted a more comprehensive analysis of 
the first 60 nucleotides in the codon sequences of CTRG_05978 
across all 120 isolates. Notably, ∼82.5% (99 out of 120) of the iso- 
lates possessed at least one allele of CTRG_05978 that harbored a 
loss-of-function mutation in Xyr1. 

Furthermore, the first 4-mer of CTRG_05978 open reading 
frame could be classified into seven different sequence types 
( Table S2 ). Inter estingl y, an association between the sequence 
i  
f CTRG_05978 and DST by MLST was observed (Table 1 and
able S3 ). The majority of clade 4 strains tested, with the excep-
ion of YM180542 (DST506) and YM180921 (DST508), exhibited the 
enotype IV (ATRA) sequence (36/48 versus 2/72, P < .001). This
ignificant association between the sequence of CTRG_05978 and 

he clade 4 genotype was further confirmed by logistic r egr ession
nalysis ( P < .001; OR = 96.92) ( Table S4 ). 

he SNP of SNQ2 was associated with the SNP of 
he sequence type CTRG_05978, and their 
ombination effecti v ely distinguished the Clade 4 

enotype 

ince clade 4 was identified as the primary azole-resistant geno- 
ype (Yang et al. 2005 , 2008 , 2013 , Zhou et al. 2016 , 2022 ), we em-
arked on an additional investigation to determine the potential 

nvolvement of gene(s) near CTRG_05978 associated with drug re- 
istance. Our study uncov er ed a missense mutation I993V due
o the SNP (A2977G) in SNQ2 , which is situated 25 kb upstream
rom CTRG_05978 and has been linked to drug susceptibility in
. glabratus ( C. glabrata ) and C. auris (Torelli et al. 2008 , Wasi et
l. 2019 ). This finding suggests a possible connection between 

he mutation in SNQ2 and the sequence profile of CTRG_05978
Table 2 and Table S3 ). 

We observed the SNQ2 A 2977 G had a high association with
he genotype IV of CTRG_05978 (35/43 versus 13/77, P < .001, at
hi = 0.631) and the clade 4 genotype (36/43 versus 2/77, P < .001,
t phi = 0.820). The combination of the SNQ2 A2977G and the
enotype IV of CTRG_05978 a ppear ed to be effective in distin-
uishing the clade 4 strains (35/35 versus 3/85, P < .001), and the
elationship exhibited a notably high association (phi = 0.943). 

To obtain a mor e compr ehensiv e understanding of whether the
NPs of SNQ2 and CTRG_5978 could efficiently identify the clade 4
n C. tropicalis , we extended a thorough analysis of whole-genome
ata from 161 C. tropicalis strains available in the NCBI database
 https:// www.ncbi.nlm.nih.gov/ sr a ). These str ains encompass ge-
gr a phic v ariations, with the majority originating fr om Asia (76%),
ollo w ed b y Oceania (15%), Europe (5%), and North America (3%)
 Table S5 ). 

Ov er all, our anal ysis r e v ealed a significant pr e v alence of the
NQ2 A2977G and CTRG_05978 genotype IV among the clade 4
trains (Table 3 ). These findings demonstrated that SNQ2 and
TRG_05978, indeed, could serve as markers for identifying clade 
 C. tropicalis (95/96 versus 22/185, P < .001, at phi = 0.838). 

aqMan SNP genotyping assay was useful in 

dentifying CTRG_05978 type IV and SNQ2 

2977G 

o identify predominant azole-resistant clade 4 C. tropicalis strains 
 a pidl y, we established a TaqMan SNP Genotyping Assay for de-
ecting the genotype of CTRG_05978 type IV and SNQ2 A2977G.
he specificity of the primers and probes was tested using puri-
ed genomic DNAs from 18 different C. tropicalis strains including
TCC 750 and 17 strains from clinical settings ( Fig. S2 A). 

For the CTRG_05978 genotype, all type IV strains (YM140156,
M180233, YM180351, YM180473, YM180681, and YM180969) 
ere located in the heterozygous area (green spots), while the
thers were located in homozygous areas (red and blue spots)
 Fig. S2 B). In the case of the SNQ2 A2977G assay, it also specifi-
ally detected four mutation strains (blue and green spots) ( Fig.
2 C). Ov er all, the r esults of TaqMan SNP Genotyping Assay were
onsistent with Sanger sequencing or Whole Genome Sequenc- 
ng, suggesting that it was a r a pid and conv enient method for

https://academic.oup.com/femsyr/article-lookup/doi/10.1093/femsyr/foae025#supplementary-data
https://academic.oup.com/femsyr/article-lookup/doi/10.1093/femsyr/foae025#supplementary-data
https://academic.oup.com/femsyr/article-lookup/doi/10.1093/femsyr/foae025#supplementary-data
https://academic.oup.com/femsyr/article-lookup/doi/10.1093/femsyr/foae025#supplementary-data
https://academic.oup.com/femsyr/article-lookup/doi/10.1093/femsyr/foae025#supplementary-data
https://academic.oup.com/femsyr/article-lookup/doi/10.1093/femsyr/foae025#supplementary-data
https://www.ncbi.nlm.nih.gov/sra
https://academic.oup.com/femsyr/article-lookup/doi/10.1093/femsyr/foae025#supplementary-data
https://academic.oup.com/femsyr/article-lookup/doi/10.1093/femsyr/foae025#supplementary-data
https://academic.oup.com/femsyr/article-lookup/doi/10.1093/femsyr/foae025#supplementary-data
https://academic.oup.com/femsyr/article-lookup/doi/10.1093/femsyr/foae025#supplementary-data
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Table 1. The association of genotype and sequence types of CTRG_05978 among 120 C. tropicalis isolates. 

Sequence type of CTRG_05978 

Clade I (A T AA) II (ATGA) III (ATGT) IV (ATRA) V (ATGW) VI (ATRW) VII (A TW A) Total 

1 4 0 0 0 0 0 0 4 
2 0 0 12 0 0 0 0 12 
3 5 4 0 3 0 2 1 15 
4 2 0 0 36 0 0 0 38 
5 18 0 0 0 0 1 0 19 
6 1 0 1 2 1 7 0 12 
7 2 1 0 7 0 0 0 10 
8 2 0 0 0 0 1 0 3 
Others 0 0 0 0 1 6 0 7 
Total 34 5 13 48 2 17 1 120 

Table 2. The association of genotype and SNP of SNQ2 at 2977 among 120 C. tropicalis isolates. 

Sequence of SNQ2 at 2977 position 

Clade A/A A/G G/G Total 

1 1 3 0 4 
2 12 0 0 12 
3 13 2 0 15 
4 2 35 1 38 
5 19 0 0 19 
6 12 0 0 12 
7 10 0 0 10 
8 1 2 0 3 
Others 7 0 0 7 
Total 77 42 1 120 

Table 3. The association of genotype and SNPs of SNQ2 and CTRG_05978 among 281 C. tropicalis isolates. 

CTRG_05978 SNQ2 at 2977 position 
Type IV of CRTG_05978 

and SNQ2 G2977 

Clade 
Type IV 

(ATRA) Others G A Y N 

1 Taiwan 0 4 3 1 0 4 
Worldwide 0 1 0 1 0 1 

Subtotal 0 5 3 2 0 5 
2 Taiwan 0 12 0 12 0 12 

Worldwide 0 16 0 16 0 16 
Subtotal 0 28 0 28 0 28 

3 Taiwan 3 12 2 13 0 15 
Worldwide 0 13 0 13 0 13 

Subtotal 3 25 2 26 0 28 
4 Taiwan 36 2 36 2 35 3 

Worldwide 60 19 69 10 60 19 
Subtotal 96 21 105 12 95 22 

5 Taiwan 0 19 0 19 0 19 
Worldwide 0 15 0 15 0 15 

Subtotal 0 34 0 34 0 34 
6 Taiwan 2 10 0 12 0 12 

Worldwide 0 16 0 16 0 16 
Subtotal 2 26 0 28 0 28 

7 Taiwan 7 3 0 10 0 10 
Worldwide 0 4 1 3 0 4 

Subtotal 7 7 1 13 0 14 
8 Taiwan 0 3 2 1 0 3 

Worldwide 0 2 2 0 0 2 
Subtotal 0 5 4 1 0 5 

Others Taiwan 0 7 0 7 0 7 
Worldwide 11 4 3 12 1 14 

Subtotal 11 11 3 19 1 21 
Total 119 162 118 163 96 185 
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identifying the predominant azole-resistant clade 4 C. tropicalis 
genotype through detecting SNPs of CTRG_05978 and SNQ2 . 

Discussion 

The C. tropicalis MLST scheme was established in 2005, prior to 
our awareness of the duplicated XYR1 genes within the C. tropi- 
calis genome. MLST has been used globally to characterize genetic 
diversity, phylogenetic population structure, and the epidemiol- 
ogy of C. tropicalis strains (Tavanti et al. 2005 ). Currently, there are 
more than 800 DSTs among a total of 1704 (as of 18 March 2024).
The effect of these two gene copies on the discriminatory po w er 
of the MLST analysis needs to be thoroughly investigated. 

Mutations serve as the foundational material for evolution. 
While it is conceivable that C. tropicalis might not r equir e two func- 
tional XYR1 genes to the same extent as its ancestor, hence driving 
ada ptiv e m utations, it is c hallenging to attribute the m utation’s 
linkage to the MLST cluster and its r ele v ance to drug resistance 
and virulence solely to genetic drift and natural selection. Intrigu- 
ingly, SNQ2 is near CTRG_05978 and is implicated in azole suscep- 
tibility. The disruption of CgSNQ2 led to decreased azole resistance 
in N. glabratus ( C. glabrata ) (Torelli et al. 2008 ), and SNQ2 sho w ed 

upr egulated expr ession in azole-r esistant clinical C. auris str ains 
(Wasi et al. 2019 ). Furthermore, based on the predicted structure 
( https://www.unipr ot.or g/), the 993 amino acid position of Snq2 
located within ATP-binding cassette transport domain, may po- 
tentially play a role in azole resistance in C. tropicalis . T herefore ,
genotypes of SNQ2 A2977G and CTRG_05978 type IV tend to be 
linked with each other in clade 4 of C. tropicalis (95/117). This may 
be ascribed the short physical distance ( ∼25 Kb) between the two 
loci and/or hitchhiking effect under drug-r elated selectiv e pr es- 
sure. Ho w ever, the linkage is not perfect. This is understandable 
because the frequency of the hypothesized adv anta geous m uta- 
tion may be inching to w ar ds unity. The discor dance may result 
from incomplete fixation. Hence, C. tropicalis can be in the pres- 
ence or absence of drug depending on its surrounding. Further- 
more, it has been reported that overexpression of the mutated 

azole target gene ERG11 is the major mechanism contributing to 
azole resistance in clade 4 strains (Zhou et al. 2022 , Fan et al. 2023 ).
Consequently, the SNQ2 A2977G alteration may not have caused 

a sufficiently strong selective sweep to arrive at complete fixation.
In ad dition, inde pendent mutations may also explain the limited 

selecti ve ad vantage conve y ed b y SNQ2 A2977G. Mor eov er, whether 
the SNQ2 A2977G alteration resulting in amino acid I993V change 
has complementary impacts on the azole resistance of C. tropicalis 
needs further investigation. 

Despite the lack of comprehensive information, a method for 
detecting the potential marker for r a pidl y identifying the azole- 
resistant C. tropicalis with the clade 4 genotype has been de v el- 
oped and tested in the present study. The potential markers in- 
volv e onl y a fe w nucleotide v ariations, whic h can be detected us- 
ing designed ca ptur e pr obes tar geting the SNPs of Snq2 I993V and 

the first 4-mer of CTRG_05978. Even though techniques such as 
r eal-time PCR a pplications , ELISA-like assa ys , or micr oarr ay anal- 
ysis may also be suitable for the purpose, an easily accessible and 

convenient method for detection as our findings are more prac- 
tical for clinical settings. In this study, we presented the TaqMan 

SNP genotype assay as a r a pid method for identifying these SNPs 
in CTRG_05978 and the SNQ2 A2977G. 

We detected that some C. tropicalis isolates of clade 4 did 

not belong to the CTRG_05987 type IV cluster and/or do not 
carry the SNQ2 A2977G mutation and one nonclade 4 strain be- 
longed to the CTRG_05987 type IV cluster and carried the SNQ2 
2977G m utation. To incr ease the accur acy of r a pidl y identify-
ng azole-resistant clade 4 C. tropicalis , we suggest determining
hether the strains carry ERG11 mutations in addition to the

enotypes of CTRG_05987 and SNQ2 identified in the present 
tudy. 

onclusion 

ecent studies have highlighted that C. tropicalis not only occurs
n clinical settings but also inhabits various environmental niches 
nd forms associations, including plant surfaces, soil, and com- 
ensal relationships with humans (Berger et al. 2010 , Lo et al.

017 , Hirayama et al. 2020 ). The potential markers involv e onl y a
e w nucleotide v ariations, whic h can be detected using designed
a ptur e pr obes tar geting the SNPs of SNQ2 A2977G and the first 4-
er , A TRA, of CTRG_05978. Our findings can gr eatl y contribute to

he de v elopment of tar geted dia gnostics r esulting in a pr oper pr e-
cription for ther a py. In conclusion, our study pr esented a pr omis-
ng a ppr oac h for monitoring and managing the spread of clade 4
. tropicalis , thereby offering a potential tool for mitigating signif-

cant health risks for vulnerable patient populations. 
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