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Abstract

Background: Candida tropicalis is considered to be the leading pathogen causing nosocomial fungemia and
hepatosplenic fungal infections in patients with cancer, particularly those with leukemia. Microsatellite-based typing
methods using sets of genetic markers have been developed and reported for population structure analysis of C.
albicans, C. glabrata, and C. parapsilosis, but no studies have been published for genetic analysis of C. tropicalis. The
objective of this study was to develop new microsatellite loci that have the ability to distinguish among C. tropicalis
isolates.

Results: DNA sequences containing over 10 bi- or tri-nucleotide repeats were selected from the C. tropicalis
genome database. Thirty PCR primers sets specific for the microsatellite loci were designed and tested using eight
clinically independent isolates. According to the amplification efficiency, specificity, and observed polymorphisms,
eight markers were selected for further population structure analysis and molecular typing. Sixty-five independent
C. tropicalis isolates were genotyped using these 8 markers. Based on these analyses, six microsatellite loci were
confirmed, although two loci were found to be with unstable flanking areas. The six polymorphic loci displayed
4-22 alleles and 7-27 genotypes. The discriminatory power of the six loci ranged from 0.70 to 0.95. Genotyping
results obtained by microsatellite analysis were compared to PCR-fingerprinting and multi-locus sequence typing
(MLST). The comparisons showed that microsatellite analysis and MLST had the similar discriminatory power for

C. tropicalis, which were more powerful than PCR-fingerprinting.

Conclusions: This is the first attempt to develop new microsatellite loci for C. tropicalis. These newly developed
markers will be a valuable resource for the differentiation of C. tropicalis isolates. More C. tropicalis isolates will
need to be sequenced and analyzed in order to fully show the potential of these newly developed microsatellite

markers.
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Background

With the increasing number of immunocompromised
patients, long-term hospitalized patients, and invasive
medical conditions and therapy, the genus Candida has
emerged as a major group of opportunistic pathogens
that cause both superficial and invasive infections in
humans [1,2]. Candida is considered to be the fourth
most commonly isolated organism from nosocomial
bloodstream infections in United States and the sixth
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most common in Europe [3-5]. Invasive infections
caused by Candida species are associated with signifi-
cant morbidity and mortality [6]. Although C. albicans
accounts for the majority of infections, other non- albi-
cans Candida species such as C. tropicalis have increas-
ingly been recognized as important human pathogens.
C. tropicalis is the leading pathogen causing nosocomial
fungemia and hepatosplenic fungal infections in patients
with cancer, particularly leukemia patients [7]. C. tropicalis
is the second most frequently isolated non-albicans patho-
gen in the Asia-Pacific region and in Brazil [8]. In large
independent epidemiologic surveys, the isolation rate of
C. tropicalis from blood was shown to be 5-30% [9]. In
evolutionary terms, this species is closely related to C. albi-
cans [10]. Previous studies conducted in Asia show an
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intermediate frequency of fluconazole resistance for C.
tropicalis strains, which was originally observed in C.
glabrata isolates [11,12]. Furthermore, a high propor-
tion of C. tropicalis isolates exhibits low susceptibility
to flucytosine [13,14].

Although several molecular typing methods have been
used to determine the molecular epidemiology and re-
sistance of C. tropicalis, such as MLST [15], randomly
amplified polymorphic DNA (RAPD) [16,17] and pulsed
field gel electrophoresis (PFGE) [18,19], population struc-
tures and genetic investigations for C. tropicalis have not
been as extensive as they have been for C. albicans stud-
ies. MLST reveals different geographical origins, anatomic
sources, and other characteristics between clades of
closely related isolates [15]. Furthermore, some isolates of
C. tropicalis have been shown to be associated with anti-
fungal resistance [11]. Fifty-two diploid sequence types
(DSTs) from China were recently generated and added to
the global MLST database [20]. RAPD is considered to be
a promising tool for yeast genotyping, especially when
used with different primer combinations [21]. However it
has some limitations for population structure analysis be-
cause it relies on a large intact DNA template sequence
that hinders reproducibility [17]. Microsatellites are de-
fined as short tandem repeats of two to six nucleotides,
known to be highly polymorphic and have been widely
used for polymorphism analysis of fungi [22,23]. Microsat-
ellite provides an alternative typing scheme because it is
an easy-to-perform and reproducible method suitable for
large-scale studies of C. tropicalis epidemiology. Microsat-
ellite-based typing methods using sets of genetic markers
have been developed and reported for population struc-
ture analysis of C. albicans [2,24], C. glabrata [25,26], and
C. parapsilosis [27,28], but no studies have been published
for genetic analysis of C. tropicalis.

The aim of this study was to develop a microsatellite-
based typing method using a new set of six markers for
population genetic analysis of C. tropicalis. The poly-
morphism of microsatellites was evaluated by PCR and
allele sizing of 65 C. tropicalis isolates. Our results indi-
cate that the discriminatory power (DP) of the 6 loci
ranges from 0.70-0.95, illustrating this to be a useful
method for genetic studies of C. tropicalis.

Results

Screening and selection of repeat regions in C. tropicalis
genome sequence database

We searched the C. tropicalis genome using Tandem Re-
peat Finder (TRF) software and generated over 4,000 se-
quences whose repeated motif was at least 1 bp. The
criteria defined were that the sequence should contain at
least 10 repeats with equal or greater than 2 bp in the core
motif. In total, 30 microsatellite loci were selected. These
sequences have a high probability of showing greater
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genetic variability, are likely located outside known coding
regions, and dispersed evenly throughout the genome. To
evaluate the effectiveness of the 30 loci, 30 pairs of specific
primers were designed and genomic DNA from 8 C. tropi-
calis isolates was used as a template for PCR. After remov-
ing the unsuccessful and non-polymorphic loci, eight
microsatellite markers were chosen for further microsatel-
lite analysis (Table 1). Locus-specific primers were then
designed for these markers. The forward primers were
fluorescently labeled with 6-carboxyfluorescein (FAM),
6-carboxyhexafluorescein (HEX), 5-carboxy-x-rhodamine
(ROX), or 6-carboxytetramethylrhodamine (TRMRA)
(Table 1).

Microsatellite analysis

In order to evaluate the specific amplifications and poly-
morphisms, the microsatellites selected were used to
type 65 clinically independent C. tropicalis isolates. C.
tropicalis is a diploid species, therefore one or two PCR
fragments per locus were obtained for each strain, and
each fragment was assigned as a unique allele. Isolates
presenting two PCR products were typed as heterozy-
gous, while strains having a single PCR fragment were
typed as homozygous. One allele of each length was se-
quenced. For most of the microsatellite markers, a direct
correlation between the fragment size and the number
of microsatellite repeats was found, with the differences
in fragment sizes being consistent with the variation in
the number of repetitions (Figure 1A). However, for few
alleles, we sequenced repeatedly to obtain the correct
number of repeats. In the case of Ctrmm?7 and
Ctrmm15N loci, several isolates of these alleles were se-
quenced and analyzed using BLAST, which showed that
they contain unstable flanking areas, such as a deletion
(Figure 1B). Six loci (Ctrmml, 10, 12, 21, 24, and 28)
were used for final population structure and genetic ana-
lysis. The characterizations of the loci selected are illus-
trated in Table 2. In total, 22, 12, 12, 5, 4 and 15 alleles
were found for the Ctrml, 10, 12, 21, 24 and 28 loci, re-
spectively (Table 2). The analysis of the 65 isolates re-
vealed all microsatellite loci to be polymorphic, showing
4 to 22 alleles from 7 to 27 distinct genotypes (Table 2).
The detailed information of alleles and the correspond-
ing number of repeats are shown in Table 3. The differ-
ences in length for the 6 markers were due to a varying
fold repeat of a hexanucleotide (Figure 1A). The DP for
each marker was calculated according to the Simpson index

s
(Table 2) [29] as follows: DP = 1—m2nj(nj—1)
=

where N is the number of strains, s is the total number of
different genotypes, and #j is the number of strains of geno-
type j [29]. The results show that Ctrmm]l, producing 22
different alleles and 27 genotypes, was the microsatellite
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Table 1 Microsatellite DNA sequences selected, sequences, and primers

Microsatellite designation Primer sequence Repetitive motif Range of PCR fragment size (bp) Fluorescent label*
Ctrm1 F: CAACAGTTGATAGATCAAGC (AGA) 2, 370-454 FAM
R: CGAACTATCACTTTTAGGAG
ACtrm7 F: GACTCTGAATCGGTTTTGTG (CA)3 286-322 HEX
R: CGCTCATTCTCATAATCACT
Ctrm10 F: AGTTTTCCTGTTGCTGGTTG (ATG)s, 315-370 ROX
R: CATTGAGATTGGAAGAAGTG
Ctrm12 F: TGTGTGTCTATTACCTCCCA (AQ)39 234-263 FAM
R: CTGTCAGTTGTACATCATCG
ACtrm15N F: CCCTACTAGGACCTCCACCG (CAA) 16 365-392 TAMRA
R: AAAGAATGGCGATGAAGTTG
Ctrm21 F: TGTGTCTTGTAAAAGCCACC (TG)22 328-363 HEX
R: GGATTACTGGACTTGACCTG
Ctrm24 F: ACAACTACTGACATCCCAGC (TA)13 439-454 ROX
R: CTTCAGTATTCACCCCTTTC
Ctrm28 F: TAGTTCGAATTTGTTTGGAT (TTA)» 397-406 TAMRA

R: GTAAAGTCACGGGGTATTGT

A In the expanded microsatellite analysis of 65 C. tropicalis isolates, these 2 loci showed unstable flanking sequences and were excluded for further population
structure analysis.
*FAM: 6-carboxyfluorescein, HEX: 6-carboxyhexafluorescein, ROX: 5-carboxy-x-rhodamine, or TRMRA: 6-carboxytetramethylrhodamine.

A

Allele 370bp ------ AAGACAAGGAAGTCGC[AGA])GCCATACACA------
Allele 384bp ------ AAGACAAGGAAGTCGC[AGA]sGCCATACACA------
Allele 401bp ------ AAGACAAGGAAGTCGC[AGA],;GCCATACACA------
Allele 448bp ------ AAGACAAGGAAGTCGC[AGA]3;GCCATACACA------

B

Allele290bp CCACCCAGGG AGATATCCGA GCTCTCA—-C ACACACACAC
Allele291bp CCACCCAGGG AGATATCCGA GCTCC————- ACACACACAC

Allele295bp CCACCCAGGG AGATATCCGA GCTCA-——-C ACACA CACAC
Allele295bp CCACCCAGGG AGATATCCGA GCTCT-——-C ACACACACAC

Allele290bp CCACCCAGGG AGATATCCGA GCTCTCA--C ACACACACAC
Allele293bp CCACCCAGGG AGATATCCGA GCTCT-——-C ACACA CACAC

Allele290bp ACACACACAC ACAC ——————— AGAAATGAATCTAACCAGC
Allele291bp ACACACACAC ACAGAGAGAG AGAAATGAATCTAACCAGC
Allele295bp ACACACACAC AC——AGAGAG AGAAATGAATCTAACCAGC
Allele295bp ACACACACAC ACAGAGAGAG AGAAATGAATCTAACCAGC
Allele290bp ACACACACAC AC—————— AGAG AAATGAATCTAACCAGC
Allele293bp ACACACACAG ————AGAGA GAGAAATGAATCTAACCAGC
Figure 1 Alignment of parts of the different alleles’ sequences. A. Parts of the sequences of the different alleles of the Ctrm1 marker showing the

numbers of microsatellite repeats. For allele numbers and frequencies, refer to Table 2. B. Parts of the sequences of the different alleles of the Ctrm7
marker showing the numbers of microsatellite repeats with unstable flanking area.
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Table 2 Characteristics of microsatellite loci selected

STR No. of alleles No. of genotypes DP* Allele frequency Genotype frequency %Heterozygosity
Ctrm1 22 27 0.95 0.008-0.154 0.02-0.14 754

Ctrm10 12 16 091 0.008-0.285 0.02-0.23 70.8

Ctrm12 12 13 0.85 0.008-0.354 0.02-0.34 738

Ctrm21 5 16 091 0.016-0.290 0.02-0.19 738

Ctrm24 4 7 0.78 0.016-0.631 0.02-0.39 44.6

Ctrm28 15 7 0.70 0.082-0.566 0.02-0.54 169

*DP, discriminatory power.

with the highest DP (0.95), while Ctrmm?28 presented
the lowest DP (0.70), with different 15 alleles and 7 ge-
notypes (Table 2). The total number of different alleles
and genotypes and the respective frequencies obtained
for all microsatellite markers examined in Table 2.
Amplification products were observed for all 65 C. tropi-
calis strains at all 6 loci, showing powerful typing ability
in all cases except for loci Ctrmm21, Ctrmm24, and
Ctrmm?28, with 3, 4, and 4 strains of unsuccessful PCR
amplification respectively (Table 3). The amplifications
were performed in triplicate. The particular strain num-
bers and repeated motif numbers of each allele are sum-
marized in Table 3. The sequencing of alleles allowed us
to determine that the exact length of the PCR products.
For example, alleles 328 and 332 for Ctrmm21 are com-
posed of 8 (329 bp) and 9 (331 bp) repeats (Table 3).

Population structure study of C. tropicalis using multiple
typing methods

Fifty-eight of the C. tropicalis isolates typed by MLST
and PCR fingerprinting analysis were selected for geno-
typing using the microsatellite markers so that the re-
sults of these three typing methods could be compared.
Based on the microsatellite loci database, an unweighted
pair group method (UPGMA) tree was constructed based
on genetic distances (Figure 2), in which the genotyping
type for each strain by the other two methods was also
shown. Eight distinct short tandem repeat (STR) clusters
were constructed (Figures 2 and 3), while 6 MLST groups
and 4 RAPD groups were produced (Figure 2). Microsatel-
lite analysis detected 86 different genotypes, whereas
MLST detected 70 genotypes and RAPD detected 20 ge-
notypes. Therefore, it could be deduced that STR analysis
and MLST were both found to have a high capacity to dis-
criminate isolates, and a relatively high level of concord-
ance between the results was displayed (Figure 3). For
better understanding of the DP of MLST and microsat-
ellite for C. tropicalis, we constructed minimum span-
ning trees (MSTs) based on microsatellite allele profile
(Figure 3A) and MLST allele profile (Figure 3B). MLVA
cluster 1 is composed of strains predominant in MLST
group 1. MLVA cluster 2 contains strains from MLST
group 2 and some singletons (Figure 3A). MLVA cluster

4 has only 2 strains, one from MLST group 4, and the
other is singleton (Figure 3A). MLVA cluster 6 includes
2 singletons and 1 from MLST group 1 (Figure 3A). For
cluster 7 and 8, they are totally composed of singletons
(Figure 3A). While strains in MLST groups 3 and 5 were
also in STR cluster 3 and 5 (Figure 3A). One strain in
MLST groupl is separated far away and included in
cluster 6 (Figure 3A). The same situation happened to
MLST group 2, in which one strain is split as singleton
(Figure 3A). For MLST group 4, all its strains are sepa-
rated as independent ones (Figure 3A). In figure 3B,
trees are built on MLST allele profile and its corre-
sponding relationship with MLVA cluster is shown.
Strains from MLVA cluster 1 and cluster 6 clustered as
MLST group 1 (Figure 3B). For group 2, 2 singletons
and strains in MLVA cluster 2 are included (Figure 3B).
Group 3 are totally composed of the same strains in
cluster 3 (Figure 3B). Group 4 is made up with 2 strains
in MLVA cluster 7 (Figure 3B). Strains in group 5 are
all in MLVA cluster 5 (Figure 3B). Group 6 is com-
prised completely by singletons (Figure 3B). Strains in
cluster 2 disperse widely in MLST MST (Figure 3B).
Strains from cluster7 and cluster 5 are separated as single-
ton independently (Figure 3B). Isolates BZR-71 were sepa-
rated far away from BZR-62 and BZR-70 of MLST group
4 (Figure 2). No relationships were found between geno-
types and specimen type, hospital origin, and fluconazole
resistance in either typing method. The differences in size
polymorphisms of microsatellite analysis indicate that
microsatellites appear to be evolving with a higher rate of
sequence divergence and may be helpful for driving dee-
per establishment of unrelated profiles, which could be
useful in outbreak situations but less effective for the de-
termination of long-term genetic relatedness [23].

Reproducibility and statistics

For all the strains tested, the microsatellite types were
the same for analysis the same or different DNA from
same strains in different runs.

Discussion
C. tropicalis is a diploid organism similar to C. albicans.
A variety of strain typing methods have been used for
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Table 3 Number of repeats of the six markers for the 65
C. tropicalis isolates

Marker Allele size (bp) No. of isolates No. of repeats
Ctrm1 370 8 10
373 2 "
376 1 12
382 2 14
384 2 15
387 14 16
390 11 17
393 12 18
39 2 19
398 14 20
401 8 21
404 5 22
407 20 23
410 6 24
413 6 25
416 2 26
419 1 27
422 1 28
440 1 34
448 3 37
451 4 38
454 5 39
Ctrm10 315 19 7
318 3 8
322 37 9
325 5 10
331 29 12
334 19 13
340 2 15
344 1 16
353 3 19
356 7 20
361 4 22
370 1 25
Ctrm12 234 4 12
236 44 13
238 46 14
242 4 16
244 10 17
248 5 19
250 8 20
252 2 21
254 4 22
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Table 3 Number of repeats of the six markers for the 65
C. tropicalis isolates (Continued)

257 1 25
259 1 26
263 1 28
*Ctrm21 0 3 0
328 33 8
329 7 8
331 36 9
332 25 9
334 2 13
353 3 20
355 9 21
357 4 22
363 5 25
*Ctrm24 0 4 0
439 2 10
444 20 12
448 14 14
450 77 15
454 9 17
*Ctrm28 0 4 0
397 30 9
400 10 10
403 69 1
406 13 12

*In these 3 markers, there were 3 or 4 unsuccessful amplifications.

the differentiation of the C. tropicalis family, including
PCR fingerprinting [21], MLST [11], and PFGE [18].
Shu-Ying Li et al. [11] compared MLST via PFGE for
population structure and genetic relationship analysis of
clinical C. tropicalis isolates. They found that the genetic
profiles of C. tropicalis clinical isolates obtained by these
two methods were highly correlated, in which MLST
was slightly less discriminatory than PFGE. In addition,
fluconazole-resistant C. tropicalis isolates were grouped
into a clonal cluster in both MLST and PFGE [11]. An-
other report showed that most of the tested C. tropicalis
isolates were assigned to a single large recently evolved
group that contained several small clonal clusters. It in-
dicates that C. tropicalis resembles C. albicans phyloge-
netically. Such evolution pattern could be explained as a
predominantly clonal mode of reproduction but with a
frequency of recombination events high enough to gene-
rate a population with characteristics similar to a sexually
reproducing species [30]. In a previous study, we disco-
vered new MLST types of C. tropicalis from mainland
China, showing several independent groups when com-
pared to the global C. tropicalis MLST database [20]. It
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Categorical
MLVA
g g g g § Key ctrmm1 ctrmm10 ctrmm12 ctrmm21 ctrmm24 ctrmm28 MLVAtype MLVACIuster ST MLSTgroup RAPD
1o BZR-25 2121 712 1313 89 1517 1012 1 Cluster5 276  Group5 E
833 BZR-88 2121 712 1313 89 1517 1012 1 Cluster5 305 sigleton H
72 BZR-78 2121 712 1317 89 1517 1012 2 Cluster5 277  Group5 E
708 BZR-31 2223 712 1317 89 1517 1012 3 Cluster5 277  Group5 F
167] L——— BZR-97 2121 712 1317 89 1517 0 4 Cluster5 309  Group5 E
BZR-82 1413 915 2526 2020 1517 99 5 Sigleton 302  sigleton F
BZR-105 1822 712 1722 821 1414 99 6 Sigleton 314  sigleton F
BZR-51 1822 712 1722 821 1414 99 6 Sigleton 281 sigleton F
BZR-66 3939 712 1417 88 1515 910 7 Cluster8 290  sigleton D
BZR-87 3939 712 1417 88 1515 910 7 Cluster8 304  sigleton D
BZR-92 1839 712 1417 88 1515 910 8 Cluster8 307  sigleton F
BZR-64 1614 1520 1417 88 1010 912 9 Sigleton 289  sigleton E
w0 BZR-3 2526 919 1416 89 1515 99 10 Cluster4 270  sigleton G
BZR-62 2326 919 1416 89 1515 99 1 Cluster4 287  Group4 B
50) BZR-2 1620 710 1314 89 1515 99 12 Sigleton 269  sigleton D
BZR-54 1620 710 1314 89 1515 99 12 Sigleton 284  sigleton F
389 100 BZR-75 1620 710 1314 89 1515 99 12 Sigleton 297  sigleton D
BZR-89 1620 710 1314 89 1515 99 12 Sigleton 306 sigleton E
BZR-70 2328 99 1416 89 1215 99 13 Sigleton 293  Group4 E
1od BZR-39 2038 912 1314 89 1515 1111 14 Cluster2 280  sigleton F
35.7) BZR-4 2038 912 1314 89 1515 1111 14 Cluster2 271 sigleton H
BZR-115 2037 912 1314 89 1515 1111 15 Cluster2 316  sigleton D
BZR-53 3737 912 1314 99 1515 1111 16 Cluster2 283  sigleton E
BZR-81 2734 99 1314 89 1515 1111 17 Cluster2 301 Group2 D
45.8) BZR-104 2325 99 1213 89 1515 1111 18 Cluster2 313  Group2 F
f o) BZR20 2325 99 1213 89 1515 111 18 Cluster2 274 Group2 B
] 833 BZR-36 2325 99 1213 89 1515 1111 18 Cluster2 278  Group2 E
BZR-74 2325 99 1213 89 1515 0 19 Cluster2 296  Group2 B
b 554 BZR-117 1011 922 1313 913 1515 1111 20 Cluster7 318  sigleton E
58.9) E BZR-76 1010 922 1313 913 1515 1111 21 Cluster7 298  sigleton F
BZR-98 1011 2222 1313 0 1515 1111 22 Cluster7 310  sigleton A
BZR-52 1919 88 2128 89 1415 99 23 Sigleton 282  sigleton A
BZR-67 1823 1313 1414 925 1215 1111 24 Clustert 279  Groupt A
100 BZR-85 1823 1313 1414 925 1215 1111 24 Clustert 303  Groupt H
833 BZR-90 1823 1313 1414 925 1215 1111 24 Cluster1 279  Groupt H
6 792 BZR-103 1823 1313 1414 99 1215 1111 25 Cluster1 279  Groupi C
53.9 L—— BZR-38 1823 1313 1414 925 0 1111 26 Clustert 279  Groupt E
#35‘ L BZR-84 1728 1313 1414 99 1212 1111 27 Clustert 279  Groupt B
BZR-80 1618 912 1414 921 1212 1111 28 Sigleton 300  sigleton E
262 BZR-120 1016 1212 2020 89 1215 1111 29 Sigleton 320  sigleton E
BZR-14 1016 1212 2020 89 1215 1111 29 Sigleton 273 Group2 E
4 0d BZR-41 1016 1212 2020 89 1215 111 29 Sigleton 278  Group2 E
BZR-63 1016 1212 2020 89 1215 1111 29 Sigleton 288  sigleton H
il [25.9) 1o BZR-56 1620 712 1314 99 1517 1111 30 Cluster6 285  sigleton B
T 83.9) BZR-95 1620 712 1314 99 1517 1111 30 Cluster6 308  Groupi B
BZR-106 1620 712 1314 99 1517 1011 31 Cluster6 315  sigleton H
BZR-100 2324 920 1314 99 1215 1111 32 Sigleton 312 Group6 D
44.4) BZR-119 2324 920 1314 99 1215 1111 32 Sigleton 319  Group6 D
BZR-61 2324 920 1314 99 1215 1111 32 Sigleton 286  Group6 A
BZR-69 2324 920 1314 99 1215 1111 32 Sigleton 292  Group6 B
19 BZR-7 2324 920 1314 99 1215 1111 32 Sigleton 272 Group6 A
BZR-73 2324 920 1314 99 1215 1111 32 Sigleton 295  Group6 E
BZR-79 1218 825 2122 2121 1415 1111 33 Sigleton 299  sigleton F
ﬂz BZR-22 1717 913 1319 2122 1414 1212 34 Cluster3 275  Group3 H
66.7] BZR-99 1717 913 1319 2122 1415 1212 35 Cluster3 311 Group3 B
s67————— BZR-116 1717 913 1319 0 0 1212 36 Cluster3 317  Group3 H
L_1e7 L——— BZR-68 1717 913 1319 2122 0 0 37 Cluster3 291 Group3 H
BZR-71 2225 919 1416 0 0 0 38 Sigleton 294  Group4 H

Figure 2 (See legend on next page.)




Wu et al. BMC Microbiology 2014, 14:245
http://www.biomedcentral.com/1471-2180/14/245

Page 7 of 12

(See figure on previous page.)

few strains.

Figure 2 Cluster analysis of 58 C. tropicalis based on 6 microsatellite loci by the use of Bionumerics version 4.0 software and comparisons
among STR, MLST and RAPD. The numbers below each microsatellite number are their allelic profiles. For example, 2121 of ctrmm1 means 21
repeats of the allele and indicates this stain is homozygous; 2223 of ctrmm1 means 22 repeats of one PCR fragments, and 23 repeats of the other
allele, which indicating the stain is heterozygous. As for 712 of ctrmm10, it means 7 repeats and 12 repeats for the two allele of the strain, while
number 99 of ctrmm10 means 9 and 9 repeats for the two allele of the strain. Number 0 show the unsuccessful amplification of those markers for

had been considered that RAPD was a promising tool for
yeast genotyping, especially when used with multiple pri-
mer combinations, by which subtypes are found to be
related to their geographic origin, evolutionary and taxo-
nomic classification [21]. However, with the development
of newer molecular methods, RAPD is now considered as
unstable and is not easy to standardize. Microsatellites are
found in all genomes and are increasingly being used as
molecular marker [23]. The microsatellite method is dis-
criminatory, reproducible, and easy to perform. Further-
more, the results remain stable over many generations
[23]. Microsatellite genotyping has been successfully used
to characterize and rapidly type isolates of several yeast
species including, Aspergillus fumigatus [31], Saccharomy-
ces cerevisiae (14), Penicillium marneffei [32], C. albicans
(33], C. krusei [34], C. parapsilosis [27], C. glabrata [35]
and Cryptococcus neoformans and gattii [36,37].

To our knowledge, this is the first report developing
and testing microsatellite markers for C. tropicalis. We
screened the genome of C. tropicalis for microsatellites.
After testing of the candidate loci, six markers were
selected. All six loci display highly polymorphism rates
and discriminatory power. Ctrmm1, 10 and 12 markers
are the most discriminatory microsatellites, with 100%
amplification efficiency, high discriminatory power and
varying repeats of the same motif (Table 2). Sequencing
confirmed that the length of polymorphisms were due to
the number of nucleotide motif repeats. For the other
markers Ctrmm21, 24 and 28, irregular correlation be-
tween repeat motif and sequence size for some alleles
were observed. Therefore, we sequenced these uncertain
alleles to obtain the accurate length. The DP of these
three, Ctrm21, 24 and 28, vary between 0.70-0.91. For
marker Ctrm21, 24 and 28, there were 3—4 isolates of
unsuccessful PCR amplification. We repeated three
times for these amplifications. Nucleotide mutation in
the flanking area of those markers may lead to unspecific
combination of primers to template DNA. The second
reason may be that the template DNA area for designing
primers is not so conserved for isolates with wide ori-
gins. With more sequences of C. tropicalis released, a
more conserved area may be developed. In summary, the
primers coverage ability and the DNA structure changes
may contribute to the unsuccessful amplification. Ctrm1
loci displayed the highest DP and heterozygosity, while
the Ctrm 28 showed the lowest heterozygosity and DP.

Ctrmm1, 10 and 12 markers displayed 100% amplification
efficiency in this study using strains with limited geo-
graphic distribution. Compared with polymorphic micro-
satellite loci (EF3, CDC3, HIS3, ERKI, 2NF1, CCN2,
CPH?2, EFG1, CAI AND CAIII to CAVII) used for C. albi-
cans [38,39], whether they are efficient to distinguish
world-wide strains still need further analysis. And with
finish of more C. tropicalis whole genome, more microsa-
tellite markers will be selected.

In our study, MLST and PCR-fingerprinting methods
were used to evaluate the six microsatellite markers
newly developed for studying the population structure,
genetic relativity, and molecular epidemiology of C. tro-
picalis isolates from various geographic and anatomic
sites. Our data indicates that MLST and microsatellite
analysis appear to have similar potentials to differentiate
C. tropicalis and both have discriminatory power super-
ior to RAPD analysis. It is well known that RAPD is a
conventional DNA-based typing method, while micro-
satellite and MLST are exact DNA-based typing methods
[39]. The interpretation of RAPD patterns is based on
the number of size of the amplified fragments, and band-
ing patterns are easily effected by kinds of experimental
conditions [39]. The drawbacks of RAPD are its reprodu-
cibility and data comparison between labs. Both microsa-
tellite and MLST generate unambiguous results with an
excellent reproducibility, which could be exchanged and
compared globally [39]. Although there was high agree-
ment between the methods for the assignment of geno-
types, disagreement of clustering of unrelated isolates was
also observed (Figure 3). Some singletons in the MLST
analysis formed new groups using the STR method. Fur-
thermore, strains clustered in MLST groups were sepa-
rated and formed new STR clusters with other isolates,
such as MLST group 1, 2 and 4 (Figure 3).

In conclusion, these six new microsatellites are a valu-
able tool for the differentiation of C. tropicalis isolates
and will have a strong application in studies that must
distinguish epidemiologically related isolates, such as
nosocomial cross-transmission analyses, and the study of
kinetics of the colonization-to-infection process. The
standardization of the microsatellite typing systems and
the creation of public databases that would make micro-
satellite allele data available worldwide are essential is-
sues that deserve attention and resources. The overall
higher similarity level of gene sequences from C. tropicalis
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Figure 3 Minimum spanning tree analysis based on MLVA and MLST. A. Minimum spanning tree analysis of 58 C. tropicalis based on allelic
profiles at 6 microsatellite loci. B. Minimum spanning tree analysis of 58 C. tropicalis based on allelic profiles of MLST data. The group differences
between STR and MLST were shown directly in the figure. Each circle corresponds to a repeat type, the number of which is indicated inside the
circle. The colors of the halo surrounding the repeat types denote type that belong to the same cluster. The lines between circles indicate the
similarity between profiles (bold, 5 alleles in common; normal, 4 alleles; dotted, =<3 alleles).

as compared with C. albicans may indicate that many
more isolates are needed to be sequenced to reveal full
strain diversity in C. tropicalis, or to discover a strain type
well adapted to humans.

Conclusions

C. tropicalis is considered to be the leading pathogen
causing nosocomial fungemia and hepatosplenic fungal
infections in patients with cancer, particularly those with
leukemia. Several molecular typing methods have been
used for studying C. tropicalis, but no study of microsa-
tellite analysis has been published for genetic analysis of
C. tropicalis. In this study, we firstly developed new
microsatellite loci for C. tropicalis. The six loci selected
showed high discriminatory power, similar discrimin-
atory ability with MLST and more powerful than PCR-
fingerprinting. These newly developed markers will be a
valuable resource for the differentiation of C. tropicalis.
More C. tropicalis isolates will need to be sequenced
and analyzed in order to fully show the potential of these
newly developed microsatellite markers.

Methods

Isolates and DNA extraction

To evaluate the DP of the microsatellite markers, 65
clinical C. tropicalis isolates from different anatomical
sites were genotyped. All isolates were collected from
adult patients over a 1-year period of several hospitals in
China, covering both male and female patients of vary-
ing ages. Most of these isolates have been done MLST
analysis, showing diverge DST types. The samples were
from clinical routine inspection and patients were in-
formed and provided consent. Sample collection is coin-
cided with the protocol of the hospital and is approved
by China-Japan Friendship Hospital Ethics Committee.
ATCC 750 was analyzed as reference strain. The specifi-
city of the primers was checked by studying the following
references strains: C. albicans ATCC 753, C. glabrata
ATCC 2001, C. parasilosis ATCC 10232, C. kefyr ATCC
4135, Saccharomyces cerevisiae ATCC 10668, C. krusei
CGMCC 2.1848 (China General Microbiological Culture
Collection Center, Beijing). All isolates were identified by
internal transcript sequence (ITS) sequencing and AUX
20C (BioMerieux, France). The universal primers ITS1
and ITS4 [40] were used to amplify the ITS fragment and
to sequence it bi-directionally. The strains were stored
at —80°C in brain—heart infusion media (Oxoid, UK). The

isolates were maintained on Sabouraud glucose agar
(SDA) (Oxoid, UK) during the study. Prior to DNA isola-
tion, yeast cells were grown on SDA for 24 h at 37°C. Ge-
nomic DNA of the isolates was extracted using a Yeast
DNA Purification Kit (Tiangen, China), according to the
manufacturer’s protocol. DNA concentrations were esti-
mated with a spectrophotometer absorbance at 260 nm.
DNA extracts were stored at —20°C.

Microsatellite selection, PCR primer design and
amplification

A search of C. tropicalis genome sequences available in
GenBank (Accession number: AAFN00000000.2) was per-
formed to identify repeat sequences using the TRF soft-
ware from Gary Benson (http://tandem.bu.edu). Thirty
microsatellites containing over 10 bi-or tri-microsatellite
repeat units were selected, which were expected to have
very high degrees of polymorphism. From these 30 pairs
of primers specific for the non-variable flanking regions
were designed for locus-specific amplification. Primer 5
software (http://www.premierbiosoft.com/primerdesign/)
was used for the design of these primers. Genomic DNA
of 8 C. tropicalis strains were used as template for typical
PCR amplification. Amplification was carried out in a
50-ul volume containing 1 ul of C. tropicalis DNA. The
composition of the PCR mixture was as follows: 5-pl 10 x
PCR buffer, 0.25-pl rTaq polymerase (5U/ul, Takara.), 4-pl
deoxynucleoside triphosphates mix (0.25 uM of each),
1-pl each primer (10pM), 10-pl 30% DMSO, and 27.75 pl
ddH,O. After a 94°C preincubation step for 4 min, PCR
amplifications were performed in total of 35 cycles under
the following conditions: denaturation at 94°C for 45 s,
annealing at 55°C for 45 s, and extension at 72°C for 40s,
with a final extension step of 5 min at 72°C. PCR products
were analyzed via 1.5% agarose gel electrophoresis. All
PCR products were sequenced on both directions in order
to confirm whether they were amplified correctly, and
showed specific amplified polymorphism. The microsate-
llite markers with unsuccessful amplification and non-
polymorphism were rejected. Eight microsatellite markers
were selected for further analysis, which were distributed
evenly throughout genome. The details of these 8 micro-
satellite markers are summarized in Table 1.

Microsatellite and DNA sequence analysis
For the eight chosen microsatellite loci, PCR was per-
formed with 65 clinical isolates to evaluate discriminatory


http://tandem.bu.edu
http://www.premierbiosoft.com/primerdesign/

Wu et al. BMC Microbiology 2014, 14:245
http://www.biomedcentral.com/1471-2180/14/245

power. The primers for these 8 selected loci were fluo-
rescently labelled (Table 1), for further determination of
alleles’ length by migration of the PCR products in a
high resolution gel electrophoresis achieved by an auto-
matic sequencer [38,39]. The PCR reaction volume was
20-pl, containing 2-pl 10 x PCR buffer, 1.6-ul deoxynu-
cleoside triphosphates mix (0.25 uM of each), 0.1-pl
rTaq polymerase (0.5U, Takara.), 0.4-pl each primer
(10pM), 0.4-pl genomic DNA (40 ng), 4-ul 30% DMSO,
and 11.1-ul ddH,O. After a 94°C preincubation step for
4 min, PCR amplifications were performed in the first
10 cycles under the following conditions: denaturation
at 94°C for 45 s, annealing at 50-59°C for 45 s, reduc-
tion 1° in every cycle, and extension at 72°C for 1 min;
and the second 25 cycles were as follows: denaturation
at 94°C for 45 s, annealing at 50°C for 45 s, and exten-
sion at 72°C for 1 min, with a final extension step of
10 min at 72°C. The PCR of the loci was performed in
two independent reactions: one was for Ctrml, 7, 10,
and 15 N; the other was for 12, 21, 24, and 28.

Products were analyzed via 1.5% agarose electrophoresis.
Four groups of samples were then mixed for further ana-
lysis. We extracted 0.5-ul of the mixed amplification prod-
ucts and blended with 9-ul HIDI and 0.1-pl GS500LIZ.
These mixtures were denatured at 95 °C for 5 min and rap-
idly chilled on ice. The samples were run using an ABI
3730XL genetic analyzer (Applied Biosystems). The sizes
of the PCR products were determined using GeneMap-
per 4.0 software (Applied Biosystems). The alleles were
then designed by their sizes (in base pairs). One allele
of each length was sequenced in order to get the number
of microsatellite sequence repeats. SeqMan software was
used for sequence alignment (https://www.dnastar.com/).

Population structure, PCR fingerprinting and MLST
analysis

The allelic profiles of these 58 C. tropicalis strains were
summarized and a dendrogram was then generated by
UPGMA of the BioNumerics software version 5.1 (Ap-
plied Maths, Kortrijk, Belgium). The allelic profiles have
been deposited in the Dryad database (http://doi.org/
10.5061/dryad.8497b), and the DOI of data identifier is
10.5061/dryad.8497b. In order to compare the DP of
MLST and microsatellite, and describe the relationships
among isolates at the microevolutionary level, we per-
formed allelic profile-based comparisons using a MST
analysis with BioNumerics software. The MLST typing
of those 58 C. tropicalis strains has been published by
our research group previously. MST analysis links pro-
files so that the sum of the distances (number of distinct
alleles between two sequence types, STs) is minimized
[41]. Strains sharing the same allelic profile fall into the
same circle, whose size is proportional to the number of
strains with the profile. Clonal complexes were defined
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as groups of strains including a founder genotype and its
corresponding single-locus variants. Clonal complexes
are shown in shaded area in MST. The PCR fingerprin-
ting and MLST method were performed as described
previously [20,21].

Reproducibility

The reproducibility of the microsatellite method was de-
termined by analysis of the microsatellite genotypes by
using the same or different DNA preparations obtained
from the same isolated and assessed systematically by in-
cluding a references strain as a control in each run.

Statistical analysis

Allelic and genotypic frequencies were determined using
ARLEQUIN (version 2.000) software and the DP of the
markers was calculated as described by Hunter and
Gaston [29].
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