[Frontiers in Bioscience 18, 1227-1236, June 1, 2013]

Approaches on genetic polymorphism of Cryptococcus Species Complex

Meng Li', Min Chen ', Weihua Pan '

! Department of Dermatology, Shanghai Key Laboratory of Molecular Mycology & PLA Key Laboratory of Fungal Diseases,

ChangZheng Hospital Second Military Medical University, Shanghai

TABLE OF CONTENTS

1. Abstract
2. Introduction
3. Technological advances
3.1. Immunological approaches
3.2. Nucleic acid-based methodology
3.2.1. DNA Barcoding techniques
3.2.2. DNA sequences analysis approaches
3.3. New technique based on proteomics
3.4. Others
4. Conclusion
5. Acknowledgments
6. References

1. ABSTRACT

The Cryptococcus species complex is the
significant pathogenic fungi that result in over 1 million
cases of cryptococcosis each year in the world. Proper
strategy for genetic polymorphism study of the
Cryptococcus species complex is crucial to unfold genetic
population structure, spread profile and pathogenicity of
these pathogenic yeasts worldwide. Currently, an array of
approaches, including serotype, PCR fingerprinting,
amplified fragment length polymorphisms (AFLP), analysis

of DNA sequence, and matrix-assisted laser
desorption/ionization time of flight mass
spectrometry(MALDI-TOF  MS) etc. improved our

understanding of genetic diversity or phylogenetic of
Cryptococcus species complex. This review synthesizes
existing techniques of cryptococcal genetic polymorphism
and raises issues that remain to be addressed.
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2. INTRODUCTION

Cryptococcus species complex are
basidiomycetous encapsulated yeast species including
Cryptococcus neoformans (C.neoformans)and

Cryptococcus  gattii (C.gattii), which may cause the
infections of central nervous system, respiratory system and
skin, etc. worldwide (1-5). Although the incidence of
cryptococcosis in AIDS patients has decreased because of
the introduction of the highly active antiretroviral
treatment(HAART) (6,7), cryptococcosis remains a serious
disease, with a mortality rate of 10 to 30% in regions where
access to treatment is limited (6). Actually, Cryptococcus
species complex continue to be the most likely cause of
fungal  meningitis in  immunocompromised  or
immunocompetent  patients  (1,8,9)  Currently, C.
neoformans is classified into three serotypes: serotype A,
serotype D and serotype AD, or two varieties: C.
neoformans var. grubii (serotype A), C. neoformans var.
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neoformans (serotype D), and AD hybrids (1,2,10,11). In
contrast to C. neoformans, C.gattii is divided into two
serotypes: serotype B and serotype C, which has been
regarded as a tropical and subtropical pathogenic organism
until  reports that C. gattii isolates infected
immunocompetent hosts living in Vancouver Island, British
Columbia, where temperate climate is (12-15). Additionly,
Cryptococcus Species complex are heterothallic yeasts with
two alternative mating type, o or a, which can multiply by
budding or sexual reproduction,respectively (16). The
previous studies on mating types of Cryptococcus species
complex revealed that contrary result of virulence was
unfolded between o and a mating type of some serotype
strains (17,18).

Recently, the development of molecular techniques
has greatly improved our understanding of genetic diversity
of Cryptococcus species complex (1, 10-14, 19). Several
different molecular typing methods have been used in
epidemiological and genotypic analysis of the
Cryptococcus species complex, including electrophoretic
karyotyping(20,21), random amplified polymorphic DNA
(RAPD) (19,22), PCR fingerprinting (10,14), restriction
fragment length polymorphism (RFLP) analysis (14,23,24),
AFLP analysis (25), sequencing analysis of single locus
(26-28) and multi locus (13,14,29). However, disparate
molecular methods produced different results, and different
classification data about genetic diversity of Cryptococcus
species complex is coexisted at present. Hence, it seems
useful to review the current molecular biological
techniques employed to analyze genetic diversity of
Cryptococcus species complex in order to demonstrate their
usefulness, possible problems and establish linkages among
different results of genetic diversity in Cryptococcus specie
complex.

3. TECHNOLOGICAL ADVANCES

3.1. Immunological approaches

Serotyping is a widely used method to
differentiate groups within the Cryptococcus species
complex (1). The separation into different serotypes is
based on antigenic differences resulting from variation in
capsular polysaccharides (30). In 1982, Kwon-Chung et al.
found that Cryptococcus species complex isolates could be
differentiated by culturing the isolates on L-canavanine-
glycine-bromothymol blue medium (CGB test) for clear
and accurate distinction among serotype A ,D, B and C
strains (31). However, several studies in after years shown
that one defect of this CGB medium was the possibility of
erroneous results, creating unreliable experimental data in
laboratories where no other identification methods are
available. Moreover, false positive reactions have been
reported, suggesting that CGB medium alone is not
sufficient to accurately discriminate between the two
species (32). Currently, this CGB medium is still widely
used because of its comparatively reliability and
convenience (1, 14). Nowadays, t3his agar medium has
become a classical method to differentiate C. neoformans
from C. gartii isolates (1, 14). In addition, serotyping is also
performed by using agglutination with commercial (Crypto
Check Kit; Iatron Labs, Tokyo, Japan) or “homemade”
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antisera components Actually, Crypto Check Kit was once
used as standard method (1,14) to differentiate the
serotypes of Cryptococcus species complex since 1990s,
but Crypto Check Kit was not in producation since 2000
because of lower demand. In 1996, Belay T.et al. found
that C. neoformans was classified into three serotypes
based on capsular agglutination reactions: serotype A (C.
neoformans var. grubii), serotype D (C. neoformans var.
neoformans), and serotype AD (hybrids strains) (33). So
serotype AD strains began to be accurately separated from
clinical or environmental isolates of Cryptococcus species
complex, and virulence and genetic background of hybrids
Cryptococcus species complex strains gradually being
unfolded (25). In 2000, Nakamura Y firstly proposed that
serotype identification of Cryptococcus species complex
could be based on analysis of the sequence of CAP59 gene
(34). In 2007, A. Enache-Angoulvant et al. described a new
molecular method for serotype identification of
Cryptococcus species complex based on the sequence
characteristics of a fragment of the CAP59 gene required
for capsule biosynthesis again (35). In our study (data not
shown), nearly half of the samples(n=109) could not be
amplified by the current primer set of the CAP59 gene,
although the primer set used in this study contains two sites
of degenerate bases according to the related sequences from
GeneBank. Meanwhile, another primer set (13) used to
amplify samples in this study (data not shown) also
indicated that the current primer sets of the CAP59 gene
may lack coverage. In our opinion, this method is good to
discriminate serotype A and D of C. neoformans but it is
extremely difficult to do so for B, C and hybrid serotypes,
that is why more effective primers need to be designed for
the CAP59 gene. Also in 2007, S. Ito-Kuwa et al. proposed
another method for serotype identification by using a set of
four primers for multiplex PCR  amplification
(36).Whereas, in our study (data not shown), this technique
also is not very effective to identificate five serotypes of
Cryptococcus species complex like S. Ito-Kuwa et
al.decribed in the article, and too few C. gattii isolates were
included (36). Actually, there is no good method available
to serotype isolates in the C. gattii at present.

In our opinion, it is an important significance to
research serotypes for the genetic polymorphism of
Cryptococcus species complex. However, there is no a
unique method to solve this problem, currently. It is
necessary to integrate traditional and modern methods
combined, and develop new approach in the further.

3.2. Nucleic acid-based methodology
3.2.1. DNA Barcoding techniques

Currently, molecular techniques play an
increasingly important role on genetic diversity and
epidemiological molecular analyses of Cryptococcus
species complex. Although EK and RAPD patterns have
been successively applied to the study of the initial stage on
genetic diversity of Cryptococcus species complex (20,21),
both these techniques were not reproducible and steady
enough even in the same Lab. In 1999, Meyer W et
al.proposed that PCR fingerprint patterns based on M13
microsatellite DNA or (GACA), primer identified eight
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Figure 1. Eight major molecular types of Cryptococcus species complex isolates using PCR fingerprint by M13 or (GACA),
primer. Strains: WM 148 and WMG625, serotype A, major molecular type VNI, subtype VNIa;WM626 and WM627, serotype A,
major molecular type VNII, subtypes VNIIa and VNIIb, respectively;WM628 and WM326, serotype A/D, major molecular type
VNIII,subtypes VNIIIa and VNIlIc, respectively;WM629 and WM117,serotype D, major molecular type VNIV, subtypes VNIVa
and VNIVb, respectively. Main bands used for the identification of the major molecular types are indicated by arrows(21).

major molecular types , VNI-VNIV and VGI-VGIV
(Figure 1), among Cryptococcus species complex isolates
worldwide except an unique molecular type, VNB,
originated from Botswana (18). Actually, PCR fingerprint
patterns based on M13 microsatellite DNA or (GACA),
primer has been used as the major typing technique in the
ongoing global molecular epidemiologic survey of
Cryptococcus species complex (14,21), dividing >600
clinical and environmental isolates into eight major
molecular types: VNI (var.grubii, serotype A), VNII (var.
grubii, serotype A), VNIl(serotype AD), VNIV (var.
neoformans, serotype D), VGLVGII, VGIII, and VGIV
(C.gattii, serotypes B and C) (21,22). Several years later,
the molecular types were recently confirmed by RFLP
analysis of the orotidine monophosphate
pyrophosphorylase (URAS5) gene and the phospholipase
(PLB1) gene (25), and AFLP patterns which also used as
other major typing technique identified ten major molecular
types among Cryptococcus species complex worldwide
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(14). In 2008, Yao et al established two PCR-RFLP
analyses, based on the CAPI and GEFI genes, could be
used for simultaneous identification of the molecular and
mating types of the eight major molecular types isolates of
the Cryptococcus species complex (23). Yao’s technique
seems more effective and convenient than previous
techniques used in genetic diversity analyses of
Cryptococcus species complex, but this method also needs
more empirical testing in the furture.

In our view, AFLP genotyping patterns is also
very reliable and widely recognized which compared to
M13-PCR fingerprint (14, 25), and these two techniques
can be another alternative. Although the PCR fingerprinting
method has been widely used in studies of genetic diversity
within Cryptococcus species complex isolates, AFLP
genotyping technique is much more sensitive except
expensive. In our opinion, PCR fingerprint patterns based
on M13 primer could be viewed as a simplified version of
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Table 1. Linkages among different method results of varieties, serotypes and genotypes within Cryptococcus species complex

Species Serotype (31) AFLP type (19) Molecular type(21) IGS type (48) ITS type(27) Luminex type (65)

C.neoformans

var. grubii A 1 VNI la/lb 1 CNNI1b
A 1A VNB la 1 CNN1b
A 1B VNII 1c 1 CNNI1b

var.neoformans D 2 VNIV 2a/2b/2¢c 2 CNN2d
AD 3 VNIIT 12

C. gattii

C. gattii B/C 4A VGI 4c 7 CNG4c

C. gattii B/C 4B VGI 4a/4b 3/7 CNG4c

C. gattii B/C SA/5C VGIII 5 5 CNGS5b

C. gattii B 5B VGIII 5 5 CNG5b

C. gattii B/C 6 VGII 3 4 CNG3

C. gattii B/C 7 VGIV 6 6 CNG6

AFLP genotyping patterns because good concordance
between these various fingerprinting approaches has been
observed in many previous studies (14,29).To summarise
the molecular types and serotypes within C. neoformans,
molecular types VNI (Serotype A,AFLP 1) and VNII
isolates (Serotype A,AFLP1B) belong to serotype A (var.
grubii) and VNIII (Serotype AD,AFLP3) or VNIV
isolates(SerotypeD,AFLP2) belong to serotype AD or
serotype D (var. neoformans).(See Table 1).Remarkablely,
no correlation between serotype and molecular type has
been found for C. gattii (22).

Nowdays, microsatellites are becoming increasingly
popular as a molecular typing tool (37). Microsatellites
(also referred to as short tandem repeats, STRs) are
genomic sequences consisting of tandemly repeated short
motifs up to 6 nucleotides (38). Mutations occur at a high
frequency at these sites, namely 10210 per generation
compared to only 10 for point mutations as detected by
MLST (39). Mutations in microsatellites usually result in
changes in the copy number of the repeats. In other fungi,
molecular typing using microsatellites turned out to be
more discriminatory than MLST (40). Typing assays for
A. fumigatus based on microsatellites offer the most
advantages in terms of speed, reproducibility,
discriminatory power and costs and do not suffer
from the drawbacks mentioned for previous typing
methods.

In Cryptococcus neoformans, This method use a 9-
marker microsatellite panel consisting of 3 dinucleotide
repeat markers, 3 trinucleotide repeat markers and 3
tetranucleotide repeat markers. In each panel, the
distinction between the 3 markers is made using different
fluorescent labels. Within each panel, one of the
amplification primers carried a fluorescent label consisting
of  either FAM (6-carboxyfluorescein), HEX
(hexachlorofluorescein) or TET (tetrachlorofluorescein).
Three subpanels (CNA2, CNA3 and CNA4 respectively) of
3 markers each were amplified using a multicolor multiplx
PCR approach. A fourth colour that needs to be detected is
for the internal lane standard that needs to be added to each
sample in order to determine the relative mobility of the
DNA fragments (41).

Amplified products were analyzed on a high
resolution capillary electrophoresis platform allowing
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precise determination of repeat numbers in each marker.
Once the samples have been run, most platforms come with
software that will interpret the results and may produce a
list of peaks that are present in the sample. PCR
amplification of sequences containing microsatellites leads
to the well-known phenomenon of so-called stutter peaks
(42). Fragments with a high number of repetitions produce
more stutter peaks than fragments with low or moderate
numbers of repetitions. Microsatellite data was analyzed
using the multistate categorical similarity coefficient.

Microsatellite complexes (MC’s) were defined as
groups of 2 or more genotypes differing by a maximum of
2 markers. Within each MC, the amount of variation is
attributable to only one or two microsatellite markers as the
likely result of instability of these specific markers.
Thereby, isolates within an MC, there was very limited to
no variation in the less discriminatory markers. The
difference between the MC’s is attributable to multiple
microsatellite  markers  (>3markers difference). In
Cryptococcus neoformans, the nine marker microsatellite
panel yielded a discriminatory power of greater than 0.993
37).

The STRs assay has proven to be a very useful
instrument in the identification of epidemiologically related
isolates. This is supported by the evidence that the panel of
microsatellite markers as molecular typing targets for C.

neoformans var. grubii and simultaneously allow
distinguishing between isolates from clinical and
environmental origin (37).

Loop-mediated isothermal DNA

amplification(LAMP), firstly described by Notomi et al in
2000, involves the utilization of an isothermal step for
DNA amplification, by using specially designed primer sets
and a DNA polymerase with strand-displacement activity
(43). This novel nucleic acid amplification method was
firstly evaluated for the detection of hepatitis B virus (44),
It allows the rapid, specific amplification of DNA under
isothermal conditions by wusing a distinctive DNA
polymerase with strand-displacement activity. The
approach has been applied in the filed of bacteria, virus and
parasites. In 2004, Endo. S firstly used the method for
detection of gp43 of Paracoccidiodes brasiliensis (45)
Lucas.S et al developed a LAMP-based method to identify
the serotypes A, D and B/C of the Cryptococcus species
complex by using CAPS9 allele-specific primers and found
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it could also allows the identification of the C. neoformans
variety and /or hybrid origin (46)

Generally, PCR fingerprint patterns based on
M13 primer and AFLP patterns are regarded as the
standard/classic technique to understand genetic diversity
among strains of Cryptococcus species complex among

these molecular fingerprinting approaches, currently
(14,29).

However, PCR fingerprinting patterns is not
highly reproducible in different laboratories (21).

Furthermore, numbers detected with faintly stained bands
and the intensity varies somewhat with the staining process,
make allocation to subtypes of the major groups difficult
(21). In our study (data not shown), it was difficult to
discriminate between fingerprinting patterns of VNI and
VGI isolates. As for AFLP genotyping technique, it is not
conducive to the widespread use of this technology because
it is expensive and requiring high experimental techniques
and equipments. Thus, it is necessary to put molecular
fingerprinting methods and DNA sequencing technologies
combined application of genetic diversity in Cryptococcus
species complex isolates for more objective and
comprehensive study. Nowadays, /7S region, /GS region or
CAP59 gene sequencing methods were chosen most
frequently to assist in the determination of the genetic
diversity within Cryptococcus species complex.

3.2.2. DNA sequences analysis approaches

It is no doubt that development of the DNA
sequencing technique greatly improved our understanding
of genetic diversity of Cryptococcus species complex.
Several sequence analyses such as the internal transcribed
spacer (ITS) region including the 5.8S rRNA gene (26),
IGS gene region (27), mitochondrial cytochrome b gene
and RPR8 gene (28), etc. have been successfully carried
out on phylogenetic and genetic diversity analysis of
Cryptococcus species complex. Furthermore, phylogenetic
analysis of ITS or IGS gene sequence is regarded as fast
and informative technique to identify Cryptococcus species
complex isolates (47). Kastu M et alonce described
Cryptococcus species complex into seven genotypes
according to specific combinations of eight nucleotide
differences located at sequence of ITS gene region among
all of five serotypes strains. Diaz MR’s study also showed
that IGS sequence analyses proved to be a powerful
technique for the delineation of Crypfococcus species
complex at genotypic and subgenotypic levels because six
genotypes were divided that genotypes 1 (C. neoformans
var. grubii), genotype 2 (C. neoformans var. neoformans),
and genotypes 3, 4, 5 and 6 represented by C. gattii (48).
Despite these studies of a single locus have been proved to
be powerful and repeatable for genotyping the two C.
neoformans varieties and for subtyping within C. gattii.
However, results of these techniques based on single locus
sequencing is difficult to be compared each other and
evaluated the genetic diversity of Cryptococcus species
complex on a systemic and exhaustive level (49). Hence,
sequencing multiple loci of Cryptococcus species complex
became necessary, for reflecting genetic background of
Cryptococcus species complex on a higher level and
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another point of view (Figure 2). There is no doubt that
great advantages exists with MLST technique than other
single locus sequencing method except increased
experiments and fund. Currently, MLST analysis of all
haploid molecular genotypes present within Crypfococcus
species complex was gradually accepted as a standard
technique worldwide. However, previous researches that
sequenced multiple loci merely used either C. neoformans
isolates or C. gattii isolates (50). Several studies used C.
neoformans as well as C. gattii isolates, but only few C.
gattii isolates were included (51,52) or the Cryptococcus
species complex isolates that were studied differed for the
various loci (49,52). In 2007, Bovers M et al. used multi-
locus sequence typing included six losi (/7S
IGS1,CNLACI,RBP1,RBP2,and TEFI genes) to investigate
monophyletic lineages within all six haploid genotypic
isolates, and the results supported the current classification
of Cryptococcus species complex (47).However, multilocus
sequence typing (MLST), a method based on the detection
of single nucleotide polymorphisms (SNPs), lacks
discriminatory power for typing organisms with low levels
of genetic diversity (53).

Whole Genome Sequence Typing (WGST) is a
methodology that maximizes the data available for
inference of genetic diversity, revealing more SNPs than
MLST. The method has been applied successfully to
distinguish among highly related isolates of the fungus
Coccidiodes immiti (54). Recently, JD. Gillece et al used
whole genome sequence typing to perform fine-scale
phylogenetic analysis on 20 C. gattii isolates, most of
which are responsible for the outbreak infection in US
Pacific Northwest (55). The research has identified over
100 SNPs among eight VGIIc isolates as well as unique
genotypes for each of the VGIla, VGIIb and VGlIic
isolates.It revealed definitively that the VGIIc subtype of C.
gattii, is genetically distinct from both the VGIla and
VGIIb subtypes (56). As a new generation sequencing
methodology, WGST has been shown its power to generate
a unique genetic fingerprint for each isolate, effectively
subtyping a “clonal” population.

3.3. New technique based on proteomics

The approaches referred above including PCR
fingerprinting, AFLP, RAPD, DNA sequencing definitely
improved our understanding genetic diversity or
phylogenetic of Cryptococcus species complex. However,
these molecular methods are time-consuming and
expensive for the identification of isolates.

Mass spectrometry is the analytic technique used
to analyze the mass to charge ratio of various compounds.
The most wildly used method to date for the analysis of
biomolecules is matrix-assisted laser desorption/ionization
time of flight mass spectrometry (MALDI-TOF MS). The
technique was firstly proposed to identify bacterial species
in 1996 by several teams (57,58). Later, the work was
extended to fungal cells in 2000 (59)

Now, MALDI-TOF MS has been proved
successfully by several groups to differentiate yeast and
fungi. Marklein et.al proved that it could identify correctly
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Figure 2. Phylogenetic tree of Cryptococcus species complex isolates by analysis of the concatenated data set (RPB1, RPB2,
CNLACI, TEF1, IGS1 and ITS). Presented is one of 60 most parsimonious trees (length 847; consistency index 0.902; retention
index 0.961) computed with gaps treated as new state. Data consisted of 3932 characters of which 459 characters were parsimony
informative. Bootstrap values (1000 replicates) are indicated for the main branches (49).

247 clinical Candida isolates (in all 267) of 15 different
species.In a study performed by van Veen et.al showed
comparably high results of identification, 85% of 61
yeasts isolates from 12 different species were correctly
identified (60,61). E. De Carolis et al reported that the
MALDI-TOF MS could successfully identify 103
clinical isolates from 55 species of Aspergillus
Fusarium and Mucorales, 91 of 94 isolates were
identified to the species level, the rest 3 to the genus
level (62).. In another study , MALDI-TOF MS showed
its potency to identify dermatophyte and Neoscytaliduim
species, both of which cause dermatomycoses (63)..
Carolina et.al used this technique to identify 164
Cryptococcus. neoformans and Cryptococcus. gattii
isolates and found the obtain mass spectra correctly
identified 100% of all isolates. In addition, all isolates
were clearly separated according to their major molecular

type (64).

3.4. Others

In 2007, a Luminex suspension array had been
developed for identification of Cryptococcus species
complex isolates. This suspension array correctly identified
haploid isolates in all of 58 clinical isolates. Furthermore,
hybrid isolates possessing two alleles of the Luminex probe
region could be identified as hybrids (65).
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4. CONCLUSIONS

Currently, Cryptococcus  species complex
remains the most important cause of fungal meningitis in
immunocompromised or immunocompetent patients. It is a
increasingly important significance for outline the recent
advances on molecular approaches to analyze genetic
diversity of Cryptococcus species complex isolates on more
objective and comprehensive point of view. Generally, the
standardized MLST combined the AFLP or MI13-PCR
fingerprint technique seems a reasonable approach to
analyze genetic background and diversity of Cryptococcus
species complex isolates at present. MALDI-TOF MS, as a
new technique applied in fungus, has been proven to
perform well in genotype identification of Cryptococcus
species complex .More approaches should be developed to
differentiate genotypes of Cryptococcus species complex
isolates in the further.
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