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Abstract

Cryptococcus neoformans var. neoformans (serotype D) represents about 30% of the clinical
isolates in Europe and is present less frequently in the other continents. It is the prevalent
etiological agent in primary cutaneous cryptococcosis as well as in cryptococcal skin lesions of
disseminated cryptococcosis. Very little is known about the genotypic diversity of this
Cryptococcus subtype. The aim of this study was to investigate the genotypic diversity among a
set of clinical and environmental C. neoformans var. neoformans isolates and to evaluate the
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relationship between genotypes, geographical origin and clinical manifestations. A total of 83
globally collected C. neoformans var. neoformans isolates from Italy, Germany, France, Belgium,
Denmark, Greece, Turkey, Thailand, Japan, Colombia, and the USA, recovered from different
sources (primary and secondary cutaneous cryptococcosis, disseminated cryptococcosis, the
environment, and animals), were included in the study. All isolates were confirmed to belong to
genotype VNIV by molecular typing and they were further investigated by MLST analysis.
Maximum likelihood phylogenetic as well as network analysis strongly suggested the existence of
a recombinant rather than a clonal population structure. Geographical origin and source of
isolation were not correlated with a specific MLST genotype. The comparison with a set of
outgroup C. neoformans var. grubii isolates provided clear evidence that the two varieties have
different population structures.
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1. Introduction

Cryptococcus neoformans and C. gattii are two sibling yeast species responsible for
cryptococcosis. This life-threatening disease is mainly associated with AIDS patients in the
countries where the HIV infection burden is still high such as in sub-Saharan Africa and in
South East Asia (Assogba et al., 2015; Park et al., 2009). In developed countries, however,
the incidence of cryptococcosis in HIV-infected population is decreasing due to the
introduction of high active antiretroviral therapy (HAART). In contrast, the disease is
increasingly found in non-AIDS patients such as those with hematological neoplasms,
recipients of organ transplantation, and victims of autoimmune diseases (Bratton et al.,
2012; Henao-Martinez and Beckham, 2015; Sanchini et al., 2014).

C. neoformansiis classified into two varieties, three serotypes and five molecular types. C.
neoformans var. grubii, serotype A, is identified as the molecular types VNI, VNII and
VNB, whereas C. neoformans var. neoformans, serotype D, belongs to molecular type
VNIV. In addition, diploid or aneuploid intervarietal AD hybrids are identified as molecular
type VNIII. Cryptococcus gattii has two serotypes, B and C, and four molecular types VGI,
VGII, VGII, and VGIV (Heitman et al., 2010).

The recent C. gattii emergence from Vancouver Island (Canada) south to the Pacific
Northwest of the United States, has contributed to the interest in C. gattii in different parts
of the world and, at the same time, to highlight the differences from C. neoformans in both
ecological distribution and clinical manifestations (Espinel-Ingroff and Kidd, 2015; Chen et
al., 2014).

C. neoformans var. grubii is the prevalent agent of cryptococcosis and it is globally
distributed. It is commonly isolated from pigeon and other bird excreta and soil as well as
many species of trees (Cogliati, 2013). The main clinical manifestation and the cause of
death is meningoencephalitis especially in immunocompromised patients (Kwon-Chung et
al., 2014).
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C. neoformans var. neoformans has not been extensively investigated and little is known
about its ecology, distribution and clinical manifestations. The majority of clinical isolates
were reported from Europe where it has a prevalence of 30% (Viviani et al., 2006), but it has
also been found in North (Yan et al., 2002; Litvintseva et al., 2005) and South America
(Pérez et al., 2008; Cortés et al., 2011; Meyer et al., 2003; Trilles et al., 2003) as well as in
Asia (Sukroongreung et al., 1996; Feng et al., 2008; Capoor et al., 2008; lkeda and Shinoda,
2000). Very few isolates have been recovered from the environment mainly from pigeon
droppings. A recent large environmental survey carried out in Europe identified the
association of this variety with different tree species (Cogliati et al., 2014). At present, little
information about specific clinical manifestations is available although a skin tropism of this
yeast has been shown. A study carried out on 108 Cryptococcus isolates recovered from
patients with skin lesions clearly indicated that infection with serotype D isolates was one of
the risk factors in cutaneous manifestations (Neuville et al., 2003).

The present study aims to investigate a large number of C. neoformans var. neoformans
strains isolated from different geographical areas and from different sources in order to
elucidate the genetic population structure of this variety.

2. Materials and methods

2.1. Isolates

Eighty-three C. neoformans var. neoformans isolates were investigated (Table 1). Twenty
isolates were from Germany, 19 from Italy, 13 from Greece, 8 from Japan, 7 from France, 4
from Belgium, 4 from Denmark, 4 from Colombia, and 1 each from Australia, Thailand,
Turkey and the USA. Twenty-six isolates were recovered from the environment (soil, trees,
pigeon droppings and dust), 22 from cases of disseminated cryptococcosis, 17 from cases of
documented primary cutaneous cryptococcosis, 4 from cases of probable primary cutaneous
cryptococcosis, 9 from cases of secondary cutaneous cryptococcosis, and 5 from veterinary
cases. All clinical cases were independent cases and no multiple isolates from the same
patient were included in the study. In addition, data obtained from previous studies of 30 C.
neoformans var. grubii isolates (11 VNB, 10 VNI, and 9 VNII) were included in the analysis
as outgroup strains (Khayhan et al., 2013; Litvintseva et al., 2006; Sanchini et al., 2014;
Cogliati et al., 2013; Meyer et al., 2009; Kaocharoen et al., 2013; Choi et al., 2010;
Umeyama et al., 2013; Wiesner et al., 2012) (Table S1).

2.2. Clinical case definitions

The cases of primary cutaneous cryptococcosis presented a single cutaneous lesion often on
the arms or the legs which are primarily due to a traumatic injury. No Cryptococcus antigens
from serum were detected and no isolates from other body sites were recovered. The cases
that presented isolated cutaneous lesions but were not supported by the other clinical
evidences were defined as probable.

Secondary cutaneous cryptococcosis patients presented multiple skin lesions with no
specific body sites, positive Cryptococcus antigens or positive cultures from other clinical
samples (blood, CSF, urine).
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Disseminated cryptococcosis cases presented positive cultures from multiple body sites,
positive Cryptococcus antigens, but no skin lesions.

2.3. Molecular analysis

3. Results

Molecular type and mating type were determined by multiplex PCRs as previously reported
(Cogliati et al., 2000; Esposto et al., 2004). Multilocus sequence typing was performed
according to the ISHAM consensus scheme (Meyer et al., 2009) and all sequences were
deposited in the Cryptococcus MLST database (www.mycologylab.org).

The data of strains WM629, CBS7816, PD32, PD2270, PD1596, RKI 08-0429, RKI
04-0089, RKI 09-0388, RKI 09-0515, RKI1 07-0173, RKI 05-0151, RKI 04-0061, RKI
09-0393, RKI 09-0545, RKI1 09-0102, RKI 09-0103, RKI 11-0048, RKI 08-0591, RKI
08-0572, RKI 11-0047) were obtained from previous studies (Sanchini et al., 2014;
Kaocharoen et al., 2013; Meyer et al., 2009; Danesi et al., 2014).

The concatenated sequences of the seven MLST genes (CAP59, GPD1, IGS1, LAC1, PLB1,
0D1, URAD5) of the 83 C. neoformans var. neoformans and 30 C. neoformans var. grubii
isolates were aligned by ClustalW algorithm (www.ebi.ac.uk) and the resulting file was
converted in a Roehl data file by DnaSP software (Universitat de Barcelona, www.ub.edu/
dnasp). Network analysis was performed using the median joining method included in the
software Network v4.6 (Fluxus Technology Ltd., www.fluxus-engeneering.com).

Genetic population parameters and population comparisons were performed by DnaSP
software whereas maximum likelihood phylogenetic analysis and average evolutionary
divergence were calculated with the software Mega v6.0 (www.megasoftware.net).

The degree of recombination inside the population was also calculated using both the
linkage disequilibrium test and the Watterson estimator (theta) method (DnaSP software).
The linkage disequilibrium test is an extension of Fisher's exact probability test on
contingency tables. The test consists in obtaining the probability of finding a table with the
same marginal totals and which has a probability equal or less than the observed table. The
null-hypothesis of non-random association between the two tested loci was confirmed if the
probability was less than 0.05. The Watterson estimator (theta) method extrapolates two
values that correspond to the expected theta value for a non-recombinant population and to
the expected theta value for a free-recombinant population, and then it calculates the
observed theta value in the investigated population.

Molecular identification confirmed that all the C. neoformans var. neoformans isolates
belonged to molecular type VNIV and that 63 were mating type a and 20 mating type a
(Table 1).

The alignment of the 4092-bp sequences resulting by concatenating the seven MLST loci
showed the presence of 425 polymorphic sites that identified 49 sequence types with a
haplotype diversity (Hd) value of 0.965. LAC1 and URAS5 were the most polymorphic loci
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discriminating 16 and 15 haplotypes, respectively. In contrast, the IGSL locus was the least
discriminatory locus with an Hd value of 0.241 (Table 2).

Maximum likelihood phylogenetic reconstruction showed that most of C. heoformans var.
neoformans isolates were grouped in a unique cluster with an average evolutionary
divergence of 0.008, twofold lower than that observed among C. neoformans var. grubii
isolates. Four isolates (WM629, CBS7816, TRNCGB1HO1-1, IUM 01-0956) were situated
between the two varieties with an ambiguous topology and one isolate (GRLMM26HO1-2)
was unexpectedly more related to the VNI group (Fig. 1). A network analysis showed the
same topology with a core region grouping the majority of C. neoformans var. neoformans
isolates all linked by star-like branches. The topology of C. neoformans var. grubii
population was very different with clear clusters and higher genetic distances. The two
populations were linked by a long branch, along which were the five ambiguous isolates
(Fig. 2A).

The investigated isolates were therefore divided in three groups, C. neoformans var.
neoformans, C. neoformans var. grubii and putative intervarietal recombinants, and average
evolutionary divergence between the populations was calculated. The results showed that C.
neoformans var. neoformans and C. neoformans var. grubii diverged 0.09 and both diverged
from the putative recombinants around 0.05. The five putative recombinants were then
checked to exclude mixed cultures and five single colonies from each of the original strains
were collected and processed for molecular typing and ploidy determination by flow
cytometry. The results confirmed that all strains from single colonies were VNIV aD or aD
and that they were haploids (Fig. S1).

The linkage disequilibrium analysis of C. neoformans var. neoformans populations was also
calculated for both the concatenated sequences and the single loci alignments. The results
confirmed the absence of linkage disequilibrium in all the cases confirming that
recombination in this population could not be excluded (Table 2). The Watterson estimator
(theta) method results were in perfect agreement with that obtained in the linkage
disequilibrium test strengthening for the hypothesis of a recombinant population (Table 2).
In addition, the estimation of recombination events among the whole C. neoformans var.
neoformans population reveals that at least 31 recombination events had occurred and that
the most recombinant locus was LAC1 (20 events) (Table 2).

Fig. 2B displays geographical origin of each isolate on the network tree. No correlation was
observed between the country of isolation and the MLST profile. Only the eight Japanese
isolates belonged all to the same genotype (ST168). Similarly, comparison between MLST
profiles and source of isolation did not provide evidence of any specific correlation. ST135
and ST180 grouped together isolates from the environment with isolates from veterinary
cases, from primary cutaneous cryptococcosis and from secondary cutaneous cryptococcosis
whereas none of the environmental isolates shared the same ST with isolates from
disseminated cryptococcosis (Fig. 2C).
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4. Discussion

The present study investigated, for the first time by MLST, the genetic population structure
of a large number of C. neoformans var. neoformans isolates from different geographical
origin and from different sources. The results strongly support the hypothesis that this
population is recombinant and are in agreement with the recent study carried out by other
authors (Desnos-Ollivier et al., 2015) in a population of French clinical C. neoformans
isolates. The high haplotype diversity as well as the low evolutionary divergence among C.
neoformans var. neoformans population confirm that isolates are strictly correlated each to
the other but they are characterized by high variability due to recombination. Statistical tests
such as linkage disequilibrium analysis, Watterson estimator calculation, and recombining
events evaluation also corroborate this hypothesis. Furthermore, the C. neoformans var.
neoformans population investigated in the present study included 20 mating type a isolates
recovered from both patients and the environment. This suggests that isolates of C.
neoformans var. neoformans mating type a are more prevalent than those of C. neoformans
var. grubii and therefore sexual reproduction may occur more frequently.

The high polymorphism observed for the LAC1 locus suggests that the laccase enzyme plays
a crucial role for both the host infection and the environmental survival of this yeast. The
survival in a particular ecological niche, such as a tree, could depend on the capacity of this
yeast to degrade a wide range of phenolic compounds present in lignin of the tree trunk. In
addition, since laccase is a key enzyme for melanin production this variety could gain an
advantage for growth on surfaces exposed to light, for example the bark of the tree.

Both maximum likelihood phylogenetic analysis and network analysis identified a group of
five isolates with an ambiguous position on the tree. The average evolutionary divergence
between C. neoformans var. grubii and C. neoformans var. neoformans groups was twice
than that observed between the two groups and the ambiguous isolates suggesting that the
five isolates could represent haploid strains generated by intervarietal recombination (Xu et
al., 2000; Kavanaugh et al., 2006). Laboratory isolated haploid intervarietal recombinant
clones have been reported by crossing between H99, a strain of C. neoformans var. grubii
VNI, and JEC20, a strain of C. neoformans var. neoformans (Kwon-Chung and Varma,
2006). This is in contrast with the recent published proposal (Hagen et al., 2015), advocating
that C. neoformans var. neoformans and C. neoformans var. grubii are separate species.
Further investigations and a larger number of C. neoformans var. neoformans isolates are
needed to clarify this important issue.

The comparison between MLST profiles and geographical origin showed that isolates
recovered from different countries and from different continents were grouped in the same
cluster confirming the role of recombination in shortening the genetic divergence. However,
clonal expansion of some genotypes could occur in geographical areas where physical
barriers exist that prevent recombination. This could be true in Japan where all the isolates
investigated belonged to the same ST even though they were isolated from different patients,
at different time points and from different regions of Japan.
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A similar analysis to this one, which compared the source of isolates, showed that the
environmental genotypes could be the source of infections for animal, primary cutaneous
cryptococcosis and secondary cutaneous cryptococcosis. In contrast, this was not observed
for the isolates from disseminated cryptococcosis cases, which shared an identical ST but
only with those from primary and secondary cutaneous cryptococcosis cases. Further studies
are required to confirm this discrepancy.

In conclusion, our study showed that C. neoformans var. neoformans population is not
evolving primarily by clonal expansion, as observed for C. neoformans var. grubii (Khayhan
et al., 2013), and that intravarietal recombination is largely occurring and intervarietal
recombination could not be excluded.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1.
Maximun likelihood phylogenetic reconstruction including 83 C. neoformans var.

neoformans (VNIV) and 30 C. neoformans var. grubii (VNI, VNII, VNB) isolates. Black
dots indicate VNIV isolates with an ambiguous position. Numbers near the nodes represent
the bootstrap values obtained for 1000 replications.
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Fig. 2.

Network analysis performed by median joining algorithm. Panel A shows the different
genotypes, panel B shows the different geographical origin, and panel C the different source
of isolation. Double slash means that the branch has been shortened to fit the image.

Fungal Genet Biol. Author manuscript; available in PMC 2016 February 16.



Page 12

Cogliati et al.

SNl I 4 1T T €1 6C 12 91 oIl av AINA SISOpIOdIES  600C - Auewszo 2a 20T0-60 IMY
SN o] S 4 LT T €1 6C 12 97 1T an AINA $103084 S1 ON 8002 - Auewszg 2a T1650-80 IMY
SCY o] S 4 LT T €1 6C 12 91 oIT av AINA $103084 S ON 8002 - Auewen ol¢ 2.50-80 MY
sUOR 2 LT €1 vz [43 2 91 18V av AINA Salvy 800z 450 Auewlso 2a 620-80 IMY
SO €5 65 Le €1 €8 12 1€ 0€S an AINA 13pIosSIp JBAIT 2002 - Auewszg 2a €LT0-20 MY
suep 8T 0z €1 0z 24 62 91 €5 av AINA selegeld  500¢C poolg Auewen ol¢ TGT0-G0 IMY
SECx ] SR 1T €1 67 [43 2 91 98t av AINA SPIJBISOOILI0D ‘BWILISE [BDIUOIYD  $00T puBY ‘UNS Auewszo 20d 6800-70 IMY
SN e] S (114 €1 1T e 12 ST o1t an AINA 13pIOSIP JBAIT 00T - Auewszg 2a T900-70 IMY
nueawsld 07 LT €1 6T z€ 12 91 121 av AINA 101083 3ISUON  TTOZ unis soueld 20d TOEILMIN
BwoIq 0z LT €1 vz z€ 12 91 743 av AINA 10)08} IS ON 6667 unis aouel 00d  LE0T'66VINUND
BwOIQ Y2 LT 1 9T 6C 12 91 11§ ar AINA Salv 8661 450 aoueld 2a 087'86VINYIND
Bwoia 0z LT €1 6T z€ 12 91 x4 av AINA Salv 2661 480 soueld ol¢ 169'L6VININD
Bwoiga Tz 1T 61 12 9 12 0z 08T av AINA salvy 2002 480 soueld 20S  TOSTZOVINYND
Bwola e 114 €1 1T 14 12 97 aet an AINA AoueuBifew [eaifojorewsH 0002 unis aoueld 20S 078'00VINEND
Bwoia 0z LT €1 e 4 2 1z geT av AINA 1010833 ON 0002 unis soueld 20d 0€€"00VINEND
Bunyo-uomy 91 LT T €1 8z 12 LT TS ae AINA - 0L6T 159U U0ahid Hewueq AN3 €EV-HIN
Bunyo-uomy 91 (114 7T 91 e 0T 91 605 ae AINA - 0L6T 159U U0hid Hewusq AN3 0€r-HIN
Bunyo-uomy 91 67 €1 6T 1€ 12 91 45 av AINA - 0L6T 158U U0ahid Hewueq AN3 627-HIN
Bunyo-uomy  TZ LT 61 1T 9 2 (114 08T an AINA - 0L6T 159U U0ahid ewusq ANZ 7Zr-HIN
uopuedsy /T 81 7T T € 144 91 9ge ar AINA salvy  L00g 450 eIqWo|0D 2a 0882-1-8500H
uopuesss 6T LT €1 67 0€ 2 91 09T av AINA Salvy  ¥00z 450 ®IqWo|0D 2a 1622-1-8500H
uopuedxsy /T 81 T 4! € 2 9T o€ an AINA salvy  v00e 450 BIqWOj0D 2a 05¢2-1-8500H
uopuesss Ty LT 7T 6T 0 8z LT Gee ar AINA Salvy  2o0e 450 eIqWo|0D 2a 90¥T-1-8500H
nenBod  ze 0z €1 0z 24 € 91 905 av AINA a1eqeId 8661 umis wnibjog 20dd 905-86 NI
melbod  ve 0z T 6¢ 9 € 9T 20§ av AINA $1010B) ¥SH ON /66T unis wniflag 00dd 668726 INNI
melbod  ze (114 €1 0z e or 91 45 ao AINA - 1002 1@ wnifleg AN3 0€L7-T0 NI
nelbod  ¢g 0C €1 81 ve 14 9T 0TS av AINA - 1002 sbuiddoup uoabid wnifjeg AN3 6¢Lv-T0 NI
BN 6T T €1 61 0 12 9T LTT an AINA Salv /86T pooig eljenSNY old 6Z9NM

adA) adAy adAy
NVWRPY SvdN TAOS Td1d TOV1 TSSOl TAdD 65dvD  owenbes  Buiein  einodjo N asessIp Bulkjjepun  ared 201n0S uibio  AioBered 9poo ufe NS

Author Manuscript

*Apns 1ussaid ay) ul parebIsaAUl Sa1e|0SI SUBLUI0J0BU *JeA SUBLUIOI0BU "D £8 8] JO UOIBLIIOJUI JB[NJ3JoW pue [esl1ul|d

Author Manuscript

Author Manuscript

T alqel

Author Manuscript

Fungal Genet Biol. Author manuscript; available in PMC 2016 February 16.



Page 13

Cogliati et al.

nelbod oz LT €1 e 4 2 Vx4 GeT av AINA SI0308) S ON  2/6T 189 ybu ‘us Aren 208 €€00-LL NI
melbod 91 LT 14" vz 1€ € ) 805 av AINA SI010B) ¥SUON €261 450 Apey 2da LT00-€L NI
melbod oz LT T vz 1€ € 44 91§ Qe AINA S10J984S1 ON 2002 unis ey 00dd G627-20 INNI
nelbod oz LT 2 vz 0€ 12 44 115 Qe AINA - 2002 ®D Ay 13A 9280-20 NI
melod €1 8 6 9 4 €T 1z 125 an AINA salvy  1o0e peay ‘unis Apey 208 9560-T0 ININI
melfod 67 LT €1 6T 0€ € 97 96v an AINA - ¥102 891150 Aen ANT  T-IMGZZAdNLI
peibopA 8T 6T €1 8¢ 0 L€ 9 105 Qe AINA - €102 391} auld 809319 ANT  T-TOH8TEVSYHO
peaBepA T Lz T T T T T 68y Qe AINA - €102 CEDENTo) 809319 ANT  Z-TOHI9ZANTED
peibopA €2 € 1 LT 44 144 9 005 Qe AINA - €102 CEDENTo) 309319 ANT  T-TOHSZIMVYO
peibopA 8T 61 €T 44 0 6¢ 9 €05 Qe AINA - €102 98} aueld 303319 ANI  T-TOHETIMVYD
peibopA 8T 67 €1 (44 0€ 6¢ 9 €05 qe AINA - €102 98.) aueld 809319 ANT  T-TOSZTIMVYHD
peibopA 8T 67 €1 (44 0€ 2 9 661 Qe AINA - €10C 9911 8AIIO 808819 ANT  T-TOHTTIMVYHD
peibopA 8T 67 €1 [44 0€ 2 9 661 Qe AINA - €102 8811 aAIlO 808819 AN3  T-TOSOTIMVYD
preaBoRA 8T 67 €1 LT 0€ 0z 9 861 Qe AINA - €10e 91 aued 808319 ANT  T-TMH0EdOVHD
preaBoRA 8T 6T €1 2 0€ 12 9 661 ae AINA - €102 381 auld 808319 AN3  T-TOH9TdOVYD
peibopA 8T 6T €1 44 0¢g 12 9z 66v ae AINA - €102 381 auld 809319 AN3  Z-TOSSTdOVHD
preibopA 8T 6T €1 44 0€ 12 9z 66v ae AINA - €102 331 auld 809319 AN3  T-TOSSTdOVYD
preibopA 8T 6T €1 44 0€ 12 9 667 ae AINA - €102 331} auld 809319 ANT  T-TMGrTdOVHD
preibopA 8T 6T €1 44 0 8¢ 9 205 Qe AINA - €102 8811 smdAfeon3 809319 ANT  E-THE8TVOVHD
SUON €5 85 vT oy €8 12 62 ves Qe AINA - €102 sBuiddo.p uoabid Auewiao AN3 2670-€T IMY
SO €5 85 T 114 €8 12 62 €25 Qe AINA - €10 sburddoup uoabid Auewszo ANZ T670-€T IMY
s 9T 6T YT 6T €5 2 Lz s Qe AINA - €102 sburddoup uoabid Auewszo ANZ 0670-€T IMY
supP 8T (114 €1 1T 4 12 97 €15 an AINA 10)0B} IS ON  2T0C unis Auewszg 20d 6550-CT IMY
ST S 74 LT T €1 62 12 91 aTtT ar AINA 101083 3SU ON 2102 unis Auewen 20d GGT0-CT IMY
SV el S 4 LT T €1 62 12 9T otT an AINA saly 010z 450 Auewszo 2a 8v00-TT IMY
suN T LT 7T €1 62 12 97 1T an AINA saly 010z 450 Auewszg 2a Ly00-TT IMY
SLON 6T LT €1 6T 0 12 91 09T ar AINA Salvy 6002 480 Auewszo 2a GG0-60 1M
s 8T LT T 44 0€ 12 (44 891 an AINA X1 uebio pijos 6002 v Auewszo 2a ST50-60 IMY
supP 8T 6T €1 GT 1€ 12 o7 505 an AINA 10)0B}3ISH ON 6002 unis Auewszg 20d €6€0-60 IMY
su  0C LT €T A [43 2 9 6TS ar AINA 1010833 ON 6002 unis Auewen 20d 88£0-60 IMY
SV el S 4 LT T €1 62 12 9T otT an AINA SISOpI0dIES  600T - Auewszo 2a €0T0-60 IMY
adA) adAy adAy
NVWRPY SvYdN TAOS Td1d TOV1 TSSOl TAdD 65dvD  owenbes  Buiein  einddjo N asessIp Bulkjjepun  ared 201n0S uibio  Aiobered 9poo ue NS

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Fungal Genet Biol. Author manuscript; available in PMC 2016 February 16.



Page 14

Cogliati et al.

‘abeAe| Jejoaneoyouolg = g ‘PINjs [euldsolgelad = 4SD ‘AJRULIBIdA = | JA JUSIUOIIAUS = ANT ‘S1S0290203dAID PareulwassIp = D ‘S1509920001dAI0 snosueInd A1epuodas = DS ‘S1S0200901dA10 snoaueind Arewld ajgeqold = DDdd ‘S150990203d1A2 snoaueind Arewid = D0d

Bunyo-uomy 0z JA) €T ve 15974 [44 yx4 GeT ar AINA - 0961 Isau uoabild  eIUIBNIA ‘WSN AN3 9TT-HIN
o8l ¢g T €T 0¢ ve TC 97 16V ar AINA - €T0¢ 834} auld Aospn AN3 T-TOHTAOONYL
usoeyooey  0¢ T 14 6T 8¢ T¢ LT 4 ar AINA - 1667 sBurddosp 0oxand puejiey L AN3 9185490
epy| 8T JA) T [44 0€ T¢ [44 89T ar AINA snsojewayAse sndnj o1WRsAS €661 ums ueder 00d GTC6IN
epa| 8T LT 1 144 0€ TC 144 89T ar AINA $10J08) XSl ON 6867 ums ueder 00d YTZ6IN
epy| 8T LT 14 [44 0€ T¢ [44 89T ar AINA ewoydwA| jueubileN 6861 480 ueder J0d 96T6IN
epy| 8T JA) T [44 0€ T¢ [44 89T ar AINA SI0J0B) XS ON €867 ums ueder 00d 0CT6IN
epa| 8T LT 1 144 0€ TC 144 89T ar AINA $10J08) 3SlI ON 8867 ums ueder 00d 6TT6N
epayl 8T LT 14 [44 0€ T¢ [44 89T ar AINA $1010e) XSl ON 8867 uMs ueder J0d 8TT6IN
epy| 8T JA) T [44 0€ T¢ [44 89T ar AINA  Aouaroyap Ayunwii fenj[ad 819A9S  886T ums ueder 00d LTT6IN
epa| 81 LT 1 144 0€ TC 144 89T ar AINA $10108) XSl ON G867 ums ueder 00d CTT6N
soueq  ¢€ [44 €T 0¢ ve T¢ 9T 14 ar AINA - 600¢ 1D Ay 13N ¢edd
ssue@  0¢ JA) €T ve 1594 [44 yx4 GeT ar AINA - TT10C o] Aren 13N 0.¢edad
ssueq@ Tv €C 1 6T 0€ [44 144 ¢Se ar AINA - 0T0C 0] Areyl 13N 965TAd
Bunyo-uomy 91 LT 14 ve 1€ [44 9T crt ar AINA - ¢l6T M0D Ay 13N 0€S-HIN
neifoo T 67 T¢ qT T€ T¢ 9 8TS ar AINA 1seaiq Jown) piios - 8667 uns Aren 00dd L86%-86 INNI
nelnfod 91 LT 1 ve T€ [44 97 11 ar AINA Sdailv 8661 puey Yaj ‘ums Areyl 00S ¢vL2-86 INNI
nelBod 0z LT €T ve 15974 [44 LC GET ar AINA ajelsoud Jowny pilos  866T  Wie pue puey b ‘uMs Ay 20S ¥280-86 NI
neiod 0z JA) €T ve 1594 [44 yx4 GeT ar AINA sdailv 1661 uns Aren 20S TS87-L6 INNI
melnfod  ve LT 1 144 T€ [44 144 6/¢ ar AINA Sdailv €661 450 Areyl od 999T-€6 INNI
[Bod 0z LT €T ve 15974 [44 LC GET ar AINA SAdiv €661 uns Ay 20S EYST-€6 NNI
neifoo 97 JA) T ve T€ € 97 809 ar AINA SAailv 2661 450 Arey od T0L0-26 NNI
melnfod 0z LT €T ve 1514 [44 12 GET ar AINA Sdailv  Te6T puey ‘ums Areyl 00S 88G¢-16 INNI
melfod oz LT €T 1£4 4 € Y4 0cs ar AINA  Aduaiolyapounuiwl s|geLieA uowwWod 66T Bol ya| ‘uns Ay 20d 1080-62 NN
adA) adAy adAy
UeRPY SvdN TAOS T91d TOV1 TISOI TAdD 6GdvO &dwnbes  BulleiN  feIndp N asessip Bulkjepun  areq 90.nos uiblio  Auobered 9pod ure IS

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Fungal Genet Biol. Author manuscript; available in PMC 2016 February 16.



Page 15

Cogliati et al.

"8IeMIJ0S G'A dSeud Aq pale|nafed alam sialawesed

(2T 0v8Y) T'L8

ON
ON
ON
ON
ON
ON
ON
ON

1€ G960
€ §98°0
4 8¢9'0
0 7850
0¢ 9980
T ¢LL0
T weo
14 1920

67
91
1T

ST
1T

144
S5
€L
oy
6vT
LS
89
117

2607

6€9
LES
¥€S
18y
18L
899
095

100] IV
vdn
1dacs
1a7d
Tov1

TS9Ol
Tado
65dvO

(uoireuIqWIO%9 4
8914 ‘UOITRUIqWI0ID 1 OU) BRY |

wniqt|inbesip abexul

sjueme Buluiquossy  (pH) Aissenlp adAodeH

sadAlo|deH o1 21ydJowAjod

(dg) yibus|@ouenbes  snoo

Author Manuscript

"parebnsanul Sa1e|0SI SLeWI0JosU “JeA €8 3yl Jo ainanas uonejndod ayi Buluiysp sis1sweled uonejndod onsuso

Author Manuscript

¢ ?dlqel

Author Manuscript

Author Manuscript

Fungal Genet Biol. Author manuscript; available in PMC 2016 February 16.



