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ABSTRACT

Candida glabrata, a haploid and opportunistic fungal pathogen that has not known sexual cycle, has
conserved the majority of the genes required for mating and cell type identity. The C. glabrata genome
contains three mating-type-like loci called MTL1, MTL2 and MTL3. The three loci encode putative tran-
scription factors, al, a1 and a2 that regulate cell type identity and sexual reproduction in other fungi like
the closely related Saccharomyces cerevisiae. MTL1 can contain either a or a information. MTL2, which con-
tains a information and MTL3 with « information, are relatively close to two telomeres. MTL1 and MTL2
are transcriptionally active, while MTL3 is subject to an incomplete silencing nucleated at the telomere
that depends on the silencing proteins Sir2, Sir3, Sir4, yKu70/80, Rif1, Rap1 and Sum1. C. glabrata does
not seem to maintain cell type identity, as cell type-specific genes are expressed regardless of the type (or
even absence) of mating information. These data highlight important differences in the control of mating
and cell type identity between the non-pathogenic yeast S. cerevisiae and C. glabrata, which might explain
the absence of a sexual cycle in C. glabrata. The fact that C. glabrata has conserved the vast majority of the
genes involved in mating might suggest that some of these genes perhaps have been rewired to control
other processes important for the survival inside the host as a commensal or as a human pathogen.
This manuscript is part of the series of works presented at the “V International Workshop: Molecular
genetic approaches to the study of human pathogenic fungi” (Oaxaca, Mexico, 2012).
© 2013 Revista Iberoamericana de Micologia. Published by Elsevier Espafia, S.L. All rights reserved.
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Los loci de apareamiento de Candida glabrata

RESUMEN

Candida glabrata, una levadura patégena haploide y oportunista, que carece de ciclo sexual conocido
(asexual), conserva la mayoria de genes ortélogos requeridos en los procesos de apareamiento, esporu-
lacién y la identidad del tipo celular. El genoma de C. glabrata contiene 3 loci de apareamiento llamados
MTL1, MTL2 y MTL3 que codifican los presuntos factores de transcripcién al, a1 y a2 que controlan la
reproduccién sexual e identidad celular en otros hongos, como Saccharomyces cerevisiae con el cual tiene
una estrecharelacion filogenética. MTL1 puede contener informacién a o a; MTL2 contiene informacién a,
y MTL3 que contiene informacién a1y a2 son loci préximos a 2 telémeros. MTL1 y MTL2 son activos tran-
scripcionalmente mientras que MTL3 esta sujeto a un silenciamiento que no es completo, que proviene
del telémero y depende de las proteinas Sir2, Sir3, Sir4, yKu70/80, Rif1, Rap1 y Sum1. C. glabrata parece no
mantener identidad de tipo celular ya que varios genes especificos de un tipo celular se expresan en todas
las células con independencia del tipo de informacién de apareamiento en los loci MTL, o incluso, en su
ausencia. Estos datos ilustran varias diferencias importantes entre la levadura no patégena S. cerevisiae y
C. glabrata que podrian explicar la caracteristica asexual en esta Gltima. El hecho de que en C. glabrata se
hayan conservado los genes necesarios para el apareamiento podria indicar que es posible que algunos
de estos genes se hayan «reorganizado» para controlar otros procesos importantes en la supervivencia
de C. glabrata en su huésped, como comensal o como patégeno.

Este articulo forma parte de una serie de estudios presentados en el «V International Workshop:

Molecular genetic approaches to the study of human pathogenic fungi» (Oaxaca, México, 2012).
© 2013 Revista Iberoamericana de Micologia. Publicado por Elsevier Espafia, S.L. Todos los derechos
reservados.
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Sexual reproduction is thought to be advantageous in spite
of the high cost in energy associated with it. Sex is thought to
provide a means to eliminate deleterious mutations and promote
genetic recombination, which in turn might produce progeny with
a combination of beneficial traits that may be better adapted to
changing environmental conditions.? Indeed, recent experiments
in the model yeast Saccharomyces cerevisiae support this idea. The
data indicate that under stressful conditions, sexual cells have an
advantage over the obligate asexual congenic strain that only dif-
fered in their respective ability to mate. Instead, when these strains
were grown under mild non-stressful conditions, there was no
advantage for the obligate sexual strain.!> Sexual reproduction is
widely spread among eukaryotic organisms, even in many microbes
that can reproduce asexually. However, there are some eukaryotes,
including some fungi that appear to lack a sexual cycle. Only a few
of the known species of fungi are associated with human disease,
and many of the human pathogens have long since been thought
to be asexual since no sexual reproduction has been observed.
It is thought that sex in these pathogens might lead to loss of
particular combinations of genes required to survive within the
host.

Examples of asexual fungal pathogens are Sporothrix schenckii,>®
Coccidioides immitis, Coccidioides posadasii,'! Candida parapsilosis,*°
Candida glabrata and others. However, in recent years there has
been a surge in genomic studies that show that several of the
human fungal pathogens contain the genes required for sexual
reproduction, suggesting that they may have a cryptic sexual cycle,
one that is controlled by very specific conditions, reviewed in some
bibliographic references in this article.2-2432.33 This is the case of
C. immitis, C. posadasii,'' Candida tropicalis,*° Aspergillus
fumigatus,?’ Candida albicans'” and C. glabrata.®** For some
of these fungal pathogens, a cryptic sexual or parasexual cycle
was later discovered, like the case of C. albicans,'® C. tropicalis,>®
A. fumigatus* and Paracoccidiodes brasiliensis.*2 These pathogens
reproduce sexually under very particular conditions. In the case
of C. albicans and C. tropicalis, in order to mate cells first have to
undergo a morphological switch, which is the mating-competent
stage.? For A. fumigatus, the sexual cycle can be observed in the
laboratory after prolonged incubation (over 6 months) in the
dark.>* In Cryptococcus neoformans even though a sexual cycle has
been documented in the laboratory for a long time,?2 mating is
limited by the almost unisexual geographic distribution of only
the o mating type.?> In this way, these pathogens have retained
the ability to generate genetic variation through controlled
sexual or parasexual cycles in response to specific or changing
conditions.?33

For sexual reproduction to occur, two cells of opposite mat-
ing type must recognize each other through mating-specific
pheromone and receptor signals. This is followed by cell-cell fusion,
nuclear fusion and in many fungi by meiosis, although in some fungi
like C. albicans, no meiosis has been observed, instead mating prod-
ucts undergo gradual chromosome loss until haploid chromosome
content is achieved.!

In this review we will focus on the common opportunistic
pathogen C. glabrata, an asexual haploid yeast, that shares a closer
phylogenetic relationship with S. cerevisiae than to other Candida
species.”!* C. glabrata is a commensal in healthy individuals but
can become a successful pathogen associated with high mortality
rates in immunocompromised patients.>®

Control of sexual reproduction and cell type identity
Sexual reproduction and cell-type identity in most fungi are con-

trolled by the genes encoded in the mating type locus called MAT
(or MTL in some fungi). This locus encodes transcription factors

that regulate the expression of genes that determine cell type iden-
tity and the signaling cascades that enable the cell to respond
to the pheromone secreted by cells of the opposite mating type.
These transcription factors are usually proteins containing a home-
odomain or other types of regulatory domains like a a-domain
or HMG (high mobility group) domain. Early studies in the non-
pathogenic yeast S. cerevisiae have led to a detailed molecular
mechanism for cell type identity control and mating. This organism,
which can reproduce both sexually and asexually, contains three
mating type loci (MAT, HML and HMR) of which only MAT is trans-
criptionally active and the other two loci are maintained repressed
by a mechanism known as silencing.!” Information present at the
MAT locus can be either a-type or a-type while HML and HMR con-
tain a and a information respectively, in over 97% of the strains
studied. Control of cell type and mating involves a regulatory cir-
cuit determined by the a1l protein and the a1 and a2 proteins
encoded in the MATa and MATa loci, respectively. The a1l and
a2 genes encode homeodomain-containing transcription factors
while the a1 gene encodes a protein containing a o domain. In
MATa haploids only a-specific genes (asg) are expressed whereas
in MATa haploids only a-specific genes (asg) are expressed. In
both types of haploids a set of genes specific for haploid cells
(hsg) is also expressed. After mating, the resultant diploid (a/o)
forms a heterodimer with the proteins a1 and a2 that represses
al, the hsg and some other genes involved with certain types of
stress.!>1519 This regulatory circuit with some modifications also
controls cell type identity in C. albicans, a diploid opportunistic
human pathogen. Notably, a heterodimer composed of a1/a2 pro-
teins is also formed in this organism and negatively regulates the
phenotypic switch required for mating, therefore, indirectly con-
trolling mating.3°

Structure of the C. glabrata mating type-like loci MTL1,
MTL2, and MTL3

Early studies reported that C. glabrata contains three mat-
ing type-like loci (MTL), in a similar configuration to that of the
MAT, HML and HMR loci in S. cerevisiae.*! MTL1 corresponds to
MAT while MTL2 and MTL3 to HMR and HML, respectively. In
C. glabrata, MTL1 and MTL3 are in chromosome B, and MTL2 is
in chromosome E, whereas in S. cerevisiae the three loci are in
chromosome III. It was initially proposed that MTL1 is the expres-
sion locus and that MTL2 and MTL3 are transcriptionally silent,
analogous to the situation in S. cerevisiae.*! In the vast major-
ity of C. glabrata isolates (approximately 97%), the information
at MTL2 is a, and « in MTL3. In contrast, the information in
MTL1 can be of either type, for example in the sequenced strain
CBS138 (http://www.genolevures.org/cagl.html#), MTL1 contains
o whereas the BG14 strain’ contains a information in this locus.?®
It has been reported that there is a bias toward a-type of infor-
mation at MTL1 in a collection of 190 C. glabrata clinical isolates
from Africa, Europe, North America and South America where
it was found that approximately 80% of the isolates contain a
information and only 20% are « at this locus.* However, in our
collection of 79 clinical isolates from three hospitals in Mexico,
the a containing isolates are more frequent, since 64% of isolates
contain « information at MTL1 and 36% contain a information®?
(and Robledo-Marquez and Castafio, unpublished data). Therefore,
it seems that the distribution of mating types varies depend-
ing on the geographical sites where the C. glabrata isolates
are collected. It is not known whether there is a correla-
tion between the information at MTL1 and the pathogenicity
in C. glabrata as there seems to be in C. neoformans where
the o strains are more virulent than the very uncommon a
strains.!02°
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Fig. 1. Structure of the MTL loci of Candida glabrata. C. glabrata contains three mating
type like loci (MTL). MTL1 is located in chromosome B at an internal position and can
contain mating information type a or type « as indicated. MTL2 localized at 29.4 kb
from the left telomere of chromosome E generally contains a information and MTL3
whichislocalized at 10.5 kb from the left telomere of chromosome B usually contains
« information. MTL1 and MTL2 are transcriptionally active (indicated by ON) and
MTL3 is subject to incomplete silencing spreading from the telomere (indicated by
OFF/on).

MTL1 and MTL2 are both transcriptionally active

MTL1 is at an internal position on chromosome B (113 kb from
the left telomere); MTL2 and MTL3 are both close to two telomeres,
MTL2 is 29.4 kb from the left telomere on chromosome E and MTL3
is only 10.5 kb from the left telomere on chromosome B (Fig. 1). To
determine whether MTL1 is expressed and MTL2 and MTL3 loci are
silenced as suggested initially,*! we introduced at least 5 indepen-
dent URA3 gene reporter insertions in each of the three loci and
measured its expression using a plate growth assay on SC plates
with 5-FOA, which is toxic to cells expressing URA3. Surprisingly,
we found that MTL2 is in a conformation active for transcription
as all the reporter insertions in this locus were expressed giving
rise to Ura+, 5-FOAS strains. As expected, MTL1 is also transcrip-
tionally active and cells of all reporter strains in this locus are also
Ura+, 5-FOAS.3? Muller et al.?! also reported expression from both
MTL1 and MTL2 in C. glabrata as measured by quantitative RT-PCR.
The a1 gene contains two introns, and interestingly, the correct
processing of the al mRNA only occurs when the transcript ori-
ginates from the MTL1 locus, but not when transcription starts
at MTL2.3"39 It is not known yet, what are the signals that direct
processing of this mRNA since the sequence of the gene and the
immediate flanking sequences are identical in the two loci (at least
370bponeither the 5 or 3’ end), although it is possible that relative
transcription rates might regulate this process through a chromatin
based mechanism.?® The locus-specific processing of the al tran-
script was thought to be a mechanism to maintain cell type identity.
However, by using strains with different combinations of knock-
out mutations in the MTL loci, including a strain with no mating
information [(mtl1,2,3)A], we found that several genes that are reg-
ulated in a cell type-specific manner in S. cerevisiae, are expressed
in all strains in C. glabrata regardless of the information contained
in the MTL loci and even in the absence of these loci. This suggests
that C. glabrata might not maintain a cell type identity.>°

MTL3 is subject to subtelomeric silencing

The MTL3 locus is the only MTL that is not transcriptionally active
since in strains carrying reporter insertions throughout the locus,
a large proportion of cells were able to grow on plates contain-
ing 5-FOA. This silencing is not complete because in every reporter
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Fig. 2. Subtelomeric silencing of MTL3 depends on Rap1 and Sum1 proteins. (A)
RT-PCR of the a1 and a2 genes from MTL3 from the wild-type (wt), the rap1-21 or
sum1A strains as indicated, or from MTL1 in the mti(1, 2, 3)A strain where a1 and
or a2 were reconstituted at MTL1 (MTL1 aR). The bottom part of the figure shows
the RT-PCR performed at saturation conditions. RT-PCR for ACT1 gene was used as
loading control. (B) Schematic representation and comparison of the a1l and a2 genes
from S. cerevisiae and C. glabrata. HD represents the homeodomains of each protein
and the similarity in this domain for each pair of proteins is indicated as percentage.

insertion tested, we also found a population of cells that expressed
the URA3 gene and were able to grow on plates without uracil.>°
Even though there is no detectable expression of the native a1
and o2 genes present at MTL3 by RT-PCR,?!3° however, when the
PCR is made under saturation conditions, a transcript is detected
for both genes (Fig. 2A). These results are in contrast to the sit-
uation in S. cerevisiae where the two loci HMR and HML are very
efficiently silenced through the activity of two cis-acting silencers
flanking each locus where the silencing proteins Abfl, ORC and
Rap1 bind.?16:20

Silencing at MTL3 of C. glabrata was shown to be dependent on
the Sir2, Sir3 and Sir4 proteins as well as Rif1 and yKu70 and yKu80
proteins; these data also differ markedly from the silencing of the
HM loci of S. cerevisiae where yKu70 and yKu80 are not required
for silencing, and only when SIR1 is deleted, a modest effect of
the yKu proteins is observed.>>*3 The silenced chromatin struc-
ture is probably nucleated at the telomere (and not from flanking
cis-acting silencers), and spreads over 11 kb to MTL3, because mov-
ing the entire MTL3 locus to an internal position in chromosome L
results in expression of both, the URA3 reporter insertions and the
a1 and a2 genes at that location.>® We have also recently shown
that silencing at MTL3 also depends on Rap1, by using a strain con-
taining allele rap1-21 (a deletion of the 28 carboxy-terminal amino
acids of the protein), which is defective for subtelomeric silencing
at various telomeres in C. glabrata.%® In the rap1-21 strain, but not
in the wild-type strain, transcription of the « genes from MTL3 can
be detected (Fig. 2A), supporting the idea that silencing at MTL3
comes from the telomere.

The transcriptional repressor Sum1 was discovered as an addi-
tional negative regulator of a-specific gene expression in MATa cells
in Saccharomyces bayanus and S. cerevisiae. Repression by Sum1 in
both organisms is important to prevent mating as « cells in MATa
cells.*> The C. glabrata and the S. cerevisiae Sum1 proteins are only
20% similar over their entire lengths. To investigate whether Sum1
in C. glabrata regulates a1 and a2 expression, we measured a1 and
a2 expression in a sum1A strain by RT-PCR. Fig. 2A shows that a
deletion of Sum1 in C. glabrata results in de-repression of 1 and
a2 genes from MTL3, suggesting that Sum1 represses the o genes
at MTL3.
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The fact thatin C. glabrata silencing at the MTL3 locus is not com-
plete might mean that in any given culture of strains of C. glabrata
containing MTL1a and MTL3a, a small proportion of cells in the
population could express both types of information and therefore
a heterodimer between a1 and a2 could be formed in an analogous
way to S. cerevisiae. This could result in the negative regulation
of some genes if this putative heterodimer acts in a similar way
to S. cerevisiae. In S. cerevisiae, the homeodomain of al interacts
with 16 amino acids in the carboxy-terminal of the a2 protein.2’
The a1 proteins from C. glabrata and S. cerevisiae are 46% homol-
ogous across the entire protein, and in the homeodomain, where
it interacts with a2, they are 59% homologous of which 32% are
identities (Fig. 2B). In the case of a2, the C. glabrata and the S. cere-
visiae proteins are 56% homologous and at the 16 amino acids in the
C-terminal tail where the interaction with a1 takes place, they are
43% homologous (of which 25% are identical). Therefore, it is pos-
sible that when both types of mating information are expressed in
C. glabrata a heterodimer could be formed; we are investigating this
possibility.

From the data discussed, it is clear that there are important dif-
ferences in the expression of the cell type-specific genes and the
genes encoded in the MTL loci between C. glabrata and S. cerevisiae
that might explain the absence of a sexual cycle in C. glabrata. How-
ever, the fact that the genes that are required for mating and cell
type identity are conserved in C. glabrata could mean that some of
these genes might have been rewired to control the expression of a
different set of genes or perhaps participate in some process that is
important to the survival within the host, either as a commensal or
as a pathogen. Alternatively, C. glabrata might have a cryptic sexual
cycle regulated by an as yet unknown mechanism. Further stud-
ies on the expression of cell type specific genes and pheromone
response pathway genes will help clarify whether some of these
genes control processes that are important to the survival in
the host.

Conflict of interest

The authors have nothing to declare.

Acknowledgements

This work was supported by grant No. CB2010-01-151517 to
I.C.N. P.Y.C. was supported by fellowship No. 270403 and K.A.R.M.
by fellowship No. 375866.

References

1. Bennett R], Johnson AD. Completion of a parasexual cycle in Candida
albicans by induced chromosome loss in tetraploid strains. EMBO J. 2003;22:
2505-15.

2. Bennett R], Johnson AD. Mating in Candida albicans and the search for a sexual
cycle. Annu Rev Microbiol. 2005;59:233-55.

3. Bi X, Braunstein M, Shei GJ, Broach JR. The yeast HML I silencer defines a hetero-
chromatin domain boundary by directional establishment of silencing. Proc Natl
Acad Sci USA. 1999;96:11934-9.

4. Brisse S, Pannier C, Angoulvant A, de Meeus T, Diancourt L, Faure O, et al. Uneven
distribution of mating types among genotypes of Candida glabrata isolates from
clinical samples. Eukaryot Cell. 2009;8:287-95.

5. Butler G, Rasmussen MD, Lin MF, Santos MAS, Sakthikumar S, Munro CA, et al.
Evolution of pathogenicity and sexual reproduction in eight Candida genomes.
Nature. 2009;459:657-62.

6. Castano I, Pan SJ, Zupancic M, Hennequin C, Dujon B, Cormack BP. Telomere
length control and transcriptional regulation of subtelomeric adhesins in Can-
dida glabrata. Mol Microbiol. 2005;55:1246-58.

7. Cormack BP, Falkow S. Efficient homologous and illegitimate recombination
in the opportunistic yeast pathogen Candida glabrata. Genetics. 1999;151:
979-87.

8. De Las Penas A, Pan S, Castano I, Alder ], Cregg R, Cormack BP. Virulence-related
surface glycoproteins in the yeast pathogen Candida glabrata are encoded in

10.
. Fraser JA, Stajich JE, Tarcha EJ, Cole GT, Inglis DO, Sil A, et al. Evolution

12.

13.

14.

15.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.
33.
34.
35.
36.
37.

38.

39.

40.
41.

42.

. Hull

subtelomeric clusters and subject to RAP1- and SIR-dependent transcriptional
silencing. Genes Dev. 2003;17:2245-58.

. Fabre E, Muller H, Therizols P, Lafontaine I, Dujon B, Fairhead C. Comparative

genomics in hemiascomycete yeasts: evolution of sex, silencing, and subtelom-
eres. Mol Biol Evol. 2005;22:856-73.
Fraser JA, Heitman J. Fungal mating-type loci. Curr Biol. 2003;13:R792-5.

of the mating type locus: insights gained from the dimorphic primary fun-
gal pathogens Histoplasma capsulatum, Coccidioides immitis, and Coccidioides
posadasii. Eukaryot Cell. 2007;6:622-9.

Galgoczy DJ, Cassidy-Stone A, Llinas M, O’'Rourke SM, Herskowitz L, DeRisi JL,
et al. Genomic dissection of the cell-type-specification circuit in Saccharomyces
cerevisiae. Proc Natl Acad Sci USA. 2004;101:18069-74.

Goddard MR, Godfray HC, Burt A. Sex increases the efficacy of natural selection
in experimental yeast populations. Nature. 2005;434:636-40.

Gordon JL, Byrne KP, Wolfe KH. Additions, losses, and rearrangements on the
evolutionary route from a reconstructed ancestor to the modern Saccharomyces
cerevisiae genome. PLoS Genet. 2009;5:e1000485.

Herskowitz I. A regulatory hierarchy for cell specialization in yeast. Nature.
1989;342:749-57.

. Huang Y. Transcriptional silencing in Saccharomyces cerevisiae and Schizosac-

charomyces pombe. Nucleic Acids Res. 2002;30:1465-82.

CM, Johnson AD. Identification of a mating type-like
the asexual pathogenic yeast Candida albicans. Science.
1271-5.

locus in
1999;285:

. Hull CM, Raisner RM, Johnson AD. Evidence for mating of the “asexual” yeast

Candida albicans in a mammalian host. Science. 2000;289:307-10.

. Johnson AD. Molecular mechanisms of cell-type determination in budding yeast.

Curr Opin Genet Dev. 1995;5:552-8.

. Kimmerly W, Buchman A, Kornberg R, Rine ]. Roles of two DNA-binding factors

in replication, segregation and transcriptional repression mediated by a yeast
silencer. EMBO J. 1988;7:2241-53.

. Kuck U, Péggelers S. Cryptic sex in fungi. Fungal Biol Rev. 2009;23:86-90.
. Kwon-Chung KJ. A new species of Filobasidiella, the sexual

state of
Cryptococcus and C 1976;68:
943-6.

Lavaniegos-Sobrino MT, Ramirez-Zavaleta CY, de Leon AP, Sifuentes-Osornio ],
Bobadilla-Del Valle M, Rangel-Cordero A, et al. Genotyping of the MTL loci and
susceptibility to two antifungal agents of Candida glabrata clinical isolates. Mem
Inst Oswaldo Cruz. 2009;104:775-82.

Lee SC, Ni M, Li WJ, Shertz C, Heitman J. The evolution of sex: a perspective from
the fungal kingdom. Microbiol Mol Biol Rev. 2010;74:298-340.

Lengeler KB, Wang P, Cox GM, Perfect JR, Heitman ]. Identification of the
MATa mating-type locus of Cryptococcus neoformans reveals a serotype A
MATa strain thought to have been extinct. Proc Natl Acad Sci USA. 2000;97:
14455-60.

Lenski RE. Genetics and evolution. Come fly, and leave the baggage behind.
Science. 2001;294:533-4.

Li T, Stark MR, Johnson AD, Wolberger C. Crystal structure of the MATa1l/MAT
alpha 2 homeodomain heterodimer bound to DNA. Science. 1995;270:
262-9.

Luco RF, Pan Q, Tominaga K, Blencowe B, Pereira-Smith OM, Misteli T. Reg-
ulation of alternative splicing by histone modifications. Science. 2010;327:
996-1000.

Marimon R, Gene ], Cano J, Trilles L, Dos Santos-Lazera M, Guarro J. Molecular
phylogeny of Sporothrix schenckii. ] Clin Microbiol. 2006;44:3251-6.

Miller MG, Johnson AD. White-opaque switching in Candida albicans is con-
trolled by mating-type locus homeodomain proteins and allows efficient mating.
Cell. 2002;110:293-302.

Muller H, Hennequin C, Gallaud J, Dujon B, Fairhead C. The asexual yeast Candida
glabrata maintains distinct a and alpha haploid mating types. Eukaryot Cell.
2008;7:848-58.

Ni M, Feretzaki M, Sun S, Wang X, Heitman J. Sex in fungi. Annu Rev Genet.
2011;45:405-30.

Nielsen K, Heitman J. Sex and virulence of human pathogenic fungi. Adv Genet.
2007;57:143-73.

O’gorman CM, Fuller HT, Dyer PS. Discovery of a sexual cycle in the opportunistic
fungal pathogen Aspergillus fumigatus. Nature. 2009;457:471-5.

Patterson EE, Fox CA. The Ku complex in silencing the cryptic mating-type loci
of Saccharomyces cerevisiae. Genetics. 2008;180:771-83.

Pfaller MA, Diekema D]J. Epidemiology of invasive mycoses in North America.
Crit Rev Microbiol. 2010;36:1-53.

Poggeler S. Genomic evidence for mating abilities in the asexual pathogen
Aspergillus fumigatus. Curr Genet. 2002;42:153-60.

Porman AM, Alby K, Hirakawa MP, Bennett R]. Discovery of a phenotypic switch
regulating sexual mating in the opportunistic fungal pathogen Candida tropicalis.
Proc Natl Acad Sci USA. 2011;108:21158-63.

Ramirez-Zavaleta CY, Salas-Delgado GE, De Las Penas A, Castano I. Subtelomeric
silencing of the MTL3 locus of Candida glabrata requires yKu70, yKu80, and Rif1
proteins. Eukaryot Cell. 2010;9:1602-11.

Sai S, Holland LM, McGee CF, Lynch DB, Butler G. Evolution of mating within the
Candida parapsilosis species group. Eukaryot Cell. 2011;10:578-87.

Srikantha T, Lachke SA, Soll DR. Three mating type-like loci in Candida glabrata.
Eukaryot Cell. 2003;2:328-40.

Teixeira Mde M, Theodoro RC, Derengowski Lda S, Nicola AM, Bagagli E,
Felipe MS, et al. Molecular and morphological data support the existence of

neoformans B serotypes. Mycologia.


http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0005
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0005
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0005
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0005
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0005
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0005
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0005
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0005
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0005
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0005
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0005
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0005
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0005
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0005
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0005
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0005
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0005
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0005
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0005
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0005
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0005
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0005
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0005
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0005
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0005
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0010
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0010
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0010
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0010
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0010
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0010
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0010
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0010
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0010
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0010
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0010
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0010
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0010
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0010
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0010
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0010
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0010
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0010
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0010
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0010
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0010
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0015
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0015
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0015
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0015
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0015
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0015
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0015
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0015
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0015
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0015
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0015
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0015
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0015
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0015
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0015
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0015
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0015
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0015
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0015
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0015
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0015
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0015
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0015
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0015
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0015
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0015
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0015
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0015
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0015
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0015
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0015
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0015
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0020
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0020
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0020
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0020
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0020
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0020
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0020
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0020
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0020
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0020
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0020
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0020
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0020
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0020
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0020
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0020
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0020
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0020
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0020
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0020
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0020
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0020
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0020
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0020
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0020
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0020
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0020
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0020
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0020
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0020
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0020
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0020
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0020
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0020
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0025
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0025
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0025
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0025
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0025
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0025
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0025
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0025
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0025
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0025
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0025
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0025
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0025
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0025
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0025
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0025
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0025
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0025
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0025
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0025
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0025
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0025
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0025
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0025
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0025
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0025
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0025
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0025
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0030
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0030
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0030
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0030
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0030
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0030
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0030
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0030
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0030
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0030
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0030
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0030
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0030
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0030
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0030
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0030
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0030
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0030
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0030
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0030
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0030
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0030
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0030
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0030
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0030
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0030
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0030
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0030
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0030
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0030
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0030
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0035
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0035
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0035
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0035
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0035
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0035
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0035
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0035
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0035
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0035
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0035
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0035
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0035
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0035
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0035
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0035
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0035
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0035
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0035
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0035
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0035
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0035
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0040
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0040
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0040
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0040
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0040
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0040
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0040
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0040
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0040
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0040
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0040
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0040
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0040
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0040
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0040
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0040
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0040
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0040
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0040
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0040
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0040
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0040
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0040
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0040
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0040
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0040
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0040
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0040
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0040
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0040
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0040
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0040
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0040
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0040
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0040
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0040
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0040
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0040
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0040
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0040
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0040
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0045
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0045
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0045
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0045
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0045
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0045
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0045
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0045
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0045
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0045
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0045
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0045
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0045
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0045
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0045
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0045
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0045
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0045
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0045
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0045
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0045
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0045
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0045
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0045
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0045
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0045
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0045
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0045
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0045
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0045
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0050
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0050
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0050
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0050
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0050
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0050
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0050
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0050
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0050
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0050
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0050
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0050
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0055
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0055
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0055
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0055
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0055
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0055
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0055
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0055
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0055
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0055
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0055
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0055
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0055
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0055
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0055
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0055
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0055
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0055
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0055
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0055
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0055
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0055
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0055
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0055
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0055
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0055
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0055
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0055
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0055
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0055
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0055
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0055
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0055
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0055
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0055
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0055
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0055
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0055
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0055
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0055
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0055
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0055
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0055
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0055
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0060
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0060
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0060
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0060
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0060
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0060
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0060
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0060
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0060
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0060
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0060
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0060
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0060
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0060
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0060
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0060
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0060
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0060
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0060
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0060
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0060
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0060
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0060
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0060
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0060
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0060
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0060
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0060
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0060
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0060
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0060
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0060
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0065
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0065
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0065
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0065
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0065
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0065
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0065
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0065
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0065
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0065
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0065
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0065
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0065
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0065
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0065
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0065
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0065
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0065
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0065
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0065
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0065
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0070
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0070
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0070
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0070
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0070
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0070
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0070
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0070
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0070
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0070
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0070
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0070
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0070
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0070
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0070
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0070
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0070
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0070
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0070
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0070
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0070
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0070
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0070
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0070
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0070
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0070
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0070
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0075
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0075
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0075
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0075
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0075
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0075
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0075
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0075
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0075
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0075
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0075
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0075
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0075
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0075
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0080
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0080
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0080
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0080
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0080
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0080
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0080
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0080
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0080
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0080
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0080
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0080
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0080
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0080
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0080
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0080
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0080
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0080
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0085
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0085
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0085
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0085
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0085
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0085
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0085
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0085
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0085
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0085
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0085
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0085
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0085
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0085
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0085
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0085
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0085
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0085
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0085
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0085
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0085
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0085
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0085
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0090
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0090
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0090
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0090
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0090
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0090
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0090
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0090
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0090
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0090
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0090
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0090
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0090
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0090
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0090
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0090
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0090
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0090
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0090
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0090
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0090
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0090
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0090
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0095
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0095
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0095
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0095
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0095
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0095
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0095
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0095
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0095
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0095
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0095
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0095
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0095
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0095
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0095
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0095
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0095
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0100
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0100
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0100
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0100
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0100
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0100
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0100
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0100
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0100
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0100
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0100
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0100
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0100
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0100
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0100
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0100
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0100
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0100
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0100
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0100
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0100
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0100
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0100
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0100
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0100
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0100
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0100
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0100
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0100
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0105
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0105
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0105
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0105
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0105
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0105
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0105
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0105
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0105
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0105
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0105
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0105
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0105
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0105
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0110
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0110
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0110
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0110
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0110
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0110
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0110
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0110
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0110
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0110
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0110
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0110
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0110
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0110
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0110
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0110
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0110
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0110
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0110
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0110
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0110
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0110
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0110
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0110
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0115
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0115
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0115
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0115
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0115
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0115
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0115
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0115
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0115
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0115
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0115
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0115
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0115
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0115
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0115
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0115
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0115
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0115
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0115
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0115
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0115
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0115
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0115
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0115
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0115
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0115
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0115
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0115
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0115
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0115
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0115
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0115
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0115
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0115
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0115
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0115
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0115
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0115
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0115
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0120
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0120
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0120
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0120
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0120
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0120
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0120
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0120
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0120
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0120
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0120
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0120
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0120
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0120
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0120
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0120
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0120
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0120
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0120
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0120
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0120
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0120
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0120
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0120
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0120
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0120
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0120
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0125
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0125
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0125
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0125
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0125
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0125
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0125
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0125
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0125
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0125
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0125
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0125
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0125
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0125
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0125
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0125
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0125
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0125
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0125
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0125
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0125
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0125
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0125
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0125
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0125
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0125
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0125
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0125
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0125
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0125
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0125
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0125
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0125
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0125
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0125
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0125
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0125
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0125
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0125
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0130
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0130
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0130
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0130
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0130
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0130
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0130
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0130
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0130
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0130
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0130
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0130
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0130
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0130
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0130
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0130
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0135
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0135
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0135
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0135
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0135
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0135
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0135
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0135
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0135
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0135
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0135
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0135
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0135
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0135
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0135
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0135
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0135
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0135
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0135
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0135
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0135
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0135
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0135
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0135
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0135
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0140
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0140
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0140
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0140
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0140
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0140
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0140
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0140
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0140
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0140
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0140
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0140
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0140
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0140
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0140
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0140
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0140
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0140
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0140
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0140
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0140
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0140
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0140
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0140
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0140
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0145
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0145
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0145
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0145
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0145
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0145
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0145
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0145
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0145
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0145
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0145
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0145
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0145
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0145
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0145
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0145
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0145
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0145
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0145
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0145
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0145
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0145
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0145
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0145
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0145
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0150
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0150
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0150
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0150
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0150
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0150
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0150
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0150
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0150
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0150
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0150
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0150
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0150
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0150
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0150
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0150
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0150
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0150
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0150
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0150
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0150
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0150
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0150
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0150
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0150
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0155
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0155
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0155
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0155
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0155
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0155
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0155
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0155
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0155
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0155
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0155
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0155
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0155
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0155
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0155
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0155
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0155
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0155
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0155
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0155
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0155
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0155
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0155
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0155
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0155
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0155
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0155
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0155
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0160
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0160
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0160
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0160
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0160
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0160
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0160
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0160
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0160
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0160
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0160
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0160
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0160
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0160
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0160
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0160
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0160
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0160
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0160
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0165
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0165
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0165
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0165
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0165
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0165
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0165
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0165
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0165
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0165
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0165
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0165
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0165
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0165
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0165
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0165
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0170
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0170
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0170
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0170
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0170
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0170
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0170
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0170
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0170
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0170
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0170
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0170
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0170
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0170
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0170
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0170
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0170
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0170
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0170
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0170
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0170
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0170
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0170
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0175
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0175
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0175
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0175
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0175
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0175
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0175
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0175
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0175
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0175
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0175
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0175
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0175
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0175
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0175
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0175
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0175
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0175
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0175
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0175
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0175
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0180
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0180
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0180
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0180
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0180
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0180
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0180
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0180
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0180
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0180
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0180
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0180
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0180
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0180
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0180
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0180
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0180
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0185
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0185
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0185
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0185
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0185
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0185
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0185
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0185
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0185
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0185
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0185
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0185
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0185
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0185
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0185
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0185
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0185
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0185
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0185
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0190
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0190
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0190
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0190
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0190
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0190
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0190
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0190
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0190
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0190
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0190
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0190
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0190
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0190
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0190
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0190
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0190
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0190
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0190
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0190
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0190
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0190
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0190
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0190
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0190
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0190
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0190
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0190
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0190
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0190
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0190
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0190
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0195
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0195
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0195
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0195
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0195
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0195
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0195
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0195
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0195
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0195
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0195
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0195
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0195
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0195
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0195
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0195
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0195
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0195
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0195
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0195
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0195
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0195
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0195
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0195
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0195
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0195
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0195
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0195
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0195
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0195
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0200
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0200
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0200
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0200
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0200
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0200
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0200
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0200
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0200
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0200
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0200
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0200
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0200
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0200
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0200
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0200
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0200
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0200
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0200
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0200
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0200
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0200
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0200
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0200
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0205
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0205
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0205
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0205
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0205
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0205
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0205
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0205
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0205
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0205
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0205
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0205
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0205
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0205
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0205
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0205
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0205
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0205
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0205
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0210
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0210
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0210
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0210
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0210
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0210
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0210
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0210
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0210
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0210
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0210
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0210
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0210
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0210
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0210
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0210
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0210
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0210
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0210
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0210
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0210
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0210
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0210
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0210

34 P. Yafiez-Carrillo et al. / Rev Iberoam Micol. 2014;31(1):30-34

a sexual cycle in species of the genus Paracoccidioides. Eukaryot Cell. 2013;12: 44. Wong S, Fares MA, Zimmermann W, Butler G, Wolfe KH. Evidence from com-

380-9. parative genomics for a complete sexual cycle in the ‘asexual’ pathogenic yeast
43. Vandre CL, Kamakaka RT, Rivier DH. The DNA end-binding protein Ku regulates Candida glabrata. Genome Biol. 2003;4:R10.

silencing at the internal HML and HMR loci in Saccharomyces cerevisiae. Genetics. 45, Zill OA, Rine ]. Interspecies variation reveals a conserved repressor of alpha-

2008;180:1407-18. specific genes in Saccharomyces yeasts. Genes Dev. 2008;22:1704-16.


http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0210
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0210
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0210
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0210
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0210
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0210
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0210
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0210
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0210
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0210
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0210
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0210
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0210
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0210
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0210
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0210
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0215
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0215
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0215
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0215
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0215
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0215
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0215
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0215
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0215
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0215
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0215
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0215
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0215
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0215
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0215
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0215
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0215
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0215
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0215
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0215
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0215
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0215
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0215
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0215
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0215
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0215
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0215
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0215
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0220
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0220
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0220
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0220
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0220
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0220
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0220
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0220
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0220
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0220
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0220
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0220
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0220
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0220
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0220
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0220
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0220
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0220
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0220
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0220
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0220
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0220
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0220
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0220
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0220
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0220
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0220
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0220
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0220
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0220
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0220
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0225
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0225
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0225
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0225
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0225
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0225
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0225
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0225
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0225
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0225
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0225
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0225
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0225
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0225
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0225
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0225
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0225
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0225
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0225
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0225
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0225
http://refhub.elsevier.com/S1130-1406(13)00113-7/sbref0225

	The mating type-like loci of Candida glabrata
	Control of sexual reproduction and cell type identity
	Structure of the C. glabrata mating type-like loci MTL1, MTL2, and MTL3
	MTL1 and MTL2 are both transcriptionally active
	MTL3 is subject to subtelomeric silencing
	Conflict of interest
	Acknowledgements
	References


