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Abstract

The genetic basis of the molecular subtyping of Cryptococcus neoformans isolates, performed by PCR-
RFLP and PCR-SSCP methodologies led through sequencing and sequence alignment to the detection of
Single Nucleotide Polymorphisms (SNP) with consistent allelic status and a clear direction of allelic
shifting within and among the accepted subspecies taxa (varieties and serotypes). The consensus sequence
allelic status of the subtyped and serotyped isolates points to the possibility of serotype transition
accomplished through a gradual allelic shift. The direction of the shift is from Serotype A to Serotype AD
to Serotype D, although it is unknown whether these quantal steps can be taken by the same isolate.
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Introduction

Cryptococcosis is a serious infection of immunocompromised patients (8, 27) and is considered an AIDS-
defining infection (17, 28). Fungal meningitis, pulmonary cryptococcosis and brain cryptococcoma have
high morbidity (19). Furthermore, members of the genus have a widespread environmental distribution (5,
9, 12, 13), infect the host through inhalation (15). They are carried in long distances by pigeons (18)
which abound in both urban and rural environments, and occur in abundance on the leaves and bark of
eucalyptus trees (5), which are planted in rural and urban areas to act as natural insect repellants.
Eukalyptus leaves are also used in alleviating respiratory tract discomfort. The species Cryptococcus
neoformans is able to propagate at body temperatures, and has by far the highest clinical significance (3,
20). Its strains are diverse in biochemical and clinical properties, which led initially to varieties and
serotypes being introduced in its taxonomy (2, 4) and subsequently to major taxonomic revisions (14). The
diverse clinical properties and also the broad geographical distribution of the yeast led in the development
of serotype-defining methodologies applicable to minimum specimen quantities for use with clinical
samples, providing rapid results. This initiated PCR-based methodologies for the detection of
Cryptococcus (23), identification to species level (24) and serotyping (25). Since the target URAS gene
sequences are neither variety- nor serotype-defining, yet, showed some heterogeneity, as SSCP
discriminated two subtypes for each homogenous serotype (26), we investigated the molecular genetic
basis of this subspecific discrimination in order to define the applicability using a single PCR amplicon for
both identification and typing. Such a possibility would allow rapid and low cost typing since the amplicon
is already obtained by the identification procedure, thus saving time, labour, consumables and eliminating
a second DNA extraction step. Moreover, establishing a SNP-dependent genetic basis, would allow
mapping and characterization of these SNPs, which might permit selection of informative restriction sites
for further or alternative RFLP analysis.

http://e-jst.teiath.gr 1



e-lMepiodikd EmoTtAung & TexvoAoyiag 2

Materials & Methods

Strains
TABLE 1. Strains used as serotyped by molecular methodology and subtyped (where possible) by
SSCP.

StrainNo | 12 | 42 | 17 | 23 | 26 35 49 19 [45 |61 |69 |77 |81 |82
Subtype | AI | AIl | DI | DII | AIDII | AID | AIDI | DII | DI | DII | DII | DI | DII | DII

DNA extraction

Single colonies of Cryptococcus neoformans (C.n) var. neoformans clinical isolates of serotypes A, D and
AD, were used on multiple independent experimental occasions. Serotypes were determined by using the
PCR-RFLP methodology described previously (25). Genomic DNA for genotyping and for PCR was
extracted as described before (24, 25). Briefly, all yeast strains were cultured on Sabouraud dextrose agar
(Difco, Detroid, MI, USA) for 48 h at 30°C. One loopful of a standard inoculation loop (Greiner, GmbH,
Germany, SAL 107) from each culture was transferred into 1.5 ml microcentrifuge tubes containing 500
ul lysis buffer (200 mM Tris-HCI, pH 8, 250 mM NacCl, 25 mM EDTA, 0.5% sodium dodecyl sulfate) (all
from Sigma St. Louis, MS, USA) and 6-8 glass beads 1.1-1.2 mm in diameter (Sherwood, St Louis, USA).
The tubes were subsequently vortexed for 4 min and DNA was extracted once with phenol: chloroform :
isoamyl alcohol (25 : 24 : 1 v : v : v) and once with chloroform : isoamyl alcohol (24 : 1 v : v). Nucleic
acids were precipitated by adding an equal volume of cold isopropanol (Merck, Darmstadt, Germany).
After centrifugation for 10 min at 8,000 g the pellet was washed in 500 pl wash buffer (76% ethanol, 10
mM ammonium acetate) and allowed to stand at room temperature for 15 min. The suspension was
centrifuged at 8,000 g for 5 min at room temperature and the pellet was allowed to dry for 2-4 min. DNA
was then washed in 70% ethanol and collected by centrifugation as before. The pellet was dried and
resuspended, depending upon yield, in 35-50 pl sterile distilled water. (24).

PCR primers and reaction conditions

PCR reactions were performed as described previously (25) in 100 ul volume containing 10 pul suspension
of template DNA, 1.5 mM MgCl,, 0.4 mM dNTPs each (CLONTECH, Palo Alto, CA, USA), 2U Tagq
(Promega, Madison, WI, USA), 10 pul of 10x reaction buffer (10mM Tris-HCI, pH 9.0, SOmM KCl, 0.1%
Triton®X-100) and 50 pmoles of each primer. The forward and reverse primers URA5-A/B (Interactiva
Biotechnologies, Ulm, Germany) were derived from C. neoformans URAS5 gene, which generate an
amplification product of 345 bp (position 1145 — 1490, GenBank accession no. M34606) and have been
reported to amplify only C. neoformans sequences (22).

URAS A: 5°-ACG GTG AGG GCG GTA CTA TG-3’

URAS B: 5’-AAG ACC TCT GAA CAC CGT AC-3°

Amplification was performed in an authorized RoboCycler Grandient 96 Hot Top Combo (Stratagene,
LalJolla, LA, USA) (Ericomp, San Diego, CA, USA) at 40 cycles, 1min at 94°C, Imin 30 sec at 63° C and
Imin at 72°C. The products were visualised in 2.5% agarose (Sigma St. Louis, MS, USA) prepared in
0.5X TBE, stained with ethidium bromide and run for 30 min at 100V for assessment of the amplicon
yield.

PCR - SSCP analysis and sequencing

Non-radioactive SSCP analysis of the 345 bp amplification product was performed as follows: After
purification with the DyeEx 2.0 spin kit-50 (Quiagen GmbH, Hilden, Germany), 5 ul of each
amplification product were added to 5 ul of 95% formamide, 0.05% bromophenol blue and 0.05% xylene
cyanol (all from Sigma, St. Louis, MS, USA)], heated to 95° C for 15 min and quenched on ice for 20 min
to achieve almost complete denaturation. Each sample was then loaded on a 10% non-denaturing
polyacrylamide gel, 29 w/w acrylamide :1,25 w/w bisacrylamide (Sigma, St. Louis, MS, USA) :5%
Glycerol (Merck Darmstadt, Germany). Electrophoresis was performed at 380 V, 3 A for 22 h using the
Marcophor (Pharmacia, Uppsala, Sweden) running apparatus at 12°C (P-Selecta Frigiterm 6000382, J.P
Selecta S.A., Abrera, Spain) and visualised by 0,5% silver nitrate (BioRad, Munich, Germany) staining.
To cross-examine and confirm the SSCP results, all amplification products were sequenced by the
automated ABI Prism 310 Genetic Analyzer (Applied Biosystems, Foster City, CA, USA) and the
sequences were aligned using the “Bioedit Sequence Alignment Editor” program.

Consensus sequences were determined by comparing the chromograms of the forward and reverse
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primers, wherever available, for the homogenous serotypes (namely A and D). Then, the consensus
sequences were aligned and compared in four distinct levels of importance. First were compared
sequences of the same serotype, subsequently the sequences of both homogenous serotypes, then the
sequences of all the homogenous serotypes (A and D) were compared against the heterologous serotype
(AD) strains and last came the comparison to GenBank (www.ncbi.nih) retrieved sequences where the
corresponding serotype was indicated by the depositors.

DIl DI Dl All Al Al

Al Al Al Al AIIDI DI Al Al Al/DIIAI/DII

DIl

FIGURE 1: Comparative SSCP patterns of C. neoformans Serotypes A, D, AD subtypes.

Results

The A and D serotypes differed by one nonsense transition substitution in Residue No 30 and position 3 of
the 10" codon. A transition heterozygocity symbol (Y or R, depending on the primer’s vector) in the base
calling process constitutes thus a safe indicator for AD serotype.

The A; and A, subtypes where found to differ by one nonsense transition substitution in Residue No 75
and position 3 of the 25" codon. This biallelic SNP’s status differentiated A, from A, D, and D,, all of
which were clustered together as they shared the same allele. A transition heterozygocity symbol (Y or R,
depending on the primer’s vector) in the base calling process constitutes thus a safe indicator for A,Dy
subtype, whereas a homozygotic A or T (depending on the primer’s vector) indicates a A;D, subtype.

The comparison between D; and D, subtypes revealed a strikingly different picture. The most important
finding is the presence of 13 nonsense transition mutations (biallelic SNPs), all being in-frame at the 3™
residue of the respective codons (residues 60, 69, 87, 117, 132, 135, 228, 249, 252, 255, 258, 270, 279).
The 13 transitions observed between D, and D, cluster D; along with A; and A, and apart from D,. A
nonsense transversion mutation at Residue 319 (1 position of 107" codon) also clusters D, apart from A,
A, and D; which shared the same allele. The tranversion heterozygocity symbol (K or M, depending on
the primer’s vector) in the base calling process constitutes thus a safe indicator for A D, subtype, whereas
a homozygotic C or G (depending on the primer’s vector) indicates a A,D; subtype.
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Al —  ACGTGAGGGCTTTACTATGGTCTGGTGCACCTCTCAAGGGACGAATCGTCATCATCGATGATGTTCTCACCTCTGGCAAG
All —+  ACGTGAGGGCTTTACTATGGTCTGGTGCACCTCTCAAGGGACGAATCGTCATCATCGATGATGTTCTCACCTCCGGCAAG
DI —+  ACGTGAGGGCTTTACTATGGTCTGGTGCGCCTCTCAAGGGACGAATCGTCATCATCGATGATGTTCTCACCTCTGGCAAG
DIl ~+  ACGTGAGGGCTTTACTATGGTCTGGTGCGCCTCTCAAGGGACGAATCGTCATCATCGACGATGTTCTCACCTCTGGCAAG
AIDIIL  —  ACGTGAGGGCTTTACTATGGTCTGGTGCRCCTCTCAAGGGACGAATCGTCATCATCGACGATGTTCTCACCTCTGGCAAG
(35) ~—+  ACGTGAGGGCTTTACTATGGTCTGGTGCRCCTCTCAAGGGACGAATCGTCATCATCGACGATGTTCTCACCTCTGGCAAG
(26) ~—+  ACGTGAGGGCTTTACTATGGTCTGGTGCRCCTCTCAAGGGACGAATCGTCATCATCGAYGATGTTCTCACCTCTGGCAAG
(49) —+  AGGTGAGGGCTTTACTATGGTCTGGTGCRCCTCTCAAGGGACGAATCGTCATCATCGAYGATGTTCTCACCTCTGGCAAG
ceo80e oo 200 110 1200 830, 10 e 150 160
Al +  GCCATTCGTGAAGCTATTGACATTCTCAAGGCCTCTCCTGAAGCGAAGCTCGTTGGAATTGTCCAGCTTGTCGACAGACAAG
All —+  GCCATTCGTGAAGCTATTGACATTCTCAAGGCCTCTCCTGAAGCGAAGCTCGTTGGAATTGTCCAGCTTGTCGACAGACAAG
DI —+  GCCATTCGTGAAGCTATTGACATTCTCAAGGCCTCTCCTGAAGCGAAGCTCGTTGGAATTGTCCAGCTTGTCGACAGACAAG
Dl —  GCCATCCGTGAAGCTATTGACATTCTCAAGGCCTCCCCTGAAGCGAAGCTTGTCGGAATTGTCCAGCTTGTCGACAGACAAG
AlDI —+  GCCATCCGTGAAGCTATTGACATTCTCAAGGCCTCCCCTGAAGCGAAGCTTGTCGGAATTGTCCAGCTTGTCGACAGACAAG
(35) —+  GCCATCCGTGAAGCTATTGACATTCTCAAGGCCTCYCCTGAAGCGAAGCTYGTYGGAATTGTCCAGCTTGTCGACAGACAAG
(26) —  GCCATYCGTGAAGCTATTGACATTCTCAAGGCCTCYCCTGAAGCGAAGCTYGTCGGAATTGTCCAGCTTGTCGACAGACAAG
(49) —+  GCCATYCGTGAAGCTATTGACATTCTCAAGGCCTCYCCTGAAGCGAAGCTYGTYGGAATTGTCCAGCTTGTCGACAGACAAG
) T o 1. ORI, (- | FESRVRMSRER. | [SES e, F0.ccissniisiveino disonssiressiid 28
Al =) AGAAAGGCCAGAGCGGTAGCGGCAAGAGTACCGTACAGGAGGTTGAGGAAGAGTTCGGTGTGCCT
All = AGAAAGGCCAGAGCGGTAGCGGCAAGAGTACCGTACAGGAGGTTGAGGAAGAGTTCGGTGTGCCT
DI — AGAAAGGCCAGAGCGGTAGCGGCAAGAGTACCGTACAGGAGGTTGAGGAAGAGTTCGGTGTGCCC
DIl — AGAAAGGCCAGAGCGGTAGCGGCAAGAGTACCGTACAGGAGGTTGAGGAAGAGTTCGGTGTGCCT
AIDII = AGAAAGGCCAGAGCGGTAGCGGCAAGAGTACCGTACAGGAGGTTGAGGAAGAGTTCGGTGTGCCT
(35) = AGAAAGGCCAGAGCGGTAGCGGCAAGAGTACCGTACAGGAGGTTGAGGAAGAGTTCGGTGTGCCT
(26) —> AGAAAGGCCAGAGCGGTAGCGGCAAGAGTACCGTACAGGAGGTTGAGGAAGAGTTCGGTGTGCCY
(49) — AGAAAGGCCAGAGCGGTAGCGGCAAGAGTACCGTACAGGAGGTTGAGGAAGAGTTCGGTGTGCCY
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Al - GTCGAGCCTATCATTGGTTTGGATGATATCGTGAAGTACTTGGAAAGCTCTGGCAAGTGGGAAAAG
All - GTCGAGCCTATCATTGGTTTGGATGATATCGTGAAGTACTTGGAAAGCTCTGGCAAGTGGGAAAAG
DI - GTCGAGCCTATCATTGGTTTGGATGATATCGTGAAGTACTTGGAAAGCTCTGGCAAGTGGGAAAAG
Dll - GTCGAGCCTATTATTGGTTTGGACGACATTGTGAAGTACTTAGAAAGCTCCGGCAAGTGGGAAAAG
AlDII . GTCGAGCCTATTATTGGTTTGGACGACATTGTGAAGTACTTAGAAAGCTCCGGCAAGTGGGAAAAG
(35) - GTCGAGCCTATTATTGGTTTGGACGAYATTGTGAAGTACTTAGAAAGCTCYGGCAAGTGGGAAAAG
(26) . GTCGAGCCTATYATTGGTTTGGAYGACATYGTGAAGTACTTAGAAAGCTCCGGCAAGTGGGAAAAG
(49) + GTCGAGCCTATYATTGGTTTGGAYGACATYGTGAAGTACTTRGAAAGCTCYGGCAAGTGGGAAAAG
Sevm— | | KU 1 | ¢ A S 1. ) JOERORSRRPINL ic || SRRSO, 7 || [ PP e Rt I /| 18

Al - GAAGCTTGCAAGAGGTCAGGAAGTACCGGGCGGAGTACGGTGTTCAGAGGTCTTAA
All - GAAGCTTGCAAGAGGTCAGGAAGTACCGGGCGGAGTACGGTGTTCAGAGGTCTTAA
DI * GAAGCTTGCAAGAGGTCAGGAAGTACCGGGCGGAGTACGGTGTTCAGAGGTCTTAA
Dil . GAAGCTTGCAAGAGGTCAGGAAGTACAGGGCGGAGTACGGTGTTCAGAGGTCTTAA
AIDII - GAAGCTTGCAAGAGGTCAGGAAGTACMGGGCGGAGTACGGTGTTCAGAGGTCTTAA
(35) *  GAAGCTTGCAAGAGGTCAGGAAGTACMGGGCGGAGTACGGTGTTCAGAGGTCTTAA
(26) . GAAGCTTGCAAGAGGTCAGGAAGTACMGGGCGGAGTACGGTGTTCAGAGGTCTTAA
(49) . GAAGCTTGCAAGAGGTCAGGAAGTACCGGGCGGAGTACGGTGTTCAGAGGTCTTAA

FIGURE 2: Aligned sequence results of various subtypes (A;, A,, Dy, D,, A{Dy) and in-house AD
strains (Strains 26, 35, 49). R=A/G, Y=C/T, M=A/C dimorphisms. Residues differentiating between
D; and D, are in red, the ones differentiating between A; and A, are in green and the ones
differentiating between Serotype A (A;, A;) and Serotype D (subtypes D;. D,) are in blue.

Some 6 more D, strains plus our original D,, strain 23 (included for control purposes) and one more D,
strain plus our original D, strain 17 (included for control purposes) were subsequently sequenced to
assess the extent and homogeneity of the haplotypes defining D; status. The 12 of the 13 observed
transitions do cluster D, along with A; and A, and apart from D,. The 13" in Residue 69 is characteristic
for only one D, strain, the No 23, while the other D, strains had the same allelic status at this position as
D; and Aj, A, and is thus considered recent point mutation. To our amazement, both D; strains had fully
shifted in all 13 informative positions from D; to D, i.e. the whole D-informative haplotype of 12
transitions and one transversion shifted from A/A,/D; to D,. The completeness of the shifting is absolute
and there is no sequence variation, neither indel nor substitution, to distinguish the 7 D, strains from the 2
D, ones. This practically means that the Strtains 17 and 45 shifted to D, haplotype at some time after
predated SSCP experiments were performed, as this had happened quite some time before the second
batch of sequencing experiments.
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TABLE 2: Allelic status of informative residues in homogenous serotypes and selected AD-serotyped
strains

Residue No | St35 A1Dx | Str26 A1D2 | St49 A1D1 | Al Haplotype | D2 Haplotype
30 - R R A G
60 C Y Y T C
69 C C C C T
75 T T T T T
87 C Y Y T C
117 Y Y Y T C
132 Y Y Y C T
135 Y C Y T C
228 T Y Y C T
240 T Y Y C T
252 C Y Y T C
255 Y C C T C
258 T Y Y C T
270 A A R G A
279 Y C Y T C
319 - M C C A

Going to the third level of comparison, 3 of our own AD strains (Strains 26, 35, 49) were sequenced and
compared to the individual A and D sequences and with SSCP results. The interesting finding is that they
were supposedly A;D; heterozygotes with observed diploidy by preceding SSCP, but the sequence
alignment brought occasionally forth a A;-D, pattern. The symbols Ay, D;, were arbitrary introduced by
us to describe SSCP subtypes within the serotypes (26). We kept the SSCP nomenclature for the
homogenous serotypes and recharacterised the AD strains by sequence relevance. Sequencing has shown
one of our AD strains (Strain 26) being AD,. It bears R heterozygocity at Residue 30, the A, allele at
Residue 75 and M heterozygocity at Residue 319. The second of our AD strains (Strain 49) was shown as
AD,. It bears R heterozygocity at Residue 30, the A, allele at Residue 75 and A;/A,/D, allele at Residue
319. The third AD strain (strain 35) cannot be properly subtyped by sequencing, because both Resdue 30
and Residue 319 are outside the sequenced area. As at Residue 75 it bears the A; allele it can be
characterized A Dy despite the lack of the informative heterozygocity at Residue 30, due to the numerous
heterozygocities scored at the 12 transition spots, which clearly indicate diploidy with presence of some
D, alleles. SSCP had given clear-cut A;D; patterns for all 3 strains at earlier time.

More intriguing was the fact that the expected heterozygosity was not universally present to all
12 transition spots/loci in any of the 3 strains: there were enough cases where homozygocity was observed
in expected heterozygocity points, and these homozygous points were neither standard nor the same in the
3 strains. A weighted clustering of the 3 strains is possible, but no identical pairs of strains could be
detected in the distribution of the heterozygosity and homozygocity observed on the 13 expected spots (12
transitions, 1 transversion). Even more intriguing is the fact that wherever a homozygocity was observed
in any of the 13 positions in any of the 3 strains (a total of 16 homozygocities in 39 loci), it clearly implied
a D, haplotype.

The transversion event at Residue 319, on the other hand, proved of more practical value. The
chemical process of this type of mutation is more complicated and thus more stable. At strain 35, the
Residue 319 lays outside the sequenced area, but at strain 26 there was a clear heterozygocity (implying
AxD,) whereas at Strain 49 a clear homozygocity. The important fact is that it is the only SNP
homozygocity event in the polymorphic positions not presenting the D2 allele. It thus clearly implies the
A D, subtype. A SNP presenting such stability is considered the most informing, and possibly the only
one necessary, for attesting D, status to a D-serotyped strain. Thus we characterized strain 49 as A|Dy, in
accordance to previous SSCP, and strain 26 A D, based on the allelic status of Residue 319, in contrast to
previous SSCP. In the AD strains, the haplotype transforms progressively towards D,. It is observed that
only the A/D defining transition at Residue 30 and the D,/D, defining transversion of Residue 319 do not
shift to homogenous D, alleles and present stability.
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Of extreme importance is the fact that Strain 49 retains its A;D, characteristic allelic condition at Residue
319 despite the fact that all the other D,/D, SNP positions have either transited to A;D, heterozygocity, or
(Residue 255) to homozygocity for D, allele. Contrarily, Strain 26, characterized A;D, by the
transversion, has an allelic status of the 12 SNPs highly/more weighted to D,: there are 8 heterozygocities
and 4 D, homozygocities. If a model of allele shifting is accepted, it somehow is asynchronous in the
different positions and not needing a D, strain to initiate the shift through a LOH mechanism. A series of
steps turn the SNP positions to A;D, heterozygous and subsequently to D, homozygous. At some point,
when the shift (teleologically entailing 12X2= 24 steps) reaches a threshold, the character of the D; chain
changes to D,, a change signaled by the transversion of Residue 319 to heterozygous status. Neither the
threshold nor its nature is known, i.e. whether it entails a strictly predetermined sequence of steps or a less
stringently predetermined one, with some degrees of freedom. Though, obviously some positions may
conclude the transformation to full D, status with 2 transitional steps (e.g. Position 255) before the
position 319 has transversed to A;D, allelic condition. Thus, it is highly recommended that to determine
the subtype of a C. neoformans var. neoformans strain, one examines equivalently the allelic status at 3
positions : Residue 30, for A/D/AD serotyping, Residue 75 for A;/A, discrimination and Residue 319 for
D,/D, discrimination. Regrettably the lack of A,Dy strains (if existent in nature) has not allowed
examination of concurrence between allelic status at positions 75 ant 319 and possible dependence
relations between the two and towards Position 30.

Unfortunately, the SSCP and sequencing experiments were not concomitant and thus SSCP

results cannot authenticate the time variable, as between subcultures transitional events evidently take
place, and perhaps more than one at a time in some cases.
The comparison of our own results to sequences deposited in the NCBI public database (GenBank) from
serotyped strains showed some interesting points: First, all 6 A-serotyped strains [GenBank
(www.ncbi.nih) Accession Nos AJ555621.1, AF248097.1/098.1/099.1/100.1/101.1] were of the A,
subtype, by force of the single SNP at Position 75. Second, practically there were not AD serotypes, as at
Residue 30 they were scored homozygously. Third, as far as AD serotypes are concerned, there is a clear
clustering in two subtypes: 5 strains we characterize as A;D, [GenBank (www.ncbi.nih) Accession Nos
AF032432.1- AF032436.1] and 2 strains as A;D, [GenBank (www.ncbi.nih) Accession Nos
AF032430.1/31.1]. A, status is guaranteed by the SNP at Residue 75. D, status in the former 5 strains is
clearly detected with 11 out of 12 homozygocities in the respective transition SNP positions. The
transversion spot at Residue 319 is also A;D;-compatible. Only the Residue 30 presents a problem of a
short, as it bears A-compatible homozygocity instead of AD heterozygocity. The intriguing thing is that
the at the 2 A;D, strains none of the 14 SNP positions expected to show heterozygocity presented any.
They are homozygous for the D, —compatible alleles.

In detail, at 11 of the 12 biallelic SNPs (residues 60, 87, 117, 132, 135, 249, 252, 255, 258, 270, 279) plus
the ones at Residues 75 and 319 the alleles called were A;D; -compatible for all 5 A;D;-typed strains, but
the allele at Residue 30 was not (homogenous A- compatible), nor the allele at Residue 228 (homogenous
D2-compatible). The total was 5*(11+3)=65 out of 5*(12+3)=75 (86.66 % consistency rate) with steady
positional distribution. For both the A;D,-typed strains, at all 12 of the 12 biallelic SNPs (residues 60, 87,
117, 132, 135, 249, 252, 255, 258, 270, 279) plus the ones at Residues 30, 75 and 319 the alleles called
were homogenous D, -compatible giving a total of 2X15=30 out of 30 (100 % consistency rate). The
grand total is 30+65=95 out of 30+75=105 (90.4% consistency rate). Only 5 incidents out of 105
examined positions (5.55%) are incompatible with the involved haplotypes and may point to specific
reasoning. We cannot produce comparative SSCP-sequencing results for the Internet strains.

Discussion

In-houseAD strains

Our own three AD-serotype strains (Strain Nos 26, 35, 49) presented a A;D, —compatible pattern. This
was observed to some but not all of the originally 13 D,-D, transition spots. The detected heterozygocities
could be explained only if the presence of the D, haplotype is accepted. There were no other
heterozygocities relative to homogenous types at other spots in any of these strains. Moreover, the
heterozygocities were confirmed by visual check of the chromograms. Thus, we are induced to accept the
non-random nature of the heterozygocity incidence at the exact positions of D;-D, transitions. The only
exception is the transition at Residue 69 (Fig. 2), which is unique to D, strain 23, implying either a very
recent mutational event in D, (not yet passed to neither other D,, nor the A;Dy types) or a peculiarity of
this particular strain.
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Since the existence of an A strand (A, by force of the single SNP at Residue 75 — Fig. 2) is beyond any
doubt by both RFLP and SSCP methods, we may assume that a clear and unilateral case of loss of
heterozygocity (LOH) is in power, unidirectionally but not uniformly. There is no ground to deduce this is
due either to some kind of imprint or any other mechanism. Though, it is obvious that the allele shifting
occurs in favour of the D, alleles of the heterozygous positions. Moreover, this happens to different
degrees (5 heterozygote positions out of 12 expected for strain 35; 7 out of 12 expected for strain 26; and
11 out of 12 for strain 49) which might imply that the process is still evolving. The difference in the
distribution of these allele shifting events shows a discontinuous, possibly varied mechanism or chain of
events which could not grade the 3 strains as different stages of a unique, clearly defined unidirectional
process.

The 12™ position (Residue 228 — Fig. 2) may be considered a real hot spot, showing no apparent
consistency in its allelic status related to the subtype, due to reversal phenomena. However, this happens
only in AD serotype, whereas in homogenous serotypes it shows absolute consistency. Alternatively,
Residue 228 may be considered the very first position to shift to D, allelic condition.

The 5 GenBank A D, strains show at this position D,-compatible homozygocity, which cannot be a LOH
phenomenon, since the allele called (D,) is not present, given that no sign of D, is detected at any of the
other 11 biallelic informative loci in any of the 5 strains. It could be mutational allele shifting, perfectly
explained by a Hot Spot status, occurring individually at the strain level and possibly followed by a LOH
step. Or it might well be the first event towards the allele shifting. The A;D, strains show either the
expected heterozygocity (as is the case with our respective, in-house, strains) or the recurring D, -based
homozygocity (GenBank retrieved), which in here could well be attributed to LOH causes.

Sequencing-SSCP

The comparative results of sequencing and SSCP, along with the observed allele shifting, lead to a series
of questions regarding the discriminatory potential of SSCP. D, varies from D, in 12 recorded transition
substitutions and a transversion substitution. As different subtypes have identical amplicon lengths
neither electrophoresis nor sequencing reveals D, or D, status lengthwise in heterozygotes. It is possible
that changes at all 13 positions are needed to produce the homogenous D, SSCP type. We do not have a
serotype D example with fused haplotype, (if a diploid D serotype exists in nature) to establish possibility
of existence, subtype status and threshold and kinetics of the transformation. This is rather odd, because
our 3 AD strains produced a clear A;|D; SSCP subtype, but transition-wise the haplotypes are partly A;D,
—compatible. Furthermore, each strain demonstrates a different degree of diversion from the A;D; SSCP
subtype.

Given that SSCP can demonstrably detect even one base substitution (7, 26), it is noteworthy that
difference in 11 residues from the D; haplotype (e.g. strain 49) does not produce for the D strands of the
AD strains a conformation diverging from D,. The same goes for the LOH phenomenon, which alters the
A, strands of all the A D strains in up to 7 residues (e.g strain 35) compared to the A; haplotype. SSCP’s
inability to detect up to 11 bases’ substitutions may mean either a mechanism of reversal of conformation
alterations, or a stochastic mechanism. As seven positions (strain 35, with the 7 LOHs) with 4 different
bases per position create 4’ possible conformations, it is obvious that observing identical conformations
implies a factor which drastically reduces the possible -to- probable ratio and allows a much limited
number of practically probable conformations. This, in turn, raises questions about the negative
discriminatory power of SSCP (though not yet for the positive one): In essence, if two sequences do look
different, they are, but if they look identical they might well not be. Of course the time parameter should
be well taken into account, as the results suggest a dynamic genomics status, which may turn results from
different points in time irrelevant. This is nicely observed in the case of strain 17, which was typically D,
by both SSCP and sequencing, to shift fully to D, the second time it was sequenced. It was the only case
we had sequencing data at two points in time, of which the earlier point in time was solidly related to
SSCP data. The genomic fluidity suggested by these data disqualifies confirmation by successive
repetitions of such time-sensitive experimental protocols.

Genbank retrieved AD sequences

The lack of any heterozygocities at the GenBank-retrieved AD strain sequences might lead to one of the
following four proposals: The first possibility is the strains not being actually AD and to have been
mistakenly serotyped, which is rather implausible due to the maturity of the techniques. The second
possibility is that they are indeed AD but haploid, at least in this part of the genome (aneuploidy). The
existence of D,- compatible allele at Residue 228 in A/D;-compatible haplotypes suggests the presence of
a D, strand to impose the allele shifting (through LOH or otherwise).
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The third possibility is that these strains are diploid but have reverted to a most stable condition, where
LOH phenomena are completed (for the 2 A;D, strains) or barely started (for the 5 A;D; strains). It is not
without importance that our own A;Dj strains are highly heterozygotic, whereas the GenBank A;D, ones
are homozygotic. The former show different levels of LOH, whereas the latter show complete LOH at all
15 informative loci. With the possible exception of technical allele- calling problems, a more stable
genomic condition of the GenBank strains compared to our own is implied.

Such cohesiveness in status, displayed in 30 positions out of 30 at the 2 A;D, GenBank strains may
indicate the fact that the process of allele shifting towards the D, haplotype is complete in these 2 strains,
and thus entails a visible and deterministic outcome, of unknown time determinant. It might be that this
outcome is the loss of chromosomes towards aneuploidy or haploidy which might well explain the lack of
heterozygocity. The non-causative relation between amplified sequence and the serotype would make such
a fact plausible. To this end, it would be interesting if RFLP data (25) or other diploidy- sensitive data
were made available. Though, the 5 A;D, strains show uniformly an A-compatible allele at Residue 30.
Since D, and D, at this position, show the same allele, it becomes clear that once the 2 A D, strains show
the D-compatible allele, the D, strain is less “potent” to the A1 so as to suffer, not to cause, a LOH. Such
a mechanism cannot be ruled out, but it is insufficiently backed by our current data and present
knowledge. The problem is that according to Residue 228 the A D, strains start shifting to A;D,, but at the
same time at Residue 30 the D, allele has shifted towards A;. The ultimate A;D, status needs a
homozygous D-compatible allele at Residue 30, which makes 3 changes necessary at the same spot, which
is not a very hot spot. Thus either Residue 228 is indeed a hot spot or the A-compatible homozygocity at
Residue 30 is unexplained and dubious.

And the fourth possibility is the presence of a bug in the scoring of heterozygocities, either in the allele-
calling or in the editing step. This would immediately put in doubt the credibility of the scoring system
that typed the 5 strains as AD. Though, due to the extreme consistency in the results both horizontally
(within each strain) and vertically (regarding the SNP positions) in these strains such extrapolation is
rather unsubstantiated.

If heterozygocities do exist but the system fails to score them and scores forcedly a homozygocity, there
must be a pattern at the ill-scored bases. A bug in base-calling at biallelic heterozygotic positions should
normally create a 50%-odd consistency. The 7 AD strains with present a total of 15 positions each (highly
informative residues 30, 75 and 319 and the twelve transitions) present a total of 105 informative
positions. Assuming an A|D; character for the former 5 strains and an A;D, for the latter 2, we observe
erroneous scoring at Residues 30 (A-homozygote instead of AD-heterozygote) and 228 (D, homozygote)
for all the 5 A;D; strains. We also observe 14 cases of erroneous scoring at each of the A;D, strains,
where D, homozygotes are scored instead of A;D, heterozygotes. The total is 2*14+2*5=38 erroneous
scoring incidents out of 7*15=105 positions (36.2%). Should a probabilistic mechanism be to blame, e.g.
scoring of the allele in relative abundance in each heterozygocity as homozygote, there should be a more
or less even distribution of allelic scoring in these positions or, at least, a 36.3% of erroneous results. This
evenness should be at the grand total level and at each of the two degrees of freedom, i.e. vertically (per
position) and horizontally (per strain). The examination vertically shows absolutely no anomalies and
inconsistencies. Within each subtype, all positions were identically scored among the different strains. In
the horizontal sense, the same was true for the A;D, subtype, where all the 15 positions in doubt were
scored identically, in accordance to the D, haplotype. For the A;D, subtype there was a difference. One of
the two misscored positions (Residue 30) was in accordance to the A; haplotype and the other (Residue
228) in accordance to D,. Thus, in 15 positions there was one anomaly 1/15, a 6.66% which becomes
3.33% if the A;D, (with no anomaly in haplotype) is taken into account. The fact that there were no
inconsistencies (0% instead of the expected 50%) in the vertical sense should not be disregarded. From
another perspective, the statistics were 5 anomalies to the relevant haplotypes (the Residue 228 in all 5
A,D; strains) out of 38 erratic incidents, a mere 13.15%, which represent 5.55% at the grand total of 105
positions. This suggests a direct involvement of the haplotype as a factor in the creation of erratic results.
Such data exclude any notion of probabilistic mechanism in the mistyping procedure and strongly
advocate a stochastic phenomenon, which may be traced rather to the editing than to the allele-calling
step. A bug in the post allele-calling editing step would be expected to create exactly such extreme
consistencies, whether these apply to the correct alleles (in the case of the 5 A;D, strains) or to the
incorrect ones (in the case of the 2 A;D; strains).
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Al Aov)k6 vTofadpo TS 0POTVTOTOMTIKNG KOl VTOTVTOTOM| TIKIG
anoteleopotikoTnTog TS PCR pe evapkrég URA-A/B otov Cryptococcus
neoformans Kou gvogiCelg Y10 Hovodpoun ToAAOTAY OAANAMKY EKTPOTY)

Tovkag Anuntproc™ (1), Kapmovpng Mavovcog Epp *.(2), Faitdvng I'edpyrog (1,3),
Mevovvog ITavayuwtng (4) kot Beleypdkn Apiotéa (1)

(1) Tpapa lotpikodv Epyaotpiov, Zyoi Enayyeipdrov Yyeios-ITpovolag,
ATEI AOnvov, Ay. Znvpidwvog, Atydiem 12210.

(2) EW¥wd Epyaotipio Mukntoroyiog, latpuc Zyodn, EKITA, Mwkpdg Aciag 75-77 Tovdn, 11527
(3) Khvikn Agppotikav kot Appodisiov Noonpdtov, latpikr ZyoAn, [Tavemotiuo
loavviveov, Aeoeodpog X. Nidpyov, Iodvviva 45110
(4) Epyaotpro Mopaxng BroAoyiag, Xxoln Afiopatikdv Adehodv Nocokopwv, ABnva

* Zoyypaeic TovTOoNUNG CUUUETOYNS

Hepiinyn

To yevetikd vmofabpo Tng HOploknig LEOTVTOMOinong o€ otehéyn Cryptococcus neoformans TOL
emroyyavetor  pe pebodoroyic PCR-RFLP 17 PCR-SSCP  odnynoe, pécw oiinlovyomoinomng kot
otolylong aAAnAovyidv oty aviyvevon MovovovkAieotdikdv IToAvpopeiopdv  (SNP) pe otabepd
oAMNAKS KOBESTOC KOl GOQN OVUSHOTIK OAANAKY ektpomn. Eviog wor petald tov kabiepopévov
vroedk@v taSwopkdv Pobuidev (mowidio Kot opdtumog). O oAAnikdg TOMOG TV KOTd cvpfoot
oAAnAovyidv omd OPOTLTOTOMNUEVO KOL VTOTLTOTOMUEVE OTEAEYN VLTOJeWVOEL TV  mhoavotnta
0poTLTIKNG VTOoTPoPNG O Pabiuaiog adAnAwng ektpomns. H @opd tng vmootpoerg eivar and tov
opotuvno A péom tov AD otov D, av kot mapopével dyvooto To av auTd To Rt Lropovy vo yivouy
180y Ka atd To 1010 oTEAEYOG.

AéEec -Kheond
Cryptococcus neoformans, +yovidlo URAS, PCR, SSCP, Opdtvmog AD, MovovoukAeotidikdg
Molvpopeiopds (SNP), Anwieto Etepoluyotiog (LOH)
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