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Rapid identification of yeast isolates from clinical samples is particularly important given their innately
variable antifungal susceptibility profiles. We present here an analysis of the utility of PCR amplification and
sequence analysis of the hypervariable D1/D2 region of the 26S rRNA gene for the identification of yeast species
submitted to the United Kingdom Mycology Reference Laboratory over a 2-year period. A total of 3,033 clinical
isolates were received from 2004 to 2006 encompassing 50 different yeast species. While more than 90% of the
isolates, corresponding to the most common Candida species, could be identified by using the AUXACOLOR2
yeast identification kit, 153 isolates (5%), comprised of 47 species, could not be identified by using this system
and were subjected to molecular identification via 26S rRNA gene sequencing. These isolates included some
common species that exhibited atypical biochemical and phenotypic profiles and also many rarer yeast species
that are infrequently encountered in the clinical setting. All 47 species requiring molecular identification were
unambiguously identified on the basis of D1/D2 sequences, and the molecular identities correlated well with the
observed biochemical profiles of the various organisms. Together, our data underscore the utility of molecular
techniques as a reference adjunct to conventional methods of yeast identification. Further, we show that PCR
amplification and sequencing of the D1/D2 region reliably identifies more than 45 species of clinically
significant yeasts and can also potentially identify new pathogenic yeast species.

Invasive fungal infections, especially those caused by Can-
dida spp., remain a significant cause of mortality in immuno-
compromised patients and in those undergoing invasive pro-
cedures (reviewed in references 27 and 31). Although Candida
albicans remains the principal agent of nosocomial infections,
more than 150 yeast spp. have now been associated with hu-
man pathologies (17), at least partly because human patho-
genic yeasts are part of the human commensal flora. The pat-
terns of antifungal susceptibilities of Candida spp. vary almost
as greatly as the organisms themselves. In addition, the wide-
spread use of antifungal agents may have contributed to a shift
in species distributions via the emergence of inherently resis-
tant species as significant pathogens (21, 22). Thus, informed
therapeutic decisions increasingly require correct and rapid
identification of an ever-increasing number of potential patho-
gens.

Conventional identification of pathogenic yeasts in the clin-
ical laboratory relies upon a combination of morphological and
biochemical features using tests that are labor-intensive and
time-consuming. In addition, the currently available commer-
cial yeast identification systems frequently fail to identify the
less common pathogens (6) or to discriminate between closely
related species (32). Molecular methods for the identification
potentially represent rapid and sensitive alternatives to con-

ventional identification for yeasts. Among the approaches eval-
uated, randomly amplified polymorphic DNA analysis (5),
TaqMan PCR (18), DNA microarrays (23), amplified DNA
length polymorphisms (12, 13), and species-specific PCR
primer combinations (24) have shown promise. Although these
approaches could distinguish among the top 10 to 15 most
common yeast species, they have not been rigorously applied
to the more unusual isolates from human infections.

An alternative molecular diagnostic approach involves PCR
amplification of genomic DNA, followed by sequencing of the
resulting amplicons. Target genes for amplification have in-
cluded the mitochondrial cytochrome b gene (33) and the
regions coding for the nuclear rRNA genes (12, 13). Such
regions evolve slowly, show high degrees of conservation
among fungi, and are thus potentially suited for molecular
identification and the establishment of phylogenetic relation-
ships. Indeed, in limited analyses, sequencing of the internal
transcribed regions (ITS) of the nuclear rRNA gene cassette
proved sufficient to discriminate between some 40 species of
clinically important yeasts (12, 13).

In the present study, we assessed the possibility of using
PCR amplification and sequencing of the D1/D2 region of the
large ribosomal subunit gene for the identification of clinically
important species. All yeast isolates submitted to the United
Kingdom National Mycology Reference Laboratory (MRL),
Bristol, over a period of 24 months that failed to be definitively
identified using commercial identification kits were subjected
to PCR sequencing analysis targeting the D1/D2 large ribo-
somal subunit region. This approach, with more than 150 iso-
lates, combined with conventional identification methods al-
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TABLE 1. Yeast isolates identified at the United Kingdom MRL from March 2004 through March 2006a

Organismb Total %
Total

AUX
(no. of

isolates)
Code (no. of isolates)

API 20C
(no. of

isolates)

Molecular
IDc (no. of

isolates)

%
Molecular

ID

Candida albicans 1,192 (germ
tube � 1,126)

39.3 56 7145207 (30) 3 7 0.6

7144207 (15)
7141207 (4), PCRd; 7144007 (2);

7145205 (3); 7144204 (2)
Candida glabrata 659 21.7 649 1040004 (649) 4 6 0.9
Candida parapsilosis 430 14.2 415 7143105 (134); 7145105 (124);

7147105 (120); 7146105 (10);
7102105 (10); 7142105 (8)

12 3 0.7

Candida tropicalis 156 5.2 154 7147005 (154) 2 0
Candida lusitaniae 99 3.3 45 7067005 (17); 7062005 (11);

7167005 (12); 7163005 (3);
7162005 (2)

35 19 19.2

Candida krusei 74 2.4 70 1000005 (70) 4 5.4
Cryptococcus neoformans 64 2.1 61 7577444 (15); 7557444 (10);

7576444 (6); 7157444 (5);
7572544 (4); 7577544 (4)

1 3e 4.7

Saccharomyces cerevisiae 60 2.0 29 7540004 (7); 7140004 (6);
7500004 (6); 7040004 (5);
7540004 (1); 7542004 (1)

27 4 6.7

Candida guilliermondii 53 1.7 25 7567105 (25) 11 19* 35.8
Malassezia pachydermatis 36 (34 direct

ID)
1.2 NAh NA 2 5.5

Candida dubliniensis 33 (germ
tube � 15)

1.1 30 7141207 (22), PCR; 7141007 (2);
7141205 (2); 7143207 (1);
7146607 (1); 7140207 (1)

3 9.1

Trichosporon sp. 23 0.8 17 7364325 (5); 7777325 (5);
7767325 (2); 3364325 (2);
7374325 (1); 7366325 (1)

2 4 17.4

Rhodotorula sp. 19 0.7 NA NA 19 0
Candida inconspicua 17 0.6 15 1000004 (15) 5* 29.4
Candida kefyr 15 0.5 5 5700005 (5) 6 4 26.7
Candida famata 12 0.4 7 7567104 (7)f 2 3 25.0
Candida sp. nov. 11 0.4 0 NA 11 100
Geotrichum sp. 10 0.3 5 1000025 (4) 2 3 30.0

1104021 (1)
Candida pelliculosa 8 0.3 0 NA 6 2 25.0
Candida fabianii 5 0.2 0 NA 5g 100
Candida lipolytica 5 0.2 2 1100005 (2) 3 60.0
Candida blankii 4 0.1 0 NA 4 100
Candida utilis 4 0.1 0 NA 3 1 25.0
Cryptococcus albidus 4 0.1 4 7776140 (2); 7676140 (1);

7066140 (1)
0

Candida rugosa 3 0.1 0 NA 2 1 33.3
Candida norvegensis 3 0.1 0 NA 3 100
Candida pararugosa 3 0.1 0 NA 3 100
Candida catenulata 3 0.1 0 NA 3 100
Kloeckera sp. 3 0.1 0 NA 1 2 66.7
Saccharomyces elongasporus 2 0 NA 2 100
Candida zeylanoides 2 0.3 0 NA 2 100
Candida eremophila 2 0 NA 2 100
Candida lambica 2 0 NA 2 100

Total 3,033 138 153 5.0

a Figures are given for the total number of isolates received for each species, the percentage of total isolates represented by each species, and the number of isolates
identified by germ tube (C. albicans and C. dubliniensis only), AUXACOLOR2 (AUX; with the most frequent AUXACOLOR2 codes obtained), API 20C, and D1D2
sequencing (molecular ID, with the percentage of isolates of each species that required sequence analysis) analyses.

b The following 17 organisms (0.5% of all isolates) were single isolates whose identification required molecular approaches: Candida ciferrii, Candida boidinii, Candida
palmioleophila, Candida freyschussii, Kazachstania pintolopesii, Candida magnoliae, Candida viswanathii, Metschnikowia pulcherrima, Pichia onychis, Sporobolomyces sp.,
Zygosaccharomyces lentus, Issatchenkia terricola, Candida haemulonii, Candida pseudointermedia, Candida pseudoglaebosa, Sporopachydermia cereana, and Kazachstania
bovina. Candida ciferrii, Candida boidinii, and Candida magnoliae were identified as part of quality control programs and were not isolates from clinical cases.
Sequencing did not reliably resolve the Trichosporon, Kloeckera, and Geotrichum isolates to the species level.

c Proportions of the molecular identifications indicated with an asterisk were used to confirm AUXACOLOR2 presumptive identities.
d Four isolates of C. albicans gave AUXACOLOR2 profiles consistent with C. dubliniensis but were confirmed as C. albicans by intron-specific PCR (see the text).
e C. neoformans isolates were identified by sequencing of the ITS1 region.
f The published AUXACOLOR2 code of 7567100 for C. famata is incorrect and should read 7567104.
g C. fabianii and C. veronae were initially reported to be indistinguishable on the basis of D1D2 sequencing (13).
h NA, not applicable.

VOL. 45, 2007 MOLECULAR IDENTIFICATION OF PATHOGENIC YEASTS 1153



lowed the identification of 50 different species of potentially
pathogenic yeasts. Moreover, in all cases, molecular identifi-
cations correlated well with observed phenotypic characteris-
tics of the isolates.

MATERIALS AND METHODS

Test isolates. A total of 3,033 clinical isolates that had been submitted to the
MRL for identification were tested. Isolates were subcultured twice on plates of
Oxoid Sabouraud dextrose agar containing 0.5% (wt/vol) chloramphenicol
(Unipath Limited, Basingstoke, England). Cultures were incubated for 24 h at
35°C prior to testing. All procedures used coded isolates, and their correct
identities were only revealed after full conventional and molecular analyses.

Conventional identification methods. The clinical isolates included in the
present study had all failed to be identified by the conventional identification
methods used by the MRL. These conventional methods were as follows. After
initial germ tube testing, isolates were subjected to the AUXACOLOR2 iden-
tification kit (Sanofi Diagnostics Pasteur, Paris, France) exactly as described
previously (11). Isolates were also cultured on Dalmau plates (Oxoid cornmeal
agar, supplemented with 1% Tween 80, with a sterile coverslip over a single
streak of the organism) to establish the additional morphological characteristics
required for complete AUXACOLOR2 profiles. After the failure of this system
to identify the isolates (i.e., the generation of AUXACOLOR2 profiles that did
not match any profiles in the database), isolates were tested in the API 20C
system (bioMerieux, Marcy-lEtoile, France) exactly as described previously (15).

Molecular methods. Genomic DNA was prepared from yeast cultures after 2
days of incubation on Sabouraud agar using Whatman FTA filter paper tech-
nology exactly as described previously (8). Briefly, yeast aqueous suspensions
(200 �l) were applied directly to Whatman FTA microcards, which were then
placed, open, in a Panasonic microwave (800 W) while still damp and subjected
to two cycles of 30 s on full power, with a pause of at least 30 s between each
cycle. Punches (2 mm in diameter) were then removed from dried FTA filters by
using a Harris micropunch and washed and used to program PCRs. The washing
conditions consisted of two washes for 1 min each with 100 �l of Whatman FTA
wash reagent, followed by two washes for 1 min each with 100 �l of TE buffer (10
mM Tris-HCl [pH 7.5], 0.1 mM EDTA). Washed filters were then dried for 5 min
at 55°C on a dry heat block, and PCR mixes were added directly to the washed
and dried FTA filter punches.

Amplification of a region of the large subunit gene (LSU) was performed with
the primers described previously (20). For PCR, reactions (100 �l) were per-
formed in the presence of 200 �M concentrations of each deoxynucleoside
triphosphate, 250 nM concentrations of the appropriate primers, 2 U of
HotStarTaq polymerase (QIAGEN, Valencia, CA), and either 5 �l of Magna-

Pure-extracted total genomic DNA or a single filter punch. After enzyme acti-
vation at 94°C for 15 min, reactions were subjected to 40 thermal cycles of 94°C
for 15 s, 55°C for 15 s, and 72°C for 90 s on a GeneAmp PCR Systems 9700
thermocycler (Applied Biosystems, Foster City, CA). Amplification success was
evaluated by electrophoresis of a fraction of total amplification products in 1.2%
(wt/vol) agarose gels run for 45 min at 120 V in Tris-borate buffer. For sequenc-
ing of PCR products, the remainder of the PCRs were adjusted to final concen-
trations of 10% (wt/vol) PEG 8000 and 10 mM MgCl2 and then centrifuged for
10 min at 12,000 rpm in a bench-top centrifuge. The resulting DNA pellets were
washed in 75% ethanol, air dried, resuspended in sterile water, and subjected to
automatic sequencing by using the commercial service available at the Advanced
Biotechnology Centre (Imperial College, London, United Kingdom). For clinical
isolates, organisms were formally identified by using BLAST searches against
fungal sequences in existing DNA databases (2) and multiple sequence align-
ments (CLUSTAL W, version 1.82 [30]) using a database of formally identified
organisms compiled by the MRL.

For principal component analysis (PCA), DNA sequences were aligned in
CLUSTAL W (30) and manually edited by using JalView (14). A similarity
matrix was obtained from the aligned sequences through the DNAdist program
in the PHYLIP package (16). The similarity matrix was reformatted manually,
and PCA was undertaken through the MSVP package (Kovachs Computing,
Ltd.).

RESULTS

From March 2004 to March 2006, the United Kingdom
MRL received 3,033 clinical isolates of yeast for identification.
Of these, 2,742 (90.5%) were identified by using a combination
of germ tube testing and the AUXACOLOR2 system. A fur-
ther 138 (4.5%) required use of the API 20C kit in addition to,
or instead of, AUXACOLOR2, and the remaining 153 (5.0%)
could not be satisfactorily identified by either of these com-
mercially available conventional identification methods (Table
1). These remaining 153 isolates were thus identified by se-
quence analysis of the LSU D1D2 region.

Results of biochemical identification of pathogenic yeast
isolates. Identification of the 3,033 clinical isolates received
from 2004 to 2006 indicated that these isolates encompassed a
total of 50 different yeast species. C. albicans was by far the
most prevalent organism, accounting for nearly 40% of all

TABLE 2. List of isolation sites, where known, for representative isolates of the less frequently encountered yeast species

Organism Isolation site(s)a

Candida sp. nov. ........................................................................................................................Exit site swab, pelvic collection, pelvic abscess fluid,
ascitic fluid, and mouth (three times)

Candida fabianii.........................................................................................................................Environmental, gastric lavage, blood culture (sepsis open
abdomen), urine and central line tip, and ear swab

Candida blankii..........................................................................................................................Blood culture (twice), sputum, and endocarditis
(repeatedly isolated from valves)

Candida catenulata ....................................................................................................................Blood culture, urinary tract infection, and sputum
Candida eremophila...................................................................................................................Abdominal drain (post-ileac surgery)
Candida utilis .............................................................................................................................Collection around kidney (human)
Kloekera sp. ................................................................................................................................Vaginal swab
Saccharomyces elongasporus .....................................................................................................Blood culture
Candida freyschussii...................................................................................................................Medicolegal genitourinary sample
Candida lambica ........................................................................................................................Yeast infection of skin not responding to treatment
Candida palmioleophila.............................................................................................................Urine from baby with fungal urinary tract infection
Candida pintolopesii ..................................................................................................................Blood culture
Candida rugosa ..........................................................................................................................Blood culture
Issatchenkia terricola..................................................................................................................Ascitic fluid
Kazachstania bovina ..................................................................................................................Mouth
Metschnikowia pulcherrima.......................................................................................................Blood culture
Pichia onychis.............................................................................................................................Sputum
Sporobolomyces sp. ....................................................................................................................Vitreous humor, endophthalmitis
Zygosaccharomyces lentus .........................................................................................................Soft drink

a Sites considered to be most likely to be clinically significant are indicated in boldface type.
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isolates (Table 1). Indeed, C. albicans, together with C. gla-
brata, C. parapsilosis, and C. tropicalis, represented more than
80% of all isolates received. More than 95% of the C. albicans
isolates were positive in the germ tube test and were not
further analyzed. More than 95% of germ tube-negative strains
of C. albicans and of the isolates of C. glabrata, C. parapsilosis,
and C. tropicalis were successfully identified by using the
AUXACOLOR2 system (Table 1), with the result that �1% of
isolates of these common species required molecular identifi-
cation. Interestingly, four isolates yielded AUXACOLOR2
profiles corresponding to C. dubliniensis, and correct identifi-
cation as C. albicans required PCR amplification of a discrim-
inatory type 1 intron region (9).

A second group of eight species of potentially pathogenic
yeast (C. lusitaniae, C. krusei, C. guilliermondii, C. dubliniensis,
Cryptococcus neoformans, Saccharomyces cerevisiae, Malassezia
pachydermatis, and Trichosporon sp.) accounted for 15% of
total organisms received. At least 50% of these isolates were
successfully identified by AUXACOLOR2. However, �5% of
these organisms could not be identified by using either AUXA
COLOR2 or API 20C kits and thus required molecular iden-
tification (Table 1). This situation was exaggerated with C.
lusitaniae and C. guilliermondii, partly due to the failure of
these organisms to produce the pseudomycelia on Dalmau
cultures (data not shown) required for correct AUXACOL
OR2 profiles, with the result that 20% or more of all isolates
required molecular identification.

A further 153 yeast isolates, encompassing another 38 spe-
cies, comprised the remaining 5% of all organisms identified
during the study period (Table 1). With the exception of
Rhodotorula sp. and Cryptococcus albidus, which were correctly
identified by API 20C and AUXACOLOR2 testing, respec-
tively, the majority of these more unusual yeast species were
only satisfactorily identified by using molecular approaches or
by further lengthy biochemical and morphological analyses
(Table 1). Some of these isolates are likely to have been clin-
ically significant, as judged by their culture from deep, usually
sterile, body sites (Table 2), highlighting the importance of
their correct identification. Interestingly, 11 of these 153 iso-
lates corresponded to a new Candida species (Candida sp.
nov.; Table 1), closely related to but distinguishable biochem-
ically and genetically from C. glabrata (unpublished data).

Molecular identification of yeast isolates. Application of
aqueous suspensions of yeast isolates to Whatman FTA cards
(see Materials and Methods) generated PCR-grade genomic
DNA for all 153 isolates tested, as judged by amplification
success in PCRs with primers targeting the D1/D2 region of
the LSU (20; data not shown). Even though the D1/D2 region
is a relatively hypervariable part of the more conserved LSU
element within the nuclear ribosomal repeat region, a surpris-
ing species-specific heterogeneity in the PCR amplicon lengths
was observed for this region. As judged by the results of auto-
matic sequencing of the amplicons in each case, PCR products
(excluding PCR primer sites) ranged from 252 bp (for Geotri-
chum sp.) to 415 bp (for Sporobolomyces sp.; Table 3). Despite
this heterogeneity, several species still shared amplicons of
identical lengths, indicating that D1/D2 region PCR fragment
lengths alone are not appropriate for identification of Candida
species. It should also be noted that three isolates of C. neo-
formans were identified after PCR amplification and sequenc-

ing of the internal transcribed spacer region 1 (ITS1) using the
primers described previously (7), rather than the D1/D2 region
of the LSU. We routinely find PCR amplification of the D1/D2
region for this organism to be extremely inefficient (data not
shown).

Automatic sequencing of the D1/D2 amplicons also revealed
a dramatic degree of sequence variability among the isolates
examined. The percent nucleotide identities among Candida
species, calculated by using the CLUSTAL W multiple align-
ment program and ignoring gaps, varied from 96% identity (C.
palmioleophila and C. pseudoglaebosa) to as little as 37%
identity (C. haemulonii and C. lipolytica, C. rugosa, or C.
pararugosa; data not shown). Thus, with the exception of 11

TABLE 3. Length of D1D2 amplicons sequenced for each of the
yeast species analyzed, in order of ascending size

Organism
Amplicon

lengtha

(bp)

Geotrichum sp....................................................................................252
Candida catenulata ............................................................................276
Candida magnoliae ............................................................................276
Candida lipolytica ..............................................................................320
Candida lusitaniae .............................................................................328
Candida pseudointermedia ................................................................329
Metschnikowia pulcherrima...............................................................331
Candida haemulonii ..........................................................................332
Candida rugosa ..................................................................................345
Saccharomyces elongasporus .............................................................357
Candida boidinii ................................................................................361
Candida kefyr .....................................................................................361
Candida blankii..................................................................................363
Candida pararugosa ...........................................................................364
Candida lambica ................................................................................365
Candida pseudoglaebosa ...................................................................365
Candida dubliniensis..........................................................................366
Candida parapsilosis ..........................................................................366
Candida viswanathii...........................................................................366
Candida tropicalis ..............................................................................367
Candida zeylanoides...........................................................................367
Candida albicans ...............................................................................368
Candida guilliermondii ......................................................................368
Candida krusei ...................................................................................368
Candida ciferii ....................................................................................369
Candida fabianii ................................................................................369
Candida pelliculosa............................................................................369
Saccharomyces cerevisae....................................................................369
Kloekera sp .........................................................................................370
Candida utilis .....................................................................................374
Candida glabrata................................................................................378
Candid norvegensis ............................................................................378
Candida inconspicua .........................................................................381
Candida palmioleophila ....................................................................383
Issatchenkia terricola .........................................................................383
Candida famata .................................................................................387
Candida pintolopesii ..........................................................................388
Kazachstania bovina ..........................................................................388
Sporopachydermia cereana ................................................................388
Pichia onychis.....................................................................................389
Trichosporon sp..................................................................................390
Candida eremophila...........................................................................391
Zygosaccharomyces lentus .................................................................397
Candida freyshussii ............................................................................401
Candida sp. nov. ................................................................................403
Malassezia pachydermatis..................................................................412
Sporobolomyces sp. ............................................................................415

a The lengths given exclude PCR primer sequences.
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isolates corresponding to a hitherto-undescribed species of
Candida (Candida sp. nov; Table 1), BLASTN searches (2) of
the resulting D1/D2 sequences against the existing synchro-
nized EMBL and GenBank DNA databases yielded largely
unequivocal hits against previously identified yeast reference
isolates. To assess the reliability of molecular identification,
the various sequences were subjected to PCA. The 47 DNA
sequences were each recovered as distinct points in the PCA
and could be represented as individual entries in the first three
dimensions (Fig. 1). Total variance contained in the first three
dimensions was rather low at 34%. Thus, it is extremely im-
probable that an unknown sequence would group incorrectly
with a poorly related or unrelated reference sequence. In ad-
dition, for organisms not included in the databases of the
AUXACOLOR2 and API 20C kits, the biochemical profiles
obtained with AUXACOLOR2 and API 20C were compared
to the known reactivities of the organisms from published
sources (4), and a careful analysis of microscopic morphology
was performed. In all cases, biochemical and phenotypic pro-
files obtained prior to molecular identification agreed ex-
tremely well with available published profiles for the given
organism (data not shown).

DISCUSSION

This report has presented the results of yeast identification
at the United Kingdom MRL over a 24-month period. Al-
though 50 different species of yeast were identified, the 12 most
common species of yeast comprised 95% of isolates (Table 1).
In accordance with previous reports (19, 26), C. albicans, C.

glabrata, C. parapsilosis, C. tropicalis, C. lusitaniae, C. krusei, C.
guilliermondii, C. dubliniensis, and Cryptococcus neoformans
remain the most prevalent yeast species encountered in clinical
isolates. However, it should be noted that the absolute num-
bers of isolates for a given species received at the MRL are
likely to be biased. Due to the reference nature of our activity,
isolates submitted for identification are by necessity those that
have failed to be identified by the referring laboratories. Thus,
this report is not an epidemiological survey of yeast species.
Our data demonstrate that the vast majority of these common
isolates can be readily identified by the commercially available
AUXACOLOR2 kit, underscoring its utility as a first-line iden-
tification system (Table 1). Isolates that failed to be identified
by this system could frequently be identified by using the API
20C system as a second-line test (Table 1). Again, it should be
noted that we have not attempted to compare the absolute
success rates for identifications using AUXACOLOR2 as op-
posed to API 20C but rather have adhered to the strategy used
in the laboratory of sequential testing of difficult isolates with
AUXACOLOR2, followed by API 20C.

Even 10 years ago, more than 150 species of yeast had been
associated with human pathologies (17). It is thus not surpris-
ing that the remaining 5% of isolates received by the MRL
included an additional 38 different yeast species. Some of
these organisms (e.g., C. inconspicua, C. kefyr, C. famata, C.
pelliculosa, C. lipolytica, C. norvegensis, and Geotrichum sp.) are
relatively uncommon but are nonetheless recognized potential
human pathogens and as such are included in the databases of
the AUXACOLOR2 and API 20C kits. At least some isolates

FIG. 1. Principle component ordination scores. The principle component ordination scores derived from analysis of 47 yeast sequences
generated by PCR amplification and sequencing of the D1/D2 region are charted. The first three dimensions are shown.
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of these species were correctly identified without recourse to
molecular techniques, although the success rates were gener-
ally much lower than with the 12 most common species (Table
1). Others of these less common species (e.g., C. blankii, C.
fabianii, C. pararugosa, C. catenulata, and C. pintolopesii) are
very rarely encountered in the clinical setting and are not
included in the databases supplied with commercial identifica-
tion kits. Not surprisingly, all isolates of these rare yeast spe-
cies, some of which had been cultured from clinically signifi-
cant sites (Table 2), required molecular identification.

The molecular identification strategy used here involved
PCR amplification of the D1/D2 region of the gene encoding
the large ribosomal subunit (26S) RNA, followed by auto-
mated sequencing of the resulting amplicons. A similar ap-
proach but involving sequencing of the ITS regions of the
nuclear rRNA gene cassette previously discriminated between
some 40 species of clinically important yeasts (12, 13). The
rationale for the choice of the D1/D2 region for the present
study was twofold. The D1/D2 primers that we used are capa-
ble of binding virtually all yeast species (with the possible
exception of Cryptococcus neoformans), whereas our own re-
sults with primers targeted to the ITS1 region have proved
more variable (data not shown). Second, the number of se-
quences from different fungal species corresponding to the
D1/D2 region in the public synchronized databases far exceeds
those corresponding to other regions of fungal genomes. For
example, basic string searches in EMBL using “Candida”
yielded 1,805 sequences for “26S/28S” compared to only 1,167
using “internal transcribed spacer region 1/ITS1.” In addition,
although the sequence of the D1/D2 region of the fungal ge-
nome is more conserved than that of the flanking spacer re-
gions, we have shown here that sequence variation in the
D1/D2 region is easily sufficient to allow unambiguous specia-
tion of all yeast isolates encountered to date. Indeed, our
unpublished results also indicate that this approach success-
fully identified isolates of several of the recently described
Candida species that to date can only be identified by molec-
ular approaches, including C. orthopsilosis and C. metapsilosis
(29) and C. nivariensis (1; data not shown). Indeed, given the
inability of standard phenotypic methods to distinguish some
of these new Candida species, it is possible that molecular
methods may ultimately become the primary means of identi-
fication of clinically important yeast isolates.

Species have been included in the present study due to their
occurrence in clinical specimens. They have not been selected
according to any systematic or phylogenetic criteria, and the
full list includes both ascomycete and basidiomycete species.
Some of these, such as C. rugosa and C. pararugosa, are very
closely related, whereas others such as Geotrichum sp. and
Sporobolomyces sp. are only very distantly related. Under these
circumstances it would not be appropriate to use D1/D2 se-
quences to attempt to formally reconstruct phylogeny (see
references 3, 10, and 25). The D1/D2 sequences have instead
been used to produce identifications on the basis of the best
match shown between unknown and reference sequences. In
this process the final identification is made from a measure of
agreement over all of the characters and so is a simultaneous
method, as defined previously (28). Since PCA only places
sequences in n-dimensional space and does not impose any
grouping or phylogenetic criteria on results, it was used to

demonstrate the general pattern of variation between se-
quences (28). The PCA result here shows that there is suffi-
cient variation between sequences for each to occupy a unique
position within the ordination, and in this case that can be
achieved with only the 34% of the total variation contained in
the first three dimensions (Fig. 1).

In summary, we have presented data demonstrating that
sequencing of the D1/D2 region of the 26S/28S rRNA gene is
a robust means for identifying many clinically relevant yeast
isolates. Although such an approach is not necessary for the
more common pathogenic yeasts encountered (which are reli-
ably identified by commercially available AUXACOLOR2 and
API 20C yeast identification kits), it is an important if not
essential adjunct for the correct identification of many of the
rarer clinically relevant yeast species.
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