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Abstract

With the advances in sequencing techniques, identification of ascomycetous

yeasts to the species level and phylogeny reconstruction increasingly require

curated and updated taxonomic information. A specific database with nucleotide

sequences of the most common markers used for yeast taxonomy and phylogeny

and a user-friendly interface allowing identification, taxonomy and phylogeny of

yeasts species was developed. By 1 September 2012, the YeastIP database con-

tained all the described Saccharomycotina species for which sequences used for

taxonomy and phylogeny, such as D1/D2 rDNA and ITS, are available. The data-

base interface was developed to provide a maximum of relevant information and

data mining tools, including the following features: (1) the BLAST N program for

the sequences of the YeastIP database; (2) easy retrieval of selected sequences; (3)

display of the available markers for each selected group of species; and (4) a tool

to concatenate marker sequences, including those provided by the user. The con-

catenation tool allows phylogeny reconstruction through a direct link to the Phy-

logeny.fr platform. YeastIP is thus a unique database in that it provides

taxonomic information and guides users in their taxonomic analyses. YeastIP

facilitates multigenic analysis to encourage good practice in ascomycetous yeast

phylogeny (URL: http://genome.jouy.inra.fr/yeastip).

Introduction

The taxonomy of ascomycetous yeasts has progressed

substantially over the past decade. Although phenotypic

characterization is still important for species description and

applied sciences, it is progressively being abandoned and

replaced by molecular characterization for species delineation

(Kurtzman, 2011). Kurtzman & Robnett (Kurtzman &

Robnett, 1997, 1998) provided the first exhaustive ascomyce-

tous yeast database consisting of the D1/D2 part of the large

subunit of the nuclear ribosomal DNA. Species are still delin-

eated using this marker, and it still allows the discrimination

of most species, but with time and the ever-increasing docu-

mentation of the extent of biodiversity, the discriminatory

value of the D1/D2 domains is slowly diminishing. Also, the

D1/D2 marker is often less suitable for phylogeny. A major

initiative to barcode fungi, including yeasts, has been

launched, and it has been suggested to use ribosomal internal

transcribed spacers (ITS) as the universal barcode marker

(Seifert, 2009; Schoch et al., 2012). However, recent work

raises doubts about the use of ITS as the sole marker for spe-

cies delineation, in view of the extent of the genetic diversity

displayed by fungi (reviewed in Vralstad, 2011).

Various markers have been developed for use in phyloge-

netic reconstructions, including the RNA polymerase II gene

(Liu et al., 1999), the mitochondrial cytochrome C oxidase

gene (Belloch et al., 2000), and the actin gene (Daniel et al.,

2001; Daniel & Meyer, 2003). However, genes do not evolve

similarly and often provide incongruent phylogenies when

used separately, and consequently, multigenic analyses are

now the preferred choice for the establishment of robust

phylogenies (Kurtzman & Robnett, 2003). The Assembling

the Fungal Tree of Life Project (AFTOL), aiming to generate

a phylogeny of the fungal phylum, chose six loci: small sub-

unit rRNA genes (SSU); ITS; the large subunit rRNA gene

(LSU); the small subunit mitochondrial rRNA gene

(mtSSU); ribosomal polymerase II largest and second largest

subunit coding genes (RPB1 and RPB2, respectively); and
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the translation elongation factor 1-alpha gene (TEF1-alpha).

This led to the first fungal tree based on a six-gene phylogeny

(James et al., 2006). Comparative genomics allowed the

selection of genes on the basis of their good performance in

phylogeny reconstruction in comparison with whole gen-

ome reconstruction (Kuramae et al., 2007; Aguileta et al.,

2008), but these genes have not been widely used in a general

fashion in the Saccharomycotina subphylum.

All marker sequences, published or just deposited, are

available in the GenBank database (http://www.ncbi.nlm.-

nih.gov/). There are several other sources of taxonomic

information. The last edition of The Yeasts, a taxonomic

study (Kurtzman et al., 2011), constitutes the reference for

species description, acceptance, and the relationships between

the two. The MycoBank site (http://www.mycobank.org/,

Crous et al., 2004) is the reference for documentation on

updated taxonomical information; it is relayed by Index

Fungorum (http://www.indexfungorum.org/). In addition,

the CBS database (http://www.cbs.knaw.nl/) and the Strain-

Info.net database (http://www.straininfo.net/, Dawyndt

et al., 2005) provide links between strains and associated

data like taxonomy and sequences.

However, it is generally difficult for the general user or even

for the taxonomist to retrieve sequences for identification or

for phylogeny. Generalist databases such as NCBI and EMBL,

and specialist databases like Strain.info, do not allow the

retrieval of several taxonomically informative sequences at

once. There is also confusion over the annotation of deposited

sequences. Nilsson and coworkers (Nilsson et al., 2006) have

shown that up to 20% of the fungal ITS sequences in public

databases have the wrong taxonomic assignment. The main

problem remains the absence of simultaneous updating of

taxonomical information across the various databases. These

various causes make seemingly simple operations, such as

authentication to the species level and phylogeny reconstruc-

tion, tedious, time consuming, and error prone.

The YeastIP database offers easy and immediate access to

the type strain or representative strain sequences of each

species. In addition, associated information is available in a

simple, clear interface, with expert-validated sequences. Yea-

stIP allows easy retrieval of these sequences through the use

of a search tool. YeastIP was developed with the intention of

helping both nonspecialists and taxonomists to establish

rapid identification and phylogenetic reconstruction.

Database structure and content

A MySQL database associated with a HTML/PHP/Java-

Script interface was developed as part of the YeastIP

project to provide a curated database for identification

and phylogeny of yeasts. The NCBI database was searched

for sequences from described species belonging to the

subphylum Saccharomycotina, and over 4348 sequences

were retrieved and incorporated into YeastIP. The criteria

for including these sequences were as follows:

• The sequences of type strains of all the Saccharomycoti-

na species were included.

• Well-documented sequences of nontype strains were

also included, especially when no or only few sequences

for a given type strain were available or when the partial

or complete genome sequences of nontype strains were

available, for instance in the case of Kluyveromyces lactis

(Dujon et al., 2004).

• If multiple type strains are referenced in current databas-

es (MycoBank, CBS, etc.), only the type strain of the cur-

rently recognized species was retained, as recommended

by Kurtzman and collaborators (Kurtzman et al., 2011).

• The sequences were also checked on the basis of quality

criteria, which included their size, their proportion of

informative bases and their position in the marker of

interest. To ensure their traceability, all sequences

included in YeastIP were previously deposited in a pub-

lic database either as a single sequence with an accession

number or as a complete genome sequence. In the case

of sequences only available as part of a complete gen-

ome, the markers of interest were extracted and were

given an arbitrary YeastIP accession number.

For the YeastIP database to be useful, each sequence file

needs also to contain taxonomic information, such as clade

affiliation, species name, and synonyms, for example,

which are not easily available in other databases. To avoid

discrepancies between the literature and the taxonomic

status of sequences in databases, the name of the species

associated with sequences was updated as necessary. The

accepted species name in YeastIP is the name given the sta-

tus ‘Currently used’ in the MycoBank database. For species

described after the publication of ‘The Yeasts, a taxonomical

study’ (Kurtzman et al., 2011), the accepted name in Yea-

stIP is that given in the publication, which describes the

new species. An exhaustive list of synonyms was also added

to each sequence/species file as appropriate.

During the past decade, Kurtzman and his collaborators

divided the yeast tree into clades. Consequently, all the spe-

cies incorporated into YeastIP were attributed a clade name

according to Kurtzman (2011) and to the phylogenetic

information provided for new species described after 2011

as given by the authors. Note, however, that a number of

species, especially in the genus Candida, have not been clas-

sified into an existing clade, because the phylogenetic posi-

tion of these species is not sufficiently robustly established.

The markers implemented in YeastIP were chosen on the

basis of several taxonomic studies (Peterson & Kurtzman,

1991; Cai et al., 1996; James et al., 1996, 1997; Belloch

et al., 2000; Daniel et al., 2001; Kurtzman & Robnett, 2003;

Diezmann et al., 2004). The markers widely used in multi-
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genic analysis are described in Table 1 and were retrieved

from the NCBI for all type strains of the Saccharomycotina

subphylum. The information provided by NCBI was con-

served, and additional information from the literature has

been added by the curator to complete the sequence file:

current name of the species, affiliated clade if any, and an

exhaustive list of synonyms. An example of a sequence file

is shown in Fig. 1. A number of sequences introduced into

YeastIP are already included in major phylogenic recon-

structions (Kurtzman, 2003, 2006; Kurtzman & Robnett,

2007, 2010; Kurtzman et al., 2007, 2008; Tsui et al., 2008).

On 1 September 2012, YeastIP contained 4348 sequences

representing 61 clades, 83 genera, and 1014 species of the

Saccharomycotina subphylum. The description of the 10

markers is shown in Table 1. The database will be updated,

as new species descriptions are published.

Browsing the YeastIP database

The homepage presents general information about the database

content, including the number of species and the markers cur-

rently present in the database. This information is automatically

updated each time new entries are implemented. The homepage

also contains a ‘News’ section to provide information about

novelties, improvements, ormaintenance of the database.

The overall organization of the database is presented in

Fig. 2. One of the main features of the database is the

Identification tool, which identifies a strain to the species

level by comparing an input sequence to the YeastIP data-

base using BLAST N (Altschul et al., 1990). The user can

choose to compare the sequence of interest either to a sub-

set containing the type strain sequences or to all sequences

in YeastIP. The BLAST N tool is connected to the other tools

of the database and can suggest enhancements, for

instance by indicating to the user which markers are avail-

able in closely related species and could be used to infer

an optimal phylogeny.

The database also provides the opportunity to search

for and retrieve the sequences of markers specific to the

species in the database by two methods: selecting a data-

base entry via multiple drop-down lists and searching by

keywords, as described in the following section.

Finally, the database helps the user to reconstruct phy-

logenies by providing information on available marker

sequences for the group of species of interest and a con-

catenation tool to facilitate multigenic analysis.

Implemented tools

The Sequence search tool

The Sequence search tool allows the user to browse the

database to retrieve sequences, either with strings in the

‘keyword’ field or with the clade, genus, species, and mar-

Table 1. Characteristics of the markers used in YeastIP

Marker Description Position in the gene* Length (bp)

Number of

sequences in YeastIP

LSU Complete sequence of the large subunit

26S ribosomal RNA gene

65–3364 3300 347

D1/D2 LSU Partial sequence of the 26S ribosomal gene

comprising the D1/D2 region

65–636 570 1087

SSU Complete sequence of the small subunit 18S

ribosomal RNA gene

1–1800 1700 659

ITS Ribosomal RNA region containing the intergenic

region 1 (between 18S and 5.8S), the 5.8S

ribosomal RNA gene and the intergenic region 2

(between 5.8S and 26S)

First base of ITS1

to last base of ITS2

400–600 523

mtSSU Mitochondrial small subunit 15S ribosomal

RNA gene

383–1006 400–600 340

RPB1 Partial sequence of the RNA polymerase II

largest subunit coding gene

253–873 620 134

RBP2 Partial sequence of the RNA polymerase II

second largest subunit coding gene

1645–2319 680–1000 163

TEF1-alpha Partial sequence of the translation elongation

factor 1-alpha coding gene

64–1190 930 374

ACT1 Partial sequence of the exon2 of the actin

coding gene

405–1383 980† 226

mtCOX II Partial sequence of mitochondrial cytochrome C

oxidase subunit 2 coding gene

121–707 590 266

*S. cerevisiae coordinates.
†540 bp in Tsui et al. (2008).

FEMS Yeast Res 13 (2013) 117–125 ª 2012 Federation of European Microbiological Societies
Published by Blackwell Publishing Ltd. All rights reserved

The YeastIP database 119

D
ow

nloaded from
 https://academ

ic.oup.com
/fem

syr/article/13/1/117/544386 by guest on 23 April 2024



ker names using a drop-down menu. Boolean searches

can be performed on several fields.

The search by keyword allows interrogation of all fields

of the database. It is particularly useful for searches start-

ing with synonyms, as in the case of species that have

undergone multiple name changes. ‘Keywords’ are also

useful to search for sequences with either the accession

number or the CBS collection number. Searches with

the CBS collection number are not restricted to type

strains. Because of the large number of fields scanned, the

result is less specific than with clade, genus, or species

names.

Fig. 2. Analysis pipeline in the YeastIP website.

Fig. 1. Example of a sequence file for the D1/D2 marker of Barnettozyma populi. Black rectangles indicate the information added by the YeastIP

curator.
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For example, a search for ‘Saccharomyces cerevisiae’ in

the keyword box gives 43 sequences; in the drop-down

list, a search for the genus ‘Saccharomyces’ and the species

‘cerevisiae’ gives 10 sequences. These 10 sequences corre-

spond to the 10 available markers of the S. cerevisiae CBS

1711NT neotype strain in the database.

The Sequence search tool using clade, genus, or species

will scan specific fields of the database. This type of

search is recommended when the current name of the

species is known by the user. The search using clade

names will display all species attributed to each clade, as

defined by Kurtzman (2011). Overall, it is recommended

to use clade names in searches as this type of search will

provide all the described related species within a clade;

thus, the species belonging to the genus Candida and

associated clades will be displayed. For example, a search

with ‘Lodderomyces’ as genus gives the nine sequences of

the nine markers of Lodderomyces elongisporus present in

the database. However, a search with ‘Lodderomyces’ as a

clade gives 90 sequences, those of L. elongisporus and

those of the 26 Candida species that also belong to the

Lodderomyces clade (Fig. 3).

Finally, the results in the form of a sequence name list

are displayed with associated information such as the cur-

rent name of the species, the species synonyms in NCBI,

the status of the strain, the collection number, the marker

name, and the length of the sequence. The accession

number of each sequence provides a link to the sequence

file displaying the complete information about the

selected sequence (see Fig. 1 for a screen shot). Check-

boxes allow the selection of sequences to be retrieved as a

Fasta file or as a listing of the sequences in the first step

of the concatenation tool. In the latter case, there is no

need to select all the sequences of a given strain as they

will all be automatically displayed in the Marker table if a

sequence is selected (Fig. 4).

Concatenation/Phylogeny tools

The Identification and Sequence search tools both lead to

the Concatenation/Phylogeny tools, which will process

the selected sequences, as shown in Fig. 2. The Concate-

nation tool displays a Marker table that lists all the mark-

ers available in the database for the species selected via

the Sequence search tool or through a blast comparison

(see Fig. 4). In addition to the list of the selected species,

the Marker table visualizes the presence (‘YES’ on a green

background) or absence (‘NO’ on a red background) in

the database of sequence markers in these strains. Thus,

this table facilitates the choice of markers and strains for

further phylogenetic analysis. To construct a concatenated

Fasta file with the markers of each selected strain, mark-

ers and strains have simply to be selected via checkboxes.

The system allows for using an outgroup in the phylo-

genetic analysis. The sequences of some of the species

most commonly used as outgroups in yeast taxonomy are

provided as follows: Pichia membranifaciens, Zygoascus

hellenicus, and Schizosaccharomyces pombe type strains

(Diezmann et al., 2004; Kurtzman et al., 2008; Tsui et al.,

2008; Kurtzman & Robnett, 2010). The choice of the out-

group is an important issue in phylogenetic analysis, and

these three species were found to be not entirely satisfac-

tory as outgroups; although they carry all the markers

present in the database, they can be too distantly related

to some species. Therefore, it is recommended to consult

the Help section for advice about choosing an appropri-

ate outgroup to the species of interest. Note also that the

users may also add their own outgroup (see below).

Once the concatenation file has been constructed,

there are two possibilities: (1) the data can be retrieved

as a Fasta.zip file and (2) the data can be sent to the

Phylogeny.fr website (Dereeper et al., 2008) for phylo-

genic reconstruction (see below). In addition to the

ease of use of the Concatenation/Phylogeny tool, one

of the main features of YeastIP is that it provides the

option of including additional strains of the user’s

choice in the phylogenic reconstruction. All that is

required is to add the relevant sequences to the concat-

enated file before launching the phylogenetic recon-

struction. For this, the user indicates the number of

strains to be added to the analysis, and this will open

a new page with predetermined fields based on the

markers previously selected by the user. For example,

to add two strains to an ACT1-RPB1-RPB2 concatena-

tion, two series of three annotated boxes will be dis-

played. Sequences will have to be pasted and named.

These sequences will be automatically concatenated and

added to the previous concatenation file.

For simplicity’s sake, the concatenated sequence file

can then be processed with the ‘One click’ mode of Phy-

logeny.fr, which includes (1) alignment of the sequences

by the MUSCLE program; (2) curation of the alignment

by the GBlocks program to remove gaps and poorly con-

served regions; and (3) phylogenetic reconstruction with

the Maximum Likelihood program PhyML using the

approximate Likelihood-Ratio Test (aLRT) for branch

support, with the default settings for all these programs.

The ‘One Click’ mode generates a phylogenetic tree that

can be visualized by several programs, and/or can be

downloaded in various formats (Dereeper et al., 2008).

To use the ‘Advanced’ or the ‘A la carte’ mode of Phylog-

eny.fr, the user may download the concatenated

sequences as a Fasta.zip file from YeastIP. After extrac-

tion, the file may be directly processed in Phylogeny.fr or

in any other sequence alignment and phylogeny pro-

grams. Finally, tree reconstruction by Phylogeny.fr uses
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the default settings of some of the most reliable tools

available. For challenging phylogenies, it is strongly rec-

ommended to download the concatenated sequence file

and to adjust the options offered in the programs of the

Phylogeny.fr pipeline.

Because the sequences in YeastIP originate from vari-

ous sources and were directly introduced into YeastIP,

the length of the sequence for a given marker may vary

from strain to strain. This may affect the sequence align-

ment, especially when multiple markers are concatenated.

To test whether the sequence length variability found in

the database had an effect on sequence alignments, we

tested the quality of the alignments generated by the

MUSCLE program (Edgar, 2004) on many different

combinations of concatenated sequences. In all cases,

MUSCLE was able to produce high-quality alignments,

regardless of the type of sequences and of their lengths.

Similarly, we also checked the efficiency of the Gblocks

program (Castresana, 2000) for the curation of alignment

with large gaps. Concatenation files provided by YeastIP,

which had been, or had not been, curated for large gaps

between the markers, were used to generate trees. The

topologies of the trees obtained with the concatenated

files with and without preliminary removal of large gaps

Fig. 3. Search results for the Lodderomyces clade. The black rectangle highlights the unique representative of the genus Lodderomyces, whereas

the Lodderomyces clade contains, in addition, 26 Candida species.
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were compared: the results were clearly similar, confirming

that Gblocks could deal with large gaps in concatenated

files. An example is provided in the Supporting Informa-

tion, Figure S1.

Conclusion and future works

YeastIP is a database devoted to yeast identification

and phylogeny by experienced taxonomists, and can

Candida psychrophila 

Debaryomyces coudertii 

Debaryomyces fabryi 

Debaryomyces hansenii 

Debaryomyces macquariensis 

Debaryomyces maramus 

Debaryomyces prosopidis 

CBS 1958_Debaryomyces_maramus_ACT1_LSU_D1/D2_RPB2 

CBS 767_Debaryomyces_hansenii_ACT1_LSU_D1/D2_RPB2 

CBS 8450_Debaryomyces_prosopidis_ACT1_LSU_D1/D2_RPB2 

CBS 789_Debaryomyces_fabryi_ACT1_LSU_D1/D2_RPB2 0.91 

CBS 5956_Candida_psychrophila_ACT1_LSU_D1/D2_RPB2 

CBS 5167_Debaryomyces_coudertii_ACT1_LSU_D1/D2_RPB2 

CBS 5572_Debaryomyces_macquariensis_ACT1_LSU_D1/D2_RPB2 

0.94 

0.81 0.02 

Fig. 4. Screenshot of the Marker table for some species belonging to the genus Debaryomyces and schematic representation of an example of

concatenation.
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also be exploited by nonspecialists. This database con-

tains selected sequences – LSU D1/D2, ITS, complete

SSU and LSU rDNA, ACTI, RPB1, RPB2, TEF1-alpha,

mtSSU, mtCOXII – and allows type strains for each

species to be found easily. It contains useful tools for

deducing the phylogenetic position of a strain/species

on the basis of the concatenation of the sequences of

several genes. YeastIP has been designed to guide the

user through all the steps starting from the choice of

well-adapted markers and species to the authentication

or reconstruction of phylogeny. YeastIP also provides

an overview of the current state of the art in taxonomy

of Saccharomycotina yeasts and could help resolve the

phylogeny of poorly studied clades by facilitating the

choice of markers.

Within the framework of the European EMbaRC pro-

ject (http://www.embarc.eu), YeastIP is currently dedi-

cated on species of the Saccharomycotina, which is the

largest yeast subphylum of the Ascomycota. Indeed, it

includes a large number of yeasts of biotechnological and

medical interest. Saccharomyces pombe, which belongs to

the Taphrinomycotina subphylum, has also been included,

because it is frequently used as outgroup in tree recon-

struction. In the near future, other ascomycetes such as

the Taphrinaceae, the Protomycetaceae, and the Pneumo-

cystidaceae will also be included. We also plan to add

basidiomycetous yeasts.
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