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Abstract—As part of the EUROCarbDB project (www.eurocarbdb.org) we have carefully analyzed the encoding capabilities of all
existing carbohydrate sequence formats and the content of publically available structure databases. We have found that none of the
existing structural encoding schemata are capable of coping with the full complexity to be expected for experimentally derived struc-
tural carbohydrate sequence data across all taxonomic sources. This gap motivated us to define an encoding scheme for complex
carbohydrates, named GlycoCT, to overcome the current limitations. This new format is based on a connection table approach,
instead of a linear encoding scheme, to describe the carbohydrate sequences, with a controlled vocabulary to name monosaccha-
rides, adopting IUPAC rules to generate a consistent, machine-readable nomenclature. The format uses a block concept to describe
frequently occurring special features of carbohydrate sequences like repeating units. It exists in two variants, a condensed form and a
more verbose XML syntax. Sorting rules assure the uniqueness of the condensed form, thus making it suitable as a direct primary
key for database applications, which rely on unique identifiers. GlycoCT encompasses the capabilities of the heterogeneous
landscape of digital encoding schemata in glycomics and is thus a step forward on the way to a unified and broadly accepted
sequence format in glycobioinformatics.
� 2008 Published by Elsevier Ltd.
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1. Introduction

The task of storing complex carbohydrate sequences in a
structured digital format was first explicitly addressed by
the pioneering designers of the Complex Carbohydrate
Structure Database (CCSD or often also called Carb-
Bank),1,2 by defining an intuitive, yet powerful way of
storing carbohydrate sequence topologies as two-dimen-
sional sketches (Fig. 1). These ASCII 2-D plots, closely
resembling IUPAC recommendations,3 were directly
stored in the database. Subsequent initiatives using rela-
tional databases opted for storing the carbohydrate
sequences as linear strings, similar to those used in pro-
tein or nucleotide databases. These strings were gener-
0008-6215/$ - see front matter � 2008 Published by Elsevier Ltd.
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ated through an ordered traversal of the carbohydrate
sequences and could thus serve as primary keys in data-
base systems (e.g., string representations such as those
used in LINUCS,4 GlycoSuiteDB,5,6 LinearCode7 and
the bacterial carbohydrate structure database (BCSDB)
encoding8). Later the connectivity information in carbo-
hydrate sequences was stored using connection table-
like representations (KCF9). Also, XML encodings
exist, applying a tree-like representation for the saccha-
ride topologies (Glyde,10 CabosML11).

Sequences of DNA or proteins can be handled bioin-
formatically as simple linear strings, whereas carbo-
hydrate sequences present special informatics challenges
caused by their property of branching. They can be
described in computational terms as graphs with the
monosaccharide residues as the vertices (nodes) and
the glycosidic linkages as edges (lines) (Fig. 2). As carbo-
hydrate sequences contain a preferred direction, they
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Figure 1. An overview of the sequence formats used in glycobioinformatics, using as an example the O-glycan core 2 motif. Normally, database users
will be confronted with graphical representations similar to A and B. (A) Graphical representation as suggested by the Consortium for Functional
Glycomics (http://glycomics.scripps.edu/CFGnomenclature.pdf). (B) CarbBank two-dimensional graph. (C) KCF, an application of the connection
table approach, as used by the Kyoto Encyclopedia of Genes and Genomes (KEGG). (D) Glycan data exchange format (Glyde), an XML variant.
(E) GlycoMinds encoding, as employed by the CFG15 (sequences are read from right to left, AN is DD-GalpNAc, GN is DD-GlcpNAc, A is DD-Galp. An
online introduction is available16). (F) LINUCS sequence format as applied in GLYCOSCIENCES.de. (G) Bacterial carbohydrate structure
database (BCSDB) encoding. (H) GlycoSuiteDB format. (I) CabosML, another XML-variant.

Figure 2. An abstract scheme of a hypothetical complex carbohydrate sequence. (A) Squares and circles represent monosaccharide residues (graph
vertices), arrows symbolize glycosidic linkages (directed edges). Carbohydrate sequences may contain repeating units with non-stoichiometric
modifications (‘STA’, e.g., glycosaminoglycans), multiple connections between vertices (e.g., lactonized sialic acids, symbolized here with doubled
arrow) and cyclic substructures (e.g., cyclodextrins, grey arrows). Alternative residues and fuzzily defined terminal unit locations may be caused by an
incomplete structure elucidation. (B) Legend for part A.
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can be viewed as directed graphs (digraphs). The exis-
tence of potential multiple connections between two res-
idues can degenerate the graph to a multigraph (e.g., in
lactonized sialic acids). The rare cyclization of carbo-
hydrate structures (e.g., cyclodextrins) can lead to cyclic
graphs. To avoid a combinatorial expansion of identical
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Figure 3. The general idea of GlycoCT is a connection table approach.
(A) A schematic, branched trisaccharide with residues X, Y, Z and the
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substructures, so-called repeating units (e.g., polylacto-
samines or bacterial O-antigens) are frequently encoded
as special entities. Limitations of analytical techniques
to determine all structural features, resulting in partial
structures, can produce uncertainties in the sequences,
especially regarding the location of terminal residues.
Some secondary modifications (e.g., sulfation in glycos-
aminoglycans) are only present on a fraction of the resi-
dues of repeating units, leading to non-stoichiometric
modification patterns. Finally, a list of alternative resi-
dues at a certain position can be contained in a reported
structure.
linkages w and x. (B) The connection table with its two main sections,
the entity and the linkage list. The entity list contains all occurring
residues, assigning a number to each. The linkages section specifies the
connectivities using these numbers to address the residues.
2. GlycoCT

As part of the EUROCarbDB project we were searching
for a suitable structure encoding solution. As a first step,
we have performed an analysis of the existing structural
encoding schemata already used in glycomics. The exist-
ing formats as described above have different capabi-
lities to store the complex information potentially
present in carbohydrate sequences (Table 1).

Additionally, further tasks have to be fulfilled by the
sequence format to be used. A central requirement was
a unique encoding of all structures. This is achieved by
applying strict sorting rules, which determine the order
of appearance of the different elements in the sequence,
thus leading to a unique string representation for each
potential sequence. Together with machine readability
the unique encoding is mandatory for its role as primary
key in databases. A unique identifier is also beneficial for
the implementation of exact structure searches. There-
fore, a controlled vocabulary for monosaccharides had
to be defined. Encoding of uncertain linkages and
unspecified monosaccharides have to be supported as
well as the possibility to store sugar compositions or
sugars fragments. Finally, a seamless gateway to the
atomic details of the encoded structures is highly
requested, facilitating the translation to molecule
description formats used in chemoinformatics.

Unfortunately, none of the existing solutions covered
all crucial aspects. This gap motivated us to develop a
comprehensive solution to capture the full complexity
present in carbohydrate sequence data. The general
Table 1. A comparison of the capabilities of the major sequence formats t
encoded, ‘O’ can partially be encoded)

Sequence format Multiple
connections

Cyclization Repeating
units

CCSD � + +
LINUCS � + +
BCSDB � � O
LinearCode � + +
KCF + + +
CabosML � + +
Glyde � + +
concept of GlycoCT is a connection table (CT) based
approach, and hence its name (Fig. 3).

The format exists in two variants, a condensed
form and a more verbose XML variant. The
GlycoCT{condensed} variant can serve as a unique identi-
fier for glycan structures, even in the case of ambiguities
in the structure. The GlycoCT{XML} variant facilitates
computational handling and data exchange. The format
is divided into different sections, structuring the
sequence information (Fig. 4).

The subsequent examples will use the condensed var-
iant. These examples can be easily transformed to the
XML-variant, as it uses the same definitions. We will
now explain the central features of GlycoCT, the
nomenclature conventions and the topological aspects
and conclude with a discussion of the sorting algorithm
and the XML variant. The interested reader can find an
online version of the GlycoCT handbook on the EURO-
CarbDB webpages, which is updated continuously and
contains more examples (http://www.eurocarbdb.org/
recommendations/encoding).
2.1. Basic monosaccharide namespace

Since freetext identifiers for chemical entities can result
in long-term database consistency problems, a con-
trolled, machine-readable vocabulary for monosaccha-
rides is a prerequisite for the GlycoCT definition. As
o store special structural features (‘+’ can be handled, ‘�’ cannot be

Terminal unit
underdetermined

Non-stoichiometric
modification

Alternative
residues

O O O
� � �
� � +
+ � +
� � �
� � �
� � �
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Figure 5. Monosaccharide naming in GlycoCT resembles IUPAC and
CarbBank definitions, but is more strictly ordered. Trivial names are
not used on the sequence level, but can be generated during the
conversion to graphical formats. The names used in GlycoCT are
easily readable for humans and facilitate parsing with computer
programs. The value ‘x’ stands for unknown property.

Figure 6. Selection of substituents used in GlycoCT. For a full list see
the Supplementary data.

Figure 4. Sections in GlycoCT and block concept. (A) A branched
schematic pentasaccharide in simplified GlycoCT code, using symbols
for residues and linkages. The RES-section contains the entities, the
LIN-section lists the connectivities. (B) An example of an additional
block is the repeating unit, which is referenced in the RES-section and
further specified in the REP-section. (C) Using the numerical addresses
of the residues, it is possible to link to further sections. Shown here is
an underdetermined terminal unit linked either to residues D or E of
the main graph via the ParentIDs.
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GlycoCT should not be restricted to a limited set of
monosaccharides (e.g., the ten ‘classical’ mammalian
monosaccharides), a universal approach was needed.
The rules defined by IUPAC provide a robust and
widely accepted naming convention for monosaccha-
rides and we have adopted them for computational pur-
poses. Principally five attributes are sufficient to describe
a basic monosaccharide (basetype): Anomeric configu-
ration, (composite) stem type with configurational pre-
fix, chain length indicator, ring forming positions and
further modification designators. We use these attributes
in a formatted string to identify the basic monosaccha-
rides (Fig. 5). Trivial names, like fucose, quinovose or
rhamnose, are not allowed in GlycoCT, as they intro-
duce a potential source of inconsistencies. The trivial
names though can easily be generated by exporter
programmes designated for user interaction (e.g.,
GlycanBuilder12).

2.2. Substituents

The basic monosaccharides occurring in natural oligo-
and polysaccharides are frequently substituted with
small molecules. An analysis of the substituted mono-
saccharides deposited in recent databases has revealed
a small set of 37 substituents (Fig. 6 and Supplementary
data). The members of this substituent library are
connected via linkages to the basetypes yielding the
traditional monosaccharides.
2.3. Other entities

Apart from the basic monosaccharides and the substitu-
ents, other entities have been defined in GlycoCT (Table
2). Repeating, alternative and underdetermined terminal



Table 2. Basic residue (RES) entities found in GlycoCT

Abbreviation Entity

b Basetype
s Substituent
r Repeating unit
a Alternative unit

These four classes constitute the RES-section of GlycoCT. For
explanation refer to the main text below.
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units are used to model specific topological arrange-
ments. Additional non-carbohydrate units are reserved
for non-sugar residues connected covalently to the
carbohydrate sequence. The encoding of these non-
carbohydrate units is principally beyond the scope of a
carbohydrate sequence format, and we strongly recom-
mend taking advantage of existing initiatives and
approaches to reference these entities in separate
Figure 7. The linkage information in GlycoCT. An atom replacement schem
by the formation of the chemical bond. (A) Schematic illustration of a linkage
(B) The glycosidic bond formation between two mannoses is a formal elimi
terms. The linkages are encoded in the order of the linkage comparison algor
B. (E) Illustration for the major atomic replacement operators as found in the
full list of operators, refer to the main sequence description handbook (http
datastructures (e.g., links to protein database identifiers,
usage of INCHI13 encodings for small molecules).
Nevertheless, for backward compatibility with older
sequence formats, we have introduced a separate block
for freetext identifiers of small molecules. Because of
uniqueness concerns for the primary key we have
refrained from using this non-carbohydrate block in
our own database installations.
2.4. Topology

The residue entities in GlycoCT as listed in the RES-sec-
tion are connected covalently to form saccharides. Each
bond is modelled in the LIN-section of GlycoCT includ-
ing the atomic details by using an atom replacement
schema (Fig. 7). This replacement mechanism is
e specifies the structural modifications of the connected entities caused
in GlycoCT. The parent residue is in the direction of the reducing end.

nation of a water molecule. (C) This linkage is expressed in GlycoCT
ithm (see below). (D) The full sequence of the disaccharide fragment in

linkages of GlycoCT. Grey boxes indicate the replaced atom(s). For a
://www.eurocarbdb.org/recommendations/encoding).
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Figure 9. Alternative units, describing a choice between two potential
substructures, are encoded in the ALT-section. (A) Graphical repre-
sentation of a terminal alternative residue. (B) GlycoCT code for this
structure. Each alternative is encoded as a distinct substructure with a
defined connecting residue (LEAD-IN). Should the alternative unit be
in the middle of a longer sequence, also LEAD-OUT residues have to
be defined for each substructure (not shown, see documentation on
http://www.eurocarbdb.org/recommendations/encoding).

Figure 8. Repeating units can be encoded in GlycoCT. They are
numbered and further decomposed in the REP-section. (A) A
repeating unit as typically found in polysaccharides (grey box). The
repeating units are connected to each other with the internal repeat
linkage (here abbreviated as s). (B) The same structure as in A, in a
more condensed graphical representation. (C) The GlycoCT code for
this polysaccharide. The repeating unit (r1) is listed in the RES-section
and specified in its own block, the REP-section.
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described by a single letter code (Fig. 7E). We have
incorporated this mechanism to facilitate the future gen-
eration of exact molecular descriptors on the atomic le-
vel directly from GlycoCT.

Incomplete carbohydrate sequences and compositions
can be produced by the partial omission of linkages,
multiconnected residues by additional linkages and
cyclizations by adding appropriate linkage(s).

A frequently found characteristic of natural carbo-
hydrate sequences are repeating units. GlycoCT handles
the repeating units in a distinct section, the REP-section.
This block is embedded in the RES-section with a
numerical identifier and declared subsequently in the
GlycoCT code. The recurrences of the repeating unit
and the connection between the repeated elements (the
internal linkage) must be specified (Fig. 8).

A less common feature found in digital carbohydrate
sequences is alternative declarations of specific residues
or bigger units (e.g., saccharide contains at a certain
position either a galactose or a glucose). The ALT-section
of GlycoCT handles this case in a distinct block (Fig. 9).

Another special feature of carbohydrate sequences is
the existence of structural elements, whose attachment
positions to the main sequence are not fully defined.
These underdetermined terminal units in carbohydrate
sequences are due to two different mechanisms. Whereas
the first is caused by the limitations of the analytical
techniques (Fig. 10C and D), the second is a result
of biosynthetic non-stoichiometric modifications
(Fig. 10A and B). The UND-section is used to model
both of these cases. Concurrent substructures are
declared inside the UND-section, which are then linked
to the main structure via the canonical residue number-
ing. To indicate the prevalence of the UND-substruc-
tures, a range of percentage values must be given.
3. Sorting

One central aim of the GlycoCT{condensed} encoding is to
generate a unique representation for all carbohydrate
structures deposited in databases, even if they include
some incomplete assignments or fuzziness in their struc-
tural description. The existing encoding schemata with
the ability to generate unique representations (e.g., LIN-
UCS, LinearCode) can handle such structures only to a
limited extent. However, unique sorting of carbohydrate
sequences is beneficial for database applications, as the
sorted string can be used directly as a primary key in
databases.

To ensure unique representations, we have introduced
a set of hierarchical rules by which the ordering of resi-
dues, linkages and special structural features is unam-
bigiuously defined. This system of hierarchical rules is
described as follows:

The mandatory RES-section appears first in every
GlycoCT code, directly continued by the facultative
LIN-section, which can be omitted if only a composition
is encoded. Subsequently, all the other sections can be
appended in the order of REP, UND, ALT and NON.
If multiple starting points exist, then the residue com-
parison algorithm is applied (Fig. 11A and text below).
The internal ordering of the RES and LIN-sections
follows the results of the linkage comparison algorithm
(Fig. 11B and text below). For the additive sections
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Figure 10. Examples of underdetermined terminal units. (A) Graphical representation of a repeating unit with an incomplete sulfatation. (B) This
structure in GlycoCT. The UND-section contains a percentage value range indicating its occupancy, the canonical number of the parent residue and
a subtree including its linkage to the main graph. (C) Graphical representation of a terminal galactose with incomplete parent-relationship. (D) This
structure in GlycoCT. The list of parents is given via their canonical residue numbers in the UND-section. The percentage values are set to 100 in this
case.

Figure 11. Sorting strategy of GlycoCT. The squares with numbers
represent the entities to be sorted. (A) As structures with missing
connectivity information can be described with one GlycoCT code, a
precedence rule for isolated substructures is needed. (B) The linkage
comparison is applied to branching points. (C) The correct order of
underdetermined terminal units has to be maintained by another
comparison method. (D) The different substructures of alternative
units need to be listed in a defined order.
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(ALT, UND) further comparison and sorting steps are
implemented (Fig. 11C, D and text below).

3.1. Starting points: the residue comparison algorithm

GlycoCT is principally capable of encoding a saccharide
consisting of several unconnected fragments (Fig. 11A).
The sequence of the starting points is determined by the
following rules:

(a) Number of child residues.
(b) Length of the longest branch.
(c) Number of terminal residues.
(d) Number of branching points.
(e) Lexical order.

For the residues at the reducing end of each fragment
the characteristic numbers are calculated in the order as
given above and the values are compared until a differ-
ence is found.

The highest priority is assigned to the fragment with
the highest characteristic number. In case the rules a–d
provide no distinction, the GlycoCT{condensed} code for
each fragment is lexically compared. Should no differ-
ence be found, both fragments are identical and they
can be encoded in an arbitrary order.
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A composition can be regarded as a special case of
this unique encoding of fragments. As no connections
between residues are given, the characteristic numbers
will be all identical and the lexical order of the residues
is used as the single criterion.

3.2. Ordering of branches: linkage comparison algorithm

Carbohydrate sequences normally contain a preferred
direction from the reducing end to the non-reducing
end. For a simple linear carbohydrate, the preferred
direction is defined by the direction from the reducing
to the non-reducing end, and the linkages are ordered
in the same way. For each branching point in the
sequence, the order of the branches has to be defined
(Fig. 11B). The order of the branches is determined
through the application of the following hierarchy of
rules:

(a) Number of bonds between parent and child resi-
dues (cardinal number of bonds).

(b) Atom linkage position at the parent residue.
(c) Atom linkage position at the child residue.
(d) Linkage type at the parent residue.
(e) Linkage type at the child residue.
(f) Comparison of child residues with residue compar-

ison algorithm.

The characteristic numbers for all key features are cal-
culated in the order as given above and the values are
compared until a difference is found. Should the rules
a–e be insufficient to prioritise the linkages at a given
branching point, then they must be identical (e.g., only
unknown linkages for each branch). Therefore, the
sequence of the attached branches is taken as an addi-
tional criterion. Formally, each child residue of a
branching point is regarded as a new reducing end resi-
due and the set of rules from the residue comparison
algorithm are applied to each branch. In this way a
unique ordering of the branches can be achieved except
for totally identical branches.

3.3. Undefined terminal subsequences: underdetermined

subtree comparison algorithm

The encoding of undefined terminal subsequences—here
called underdetermined terminal units (UND)—is han-
dled separately from the description of the other topo-
logical features (Fig. 11C). Each UND is sorted by
applying the set of rules from the residue and linkage
comparison algorithm. Afterwards the reducing residues
of all UND are compared with the residue comparison
algorithm to define their order. If no decision is possible,
then the compared underdetermined terminal units are
identical. Consequently, the topology and linkages of
the chains to which the UND are connected—the parent
residues—have to be evaluated. Two additional rules to
establish a correct order are defined:

(a) Comparison of the list of parent residues from each
UND.

(b) Linkage comparison of parent linkages (linkage
between UND and main graph) from each UND.
3.4. Alternative subtree comparison algorithm

Each alternative subtree of an alternative unit can con-
sist of one or more residues (Fig. 11D) The residues con-
tained in each alternative subtree are ordered using the
residue comparison hierarchy described above. To
encode alternative blocks uniquely, a comparison of
the reducing residues is needed. The reducing end
residues of the ALT-section are compared with the
residue comparison algorithm.
4. GlycoCT{XML}

We have, mainly for reasons of saving figure space, con-
centrated on the condensed variant of GlycoCT.
Equally important is the GlycoCT{XML} variant, as it
facilitates computational handling of the sequences
(Fig. 12). All properties encoded in GlycoCT are atom-
ized in this variant into elements and attributes, and are
thus readily available for extraction with standard meth-
ods for handling XML documents. The XML variant
has been used in various applications in the EURO-
CarbDB project and has proven its value. The interested
reader may refer to the XML schema in the Supplemen-
tary data.
5. First applications and results of GlycoCT

We have extracted and translated the monosaccharide
namespace of CarbBank. A total of 49.897 entries con-
tain 1.439 different names for monosaccharides. These
structures contain a total amount of 241.280 monosac-
charides. In the GlycoCT namespace this results in 474
different basetypes and 29 different substituents, reduc-
ing the number of distinct residues by 65% (Table 3).

There are two main reasons for the reduction in num-
ber of distinct residues: first of all the separation of
monosaccharides into basetypes and substituents re-
duces the encoding space and secondly the unique
encoding for monosaccharides eliminates redundancies.
CarbBank did not ensure a strict naming for monosac-
charides, resulting in different names for the same mono-
saccharide, especially when information is missing or
trivial names are in use. For example, missing anomeric
configurations could be directly encoded, or left out.
The basetype ‘x-dglc-hex-1:5’ has been named in
CarbBank as either ‘?-DD-Glcp’ or ‘DD-Glcp’. In addition



Figure 12. GlycoCT{XML}. (A) Graphical representation of a linear trisaccharide. (B) The same structure in GlycoCT{condensed}. (C) GlycoCT{XML}

encoding of this structure. The basic definitions of GlycoCT are used, but every structural aspect is atomized using attributes of the main residue and
linkage elements defining the sequence.

Table 3. All monosaccharides from CarbBank have been transcoded
to the naming as introduced in GlycoCT

(A) Basetype % of all basetypes

b-dglc-HEX-1:5 22.70
b-dgal-HEX-1:5 16.77
a-dman-HEX-1:5 12.56
a-dglc-HEX-1:5 6.66
a-dgro-dgal-NON-2:6j1:aj2:ketoj3:d
(sialic acid core structure)

4.65

a-lgal-HEX-1:5j6:d (LL-fucose) 4.47
b-dman-HEX-1:5 4.36
a-dgal-HEX-1:5 3.08
x-dglc-HEX-x:x 2.98
a-lman-HEX-1:5j6:d (LL-rhamnose) 2.56

(B) Substituent % of all substituents

n-Acetyl 70.41
Sulfate 8.71
Amino 5.01
Methyl 4.56
Acetyl 3.46
n-Sulfate 1.85
Phosphate 1.56
Anhydro 1.23
n-Glycolyl 0.90
Phospho-ethanolamine 0.64

(A) Ten most frequently occurring basetypes in CarbBank structures.
(B) Ten most frequently occurring substituents.
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CarbBank used trivial names inconsistently, leading to
the expansion of monosaccharide names (e.g., ‘B-DD-6-
DEOXY-GLCP4NAC’ and ‘B-DD-QUIP4NAC’).
Through a fully defined GlycoCT monosaccharide
namespace, these problems are alleviated.

In order to test the comprehensiveness of the encoding
scheme, a set of 10,000 randomly chosen carbohydrate
sequences originating from CarbBank were translated
to GlycoCT{XML} and GlycoCT{condensed}. These struc-
tures are now publicly available at the homepage of
the EUROCarbDB project (http://www.eurocarbdb.
org/recommendations/encoding).
6. Conclusion and outlook

After the termination of funding for the Complex
Carbohydrate Structure Database, the glycobiology
area has experienced an era of more than a decade of
fragmentation regarding digital description formats,
with multiple initiatives developing incompatible struc-
tural encoding schemata tailored to their specific needs
and applications. To overcome this unfavourable situa-
tion characterized by isolated knowledge, the first step
towards data integration in glycomics is the definition
of a ‘glue’ language, capable of encapsulating all struc-
tural features of glycans. With the GlycoCT encoding
scheme we have defined such a language, which is a sup-
erset of the capabilities of all known sequence formats in
glycobioinformatics. Furthermore, a number of enlarge-
ments for structurally underdetermined sequences,
caused by both biological heterogeneity and analytical
limitations, complete the GlycoCT format to a broadly
usable tool in carbohydrate research. The block orien-
tated approach combined with the canonical labelling
will make GlycoCT capable of future development.
Each residue and linkage in the carbohydrate sequence
is addressable with a unique numerical identifier. This
number is used for internal addressing purposes, but
can also be used by external applications and has been
already applied with the block concept. Another major
improvement compared to the existing formats used in
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glycobioinformatics is the adoption of a consistent
naming scheme based on IUPAC recommendations
for the monosaccharides, which is of crucial importance
for the long-term consistency of database projects. This
controlled vocabulary can be easily maintained with
automatic checking routines due to its complete
machine readability. Present work in our group is aim-
ing towards complete data integration in glycomics by
merging all digital resources available.

The importance of a comprehensive and flexible
encoding scheme to establish a global carbohydrate
structure database has been emphasized by a whitepaper
initiated by the NIH at the NIH meeting ‘Frontiers in
Glycomics’ in September 2006.14 All major database
projects dealing with carbohydrate structures agreed to
prospective use of the XML-based carbohydrate struc-
ture exchange format Glyde II developed by Will York
of the Complex Carbohydrate Research Center, Athens,
Georgia, USA. The group of Will York was interested in
adopting the EUROCarbDB definitions of GlycoCT
described in this paper. Finally, the collaboration, which
improved our work, led to the integration of our defini-
tions (controlled vocabulary for monosaccharides, con-
nection table based description of the topology and
definition of uncertainties) into the Glyde II standard.
In such a way, an optimal conversion between the global
exchange format Glyde II and the database optimized
structure encoding format GlycoCT is guaranteed.

Following the overwhelming international affirmation
to use one generally agreed data exchange format for
glycan structures, it can be anticipated that both encod-
ing schemata will be widely accepted by the community
of glycoscientists.

Finally, we want to emphasize, that there is no need
for glycoscientists to learn writing a GlycoCT descrip-
tion of a structure on their own. Actual software
developments, such as GlycanBuilder (http://www.
eurocarbdb.org/applications/structure-tools), provide
graphical interfaces for rapid and intuitive structure
drawing, editing and displaying. These tools can trans-
late their internal encoding to the GlycoCT format
and vice versa to guarantee a data transfer to databases
and other software.
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