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Abstract

MorphBank, an on-line museum quality collection of bi-
ological images, is an NSF funded project designed to facil-
itate the on-line collaboration of biologists from around the
world [3]. This paper presents a methodology for the cre-
ation of an annotation tool for on-line collaboration and
sharing of heterogeneous data through a common medium.
The annotation tool combines the advantages of highly or-
ganized relational database, extensible XML schemas, Life
Science Identifiers, and accepted industry ontologies using
DataGrid technologies to facilitate collection and sharing
information on biological specimens. Schematized annota-
tion provides biologists with a flexible framework to per-
form annotations using their own data models. Structured
XML documents enable structure-based semantic retrieval
to improve the query accuracy. Retrieval performance can
also be improved by combining the relational database and
XML documents.

Index-Terms: bioinformatics,database,web services

1. Introduction

The discovery, identification, and documentation of bi-
ological entities is a time consuming and tedious task. The
subtle differences between similar species may be so minute
as to require the collaboration of several experts to identify.
For any taxonomic group, there exist a number of such ex-
perts located around the world who can assist in the identifi-
cation of specific organisms. Collaboration in species iden-
tification often involved the need for scientists to travel to
the location of the specimens or for specimens to be sent to

the scientists for first hand examination.
There were several problems associated with the discovery
of information in MorphBank. The first is finding an image
associated with a specific species and genus, second is find-
ing information about that image and it’s association with
other images, and third is the discovery of ad-hoc data about
the images entered by biologists. Discovering ad-hoc data
is the most problematic. As long as data is well formatted
and constrained to the database schema then finding and re-
trieving it is simple. However, as we’ve discovered, there
is no practical limit to the amount of information a scien-
tist may wish to store with a particular specimen. Most of
the knowledge is contained in the memory of these scien-
tists or in hand written notebooks. Although it is recognized
that manual annotation is expensive and time consuming it
is nevertheless still essential in documenting collaborative
knowledge in biological systems [2]. Translating and stor-
ing this knowledge in a searchable form is the challenge.
In this article, we present a method using existing technolo-
gies that allow scientists to use their own schemas in de-
scribing and storing information. Our approach combines
the advantages of highly organized relational database and
an extensible XML schema to provide a flexible framework
and to offer an efficient semantic query. The remainder of
this paper is organized as follows. Section 2 will provide the
reader with a short background on the history of the Mor-
phBank project. Then we will discuss biological annotation
requirements in section 3. Section 4 describes the associa-
tive semantics and image annotations. Section 5 describes
our preliminary tests using herbarium annotations.



2. Background

MorphBank is an open web repository of images serving
the biological research community. MorphBank can serve
as a virtual reference collection of named organisms or a re-
source for comparative morphological study; new use cases
are continuously added [7]. Each image in the database is
associated with fully search-able set of text information.
Additionally images can be downloaded in several differ-
ent formats [3].
The original MorphBank Database schema did not incor-
porate any ontology standards currently recognized in the
industry [14]. The MorphBank Research team selected the
Darwin Core set [9] for data item names and type represen-
tation. Although most biological ontology standards are rel-
atively new, it was felt the Darwin Core set was the most
complete. Using existing ontologies and other standards,
MorphBank is desinged to be accessed through web ser-
vices.

2.1. MorphBank Base Object Service

The MorphBank Base Object is a super class inherited
by all MorphBank database objects. Each object contains a
Life Science Identifier (LSID) [13] index. LSIDs assist us
in cataloging the location of each object (and which ser-
vice), the identification of the user who added the object,
the date and time of creation, an optional description of the
object, and the last time the object was modified. This fea-
ture allows anyone accessing MorphBank sufficient infor-
mation to find and catalog data and associate related objects
without implementing a varied number of keys with differ-
ent data types. This service was a key element in the de-
sign of the new MorphBank system that makes annotations
more meaningful and easier to implement. .

2.2. MorphBank Object Relationships

Since each MorphBank object is identified using LSIDs,
the use of foreign keys within the database are not restricted
to a single table. A single column within a MorphBank ta-
ble holding an LSID may point to several different tables
or a whole collection of objects. For instance, an Annota-
tion object may be associated with an image, specimen, lo-
cation, user, group, or even another complete set of anno-
tations. This allows for the creation of complex collections
of objects that can be shared with other users of the Mor-
phBank system.

3. Biological Annotation Requirements

The users of the MorphBank database system have iden-
tified several requirements for image and object annotation

to be used by authorized users of the system. These require-
ments are in-line with theSpecifications for Image Annota-
tion on the Semantic Webas described W3C in their draft
document [5]. A major restriction placed on the develop-
ment was that the annotation software must be completely
accessible through the use of a web browser. Additionally,
annotations must be made in real-time and directly to the ac-
tual data source. Updates and annotations made by one sci-
entist must be readily available to other colleges for collab-
oration in a timely manner.
There has been considerable effort put into the develop-
ment of a general purpose web-based annotation tool sets
over the past several years. In their paper on web annota-
tions, Venu Vasudevan and Mark Palmer [15] described an
approach 6 years ago on the development of a web based
annotation tool that could be used to annotate documents
over the Internet with just the use of a web browser. How-
ever, they discovered several limitations in the use of web
browsers and of HTML as layout languages that made digi-
tal annotations somewhat cumbersome. The increase use of
Java script, higher speed communications, improved web
interface standards, and increased browser capability have
made web based digital annotations more of a reality. How-
ever, there is still no convenient method for making annota-
tions on the sides of web pages as you would on paper doc-
uments [8].
The problem of biodiversity annotation is simple. Biologists
have increased the number of specimens they can gather
but have not increased their ability to catalog, identify, and
study them. Collaborations still include the exchange of
physical specimens and the manual annotations of the im-
ages using indexed cards and paper documents. At the func-
tional level, many users have developed their own specific
but proprietary solution to this problem. Through the use of
MorphBank and a web based annotation tool, we can solve
most if not all of these problems.

Figure 1. MorphBank Annotation Architec-
ture



3.1. MorphBank Object Annotation

Current research involved with the development of an-
notation middle-ware products are currently focused on
the development of automated laboratory notebooks such
as those under development at the United States Depart-
ment of Energy, National Collaboratories under the guid-
ance of Dr. Jim Myers [11].These middle-ware products
present researchers, applications, problem-solving environ-
ments (PSE), and software agents with a layered set of ap-
plication services that provide a finite set of capabilities for
the creation and management of meta-data, the definition of
semantic relationships between data objects, and the devel-
opment of electronic research records[10]. However, many
database applications developed using an evolutionary ap-
proach to design require the development of wrapper soft-
ware in order to take advantage of these products [4]. These
wrapper products translate the ontology of the database into
a common definition using W3C standards such as an RDF
Schema approach. Although an RDF Schema is very use-
ful in some cases, the exact meaning of the data and re-
lated objects can be lost during the translation. MorphBank
was designed to allow users to take advantage of web ser-
vice products to gain access to the data by conforming to
industry practices and standards but maintain the ontology
of the original data. Figure 1 depicts the MorphBank An-
notation Architecture as it is currently implemented. The
database structure, table names, and data items are will doc-
umented and published. Users will browse or search the web
site for MorphBank objects using a variety of tools provided
through the web site.

3.2. Basic Annotation Template

Annotations are usually considered to be text associated
with other text or images. Although the basic idea of anno-
tations is rather old most web materials don’t allow for an-
notations [6]. For annotation and search purposes, the Mor-
phBank object annotation tool provides a minimum set of
tools common to all annotation requirements. The tool uses
the definitions as stated in the Darwin Core [1] initiative.
The idea was to keep the tool-set as simple and as straight
forward as possible. This was particularly important since
all annotations must be made using only a web browser.
The template for the tool defines several functional areas re-
quired for basic biodiversity annotation and specimen deter-
mination. Each functional area will map directly to an op-
tion on the MorphBank tool as a drop down menu item. The
groups and individual menu items are described below:

• Collection: It is important that biologists be able to
organize and work with various collections of images
and specimens. Typically, scientists are working with a
specific set of images from a single genus and species.

However, the number of images could number in the
hundreds or thousands. For these reason, we have pro-
vided the capability for scientists to create a collection
of images or related objects. Users can specify if they
want to see a related set of images or objects grouped
by specimen, view, taxonomic name, or even a private
collection.

• Mail: Users may wish to send a link of an image to
another user via email.

• View: Each MorphBank image has associated with
it a pre-defined set of views where users can see dif-
ferent information about the image. Users can view a
more complete set of data in the image, specimen, tax-
onomic structure, image view, and related publications
by selecting the appropriate option.

• Image Processing:Biologists that were interviewed
during the course of our research indicated a desire to
temporarily manipulate images during the annotation
phase to assist them in curation of the specimens. Bi-
ologists can adjust the image by rotating the object,
zoom-in, zoom-out, or measuring specific portions us-
ing a set scale.

• Annotation This function deals with all of the aspects
of organizing and adding annotations to the image cur-
rently displayed. Users can add a new annotation to the
displayed image or sort the list of annotations by title,
author, or date of annotation.

3.3. Type of Annotations

Using the ability to store XML documents with annota-
tions gives us the ability to define associative semantic rela-
tionships with ad-hoc data and other MorphBank data. We
have defined all existing and common annotations and then
allow the user to define their own set of relationships and
meanings. The categories of annotations are as follows:

• General: There are instances where users desire to
make some ad-hoc comments concerning an image,
specimen or other object in the database. The require-
ment for this type of annotation was made to allow
maximum flexibility for including comments, mea-
surements, and other related data to be stored and as-
sociated with the MorphBank Object.

• Image:As a phylogenetic database, images are vitally
important to the users of the system. Therefore, many
of the annotation types described in this section will
apply specifically to images. The types of image anno-
tations are listed as:

– Spot location on an image associated with the an-
notation. The user will identify a specific spot on



the image to associate with a label, title, and para-
graph description.

– Circle associated with an area on the image.a The
user will place a circle encapsulating an area to
associate with a label, title, and paragraph de-
scription.

– Rectangle associated with an area on image. The
user will place a rectangle encapsulating an area
to associate with a label, title, and paragraph de-
scription.

• Taxon Identification: Used for discussion concerning
the determination of a specimen. Users will select a
specimen and by using the associated images, make a
recommendation as to the specific genus and species
determination.

• Phylogenetic Character and State:This type of an-
notation will be used to associate a phylogenetic char-
acter and state with a specific image or even a particu-
lar location on an image. In this type of annotation, the
user will select from the database a genre of phyloge-
netic characters and a particular character and state.

• Relationship: MorphBank comes standard with pre-
defined data relationships. Relationship annotations al-
low the user to define additional relationships associ-
ating MorphBank objects with each other. User will
select any two MorphBank objects (image, specimen,
view, location, publication, user, group, etc) and then
describe the relationship among the two.

• Schematized-User Defined:MorphBank stores pre-
defined XML schemas that define semantic associa-
tions between named data items that are not part of the
static database. Users select one of these schemas and
fill in the pertinent information. New schemas can be
added at any time. This allows user to efficiently create
complex general annotations that (on the surface) ap-
pear to be ad-hoc. This feature also has the added ben-
efits of decreasing the search time for annotations and
reliability of the information.

4. Associative Semantic Annotations

Specimen image annotation captures people’s knowl-
edge of species such as new observations, and disagree-
ments with previous annotations. Image annotation enables
semantic image retrieval and maintains a record of user
comments concerning the data. Further more, a collection
of featured annotations provides a way to assign species to
a specimen. Image annotation associates textual informa-
tion to the specific region of an image to enable semantic
querying. Two technologies are frequently used: Text-based
approach and field-based approach. The former simply add

Figure 2. A Simple Image Annotation Exam-
ple

keywords to the whole image using natural language. How-
ever, keyword-based retrieval returns irrelevant documents
(i.e., low accuracy of retrieval). Field-based method de-
scribes and retrieves an item using one or more field-value
pairs, thus improves the retrieval precision. Figure 2 shows a
simple image annotation of the field-based approach. How-
ever, both text-based and field-based approaches store the
information in a plain text format. It is known that query-
ing the plain text is inefficient. Furthermore, storing anno-
tation information using only plain text is not suitable to sat-
isfy the higher level requirements for the system. Meaning
and ontology must be associated with the data. The hetero-
geneous data models from different biologists and the di-
versity of bioinfomatics require frequent update and differ-
ent data structure to the system. Dynamic creation tables in
relational database for different data models is not a prac-
tical solution for MorphBank while taking integration con-
straints into consideration.
MorphBank stores the annotation information in a column
of relational database usingW3C XMLdocument [16]. This
structured, human readable and self-descriptionXMLdocu-
ment can be parsed using standardXMLparser and can be
easily extended. It has several advantages using theXML
format. Firstly, it provides the biologists with a great deal
of flexibility in annotating an image using their own data
model. Secondly, it improves retrieval performance by com-
bining relational database technology and XML querying
such as XQuery [19] or XPath [18]. Thirdly,XMLdocument
can be easily validated byW3C XMLschema [17].



Figure 3. Image Annotation Overview

4.1. Associative Semantic Annotation Architec-
ture

Figure 3 depicts the architecture of the image annota-
tion. A user can browse or perform an XML query to se-
lect an image to annotate. An object is associated with a
specific part of an image such as a box or a circle. Annota-
tion interface is dynamically created based on the specific
XML schema. User can choose a schema from a set of pre-
defined schemas or create a new schema. Annotation can be
saved in progress to be edited further, or can be imported
into the MorphBank system. The information of annotation
is stored in an XML document, an instance of the XML
schema, which imposes structural and semantic constraints
on it. Well-formedness verification and semantic validation
of the XML document are performed against the schema.
Structural or semantic errors indicate violation of the con-
straints and are returned to the user. Only valid XML docu-
ments are imported to the MorphBank system. Performance
can be improved because no further verification or valida-
tion is required. Query interface is also generated dynami-
cally from a specified schema. This specialized query im-
proves retrieval performance by querying only the subset of
the XML document.

4.2. Schema Customization

Annotations are usually considered to be text associated
with other text or images. Although the basic idea of an an-
notation is rather old most web materials don’t allow for an-
notations [6]. Because of the awkward nature of most web-
based annotation tools, they are seldom used and as a re-
sult most scientists use manual annotations in their day-to-
day research. The challenge in a web-based annotation tool
is providing enough functionality given the limitations of
most web browsers to make them useful to researchers.
User defined schemas extend the predefined schemas to
meet individuals needs. All the XML schemas are derived
from a generalized schema class, which defines the general
information of an image. This general schema is listed be-

low1.

<schema>
<simpleType name="id-type">

<restriction base="xs:string">
<pattern value="[1-9][0-9]{4}"/>

</restriction>
</xs:simpleType>
<simpleType name="name-type">

<restriction base="xs:string">
<maxLength value="255"/>

</restriction>
</xs:simpleType>
<complexType name="creator-type">

<sequence>
<element name="lastname" type="name-type"/>
<element name="firstname" type="name-type"/>
<element name="title" type="name-type"/>

</sequence>
</complexType>
<complexType name="point-type">

<sequence>
<element name="x" type="xs:integer"/>
<element name="y" type="xs:integer"/>

</sequence>
</complexType>
<complexType name="rec-type"> The use of LSIDs allows MorphBank to grow without radically altering the

underlying database structure and permits the replacement of internal data
items with external references

<sequence>
<element name="point" type="point-type"

minOccurs="2" maxOccurs="2"/>
</sequence>

</complexType>
<!-- other declaration such as circle, polygon -->
<complexType name="loc-type">

<choice>
<element name="rectangle" type="rec-type"/>
<!-- other loc types such as circle, polygon" -->

</choice>
</complexType>
<complexType name="obj-type">

<sequence>
<element name="name" type="name-type"/>a
<element name="location" type="loc-type"/>
<element name="description" type="xs:string"/>

</sequence>
</complexType>
<complexType name="annotation-type">

<sequence>
<element name="image-id" type="id-type"/>
<element name="LSID" type="id-type"/>
<element name="object" type="obj-type"/>
<element name="curator" type="curator-type"/>
<element name="date" type="date-type"/>

</sequence>
<attribute name="id" type="id-type">
<attribute name="type" type="name-type">

</complexType>
<!-- top level element -->
<element name="annotation" type="annotation-type">

</schema>

This schema defines a set of general information such as
annotation-id, annotation type, image-id, curator and cre-
ated date. All the image annotations contain those general
information. For example, Figure 4 shows an XML docu-
ment of the general schema. The annotation consists of a
rectangle region specified by a sequence of coordinates on
the image representing the top left corner and right bottom
corner respectively.

1 slightly simplified for clarity and size.



<annotation id = ’12345’ type=’new’>
<imageid>34567</imageid>
<LSID>11223</LSID>
<object>

<name>leaf</name>
<location>

<rectangle>
<point><x>100</x><y>200</y></point>
<point><x>300</x><y>400</y></point>

<rectangle>
</location>
<description>

This is a piece of leaf ...
</description>

</object>
<creator>

<lastname>Darwin</lastname>
<firstname>Darwin</firstname>
<title>Biologist</title>

<creator>
<date>08-26-2005 10:28:36</date>

</annotation>

Figure 4. An Example XML Annotation Docu-
ment for an Image

4.3. Annotation and Schema Interfaces

A graphic annotation interface is automatically and dy-
namically generated for users from a specific schema. An
image is displayed with highlighted region and annotation
information. A set of text fields based on the schema struc-
ture are created. Some schema defined data types such as
enumeration are created for users as a list of choices. Users
can save their works or submit the annotations to the sys-
tem. XML documents are automatically generated and val-
idated against the schema. A schema interface is also cre-
ated if a user chooses to create a new schema. User-defined
schemas are uploaded and stored in the system.

4.4. Query Interface

Similarly as an annotation interface, a graphic query
interface is created from a specific schema. The schema-
specific and structure-based retrieval improves the accuracy
for semantic query. Since each XML document stored in
a relational database column and indexed by the schema,
only the sub set of XML documents that are indexed by the
schema are searched. In addition,MySQL 5.1 provides
native XML functions for searching and changing XML
documents [12]. The query interface automatically gener-
ates the optimized querying to improve the query perfor-
mance.

5. Preliminary Results

The MorphBank research team has been working closely
with a group of botanist at the Department of Biologi-
cal Sciences at Florida State University to use thebeta

Figure 5. Sample - Herbarium Annotation

version of the annotation tool for the curation of herbar-
ium specimens. The team took a standard herbarium an-
notation card (see Figure 5) and created an XML schema
which is stored in the MorphBank database as a text
field in the Annotation Schema table and identified with
an LSID. The annotation software, when displaying an-
notations, can determine if the text of the annotation is
either plain ascii or an XML document and select the cor-
rect application to display the data. Web services are
used to verify if an XML document is valid and con-
forms to the stored schema.
Users making taxonomic identification annotations on
herbarium collections would then select the schema asso-
ciated with this type. The XML schema mirrors the infor-
mation and organization of the original annotation card.
The software requests the user to fill in the missing infor-
mation and stores the data as an XML document as shown
in Figure 6. The results were very promising. The abil-
ity to expand the meaning of annotations increased the util-
ity of the software to the point where scientists were
able to use it for species determination. User of Mor-
phBank were able to store their data into MorphBank us-
ing their own datasets. Additional information they wish
to include was placed in the system as user-defined anno-
tations. The user extracts their schema from their personal
database as an XML document and submits the docu-
ment to MorphBank to be included as a validated anno-
tation schema. Once accepted into the database, scientists
can import their data directly into MorphBank without al-
tering the baseline schema. They simply selected an im-
age and requested to add an annotation. Since the data
is in an XML format it is highly search able using exist-
ing Web services tools. Additionally, the native ontology
of the dataset is preserved avoiding the problem of transla-
tion of the meaning of the data.



<annotation id = ’12345’ type=’Taxon Identification - Herbarium’>
<imageid>34567</imageid>
<LSID>11223</LSID>
<object>

<name>Psilocybe Dumontii</name>
<location>

<rectangle>
<point><x>100</x><y>200</y></point>
<point><x>300</x><y>400</y></point>

<rectangle>
</location>
<description>

This is apparently an undetermined specimen
of polydesmia. Probably close to
Psilocybe Dumontii.

</description>
</object>
<creator>

<lastname>Koff</lastname>
<firstname>Richard I. </firstname>
<title>Biologist</title>

<creator>
<date>08-26-2005 10:28:36</date>

</annotation>

Figure 6. Herbarium Taxonomic Identification

6. Conclusion

We have described an existing need in the biological
community to store and retrieve complex information on
specimen and related images. In creating a web site that
stores the elements common to all entities in the tree-of-
life, we limit our ability to store data that is unique to spe-
cific species. Throught the use of an extensible schema and
associating semantics through an XML document stored as
an annotation, we increase the flexibility and utility of such
a system.
Our work in developing a web-based annotation tool has
proven successful. The non-intrusive method, permits biol-
ogists to mark images without altering the original image,
and share this annotations with others in an easy and open
format. Often, mapping information into an abstract form
requires developers and designers to alter the structure of
real world relationships in order to fit a specific paradigm.
We hope to have shown in this paper a method that will al-
low users of MorphBank to both have the integrity of a well
designed centralized digital image database with the flexi-
bility of a privately owned collection. Our hope is that the
work performed under this NSF grant by the MorphBank
project will provide the Tree-of-Life initiative with a sta-
ble digital image database and annotation tool set that can
be used by biologists around the world.
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