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Abstract 

In this project relational and Lotus Notes database technology are evaluated with 

regard to their suitabili ty in providing computer-based support in plant breeding in 

general and specifically in the production of doubled haploids. The two developed 

databases are compared based on a set of requirements produced together with the 

DH-group which is the main users of the databases. The results indicate that both 

Lotus Notes and the relational databases are able to fulfil all needs documented in this 

project, although both systems have their limitations. An often expressed opinion is 

that it is diff icult to combine biology and databases. The experience gained in this 

project however suggests that it does not need to be the case in instances where data is 

not as complicated as often discussed. Observations made during this project indicate 

that data warehousing with integrated data mining and OLAP tools are surprisingly 

similar to how the DH-group at Svalöf Weibull works and could be a suitable solution 

for the production of doubled haploids. 
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1 Introduction 

The marriage of biology and computer science has created a new field called 

bioinformatics (Lesk, 2002). Bioinformatics is by definition the application of 

computational techniques to the management and analysis of biological information 

(Attwood and Parry-Smith, 1999). In recent years the rapid increase of biological data 

has created many new biological databases. For example PDB1, the Protein Data 

Bank, which stores protein sequences and GDB2, The Genome Database, which stores 

information about genes. Biological data are sparser and noisier than typical data from 

many areas of engineering (Altman, 1998). Researchers face additional problems in 

representing biological data, including: inherent complexity of biological data, 

domain knowledge barrier and lack of expert data modell ing skil ls (Chen and Carlis, 

in press). There is also a problem with biological data because of the many different 

definitions among different research groups.  

 

Svalöf Weibull AB is a plant breeding company distributed over different locations in 

Europe. The data is distributed over many different research groups and therefore 

there are also terms with different meaning. The primary aim of this project is to 

investigate the relative merits of database support based on Lotus Notes and relational 

technology in the production of doubled haploids. A secondary aim is to explore what 

types of computer-based tools would satisfy the particular work within plant breeding. 

In plant breeding, doubled haploid (DH) production is used to produce homozygous 

lines in a single generation instead of repeated steps of self-pollination (Touraev et al, 

2001). Unfortunately the techniques for producing DHs, specifically in cereal plants, 

are very genotype specific, which means that the ability to produce green plants 

depends on the genotype and technique used. Depending on the genotype used the 

number of green plants produced varies and an obstacle is also that sometimes a high 

frequency of albino plants is produced. An effective genotype combined with the right 

technique will give a high amount of green plants and a low amount of albino plants. 

                                                
1 http://www.rcsb.org/pdb/index.html  
2 http://gdb.jst.go.jp/ 

�
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The problem of what factors affect this genotype dependency has not yet been 

completely solved. Screening of potential parental material for doubled haploid 

producing capacity is one way to handle this problem. The data collected by screening 

and by production of doubled haploids is important to save and systematize. In this 

way it could be made available to different users, such as the plant breeders, who do 

the future selecting of parental material and doubled haploid producers that are to 

select methods for production with a given parentage. During this project two 

databases were implemented with consideration to documented requirements, one 

Lotus Notes and one relational database. These two databases were then compared 

and evaluated from the viewpoint of specification of requirements and functionality.  

 

The results suggest that both Lotus Notes and relational database technology are able 

to fulfil l all needs documented in this project in production of doubled haploids. 

However, both systems have their limitations and depending on which features are 

found valuable, both systems can be suitable. Observations made during this project 

show that the work done both by the DH-group and the whole organization (Svalöf 

Weibull) has several characteristics that agree well with a data warehouse system with 

integrated data mining and OLAP tools, for example their need for data integration, 

data mining and decision support. 

 

1.1 Structure of dissertation 

The outline of this dissertation is as follows. Chapter 2 gives more details on database 

technology, its development and functionality. It also includes more details about 

plant breeding and production of doubled haploids. Chapter 3 presents the problem 

and the aim of this project. In chapter 4 related work is described and discussed. 

Chapter 5 describes the method used in this project. In chapter 6 the results of the 

project are presented. It starts by describing the method for collection of material and 

then the design and implementation of the databases. Chapter 7 contains a discussion 

of the presented results and an evaluation of the implemented databases. The 

conclusions and possible future work in this area are stated in chapter 8.
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2 Background 
Biology has, during the last decade, gone through an information revolution. This 

revolution is a result of both the rapid development of DNA sequencing techniques, 

the rapid increase of the amount of biological data and the great success within 

computer based technologies, which allows us to handle great amounts of data in a 

more eff icient way. The broad term that arose in the mid 1980s was bioinformatics 

that was a term to describe computer applications in biological science (Attwood and 

Parry-Smith, 1999). Today bioinformatics is an applied science. We use computer 

programs to make inferences from the data archives of modern biology, to make 

connections among them, and to derive useful and interesting predictions (Lesk, 

2002). 

 

Most of the bioinformatics work that is being done deals with analyses of biological 

data, although a growing number of projects focus on the organization of biological 

information (Lesk, 2002). In recent years, many new databases storing increasing 

amounts of biological information have been developed. However, this has not only 

positive effects. Nowadays many scientists complain that it gets increasingly diff icult 

to find useful information in the resulting heterogeneous data labyrinth. This may 

largely be due to the fact that the information gets more and more scattered over an 

increasing number of heterogeneous resources. After all, the positive effects are 

dominant over the negative ones. For example, less storage space required and that 

data is better organised. Data is also, despite the heterogeneous resources, easily 

accessible and therefore data used for research projects is easier shared.  

 

2.1 Database technology 

Databases have become an important component in the modern society’s everyday 

life. During a normal day most of us come across several activities that involve 

interaction with a database (Connolly and Begg, 2002). For example if we go to the 

cash dispenser, to withdraw funds, if we make a train reservation or if we access a 

computerized library catalogue to search for a bibliographic item, chances are that our 

activities will i nvolve access to a database.  
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In this report, as seen in figure 1, we consider a database to be a collection of related 

data and the Database Management System (DBMS) to be the software that manages 

and controls access to the database. A database application is simply a program that 

interacts with the database at some point in its execution. We also use the term 

database system to include a collection of application programs that interact with the 

database (Connolly and Begg, 2002). 

 

 

 

 

 

 

 

 

 
Figure 1: A simplified database system environment, illustrating some of the concepts and 
terminology used in database technology. Adapted from Elmasri and Navathe (2000). 
 

A database can have varying size and complexity. A database can be manipulated 

manually, for example the card directory at the library, or with help of computers. A 

computerized database can be treated and maintained either by a number of 

application programs or by a database management system. A database stores not 

only large amounts of data: it is also possible to search among all data that is stored. 

Often it is also possible to put in new data in the database. A database gives the 

chance to sort or print out a certain amount of the data that is stored in the database. 

These facts make the database a powerful tool for storing and analyzing information.  

 

As described by Eaglestone and Ridley (1998), databases can be classified according 

to which generation they belong to (figure 2). The first databases that came on the 

market in the 1970s were the network- and hierarchical database systems, classified as 

the first-generation database systems. These systems were the first that could manage 

and manipulate a larger number of records with information. During the 1980s came 

what was called the second-generation databases. These databases are relational 
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databases and they were a big step from the first-generation database system. Second-

generation databases unfortunately have some problems to store multimedia data, 

which is large, unstructured individual records that require much memory, e.g. 

pictures, drawings or video. For the next generation databases, the third-generation, 

“The Committee for Advanced DBMS Function” (Stonebraker 1990) published a 

manifesto, where it is described which form of functionali ty the new generation 

database should support. This manifesto was written in 1990 and existing database 

applications and database managing programs can today solve several of the 

paragraphs in the manifesto. Even new forms of databases have emerges as for 

example object-oriented databases. 

 

 
Figure 2: The evolution of data models, from left to right in the figure. In the middle first and second 
generation databases are seen. Third generation databases are seen to the right in the picture. The part 
to the left shows an early attempt to computerize file systems. Adapted from Eaglestone and Ridley 
(1998). 
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information is represented as a collection of records linked together. Each row 

represents a record that is a set of data for each database entry. Different types of 

records are used to represent different types of entities. Each table column represents 

a field. The fields in a record represent facts about that individual entity and the links 

between the records represent relations between the records. There are different types 

of links between records for representing different types of relations. The hierarchical 

model (figure 3) allows records to link so they represent a tree structure, and the 

network model allows records to be linked to represent a network structure. Both the 

hierarchical and the network models have operations for searching, reading and 

writing of posts. According to Eaglestone and Ridley (1998) both of these models 

have several limitations: 

1. There is no obvious separation between the logical structure of the data and 

the way they later are implemented physically. The consequence is that the 

interface between the program and the DBMS becomes very complicated, 

which requires knowledge about how the linked records are implemented. 

This must be included in the program, which is limiting the data 

independence. 

2. The database language can only manipulate one record at a time. Therefore it 

is necessary to implement the way in which the records are to be navigated. 

For example the iterations and decisions that is required for choosing and 

accessing the searched record. This must be included in the program, which is 

again limiting the data independence.  

3. There is no widely accepted theoretical foundation for hierarchical models and 

network models. This in turn impeded further investigation and research.  
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Figure 3: In a hierarchical database, record types are organized in parent-child relationships. Adapted 
from Norton (2000). 

 
 

 
Figure 4: In a network database, a record type can relate to any number of other record types. Adapted 
from Norton (2000). 

 

2.1.2 Second generation databases 

Second-generation databases use technology based on the relational data model 

(Codd, 1970). Edgar Codd, at IBM Research, first published the relational model in 

1970. This model directly got a lot of attention for its simplicity and its mathematical 
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theoretical base in the theory of sets and in the first-order predicate logic.  
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Figure 5: Relational database tables where fields are linked together to create relations between the 
tables. Adapted from Norton (2000). 

 

A table is used to represent one part of the real world, or a type of relation between 

entities. The rows in the table represent the presence of an entity or a relation. A 
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relational databases an important step towards the development of new database 

technologies. Thanks to the mathematical definition of the relational model it became 

possible to begin more rigorous studies and designs of databases and database 

languages. This has lead to the development of a new generation of database 

languages. 

The advantages with the relational model are according to Eaglestone and Ridley 

(1998): 

1 The model is mathematically stable. The model is defined with mathematical 

definitions and therefore gives a formal specification of the logical features of 

a relational database manager. 

2 The model is simple. All i nformation in a relational model is represented using 

logically structured tables. All information is visible to the host and the 

database language is based on simple operations that manipulate columns and 

rows.  

 

According to Codd and Date (1985; 1986) the weaknesses with relational databases 

do not originate from the relational model, but instead come from weaknesses in the 

implementation of the relational theory. The relational model has some inherent 

limitations, which makes it unsuitable for use in certain applications, for example 

when big pictures and drawings generated in CAD is required. According to 

Eaglestone and Ridley (1998), there are also some structural limitations. All 

information in a relational database is represented as tables with atomic values and 

this restriction is called the first normal form. The advantages are the technical 

simplicity and the general applications, tables are easy to read and understand and 

information can be by search flexible represented in columns and rows. Nevertheless 

is representation of data in tables a suitable method to represent the complex world we 

are living in. For example it is inappropriate to use the relational model together with 

design applications where it is necessary to represent complex models, where every 

component consists of a complex design. In the relational model every complex 

structure must be represented as a number of separate tables linked with simple 

values, and to get information about an entity data from several tables must be linked. 

There are two negative consequences with the structural l imitations. First it is diff icult 

to apprehend the information’s structure when it is in a flat and fragmented form. 
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Second, the programs that use the table structures can be complex and ineffective. 

This is because there is a need to combine tables many times for complex queries and 

for repeated and nested queries. For these types of applications there is a need for a 

better way of representing these complex structures. The languages that are used by 

the relational database manager is just one part of all the ways there are to manipulate 

data. To manage complex queries on data it is necessary to use other programming 

languages. According to Eaglestone and Ridley (1998) the relational language is 

relational complete, because they can express everything in a relational model in an 

algebraic way, but they are not calculated complete, because they cannot express 

arbitrary complex calculations. Advantages with the restrictions on the relational 

language is that it is possible to express a suff icient amount of operations on data and 

still be enough limited in the queries to get optimized answers. Disadvantages are that 

it is not possible to express complex operations that are associated with data with just 

the relational language. To make this possible the instructions from the relational 

language must be included in another programming language for example C or Pascal 

(Eaglestone and Ridley, 1998). 

 

One of the more unusual areas where relational databases are used is CAD/CAM. 

Characteristic for these applications is that they have to manage big and complex 

amounts of information that is not always so easy for a traditional relational database. 

A relational database with increased functionali ty is required to handle these complex 

objects. 

 

2.1.3 Third generation databases 

There are two dominating third-generation database models, the object-relational 

model and the object-oriented model. In the object-relational model concepts from the 

conventional database techniques have been mixed with object-oriented languages. 

Since the object-relational model is using an existing relational model, which is suited 

for an object-oriented view, it says that it has an evolutionary way of approaching a 

solution. An object-oriented model is more expressive than the earlier generation’s 

databases in that it provides a richer representation of the structure of the information 

represented by the data than is possible using the earlier generation’s models 

(Eaglestone and Ridley, 1998). They also provide facilities for representing within the 
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database the behavior of the information represented by the data (figure 2). With first 

and second-generation models it is necessary to represent the behavior of information 

as application programs. Object data models exist in a confusing variety of forms, 

with different and sometimes contradictory terminologies and definitions (Nelson, 

1991). This is a consequence of the newness of the technology, and the fact that 

object database concept have evolved from a variety of object-oriented programming 

languages, rather than from a single theoretical model, as was the case with relational 

databases. Object databases are still the focus of much research and are still evolving. 

Not surprisingly, there is as yet no off icial object database standard. However, clear 

definitions of the object data model are now emerging. 

The “Object-Oriented Database System Manifesto” (Atkinson, 1990) was an early 

attempt to clarify what an object database is. More recently, object database system 

vendors have attempted to introduce some conformity by proposing the ODMG 

standards for an object data model and object database languages (Cattell, 1997). 

ODGM is a consortium of object database system vendors. Though ODMG standards 

currently have no off icial status, the influence of the ODMG standards is likely to be 

considerable. This is because the members represent a significant portion of the object 

database system market, and are all committed to producing “ODMG compliant” 

products. The ODMG standards are therefore likely to dominate the object database 

market and become a de facto standard (Eagelstone and Ridley, 1998). 

 

 

 

 

 

 

 

 

 

 
 Figure 6: In an object-oriented database, messages are passed from one object to another. Adapted 
from Norton (2000). 
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The object-oriented structure groups data items and their associated characteristics, 

attributes, and procedures into complex items called objects (figure 6). Physically an 

object can be anything: a product, such as a house, an appliance, a genotype, or event, 

such as a customer complaint. An object is defined by its characteristics and 

behaviors. An object’s characteristics can be text, sound, graphics and video. 

Examples of attributes might be color, size, style, quantity and price. A procedure 

refers to the processing or handling that can be associated with an object (Norton, 

2000). 

 

2.1.4 Other database technologies 

It is getting more common with databases and organizations are storing an ever 

increasing amount of data. However in recent times when such systems are 

commonplace, organizations are looking for ways to use this data to support decision-

making as a means of gaining competitive advantage. Traditional databases were 

never designed to support such business activities so other systems were developed 

(Connolly and Begg, 2002). Systems that provide this functionali ty are data 

warehousing system with integrated data mining and OLAP (on-line analytic 

processing) tools (Chaudhuri and Dayal, 1997) and so do also Operational Data Store, 

ODS (Inmon, 1995). 

 

2.2 Lotus Notes 

Lotus Notes is a groupware with the abili ty to create databases (figure 7). At Svalöf 

Weibull they use Lotus Notes as a groupware and as a database management system 

(DBMS). Groupware is the broad term for technologies that allow multiple-person 

collaborations in a project. Groupware in its widest definition allows not only the 

creation and editing of documents by groups of people, but also division and 

scheduling of the work, the solicitation of ideas or revisions from others in the group, 

and simultaneous editing of a document by various team members. Groupware is not 

limited by the geographical location of the participants. Drawing on the capabili ties of 

the network, groupware permits workers in different locations to collaborate. 

Groupware offers a wide range of options, including shared data files, electronic mail , 

workflow automation, and shared scheduling. Lotus Notus is probably the best-known 



Background 

 

 13  

example of groupware, although there are many competitors like Teamware Office 

and Eridu (Norton, 2000). 

 

Figure 7: The screen shows Lotus Notes and some of its features. Several databases and shared 
documents are shown. 

 

2.2.1 Notes database 

Users compose, read, manipulate, forward and interpret Notes documents. At the user 

interface, there are two main tools for document access: Forms, to give structure to 

documents and provide the editing environment; and Views, to compare, categorize 

and report on many documents in a database.  There are also additional tools 

available, including macros (running on the workstations or server, on individual 

documents or on batches of documents) and the full-text-retrieval engine. But 

different users have differing perceptions of how all this works. Without the detailed 

overview, it is hard to see this in relation to past experience. So it can be diff icult for 

software professionals to place Notes in relation to other development tools, 

document-management and workflow applications, relational databases and legacy 

messaging systems (Pyle, 1999). 
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2.2.2 User model 

The user interacts with objects in the Notes system. The data of these object instances 

is held in Notes documents, in the fields of various data types. The methods with 

which they manipulate the data are defined in Forms. Views are browsable collections 

of summary information from many object instances, allowing the user to search, sort 

and relate the information in a database. All these instances are design element which 

all can be seen as object in the Notes database. Notes’ formula language provides very 

powerful ways to manipulate the object data. There are two ways to relate the 

document instances and the form methods. Firstly, Notes stores in each document the 

name of the form used to create or modify that document; this is quite a loose linkage. 

Secondly, an alternative tight linkage can be established by storing the form in the 

document. The latter is very appropriate where a document and its form (an object 

instance and its methods) must be sent together through e-mail ; the former is natural 

in most Notes applications, where each database contains both data, documents, and 

the associated design elements, forms and views (Pyle, 1999). 

 

This is a valid description of Notes as a document-object database. But internally to 

the Notes database, there is really little distinction between data documents, form 

designs, view definitions and other design elements. All these things are different 

notes classes. This abstraction means that replicated databases not only distribute the 

object data, but also the object methods, using one consistent infrastructure (figure 8). 

Distribution of applications in this manner is one of Notes’ key strengths. In this 

project Lotus Notes will be seen as an example of an object-oriented DBMS. 
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Figure 8: Simplified diagram ill ustrating how users interact with documents, forms and views; and in 
the database, the data and design elements are just different colored instances of a more abstract note, 
class. Adapted from Pyle (1999). 

 

2.3 Data management issues in biology 

There are hundreds of heterogeneous and autonomous biological databases which can 

be reached through Internet and which include hundreds of gigabytes of sequences, 

structures, cellular, metabolic and other types of information. At the web page for 

Research Computing Center at Harvard Medical School1 there are links to 80 different 

public biological databases but there are also other web pages with even more links. 

Since there are so many different databases there are also many different storage 

format standards. With a heterogeneous database means that there is neither a 

common nomenclature nor protocol for communication and transformation of data 

models between databases. With an autonomous database means that the database is 

independent with no thought of being integrated. This makes it hard for the user to 

choose, combine and use the different heterogeneous and autonomous databases that 
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exist today. The use of the autonomous and heterogeneous databases within biology is 

limited by the big difference at many levels, especially at the semantic level in 

definition of the different database categories. The problem that comes with 

heterogeneous biological databases is how to store data in the correct way, because 

databases require clear and unambiguous definitions. There are requirements from the 

database for definitions for storage because of its mathematical foundation. But there 

is seldom the same requirement in biology, because of the many research groups and 

therefore also the many definitions and there is no requirement for these to be stored 

together. Biological data is often stored in a semi structured way. This makes a 

problem when storing data in a database belonging to the second generation database 

system. According to Schultze-Kremer (1997) the biological research community 

today has communication problems.   Fundamental concepts like ‘gene’ and ‘protein 

sequence’ are used inconsistently by researchers and by the majority of genome and 

protein databases. A disadvantage with this is that it is diff icult for users to make 

analyses where different types of data need to be integrated. Many of the biological 

databases today are constructed by individuals and organizations for different 

purpose, and are therefore not expected to be standardized in data format and in the 

semantic representation. Lack of a common nomenclature is a problem in usage of 

different databases. Many researchers and database users use their own terms and 

concepts for representation of biological information. Terms and definitions often 

differ between research groups and it is not unusual that they use identical terms with 

different meaning.  

 

2.4 Plant breeding  

Central to the advances in agricultural production has been the improvements in the 

properties of plants by breeding and selection. The beginning of plant breeding date 

back some 10 000 years (Allard 1999). Initially, this was achieved only through 

selecting the best fruits and seeds, which were then cultivated. Artificial insemination 

on animals and poll ination on plants in the early 19th century marked the beginning of 

breeding in general as a technology while the rediscovery of the Mendelian laws in 

1900 triggered off scientific breeding. In the 20th century, plant breeding based on 

methods of hybridizing different cultivars belonging to the same species, together 

with special methods of selection in subsequent generations, has achieved 
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extraordinary results, which have considerably enhanced agricultural production. In 

spite of the progress and benefits, historically, conventional plant breeding based on 

classical genetics is a maturing technology. By itself it may not continue to provide 

enough food to feed the world’s population, which is expected to double over just the 

next 30-35 years. Genetic improvements in crop plants must be expanded, accelerated 

and carried out much more precisely and eff iciently to meet the growing world 

demand not only for more food, but also for a greater diversity and higher quality of 

food, produced on less land, while protecting soil, water and genetic resources. 

Meeting these multiple goals and expectations will be possible only through greater 

application of the new tool of plant genetics, breeding and biotechnology (Touraev et 

al., 2001). 

 

2.4.1 Doubled haploids 

Usage of tissue culture to produce haploid plants with the following doubling of the 

chromosome number is an important technique in plant breeding to speed up and 

improve the process of gaining true-breeding lines (Touraev et al, 2001). Haploid 

techniques are used on many plant species and a haploid plant has a single set 

(genome) of chromosomes in the cells, i.e. the reduced number (n), as in a gamete. A 

doubled haploid is a diploid plant produced by doubling the chromosome content of a 

haploid plant. 

 

Unfortunately the techniques for producing doubled haploids in cereal plants are very 

genotype specific, which means that the abili ty to produce green plants depends on 

the genotype and technique used. Depending on which genotype is used the number 

of green plants produced varies and an obstacle is that varying numbers of albino 

plants are produced. An effective genotype combined with the right technique will 

give a high amount of green plants and a low amount of albino plants. At Svalöf 

Weibull AB haploids are produced with following doubling of the chromosomes in 

cereal and oil crops. The main activities in cereals have been the production of 

doubled haploids in winter wheat, spring and winter barley. Doubled haploids could 

be used directly in a breeding program, in genome mapping or in mutation breeding. 

The haploid cell is also a well-designed target for genetic transformation. 
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There are three main techniques for producing doubled haploid plants: 

1. Anther culture. 

2. Isolated microspore culture. 

3. Wide hybridization (e. g. maize pollination in wheat). 

 

Doubled haploid technology allows the production of homozygous cereal lines in a 

single generation. A pure line is a strain in which all members have descended by 

self-pollination from a single completely homozygous plant. By doubling the 

chromosome number of the haploid plant a homozygous line is obtained and through 

this step the fertil ity is recovered. In other words, the haploid plants are sterile, so the 

chromosome number needs to be doubled. This sometimes occurs spontaneously or if 

not it could be achieved by colchicine treatment. Colchicine is an alkaloid which is an 

anti-mitotic substance extracted from seed or corns of Colchcine autumnale which 

induces polyploidy by arresting spindle formation during mitosis (Rao and 

Suprasanna, 1996). Doubled haploid (DH) technology allows the production of 

homozygous lines in a single generation. The integration of DH technology into 

breeding of plants and genetic programs has the potential to reduce the breeding time 

of new cultivars and improve our understanding of agronomical important genetic 

traits. 

 

The production of homozygous lines is generated by anther culture, microspore 

culture and wide crosses with chromosome elimination. It is followed by doubling of 

the chromosome compliment of the haploid plants. The principle of doubled haploids 

is the same regardless of the method used to generate them. The chromosome 

numbers are either doubled spontaneously in the culture or by colchicine or other 

antimitotic compounds to produce diploid plants. Since the chromosome compliment 

is doubled, each individual is completely homozygous for all loci. For doubled 

haploids to be used in a breeding program, eff icient procedures must exist for 

producing and identifying a large number of doubled haploids from a range of genetic 

backgrounds. Doubled haploids could be produced from pre-selected breeding 

material in the F3 to F4 generation (figure 9) to achieve full homozygousity 
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(Baenziger, 1996) or the technique could be applied already in F1 to limit the material 

in an early stage and to cover most of the variation in the cross. 

 

 

 

Figure 9:  Pedigree. P2 and P2 are the two parents crossed together. F1 is their offspring, F2 the 
offspring of the selfed F1, F3 offspring of the selfed F2 and so on.  Doubled haploid production could 
be made at different generations after a cross. 

 

2.4.2 Anther culture 

Anther culture is technically simple and is at present used in many commercial 

laboratories for doubled haploid production (Morrison et al., 1991). The primary 

regenerants could be haploids or doubled haploids (figure 10). If the doubling does 

not occur spontaneously the plant can be diploidized by colchicine treatment. In most 

cereals, spontaneous doubling may occur that can be used directly in breeding 

programs (Henry and De Buyser, 1990). Anther cultures involve picking the anthers 

manually, which is a very time consuming step in the procedure. It is important that 

the anthers are picked when the microspores (immature pollen cells) are in the right 

developmental stage i.e. late uninuckate. The ears or picked anthers are subjected to 

some type of stress e.g. heat, cold or starvation to induce embryo development from 

the microspores, predestinated to become pollen. Induced embryos are thereafter 

moved to regeneration medium to develop into plants. 

 

P1 X P2 F1 F2 F3 F4 F5 

P = parent 
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Figure 10: Diagrammatic ill ustration of anther and pollen culture for production of haploid plants and 
diploidization. Adapted from Chawla (2000). 

 

2.4.3 Isolated microspore culture 

Microspores are immature pollen cells. To isolate the microspores the ears are cut into 

pieces and then minced in a blender (figure 10). The anthers do not need to be picked 

manually, which is an advantage. The minced ears are sieved through a fine-meshed 

net and by using a gradient-centrifuge dead microspores could be removed. Some 

methods for microspore culture produce a high frequency of plants with 

spontaneously doubled haploids and than colchicine treatment is dispensable. Some 

advantages with microspore culture are that the microspores require little space in 

growing chambers, the work effort is less then half the time required for maize 

pollination and it is the most cost-effective technique. One problem when anther 

culture or isolated microspore culture is applied to cereals is that depending on 

genotype varying frequencies of albino plants is produced. When the albinism is 

discovered a lot of work has already been put into that plant and the albino problem 

reduce the eff iciency of the protocol. Other disadvantages with isolated microspore 

culture are that it is technically advanced and it is very genotype specific.  
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2.4.4 Maize pollination 

Maize pollination is a procedure using the macrospore, which is the immature ovule. 

Wheat plants are poll inated with maize pollen. Fertilization takes place, but the maize 

chromosomes are eliminated and the result is a haploid embryo. Advantages of maize 

pollination are that it produces no albino plants, it is not technically advanced and the 

genotypic dependence is much smaller then in anther- or microspore culture. The 

disadvantage with maize crosses is that you get only one haploid from each flower. 

The procedure is work intensive. Every flower needs to be emasculated, pollinated 

and treated with hormones. Two or three weeks after the poll ination, the embryos 

need to be rescued and then not all the embryos will produce plants. Another negative 

aspect is that there is no spontaneous haploid doubling that means that all plants need 

colchicine treatment. This procedure demands larger resources per green plant 

produced then anther and microspore culture. 

 

2.4.5 More effective methods 

Within each of the three techniques there are different protocols used in different 

species and sometimes the protocols also differ between different genotypes. 

Different techniques and different types of cereal produce a great amount of data that 

because of its scattered form require some sort of computer support. 

 

One of the goals of the DH work in the SW Laboratory at Svalöf Weibull AB is to 

render the methods more effective. There is one specific project going on with the aim 

to develop methods for effective production of doubled haploids in wheat, triticale 

and barley by using the techniques microspore culture, anther culture and crossing of 

species (maize poll ination) with the following chromosome elimination and embryo 

rescue. The main purpose is to increase the regeneration frequency and decrease the 

genotype dependence in usage of the different techniques. 

 

For doubled haploids to be successful, eff icient and reliable techniques for generating 

haploids and doubled haploids are essential. Ideally, the doubled haploids should be 

vigorous, stable and free of tissue cultural induced variation. Work done in a lot of 
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DH laboratories all over the world shows that the genotype is very significant for the 

production of doubled haploids in cereals (Andersen et al., 1987). Embryo formation, 

regeneration and the production of albino plants are affected by the genotype. In many 

genotypes there is no production of embryos. In other genotypes there are many 

embryos produced, but the majority is not developed to plants.  

 

In the DH-group at the SW Laboratory a screening of genotypes in those aspects has 

been going on for about ten years. To be able to decide which technique to use in a 

specific genotype it is important to search existing data. Computer support for the 

research data would also give the possibil ity to utilize production results generated in 

the laboratory. It will be made possible to keep track of research work and to utilize 

experiences made during many years. In a database everything is stored in one place 

and it is possible to search for certain information. 
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3 Presentation of the problem 

Svalöf Weibull AB1 is a company with many plant breeding departments and large 

amount of data distributed over departments and geographical locations. The amount 

of research data increases every day. The problem with genotype dependent 

production of double haploids is one area where it is very important to store all data 

for future research and production work. The storage of data wil l also help organise it 

and to find possible trends in the results from screening and production that will help 

the interpretation and possible conclusions from these data. Therefore it is important 

to find a suitable way of storing the ever-increasing research data at a common place 

that can be reached by everyone involved with the DH-group’s work. The different 

breeding departments, their way of working and their different locations makes it 

important to find a common standard for storing data and a common nomenclature 

and ontology. This is important because of all different biology terms involved in 

plant breeding, so that the data can be homogenous and to avoid confusions and 

misunderstandings when using the stored research data. Currently there is work going 

on at Svalöf Weibull AB and in other places, in different directions, to solve the 

problem with the genotype dependent methods: 

1. Development of laboratory methods to get methods that are not, or at least 

less, genotype dependent. 

2. Searching for genetic markers or genes that can be tied to responsiveness and 

then found markers to look for responsive genotypes. 

3. Screening of genotypes to determine whether they are responsive or not. 

 

Because of this research work done at Svalöf Weibull AB a lot of data will be 

generated. To optimise the use of this data it is necessary to organise it. A database is 

one way to systematise it for many users. There is also a problem with data exchange 

because of the company’s scattered location. Data produced in different groups is 

today often distributed over the company by e-mail , which has a lot of disadvantages, 

                                                

��http://www.swseed.se�
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especially in reliabili ty. A lot of information is lost and when new information is 

needed new e-mails have to be sent.  

Svalöf Weibull use Lotus Notes as a groupware but also as a DBMS. Lotus Notes was 

chosen as one of the database systems to evaluate because it is Svalöf Weibull’s 

platform of choice. The Lotus Notes database was decided to be compared with a 

common, general and well studied DBMS. Relational DBMS is well studied and also 

common and popular and was therefore chosen as DBMS to compare the Lotus Notes 

database with. 

 

3.1 Problem definition 

The primary aim of this project is to investigate the relative merits of database support 

based on Lotus Notes and relational technology in the production of doubled haploids. 

A secondary aim is to explore what types of computer-based tools would satisfy the 

particular work within plant breeding. 

Objectives that need to be met include: 

• Deciding which data to include in the database. So that users of the database 

are satisfied with the material found in the database. 

• Extract knowledge about the data domain. So that the data is valid and defined 

in the right way when stored in the database. 

• Choosing a DBMS that could be suitable for the DH-group. 

• Designing a database schema suitable for the storage of the identified data. 

• Implementing databases that reach collected expectations, one Lotus Notes 

database and one relational database. 

• Compare the Lotus Notes database with the general relational database. Seen 

from the view of functionality, for example redundancy, and from its 

suitabili ty in the production of doubled haploids.  
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4 Related work 
With a great growth of biological data the challenge within bioinformatics is how to 

transform and integrate large amounts of biological information collected from 

multiple databases. This is an important field for the abili ty to perform analyses, 

investigations and experiments where you need to integrate multiple databases. Data 

has to be as consistent as possible over databases to make it possible to compare and 

contrast. To be able to make the most of the information available on the Internet 

today there is a need for tools that effectively can collect and integrate the information 

from multiple databases. In spite of the fact that there are several research efforts on 

how to integrate databases, it is stil l in practice very limited (Macauley et al., 1998). 

 

Several efforts to solve the problem with heterogeneous databases have been done, 

but unfortunately no one with great success. Such examples are: TAMBIS-

Transparent Access to Multiple Biological Information Sources (Paton et al., 1999), 

which solves some problems by working as a common interface for some sources and 

give the illusion it is only one source, and Kleisli (Chung and Wong, 1999) which is a 

large scale integrating system for heterogeneous databases. There is also a lot of work 

done at genomic modelling, where it is discussed how to model genomic data. 

Genome sequencing projects are making available complete records of the genetic 

make-up of organisms. These core data sets are themselves complex, and present 

challenges to those who seek to store, analyse and present the information. Therefore 

the provision of clear and intuitive models of complex information is challenging and 

Paton et al. (2000) present conceptual models for a range of important emerging 

information resources in bioinformatics. According to Chen and Carlis (in press) 

researchers face challenges in representing data, including inherent complexity of 

biological data, domain knowledge barrier, constantly evolving knowledge and lack 

of expert data modell ing skil ls among other things when trying to create databases for 

biological data.  

 

The work about object-oriented models for biological data (Paton et al., 2000) is by 

no means unique, one of the authors was involved in an early project on the use of 

object databases with protein structure data (Gray et al., 1990). However, more recent 

work presents conceptual or object-based models for biological data. For example, 
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Okayama et al. (1998) describes the conceptual schema of a DNA database using an 

extended entity-relational model. However there is no information about these 

projects when introduced in reali ty, about their acceptance and usefulness. 

 

No published material was found that investigates a similar situation as in this project. 

As seen in this chapter several works suggest a conceptual model for storing the data 

but in this project not only a model is suggested, the model is also implemented and 

therefore this project goes a bit further. 
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5 Method 

A Data Flow Diagram (Kozar, 1997) is used to describe the process of this project 

(see figure 11). A Data Flow Diagram is a means of representing a system at any level 

of detail with a network of symbols showing data flows, data store, data processes, 

and data sources or destinations. Data Flow Diagrams are composed of four basic 

symbols, and for this project three of them are used. The External Entity symbol 

(rectangle) represents sources of data to the system or destinations of data from the 

system. The Data Flow symbol (arrow) represents movement of data. The Process 

symbol (rounded rectangle) represents an activity that transforms or manipulates the 

data. The last symbol, unused in this project, is the Data Store symbol that represents 

data that is not moving. Index cards, magnetic disks and even human memory could 

be examples of non-moving data represented with the Data Store symbol.  
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Figure 11: The process of this project represented as a Data Flow Diagram. 
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Svalöf Weibull is a plant breeding company consisting of Svalöf Weibull AB, the 

mother company, situated in Sweden and daughter companies in Europe and North 

America. The DH-group is a working group within Svalöf Weibull AB and their task 

is the production of doubled haploids and development of methods for this. The plant 

breeders are the users of the services the DH-group can offer. They are found both 

within the mother company and the daughter companies. The company, the DH-group 

and the plant breeders are presented in the process using an External Entity symbol. 

To show the data movement from the company to the problem a Data Flow symbol is 

used, this symbol wil l be used through the entire method to describe data flow 

between the different symbols. 

 

The problem within the DH-group’s research work is that the methods used for 

production of doubled haploids are very genotype specific, which means that the 

abili ty to produce green plants depends on the genotype and the method used. What it 

is that affect this problem, and how, is not clear. This project is concerned with the 

necessary of database support for researching this. There is also problem with 

increasing amounts of research data. The data is also distributed over many locations 

because of the company’s distributed location. This problem is presented in the 

project as an External Entity symbol. 

 

To create a specification of requirements for the project, some kind of collection of 

information from users had to be done. Questionnaires are an inexpensive way to 

gather data from a potentially large number of respondents compared to for example 

interviews or evaluating test cases. Questionnaire was the only feasible way to reach a 

group of DH-database users that was large enough. It was also an easy way because of 

the participant’s distributed locations within Sweden, and Europe. A well -designed 

questionnaire that is used effectively can gather information on both the desired 

overall performance of the system as well as information on specific components of 

the system. A questionnaire was also chosen because everyone that should answer the 

questions is very familiar with the inquired research data. A questionnaire should be 

viewed as a multi-stage process beginning with definition of the aspects to be 

examined and ending with interpretation of the results. Every step needs to be 

designed carefully because the final results are only as good as the weakest link in the 
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questionnaire process. Although questionnaires may be cheap to administer compared 

to other data collection methods, they are every bit as expensive in terms of design 

time and interpretation (Georgia tech, 2002). This part is a process as well and is 

represented with the Process symbol.  

 

The questionnaire was evaluated and discussed with the research leaders of the DH-

group and with other users of the database in order to collect requirements and 

information about the data domain, but also to avoid misunderstandings and to collect 

more ideas about the database. These meetings were carried out a couple of times for 

collect valid and thorough discussed information for the database. The data domain 

includes the data that should be included in the database.  

 

By putting together all information collected in the two former steps, a specification 

of requirements was determined. All data to include in the database was defined but 

also other requirements from the DH-group and other users. 

 

Knowledge was extracted about the data domain, for better understanding of the DH-

group’s work. This was done to gain a better understanding of the problem, the DH-

group’s research work and the data they generate. This was a process that is a part of 

defining the specifications but is also a process that stretches from the start of the 

project to the end. It is a part of the entire project because it is important during the 

project to be able to extract knowledge about the DH-group’s work that is necessary 

for continuous work. This was done by visit the laboratory and the greenhouses and 

by tuition by research leaders. This is probably the most important process of the 

project for understanding of continuous work.  

 

Before implementation of the databases the database design was determined. The 

design was determined with consideration of the decisions made in the specification 

of requirements and data domain knowledge. The database design process is actually 

a process of several activities (see figure 12). The first part of the database design, as 
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seen in the picture, was a part that was DBMS independent and therefore the same for 

both the relational and Lotus Notes database. 
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Figure 12: The database design process. Adapted from Elmasri and Navathe (2000). 
 

Two databases were implemented, to be able to make the required comparison. One 

object-oriented database and one relational database were created. Svalöf Weibull is 

using groupware for their computerised work like reading mail, connect to other 

databases within the company, etc. The groupware used at Svalöf Weibull is Lotus 

Notes. All employees at Svalöf Weibull can connect to Lotus Notes and read the latest 

news and information, even those working in Germany or France. Different operating 

systems are used in the organisation but the Lotus Notes application is the same all 

over. Different database management systems (DBMS) are used, both relational and 

object-oriented databases, but also file-based systems. A majority of the databases in 

use today are implemented in Lotus Notes. Lotus Notes was chosen as the object-
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oriented DBMS for implementing the database for the DH-group. It was chosen 

because of its abil ity to replicate automatically to everyone within Svalöf Weibull AB 

groupware and because it is their platform of choice. A relational database does not 

usually have the same ability to replicate data, although several relational DBMS have 

that abil ity today. Interbase was chosen for the relational database implementation 

although the replication wil l be an issue. The relational database for the DH-group 

wil l not require a lot of functionality from the DBMS, because of its simplicity, so 

which relational DBMS that was chosen should not affect the result of the database. 

In this project only the parts that are general for the relational DBMS technology wil l 

be investigated. As programming language for the Windows application we have 

chosen Delphi. This part of the project is a simultaneous process of implementing two 

databases. 

 

The two databases are then compared and evaluated according to functionali ty and the 

needs from the DH-group. The Lotus Notes database is compared with general 

relational database technology. The limitations and advantages of the two databases 

are discussed and compared.  

 

The last step of the project was to evaluate the results of the projects and to discuss 

the findings. Observations made during the project are discussed. With knowledge 

from the results and the discussion a conclusion has been formulated.
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6 Results 

This chapter contains the results from the method described in the previous chapter. 

The results include collection of specification of requirements and implementation of 

the databases. 

 

6.1 Questionnaire design 

The steps required to design and administer a questionnaire include: 

1 Defining the objectives of the survey 

2 Determining the sampling group 

3 Writing the questionnaire 

4 Administering the questionnaire 

5 Interpretation of results 

Each of these steps wil l be commented upon in the context of this project. 

 

6.1.1 Objectives of the survey and determination of sampling group 

In order to review the planned database support, a questionnaire was distributed to 

persons at Svalöf Weibull involved with the DH-group’s work. The survey focused on 

database support for the DH-group. More specifically discovering what employees at 

Svalöf Weibull thought of introducing database support and what data they would like 

to find in the database. The participants of the study were already before this 

investigation familiar with the inquired research data. 

 

6.1.2 Writing the questionnaire 

The questionnaire consisted of twenty-two questions. To gather as much information 

as possible the questionnaire contained questions that allow a certain degree of 

flexibility in order to find out the reasons for certain answers and to generate ideas. 
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The questions were divided into three sections: personal questions, professional 

questions and database questions. 

 

Personal questions included questions about name, title, e-mail and working place. 

This part of the questionnaire is important if there is need to contact the participants in 

the study for any reason, as well as if there are diff iculties to interpret the answers. 

 

Professional questions were questions about academic degree, profession and years of 

experience in profession. This part of the questionnaire is important to get a deeper 

understanding of the answers from the participants of the study with help from this 

person’s background and current profession. It is also important if there is a need to 

divide the participants into groups of users according to their profession or their 

background.   

 

Database questions were questions about the database, the data in the database, what 

kind of experience the respondents has with databases and other questions about 

desired functionality of the database. This part was the main part of the questionnaire 

and as it was important to collect a specification of requirements for the database. The 

complete questionnaire is presented in appendix A. 

 

6.1.3 Administering the questionnaire 

The questionnaire was distributed by e-mail to 26 employees at Svalöf Weibull AB, 

which all will be involved in the usage of the database containing data from the DH-

groups research. The deadline for answering the questionnaire was 7 days after the 

distribution. Nearly 31% of the questionnaires were returned either by mail or by e-

mail . The response rate is rather low, but considered to be acceptable because it 

includes all of the most active users of the DH-database, the DH-group. But it also 

represents a substantial amount of other users of the database and their opinions. They 

are users that will need the database and its information as one critical component 

within their work. 
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6.1.4 Results of questionnaire 

All of the participants in the study have a Bachelor of Science in biology or higher as 

a degree from university. The participants have very long experience in their current 

profession, 50% of the participants in the study have more than 20 years of 

experience. The remaining 50% in the study have from 2 to 18 years of experience in 

their current profession at Svalöf Weibull . The database knowledge within the 

participants of the study was very good considering their professions, that for 

everyone were within agronomical biology. There are almost no courses in computer 

science included in the university programs in biology; in spite of that, the computer 

experience among the respondents was found to be good. As many as 29% were 

experienced users of databases, 57% were average users and 14% were basic users. 

This result shows that everyone in the study had some kind of previous experience in 

the usage of databases. Nearly 43% had at some time designed a data model for a 

database and 57% had at some time implemented a database. The results about 

database knowledge show that the participants in the study have very good knowledge 

about databases, which affect the results of the study in a positive manner. Therefore 

the databases and its field of application are easier understood and the questionnaire 

might be easier to answer. The section below evaluates the database part of the 

questionnaire. 

 

Participants in the study were asked what information they would like to find in the 

database and the results are shown in table 1. It is easy to see that the most wanted 

data is the pedigree information. The findings of this table will be useful to decide 

primary and secondary information in the database. 
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Table 1: All data that the participants in the study would li ke to find in the database. The data can be 
placed in to four categories: critical, desirable, not interesting and unknown. The data in this table was 
included as choices in the questionnaire. 

 

 Critical Desirable Not 
interesting 

Unknown 

Species | | | |   | |    

Winter/spring type | | | |   | |    

Origin no./ Seed source | | |  | |  | 

Variety/genotype | | | |  | |    

Type (2 rows/6 rows) 
(for barley) 

| | | | | |  

Number of ears used in 
experiment 

| | | | |  | 

Number of anthers used 
in experiment 

| | | | | |   

Number of green plants 
produced 

| | | |  |   

Number of albino plants 
produced 

| | | |  |   

Number of green plants 
produced per 100 anthers 

| | | |   |  

Number of green plants 
produced per ear 

| | | |  |     

Mother of the genotype | | | |  | |    

Father of the genotype | | | |  | |    

Pedigree | | | |  | | |    

No of infections in the 
experiment 

| | | | |  | 

 

The participants in the study were also asked what kind of other data they would like 

to find in the database. They were given the option to give suggestions about for them 

critical and desirable data. This data is found in table 2. 
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Table 2: Data that the participants in the study would like to find in the database. The data can be 
placed in to four categories: critical, desirable, not interesting and unknown. The data in this table is 
data that was not included in the questionnaire but is suggestions of data from researchers and breeders. 

 

 Critical Desirable 

No of albino plants/ear  | 

Frequency of spontaneously 
doubled plants 

|  

Reference or source |  

Year for screening |  

Habitat |  

Change of method |  

SWLab no. |  

Anther culture protocol no |  

Microspore culture protocol 
no. 

|  

No. of isolations/ combination  |  

No. of embryos/isolation (0-5) |  

Fertile plants produced  | 

Date of sowing of donor 
plants 

|  

Date of microspore isolation |  

 

Every one of the participants in the study wil l find the database useful for their work. 

The participants of the study today mainly use Microsoft Excel and different 

calculation tools to analyze the data in the database. The most important routine tasks 

that the database should automate are, according to participants in the study: to be 

able to search for a certain genotype; be able to use calculation tools and generate 

percent of doubled haploids per ear for a certain genotype. On the question “Should 

all data be presented at all time?” everyone except one answered “no” . This one 

person answered: “yes what you need is a panorama” .  

 

More detailed answers from the database part of the questionnaire is presented in 

appendix B. The findings of this questionnaire are helpful in the way that a lot of 

suggestions, as we see in this study, have been made for not only the database but 

maybe for future work.  



Results 

 

 38  

6.2 Nomenclature  

The nomenclature of the database is very important because there are many different 

research groups that wil l use the database. The data in the database is used in different 

ways and for different purpose. The nomenclature was discussed during meetings 

including plant breeders that wil l be users of the database and the DH-group that is 

the producers of the data stored in the database. The results of the questionnaire were 

discussed in detail and new concepts were discussed. The naming of a genotype was 

discussed in some detail. The naming of a genotype is not the same in different 

research groups, not even within Svalöf Weibull. This problem was discussed and a 

solution for the database was found. This is maybe a problem that needs to be 

discussed more within the different research groups at Svalöf Weibull in the future. 

The naming policy is a general problem within biology. Researchers face problems in 

representing biological data, including: inherent complexity of biological data, 

domain knowledge barrier, constantly evolving knowledge and lack of expert data 

modell ing skills (Chen and Carlis, in press). Altman (1998), for example, made the 

following observation, “Biological data are sparser and noisier than the typical data 

from many areas of engineering…the concept of sequences (their representation, 

storage, and analysis) is critical and central in biology, and does not occur in many 

other areas of information science”. Why this is a problem is because of the desired 

storage in the database. Databases need policy and definitions of what is stored in the 

database and this wil l conflict with the inherently noisier biological data. 

 

The solution for the naming problem for a genotype in the DH-database is by letting 

the database store all different names and therefore all research groups can find their 

own name for the genotype. The database then automatically selects a name for the 

genotype depending of what has been filled in the database.  

 

6.3 Specification of requirements 

The specification of requirements consists of data that is important for the use of the 

database and of required functionality of the database. The questionnaire was only 

one part of the collection of requirements. The results from the questionnaire has been 
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presented to the DH-group and discussed with other potential users of the database. 

There has also been other meeting with both the research leaders of the DH-group and 

with plant breeders that wil l use the database as a critical component in their daily 

work. During these meetings the design of the database was discussed but also other 

ideas for optimise the functionality of the database.  

 

6.3.1 Necessary data 

The data to include was determined by questionnaire and by discussions. The data that 

participants in the questionnaire study wanted to find in the database was discussed 

with the DH-group and users of the database and the results was a desirable amount of 

data critical for both the DH-group and the other users (table 1). Every data item is 

described below so its participation in the organisation is easier understood: 

Genotype: Genetic makeup of an organism. In the database described by a line 

number or a cultivar’s name. 

Species: Unit of taxonomic classification into which genera are divided. Groups of 

actually or potentially interbreeding natural populations that are reproductively 

isolated from other such groups. There are three different species included in the 

database used for production of doubled haploids at the DH laboratory: barley, wheat 

and triticale. Barley is divided into spring and winter type while wheat is represented 

only by winter type in the database. 

Method: There are three main methods used for production of doubled haploids: 

anther culture, isolated microspore culture and maize pollination. 

Year: The year the screening (experiment) was made. 

Origin number: The number of the seed lot used for donor plants. 

SW Lab number: A number given to the donor plants when planted in the green 

house of SW Laboratory. 

Type (2 row/6 row): There are two different types of barley: 2 rows or 6 rows. 

Mother: The female part of which the genotype is an offspring. 

Father: The male part of which the genotype is an offspring. 

Pedigree: The parents or grandparents etc. of the parents. 
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Habitat: The location where the donor plants have been grown. 

Date of microspore isolation, anther culture or pollination: A month that tells us 

which time of year the isolation, anther culture or poll ination (depending on which 

method used) was made.  

Number of ears used in experiment: A number telling how many ears that were 

used in the experiment. 

Number of anthers used in experiment: A number tell ing how many anthers that 

were used in the experiment. 

Number of infections in experiment: The number of infected ears (anther culture), 

microspore isolations or embryos (maize poll inations). 

Number of green plants produced: A number tell ing how many green plants that 

were produced in the experiment. 

Number of albino plants produced: A number telling how many albino plants that 

were produced in the experiment. 

Number of green plants/100 anthers: A number derived from number of green 

plants produced divided by number of 100 anthers used. 

Number of green plants/ear: A number derived from number of green plants 

produced divided by number of ears used. 

Number of isolations: Number of microspore isolations performed (only applicable 

on microspore isolation). 

Embryo growth: A grading of good embryo growth (5) or zero (0) (anther culture) or 

the number of isolations with embryo growth (isolated microspore culture). 

Frequency of spontaneously doubled haploids: The number of spontaneously 

doubled haploids analysed by ploidy- or fertil ity analysis divided by total number of 

plants analysed expressed as percentage. 

Comments: Comments about the genotype, if the method has been varied etc. 

References: Any literature, web, laboratory name or other references connected to the 

specific experiment. 

 



Results 

 

 41  

To get an even greater understanding of the data item’s participation in the 

organisation, a model is created to show how the data affect each other in the 

organisation. It is not a diagram over the functional dependences but to show how 

data participates in the organisation. This diagram illustrates for example what it is 

that influences the choice of method or what it is that is believed to affect the outcome 

of an experiment. The diagram clearly shows the central role of genotype and method 

in the data quantity (figure 13). 
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PEDIGREE 

TYPE  
(2 row/6 row) 
(only barley) 

TYPE 
(winter/spring) 

FATHER MOTHER 

GENOTYPE 

METHOD 

HABITAT  
of donor plant 

YEA R  
for screening 

ORIGIN NO. 

Frequency of 
spontanously 

doubled plants 
SWLab NO. 

SPECIES 

REFERENCES 

Embryo 
growth/isolation 

(only microspore) 

# isolations / 
combinations 

(only microspore) 

# of infections in 
experiment 

# of anthers used 
in experiment 

# of ears used in 
experiment 

# of green plants 
produced 

# of albino plants 
produced 

COMM ENTS 
# green plants / 

ear 
# green plants / 

100 anthers 
# of albino plants 

/ ear 

 

Figure 13:  Diagram of how data is used in the organisation. In this figure it is possible to see how for 
example method is affected by the genotype and year but also by species together with references about 
that species. The dashed rectangles are derived data that can be calculated from other data in the 
organisation. 
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The primary data was decided to be the data that was most important according to 

participants in the questionnaire study: genotype, number of green plants per ear, 

mother and father. All other data is seen as secondary data. 

 

6.3.2 Functionality 

The functionality of the database was determined from the questionnaire and meetings 

with potential users of the database. The database should have the abili ty to sort 

columns in views after genotype or other results. It should be able to use simple 

statistics for mean value and totals of for example numbers of anthers used per ear. It 

should also be able to search for a certain genotype, with other words it should be 

possible to use SQL-queries on the data in the database. 

 

The databases should have read access to the database is given to everyone connected 

to Svalöf Weibulls groupware. Access for editing, deleting or adding of a genotype is 

only given to the research leaders of the DH-group. This is to ensure security of the 

research material stored in the database. 

 

6.4 Implementation 

Two databases were implemented in order to compare and evaluate their functionality 

in the production of doubled haploids and for plant breeding in general. 

 

6.4.1 Implementation using Lotus Notes 

Lotus Notes was used as DMBS for one of the DH-databases as discussed before. 

Lotus Notes is a groupware with the abil ity to act as an object-oriented DBMS. Lotus 

Notes uses design elements such as forms, documents, views, navigators, pages, 

framesets etc. A Notes database is made up of documents, which consists of f ields 

held together by a form. 
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The database made for the DH-group and their needs is created of design elements 

such as forms, views, framesets and navigators. How the user interacts with these 

design elements is shown in figure 14.  

Figure 14: Diagram showing how a user will interact with forms and views in the DH-database 
implemented in Lotus Notes. 

 

Figure 18 which illustrate functional dependencies for the DH-data in the relational 

database, is also valid for the design of the Lotus Notes database. In other words the 

same design is used for both Lotus Notes and the relational databases. 
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control 

Given only 
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Data documents 

Data about a 
genotype filled into 
forms and stored in 

documents. 

Form design 

For entering data 
about a genotype 
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a document. 
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For viewing data 
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Notes database 

User interaction 

Field (text) 
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Field (…) 
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For layout and 
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forms and views. 
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Figure 15: Interface of DHatabase using Lotus Notes. Three pages are together forming a frameset. 
The pages are created of forms, views, navigators, and images or just plain text. 

 

The first frameset let the user chose from four different cereals: spring barley, winter 

barley, triticale and winter wheat (figure 15). It is then possible to navigate further to 

find the methods used in the experiment: anther culture, microspore culture and maize 

pollination.  

 

A form is created to act as a frame for storing documents (figure 16). A form contains 

fields where it is possible to fill i n information about a certain genotype and the 

experiment made on it. A form in the DH-database contains one field for each data 

item defined in the specification of requirements. When a form is filled in with data it 

is stored as a document.  
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Figure 16: A form in DHatabase.The forms contain fields where it is possible to store data and when a 
form containing data is stored a document is created. 

 

Document is presented in views where an overview of all the documents in the 

database is shown (figure 17). A navigator is built to create a tree structure for 

navigation among some pages, views or forms in the database. A frameset is created 

of pages, everyone containing different information. A search tool is buil t into the 

database and can be used to navigate in all documents in the current view. 
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Figure 17: A view in DHatabase presented in a frameset. On the left in the picture there is a navigator 
for navigation in the database. A navigator is created of buttons of which can let you navigate through 
views and forms. The response index is confidential within the Svalöf Weibull group. 

 

The functionality of the database is that it is possible to store a great amount of 

information about a single genotype. It is possible to navigate through views that 

contain documents created from different forms and then also to search in the views 

for desired information such as genotype or for example mother of a genotype. 

To perform operations within design elements in Lotus Notes, LotusScript is used. 

LotusScript is a simple object-oriented script language but can provide significant 

functionality within their application development environment. 

 

6.4.2 Implementation using Relational DBMS 

Interbase was used as DBMS for the other one of the DH-databases. From the 

specification of requirements a schema containing all determined data is created. The 

schema is a schema that illustrates functional dependencies and wil l contain all data 

that was specified in the specification of requirements (see figure 18). 
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EXPERI-
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#  
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HABITAT 
(of donor plants) 
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ISOLATION, 

ANTHER CULTURE  
OR POLLINATION. 

 

EMBRYO 
GROWTH/ 

ISOLATION 
(only microspore) 

  

Figure 18: Functional dependencies among DH-data. 

 

The schema in figure 18 is a simple model of relations in an experiment on production 

of doubled haploids. This design was chosen because there was no possibility to build 

relations between any of the data in this experiment. Experimentnumber is the 

primary key that determines all other attributes in the model. From an 

experimentnumber there is possibility to determine all other data just from that single 

number. This design was chosen because there was no possibilit y to find relations 

between the data items that could be used to determine each other. For example a 

genotype could be used in different experiments. But with an experimentnumber all 

other data items connected to a certain experiment could be determined. 
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The relational schema is transferred to a relational data model (see figure 19). The 

relational model represents the database as a collection of relations. In the relational 

model, each row in the table represents a fact that typically corresponds to a real-

world entity or relationship. The table name and column names are used to help in 

interpreting the meaning of the values of each row. 

Figure 19: Relational data model. Also called logical data model. 

 

The relational data model is then transferred to a physical model, implemented using 

Interbase and Delphi to create a Windows application. This part is also called 

logical/conceptual schema. Data types are defined here. In the first navigation form it 

is possible to navigate to different views of the database (figure 20). Of course it is 

also possible to store a new genotype into the database. The views divide the content 

of the database into different parts, every type of cereal can be grouped by the 

different methods that are used on them to create doubled haploids. For example one 

view is spring barley / anther culture and another is spring barley / microspore culture 

(figure 22). 

EXPERIMENT ( 
EXPERIMENTNUMBER, 
GENOTYPE, 
METHOD, 
SPECIES, 
TYP, 
ORIGIN_NO, 
SW_LAB_NO, 
NO_EARS, 
NO_ANTHERS, 
NO_GREEN_PLANTS, 
NO_ALBINO_PLANTS, 
NO_ALBINO_PER_EAR, 
NO_GREEN_PER_EAR, 
NO_GREEN_PER_HUNDRED_ANTHERS, 
NO_INFECTIONS, 
ISOLATIONS_PER_COMBINATION, 
EMBRYO_PER_ISOLATIONS, 
MOTHER, 
FATHER, 
PEDIGREE, 
YEAR_FOR_SCREENING, 
HABITAT, 
DATE_MONTH, 
REFERENCE, 
COMMENTS) 
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Figure 20: The main appli cation form interfacing to the DHatabase, created in Delphi. 

 

A new experiment can be stored in the database. The data should then be filled into 

fields (see figure 21), and then the data is stored into the database. This data stored 

can be viewed in a view but also in the form for saving a new genotype. 

 

Figure 21: Form for saving a new genotype. 
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Figure 22: Form for showing a view of the database. Different views of the database can be chosen 
from the first navigation from. 

 

Not all data is shown in the view but it is possible to view more information about an 

experiment by viewing this data in the form where it is possible to create a new 

experiment. Interbase source code is presented in appendix C. 
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7 Discussion 

This discussion is based on the results and includes an evaluation of the two databases 

but will also discuss DBMS for plant breeding and production of doubled haploids. 

 

7.1 Summary of implementation 

Implementation was a simultaneous process of designing and implementing two 

databases. The two databases were implemented in Lotus Notes and Interbase, one 

object-oriented database and one relational database. Both databases were 

implemented with consideration to the specified requirements but also to domain 

knowledge and data domain knowledge. Both databases were created with a 

functional interface. The databases were not implemented in the environment they are 

developed for. They were instead implemented in an isolated environment. This 

means that Lotus Notes was not connected to the Svalöf Weibull AB groupware 

during implementation, neither was the relational DBMS. 

 

7.2 Satisfaction of specification of requirements 

Both databases implemented reach collected expectations. They are both able to store 

the data that is specified in the specification of requirements. Both databases are able 

to use SQL-queries for selecting data from the database. The relational database use 

true SQL-queries while Lotus Notes use a built in search tool with the same 

functionality as SQL-queries. Both databases are able to use some simple statistics to 

calculate for some attributes in the databases. Both databases have also functionality 

for sorting the columns in the views. Both databases are also able to give read access 

to everyone within Svalöf Weibull, and to give access to adding, deleting and editing 

a genotype only to the DH-group. Both databases are able to fulfil the requirement of 

a common storage place and for several users at a time.  
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7.3 Introducing database support for production of doubled haploids 

The way of working at Svalöf Weibull AB today is by using Lotus Notes, as a 

groupware, to open Microsoft Excel documents with data on production of doubled 

haploids. Some data has also been stored in Paradox databases. By introducing 

rigorous database support for the DH-group their problem with distributed data over 

many locations, when data is lost and e-mail has to be sent over and over again, could 

be improved. When a database system is introduced the data could be stored in one 

place.  There could also be an improvement from the file-based systems that were 

used before introducing of database support at the DH-group. Redundancy can be 

avoided in the way that data does not need to be stored in different places; there will 

be only one file format. There can be more users at a time; since one user at the time 

on the file is not enough before introducing database support. If database support 

could facilitate the problem with genotype specific methods is too early to say, 

because database support has not been introduced into the organisation, this will be 

discussed further in chapter 8.1. 

 

7.4 Lotus Notes versus Relational DBMS 

Lotus Notes and the relational database were both able to fulfil all needs documented 

in this project from the DH-group but they also have their limitations. Both databases 

have the same functionality although their underlying constructions are different. A 

major limitation for a detailed comparison of Lotus Notes versus a relational database 

is that the source code in Lotus Notes could not be found. In Lotus Notes, much of the 

code exists within specific forms and views. The designer uses elements such as 

forms, views, etc. but there is no possibility to view the source code of the database. 

In Lotus Notes there is no possibility to counteract or control redundancy, which is 

one of the main features of a relational database. There might be a solution to this 

problem, but it does not seem to be possible to locate the information about this. The 

reason for why the source code and other things in the database are hidden might be 

that Lotus Notes is a commercial product and its developers are quite understandably 

not interested in sharing their technology with others. To not be able to locate the 

source code is an obvious disadvantage compared to the openness and plainness with 

visible source code like in the relational DBMS. 



Discussion 

 

 54  

There is also another disadvantage with Lotus Notes. Lotus Notes is a groupware with 

the ability to create databases. A database is a collection of related data (Elmasri and 

Navathe, 2000). Because Lotus Notes is not a database with a clear definition it is also 

diff icult to compare Lotus Notes databases with another defined database. Lotus 

Notes is claimed to be one of the best groupware on the market today (Sinclair and 

Hale, 1997). However, it is developed to be a groupware and not a DBMS, which is 

limiting when developing databases in Lotus Notes. 

 

In this project the feature in relational DBMS, to build relations, was not used because 

of this particular data used in this project. The data used in this project was only 

stored in one table and therefore it was not possible to build relations. However, the 

relational DBMS as well as Lotus Notes can be extended with more tables or more 

forms, maybe from other distributed locations within Svalöf Weibull. 

 

Another advantage with Lotus Notes is its abili ty to replicate the data automatically to 

other locations. Interbase does not have the same abil ity, although several other 

relational DBMS have that abili ty today. 

 

Another advantage with Lotus Notes database is that it is relatively simple to 

implement without almost any knowledge about programming and databases. 

Implement relational databases require some programming knowledge and knowledge 

about relational databases. 

 

Lotus Notes can be seen as an example of an object-oriented DBMS. Today most 

companies store data in relational databases (Connolly and Begg, 2002). However, 

object-oriented databases are gaining popularity for many reasons. For example, in an 

object-oriented database, data is stored as objects and relationships between similar 

objects are buil t on inheritance. Object-oriented databases are often faster than 

relational databases because joins between tables, which are expensive, are not 

needed. Object-oriented databases also provide encapsulation, the grouping together 

of logically related program elements (Elmasri and Navathe, 2000). Traditional data 
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models and systems, such as relational, have been quite successful in developing the 

database technology required for many traditional business database applications. 

However, they have some shortcomings when more complex database applications 

must be designed and implemented. These new applications have requirements and 

characteristics that differ from those of traditional business applications, such as more 

complex structures for objects, longer-duration transactions, new data types for 

storing images or large textual items, and the need to define non-standard application-

specific operations. One main purpose of object-oriented databases was to meet the 

needs of these more complex applications. The object-oriented approach offers the 

flexibility to handle some of these requirements without being limited by data types 

and query languages available in traditional database systems. Another reason 

motivating the creation of object-oriented databases is the increasing use of object-

oriented programming languages in developing software applications (Elmasri and 

Navathe, 2000). An advantage with Lotus Notes and other object-oriented DBMS 

(and sometimes also relational DBMS) is that you can use almost any programming 

language when implementing scripts in the database. It is also possible to use object-

oriented programming languages. This was a general comparison of object-oriented 

DBMS with relational DBMS. Lotus Notes share some features with object-oriented 

DBMS but have after all not all features, and it is diff icult to make an apprehension 

because of for example hidden technology in the Lotus Notes database. 

 

The conclusion of this comparison is that both relational DBMS and Lotus Notes 

DBMS are able to fulfil for documented requirements and are therefore both suitable 

solutions for the production of doubled haploids. Relational DBMS have the 

advantage to handle redundancy that is not a possibil ity in Lotus Notes. Relational 

DBMS also have a great advantage because of its accessible source code. Lotus Notes 

prefer to hide that information which is a great limitation. Lotus Notes on the other 

hand has advantages with its user-friendly environment which does not require much 

knowledge about programming and databases in order to create new databases. Which 

DBMS to be chosen as most suitable for production of doubled haploids depends on 

which features are more important than others. If, for example, redundancy and 

hidden source code is limited problems compared to the use of simple design 

environment and a user-friendly environment, Lotus Notes is gaining popularity. 
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7.5 DBMS for plant breeding  

Many biological applications require the database to handle features such as: complex 

data types (not just values) and novel methods for indexing and querying (Paton et al, 

2000). However, observations made in this project show that biological data does not 

have to be complex, but can instead be treated like any other quite simple data. 

According to Stonebraker’s view (see figure 23), systems with both complex data and 

querying should require an object-relational databases system. These object-relational 

systems emerged as a way of enhancing the capabili ties of relational DBMSs with 

some of the features that appeared in object-oriented DBMSs. Many researchers find 

the biological data more complex than for example business data, because biological 

data often is: heterogeneous in data sources (Davidson et al, 1995); incomplete, 

uncertain and inconsistent (Willson, 1998); multidimensional but still sparse in each 

dimension (Meyer and Cook, 2000); complicated in its structure (Bassingthwaighte, 

2000) and constantly changing (Chung and Wong, 1999). These characteristics make 

biological data in general difficult to represent and manage in a database system. 

Figure 23: Stonebraker’s View. Illustrating a comparison of fi le system, relational DBMS, object-
oriented DBMS and object-relational DBMS. Adapted from Connolly and Begg (2002). 

 

Although Stonebraker’s view is interesting, this is a very simplistic classification, and 

it is criticised by Connolly and Begg (2002) because it is not possible to put object-

oriented and object-relational databases in so distinct boxes. For example an object-

relational database does not handle as complex queries as a relational database. With 

the introduction of ODMG (Object Database Management Group) data model and 
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query language and the addition of object-oriented data management features to SQL, 

the distinction between the ORDBMS and OODBMS is becoming less clear.  

 

One significant advantage with object-relational DBMS’s is that they preserve the 

significant base of knowledge and experience that has gone into developing relational 

applications. This is a significant advantage, as many organizations would find it 

prohibitively expensive to change DBMS. If the new functionali ty is designed 

suitably, this approach should allow organisations to take advantage of the new 

extensions in an evolutionary way without losing the advantages of current database 

features and functions (Elmasri and Navathe, 2000). 

 

Object-relational DBMS will according to Stonebraker (1990) suit complex data and 

complex querying well. This data wil l be found mostly in genomic data. However, the 

DH-group does not really handle that kind of complex biological data discussed. 

Their data is actually more similar to business data where mostly values and simple 

statistics are used, for example numbers of ears used and which method was used in a 

particular experiment. At the DH-group today they collect data manually from 

different sources to a local data store. At this resource they want to find out what it is 

that affect the method’s genotype dependency if possible. They also want to find 

former unknown trends in the data material. Therefore a good DBMS for a plant 

breeding company should also have integrated tools for decision-making and be able 

to handle distributed data in a transparent way. With distribution comes a requirement 

to be able to replicate to different locations within Sweden but also Europe. The 

DBMS should be able to handle large amounts of data because data for data mining 

require data over a long time horizon. Data mining require a larger amount of data for 

creating a model that later could be used for decision making on smaller amount of 

data. All these features correspond surprisingly well with how a data warehouse 

system with integrated data mining and OLAP (on-line analytic processing) tools 

would work (Elmasri and Navathe, 2000). 
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7.5.1 Data warehousing 

As discussed before the data produced by the DH-group could not be described as 

very complex or noisy biological data, but more business-like with simple values and 

text. Data warehousing is also usually applied successfully on relative simple business 

data. This makes it very probable that a data warehousing would match on the DH-

group’s data. This is il lustrated by the similarity between the relational schema of 

DH-data (see figure 18) and a star-schema used in a data warehouse (see figure 24). 

Both figures represent a process where data is collected to a central repository upon 

which the analysis is performed. 

 

Figure 24: Star schema in data warehousing. This structure has a central fact table with keys to several 
dimension tables. The dimension table contain the identifiers to break down categories. They provide 
optimal access to the fact values by allowing sub setting to be done on the dimension table and then 
access to the fact table for analyses. 

 

Figure 25 il lustrates the Svalöf Weibull organisation and all its distributed divisions. 

Almost every division at Svalöf Weibull has there own research data and some even 

have there own databases. This structure reminds as well of data warehousing. This 

structure could be suitable in both a star schema but also in the data warehousing 

structure were data is collected from several databases (figure 26).  
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Figure 25: Ill ustration of the Svalöf Webull organisation and its distributed locations. Copied with 
permission from Svalöf Weibull. 

 

The challenge of an organisation is to turn its archives of data into a source of 

knowledge. So that a single integrated or consolidated view of the organisation’s data 

is presented to the user. A data warehouse is a base for supporting decision-making, 

which is usually handled with decision-support tools (Conolly and Begg, 2002). Data 

mining is a process of extracting valid, previously unknown, comprehensible and 

actionable information from large databases and using it to make crucial business 

decisions (Elmasri and Navathe, 2000). This is exactly what Svalöf Weibull seems to 

want from their database support! Data warehousing, with integrated data mining and 

OLAP tools, can therefore be a possible solution for the DH-group because they are 

really interested in finding previously unknown trends in their research data. This to 

be able to find out what it is that affects methods that are very genotype dependent. 

There might even be possibili ties to find other connections for example a person and a 

certain material can affect the outcome of a result. 
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Figure 26: The overall process of data warehousing. Adapted from Elmasri and Navathe (2000). 

 

Figure 26 illustrates how a data warehouse environment could be designed where data 

is collected from different sources or databases and then cleaned to ensure validity. 

Data must be formatted for consistency within the warehouse. Names, meanings and 

domains of data from unrelated sources must be reconciled. Data in the warehouse is 

then used in data mining, which refers to the mining or discovery of new information 

in terms of patterns or rules from vast amounts of data, and in OLAP, which is a term 

used to describe the analysis of complex data from the data warehouse (Elmasri and 

Navathe, 2000). 

 

Today Svalöf Weibull and the DH-group are using Lotus Notes as a data warehouse, 

which it was not meant to be. Lotus Notes is a groupware, which is the broad term for 

technologies that allow multiple-person collaborations in a project. Observations 

made from domain knowledge, data domain knowledge and specification of 

requirements suggest that data warehousing is what is needed at Svalöf Weibull and 

the DH-group.  
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8 Conclusion 

The primary aim of this project was to investigate the relative merits of database 

support based on Lotus Notes and relational technology in the production of doubled 

haploids. A secondary aim was to explore what types of computer-based tools would 

satisfy the particular work within plant breeding. The results indicate that both Lotus 

Notes and the relational database were able to fulfil all the documented requirements 

and are therefore both reasonable solutions as database support for production of 

doubled haploids. Lotus Notes is limited because it could not handle redundancy. 

Lotus Notes is also limited because it is a commercial product with no database 

definition and with a lot of its technology hidden, for example the source code. A 

possible limitation of the relational database is that Lotus Notes has a more user 

friendly environment when creating a new database. The relational database required 

more knowledge about databases and programming. Observations made from data 

domain knowledge, domain knowledge and specification of requirements during this 

project indicate that the DH-group might need a data warehouse with integrated data 

mining and OLAP tools. There is a surprising agreement between what the DH-group 

research tries to do today and what such a system is for. The DH-group collect 

distributed data and store it at a centralised resource. The data is then used for 

decision-making: to decide which method to use for a certain genotype. Another 

observation made during this project is that the biological data used at the DH-group 

is actually not very complex and noisy as biological data often is described as, but 

more business-like. Data warehousing is often applied successfully on business data 

which makes it very probable that data warehousing would match the production of 

doubled haploids.  

 

8.1 Future work 

One possibility for future work is to evaluate a data mining experiment where a model 

is created to see if it is possible to find former unknown information about why 

methods are genotype dependent. This model could then be used in the daily task by 

the DH-group. It could be interesting to evaluate if data warehouse with integrated 

data mining tool could facil itate the DH-groups problem with genotype dependent 
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methods. A possible approach for such investigation could be to integrate Lotus Notes 

with relational technology. It does not need to be relational technology but a DBMS 

that could handle for example redundancy and integrity. 

 

When introducing database support in biology and plant breeding it is important with 

a clear and unambiguous naming policy for storing and defining all different 

biological terms. This is important especially when databases require more and more 

integration among each other. When data is moved from one database to another it is 

important that this data is stored in the same format and with the same data types. So 

the idea for future work is to try to introduce naming policies into plant breeding and 

biology in general. 

 

Another possibility for future work is to make a thorough evaluation of the 

questionnaire, for example to evaluate why one person answers that he wants a 

panorama of all data in the database when everyone else wants a limited view. What 

is it he wants and why is it so different from everyone else? Then make interviews of 

participants and go deeper into ideas and wishes about the database, by iterative 

refinements. If there is conflicting views and different tasks in the organization, is it 

possible for a system to handle it all . Should the system handle it all if it could? This 

might be useful for further investigation about problems on handling research data 

and also more about what single persons in the organisation desire and what kind of 

ideas they have.  

 

 Yet another possible future work could be to investigate the abil ities to transform 

Lotus Notes to a relational database or an object-relational database, or on the 

contrary. This might be an interesting work because a lot of companies today is 

interested to change their way of working and therefore also their databases. It seems 

quite obviously to be able to import data from a relational database to Lotus Notes but 

maybe not as obviously the other way around.
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Appendix A: Questionnaire  

 
 

Questionnaire for users of a database containing data on doubled haploid 
production in barley and wheat. 

 
 

A project with the title ‘Construction of a DH database’ is running at SW Laboratory, Svalöf Weibull 
AB. The project will include design and implementation of a database that can store data and research 
results on how genotypes affect the production of haploids in cereal plants. The specification of 
requirements, database design and implementation of a prototype will be done by Malin Engerberg 
(final year master student at Skövde University) under supervision of Johanna Forsberg at Svalöf 
Weibull AB. 
 
The questionnaire is divided into three parts with three different types of questions; personal questions, 
professional questions and questions about the database. 
 
The purpose of this questionnaire is to collect requirements and opinions from breeders and researchers 
on the data content, organisation of and desired interfaces to a database containing information on how 
genotypes affect haploid production in cereal plants. For any software development project it is crucial 
to get feedback from the intended users as early as possible, both to ensure that the right decisions are 
made along the way and to maximise the usefulness of the resulting database. 
 
Some of you are not directly concerned with a DH database in cereals, however if you have some 
opinions or comments we are very interested to know. There have already been some suggestions that 
the database also should contain information about which markers that are diagnostic in a genotype.  
 
If there is any questions about the questionnaire, please contact Malin Engerberg on phone number 
+46-736-22 70 44 or on e-mail a97malen@student.his.se. I hope that you can take some minutes of 
your time to answer these questions.  
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Thank you for your time and energy! 

 

   Malin Engerberg                                            Johanna Forsberg 
University of Skövde                            Svalöf Weibull AB 
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1. Personal questions: 

 
a) What is your name? 

 

 
b) What title do you use? 

 

 
c) What is your work e-mail? 

 

 
d) Where is your place of work situated (country, city, department)? 

 

 

 
2. Professional questions: 

 
a) What academic degrees do you have? 

 

 

 
b) What is your current profession? 

 

 

 
c) Which is your position in the organisation? 

 

 

 
d) How many years' experience do you have in your current profession? 

 

 

 
e) Could you briefly describe your work and responsibilities? 
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3. Database questions: 

 
a) What is your knowledge about databases? Please fil l in the table 

below: 
 

Never used a database  

Basic user  

Average user  

Experienced user  

 
b) Have you ever designed a data model for a database? (yes/no) 

 

 
c) Have you ever implemented a database? (yes/no) 
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d) What kind of different data would you like to find in the database? 
Please fill in the table below:  

 

 Critical Desirable Not 
interesting 

Unknown 

Species     

Winter/spring type     

Origin number     

Variety/genotype     

Type (2 rows/6 rows) (for 
barley) 

    

Number of ears used in 
experiment 

    

Number of anthers used in 
experiment 

    

Number of green plants 
produced 

    

Number of albino plants 
produced 

    

Number of green plants 
produced per 100 anthers 

    

Number of green plants 
produced per ear 

    

Mother of the genotype     

Father of the genotype     

Pedigree     

Number of infections in 
the experiment 

    

 
e) What other kind of data would you like to find in the database? Please 

fill in the table below: 

 Critical Desirable 
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f) Could you briefly describe how you use the data, mentioned in 
questions 3 d) and 3 e), in your work? 

 

 

 

 

 

 

 

 

 

 

 
g) What kind of tools do you use to analyse the data that you find in the 

database? 

 

 

 

 

 

 

 

 

 

 

 
h) Do you want all types of data to be presented at all time? 
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i) What is the most important routine task that you want the database to 
automate? 

 

 

 

 

 

 

 

 

 

 

 
j) Are there any routine tasks or consistency checking that you think that 

the database solution should NOT attempt to do, but leave for the 
researcher?  

 

 

 

 

 

 

 

 

 

 

 
k) Will you find a database of this kind useful for your work, why or why 

not? 
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l) Any other thoughts on the database, or other wishes relevant to this 
project that you would like to bring to our attention? 

 

 

 

 

 

 

 

 

 

 

 
m) Apart from the earlier data, what other types of data and analyses 

would you like to have computer support for? 
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Appendix B: Questionnaire answers 

 

In this appendix the answers from participants in the questionnaire study can be 

found. These questions consider the database part of the questionnaire. The answers 

are divided into two groups of people: the DH-group and other users. The DH-group 

includes answers from the research leaders of the doubled haploid production at SW 

Laboratory. Other users include answers from potential users of the database, for 

example plant breeders not located at the SW Laboratory. 

 

Everyone answered that a database will, in some way, be useful. Will you find a 

database of this kind useful for your work? 

DH-group: 

• To decide which method is suitable and if no method is suitable. 

• The overview of genotype responsiveness would be very diff icult to find 

without this tool. 

• It is a great advantage for others, for example so that the breeders can look at 

the results, when they wish for. As it is now results is sent every year and they 

are always lost and they have to be sent over and over again. 

Other users: 

• Yes 

• Yes, I am sure it would be good to have knowledge of this kind gathered in 

one place. 

• I would guess this database would be used primary by SW Laboratory. 

• Of course, yes! Because since 100% of the F1 cannot be processed, the 

mentioned criteria, being an objective sign of “ responsiveness” help us chose 

those who might perform reasonably well .  
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What kind of tools do you use to analyze the data that will be found in the 

database? 

DH-group: 

• Microsoft Excel. 

• Simple statistic (mean values, totals etc.). 

• Microsoft Excel, sort after number or result. 

Other users: 

• Depends on the quantity, structure and purpose… 

• Mostly, the different calculation tools that exist in programs like Paradox, 

Quattro Pro or Excel. 

• - 

• No tools really to process these data. 

 

Should all types of data be presented at all times? 

DH-group: 

• No. Primary information should be presented at first and secondary 

information should be information possible to find if necessary. 

• Not necessarily. 

• Now in Microsoft Excel three columns are used: name number and number of 

green plants/ear. Often information about origin of a genotype has to be 

derived from different lists. Maybe links to some data. 

Other users: 

• Not necessarily, perhaps SW Laboratory should have one interface per set of 

queries + reports, and we should have a different set. We clearly do not need 

all the “handling” number information from SW Laboratory, as well as I 

assume SW Laboratory don’ t need our field numbers… 

• Not necessarily. 

• - 
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• Yes, what you need is a “panorama” . 

 

Describe briefly how the data, which is supposed to be in the database, is used? 

DH-group: 

• To find out how responsive a certain genotype are. If that genotype isn’ t tested 

are there any results from its parents?  Wil l be able to find the research data 

about that genotype? 

• With starting-point from number or name collect number of green plants per 

ear or per 100 anthers that have been produced in earlier experiments. 

• Reporting progress and end results to the breeder/customer and within the DH 

group. Predict the outcome of planned experiments and production tasks. Tool 

for advice and planning work. 

 

Other users: 

• To estimate the responsiveness to DH-production of different varieties and 

breeding lines. If possible, to calculate the inheritance of the mentioned 

responsiveness. 

• - 

• Choose these genotypes that might perform reasonably well . 

• Not briefly. 

 

What is the most important routine task that you want the database to 

automate? 

DH-group: 

• I have lists in Microsoft Excel where I have three columns: name, number and 

number of green plants per ear. Often I look for origin of a genotype, I have 

these data in other lists. But maybe you can have links to certain data. 

• Presentation of production status and end result. 



Appendix B 

 

 79  

• 1) Search out a certain genotype. 2) Search for those genotypes that are 

over/under a certain value. 

Other users: 

• Routinesssssss… Number of produced, fertile, harvested, normal DH plants 

per population… 

• - 

• Generate an average quantification of responsivness expressed in percent of 

doubled haploids generated per ear. 

• Be able to use calculation tools. 

 

Are there any routine tasks or consistency checking that you think that the 

database solution should NOT attempt to do, but leave for the researcher? 

DH-group: 

• Not be able to go more than one generation forward or backward when to find 

data about genotypes that is not themselves tested. 

• I cannot come up with anything now. 

• - 

Other users: 

• - 

• No comments. 

• In case there are, it is up to the researcher to use it or not. 

• - 

 

Apart from earlier data, what other types of data and analyses would you like to 

have computer support for? 

DH-group: 

• - 
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• - 

• - 

Other users: 

• Possibili ties to link between Microsoft excel files, Paradox files, e-mail system 

etc. 

• In our pan European approach, we use support from existing resources, for 

example, support from Germany which is eff icient, geographically closer and 

where a significant part of our “practical” work takes place… As to study of 

genetic relationship based on fingerprinting and pedigrees, some resources are 

available… 

• - 

• - 

 

Any other thoughts on the database, or other wishes relevant to this project that 

you would like to bring to our attention? 

DH-group: 

• - 

• You need to from which country the screening order has come. For example if 

it is our French or Swedish breeder that has done the order. There is also 

information about many genotypes in the literature. It would be desirable to 

have them in the database. It happens that I go through the li terature to find 

that kind of information. Screening might be done with other methods or 

under other circumstances, but it will stil l say a lot about responsiveness. A 

responsive genotype can establish a satisfactory amount of green plants. 

Sometimes we use genotypes in crossings where we now nothing about the 

responsiveness. Of course we know something about the other genotype. It 

happened now and then that a genotype has been a parent in several crossings 

that has given very good results and you can then guess that this unknown 

genotype has a good responsiveness. It is desirable to find this data in the 

database. 
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• - 

Other users: 

• - 

• I would guess this database would be used primary by SW Laboratory, not by 

the breeders, at least not oilseed breeders. It is therefore impossible to answer 

most of the questions, like what character should be included. I could perhaps 

have ideas about database design if I knew more about the wishes of SW 

Laboratory. 

• Should not be reinventing the wheel. What seems desirable to me is the 

possibili ty to “position” the genetic background of the lines that do not 

respond well; evidently, this makes more sense when it comes to species 

where genotype dependency is “high” (which is less the case in Winter Barley 

than for Wheat, for instance). Parallel to this work, I’ d like to dig genetic 

relationships, e.g., try to detect the “contributors” for most relevant characters, 

mainly “brewing quality” ; in this context, I’ d like to have in the future the 

possibili ty to link info as to responsiveness and see what happens.    

 

• Quite a lot. We should meet. 
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Appendix C: Source code of relational database 
 
CONNECT 'dbskserv.ida.his.se:d:\db\a97malen.gdb' USER 'SYSDBA' 
PASSWORD 'masterkey'CONNECT 'dbskserv.ida.his.se:d:\db\a97malen.gdb' 
USER 'SYSDBA' PASSWORD 'masterkey';  
DROP DATABASE;  
CREATE DATABASE 'dbskserv.ida.his.se:d:\db\a97malen.gdb' USER 
'SYSDBA' PASSWORD 'masterkey';  
CONNECT 'dbskserv.ida.his.se:d:\db\a97malen.gdb' USER 'SYSDBA' 
PASSWORD 'masterkey';  
 
 
CREATE TABLE EXPERIMENT( 
               EXPERIMENTNUMBER             INTEGER NOT NULL,  
               GENOTYPE                     VARCHAR (10),  
               METHOD                       VARCHAR (20),  
               SPECIES                      VARCHAR (20),  
               TYP                          VARCHAR (5),  
               ORIGIN_NO                    INTEGER,  
               SW_LAB_NO                    INTEGER,  
               NO_EARS                      INTEGER,  
               NO_ANTHERS                   INTEGER,  
               NO_GREEN_PLANTS              INTEGER,  
               NO_ALBINO_PLANTS             INTEGER,  
               NO_ALBINO_PER_EAR            INTEGER,  
               NO_GREEN_PER_EAR             INTEGER,  
               NO_GREEN_PER_HUNDRED_ANTHERS INTEGER,  
               NO_INFECTIONS                INTEGER,  
               ISOLATIONS_PER_COMBINATION   INTEGER,  
               EMBRYO_PER_ISOLATIONS        INTEGER,  
               MOTHER                       VARCHAR (10),  
               FATHER                       VARCHAR (10),  
               PEDIGREE                     VARCHAR (20),  
               YEAR_FOR_SCREENING           DATE,  
               HABITAT                      VARCHAR (20),  
               DATE_MONTH                   VARCHAR (20),  
               REFERENCE                    VARCHAR (50),  
               COMMENTS                     VARCHAR (50),  
               PRIMARY KEY (EXPERIMENTNUMBER)); 
 
CREATE VIEW SPRINGBARLEY_ANTHERCULTURE (EXPERIMENTNUMBER, GENOTYPE, 
MOTHER, FATHER, PEDIGREE, NO_GREEN_PER_EAR) AS SELECT 
EXPERIMENTNUMBER, GENOTYPE, MOTHER, FATHER, PEDIGREE, 
NO_GREEN_PER_EAR FROM EXPERIMENT WHERE SPECIES='Spring barley' AND 
METHOD='Anther culture';  
 
CREATE VIEW SPRINGBARLEY_MICROSPORECULTURE (EXPERIMENTNUMBER, 
GENOTYPE, MOTHER, FATHER, PEDIGREE, NO_GREEN_PER_EAR) AS SELECT 
EXPERIMENTNUMBER, GENOTYPE, MOTHER, FATHER, PEDIGREE, 
NO_GREEN_PER_EAR FROM EXPERIMENT WHERE SPECIES='Spring barley' AND 
METHOD='Microspore culture';  
      
CREATE VIEW WINTERBARLEY_ANTHERCULTURE (EXPERIMENTNUMBER, GENOTYPE, 
MOTHER, FATHER, PEDIGREE, NO_GREEN_PER_EAR) AS SELECT 
EXPERIMENTNUMBER, GENOTYPE, MOTHER, FATHER, PEDIGREE, 
NO_GREEN_PER_EAR FROM EXPERIMENT WHERE SPECIES='Winter barley' AND 
METHOD='Anther culture';  
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CREATE VIEW WINTERBARLEY_MICROSPORECULTURE (EXPERIMENTNUMBER, 
GENOTYPE, MOTHER, FATHER, PEDIGREE, NO_GREEN_PER_EAR) AS SELECT 
EXPERIMENTNUMBER, GENOTYPE, MOTHER, FATHER, PEDIGREE, 
NO_GREEN_PER_EAR FROM EXPERIMENT WHERE SPECIES='Winter barley' AND 
METHOD='Microspore culture';  
      
CREATE VIEW TRITICALE_ANTHERCULTURE (EXPERIMENTNUMBER, GENOTYPE, 
MOTHER, FATHER, PEDIGREE, NO_GREEN_PER_EAR) AS SELECT 
EXPERIMENTNUMBER, GENOTYPE, MOTHER, FATHER, PEDIGREE, 
NO_GREEN_PER_EAR FROM EXPERIMENT WHERE SPECIES='Triticale' AND 
METHOD='Anther culture';  
      
CREATE VIEW TRITICALE_MICROSPORECULTURE (EXPERIMENTNUMBER, GENOTYPE, 
MOTHER, FATHER, PEDIGREE, NO_GREEN_PER_EAR) AS SELECT 
EXPERIMENTNUMBER, GENOTYPE, MOTHER, FATHER, PEDIGREE, 
NO_GREEN_PER_EAR FROM EXPERIMENT WHERE SPECIES='Triticale' AND 
METHOD='Microspore culture';  
      
CREATE VIEW WINTERWHEAT_ANTHERCULTURE (EXPERIMENTNUMBER, GENOTYPE, 
MOTHER, FATHER, PEDIGREE, NO_GREEN_PER_EAR) AS SELECT 
EXPERIMENTNUMBER, GENOTYPE, MOTHER, FATHER, PEDIGREE, 
NO_GREEN_PER_EAR FROM EXPERIMENT WHERE SPECIES='Winter wheat' AND 
METHOD='Anther culture';  
      
CREATE VIEW WINTERWHEAT_MICROSPORECULTURE (EXPERIMENTNUMBER, 
GENOTYPE, MOTHER, FATHER, PEDIGREE, NO_GREEN_PER_EAR) AS SELECT 
EXPERIMENTNUMBER, GENOTYPE, MOTHER, FATHER, PEDIGREE, 
NO_GREEN_PER_EAR FROM EXPERIMENT WHERE SPECIES='Winter wheat' AND 
METHOD='Microspore culture';  
      
CREATE VIEW WINTERWHEAT_MAIZEPOLLINATION (EXPERIMENTNUMBER, GENOTYPE, 
MOTHER, FATHER, PEDIGREE, NO_GREEN_PER_EAR) AS SELECT 
EXPERIMENTNUMBER, GENOTYPE, MOTHER, FATHER, PEDIGREE, 
NO_GREEN_PER_EAR FROM EXPERIMENT WHERE SPECIES='Winter wheat' AND 
METHOD='Maize pollination';  
 
GRANT UPDATE, DELETE, SELECT ON EXPERIMENT TO SYSDBA WITH GRANT 
OPTION;  


