The computer and the y { FlyBase

Mic hael Ashburner

m.ashburner@gen.cam.ac.uk

Department of Genetics, Universit y of Cambridge, Cambridge,

England and Europ ean Molecular Biology Lab oratory

Europ ean Bioinformatics Institute, Hinxton, Cambridge, England

Abstract

It is now almost 90 years since the common little y Drosophila melanogaster was intro duced

to research in the then young science of genetics. In the p erio d b etw een, roughly

, 1910 and

1940, research with Drosophila laid the foundations of "classical" genetics. The chromosome

theory of heredity

, sex-link age, multiple allelism, the theory and practice of genetic mapping,

the existence and b ehavior of chromosome ab errations, the induction of mutations by ionising

radiation and chemicals, the sp eci�c developmen tal defects of particular mutations were all

established by the early Drosophila work. This not only laid the foundation for the use, to

this day

, of Drosophila for fundamental studies in biology (witness this year’s Nob el Prizes for

Medicine), but also inspired the sub ject of genetics itself.

One reason for the "success" of Drosophila as an exp erimental organism was the fact that

Thomas Hunt Morgan and his colleagues actively encouraged others to work with this y ,

pro viding them with exp erimental material and, ab ov e all, information. In 1925 Morgan and

studen ts published a complete catalog of the mutations of Drosophila melanogaster. This

w as revised in 1942, by Bridges and Brehme, in 1968, by Lindsley and Grell and, �nally

, in

1992 by Lindsley and Zimm. Known as the ’Red Bo ok’ these catalogs hav e b een essential for

the dissemination of information, muc h never published in a more conven tional form, for all

Drosophila biologists.

Ab out ten years ago it b ecame clear that this form of distributing information concerning

Drosophila was b ecoming to o di�cult. The num b er of Drosophila researchers and publications

w as increasing at an alarming rate (nearly 9,000 pap ers in the decade 1970{1979; over 16,000 in

the 6 years 1990{1995). The num b ers of genes, ab errations and alleles shows a similar increase

(1167 genes known in 1968, over 9,000 to day). Moreov er, the impact of new research using the

to ols of molecular and cell biology meant that, as in the pre-war p erio d, Drosophila research

w as of great signi�cance to those studying other organisms, from bacteria to humans. The idea

of FlyBase, a computer database for Drosophila, was b orn.

FlyBase is a relational database (in Sybase) devoted to the biological, genetic and molecular

data of Drosophila. I will illustrate some of the problems faced by the FlyBase consortium in

building this database, with the exp ectation that these exp eriences may b e of greater general-

it y . The scop e of FlyBase is probably broader than that of any other similar database. This is

so in tw o senses: FlyBase integrates b oth historical and contemp orary data (its earliest biblio-

graphic record is from 1684); FlyBase integrates data from a very wide range of research, from

neurobiology to ecology (though, it must b e said, to rather di�erent degrees at the moment).

Some of the problems faced by FlyBase come from the extraordinary sophistication of mo dern

Drosophila genetics, for example the extent to which arti�cial constructs are used for mutage-

nesis, gene dissection and developmental studies. Some are more general to databases of this

class. F or example, mo dern biologists urgently need to ols to extract data from a v ariet y of ’sin-

gle organism’ databases. How is this to b e done? What criteria are to b e used to declare that

a particular y gene is ’homologous’ (whatever that means) in y and mouse? How are these

links, once agreed by the biologists, to b e made b etween the mouse and y databases? How

can a v ariet y of di�erent ob jects { from the single nucleotide to a large chromosome ab erration

{ b e represented in an integrated genetic map? How is gene function to b e describ ed? How can

users b e given to ols to �nd all genes enco ding pro ducts inv olv ed in a particular function, b e it a

metab olic or signal transduction pathw a y or the establishment of pattern in the wing imaginal

disc? What to ols should b e develop ed to allow users to explore genomic sequence information,

including all of the biological knowledge that often comes many years after a sequence record

has b een dep osited in the data libraries?

FlyBase has not solved these problems, but is working tow ards solutions for some of them

at least. I will describ e the philosophy and implementation of this work.

FlyBase is supp orted by the NIH, Bethesda and MRC, London. The FlyBase consortium

is W.M. Gelbart (Hav ard), T. Kaufman and K. Matthews (Blo omington) and M. Ashburner

(Cam bridge).