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O
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W
hat is B

ioinform
atics?

B
ioinform

atics is

•
(form

ally) IT
 for biological sciences

•
(de facto) IT

 +
 C

S
 for genom

e projects

cf com
putational biology w

hich im
plies num

erical m
odeling

and sim
ulation

K
inds of com

puting tasks

•
L

ab notebooks: w
ord processing, docum

ent m
anagem

ent

•
Project m

anagem
ent: w

orkflow
, docum

ents, databases

•
Scientific analysis: databases, data m

ining, m
odeling



E
xplain m

ajor kinds of experim
ents

•
Sequencing

    extract dna, chop up dna, sequence fragm
ents, assem

ble fragm
ents

•
G

ene E
xpression

    locate genes, sim
ilarity search for tentative function

      series of m
utagenesis experim

ents

      m
icroarray

•
D

rug D
iscovery

      select genes responsible for disease, configure as “target” for H
T

S

      high-throughput screening of chem
ical library against target

      im
prove chem

ical hits (for potency, selectivity, efficacy in vivo)

      pre-clinical tests for safety and delivery m
eans of “leads”



L
ab notebooks

•
usually paper docum

ents, m
anually kept, then entered into

w
ord processor for docum

ent m
anaging

•
record of each experim

ent: date, equipm
ent, m

aterials,
conditions (tem

perature etc), w
ho, w

here, …

•
vital for FD

A
, and to debug lab protocols, and to justify

research publications

Possibilities:

•
“palm

 pilot” handheld docum
ent entry

•
barcode readers for equipm

ent, reagents, cell cultures, etc

•
digital photography of results

•
infrared upload for docum

ent m
anagem

ent



P
roject m

anagem
ent

•
track all experim

ents and docum
ents related to all projects

•
large-scale, long-term

•
usually docum

ent m
anagem

ent, w
ith separate project

m
anagem

ent tools

•
provides “go-stop” decision support

Possibilities to integrate:

•
w

orkflow

•
docum

ent m
anagem

ent, databases

•
project m

anagem
ent

•
decision support system

s

eg P
harM

atrix from
 B

ase4 B
ioinform

atics



Scientific analysis
•

very varied

•
som

e high-volum
e analysis and screening is part of project

m
anagem

ent

Past and present vogues:

•
drug design using 3D

 m
odels of m

olecules

•
data collections, curating, and accessing

•
w

eb intranets, hyperlink databases and docum
ents (E

ntrez)

•
data m

ining

•
m

achine learning (neural nets, hidden M
arkov m

odels)

•
m

icroarray im
age processing and analysis



W
here to Find M

ore on B
ioinform

atics
L

ayperson inform
ation

•
L

arry G
onick &

 M
ark W

heelis, “C
artoon G

uide to G
enetics”

•
B

ioinform
atics prim

er (w
w

w
.bis.m

ed.jhm
i.edu/D

an/D
O

E
/intro.htm

l)

T
ext and reference books

•
G

usfield, “A
lgorithm

s on Strings, T
rees, and Sequences”, C

U
P, 1997.

•
D

urbin, E
ddy, K

rogh, M
itchison, “B

iological Sequence A
nalysis”,

C
U

P 1998.

•
B

axevanis, O
uellette, “B

ioinform
atics: A

 Practical G
uide to the

A
nalysis of G

enes and Proteins”, W
iley, 1998.

O
rganisations

•
N

C
B

I (w
w

w
.ncbi.nlm

.nih.gov)

•
E

B
I (w

w
w

.ebi.ac.uk)

•
G

enom
eN

et Japan (w
w

w
.genom

e.ad.jp)



O
verview

 of D
atabases

D
bcat online catalogue (w

w
w

.infobiogen.fr/services/dbcat)

•
lists over 400 bioinform

atics databases

•
about 5%

 relational, 1%
 object

K
inds

•
L

iterature citations, annotations, classifications

•
Sequences for R

N
A

, D
N

A
, proteins

•
Structure: 3D

 m
odels, X

ray/N
M

R
 of crystals, im

ages

•
M

aps of chrom
osom

e layouts

•
C

hem
ical properties, reactions and their properties

E
very January issue of N

ucleic A
cids R

esearch about 100
articles (w

w
w

.oup.co.uk/nar/) sum
m

arizes state-of-the-art



Pragm
atics for B

iosciences
G

eneral lack of IT
 expertise and support, lack of m

oney for
softw

are, unknow
n data fields at start of research

Flat files: flexible, portable, cheap
•

G
enbank  w

w
w

.ncbi.nlm
.nih.gov

•
Protein D

B
 (now

 Sybase) w
w

w
.rcsb.org

R
elational: proven technology, not cheap

•
G

enom
e S

equence D
B

 (Sybase) w
w

w
.ncgr.org/gsdb/

O
bject: natural fit, but m

any problem
s

•
L

abB
ase (O

bjectStore)



W
ide V

ariety of D
ata

•
sequences, genes, regulatory regions

•
enzym

atic behaviour

•
protein-protein interaction

•
m

olecular structure

•
m

icroarray data

•
m

etabolic pathw
ays

•
gene control netw

orks

•
kinem

atic m
odels of reaction rates



W
hat is required of databases?

M
odeling notation(s)

•
tailored to datatype

•
tailored to scientists

Intuitive w
ays to query the data

•
diagram

s, form
s, point-and-click, text

Support for efficient answ
ering of queries

•
query optim

ization, indexes, com
pact physical storage

Support for m
ultiple m

odels
•

co-existence of m
odels

•
integration

•
resolution of uncertainty and incom

pleteness



A
C

E
D

B: A
 C

aenorhabditis elegans D
atabase

1989- R
ichard D

urbin (Sanger)  &
 Jean T

hierry-M
ieg (M

ontpellier)
http://probe.nalusda.gov:8000/acedocs/

Single-user, object D
B

 for genom
e projects

•
C

, X
11, highly graphical, w

eb/java interfaces too

•
persistence, caches, session control, ow

n query language

•
dynam

ic schem
a (ie extend fields, incom

plete objects O
K

)

•
class =

 hierarchical structure, object =
 tree

•
can annotate any node in the tree

•
“m

ap” objects represented as tables (for efficiency)

N
ot true m

ulti-user (no transactions, recovery, concurrency)

Free, 50+
 projects, about 12%

 of bioinform
atics D

B
s



A
C

E
D

B
: D

ata M
odel

M
odels are nested relational

   (in m
odels.w

rm
 file)

fields are set-valued by default

? indicates object w
ith oid

Subclasses defined as filters on
classes (in subclasses.w

rm
)

“M
agic tags” control display
layout

?A
uthor   A

ddress      E
_m

ail  T
ext

                 Paper          ?Paper

 ?Paper     R
eference   T

itle  U
N

IQ
U

E
  ?T

ext

                                     Journal  U
N

IQ
U

E
  ?Journal  X

R
E

F  Paper

                                     Y
ear  U

N
IQ

U
E

  Int

                                      V
olum

e  U
N

IQ
U

E
  T

ext  T
ext

                                      Page  U
N

IQ
U

E
  T

ext  U
N

IQ
U

E
 T

ext

                  A
uthor         ?A

uthor  X
R

E
F

  Paper

C
lass Prolific_A

uthor

V
isible

Is_a_subclass_of   A
uthor

Filter   “C
O

U
N

T
 Paper  >

  6”

?M
ap         D

isplay           N
on_graphic

                                          T
itle U

N
IQ

U
E

  ?T
ext

                                          Flipped

                                          C
entre  U

N
IQ

U
E

  Float  U
N

IQ
U

E
 Float

                                           E
xtent  U

N
IQ

U
E

  Float  U
N

IQ
U

E
 F

loat

                                           D
efault_view

  U
N

IQ
U

E
  ?V

iew

                                           V
iew

  ?V
iew

                   Inherits            From
_m

ap  U
N

IQ
U

E
  ?M

ap

                                           A
uthor  T

ext

                   M
ain_M

arker  M
ain_L

ocus  ?L
ocus

                   C
ontains          L

ocus   ?L
ocus



A
C

E
D

B
: D

ata M
odel

D
ata is in .ace files

A
uthor  gb

Paper    gb86

Paper    gb97a

Paper    gb97b

A
uthor  pdjam

es

Paper    gb86

Paper    gb86

T
itle     “O

n a clear day”

A
uthor  gb

A
uthor  pdjam

es

Y
ear      1986

Page      16     18

Journal  “M
usic of O

ur T
im

es”



A
C

E
D

B
: Q

uerying

T
hree w

ays to access A
C

E
D

B
 databases:

•
brow

se

•
current pipeline-and-filter query language

•
A

Q
L

, O
Q

L
-like query language, new

 in 1999



A
C

E
D

B
: Q

uery L
anguage

Q
ueries process sets, and

filter these through a
pipeline

C
om

m
ands include

•
find  class pattern

•
follow

 tag

•
grep

 pattern

•
tag

•
logical ops

•
 relational ops

•
count

L
ist all papers w

ith “
m

usic”
 in their title

   find Paper T
itle =

 *m
usic*

L
ist all authors w

ho published in 1997 JA
C

M

   find Paper Y
ear =

 1997 and Journal =
 JA

C
M

; follow
 A

uthor

L
ist all coauthors of authors w

hose nam
e begins w

ith John

   find A
uthor John*; follow

 Paper; follow
 A

uthor



A
C

E
D

B
: A

Q
L

A
Q

L
 w

ill appear in
A

C
E

D
B

 5.0 in 1999,
but no optim

izer

B
ased on O

Q
L

C
om

m
ands include

•
select .. from

 ..w
here

•
path access

•
logical ops

•
 relational ops

•
count

L
ist all papers w

ith “
m

usic”
 in their title

   select p

   from
 p in class Paper

   w
here  p->

T
itle =

 *m
usic*

L
ist all authors w

ho published in 1997 JA
C

M

   select p->
A

uthor

   from
 p in class Paper

   w
here  p->

 Y
ear =

 1997 and p->
Journal =

 “JA
C

M
”

L
ist all coauthors of authors w

hose nam
e begins w

ith John

   select a->
Paper->

A
uthor

   from
 a in class A

uthor

   w
here a =

  John*



H
eterogeneous D

atabases
N

one are true databases, m
ore data w

arehouses

•
E

ntrez

•
O

PM

•
SR

S

•
B

ioK
leisli

•
T

A
M

B
IS



E
ntrez

1994- N
C

B
I (http://w

w
w

.ncbi.nlm
.nih.w

w
w

/E
ntrez/)

W
eb interface to linked databases

•
G

enbank, seqs of proteins and dna, w
ith neighbourhood of sim

ilar seqs

•
PD

B
, protein structure, and 3D

 structures

•
M

edline, literature citations and abstracts

•
G

enom
e m

aps for com
pleted genom

e projects

Pre-com
puted links

W
eb form

s for queries: ids, patterns, sim
ilarity +

 logical ops

V
ery, very heavy use



O
PM

: O
bject Protocol M

odel
1993-1997 V

ictor M
arkow

itz, A
m

y C
hen (L

aw
rence B

erkeley N
at. L

ab)

1997- com
m

ercially at D
ata L

ogic division, G
ene L

ogic, Inc
(http://gizm

o.lbl.gov/opm
.htm

l)

O
bject P

rotocol M
odel includes “protocol” classes

M
aps O

PM
 schem

a to R
D

B
M

S (S
ybase, O

racle7)

W
eb schem

a brow
ser for query form

ulation

T
ranslates O

PM
 queries to sim

ple SQ
L

 +
 extra com

putation

W
eb presentation of results

1996- supports heterogeneous databases

           query m
ust specify source database explicitly



O
PM

 Protocol C
lasses

PR
O

T
O

C
O

L
 C

L
A

SS C
onstruct

   ID
: construct_id

   E
X

PA
N

SIO
N

: (O
verlap or C

onstraint), A
ssem

ble

   SU
B

PR
O

T
O

C
O

L
S D

E
L

E
T

E
 N

U
L

L
IFIE

S

   A
T

T
R

IB
U

T
E

 construct_id: IN
T

E
G

E
R

              not null

   A
T

T
R

IB
U

T
E

 fragm
ents: set-of Fragm

ent          not null       input

   A
T

T
R

IB
U

T
E

 contig_m
ap: C

ontig_M
ap           not  null       output

C
onstruct 

O
ve

rlap
 

A
ssem

ble
 

C
onstraint 



SR
S: Sequence R

etrieval System
1993-1998 T

hure E
tzold (E

uropean B
ioinform

atics Institute)

1998- com
m

ercially at L
ion B

iosciences (H
eidelberg,C

am
bridge)

(http://srs.ebi.ac.uk/)

L
inks flat-file databases

Q
ueries m

ust explicitly identify database, but can com
bine

    sources

C
ross-reference links are pre-com

puted, and indexed



B
ioK

leisli
1994 -  Peter B

unem
an, Susan D

avidson, C
hristian O

verton (U
. Penn),

L
im

soon W
ong  (N

U
S) (http://sdm

c.krdl.org.sg/kleisli/M
oreInfo.htm

l)

C
ollection P

rog L
ang (C

PL
) underlies K

leisli D
B

B
ioK

leisli integrates flat-file (and som
e R

D
B

M
S

)

N
o com

m
on schem

a

Q
uery m

ust explicitly identify source D
B

Program
m

er m
ust explicitly code transform

ations from
source D

B
 to answ

er queries



T
A

M
B

IS
1997- C

om
puter Science/B

iological Sciences, U
niversity of M

anchester
(http://im

g.cs.m
an.ac.uk/tam

bis/)

B
ioC

oncept K
now

ledge base is com
m

on ontology/schem
a in

G
R

A
IL

 description logic

W
eb brow

ser support for query form
ation

M
odels describe source capabilities

U
ses m

ediator/w
rapper architecture

   B
ioK

leisli provides back-end w
rappers



Pathw
ay/N

etw
ork D

atabases
•

E
coC

yc

•
M

PW

•
K

E
G

G

•
C

SN
D

B



E
coC

yc
1993-98 Peter K

arp  and Suzanne Paley (SR
I)

1998- com
m

ercially by Pangea
(http://ecocyc.PangeaSystem

s.com
/ecocyc/)

K
B

S
 of genes, com

pounds, reactions in E
. C

oli
Suzanne Paley read literature and extracted know

ledge of E
. C

oli

B
uilt on O

thello K
B

S
 for G

FP
 (generic fram

e protocol)
M

oving to O
K

B
C

 (O
pen K

now
ledge B

ase C
onnectivity)

A
utom

atic graph layout for results presentation



M
PW

: M
etabolic Pathw

ays D
atabase

199?- E
vgeni Selkov (N

ovosobirsk)
(http://beauty.isdn.m

cs.anl.gov/M
P

W
/)



K
E

G
G

: K
yoto E

ncyclopedia of G
enes and

G
enom

es
1997- M

inoru K
anehisa (K

yoto) (http://w
w

w
.genom

e.ad.jp/kegg/)

Pathw
ays from

 B
oehringer collection as m

anual G
IF

 im
ages

H
otspots on G

IF link to com
pounds, reactions, genes

D
ata w

arehouse of binary relations processed by C
+

+
 code

Q
uery answ

ering using subsum
ption/relaxation for hierarchy

D
B

G
E

T
/L

inkD
B

 integrated D
B

 retrieval of existing D
B

s
populates the w

arehouse



C
SN

D
B

: C
ell Signaling N

etw
orks D

B
1997- T

akako Igarishi, T
suguchika K

am
inum

a (N
IH

S)
(http://geo.nihs.go.jp/csndb.htm

l)

D
atabase of genes, com

pounds, reactions using A
C

E
D

B

E
xtract relations from

 D
B

 create w
arehouse

R
ules about pathw

ays act on relations in w
arehouse using

C
L

IPS
 inference engine

R
esulting pathw

ays autom
atically draw

n (L
etovsky’s code)



C
SN

B
 D

ata in A
C

E
D

B
 Form

at

•
Standard reactions

Signal_R
eaction: “E

G
F receptor ->

 G
rb2”

From
_M

olecule   “E
G

F receptor”

T
o_M

olecule       “G
rb2”

T
issue                  “liver”

E
ffect                   “activation”

Interaction           “SH
2+

phosphorylated T
yr” …

A
ctivity               “grow

th-horm
one-induced …

”

R
eference            “[Y

am
auchi_1997]”

•
Polym

erization reactions
Signal_R

eaction: “->
 A

M
PA

 receptor +
 G

R
IP”

C
om

ponent          “A
M

PA
 receptor”

                            “G
R

IP”

T
issue                 “brain”

E
ffect                  “association”

Interaction ...

•
D

isassociation type reactions
Signal_R

eaction: “A
h receptor + H

SP90 ->
”

C
om

ponent          “A
h receptor”

                            “H
SP90”

E
ffect                  “disassociation”

Interaction…

•
M

etabolic reactions
Signal_R

eaction: “phospholipase C
-beta +

 PIP2 -> IP3”

From
_M

olecule   “PIP2”

T
o_M

olecule       “IP3”

E
ffect                   “m

etabolism
”

E
nzym

e                “phospholipase C
-beta”

R
eference             “[D

ove_1997]”

                              “[A
lberts_1994]”



C
onceptual M

odels for B
iosciences

•
N

.W
. P

aton et al, “C
onceptual m

odelling of genom
ic

inform
ation”, B

ioinform
atics 16 (2000)  548-557

•
P.D

. K
arp, “A

n ontology for biological function based on
m

olecular interactions”, B
ioinform

atics 16 (2000) 269-285

•
V

.L
. Junker, R

. A
pw

eiler, A
. B

airoch, “R
epresentation of

functional inform
ation in the S

W
ISS

-P
R

O
T

 D
ata B

ank”,
B

ioinform
atics 15 (1999) 1066-1077

•
G

.D
. B

ader &
 C

.W
.V

. H
ogue, “B

IN
D

 - a data
specification for storing and describing biom

olecular
interactions, m

olecular com
plexes and pathw

ays”,
B

ioinform
atics 16 (2000) 465-477



C
onclusion

•
L

ots of pragm
atics decisions, lots of useful

data collections

•
T

hem
e seem

s to be O
D

B
M

S m
odel that

m
aps to som

e im
plem

entation (flat-file,
relational, object, object-relational) that
m

ight w
ell change

•
W

eb!



R
eferences

•
D

im
itrij Frishm

an, K
laus H

eum
ann, A

rthur L
esk, H

ans-
W

erner M
ew

es, “C
om

prehensive, com
prehensible,

distributed and intelligent databases: current status”,
B

ioinform
atics 14, 7 (1998) 551-561.

•
Stan L

etovsky (ed.), “B
ioinform

atics: D
atabases and

System
s”, K

luw
er A

cadem
ic Press,1999.


