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Bioinformatics: the science of 
organization, storage, dissemination 

and analysis of biological data…
we are quite good at this

Computational Biology: computational 
(model-based) inference of function 

from sequence…
but we are lousy at this



The genomic data deluge…

we have perhaps less than 1% of the 
genomic data we are likely to collect and 

analyze within the next 5 years



Biology and medicine are unlikely to 
benefit simply from having large 

amounts of data…

there is an absolute need to model 
biological function…

we need a theory of genomic and 
biological function



A Significant Innovation: The 
Wet-Dry Cycle

Mathematical/ Engineering
Models of FunctionExperiments



Four perspectives

Importance of genome sequence to identify genes

Identifying function through comparative genomics

Identifying disease genes/processes through 
large-scale association studies

Proving function by chemical genetics



Genomic Sequencing Progress



The Human Genome

Type

Unique or Single-
copy DNA

Repetitive DNA

Proportion
of genome

55%

45%

Features

Includes genes and control 
sequences; dispersed in genome

Rarely involved in functional 
features (centromeres, telomeres); 
interspersed in genome

Human Genome ~ 22,500 genes encoded in 3x10 9
DNA units (nucleotides)



DiLeone et al., 2000

B
Bmp5

Human:Mouse 
conservation

HG33- chr6:55494815-55761794

Mutations in non-coding DNA regulate gene 
function 

mouse transgenes recover expression with long range elements

mutations from local rearrangements keeping coding sequence intact

15-20% of Mendelian disorders have no identifiable coding/regulatory
motif mutations



Comparative sequencing of genomic RET 
in 13 species…comparisons to human
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Identifying functions in the 
genome

• protein-encoding genes (1.5%)
• RNA genes
• protein (transcription factor) binding 

sites
• Non-coding conserved elements (3%) or 

“dark matter”...other regulatory sites



Identifying functions by 
comparative genome sequencing 

sequence throughout the tree of life ?
(<40% sequence in alignments)

sequence many primates ?
(minimizes multiple substitutions; 
preserves regulatory apparatus)

sequence even more humans  ?



What have we learned ?

• Genes: 1.5% of genome; most vertebrate 
genomes have similar gene repertoire; distinct 
expansions/contractions of genes

• Non-coding: 3.0% of genome; possibly 
regulatory but largely of unknown function



Molecular variant ACGGGAGATGATGTACGTCC
RS

61
2

regulatory elements/:  3% of genome
epigenetic marks

coding sequence:  1.5% of genome

The future of gene hunting
Genome-wide association mapping will be indispensable in finding genes of 
smaller effect…effect is “gene sized”

Given an association sequencing of the 5% conserved/functional regions may 
be the best route to identifying the relevant molecular changes…

Technologies to enable these experiments are now critical



Competing Theories for Common Disease

unaffected affected

rare
variants

common
variants

aabbcc..aa/++/++/..
++/bb/++/..
++/++/cc/..

risk



The 
HapMap 
Project





– SNPs (HapMap); resolution < 2 kb

- high efficiency of association studies for common           
disorders

– resolution of association in the human genome is < 20 kb

– cleft lip/palate and IRF6; leprosy and PARK/PARG

How do we find the molecular mutations ?

Genome-wide association studies are 
efficient for disease gene discovery



One simple example: 
DNA analysis in Hirschsprung 

disease



HSCR genetic epidemiology
• Absence of enteric ganglia; 

neurocristopathy 
• Long & short segment HSCR 

(20%:80%)
• Mutations: Long >> Short
• Incidence ~ 1/5,000 
• Affected males:females = 4:1
• Syndromic associations e.g. WS, 

MEN2; Trisomy 21
• Non-mendelian inheritance 



Also - 3p21, 9q31, 19q12, 16q23, 21q21-tel

G

Extracellular GDNF

GDNFRα

preproET3

ECE1

EDN3

Gut 
Mesenchyme

Mesenchyme

HSCR: disrupted interaction between
enteric neuroblasts and gut mesenchyme

Proliferation/
Differentiation

Contraction/
Secretion

GRB10

EDNRB

SMADIP1
SOX10

RETNeuroblast



RET mutations in syndromic & L-HSCR
RET-linked families - 90%
RET mutations 

- 50% familial cases
- 35% sporadic cases

SP

P20L
S32L
L40P

R57W
P64L

R77C
G93S

C142S
C157W

F174S

R180P
C197Y

R231H
E251K

R287Q

E289Q
R313Q

R330Q
V331M
R360W

F393L
N394K

P399L
R475Q

C570W

D584G C609W/Y

C620R/S/W
C618R/S

Q626K

A654T
S690P

T729A
E762Q

S765P

S767R

T791P
S795R

R813Q
R873Q

E884D
F893L
R897Q

K907E
M918T

E921K

R972G
P973L
M980T

P1039L

L1061P

E136X
R180X

IVS5+9G>A
S365X

c.1120delG
c.1204delC

IVS6-5C>T

c.1483ins6CAGGCC
IVS7-2A>G

C541X
c.1677dup21ins16;
           1699del15

c.1836-1842del7CCCTGAG
IVS10+1G>A
IVS10+2T>A
IVS10+5G>C

IVS10as+62C>T
IVS10as+68G>A

IVS11+5C>T
IVS12+13C>T
IVS12+19C>T
IVS12-2A>G

c.2379delC

IVS14+5G>A
c.2675delA

E921X
c.2793delAA

W942X

c.2864insT
IVS17+5G>A

c.3118del4CTGG

N1059del

CAD CYS rich TM TK

C611F

C634R/T/G

L790F
E768D

V804L/M

A884F
P921L

Class I Class II Class III Class IVHSCR
mutations Reduced RET to

cell membrane
Reduced transport to cell
membrane / constitutive

dimerization

Abrogated
/reduced kinase

activity

Compromised
adaptor protein

interaction



Where are the other mutations?
• RET non-coding sequence?
• tightly linked gene?

RET GALNACT-2 RASGEF1ARET GALNACT-2 RASGEF1A

Identification of multi-species conserved 
sequences (MCSs) within 350 kb at human RET

> 75% identity

> 50% identity

Gaps/unalignable



PG1 (widespread)

PG1 PG2 (CNS)

Ex1 Ex19ATG

RET (55 kb) GALNACT2 RasGTPaseCS

RET is flanked by conserved, non-transcribed 
sequences and novel genes

* * * *



Identification of non-coding MCSs 
within RET intron 1

Transmission Disequilibrium Test: ♦, P≤10e-11, P<10e-9, , P≤10e-6

♦♦

                                                    C/
Human -CTACAGCCCTGCAGCCAAGGGGGCC-AGTGACCCTTACATGGTCATCCACAGGCCACTTGGGTGGCCAGTCCTGTTC-AG
Chimpanzee -.........................-.............C.....................................-..
Baboon -...G.............G.......-.............C.........T.....................T....AC..
Cow -.AGG.A...CAG.........A...TG......TGC...CA......AG......................T.T...C..
Pig -.G.G.......G...TG..C..A.TTT........C...C.......AT......................T.T...C..
Cat -TG.G..T....G.......T.....TG.......CC...CA......AG...................A..T.....C..
Dog -GG.G..T..A.G.......C.....TG.......AC...CA......AG......................T.T...C.T
Rat GAG.G......AG......A......TG..C..T.AC..GCTCA..........................-----------
Mouse G.G.G......AG.A....A.A..T.TG..C..T.AC...C.C......C....................-----------

♦

20 kb
exo

n 1
exo

n 2
exo

n 3

MCS+
2.7

MCS+
5.1

MCS+
9.7

MCS+
0.7
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Sequence-based Genetics

• Sequence genomes of affecteds & 
controls

• Identify sequence changes

• Predict functional effect



Validating genetic variants
• Functional studies

• Replication in other samples

• Challenge tests in extreme homozygotes

• Chemical genetics





Finding drug targets is related to 
identifying the genetic factors in 

complex human disease…

…factors modifying susceptibility, 
duration, severity and course

…and Computational Biology is 
critical to this exercise


