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Prevalence of diabetes: 170 million affected in AD 2000. Expected to

double by AD 2030.

The top 10 countries,
in numbers of people
with diabetes, are:

India

China

USA
Indonesia
Japan
Pakistan
Russia
Brazil

Italy
Bangladesh

L Australasia
2000: 82.7 million
ot 2030: 190.5 million

Prevalence of diabetes (%) in persons 35 - 64 years }
| ] ]
<3 3-5 6-8 >8 /

2000 = number of people with diabetes in 2000
2030 = number of people with diabetes in 2030

Source: Wild et al, 2004

_Year 2000 2030
Ranking Country Peoﬂe with diabetes (millions)
1 India B1.7 79.4
2 China 20.8 423

3 United States of America 17.7 30.3




Diabetes Facts:

« 5t leading cause of death globally
e 5.2% of all deaths globally

1,200,000 -
1.000.000 —¢— Combined RR* 55

e —0 - Lowest RR 5 "‘--_D
800,000 - - 1 - Highest RR - i

600,000 -

400,000 -

200,000 -

Number of deaths attributable to
diabetes

n ] | I I ¥ |
0-12 20-29 30-32 40-49 50-55 60-69 70-78 80+
Age group (years)

Roglic et al., (2005). Diabetes Care 28: 2130 -2135.



Why mice?

Use of the mouse as a model organism in systematic screens to
define gene function is well established, and the value is proven
through insights into human disease

The success of the mouse derives from its:

— molecular, cellular anatomical and evolutionary similarity to
humans

— amenabillity to requirements for straightforward deductive
iInference; they are docile, permit control of breeding and
experimental conditions, and scale in replicates required for
robust inference within superior cost and space efficiency
relative to other mammalian models

— The mouse also offers a superior spectrum of existing genetic
variants required for studies of the role of DNA variation in
disease and, the required infrastructure and know-how for their

production.



| Use of reverse genetics to define
| causal basis of disease

A multimodal sequential nesting approach

 |dentifying variants
* Genetic mapping of gene determinants
« Positional cloning of causal mutations

« Elucidation of functional mechanism underlying
gene action in disease

e Candidate gene studies in humans
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Mouse model pipeline: An integrated system for dissection of genetic and
environmental determinants of disease susceptibility

Inbred, mutant,
and recombinant
animal stocks

Refine definition
of disease,
underlying

mechanisms and

effectors

Treatment In vivo
group phenotyping
Control Genetics /
group Genomics

a

Identify animal
models of
disease,
associated
phenotypes,
candidate
mechanisms,
genes,
therapeutic
targets and
agents

In vitro biology

;A

Tissue
sampling

Bio-fluid
sampling

\ 4 \ 4 \ 4

Ex vivo biology
L 1 T T T [ 7 7 11

Cytology

Histology

Proteomics
| I I I I I O I

Transcriptomics
L1 1 1T 1 1 1 T 1
Metabolics
L 1 T T T [ 7 7 11
Clinical
biochemistry

A

Data storage

$

Data analysis
and pattern
recognition

$

BIBLIOMICS

Other collaborative
studies plus peer
reviewed literature

Assess key
discoveries for
functional
significance in
humans / Discover
and evaluate
therapeutic targets
and agents in
humans

Discovery pipeline: Ayo A. Toye
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A multimodal sequential nesting approach

 |dentifying variants
e Genetic mapping of gene determinants
e Positional cloning of causal mutations

 Elucidation of functional mechanism underlying
gene action in disease

« Candidate gene studies in humans
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Target Nnt

O BALBIc
/\ DBA/2 3000 -
g [] C3H g
g 30 A C57BL/6 < 2000 -
£ 20 2
Py = 1000 -
§ 10 6
= 0 T ! ! ' 0
o 0 30 60 90 120 Mouse strain
Time (min)
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A multimodal sequential nesting approach

 |dentifying variants
« Genetic mapping of gene determinants
e Positional cloning of causal mutations

 Elucidation of functional mechanism underlying
gene action in disease

« Candidate gene studies in humans
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Segregation of parental chromosomes
(C3H and C57BL/6) in F2 male mice

«— M1

«— M5

F2 F1 C57BL/6 C3H
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C57BL/6J C3H C3H C57BL/6J
2

GO

“© B P g 9@ @B

v v
2 @M Ok @l © B

[J cC3HMale B c57BL/6) Male ] Hybrid male
(O C3HFemale @ cs57BL/BIFemale O  Hybrid female

* Male map used for positional cloning
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Target Nnt

LOD score

D9Mit1001
DIMit104
D9Mit311
D9Mit151
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LOD score

Y9HINELA
9ZyINELd
6HINELA
¢0ZMNELa
8vLMINELA
9NwgLp
LMNELA
GEHINELA

aaeilELd

Target Nnt

e T60 LOD
------- Sugg. (L&K)
- = = Sig.(Perm)
———-Sig.(L&K)
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Target Nnt

______________________________________________ TO LOD
------- Sugg. (L&K)

e e e e e e e e e e e s — - — - - Sig. (Perm)

......................................................................... —— ——Sig. (L&K)

LOD score

D11Mit2
D11Mit79
D11Mit27
D11Mit15
D11Mit29
D11Mit22
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QTLs identified in a genome scan for
genetic determinants of glucose tolerance
and insulin secretion

Plasma trait" Chromosome LRS Percentage p CI° Add" Dom*® Phenotype at closest marker’

(locus) (LOD)® value C3H (n) F1 (n) C57BL/6J (1)
TO glucose 11 (D11Mit2) 23.75 (52) 9 1E-05 23 —0.78 —0.32 4.91+1.87 (66) 5.4£1.89 (139) 6.44+1.81(68)
(mmol/1)
T30 glucose 13 (D13Mit77)  22.8 (5) 8 1E-05 24 —2.16 —0.11 17.054£5.14 (71) 18.96+5.16 21.39+5.2(64)
(mmol/T) (126)
T60 glucose 13 (D13Mit262) 22.1 (4.8) 8 2E-05 25 —-1.9 —0.5 13.6£4.75 (72) 14.97+4.71 17.364+4.71
(mmol/1) (132} (66)
AUC 13 (D13Mit77)  21.3 (4.6) 8 2E-05 26 —180 —19 1,535.76+444 1,685.45+444  1,898.31+444
(min'mmol ' ') (70) (125) (64)
T30 insulin 9 (DOMIt1001)  30.9 (6.7) 24 2E-07 20 0.19 —0.15 0.59+0.24(23) 0.3+£0.23(61) 0.26+0.27(29)
(ng/ml)

Free model LOD score profile across autosomes for TO, T30, T60, AUC glucose and T30 insulin measurements. 7=280 random mice for all
glucose traits. n=120 mice, 60 each from opposite extremes of AUC distribution, for T30 insulin. Only significant (Lander and Kruglyak
[23]) linkages are shown

Percentage % of variance explained by this locus (at DnMitn microsatellite marker name)

dN[easvulre of blood plasma trait at time indicated or AUC
PLikelihood ratio statistic (LOD score)

The interval around the marker, in which the QTL will localise in 95% of attempts to map it
dAdditive regression coefficient

LDommance regression coefficient
fAverage=SD phenotype values for the indicated locus marker in the three possible genotype states: C3H homozygous, F1 heterozygous,
C57BL/6] homozygous (n number of animals)

NSHBT 37TH ANNUAL SCIENTIFIC PRE CONFERENCE WORKSHOP, AUGUST 18 — 19, 2009: IGCLM, IBADAN, NIGERIA. © Toye, CGenl (2009)



Target Nnt

Factor Type II SS Degrees of Mean square F statistic® p value® Exp (%)°
freedom

Corrected model 22.412,056.41 24 033,835.68 6.642044 7.56141E-16 41.36

Intercept 427,405,402.26 1 427,405,402.26 30.39.984 4.6828E—-133

DI13Mit77 3,394,911.79 2 1,697,455.90 12.07341 1.04285E~05 9.65

D13Mit64 492,705.72 2 246,352.86 1.752221 0.175735623 L:53

D19Mit41 1,032,581.65 . 516,290.82 3.672195 0.026949558 3.15

DI13Mit64 * D19Mit41 4,354,787.68 4 1,088,696.92 7.743517 7.2731E-06 12.05

D2Mit200 101,147.70 3 50,573 .85 0.359714 0.698274735 0.32

DOMit3 11 578,235.94 2 289,117.97 2.056394 0.130301167 1.79

D2Mit200 * D9Mit311 2,895,102.84 4 723,775.71 5.147961 0.000548529 8.35

D7Mit91 2,844.846.90 2 1,422.423 45 10.1172 6.19226E-05 8.22

D6Mit2 68 3,263,969.15 . 1,631,984.57 11.60773 1.58957E-05 9.32

D16Mitl46 1,839,186.94 2 919,593 47 6.540744 0.001732053 547

Error 31,774,385.23 226 140,594.62

Total 781,242 405.41 251

Corrected total 54,186,441.64 250

r=0.414

(Adjusted °=0.351)

Factor is source of plasma glucose AUC variation; SS is type IIT sum of squares adjusting for all other terms in the model

*Based on adjusted sum of squares

"Based on the F distribution

“Estimate of variance explained by a factor or ‘eta square’, expressed in percentage terms (Exp%=100xSSfactor/[S Sfactor+SSerror])

NSHBT 37TH ANNUAL SCIENTIFIC PRE CONFERENCE WORKSHOP, AUGUST 18 - 19, 2009: IGCLM, IBADAN, NIGERIA.
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A multimodal sequential nesting approach

 |dentifying variants
e Genetic mapping of gene determinants
« Positional cloning of causal mutations

 Elucidation of functional mechanism underlying
gene action in disease

« Candidate gene studies in humans
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Target Nnt

'z /| Abexon deletion in C57BL/6J Nnt determines
—=== INsulin insufficiency glucose intolerance (GlucHos1)

coupled frequency and amplitude

encoded signalling including
stimulus coupled secretion

261 270 280 290 300 310 320 330 340 350 360 370 380 390

| |

129retro HAALEOFKSLGAEPLEYDLKESGEGOGGYAKEHSKEF TEAEHKLFAQOCKEYDILISTALIPGKKAPYLFSKEHIESHKEGSYYYDLAREAGGHFETTKPGELY¥YHKGITHIGY TDLPSRHATOASTLYSH
nod_retro AALEOFKSLGAEPLEYDLKESGEGOGGYAKEHSKEF IEAEHKLFADOCKEYDILISTALTIPGKKAPYLFSKEHIESHKEGSYYYDLAREAGGHFET TKPGEL YYHKGITHIGY TOLPSRHATOASTLYSH
fub_retro AALEOFKSLGAEPLEYDLKESGEGOGGYAKEHSKEF IEAEHKLFADOCKEYDILISTALTIPGKKAPYLFSKEHIESHKEGSYYYDLAAREAGGHFET TKPGEL YYHKGITHIGY TOLPSRHATOASTLYSH
retro_B6xCBAJ_F! AALEOFKSLGAEPLEYDLKESGEGOGGYAKERSKEF TEAEHKLFAOOCKEYDILISTALTIPGKKAPYLFSKEHIESHKEGSYYYDLAAREAGGHFETTKPGELYYHKGITHIGY TDLPSRHATOASTLYSH
b6 j_retro AALEOFKSLGAEPLEYDLKESGEGOGGYAKEHSKEFTEAEHKLFANOCKEYDILISTALIPG
Consensus  AALEOFKSLGAEPLEYDLKESGEGOGGYAKENSKEFTEAEAKLFADOCKEYDILISTALIPGkkapvlf skeniesnkegsvwvdl aaeagpnf etbkpgelyvhkgithigytdlpsrmnatqastlysn

391 40 410 420 430 440 4510 460 470 480 490 00 510 hao

| |

129retro  HITKLLKAISPDKDHFHFEYKDDFDFGTHSHYIRGTYYHKDGKYIFPAPTPKHIPEEAPYKPKTYAELEREKAGTYSHYTKTLTTASYYSAGL TGHLGLGIYAPHYAFSOHYTTFGLAGIIGYHTYHGYT
nod_retro HITKLLKAISPDKDHFHFEYKDDFDFGTHSHYIRGTYYHKDGKYIFPAPTPKHIPEEAPYKPKTYAELEAEKAGTYSHYTKTLTTASYYSAGLTGHLGLGIYAPHYAFSOHYTTFGLASIIGYHTYHGYT
fvb_retro HITKLLKAISPDKDHFHFEYKDDFDFGTHSHYIRGTYYHKDGKYIFPAPTPKHIPEEAPYKPKTYAELEREKAGTYSHYTKTLTTASYYSAGLTGHLGLGIYAPHYAFSOHYTTFGLASIIGYHTYHGYT
retro_B6CBAJ_F! HITKLLKAISPDKDHFHFEYKDDFDFGTHSHYIRGTYYHKDGKYIFPAPTPKHIPEEAPYKPKTYAELEAEKAGTYSHYTKTLTTASYYSAGLTGHLGLGIYAPHYAFSOHYTTFGLAGIIGYHTYHGYT
b6 j_retro
Consensus nitkllkaispdkdnfhfevkddfdfgbnshevirgtyewnkdgkvifpaptpknipeeapvkpktvaeleaekagtyvsnytktlbtasvysagltenlpleivapnvafsquvbtfela. iipyhtyuget

521 530 540 550 5610 570 580 590 (H1l] 610 G20 630 640 650

1 1

129retro  PALHSPLHSYTHATISGL TAYGGLALHGGHFYPSTTSOSLAALATFISSYNIAGGFLY TORHLDHFKRPTOPPEYHYLYLLPGGTFYGGYLAALYGGYHIEEIHYLGSGLCCYGALGGLSTOGTARLGHAL
nod_retro PALHSPLASYTHAISGLTAYGGLALHGGHFYPSTTSOSLAALATFISSYNIAGGFLY TORALDAFKRPTOPPEYHYLYLLPGGTFYGGYLAALYGGYHIEETHYLGSGLCCYGALGGLSTOGTARL GHAL
fvb_retro PALHSPLASYTHAISGLTAYGGLALHGGHFYPSTTSOSLAALATFISSYNIAGGFLY TORALDAFKRP TOPPEYHYLYLLPGGTFYGGYLAALYGGYHIEETHYLGSGLCCYGALGGLSTOGTARL GHNAL
retro_B6ACBAJ_F! PALHSPLHSYTHAISGLTAYGGLALHGGHFYPSTTSOSLAALATFISSYNIAGGFLY TORALDHFKRPTOPPEYHYLYLLPGGTFYGGYLAALYGGYNIEETHYLGSGLCCYGALGGLSTOGTARLGHAL
b6 j_retro GFLYTORHLDHFKRPTDPPEYHYLYLLPGGTFYGGYLAALYGGYNIEEIHYLGSGLCCYGALGGLSTOGTARLGHAL
Consensus palhsplnsvbnaisgltavgglalngghfypstbtsqslaalatbfissvniaghFLYTORALDAFKRPTOPPEYHYLYLLPGGTFYGGYLAALYGGYHIEETHYLGSGLCCYGALGGLSTOGTARLGHAL

651 660 670 680 690 100 10 120 730 40 750 760 Fro 780

| |

129retro  GHIGYAGGLAATLGGLKPDPOLLAOHSGAHAHGGT IGLTIAKRIOISDLPOLYARFHSLYGLAARYLTCHAEY IYEYPHFAHDATSHF TKIYAYLGTYIGGY TFSGSLYAYGKLOGILKSAPLLLPGRHAL
nod_retro GHIGYAGGLAATLGGLKPDPOLLAGHSGANAHGGTIGLTIAKRIGISOLPOLYAAFHSLYGLAAYL TCHAEY IYEYPHFAHDAT SHF TKIYAYLGTYIGGY TFSGSLYAYGKLOGILKSAPLLLPGRHAL
fvb_retro GHIGYAGGLAATLGGLKPDPOLLAOHSGANAHGGTIGLTIAKRIOISDLPOLYAAFHSLYGLARYL TCHAEYIYEYPHFAHDATSHF TKIYAYLGTYIGGY TFSGSLYAYGKLOGILKSAPLLLPGRHAL
retro_B6xCBAJ_F! GHIGYAGGLAATLGGLKPDPOLLAGHSGANAHGGTIGLTIAKRIOISDLPOLYARFHSLYGLAARYLTCHAEYIYEYPHFANDATSHFTKIVAYLGTYIGGYTFSGSLYAYGKLOGILKSAPLLLLGRHAL
b6 j_retro GHIGYAGGLAATLGGLKPDPOLLAOHSGAHAHGGTIGLTIAKRIQISDLPOLYAAFHSLYGLARYL TCHAEYIYEYPHFAHDATSHF TKIYAYLGTYIGGY TFSGSLYAYGKLOGILKSAPLLLPGRHAL
Consensus GHIGYAGGLAATLGGLKPDPOLLAOHSGAHAHGGTIGLTIAKRIOISDLPOLYAARFHSLYGLARYL TCHAEYIYEYPHFAHDATSHF TKIYAYLGTYIGGY TFSGSLYAYGKLOGILKSAPLLLpGRHAL

781 790 800 810 820 830 840 850 860 870 880 830 900 910

| + + + + + + + + + + + + 1

129retro  HAGLLAASYGGITPFHADPSFTTGITCLGSYSGLSTLHGY TLTAAIGGADHPYYITYLHSYSGHALCAEGFLLHHHLLTIVGALIGSSGATLS Y IHCYANNRSLANYILGGYGT TSTAGGKPHEISGTHT
nod_retro  HAGLLAASYGGIIPFHADPSFTTGITCLGSYSALSTLHGYTLTARIGGADHPYVITYLHSYSGHALCAEGFLLHNHLL TIYGALIGSSGATLSY IHCYANHRSLANYILGGYGT TSTAGGKPHEISGTHT
fvb_retro HAGLLAASYGGIIPFHADPSFTTGITCLGSYSALSTLHGYTLTARIGGADHPYVITYLHSYSGHALCAEGFLLHNHLL TIYGALIGSSGATILSY IHCYANHRSLANYILGGYGT TSTAGGKPHEISGTHT
retro_B6xCBAJ_F! HAGLLAASYGGIIPFHADPSFTTGITCLGSYSALSTLHGYTLTARIGGADHPYYITYLHSYSGHALCAEGFLLHNNLL TIYGALIGSSGATLSY IHCYANNRSLANYILGGYGT TSTAGGKPHEISGTHT
b6 j_retro HAGLLAASYGGIIPFHADPSFTTGITCLGSYSALSTLHGYTLTARIGGADHPYVITYLHSYSGHALCAEGFLLHNHLL TIYGALIGSSGAILSY IHCYAHHRSLANYILGGYGT TSTAGGKPHEISGTHT
Consensus  HAGLLAASYGGIIPFHADPSFTTGITCLGSYSaLSTLHGYTLTARIGGADHPYYITYLHSYSGHALCAEGFLLHNHLL TIYGALIGSSGAILSY IHCYAHHRSLANYILGGYGT TSTAGGKPHEISGTHT
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Target Nnt

] c57BL/6
B c3H

Arbitrary units

RQ fasted RQ free fed RRQ fasted RROQ free fed RRQ free fed ROQ free fed

< > < >

Liver Islets
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Target Nnt

F1 » <RI FIR1 ~ F2R2
I — MW 1 2 3 1 23

F2 » <« R2

C57BL/6 | = <_ -

1.5 kb—

C3H

e

0.6 kb— - &=

=

C57BL/6
C3H (like)

C57BL/6
C3H (like)
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)\ | C57BLI6 Nnt transcript lacks exons 7 - 11

C57BL/6
C3H (like)
C57BL/6
C3H (like)
C57BL/6
C3H (like)
C57BL/6
C3H (like)
C57BL/6
C3H (like)
C57BL/6
C3H (like)

C57BL/6
C3H (like)

exon no. 6 7 4 8 9 10 11 12

6
I I
12 13

6
L4 > —<JJL1
B6 I

789 10 11 12 13

2 kb deleted in B6

T.T. Huang et al, (2006)
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Target Nnt

Brain Heart

B6 D2 FVB C3H B6 D2 FVB C3H

N43K 5 N-Terminal 43K peptide

C-Terminal 20K peptide

C20K

actin Control

T.T. Huang et al, (2006)
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A multimodal sequential nesting approach

 |dentifying variants
e Genetic mapping of gene determinants
e Positional cloning of causal mutations

« Elucidation of functional mechanism underlying
gene action in disease

« Candidate gene studies in humans
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Target Nnt

Table 3 Male C57BL/6] mice secrete less insulin than C3H/HeH mice in response to a glucose challenge in an [PGTT

Strain Body weight, Plasma insulin at timepoints in an IPGTT+SD (in ng/ml)

gESD*** 0 min** 10 min** 20 min** 30 min*
C3H/HeH (n=8) 31.77+0.99 0.46+0.22 1.00+0.57 0.63+0.44
C57BL/6] (n=R) 25.45+1.18 0.19+0.00 0.32+0.32 0.23+0.06

Mice were approximately 11.5 to 13 weeks old. The lower sensitivity of the insulin ELISA assays is 0.19 ng/ml and thus the levels of insulin
in C57BL/6J mice at 0 and 10 min may actually be lower than shown. Differences are significant at the values of *<0.05, **<0.01 and
#*%<().001

* Male C57BL/6 mice secrete significantly less insulin in response
to glucose

NSHBT 37TH ANNUAL SCIENTIFIC PRE CONFERENCE WORKSHOP, AUGUST 18 - 19, 2009: IGCLM, IBADAN, NIGERIA. © Toye, CGenl (2009)



Target Nnt

C57BL/6

B C3H

—_—

Insulin secretion
(normalised by contents)
el s,

1

2 mmol/| 10 mmol/l
Glucose
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Target Nnt

Glucose Tolb

1T % 1 | 1.2 1
16 ;
._g 14
© |
.. C57BL/6 o
" - 2 A, ST ‘____...-"l""""| & ”
0‘4 ! "ﬂ
0.4 1 ¥
16 1
C3H
N A 2mmoll  Smmeld 1 mmol/l Tolbutamide
04 ] - . 1 : . *C57BL/6 calcium channels are less
0 5 10 15 20 25 sensitive to glucose as measured by
Time (mine) changes in intracellular calcium
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Whole cell perforated patch recording from beta cells in response to £20 mV pulses from -70 mV.

*C57BL/6 is less sensitive to glucose as measured by K,p channel closure
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Target Nnt
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Single channel currents recorded at -60 mV from inside-out patches excised from beta cells.

*No difference between C57BL/6 and C3H sensitivity to ATP as measured by K, channel closure
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stimulus coupled secretion

Target Nnt
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Genetic- and environmental-cause extrinsic diffusible ROS (oxidative stress syndrormes) — pharmacological
agents, chronic infection, high fat diet, alcoholism, nuclear/mitochondrial genomic defects in ROS
regulation, ageing
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Conclusions

« C57BL/6 is glucose intolerant relative to other strains and serves as a
model of human disease

« C57BL/6 Glucose intolerance results from insulin insufficiency
» At least three genetic loci determine glucose intolerance in C57BL/6

« The chromosome 13 QTL effect is the result of a 5-exon deletion in the
transmembrane region of the Nnt gene in C57BL/6

* Nnt action in the insulin secretion cascade occurs prior to K,rp channel
action

* Loss of Nnt limits glucose stimulated ATP synthesis and consequently
iInsulin secretion, as a result, glucose intolerance develops

« Based on our mouse studies, Nnt is a strong candidate gene for type 2
diabetes causation in humans

« These studies highlight the utility of mouse based reverse genetics for
defining the causal defects in heritable forms of metabolic disease as an
adjunct to human studies
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Hypothetical model for role in
coupled frequency and amplitude
encoded signaliing including
stimulus coupled secretion

Perspectives

Target Nnt

©

Nnt is the dynamic regulator of acute ROS and UCP is
the regulator of chronic ROS in mitochondria and both
molecules work together to set limits of homeostatic
mitochondrial ROS and membrane potential.

Loss of Nnt drives compensatory UCP expression and
function thus inhibiting appropriate stimulus coupled
ROS and membrane potential homeostasis

Loss of Nnt effects are subtle under normal conditions (at
least in the example of C57BL/6J laboratory mouse which
lacks Nnt). Administration of stress, acutely (insulin
secretion in response to elevated glycaemia) however
reveals critical Nnt function. Nnt may modulate response
to additional stresses, for example, we and others have
shown that mice that have genetic loss or impairment of
Nnt function (C57BL/6J and 129) are more sensitive to
insulin resistance and fatty liver in response to high fat
diet stress (Toye et al., 2007) [18]. Further, such mice
exhibit the broad hallmarks of oxidative stress syndromic
conditions.

Current evidence suggests that Nnt is a flexible
supermodifier of acute and chronic stress across a broad
range of (non-) communicable diseases and
pharmacological modulation of its action may constitute a
very productive target for drug development.

Need: Epidemiology — various
populations, various diseases e.g.
oxidative stress, insulin
insufficiency, and inflammatory
syndromic conditions.

Need: commercial, reliable, rapid
and sensitive cheap enzyme
function assay.

Need: specific druggable agonist,
antagonist and modulator — good
candidates will be cue responsive
and trifunctional, integrating ROS,
AP and NADPH regulation.

Need: cell and animal models of
gene function — control of
spatiotemporal action important for
elucidating function e.g. inducible
and tissue specific knockout
models.

Need: definition of regulome
— metabolic, transcriptomic
and proteomic genes,
pathways and networks.

Need: further experimental
paradigms for testing effect of
tissue specific and or
inducible knockout models.

Diabetes, fatty liver and
ageing currently exist.
Infection underway. Cancer
studies exploration

Need: further mouse
variomics.

Application: mitochondrial
ageing modulator.

Application: oxidative stress,
insulin insufficiency, and
inflammatory syndrome

modulator.

Application: chemotherapy /
photodynamic therapy/
toxicology modulator.

Application: ischemia /
reperfusion injury modulator

Application: Nanomachines —
Nnt provides exquisite model of
molecular linear motors
incorporating vectorial and
scalar properties. May aid
development of cue sensitive
nanomachines for smart drug
delivery.
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Use of reverse genetics to define
causal basis of disease

A multimodal systems biology approach

Defining the systems approach
Collection of data

Unimodal and multimodal analysis
Deduction

Candidate gene studies in humans
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A useful site for bioinformatics

= Ensembl Genome Browser - Windows Internet Explorer. provided by Yahoo!
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with our video tutorials and walk-throughs
Browse a Genome
e? Add custom tracks
The Ensembl project produces genome databases for vertebrates and other eukaryotic species, using our new Control Panel
and makes this information freely available online. il e e i
Click on a link below to go to the species' home page. and save it to your Ensembl account

Popular genomes (Log in to customize this list)

e?, Search for a DNA or protein sequence

e | Human using BLAST or BLAT
}'ﬁ\ GRCh37
= e?, Fetch only the data you want
from our public database, using the Ensembl Perl API ill
Mouse
NCEIST e? Download our databases via FTP
in FASTA, MySQL and other formats
: ﬁgbraﬂsn e? Mine Ensembl with BioMart
and export sequences or tables in text, html, or Excel format
Still got questions? Try our FAQs
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A useful site for bioinformatics

ez cross-database search - Windows Internet Explorer provided by Yahoo!
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ﬁ PubMed Central: free, full text journal articles (7] * OMIM: online Mendelian Inheritance in Man 7]
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A useful site for bioinformatics

{= Ensembl genome browser 55: H.sapiens - Description - Search Ensembl Human - Windows Internet Explorer provided by Yahoo!

= [BIX]
e — i3 = T
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About this species Search Ensembl Human
[ Description
B Genome Statistics

5 h for: G
E Assembly and Genebuild EAlCILIOL |

Top 40 InterPro hits e.g. gene BRCA2 or AL032821.2.1.143563 or muscular dystrophy
- «..'\..'-r::{a';ﬁg\wterpm s Description Assembly and Genebuild »
B Sample entry points ,
Karyotype Human (Homo sapiens)
Location (AL032821.2.1.14
Gene (BRCAZ2) Assembly
Transcript (FOXP2-203)
- - This site provides a data set based on the February 2009 Homo sapiens high coverage assembly from the Genome Reference Consortium. The data set
+ Configure this page consists of gene models built from the genewise alignments of the human proteome as well as from alignments of human cDNAs using the cDNAZgenome
= Ea”agzyfur data model of exonerate
. Bzgimarakihis page This release of the assembly has the following properties:

® 27478 contigs
#® contig length total 3.2 Gb.

#® chromosome length total 3.1 Gb.

It also includes nine haplotypic regions, mainly in the MHC region of chromaosome 6.

Annotation

Since release 55 (July 2009) the gene annotation presented here has been a combined Ensembl-Havana geneset. which incorporates protein-coding and non-coding transcripts
annotated by the Havana team into the automatically-annotated Ensembl gene set.

The major genome browsers have come together to produce a common set of identifiers where CDS annotations of transcripts can be agreed. This undertaking, the Consensus

Coding Sequence (CCDS) project was initially based on the NCBI38 assembly. The CCDS identifiers have been mapped onto the new annotations based on the latest GRCh37
assembly and these identifiers are also shown.
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A useful site for bioinformatics

= OMIM Home - Windows Internet Explorer provided by Yahoo!
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Search Morbid Map » Use History to retrieve records from previous searches, or to combine searches.
Help ® = - -
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How to Link in Man®

FAQ

Mo uticsent™ lom Welcome to OMIM ¥, Online Mendelian Inheritance in Man ® . OMIM is a comprehensive, authoritative, and timely compendium of human genes and genetic
Symbols phenotypes. The full-text, referenced overviews in OMIM contain information on all known mendelian disorders and over 12,000 genes. OMIM focuses on the

Eﬁﬁé%ﬁ;ﬁt relationship between phenotype and genotype. It is updated daily, and the entries contain copious links to other genetics resources.
D load . _ . . . . . . . . . .
i This database was initiated in the early 1960s by Dr. Victor A. McKusick as a catalog of mendelian traits and disorders, entitled Mendelian Inheritance in Man (MIM).

OMIM Eacts Twelve book editions of MIM were published between 1966 and 1998. The online version, OMIM, was created in 1985 by a collaboration between the National Library
S s of Medicine and the William H. Welch Medical Library at Johns Hopkins. It was made generally available on the internet starting in 1987. In 1995, OMIM was

Update Log developed for the World Wide Web by NCBI, the National Center for Biotechnology Information.

Restrictions on Use

OMIM is authored and edited at the McKusick-Nathans Institute of Genetic Medicine, Johns Hopkins University School of Medicine, under the direction of Dr. Ada
Allied Hamosh.
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A useful site for bioinformatics

{= HapMap Homepage - Windows Internet Explorer provided by Yahoo!
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The International HapMap Project is a partnership of scientists and funding agencies from Canada, China, Japan, Nigeria, the United Kingdom and the United States to develop a public resource that will
help researchers find genes associated with human disease and response to pharmaceuticals. See "About the International HapMap Project” for more information.

Project Information . News
About the Project
HapMap Publications

HapMap Tutorial Raw signal intensity data from HapiMap3 genotypes on the Genome-Wide Human SNP Array 6.0 are now available for bulk download.
HapMap Mailing List
HapMap Project Participants

+ 2009-04-02: HapMap3 CEL files available il

2009-02-09: HapMap3 Phased Haplotypes available

HapMap Mirror Site in Japan Phased haplotypes for consensus Hapap3 release 2 data has been phased for autosomes are now available for bulk download.
Project Data + 2009-02-06: HapMap Public Release #27 (merged lI+HII)

HapMap Genome Browser ( Phase 1,2 & 3 -
merged genotypes & frequencies )

HapMap Genome Brawser ( Phase 3 -
genotypes, frequencies & LD )

HapMap Genome Browser ( Phase 1 & 2 - full ] ) y "
dataset ) Genotypes and frequency data for phase 3 (NCBI build 36, dbSNP b126) of the HapMap are available for bulk download. This dataset will
subsequently be merged with phase I+l data, and once merged, the complete dataset will be made available in the HapMap genome browser
and HapMart utility. Here are some notes and SNP counts for this dataset.

Genotypes and frequency data for the three phases of the project (I+1I: rel #24 and lll: release #2), were combined in NCBI build 36 (dbSNP
b126) coordinates. Data is available for downloading and also available for browsing. Click here to read the latest release notes.

2009-01-07: HapMap Phase 3 draft 2 release available for download

GWAs Karyogram
HapMart
Bulk Data Download 2008-11-26: HapMap Public Release #26 (merged lI+l)
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