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CRUK-MI Dotmatics History

e Workflow built from scratch around Dotmatics (2009-11)

e Appeal based on several factors:

Encompassed chemistry and biology

Implementable despite no dedicated chemo-informatics expertise
Scalable

Little IT overhead

Readily configurable

Single platform?

SAR interrogation/visualisation tools
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e Advantages:
— No legacy data

— De-novo setup
o No software integration pre-requisites
e No legacy hardware

e Diasdvantages

— No internal Oracle expertise
e University Oracle expertise “sporadic”

— No chemo-informatics expertise

— “Different” IT needs....
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Dotmatics

CRUK MI DDU LSD1 Project

project name Chemist
PDDO00014643 LSD1 jhitchin
COMPOUND NAME
N-[1-(4-chlorophenyl)pyrazol-3-yl]-3-(trifluoromethyl)benzenesulfonamide
MW FORMULA HAC HBA HBD LIPINSKI ROTBONDS TPSA (NOPS) XLogP
401.79 C16H11CIF3N302S 26 5 1 Pass 4 724 4.76
Target LE LE modifier
LSD1 0.22
N LSD1 0 >
\ / o MAO-A 0 >
|20
N—"7
H F
F
=
Sample ID Conc uM Assay result (avg % inh) Assay format Target
= ] w v
Sample ID Analysis Name Target q Assay format  Result (Geo Mean) pM Rz?l:::)(n i ?‘:(;Z.e.l)(geo SlOP:,‘)(n &
Latestgssay date PDD00014643-001-001 IC50 LSD1 HTRF 56.91 20f2 0.87 20f2
PDD00014643-001-001 IC50 LSD1 > LANCE Ultra 187.5 20f2 3.58 20f2
PDD00014643-001-001 1C50 MAQO-A > Fl 500 20f2 1.85 20f2
T
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Dotmatics

PDD00014494-003-001] 1285603.0 | 0.01372uM | 12856030 [+
PDD00014494-003-001 1148267.0 | 0.01372uM | 1148267.0 |+ 1,250,000
PDD00014494-003-001 1002218.0 | 0.04115uM | 10022180 |+ © 000,000
PDD00014494-003-001 8331220 | 0.04115uM | 8331220 .
PDD00014494-003-001 7314380 | 0.12346uM | 731439.0 [+ @ 750000
PDD00014494-003-001 6961560 | 0.12346uM | B96156.0 |+ 2
PDD00014494-003-001) 231901.0 | 0.37037uM | 2319010 [+ & 500,000
PDD00014494-003-001 1438250 | 0.37037uM | 1438250 [+ 250,000
PDD00014494-003-001 134440 | 1.11111uM | 134440 |%
PDD00014494-003-001] 145610 | 1.11111uM | 145610 |+ 0
PDD00014494-003-001] 105300 | 3.33333uM | 105300 |+ o - - aome o
PDD00014494-003-001] 120050 | 3.33333uM | 120050 |+ s s =
PDDO0014404-003-001)  12340.0 10.0uM 123400 [+ eenec
PDD00014494-003-001  15011.0 10.0uM 150110 |+ Cytotosicity: 0.1147 () pass
slope=1.250 min=0.000 max=1285603.000 er=>10000 R2=0.9748
PDD00016955-002-001) 1278965.0 | 0.01372uM | 12789650 |+
& PDD00016956-002-001] 1180721.0 | 0.01372uM | 1180721.0 |+ 1 260,000
& PDD00016956-002-001 1315318.0 | 0.04115uM | 13153180 |+
PDDO0016955-002-001| 1182347.0 | 0.04115uM | 1192347.0 |+ N 1,000,000
PDD00016955-002-001) 1144970.0 | 0.12346uM | 11449700 |+ @ o0 000
PDD00016956-002-001) 1072629.0 | 0.12346uM | 10726290 |+ 2
PDDO0016955-002-001) 9192330 | 0.37037uM | 9192330 |+ ¢ s00.000
PDD00016956-002-001 7573520 | 0.37037uM | 7573520 |+ 250,000
PDD00016955-002-001 5552480 | 1.11111uM | 555248.0 |+
PDD00016956-002-001 4501350 | 1.11111uM | 4501350 [+ 0
PDD00016955-002-001| 127980 | 3.33333uM | 127980 |+ o = = - aewe o
PDD00016956-002-001] 142190 | 3.33333uM | 142100 |+ s
PDD00016955-002-001)  12140.0 10.0uM 121400 [& Eone
PDD00016956-002-001  15192.0 10.0uM 151920 |+ Cytotoxicity: 0.5908 () pass
slope=1.228 min=0.000 max=1315318.000 er=>10000 R?=0.9727
PDD00017570-002-001] 1315749.0 | 0.01372uM | 13157490 [% 1,500,000
B PDD00017670-002-001) 1107849.0 | 0.01372uM | 1107849.0 |+
= PDDO0017570-002-001| 1323759.0 | 0.04115uM | 13237580 |+ 1,240,000
PDD000175670-002-001) 1263938.0 | 0.04115uM | 12639380 [+ L 1000000
PDD00017570-002-001) 1393385.0 | 0.12346uM | 13933850 |+ A
PDD000175670-002-001 1266761.0 | 0.12346uM | 12667610 |+ 2
PDD00017570-002-001) 1397435.0 | 0.37037uM | 13974350 |+ L 500,000
PDD00017670-002-001) 1150831.0 | 0.37037uM | 11509310 |+ 250,000
PDD00017670-002-001 1061281.0 | 1.11111uM | 10612910 |+
PDD000175670-002-001 1062088.0 | 1.11111uM | 10620880 |+ 0
PDD00017570-002-001 370674.0 | 3.33333uM | 370674.0 |+ o - - nomo o
PDDO0017670-002-001 375628.0 | 3.33333uM | a75628.0 |+ B = =
PDD00D17570-002-001) 162410 10.0uM 162410 [+ Eenc
PDD00017670-002-001,  19114.0 10.0uM 191140 |% Cytotoxicity: 1.9475 (J) pass
slope=1.883 min=0.000 max=1397435.000 err=>10000 R2=0.9488
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Bugbears from a previous life...

e Screening data is easy to capture, process and disseminate

e But:
— Access to data stored on hard drives or filing cabinets?
o Desktops of “downsized” staff?
— Uniform processing of “non-standardised” or “fuzzy” data?
— Capture of “soft” knowledge?

o Reliance on fixed, out-of-date and incomplete data
repositories for decision-making
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Drug Discovery Informatics Conclusions...

e Drug discovery databases are great except for:
e (Getting data in.
e (Getting data out.

e Particularly:

— Importing “non-standard” data
e “unusual” data curves, in vivo data
— Complex data retrieval
e Pivoting and/or aggregating across multiple datasources

e Our daily users are not informaticians.
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GETTING DATA IN...

- Thermal Shift Data
- Incucyte Cell screening
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Thermal Shift Assay

Fluorescence Poak
affe 5,
60000
Protein Aggregation
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How it works

Well B3

Signal

max.cycle <- mydata[mydata[,?] macmydatal , 2]3,1] i
mydata[mydataiTemp » max,cycle +2, 'Stotus'] <- ‘PostMax’ Fmd the max Value

Find the min value

min.signal <- min{mydota[mydatadStatus=="Use", 2])
min.cycle <- mydata [ mydataiStotus ‘Use" & mydataiSignal min.signal,

mydata [mydotaiTemp < min.cycle , "Stotus’] <- "PreMin’ EXC|Ude data pOIntS
either side

N ttassten o =) < 5) Sanity check there

. are enough points

mydota.ml <- drm{Signal - Temp, data = mydata[mydota$Status == 'Use’,], Fit the curve — 5

fot=LL .5 nomes=c( ‘Hillslope', 'Bottom’ ,"Top', 'EC5@", ' Symmetry’ 1))

parameter log
logistic

for {1 in 1:(ncol(df)-11) {
if (i==l) {
output.list <- 1ist()}

tm <- thermal .melt(df[,c(1,1i+1)],pm) LOOp through a” We”S

if (lis.nullCtm)) {

output. List[[tmiwellid]] <- tm
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Incucyte Cell Screening

e "The best cancer cell is a dead one”
e How to measure cell death?
e Staining of living cells, then count at a specific time

e Better way — live cell imaging
— Monitor cell growth rates directly in the incubator, in real time

e How to capture this type of data?
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Incucyte Live Cell Imaging

e Effect of a compound monitored in living cells in real time

e Many, many data points: 300 images per well of a 384-well plate!

e How to parse this into “standard” data for database insertion / analysis?
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https://www.youtube.com/watch?feature=player_embedded&v=lvVb4LAkoKs

Incucyte Live Cell Imaging

- PDD00001099 PDD00001 106 PDD00004190

Set working directory
Select a data file.. Select a platemap file... —

Metric————— Options——— - -

PI PDD00014494 PDD00016468

cut Time 150  Confluence Area [~ Fit EC50
 Percent Confluence [~ Growth Rate ~ oo01s2
! ! / - 0.00457
Analyse the data 2 . — ooz
/é 4 === 0.04115

User selects raw data files and options o

I\

=== 0.37037

pet_confluence
3
2
8
g
2
s
2
g

— 111111

—— 3.33333

. 10

dotails
152659 (Page 1) 0, B &

R script plots growth curves

B
PDDO0017451-001-001 3.33333uM | 7123 % Incucyte: 8.4423 (7.5102 - 0.4899) () pass .
SoUIos [PDD00017451-001-001 fooM | 4720 slope=1.220 min=10.000 max=87.755 err=185 067 R%=0.8788
£C50_ENZYME" PDDOB0T7451-001-001 00 | 4027 |v
EC50_ENZYME_PARTIAL_INHIB PDDO0017451-001-001 300uM | 2021 |%
P Uoload! = = oo es e . .
ELN-GypeotoxUiplond = PDD00017453-001-001 0.00457uM | 68.00 ¥ o Ifl I
ELN - Meghanism of Inhibition PDD00017453-001-001 0.00457uM | 78.81  |% I I I
ELN - Outsoursed Chem Upload PDDO0017453-001-001 001372 | 8590 [ w
ELN - SPR Upload’ B, PDD00017453-001-001 0.01372uM | 7697 |# L elapsed
ELN - Thermal Shift Upload® PDD00017453-001-001 0.04115uM | 7552 |# @ w0
1C50 test protocol PDD00017453-001-001 0.04115uM | 7728 |4 20
(o50_CELL! PDD00017453-001-001 or23eum | 7224 |+ Y
1C50_ENZYME! PDDOB017453-001-001 0.12346uM | 8748 v o
Incucpts! PDDO0017453-001-001 0.37087uM | 6901 |+ .
FRAARY_SCRE gancf 360 Foooworeot T T
a 001+ 111 - s a 4 - mew = gg
::‘EMR';T[SST‘:TEN (loss of sign: PDD00017453-001-001 1AM | 8248 | ] -
- [PDDO00017453-001-001 3.33333uM | 5777 |4 cone
PDD00017453-001-001 333333uM | 6150 ¥ Incucyte: 0.5387 (4.9470 - 18.377) ) pass
iy rclabocks ggggggl’fg'gs:'gs‘ ‘g g“m ! 3‘ & slope=1.348 min=6.004 max=77.592 err=512.502 R2=0.9319
7453-001-001 10.0ul 4535 &
: PDDO0017453-001-001 30.0uM 17.85 |+
a PDDO0017455-001-001 0.00457uM | 7396 ¥
8 PDD00017485-001-001 0.00457uM | 8103 |¥ o . "
[l ELN - Cyprotex Data Upload N~ 8 PDD00017455-001-001 0.01372uM | 6573 % w2 P
PDDO0017456-001-001 001372 | 5981 |¥ W
PDDO00T7455-001-001 004115uM | 7345 % |-
PDDO0017455-001-001 004115uM | 7439 |» g%®
[PDD00017455-001-001 0.12346uM 81.51 + go
PDDO0017455-001-001 0.12346uM | 77.68 I+ »
[PDD00017455-001-001 0.37037uM 88.76 l o
PDDO0017455-001-001 037037 | sr87 8 &
PDD00017455-001-001| 7271 | 1.41111uM | 7271 |# — - o - aow o gg H H
PDDO0017455-001-001| 7178 | 1.11111uM | 7178 |+ s a ° - ata ” l l Orte Into
PDD00017455-001-001) 2463 | 3.33333uM | 2463 |# cone
18 group notebooks PDDO00174565-001-001 3610 | 3.33333uM | 3610 |» Incucyte: 31977 (0-=) g pass .
B plate properies PDDO0017455-001-001| 1076 | 100uM [ 1076 |4 slope=16.843 min="10.668 max=70.000 err=559.752 R2-0.8560 D ot m a tl CS fo r d Ose
e pooGGorr4s 0001 _fo0 | oo 10008

PDD00017455-001-001 1045 | 300uM | 1045
[ calcuations =

PDD00017528-001-001| 7623 | 0.00457uM | 76.23
PDDO0017528-001-001  71.43 | 0.00457uM | 7143 |+

B — owrssra s s s | o response analysis
5 - Hybrid solution

3
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So far so good...

o But different tumour types grow at different rates...

e Moreover, different potential therapeutic agents take
different numbers of cell replication cycles to manifest their

effects...
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Example: DNA damage repair inhibitors often require longer timepoints
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So far so good...

o But different tumour types grow at different rates...

o Different agents take different numbers of cell cycles to
manifest their effects...

e Can we capture this?
— Relate to population doubling times of untreated cells
— Determine for each specific cell line
— Assess drug action at this specific and unique timepoint

MANCHESTER DRUG
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Incucyte Analysis — per-cell line growth rates

DJ H1048 24-2-2014 - Custom Region Mean vs Time

All data imported into R
(bespoke, in-house package)
0 50 ‘100‘ = ‘150T;m;(l-:ou:'52)00‘ — ‘250‘ ‘300‘ = ‘350
Cmpd 13 3LANK, BLANK
70 1
60 E
50 2
2 40
By ICs
20 1
10 1
EC50=1.946
J o 2o o B T —R2=0932 — T
Cut-off before growth inhibition # doublings chosen ’ " o v
Number of population doublings Growth of dosed cells ) )
calculated (in controls) calculated Data uploaded and analysed in Dotmatics
; e CANCER MANCHESTER DRUG
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Benefits of Scripting

e Automated, fast and easy to deploy

e Consistent processing
— Today, tomorrow, next year
— Absolute data consistency
— Absolute user consistency
— Avoids Excel transposition errors

e |ess user bias, higher data integrity

e Less variance over time
e Quality decision-making data
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GETTING DATA OUT...

- Data Warehousing
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Data Export

e For single compounds, our database browser is great.
e For lots of compounds, view wizard — not so great:

# View Wizard

Step 1: Choose output type Step 2: Selectdata source columns Slepa:“nr m or

Common views: Stuctures: [¥] Colours: ¥] Project-level: []

®) Tabuiar display [+] REG_LCMS_DOCUMENTS (ALL /NONE) PrimaryD - always included
O Vortex Webstarl [+] REG_PROJECTS_VW (ALL /NONE) REG_BATCH_VW/ FORMATTED_BATCH D
O Export to Excel [+] REG SALTS VW (ALL/NOKE) %ﬁ?&%ﬁ?ﬁéﬁ??&?ﬁgm
Pivot views (data in columns rather than rows): [+] REG_SAMFLE 2 VW (ALL /NONE) XC50 BNZYNE/ Resutt
O auery View [+] REG_SAMPLE VW (AL / NONE) STUDES_VALDATED_RESULTS_VW / RESULT
O Aavanced Pvot mode ’ ’ Tt
O Export to Word o =
Pivet views (data in colum ns rather th [ ] [ A4
Costly in terms of chemist :
O Pivot Word Weany
Listviews: (] °
S t d potential fi
T Ime and potential Tor
O Edit List > New List (table format w th d
O Edit List -> New List (edit as text) ° t ° f d t
i incorrect processing of data
O Heat Map Anayss
O scater pot ASSAY_FORVAT
O Binned Barchart FORMATTED_ID
O spFExport Program B
O datacube PROTOCOL_ID
O vortex export Result (Geo Mean)
O Vortex Applet P
O vortex w ith query template
O Vortex w ith template add pivotcolumns
add calculated columns
e Need to understand the data structures
e Then what to do with it?
— Pivoting, joining, aggregating...
35%% CANCER | MANCHESTER DRUG
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Data Analysis

'@uq.ru ~E- TR

Bookl - Micrasoft Excel

M 4 M Sheetl  Sheet2 Sheetd ©) 4

Home Inaert Page Layout Formutan Data Review Wiew Adddm L7 x
A Vedsra - 10 ™ oagw 5S¢ Genenst - Ml Conamonal Formatting * | jelnwent* - Qr Lﬂ
- i (B Z U-AX EEEA- 8- % v JrormataTabie - " Oeiete - 3]~ S
ate P nd
- J/B-i2-A EE P b I | 4 Celt Stybes ~ Eiformat = | 2" Fimer~ Select~
Oipboard ot fs Aagnment Nusber '« Stybes Cets Lating
L 027 > Quuel 0
8 | c DN € P W R (T TP - 5 T— — L :
10
y [ wowroma ]
13
14
15 Name Jan Feb War ] | 160
] e
16 | Alan 10 80 97 sio. | ¥
17 Bob 20 90 59
18 Carol 30 100 45 120 ¢ <
19 David 4 110 51
20 | Eric 5 120 [ 100 1
21 | Francis [3 130 28 0 4 ®en
22 [ Gail 7 150 73 ateh
23 60 ¢ o Mae
24 ']
2 40 |
26 20 4
2 —
28 o+ v v
i‘; Zlan  Bob  Carel Dwid  Eric  Francs Gl
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Issues

Breaking free from chemical

spreadsheets

Matthew Segall, Ed Champness, Chris Leeding, James Chisholm,
Peter Hunt, Alex Elliott, Hector Garcia-Martinez,
Nick Foster and Samuel Dowling

Optibrium Ltd, 7221 Cambridge Research Park, Beach Drive, Cambridge CB25 9TL, UK

o Limited data interpretation tools

e Structural awareness requires additional plug-ins
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Vortex

& Vortex v2015.08.43379 [Copyright (C) Dotmatics Limited 2007-2015]

Fie Add Toole Layout Select Scripts Paterson Window Help | <}.‘5' '\‘,'> | l @ @’ H \E‘ | |_=| L E Eﬂg @

o ENSEB

#|E E E B |8 0 o

E@]'

x Weloume| x ajnrdan_144D7521991?3drnx‘

Type

Table

[SEEE

<5

3k LK

‘Result (Geo Mean) |

» [0.00756 500 4|

| SUPPLIER |

» ‘ADD”D UkrOrgSyn| 4 |

|LABBOOK_ID |

v 1 187 4|

FsP3 |

' o 14

XLOGP |

v 043 124] ¢

HAC |

+|5 92 4| 2

[

b 741 1510] «|

|FSP3_bin_20 |

v [0-005 1-105 4| ~

Details | Statistics.

Column

Row -1 F

Value

Structure

o]

Target

Resuli n
Result (Geo ..
SUPPLIER
LABBOOK_ID
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<

et
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e

e

=%
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150
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2597
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363

4264902

4254902
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(==Y

| RE=0AZ

XLOGP

XLOGP = 4.1 [+0.12] - 3.7 [+0.48] * FSP3

Result (Geo Mean), XLOGP, MW
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[SEEE]
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Issues

Breaking free from chemical

spreadsheets

Matthew Segall, Ed Champness, Chris Leeding, James Chisholm,
Peter Hunt, Alex Elliott, Hector Garcia-Martinez,
Nick Foster and Samuel Dowling

Optibrium Ltd, 7221 Cambridge Research Park, Beach Drive, Cambridge CB25 9TL, UK

e Legacy / historical point of reference

e Who has the “right” data?
— Batch/compound level aggregation
— End-user averaging

MANCHESTER DRUG
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Dotmatics R Integration

— Use ROracle package to make connection to Oracle database
— SQL directly in R then pulls data out

— Once data is in R, can then aggregate, filter, pivot and export to text
file which can be visualised (eg Shiny, Vortex).

— Standard scripts run as an automated job, then copies output to
accessible location — ‘Data Warehouse’

— Applications:
e Nightly output of all project compounds and key data
e Generate standard plots and visualisations

MANCHESTER DRUG
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Dotmatics R Integration

o Benefits of approach:

All of the data analysis capability of R can be applied to data in Dotmatics

Standardised: no need for scientists to have to do their own piecemeal
pivoting, aggregating, visualisation etc.

Consistent: scientists interrogate the same data
Easy to customise as we add new data types

e Vortex always points to the very latest data
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FUTURE DIRECTIONS...
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Present chemistry workflow
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What are we working toward?
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Stumbling blocks...

e Data exchange formats

— The Universal Format for Interchangable Data??
— Mp3/IPG/CSV for the lab?

— Platereaders

e Instrument header; row; column; value; timestamp
— Analytical Instrumentation

e Interpretable, standard raw data output per technique
— SMILES/SMARTS

e Differing interpretations...

e How do we drive standardisation with the vendors?

Po0010008
110711022454
01101 \
@'\ Allotrope
10011 118
10001 0001 H
. 48 ) - OUNOJLioN
; ‘]‘( ,'1 ‘} )\ Building an Open Framework for Laboratory Data
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Summary

Drug Discovery is not about making and testing compounds
e It is about making decisions...

e Right question, of the right compound, at the right time
— Requires easy access to all relevant data
— Requires easy access to the /atest data

e [Issues getting data in and out are endemic across laboratories

¢ Demands innovative solutions to overcome
— But these need not be overly complex or cumbersome

l Better data capabilities = Better Decisions = Medicines to patients, faster l
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