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Overview

Y
* Disparate non-standardized data across sites —
* Difficulty monitoring upstream KPI’s in a timely manner
NI TN ° Time consuming manual data entry Bioreactor
Prone to delays and human error Take sample

~— " frombioreactor

* Automate the collection of data, removing the manual
process and removing data entry delays

* Harmonize and standardize multi-site multi-product data B

* Automatically add batch context from ERP system to
enrich the data

Enter sample
* Standardized monitoring of 17 products and 65 bioreactors identifiers

across the network Cell Analyzer

into instrument Ul

* Cleaned data set living in the cloud
RESULTS For consumption for other use cases, ex: MVA/PLS
* Saved FTE hours
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From Prototype to Scalable Solution

I’ve worked on many other projects querying

our data lake. * This is my third pipeline reading Seeq data

| know how to query our ERP system using SPy.
The first project was basically Cell Culture Offline
Sample Monitoringfor one site, for 6-7

products.

Batch context, material numbers

| know how to retrieve Pl AF event frame

timestamps.
The second project was our first pipelinereading

Inoculation date per bioreactor .
Seeq data using AWS Glue.

I’'m familiar with dashboarding software.
| was able to quickly create front-end Prototype - Cell Culture Offline Sample Monitoring

visualizationsand Ul. -
Workbook1 [}
: : : - Frontend ;@
Design the table structure in a way that will - .

Workbook2 . 5

make visualization easy. - -' .
Workbook3 ‘
|




New Solution Architecture

Sitel Instrument 1a

SitelInstrument 1b

Site2 Instrument 1la

Site2 Instrument 1b
Instrument

Type 1
Template

Site3 Instrument 1la

Site3 Instrument 1b

Site4 Instrument 1la

Site4 Instrument 1b

SitelInstrument 2a

Sitel Instrument 2b
Instrument

Type 2
Template

Site2 Instrument 2a

Site2 Instrument 2b

Site3 Instrument 2a

Site3 Instrument 2b

Sited Instrument 2a

Site4 Instrument 2b

Titer (LIMS)

Inoculation Date

Batch Context

Contextualize

Extract worksheet data
N1 EIge [FA=s B cvery 1 hour with SPy

Pandas & Regular Expressions for Seeq data:
-Parse identifiers from manually entered IDs

sqQL:
-Ingest data from Datalake
-Join Seeq data to data from Datalake

Seeq i
workbooks

1 workbook per site per template

20 worksheets for 20 instruments

More Pandas:
-Filter, transform, calculate, combine into one table

Redshift SQL:
-Append new data to existing data in Redshift.

Cleaned Data

Front End
Dashboard

Opening Dashboard queries Redshift
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Building the workbooks

Each instrument at each site gives (VI o Instrument Type 1 has 3 separate ID tags. Instrument Type 2 has 1 ID tag containing up to 3 different IDs.
up to3 identifiers per sample. e Some sites might only give us 2 out of 3 ID’s.

We can build a condition

i N e |D1.toCondition().intersect(ID2.toCondition()).intersect(ID3.toCondition()).removeShorterThan(1min)
intersecting the 3 IDs.

T R B U R A Al © One sample measures N variables.

e Continuous signal data = discrete capsule table (1 row per sample)

variables per sample. B I

After building 1 worksheet for 1
instrument at 1 site, duplicate and e Each site has a different formula for the condition.
use Asset Swapping!

Pull the capsule data using SPy. e Since the worksheets are nearly identical, this simplifies the code.
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Capsule Creation Logic

ID1.toCondition().intersect(ID2.toCondition()).intersect(/D2.toCondition()).removeShorterThan(1min)
Take Last value per variable within capsule

. Batch ID 1 . Batch ID 5
Bioreactor 2 Bioreactor 1

Bioreactor 2 Bioreactor 4
I
ID Tag 1

ID Tag 2

ID Tagi3 T ' —
Var1 . : ' ‘ 4‘,—\ : . . :
Var2 - m : ' l Sample 1 I l Sample 2 l ' ' '

I Sample 6 l
Var 3 '

Var4 -
Var 5

Var6 -
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Capsule Table per instrument per site

:

x O + Name < Assets O Start * Last $ B Last ¢ B Last ¢ B Last ¢ B0 Last £ O Last ¢ ® Last $ ® Last ¢ D Last ¢ ® Last 2 B Last ¢ B Last ¢ D Last ¢
f10x0A p1 O B Novs,20216:17AM
70%x0A ipp i ID1 ID2 ID3 Varl,Var2.. Var N
¥ 0x0 A:' ID3 O W Novs,20212:55AM
s ¢4 6%0 Varl i ov 4,2021 4:42 PN
@ 40x0M yum Sltel L i Product E, Batch 1, Sample 1 .
i s zx E M’ Var3 Assetla O K Nove,20215:37AM Product E’ Batch 1’ Sample 3 Slte 1 In5tru‘ l lent Type 1a
ey 2" vara O @ Nove,20213:29PM
E" 70x0M% s O M Nov10,20219:08 AM Product Er Batch 1I Sample 5
—’ 7 0x E W Var6 "O B Novis,20216:57AM
@ 4 0x0M yag O W Nov13,20212:30AM _
NCapsuIes ES
x O < Name 2 Assets o O Start “ B lasts D Last s D Last 2 D lasts ® Lost 2 ® Last 2 ® Last 2 D Last 2 B Last 2 B Last 2 D Last 2 B Last ¢ B Last ¢ F
4 O0x0 A ID1 Bl Starts off-screen
70x0A 8 S i ID1 ID2 ID3 Varl,Var2.. Var N
£ 0x0A D3 O B Feb21,20224:18PM
Z40x0M O W Feb21,20224:24PM
Varl . 2
zZ 4 06x0 t Var2 Sitel 1 O B Feb21,20226:29PM Product E, Batch 1, Samp|e 2
Z 4 6x0 O B Feb21,20226:35PM H
Z 4 0x0M Var3 ASSEtlb O B Feb22,202212:23AM PrOduct E, BatCh 1, Sample 4 Slte 1 Instrument Type 1b
z g 0x 0 M Vard O B Feb22,20221:03AM
7z ¢0x0M Vars e e Product E, Batch 1, Sample 6
Z 4 ©x0C ™M Var6 O W Feb22,20221:28AM
Z £ 0x0M yar7 O B Feb22,20221:42AM

i

x 0O s Name 3 Assets o Start * B Lasts D Last ¢ O Lost ¢ O Last $ O Last & RO Last $ O Last $ O Last $ O Last $ RO Last $ O Last $ O Last $ O last $ O Last ¢ B

¢ 0x0A ID1 O W Feb22,20228:24AM
__706x0 A S O W Feb22,20228:48 AM ID1 IDZ Var 1’ Varz & Var N
Z 4 0x0 M Varl O W Feb22,20229:04 AM
Z ¢ O0xO0O :': Var2 O W Feb22,202210:59 AM
4.7 €3.C O M Febzs, 2022800 Product A, Batch 5, Sample 3
':j v g" C M' x::z Site2 O W Feb23,202211:14 AM P d t B’ Bat h 1’S pl a
@ 4 0x0 O W Feb2s3,202211:39 AM roauc atc amp e S. 2 I T 1
z ¢ 0x 0 M Vars ASSEtla O W Feb23,20221:29PM < / Ite nStrument ype a
z 4 0x0M Varé S e Product D, Batch 2, Sample 5
Z £ 0x0M Var7 O W Feb2s,20229:39 AM
Z £ 0x0M  yarg O W Feb2s,20228:24 AM
Z 4 Ox 0O M o

W Feb26,20228:58 AM



Parsing Identifiers with Regular Expressions / Python

Unstructured Data - Cleansed Standardized Format
(manually entered text IDs into Instrument Ul)
Site Instrument | Tag ID 1 Tag ID 2 Tag ID 3 BMS_ID_1 BMS_ID_2 BMS_ID_3 BMS_ID_4
Type (Parsed) (Parsed) (Parsed) (Parsed)

Site 1 Type 1 F_250L_X6 1002345 BR11 1002345 BR11 250L
Site 1 Type 2 1002345_F_250L_X6 n/a n/a 1002345 250L
Site 2 Type 1 Sample 1/3 Day 4 AB123 Bioreactor55 AB123
Site 2 Type 2 Bioreactor55 10Hours | n/a n/a AB123 Bioreactor55

AB123
Site 3 Type 1 AZ789-10K-D351 Not used/not | BR77 AZ789 BR77 10K

configured

Site3 | Type2 AZ789-10K-D3S1 n/a n/a AZ789 10K
Site 4 Type 1 1005678-0110- Not used/not | Not used/not 1005678 Bioreactor99

Bioreactor99-5 configured configured
Site 4 Type 2 1005678-0110- n/a n/a 1005678 Bioreactor99

Bioreactor99-5

Fill in the blank BMS_ID’s by joining to tables in the datalake, or transforming with Python/Pandas.

(all ids are dummy ids)

U Bristol Myers Squibb’




Parsing Identifiers with Regular Expressions / Python

Unstructured Data > Cleansed Standardized Format
(manually entered text IDs into Instrument Ul)
Site Instrument | Tag ID 1 Tag ID 2 Tag ID 3 BMS_ID_1 BMS_ID_2 BMS_ID_3 BMS_ID_4
Type (Parsed) (Parsed) (Parsed) (Parsed)

Site 1 Type 1 F_250L_X6 1002345 BR11 1002345 AY932 BR11 250L

Site 1 Type 2 1002345_F_250L_X6 n/a n/a 1002345 AY932 BR11 250L

Site 2 Type 1 Sample 1/3 Day 4 AB123 Bioreactor55 1008390 AB123 Bioreactor55 1500L

Site 2 Type 2 Bioreactor55 10Hours n/a n/a 1008390 AB123 Bioreactor55 1500L
AB123

Site 3 Type 1 AZ789-10K-D3S1 Not used/not | BR77 1006395 AZ789 BR77 10K

configured

Site 3 Type 2 AZ789-10K-D3S1 n/a n/a 1006395 AZ789 BR77 10K

Site 4 Type 1 1005678-0110- Not used/not | Not used/not 1005678 AG381 Bioreactor99 40L
Bioreactor99-5 configured configured

Site 4 Type 2 1005678-0110- n/a n/a 1005678 AG381 Bioreactor99 40L
Bioreactor99-5

Fill in the blank BMS_ID’s by joining to tables in the datalake, or transforming with Python/Pandas.

(all ids are dummy ids)
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Mapping Tables

* Mapping tables allow us to pull specificinfo

from our datalake
Extract only what we need

Then combine and enrich the Seeq data

* Add more codes to mapping tables to look

up more products.

Underlying code and data structure will remain

the same

* Mapping tables are documented knowledge

Can be referenced / reused for other use cases

(all ids are dummy ids)

4

Site Product Material Code
Name
1 Product A Materiall1579
2 Product B Material9237
3 Product C Material6502
4 ProductD Material0132
Site Bioreactor ID Operation Name | Operation Code
1 BR99 Inoculation INOC 123
2 BR88 Inoc GROWTH_STAGE1
3 Bioreactorl 7915793 INOC:1:56
4 Bioreactor55 CELL_CULTURE CELL_GROWTH-3
Site Product Name | Test Name Test Code
1 Product A TITER Titer_Final
2 ProductB Titer (2) Titer 2 DP
3 Product C 9837496 TITER 3
4 Product D Titer TITER_DAY9
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Front end example

Culture duration on the X axis, Parameter value on the Y axis. Each data pointis 1 sample
One line per batch. Recent batches in color and historical batches in grey for comparison
One-size-fits-all visualization

SER Product D, Bioreactor Size X, Parameter 9 et -

O

Site

Type to search in list

Product

Tvne to search in list 7

-
BRX Size K]

Type to search in list

Parameter 2

Type to search in list

Sample Date

BRA 1/22/2021 9:3... 3/24/2022 11:... B&A
(O — O

Culture Duration (h)
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Conclusion

* How was Seeq used
Data exploration. Helping to identify inconsistencies per site per instrument.
Create standardized worksheets with asset swapping
Easily transform continuous signal data into a nice discrete capsule table
Read capsule table using SPy

* Benefits
Generic read Seeq worksheet into AWS function for use in other projects
Standardized upstream KPI process monitoring for all products across 4 sites
FTE hours saved
Cleaned data source in the cloud

* Next steps
Going live in mid May
Adding more molecules to the pipeline
Interested to see how users will change from manual data entry.

Adding more parameters in a future release (amount of Feed added)
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For more information and event updates,
please visit seeq.com



