Characterizing the Molecular
Qualities of Authenticated
ATCCE® Cell Lines

Implementing scientific rigor, reproducibility,
and innovation in the preclinical investigations

Ajeet P. Singh, PhD

Senior Scientist, Bioinformatics
Sequencing & Bioinformatics Center
ATCC

Credible Leads to Incredible™



About ATCC®

Founded in 1925

501(c)(3) not-for-profit organization

World’s largest, most diverse biorepository

Quality accreditation by multiple industry standards
ISO 9001 Certified
ISO 13485 Certified

ISO/IEC 17025 Accredited
ISO 17034 Accredited

Standards development partner with multiple
industry working groups

ANSI Standards Working Groups

AOAC International Working Group

IMMSA/NIST Microbiome Standards

Global supplier of authenticated cell lines,
microorganisms, and molecular standards

Sales and distribution to 150+ countries

Talented team of 500+ employees

© 2023 American Type Culture Collection. The ATCC trademark and trade name, and any other trademarks listed in this publication are trademarks owned by the American Type Culture Collection unless indicated otherwise.



Genomics data quality

= Review challenges associated with genomics data
quality and authenticity

= Discuss why ATCC® is committed to providing
reference-quality transcriptomes for our cell lines

= Discuss our current efforts to produce standardized
transcriptomes reference data

= Explore the ATCC® Cell Line Land




Challenges stemming from poor data quality...

“Finding the right cell lines for my research is a challenge.”

]

i N"‘ “Many cell types are not good models for the disease I'm studying.”

“Pre-existing results are difficult to reproduce and often not reproducible.”

ATCC
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“Over a quarter of foodborne
microbiological samples in the
public sequence database are
missing key metadata

attributes.” [1]

>

“35% of [sample] information
is being lost between the
publication to the [data]
repository.” [2]

s

1 in 12 scientists have
falsified results within the
last 3 years. [3]
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Fake data was first discovered in GenBank in 1997/

N

™

“Mr. Hajra, former graduate student, University of
Michigan, engaged in scientific misconduct by
falsifying and fabricating research data in five
published research papers, two published review
articles, one submitted but unpublished paper, in
his doctoral dissertation, and in a submission to
the GenBank computer data base.” — The

Federal Register, v62, n135 (1997)

7

Federal Register / Vol. 62, No. 135 / Tuesday, July 15, 1997 / Notices
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number, Federal agency, and grants or
contracting officer. 25 points

Components of a Complete Application

A complete application consists of the
following items in this order:

1. Application for Federal Assistance
(Standard Form 424, REV 4-88);

2. Budget Information—Non-
construction Programs (Standard
Form 424A, REV 4-88);

3. Assurances—Non-construction
Programs (Standard Form 424B,
REV 4-88);
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Dated: July 9, 1997.
David F. Garrison,

Principal Deputy Assistant Secretary for
Planning and Evaluation.

[FR Doc. 97-18528 Filed 7-14-97: 8:45 am]
BILLING CODE 4151-04-M

DEPARTMENT OF HEALTH AND
HUMAN SERVICES

Office of the Secretary

Findings of Scientific Misconduct

AGENcY: Office of the Secretary, HHS.
AcTION: Notice.

SUMMARY: Notice is hereby given that
the Office of Research Integrity (ORI)
has made a final finding of scientific
misconduct in the following case:
Amitav Hajra, University of Michigan:
Based upon a report from the University
of Michigan, information obtained by
the Office of Research Integrity (ORI)
during its oversight review, and Mr.
Hajra's own admission, ORI found that
Mer. Hajra, former graduate student,
University of Michigan, engaged in
scientific misconduct by falsifying and
fabricating research data in five
published research papers, two
published review articles, one
submitted but unpublished paper, in his
doctoral dissertation, and in a
submission to the GenBank computer
data base. Mr. Hajra's doctoral training
and research was supported by two
Public Health Service (PHS) grants, and
his experiments were conducted at and
submitted for publication from the

e Wijmenga, C., Gregory, P.E., Hajra,
A, Schrock, E., Ried, T., Eils, R., Liu,
P.P., and Collins, F.S. “Core binding
factor B-smooth muscle myosin heavy
chain chimeric protein involved in
acute myeloid leukemia forms unusual
nuclear rod-like structures in
transformed NIH 3T3 cells.” Proc. Natl.
Acad. Sci. USA 93(4):1630-1635, 1996;
and

o Liu, P.P., Wijmenga, C., Hajra, A.,
Blake, T.B., Kelley, C.A., Adelstein,
R.S., Bagg, A., Rector, ]., Cotelingham, ].,
Willman, C.L., and Collins, F.S.
“Identification of the chimeric protein
product of the CBFB-MYHI11 fusion
gene in inv(16) leukemia cells.” Genes,
Chromosomes, and Cancer 16:77-87,
1996 (Erratum in Genes, Chromosomes,
and Cancer 18(1):71, 1997).

Mr. Hajra included fabricated and
falsified data in the following review
articles:

e Hajra, A., Liu, P.P., and Collins, F.S.
“Transforming properties of the
leukemic Inv(16) fusion gene CBFB-
MYHI1."” In Molecular Aspects of
Myeloid Stem Cell Development in
Current Topics in Microbiology and
Immunology (L. Wolff and A.S. Perkins,
Eds.) 211:289-298, 1996 (Review).
Berlin and New York: Springer-Verlag;
and

e Liu, P.P., Hajra, A., Wijmenga, C.,
and Collins, F.S. “Molecular
pathogenesis of the chromosome 16
inversion in the M4Eo subtype of acute
myeloid leukemia.” Blood 85:2289-
2302, 1995 (Review).

Mr. Hajra submitted a fabricated
nucleotide sequence in computer data

ATCC



24 years later, this tfalsified data is still being cited...
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Programs (Standard Form 424B,
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Dated: July 9, 1997.
David F. Garrison,

Principal Deputy Assistant Secretary for
Flanning and Evaluation.
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After 42 citations... the data is sti

| In GenBank...
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Short Commumication

DNA Sequences in the Promoter Region of the
NF1 Gene Are Highly Conserved between Human
and Mouse

Article preview
Abstract

ted by (52)
Recommended articles 5]

Amitav Hajra, Antonia Martin-Gallardo, Susan A Tarlé, Matthew Freedman, Susan Wilson-Gunn, Andre Bernards,
Frandis 5. Collins

—

4 Add to Mandeley 2 Share %8 Cits

https:/idei.org/10.1006/zen0.1994.1328 Get rights and content

Abstract

The gene for type 1 neurofibromatosis (NF1) is most highly expressed in brain and
spinzl cord, although low levels of mRNA can be found in nearly all tissues, Asa
first step in investigating the regulation of NF1 gene expression, we have cloned and
sequenced the promoter regions of the human and mouse NF1 genes and mapped
the transcriptional start sites in both species. We report here that the 5" ends of the
human and murine NFI genes are highly conserved. While no discernable TATA or
CCAAT hox sequences are seen, transeription initiates at identical sites in both
species, 484 nucleotides upstream of the ATG initiztion codon in the human gene.
The human and mouse NFI genes share particularly high sequence homology (95%)
between nucleotides -33 and +261 and contain severzl perfectly conserved
transcription factor binding site motifi, including 2 cAMP response element,
several AP2 consensus binding sites, and a serum response element. The high
conservation of these sequences indicates that they are likely to be significant in the
regulation of NF1 gene expression.
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Cited by (42)

Tomoter for efficient and muscle-specific expression of exogenous genes

2019, Plasmid

Citation Excerpt :
.. To acquire synthetic promotars with activity and specificity high enough for therapeutic application, we
speculated that the combination of multiple kinds of transeriptional moti, instead of unique myogenic
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Data irreproducibillity — a big toll on economics and credibility

@PLOS ‘ BIOLOGY

PERSPECTIVE

The Economics of Reproducibility in
Preclinical Research

Prevalence of irreproducible preclinical
research was greater than 50%,

correlating with the expenditure of $28
billion per year in the United States on

Leonard P. Freedman'*, lain M. Cockburn®, Timothy S. Simcoe*?®

1 Global Biological Standards Institute, Washington, D.C., United States of America, 2 Boston University

baS|C blomedlcal researCh that Cannot be \Sﬂ;:;sﬁLZ:x?BE‘lgliTﬁ?:éggst:t:;,sg’ai;a:r?;aseﬂs‘ United States of America, 3 Council of Economic Advisers,
repeated successfully. * froedman@gbs : :
ep y / remntes The use of poor biological reagents and

Abstract reference materials contributed the most to
@ owreproguci the reproducibility problem at 36.1%.

production and contribute to both delays and costs of therapeutic drug development. An
Clmg‘;Mafk analysis of past studies indicates that the cumulative (total) prevalence of irreproducible
preclinical research exceeds 50%, resulting in approximately US$28,000,000,000 (US
$28B)/year spent on preclinical research that is not reproducible—in the United States
alone. We outline a framework for solutions and a plan forlong-term improvements in re-
producibility rates that will help to accelerate the discovery of life-saving therapies
and cures.

E OPEN ACCESS

Citation: Freedman LP, Cockburn IM, Simcoe TS
(2015) The Economics of Reproducibility in
Preclinical Research. PLoS Bidl 13(6): e1002165.
doi:10.1371/journal pbio. 1002165
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Challenging traceabillity of most public genomics data

N B

1970 1980 1990 2000 2010 2020
Potential issues with genomic
o Transt ??Transfer . @ ??Transfer ., source material
- raﬁﬁr - ‘ | X\Y‘ I‘Y‘ 2009: Initial Deposit = “Lab adaptation”
- . x". Combs GDraft Reference L] Loss of plasmids
YA NCBI 2074 = Sample mix ups
= R— 3 decades of unknown transfers & research = Unknown chain of custody

= Differences in sequencing
technology and bioinformatics

2015: Updated

. ; C Genome
i S
1995 mTA  JXVAR

Assembly

ATCC XYZ1

Yarmosh NCBI ATCC XYZ1 Draft genome >13,000
2 decades of lab research "High-quality” reference >10,000

ATCC" genome ’

Authenticated ATCC® Genome Portal Asse mny ATCC 100% authenticity and traceability

source material 2020: Authenticated Genome Reference
ATCC XYZ1

Names changed to protect the innocent

ATCCm
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A reminder on the growth of public genomics data

1.6B sequences in WGS
232M sequences in GenBank

+ 58,5621,760,107,125,660 total bases Sip datgbase grow‘:n A
1.8E 09 16B WGS SequenCGS 25, 806,046,433, 756,229 open access bases o
1.6E+09 10000
1.4E+09
1.2E+03 GenBank is doubling in
1.0E+09 size every 18 months... : :

s v NCBI's SRA database is
8.0E+08 over 15 Petabytes in size...

6.0E+08

4.0E+08
232M GenBank
2.0E+08 sequences
3338589083498 388s
P A /O T T S TP Data curation is a
o 5 o 9 s oo 2 5 0o 2 5 0o 9 S5 W
< € O < @ 0O << g 0O << € 0O < a 0O

huge challenge
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Genomics data quality issues impact many disciplines

12

Factors Critically Impacted Areas

= Misclassification of sequences = Basic research (hypothesis generation)
= Chimeric genome assemblies = Biodiversity and environmental sciences
= Sample contamination = Diagnostics & epidemiology
= Sequencing errors = Forensics

= Mislabeling or data errors = Food safety

= Data omission = Biodefense
= Data obfuscation = Many other areas...
= |ntentional misconduct




These are not “new” problems.

Many groups have
sought solutions.

- None, however, have
sought to create
Authenticated
Genomics Data




WHEIRE -
“Authenticated Genomics
- Data™?
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. Authenticated Genomics Data:
1.  Traceable to physical materials
2.  Produced with defined quality
assurance metrics
Reproducible across multiple tests

researchers



Journey of the data curation and their limitations

16

Authenticated
Data

= Expert
-y
W’ Curated Data
Focused
GenBank Public Data

ENA

SRA

EGA

GEO

Uncontrolled

Public Data

- Unknown quality
- Missing or non-standard metadata

- Risky to use

2023 American Type Culture Collection. The ATCC trademark and trade name, and any other trademarks listed in this publication are trademarks owned by the American Type Culture Collection unless indicated otherwise.




Journey of the data curation and their limitations

17

RefSeq
proGenomes
dbGAP
BluePrint
ICGC
TCGA
TARGET

CCLE = Expert
eTex = Curated Data

Authenticated
Data

Focused
Public Data

- Improved metadata

-  Moderate risk

- Often access-controlled
Limited scope

Uncontro-lled
Public Data
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Journey of the data curation and their limitations
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ingonuity (P%) (I
HGMD QIAGEN Authenticated
Data
Expert
Curated Data

Standardized metadata
Standardized biofx methods
Improved reproducibility
Less risk, more results
FAIR data model

Focused
Public Data

M0

Uncontrolled
Public Data




Authenticated transcriptomics data at ATCC

19

ATCC® s focused on data provenance and closing the reproducibility gap

ATCC® Genome Portal g
® . .
OmicSoft ATCC® Cell Line Land ATCC

Ingenuity (IPA) :::::
— QIAGEN wms Authenticated
- ‘U Data
=3 Expert - Standardized laboratory methods
UI Curated Data - Quality Assurance (ISO)

- Traceable to materials in a biorepository
Focused - Maximum data provenance

. -  Maximum reproducibilit
Public Data P 4

Uncontrolled
Public Data
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The ATCC® Cell Line Land

A partnership with QIAGEN® Digital Insights: Enhancing scientific rigor and tackling the reproducibility gap

20 ATCC
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Why authenticated biomaterial is needed

21

= An estimated 15-20% of all experiments found in the literature are using
misidentified cell lines.

= Short tandem repeat (STR) profiling represents the gold standard for cell line
authentication; however, cell lines (eg, HEK293) with acquired mutations in
mismatch repair genes can alter their characteristic repeats upon prolonged
culture, leading to negative authentication results via STR.

= |In order to combat negative authentication results, ATCC® is completing RNA-
seq analysis on their broad selection of human kidney cells using well-
established protocols and stringent quality metrics.

= All fully authenticated human and mouse cell lines whole transcriptomics data
will be available through ATCC® Cell Line Land.

= For more information: https://digitalinsights.giagen.com/atcc-cell-line-land.

e

ATCC



ATCCP® cell biology collection

22

ATCC® has 3,000+ authenticated mammalian cell
lines, genetic engineered cell lines, primary cells,
stem cells, iPSCs, hTERT-immortalized cells, and
organoids representing various species, cell types,
tissues origins, and diseases.

70+ 100+ 100+ 400+

Species Cell types Tissue types Diseases types

ATCC



ATCCP® cell biology collection (by disease type)
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Papilloma [l 10
Acute monocytic leukemia [l s
Breast Cancer ] &
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0 50

over 400

Diseases
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2,111 cell lines for human disease models
(long tail)

For human cells :
= 84% have karyotyping information
= 89% include at least some clinical data

100

1,749 known age

751 female, 878 male

870 with ethnicity

Additional metadata and biomarker

data available as well

150 200 250 300 350




ATCC® Cell Line Land
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Blood Lung Liver
. u AV
Kidney Lymph _ _
Liver Brain
Spleen

+250 +250 +250 +250
reference reference reference reference
data sets data sets data sets data sets

Current road-map for data production is subject to change
Based on customer feedback

1,000+ traceable, authenticated RNAseq datasets per year

© 2023 American Type Culture Collection. The ATCC trademark and trade name, and any other trademarks listed in this publication are trademarks owned by the American Type Culture Collection unless indicated otherwise. QIAGEN® is a registered trademark of the QIAGEN Group.
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ATCC® Cell Line Land

Key Features 1. Repository of authenticated ‘omics data traceable to physical materials
2. Data production, curation, and analysis uniformly standardized
3. Enables the highest level of scientific reproducibility
4. End-to-end data provenance

& ATCC
. Biomanufacturing

Standardized cell culture, RNAseq, and bioinformatics

------------------------>

— EIZI
ATCCP® Cell

ATCC® Cell Y \UJ( y Comparative
Biology y “~/& Transcriptomics

Collection ‘ " Projects

Line Land

Cell Growth RNA Extraction RNAseq BIOIngrr:;‘iit;cs &

Strict quality acceptance criteria at each step
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QC Metrics of ATCC® Cell Line Land

Quality Control Average Metadata
Metrics Values Available

RNA Integrity Number ~6.5 » Passage #
(RIN) ' = Sex
Nanodrop " Race
260/280 Value >1.8 . gge
= Disease
:22:; ?\leuqr:\lte)gfe 18x10° = Tissue/cell type
= Growth media
7 Uniquely Mapped g0, = Culture condition

Reads = Cryopreservation




ATCC® Cell Line Land - Example
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ATCC® Cell Line Land - available through QIAGEN®

Products and Request a . e, =)
ceses Solutions ) Resources Support  About _q o } . ‘ Q
QIAGEN Services Trial Product Login Contact Shop

ATCC Cell Line Land

Manually curated cell line ‘omics data Currently includes
f:r;lrl':::znmost popular cell lines in ATCC's Authenticated RNAseq

Data for over 200 ATCC®
cell lines.

ATCC Cell Line Land is a continually growing

database of cell line ‘omics data from both commen

and novel human and mouse cell lines and primary
tissues and cells from ATCC. It empowers you to
precisely plan and design your preclinical experiments
by speeding up cell line characterization with unique,

high-quality cell line ‘omics data from a trusted source.

REQUEST A
CONSULTATION

https://digitalinsights.qgiagen.com/atcc-cell-line-land/
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Increased viral production in 293.STAT1 BAX KO cells
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Differential gene expression

Distance correlation heatmap between normalized gene
counts in 293 WT and 293.STAT1 BAX KO cells

Normalized Read Counts of CRL-1573 vs CRL-1573VHG
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Volcano plot showing top 20 differentially expressed genes
in WT relative to KO cells
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Pathways activated promote cell growth

Top 50 Differentially Expressed Genes
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Key takeaways
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= ATCC?® characterized the whole transcriptome of 70+ authenticated human
mouse kidney cell lines, and 150+ cancer immune cell lines from the ATCC®
biorepository.

= The data produced in this study are intended to be used as molecular
reference standards and will be available to the scientific community within
the ATCC® Cell Line Land.

= ATCC® Cell Line Land contains complete transcriptome data from new cell
lines of different tissue and disease types, and 1000 samples will be added
each year.

ATCC
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