White Paper

SUITABILITY OF THE CO1 BARCODE ASSAY FOR ANIMAL
CELL IDENTITY TESTING
ABSTRACT:

1. Background

The author discusses the use of a PCR and sequencing based
cytochrome c oxidase subunit 1 (CO1) barcoding assay for
establishing the species-level identity of animal cells. The assay
targets a semi-conserved region of the mitochondrial CO1
gene for species-level identity testing of animal (mammalian
and insect) cells. The “CO1 Barcode Assay” is intended as an
alternative to the isoenzyme analysis assay, for which reagents
are no longer commercially available. This White Paper provides
the opinion of a subject-matter expert on the suitability of the
CO1 Barcode Assay platform for species-level identity testing
and as a replacement for isoenzyme analysis testing for animal
cells.

Researchers have, until now, been relatively free to conduct
experiments using cells and to publish results of their
investigations without concerning themselves with cell identity
testing. This is beginning to change, as more and more journals
and granting agencies are now demanding proof of cell line
authenticity. It is becoming increasingly common to see papers
being retracted due to cell line misidentification.
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In regulated spaces, such as biologics manufacturing and
safety testing, there have existed cell substrate characterization
guidance documents[3-7] mandating identity testing for more
than two decades. Some of these guidance documents
mention specific methodologies for establishing identity,
while others do not. The primary requirement was, and still
remains, demonstration that the production (or testing)
substrate is the same cell line identified in the regulatory
submission documents, and not some cross-contaminant
or mis-identified cell. Historically, diploid cells have been
identified by karyotyping and isoenzyme analysis. Aneuploid
(i.e., transformed/continuous) cells have been identified most
commonly by isoenzyme analysis. The reason for this is that
these were the methods in place during the time frame covered
by the earliest guidance documents[e.g., 3,4]. It is important to
remember that these methods provide species-level identity
only. In addition, each of these historical methods is capable
of detecting an inter-species cell mixture provided that the
contaminant represents ~5-10% of the overall cell population[1].
These methods are therefore considered also to be capable of
establishing cell line purity (i.e. purity defined as freedom from
contaminating cells of another species).
The FDA does not typically mandate specific methods to be
used for a given cell characterization endpoint. There has, until
quite recently, therefore been little motivation to update the
analytical methods used for establishing cell line identity and
purity, with (for instance) one of the newer molecular methods.
However, as a result of the unexpected non-availability since
early 2015 of isoenzyme analysis reagents from the sole
supplier, it has been necessary to identify suitable replacement
methods for that cell identity assay. The replacement assays
for identifying human cells include short tandem repeat (STR)
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profiling[8-10] and single nucleotide polymorphism (SNP) profiling[11].
These are capable of identifying human cells to the individual
donor level. From a regulatory standpoint, this must be viewed
as a vast improvement in identity testing. The replacement
technologies now being considered for animal cell identity testing
include DNA fingerprinting and CO1 barcoding. Will these be
methods also be acceptable to the regulatory agencies? The
answer is that a science-driven rationale for replacing isoenzyme
analysis with one of these newer candidate technologies should
be acceptable to the agencies.

of the same animal species, or cell lines derived from different
tissues of the same donor. CO1 barcodes are not suitable for
resolving non-animal species, including fungi and plants. It
should be noted, however, that certain of these limitations are
shared by the historical methods. These include the inability to
distinguish between different tissues of the same donor organism
and the inability to distinguish between different donor organisms
derived from the same animal species.

This White Paper has been written to provide such a sciencedriven rationale for replacement of the isoenzyme analysis
assay with BioReliance’s CO1 Barcode Assay for species-level
identity testing of animal (mammalian and insect) cells. The
document reflects my opinions as well as cited literature and
the development report authored by BioReliance for the CO1
Barcode Assay[12].

The CO1 Barcode Assay offered by BioReliance is a modification
of the standard CO1 barcoding platform. Development of the
assay[12] involved design and screening of a set of mammalian
and insect universal forward and reverse primers, the optimization
of the PCR amplification conditions, and the sequencing
qualification for mammalian and insect species commonly
employed in regulated industries. The mammalian cells used to
qualify the sequencing assay included Chinese hamster (CHO),
Syrian hamster (BHK), human (MRC-5), mouse (NIH/3T3),
and Cercopithecus monkey (Vero). The sequencing portion of
the assay was qualified for insect cells using the Spodoptera
frugiperda cell line (Sf9).

2. Technical Evaluation of Bioreliance’s CO1 Barcode
Assay
2.1. The CO1 platform.
DNA barcoding has been used within the zoological community
for years and has now been proposed for animal cell identity
testing[13]. It is useful since the target (mitochondrial CO1
gene) varies sufficiently between species in order to allow
discrimination. A mitochondrial gene is considered to be
preferable to a nuclear gene as a target, since nuclear genes
display slower rates of evolution. Mitochondrial genes mutate at
a higher rate than nuclear genes, and therefore provide better
differentiation of species separated in a comparatively shorter
evolutionary time frame, while still showing good conservation
among individual members of a species[14,15]. Unlike nuclear
genes, animal mitochondrial genes rarely contain introns,
facilitating PCR amplification. The mitochondrial genome is
inherited in a haploid pattern and undergoes limited or no
recombination, and thus is associated with relatively less
complexity and easier data analysis compared with nuclear
genes. Mitochondria are present at high copy number within
cells, allowing for a relatively high yield of specific target gene
DNA.
As an identity testing method, the DNA barcoding platform has
some limitations. The rates of evolution of mitochondrial genes
can vary between animal species, which in some cases can lead
to overlap of intra- and inter-species distances. DNA barcoding
will not distinguish among cell lines from different individuals
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2.2. BioReliance’s CO1 Barcode Assay.

The optimized primer sets and reaction conditions result in an
assay which generates amplicons in response to the presence
of the appropriate target mitochondrial DNA. Sequencing results
indicate that the assay of the six mammalian and insect cell
samples generates amplicons with DNA sequence expected (at
least 99% similarity) for the corresponding species of origin. This
indicates that the universal primers are performing as expected
and that the assay has the requisite specificity for an identity test.
The sequencing assay was qualified using cells derived from
six mammalian and insect species, but on theoretical grounds,
the assay is capable of detecting each of the mammalian and
insect cell species from which cell lines have been derived. As of
May 2015, the Barcode of Life Data systems (BOLD) database
contained 3.3 million public barcode sequences representing
>130,000 named animal species[16].
The criterion for making a species assignment from the
amplicon DNA sequencing result is that at least 98% match with
a BioReliance Reference Sequence is obtained with a Quality
Value of >20[17]. Quality values are assigned by the SeqScape®
software and represent an assessment of the probability that the
wrong base assignment is made by chance.
While BioReliance’s CO1 Barcode Assay is designed as an
identity test, it may also have utility as a purity test for cell line
characterization. A study[12] performed for informational purposes
indicated that cell mixtures containing 90% human cells and
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10% mouse cells or 90% mouse cells and 10% human cells (i.e.,
10% inter-species cross-contaminant) generated amplicons that
were detected by the assay as mixed sequences. In such cases,
the SeqScape® software indicates that a higher than expected
number of base changes are detected and an assignment of
“inconclusive” results. The inconclusive result will then trigger an
investigation.

3. Technical Evaluation of the Isoenzyme Analysis
Assay
3.1. Historical acceptance of the
isoenzyme analysis method.
Consideration of the various cell substrate regulatory guidance
documents[3-7] reveals that isoenzyme analysis is one of a
variety of technologies that may be used to establish specieslevel identity of cell lines. Isoenzyme analysis is specifically
mentioned as an appropriate identity test in ICH Q5D[4], WHO[5],
and European Pharmacopoeia 5.2.3[6], although in each case it
is clearly indicated that other technologies can be employed for
this purpose. For instance, in the relatively new WHO guidance[5],
it is stated that: “Other tests that may be used but tend to be
less specific include isoenzyme analysis and karyology, which
may be particularly useful where there are characteristic marker
chromosomes. However, where more specific genetic markers
are available, they should be considered.”
3.2. The isoenzyme analysis assay platform.
Isoenzyme analysis is a cytosolic protein electrophoretic method
that provides species-level identity verification for cells derived
from the animal species most commonly used in cell culture.
This platform is based on the genetic polymorphisms of cytosolic
enzymes such as peptidase B, nucleoside phosphorylase,
glucose-6-phosphate dehydrogenase, malate dehydrogenase,
aspartate aminotransferase, mannose phosphate isomerase,
and lactate dehydrogenase. These polymorphisms result from
point mutations of the encoding genes during species evolution.
The resulting isoenzymes exhibit differences in electrophoretic
mobilities that are used to discriminate between cell lines derived
from different animal species.
This method requires optimization of the testing strategy with
regard to color development time, correction of migration
distances relative to the mobility of control reagents, and
selection of the appropriate enzyme or enzyme combinations
for confirming an expected animal species of origin[2]. In some
instances, closely migrating bands for a given enzyme may
leave two or more animal species unresolved. For this reason, an

assignment of species of origin for a test sample is made on the
basis of mobility information obtained through analysis of four or
more target enzymes[1,2]. The reagents required to perform this
assay are available only from a single supplier, and the recent
(since March 2015) non-availability of reagents has severely
limited the use of this method worldwide.
Enzyme mobility results obtained for a test sample must be
compared to a set of expected migration distances for known
animal species that is provided by the reagent manufacturer[18].
This set of tabular migration distances consists of 25-30 animal
species, including most of the commonly employed mammalian
cell types and at least two insect species. Since not all animal
and insect species are represented by the tabular migration
distance values provided, isoenzyme analysis results are most
appropriately interpreted and reported as either consistent with
or not consistent with the expected animal species of origin.
Because of this, the results are not able to exclude other possible
animal species of origin (i.e., species for which data have not
been provided) and therefore cannot definitively establish the
species of origin for a test cell.
The isoenzyme analysis method is capable of detecting interspecies mixtures of cells, albeit with low sensitivity. The presence
of an inter-species cross contaminant may be detected if it
represents ≥10% of the total cell population[1]. The method
cannot detect mixtures of cells derived from the same animal
species or cells derived from different tissues of the same donor
organism.
It should be noted that isoenzyme analysis has been acceptable
to regulatory agencies as a species-level identity test for cell
substrates in the past, despite the limitations discussed above.

4. Direct Comparison of The CO1 Barcoding and
Isoenzyme Analysis Platforms
4.1. Specificity.
For animal species identity testing, the CO1 barcoding platform
is far superior to the isoenzyme analysis platform in terms
of specificity (i.e., able to resolve cells derived from different
species). The various factors determining specificity are
displayed in Table 1.
As displayed in Table 1, the specificity advantages of the CO1
barcoding platform include not only the much greater number
of reference species for which information is available, but also
the minimal subjectivity for this platform relative to the isoenzyme
analysis method and the ability of the barcoding assay to
definitively establish the animal species of origin for the test
sample.
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Table 1. Comparison of determinants of specificity
Determinant

Isoenzyme Analysis

CO1 Barcoding

Reference
Species
Available

25-30 species [18]*

>130000 species
[16]
**

Subjectivity

Choice of optimal enzymes
for resolving species is
operator-dependent; scoring
of gels to establish migration
distances is somewhat
subjective and is dependent
on use of proper color
development time

No subjectivity
in test design or
interpretation

Interpretation of
Result

Data are consistent with or
not consistent with expected
animal species of origin

Species of origin
is provided, or
inconclusive†

* Information for 23 animal species (including two polymorphisms for human
cells) is listed in the cited source. Additional species information has in the
past been available from Innovative Chemistry.
** As of May 2015 from the BOLD database.
† An inconclusive result which derives from detection of mixed sequences
will trigger an investigation.

4.2. Establishing cell line purity (freedom
from cross-contaminants).
For demonstrating cell line purity (defined as freedom from
cross-contaminating cells), the CO1 barcoding platform is as
capable as the isoenzyme analysis platform. The various factors
determining capability as a purity assay are displayed in Table 2.
Table 2. Comparison of capability as a cell line purity assay
Determinant

Isoenzyme Analysis

CO1 Barcoding

Ability to detect
the presence of
an intra-species
contaminant

Limited to ability to resolve
human polymorphism (A vs.
B) for glucose-6-phosphate
dehydrogenase

No capability

Sensitivity for
determining the
presence of an
inter-species
contaminant

The contaminating cell must
represent ≥10% of the total
cell population[1]

The contaminating
cell must represent
≥10% of the total cell
population[12]

Ability to identify
the contaminant
directly

In most cases, the mobility
information for the extra
bands attributed to the
cross-contaminant may be
used to identify the species
of the contaminant

The presence of a
mixed sequence for
the amplicon triggers
an investigation. A
separate assay must
then be used to
confirm and identify the
cross-contaminant
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As shown in Table 2, the isoenzyme analysis and the CO1
barcoding platforms each have some capability as a cell line
purity assay. Neither assay can differentiate between cells
derived from different tissues of the same donor organism. This
characteristic is shared by all available identity test methods.
Isoenzyme analysis has only extremely limited ability to resolve
intra-species contamination (i.e., human type A vs. human type B
polymorphs at the glucose-6-phosphate dehydrogenase locus).
The CO1 barcoding platform has essentially no capability for
detecting intra-species contamination. The platforms have similar
sensitivities for detecting inter-species cross-contamination. In
either case, the cross-contaminant must represent ~10% of the
total cell population in order to be detected. In reality, true cocultivations of two cell types are rare. More typically, one of the
pair propagates faster and rapidly replaces the other cell type
in the co-cultivation[e.g., 1]. The ability of the isoenzyme analysis
platform to identify the cross-contaminant directly is not a major
advantage. For investigation of an inconclusive result in a CO1
Barcode Assay, BioReliance has at its disposal investigational
tools that will serve this purpose, including Next Generation
Sequencing.

5. Discussion
The isoenzyme analysis assay has served as the prototypic
identity test for continuous animal cell lines for a number of
decades, complementing and in some cases superseding the
more labor-intensive karyotyping method historically used for
diploid cells. Advances in analytical science have paved the way
for replacement of isoenzyme analysis with STR-profiling or SNP
profiling for human cells. The specificity gains associated with
the molecular methods, as well as the existence since 2012 of an
ANSI standard for STR profiling[10], have helped to overcome the
inertia associated with longstanding use of the electrophoretic
method.
In the case of animal cell identity testing, STR profiling and SNP
profiling are not (yet) suitable for most animal species. This is
a reflection of the relatively great numbers of species for which
identity testing is needed and the lack of profiling primers and
datasets required for such testing. In the case of identity testing
for animal cells, CO1 barcoding and DNA fingerprinting appear
now to be the preferable technologies. Despite these analytical
advances, it is likely that isoenzyme analysis would have
continued to be the method most commonly used for cell identity
testing within regulated industries. It is only the non-availability of
the reagents required for the conduct of isoenzyme analysis that
is now driving the consideration of replacement methods.
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The fact that the newer technologies have not already replaced
isoenzyme analysis for animal cell identity testing should not be
interpreted to mean that the latter technology is better suited for
the purpose. The opposite is true. In fact, the method update has
not occurred previously due to the inertia present in the regulated
industries (i.e., the need for revision of release specifications for
cell banks, or the need to file for approval of method changes,
etc.) and the fact that there has been essentially no regulatory
advocation for moving to the newer methods.
In this White Paper, the CO1 barcoding platform, and the
BioReliance CO1 Barcode Assay in particular, have been
assessed in parallel with the historical isoenyzme analysis
procedure that must now be replaced. It has been shown that
specificity (the most critical attribute for an identity test) is much
superior for CO1 barcoding relative to isoenzyme analysis. The
ability of CO1 barcoding to serve as a cell line purity assessment
is approximately equivalent to the ability of isoenzyme analysis.
Both can detect inter-species cell line cross-contamination, albeit
with limited sensitivity.
In conclusion, the CO1 Barcode Assay for animal cell identity
testing clearly represents an improvement over the historical
methods, including isoenzyme analysis, in terms of specificity.
There is no reason to expect that the regulatory authorities will
have any objection, therefore, to replacing isoenzyme analysis
with the CO1 Barcode Assay for the identity component of cell
line characterization.
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