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Certified Specialist Programme in Cell Culture

Cell Line Authentication and Quality Control

Aneuploidy
Related terms: karyotyping, chromosomal instability
Aneuploidy refers to an abnormal number of chromosomes in a cell line, often arising during prolonged
culture. It can affect gene expression, drug response, and phenotype reproducibility. For example, a breast
cancer cell line that gains an extra copy of chromosome 8 may display heightened HER2 expression,
influencing therapeutic testing. Routine monitoring by spectral karyotyping or array‑CGH helps detect
aneuploid shifts. Challenges include the cost of high‑resolution methods and interpreting whether observed
changes impact experimental outcomes.

Authentication
Related terms: identity verification, cell line provenance
Authentication is the process of confirming that a cell line is exactly the one it is claimed to be. It typically
involves short tandem repeat (STR) profiling, mitochondrial DNA sequencing, or species‑specific PCR. A lab
that receives a new HeLa derivative should run an STR panel and compare the profile to the ATCC reference.
Failure to authenticate can lead to data misinterpretation and wasted resources. The main challenges are
maintaining a reference database and ensuring staff are trained in proper sample handling.

Biobanking
Related terms: cryopreservation, repository standards
Biobanking is the systematic collection, storage, and management of cell lines under controlled conditions.
It includes using liquid nitrogen vapor phase freezers, tracking inventory with barcodes, and documenting
passage numbers. A well‑maintained biobank enables rapid retrieval of low‑passage stocks, reducing the
risk of genetic drift. Practical application: a pharmaceutical company maintains a master cell bank of CHO
cells for biologics production. Challenges involve preventing cross‑contamination, ensuring temperature
stability, and complying with regulatory documentation requirements.

Contamination
Related terms: mycoplasma, cross‑species contamination
Contamination occurs when unwanted microorganisms or foreign cells infiltrate a culture. Mycoplasma
infection is the most common, often invisible under a microscope, yet it can alter metabolism, growth rates,
and experimental readouts. Cross‑species contamination—such as a fibroblast line overtaking a tumor cell
culture—can completely invalidate results. Routine screening using PCR, fluorescent staining, or enzymatic
assays is essential. The difficulty lies in detecting low‑level infections early and implementing strict aseptic
techniques without disrupting workflow.

Cross‑Contamination
Related terms: cell line misidentification, laboratory practices
Cross‑contamination refers specifically to the accidental introduction of one cell line into another, leading
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to mixed or replaced cultures. For instance, a mis‑labelled vial of HEK293 may replace a neuroblastoma line,
causing false conclusions about neuronal differentiation. Preventive measures include using dedicated
pipettes, separate biosafety cabinets, and rigorous labeling protocols. The challenge is that even a single
stray cell can overtake a culture due to growth advantages, making early detection critical.

DNA Fingerprinting
Related terms: STR profiling, authentication
DNA fingerprinting in cell line authentication uses multiplex PCR to amplify highly polymorphic short
tandem repeat loci. The resulting allele pattern creates a unique genetic “barcode” for each line. This
method is standardized by the International Cell Line Authentication Committee (ICLAC) and is the gold
standard for identity verification. An example workflow: extract genomic DNA, run the STR panel, compare
the profile to the reference database. Limitations include the need for high‑quality DNA and occasional
ambiguous results due to allelic dropout.

Donor‑Derived Cell Lines
Related terms: primary cultures, ethical consent
Donor‑derived cell lines originate from human or animal tissue obtained with informed consent and ethical
approval. They retain donor‑specific genetic traits, making them valuable for personalized medicine studies.
For example, patient‑derived glioblastoma stem cells can be cultured to test individualized drug regimens.
Practical considerations include tracking donor information, ensuring anonymity, and complying with
biobanking regulations. Challenges arise from limited proliferative capacity and the risk of phenotype drift
over passages.

Duplicate Cell Lines
Related terms: redundant stocks, resource waste
Duplicate cell lines are multiple stocks of the same line stored in different locations without proper
documentation. While redundancy can safeguard against loss, undetected duplicates can inflate inventory
costs and cause confusion during experiments. Implementing a centralized database with unique identifiers
helps avoid unnecessary duplication. The main obstacle is coordinating across multiple laboratories that
may independently generate or acquire the same line.

Epigenetic Drift
Related terms: DNA methylation, culture-induced changes
Epigenetic drift describes the gradual alteration of DNA methylation patterns, histone modifications, and
chromatin structure as cells are passaged. These changes can affect gene expression without altering the
underlying DNA sequence. A typical example is the loss of promoter methylation in a tumor suppressor
gene after many passages, leading to altered growth characteristics. Monitoring epigenetic status using
bisulfite sequencing or methylation arrays can inform when a line should be refreshed. The difficulty lies in
balancing assay cost against the impact on experimental reproducibility.

Freeze‑Thaw Cycle
Related terms: cryopreservation, viability loss
A freeze‑thaw cycle refers to the process of thawing a frozen cell aliquot, using the cells, and then
refreezing the remainder. Repeated cycles increase cellular stress, reduce viability, and accelerate genetic
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instability. Best practice is to aliquot cells into single‑use vials, avoiding multiple thaw events. For instance, a
lab may store CHO cells in 1 mL cryovials, each sufficient for a single experiment. The challenge is ensuring
sufficient volume per vial while minimizing waste.

Genetic Drift
Related terms: passage number, spontaneous mutation
Genetic drift denotes random changes in the genetic makeup of a cell line over time, often due to
spontaneous mutations, selection pressures, or sub‑clonal expansion. As passages accumulate, the line may
diverge from its original genotype, affecting phenotype consistency. An example is a point mutation in the
KRAS gene that emerges after 30 passages, altering drug sensitivity. Regular authentication and
low‑passage banking mitigate drift. The principal challenge is detecting subtle changes before they impact
experimental outcomes.

Human Cell Line Authentication (HCLA)
Related terms: ICLAC, STR profiling
HCLA is a framework endorsed by regulatory bodies to ensure that human cell lines used in research are
correctly identified. It mandates periodic STR testing, documentation of passage numbers, and reporting of
authentication results. Implementation often involves a standard operating procedure (SOP) that integrates
authentication into the cell culture workflow. The difficulty lies in aligning institutional policies with evolving
standards and maintaining compliance across multiple projects.

ICLAC
Related terms: International Cell Line Authentication Committee, misidentified cell lines
The International Cell Line Authentication Committee is an expert body that curates a list of misidentified
and cross‑contaminated cell lines, provides guidelines, and promotes best practices. Their database is
widely referenced when selecting cell lines for publication. For example, a researcher may consult the ICLAC
list before ordering a new line to avoid known problem cells. Challenges include keeping the list up‑to‑date
and encouraging universal adoption of its recommendations.

Identity Verification
Related terms: authentication, STR profiling
Identity verification is the systematic process of confirming that a cell line’s genetic profile matches its
documented source. It typically involves generating an STR profile and comparing it to a reference. In a
regulated environment, a laboratory may be required to submit verification certificates for each cell line
used in a GLP study. The main obstacles are maintaining an accurate reference library and ensuring that
staff perform verification at appropriate intervals.

In‑House Cell Line Repository
Related terms: biobanking, quality management system
An in‑house cell line repository is a facility managed by a single institution to store, track, and distribute cell
lines. It incorporates SOPs for cryopreservation, inventory control, and quality assurance. Practical use
includes providing low‑passage stocks to research groups, thereby reducing genetic drift. Challenges
involve allocating resources for freezer maintenance, staff training, and complying with institutional
biosafety regulations.
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Iso‑Strain Contamination
Related terms: sub‑species contamination, microbial cross‑talk
Iso‑strain contamination occurs when a culture is infiltrated by a closely related microbial strain that is
difficult to distinguish using standard detection methods. For instance, a Staphylococcus aureus line may
become contaminated with a methicillin‑resistant S. epidermidis strain, subtly altering experimental
outcomes. Advanced methods such as whole‑genome sequencing may be required for detection. The
primary challenge is the added cost and time for high‑resolution diagnostics.

Karyotyping
Related terms: chromosomal analysis, aneuploidy detection
Karyotyping is the visual examination of chromosomes during metaphase to assess number, structure, and
integrity. It is a classical method for detecting aneuploidy, translocations, or large deletions. In cell line
quality control, a routine G‑banded karyotype can reveal chromosomal abnormalities that might influence
phenotype. However, the technique is labor‑intensive and may miss sub‑microscopic alterations, prompting
the use of complementary methods like array‑CGH.

Low‑Passage Stock
Related terms: master cell bank, genetic stability
A low‑passage stock is a cell line aliquot that has undergone few sub‑culturing events, typically fewer than
10 passages from the original source. Maintaining low‑passage stocks minimizes genetic drift and
phenotypic variation. For example, a biotech company may generate a master cell bank (MCB) at passage 3
and a working cell bank (WCB) at passage 5, using the WCB for routine experiments. The challenge is
balancing the need for fresh material against the logistical burden of frequent re‑derivation.

Mycoplasma Detection
Related terms: contamination screening, PCR assay
Mycoplasma detection involves testing cultures for the presence of these small bacteria, which lack cell
walls and can pass through standard filters. Common methods include PCR, fluorescent DNA staining, and
enzymatic assays (e.g., MycoAlert). Routine monthly testing is recommended for all actively proliferating
cultures. An infected line may display slower growth, altered metabolism, and compromised transfection
efficiency. The difficulty lies in maintaining vigilance and interpreting low‑level positives.

Passage Number
Related terms: cell doublings, genetic drift
Passage number denotes how many times a cell line has been sub‑cultured since its initial establishment. It
is a surrogate for cumulative cell doublings and is directly linked to the risk of genetic and epigenetic
changes. Recording passage numbers in lab notebooks and electronic systems enables traceability. For
instance, a protocol may specify using cells between passages 5 and 15 for reproducibility. The main
challenge is consistent documentation across multiple users and experiments.

Phenotypic Drift
Related terms: functional change, culture adaptation
Phenotypic drift describes the gradual alteration of observable characteristics—such as morphology, growth
rate, or marker expression—due to prolonged culture. An example is a neuronal progenitor line that loses
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expression of MAP2 after many passages, diminishing its utility for differentiation studies. Regular functional
assays (e.g., flow cytometry for surface markers) help detect drift early. The difficulty is that subtle changes
may not be apparent without systematic monitoring.

Quality Management System (QMS)
Related terms: ISO 9001, SOPs
A QMS is a structured framework of policies, procedures, and records that ensures consistent quality in cell
line handling. It incorporates document control, training, internal audits, and corrective actions. In a certified
specialist programme, adherence to a QMS demonstrates compliance with regulatory expectations.
Implementing a QMS can be resource‑intensive, requiring dedicated personnel and ongoing review.

Reference STR Profile
Related terms: authentication database, ICLAC standards
A reference STR profile is a documented set of allele calls for a given cell line, stored in a trusted database
such as ATCC or the ICLAC repository. It serves as the benchmark against which laboratory‑generated
profiles are compared. When a new lot of a line is received, the user runs an STR assay and matches the
result to the reference; a match confirms identity. Challenges arise when reference profiles are incomplete
or when allelic variations occur due to cell line evolution.

Repository Documentation
Related terms: inventory records, chain‑of‑custody
Repository documentation comprises all records that track a cell line’s origin, handling, passage history, and
quality control results. Essential components include receipt forms, cryopreservation logs, authentication
certificates, and contamination screening outcomes. Proper documentation enables traceability for audits
and publications. The main difficulty is ensuring that all users consistently update records, especially in
high‑throughput environments.

Species‑Specific PCR
Related terms: contamination detection, cross‑species verification
Species‑specific PCR assays amplify DNA sequences unique to a particular organism, allowing rapid
confirmation that a cell line is of the intended species. For example, a murine fibroblast line can be screened
with primers targeting mouse mitochondrial DNA to rule out human cell contamination. This method is fast,
inexpensive, and highly sensitive. Limitations include the need for well‑validated primers and the possibility
of false negatives if DNA is degraded.

Standard Operating Procedure (SOP)
Related terms: QMS, protocol compliance
An SOP is a written, step‑by‑step instruction that standardizes a specific laboratory activity, such as cell
thawing, mycoplasma testing, or STR profiling. SOPs ensure consistency, reduce errors, and provide a basis
for training. In the context of cell line authentication, an SOP might detail sample collection, DNA extraction,
PCR conditions, and data interpretation. The challenge is keeping SOPs current with evolving technologies
and regulatory updates.

Sub‑Clonal Selection
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Related terms: clonal drift, culture adaptation
Sub‑clonal selection occurs when a minority cell population possessing a growth advantage expands
preferentially during passaging, leading to a new dominant genotype. This can happen unintentionally
when selecting for faster‑growing cells. An example is a cancer line that acquires a drug‑resistant sub‑clone
after repeated exposure to low‑dose chemotherapeutics. Monitoring clonal composition via deep
sequencing can reveal such events. Preventive measures include minimizing selective pressures and using
low passage numbers.

Temperature Excursion
Related terms: cryopreservation integrity, freezer monitoring
Temperature excursion describes any deviation from the prescribed storage temperature of frozen cell
stocks, typically -150 °C in liquid nitrogen vapor phase. Even brief excursions can cause ice crystal formation,
reducing cell viability. Continuous temperature logging and alarm systems help detect excursions promptly.
In practice, a laboratory may discard any vial that experienced a temperature rise above -130 °C for more
than 30 minutes. The difficulty lies in maintaining reliable freezer infrastructure and responding quickly to
alarms.

Traceability
Related terms: chain‑of‑custody, documentation
Traceability is the ability to track a cell line’s history from its original source through every manipulation,
storage, and distribution step. It relies on unique identifiers, detailed records, and electronic tracking
systems. For regulatory submissions, traceability demonstrates that the material used in an assay is
well‑characterized. Common obstacles include inconsistent labeling conventions and incomplete data
capture during shift changes.

Validation of Authentication Methods
Related terms: method qualification, regulatory compliance
Validation ensures that the chosen authentication technique reliably distinguishes between cell lines under
defined conditions. It involves assessing specificity, sensitivity, reproducibility, and robustness. For example,
a laboratory may validate its STR assay by testing known reference samples over multiple runs and
confirming consistent allele calls. Proper validation supports acceptance by auditors and regulatory bodies.
The challenge is allocating time and resources for thorough validation while keeping up with
methodological advances.

Variable Passage Protocol
Related terms: passage number control, experimental consistency
A variable passage protocol defines acceptable passage ranges for a given experiment, acknowledging that
some studies tolerate higher passages while others require strict low‑passage usage. Researchers may
specify “use cells between passage 3 and 8” for drug screening, while a differentiation assay may demand
passage ≤5. Establishing these ranges requires empirical data on phenotype stability. The main difficulty is
balancing experimental flexibility with reproducibility demands.

Verification of Cell Line Origin
Related terms: source documentation, provenance
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Verification of origin involves confirming that the claimed supplier, tissue source, and derivation method
match the actual material. This may include reviewing certificates of analysis, donor consent forms, and
publication records. For high‑risk projects, labs may request a chain‑of‑custody statement from the vendor.
A failure in origin verification can lead to ethical breaches or scientific inaccuracies. Maintaining transparent
communication with suppliers mitigates such risks.

Viral Contamination Screening
Related terms: retrovirus testing, biosafety
Viral contamination screening detects the presence of endogenous or exogenous viruses that could affect
cell behavior or pose biosafety hazards. Common assays include reverse transcription PCR for retroviruses,
ELISA for viral antigens, and next‑generation sequencing for broad detection. For example, a production cell
line for vaccine manufacturing must be free of adventitious viruses. Screening adds cost and time, and
interpreting low‑level signals requires expert judgment.

Voucher Specimen
Related terms: reference material, reproducibility
A voucher specimen is a preserved sample of a cell line (often a frozen aliquot) retained by the original
provider as a reference. It enables future verification that the distributed material matches the source.
Researchers may request a voucher when purchasing a line from a repository, ensuring that any future
disputes can be resolved by comparing authentication data. Challenges include the logistics of maintaining
vouchers under optimal conditions and ensuring they are not inadvertently used in experiments.

Whole‑Genome Sequencing (WGS)
Related terms: deep authentication, mutation detection
WGS provides a comprehensive view of a cell line’s genetic landscape, identifying single‑nucleotide variants,
structural rearrangements, and copy‑number changes. While more expensive than STR profiling, WGS can
detect subtle mutations that influence phenotype, such as point mutations in drug‑target genes. In quality
control, a lab may perform WGS on a master bank to establish a detailed baseline, then compare later
samples to detect drift. The main barriers are cost, data storage, and bioinformatic expertise required for
analysis.

Xenogeneic Contamination
Related terms: cross‑species contamination, biosafety
Xenogeneic contamination refers to the presence of cells or biological material from a different species than
intended. This can happen when a mouse-derived fibroblast contaminates a human tumor line, potentially
altering experimental outcomes and raising biosafety concerns. Detection often uses species‑specific PCR or
immunostaining. Preventive strategies include dedicated equipment for each species and rigorous labeling.
Challenges include the need for rapid detection methods that can be applied to large numbers of cultures.

Yield Optimization
Related terms: cell expansion, cryopreservation recovery
Yield optimization focuses on maximizing viable cell numbers after thawing and during expansion while
preserving genetic integrity. Techniques include using optimized thawing media, controlled-rate freezing,
and adapting seeding densities. For example, adding a ROCK inhibitor during the first 24 hours post‑thaw
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can improve survival of sensitive stem cell lines. The trade‑off is that some additives may influence
downstream assays, requiring validation of their impact.

Zero‑Passage Stock
Related terms: primary isolate, master cell bank
Zero‑passage stock refers to the original culture directly derived from tissue without any sub‑culturing. It
serves as the ultimate reference for a cell line’s authentic genotype and phenotype. Maintaining a
zero‑passage stock is rarely feasible for long‑term projects, but it is crucial for establishing a master cell
bank. For instance, a lab may cryopreserve the initial primary glioma culture at -150 °C, then derive all
subsequent stocks from this source. The challenge is the limited proliferative capacity of primary cells and
the need for immediate cryopreservation.
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