
Microsatellite Markers in Biobanking:
A New Multiplexed Assay

Gretchen Smith,1 Debra Mathews,2 Samuel Sander-Effron,1 Deborah Requesens,1,3

Nahid Turan,1 and Laura Scheinfeldt1,i

Microsatellites, or MSATs, offer a fast and cost-effective way for biobanks to establish a biospecimen genetic
profile. Importantly, this genetic profile can be used to authenticate multiple submissions derived from the same
individual as well as biospecimens derived from the same original sample submission over time. While the
Certificate of Confidentiality provided by the National Institutes of Health offers some meaningful protection to
prevent the disclosure of potentially identifiable information to entities within the United States, we consider, in
this study, the potential to offer additional protection to participants who choose to donate to biobanks by
minimizing the use of forensic Combined DNA Index System (CODIS) MSAT markers in biobanking. To this
end, we report the design and validation of a new multiplexed MSAT assay that does not include CODIS
markers for use in biobanking operations and quality control management.
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Introduction

The ubiquity of repetitive elements in eukaryotic
genomes has contributed to their extensive character-

ization and cataloging.1 Microsatellites (MSATs), also
known as short tandem repeats (STRs), comprise the subset
of these elements with repeat sequences shorter than 14 bp
in length. MSAT methodology emerged in the 1980s
through efforts to leverage individual human genetic vari-
ation data to construct a unique genetic profile or genetic
‘‘fingerprint.’’2 Since that time, MSATs have been utilized
in a wide range of applications, including population ge-
netics,3 forensic testing,4 cell line authentication,5,6 pater-
nity testing in humans,7 animals8 and plants,9 genetic
mapping,10,11 and biobanking.12 MSATs are found across
the human genome, exhibit relatively high levels of allelic
variability in humans, and are inherited according to known
principles of human genetics.13

Biospecimen genetic profiling

From the biospecimen perspective, there are two primary
applications of MSAT methodology that we consider in
more detail, biobanking and forensic testing. Biobanking

involves the collection, processing, storage, and distribution
of biological samples, including but not limited to blood,
tissue, cell cultures, and DNA.14 There are several advan-
tages to the use of MSATs in biobanking. First, when
multiple samples collected from the same individual are
submitted to a biobank, MSAT profiling remains the fastest
and most cost-effective way to compare genetic variation in
DNA extracted from each submission vial to confirm that all
of the samples originated from the same individual. Indeed,
the data collection, storage, and analysis of MSATs are all
more cost effective and time efficient relative to newer
array-based or next-generation sequencing-based assays,
especially when multiplexed.15,16 Moreover, this value is
especially relevant to older, historical biobanks that include
thousands or tens of thousands of submissions with
(or without) already established MSAT profiles. Second,
biobanks that store MSAT profiles for each biospecimen can
also compare profiles between submissions to identify po-
tential duplicate submissions and submissions from related
individuals. Third, initial MSAT profiles collected at sub-
mission can be stored and compared against MSAT profiles
collected from derived products that are produced through
downstream sample processing to ensure biospecimen
identity and integrity over time. Fourth, MSAT profiles of
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derived biospecimens that are distributed back to the re-
search community can be compared against the submission
MSAT profile to confirm that every externally distributed
sample is derived from the intended original submission.
These third and fourth use cases are especially relevant for
cell culture biobanking. Studies of lymphoblastoid cell line
transformation,17 passaging, and expansion18 demonstrate
negligible impact on genome-wide genetic variation over
time. However, the extensive documentation of mis-
characterized and misidentified cell line use in research
demonstrates the critical importance of maintaining con-
sistent measures of cell line integrity and quality control
throughout biospecimen processing.19–21

Forensic applications benefit from MSAT profiling in a
similar manner. In these cases, MSAT profiles are typically
compared between crime scene biospecimens and potential
victim-derived biospecimens, potential suspect-derived
biospecimens, or MSAT profiles already stored in forensic
databases.4,22 The Federal Bureau of Investigation (FBI) has
typically used 13 STR loci for forensic profiling in the
United States, although this was recently expanded to 20
loci, and Interpol uses 12 loci in the EU.23,24 The FBI
maintains the Combined DNA Index System (CODIS),
which comprises MSAT profiles of DNA samples collected
from crime scenes and from individuals for potential
matches.25

Ethical issues raised by MSAT usage

Due to a long history of marginalization, exploitation, and
abuse of black communities, indigenous peoples, and other
communities of color by researchers, there is understandable
mistrust within those communities of those of us who con-
duct research.26,27 Relatedly, there is also a lack of repre-
sentation of these communities in genetic research,28,29

limiting what we can know and understand of the genetic
diversity within these communities and the benefits that
research can offer them. When the language we use to de-
scribe people/samples in research is the language of law
enforcement, trust is more likely to be harmed than rebuilt,
and efforts to improve equity in research will be frustrated.

Given the increasing use of genetic information from
noncriminal contexts by law enforcement to identify crime
scene suspects, there is an additional concern about the use
and potential misuse of genetic information that has been
collected for other applications,30,31 including research.
Some protection of these data and the individuals from
whom they were derived is offered by the National Institutes
of Health (NIH) through Certificates of Confidentiality
(COCs), which are issued automatically for all NIH-funded
projects that use identifiable information collected from
participants, and can be requested by projects that are not
funded by the NIH.32 The NIH COC protects against the
disclosure of identifiable participant information ‘‘in any
Federal, State, or local civil, criminal, administrative, leg-
islative, or other proceeding’’32; however, there are very few
instances in which this protection has been tested in court.32

While a COC might minimize the risk of misuse of CODIS
MSATs collected from research participant biospecimens, it
cannot address the concerns about trust. An additional
protection that can be offered by biobanks to research par-
ticipants who agree to donate biospecimens is the minimi-
zation of use of CODIS markers in biospecimen processing,

quality control and integrity analyses, and authentication—
describing samples in a language that is unique to research
and not shared by law enforcement.

In this study, we describe a new MSAT assay for use in
biobanking operations and quality control management that
minimizes risk of data misuse by law enforcement by ex-
cluding the CODIS MSATs that are used by law enforce-
ment in the United States.

Methods

In 1997, Coriell scientists implemented an MSAT assay
comprising six tetranucleotide repeats that are polymorphic
in humans for biobanking applications (THO-1, D5S592,
D10S526, vWA31, D22S417, and FES/FPS). Since 2004,
Coriell has used an ABI 3730 fluorescent sequencer with 48
capillaries to assay this set of MSATs. This instrument is
higher throughput and allows more flexible fluorochrome
selection for assaying multiplexed sets of MSATs relative to
the older ABI 377 that was previously employed. By using
several fluorochromes, labeled primers can be multiplexed
at the polymerase chain reaction (PCR) step, or combined in
a single capillary run after PCR.

This standard set of six MSATs is run with a primer pair
targeting the amelogenin allele on the X and Y chromo-
somes. The amplicon size from the amelogenin gene on the
X and Y chromosomes differ; thus, male samples generate
two different-sized amplicons, and female samples generate
two amplicons of the same size.33 This feature, therefore,
allows a single multiplex PCR assay to generate both a DNA
fingerprint for biospecimen identity profiling and a deter-
mination of sex. The assay is routinely run on DNA ex-
tracted from each submission vial (most commonly whole
blood) as well as on each derived biospecimen (most com-
monly transformed or expanded lymphoblastoid cell
lines). This assay can also detect as low as 10% cross-
contamination from other samples; in particular, the pres-
ence of more than two alleles at a given MSAT locus
indicates cross-contamination. We note that when large-
scale data, such as genome-wide single nucleotide poly-
morphism microarray data or next-generation whole genome
sequencing data, are available, several more sensitive meth-
ods to identify cross-contamination are available.34–36

For the past decade, Coriell has employed a supplemental
panel of MSATs, the ‘‘Identifiler Plus’’ (the AmpFLSTR�
Identifiler� Plus PCR Amplification Kit by Thermo Fisher
Scientific), for added discrimination in the subset of cases
where all standard six MSAT loci match between apparently
distinct individuals. The Identifiler Plus marker set contains
15 STRs, of which 13 overlap core CODIS loci. More re-
cently, in an effort to minimize the inclusion of CODIS
markers in ongoing quality control efforts, Coriell has de-
veloped a new in-house supplemental panel of six MSATs.

MSAT assay development

One of the members of the NIGMS Human Genetic Cell
Repository (NIGMS Repository) Scientific Advisory Com-
mittee, Andrew J. Sharp, PhD, shared a list of over 600 tet-
ranucleotide MSATs with relatively high heterozygosity in
human whole genome sequencing data. We prioritized can-
didates for our new assay based on those with the largest
number of observed alleles. Of those 38 candidates, we used
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the Primer3 tool37–39 to predict the range of PCR product
size, GC content, primer melting temperature (Tm), and the
degree of self-complementarity of each primer. We further
used the Thermo Fisher Scientific Multiple Primer Analyzer
to identify potential primer dimerization between primer
pairs. After computational predictions were evaluated, we
chose eight MSAT primer pairs to assess in the laboratory.
Primers resulting in overlapping allele size ranges were tag-
ged with distinct fluorochromes. Each of these primer pairs
were first run in an individual PCR to confirm successful PCR
amplification; seven of these primer pairs successfully am-
plified individually and were tested together in a multiplex
PCR; and six of these primer pairs successfully amplified in a
multiplexed PCR. A range of annealing temperatures were
compared (58�C, 60�C, 62�C, 64�C, and 66�C), and the 64�C
annealing temperature resulted in the best PCR performance.
Supplementary Table S1 includes additional information on
multiplex PCR conditions, and Supplementary Table S2
contains additional details on each primer pair.

All of this initial primer testing was performed on three
NIGMS Repository DNA samples (NA06990, NA10859,
and NA07057). MSAT allele sizes were called using Thermo
Fisher Scientific’s GeneMapper� software. As shown in
Supplementary Table S2, one MSAT marker pair lies on the
same chromosome, and the markers are over 13 Mb apart.
When comparing the locations among the standard and new
MSAT assay markers, two additional MSAT marker pairs
lie on the same chromosome, each over 30 Mb apart. While
linkage disequilibrium (LD) in humans has been documented
over regions as large as 1 Mb,40 the majority of LD regions
across human genomes are much smaller and consistent with
our assumption of relative independence across MSAT
markers included in our standard and new MSAT assays.

No IRB approval was needed to conduct this study.

Results

Assay implementation

For the current study, we leveraged data from the NINDS
Human Genetics Resource Center (NINDS Repository), one
of the largest biorepositories at Coriell with over 48,000
unique submissions. Each of the six standard MSAT
markers has sufficiently high heterozygosity in the NINDS
Repository sample data (0.78, 0.83, 0.90, 0.81, 0.84, and
0.70, respectively), such that the probability of identical
‘‘profiles’’ in unrelated individuals with this marker set is
theoretically one in one million (when assuming indepen-
dence among markers).41 We calculate similar theoretical
discriminatory power for the new set of six MSAT markers
using the same approach,41 assuming unrelated individuals
and independence among markers, and using the heterozy-
gosity information shared by Dr. Sharp; however, we do not
have enough data to estimate the empirical discriminatory
power of this marker set.

In practice, all of the NINDS Repository samples have
been assayed for the standard MSAT 6-plex, and the Mo-
lecular Biology Laboratory at Coriell has documented sev-
eral matches (Table 1). Two of these matched pairs reflect
comparisons between family members, while the remaining
eight matched pairs occurred between apparently unrelated
individuals. Three of these matched pairs occurred between
individuals with distinct self-reported gender, while the re-

maining seven matched pairs occurred between individuals
with the same self-reported gender. The results from the
new MSAT assay demonstrate the ability to distinguish all
10 NINDS Repository matched pairs that previously re-
quired a second MSAT assay (in this case the Identifiler Plus
assay) to differentiate (Table 1). This discrimination power
holds even for related individuals. The siblings from family
NINDS0760 can be distinguished by one allele for four
of the six new MSATs, and the siblings from family
NINDS5712 can be distinguished by one allele for two of
the six new MSATs. Of the remaining eight pairs of indi-
viduals that shared profiles for all six of the standard MSAT
assay, no more than one of the new assay’s MSATs is shared
between individuals. Therefore, in cases where the standard
MSAT assay is unable to distinguish apparently unrelated or
related but distinct individuals, adding the new MSAT assay
offers additional and adequate discrimination power without
using any additional CODIS markers.

Discussion

MSAT assays offer a fast and cost-effective way15,16 for
biobanks to establish a genetic fingerprint of each biospe-
cimen submission to serve as a reference against other
submissions as well as against biospecimens derived from
the same submission to ensure sample authentication and
sample integrity over time. We have routinely used a mul-
tiplexed assay of six MSATs to establish genetic profiles for
each biobank submission. While the theoretical discrimi-
natory power of this standard assay is one in one million,
in practice we occasionally identify matching profiles be-
tween biospecimens collected from distinct people. We
previously utilized the Identifiler Plus assay for additional
resolution in these cases; however, this assay includes 13
CODIS markers and the NIGMS Repository Scientific Ad-
visory Committee in collaboration with the NIGMS Re-
pository team at Coriell felt an alternative that did not rely
on MSAT markers used by law enforcement would offer
added protection to individuals who contribute samples to
biorepositories.

We developed and validated a new multiplexed MSAT assay
to replace our reliance on the Identifiler Plus assay to dis-
criminate samples that could not be distinguished by our
standard MSAT 6-plex assay alone. We leveraged existing data
from over 48,000 research participants that have donated
biospecimens to the NINDS Repository and identified a subset
of 10 submission pairs from distinct individuals with matching
profiles using our standard MSAT assay. The results from our
new MSAT assay demonstrate the ability to distinguish all 10
NINDS Repository matched pairs that previously required the
Identifiler Plus assay to differentiate (Table 1). This discrimi-
nation power holds even for the subset of related individuals
included in Table 1. Therefore, in cases where our standard
MSAT assay is unable to distinguish apparently unrelated or
related but distinct individuals, adding this new MSAT assay
offers additional and adequate discrimination power without
reliance on the Identifiler Plus assay.

More generally, we have found that there are more than
enough polymorphic MSATs in the human genome to use
for biobanking applications without the need to rely on
CODIS markers. In this study, we share the development
and validation of a new multiplexed MSAT assay that
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demonstrates discriminatory power between apparently un-
related as well as between related individuals without the
inclusion of CODIS markers.
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