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Chapter 1 Intreductlon to-

DNA‘fragment anaIyS|s_

Fragment analysis—what does it mean?

In the context of Applied Biosystems™ genetic analyzers, fragment analysis is (1)
the preparation, electrophoretic separation, and detection of fluorescently labeled
biomolecules (typically DNA), followed by (2) software-assisted analysis and
interpretation of the resulting electrophoretic peak data.

The predominant use and application of fragment analysis data is to obtain information
from the visualization of fluorescently labeled DNA molecules in an annotated
electropherogram or digital data in table format.

For most fragment analysis applications, DNA fragments are prepared as fluorescently
labeled PCR products (@amplicons). Fragment analysis data are colored peaks that line
up on an electropherogram: the x-axis represents size measured in nucleotides, and the
y-axis represents the peak signal intensity measured in relative fluorescent units (RFU).

So what kind of information can you get from fragment analysis data?

Examples of widely used fragment analysis applications include the determination of:

The identity of a single species or multiple species (e.g., viral, bacterial, fungal, plant,
animal)

e The identity of an individual (e.g., human identity for forensic, paternity, or maternity
purposes) or a different organism

* The allele status of a region or locus of interest (e.g., insertion or deletion, copy
number variation, SNP, mutation, variant)

¢ Discrete genomic differences between multiple specimens (e.g., biological species
diversity, molecular fingerprinting, or CRISPR-Cas9-mediated mutagenesis
screening)

e The “state of health” or decay of a genome (e.g., apoptosis, microsatellite instability,
methylation status, and expansion or shrinkage of genomic loci)

e The secondary structure of a biomolecule
e The activity of DNA-interacting enzymes
e The precise size of restriction fragments or genetic-engineering constructs

¢ And many more applications

Fragment analysis i thermofisher.com/fragmentanalysis
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Figure 1.1. A simplified electropherogram to illustrate the
concept of four “dimensions of information” in fragment analysis
data. Peaks are in different colors according to the fluorescent label
of the DNA fragment. The DNA fragments (visualized as peaks) are
separated by capillary electrophoresis (CE) according to their size as a
function of migration time through the polymer gel matrix. Peaks have
different peak heights reflecting different quantities of DNA fragments
present in the CE run. For this example, the fragments (peaks) were
generated by PCR with defined primers (*); therefore, we know the
identity of the fragment and, very likely, also the DNA sequence of the
insert. A deviation of the observed size in CE and the size predicted
by bioinformatics might indicate a change—a deletion if the fragment
is shorter than expected or an insertion if the fragment is longer
than expected. Note that overlapping or same-sized peaks can be
distinguished due to multicolor detection. (Axes are not drawn to scale.)

What kind of information is contained in the data?

There are essentially four “dimensions of information” embedded
in fragment analysis data (Figure 1.1):

¢ The size of the DNA fragment(s) measured in nucleotides,
which gives information on the length of the fragment.

e The peak heights or peak areas of the fluorescent signal
detected from the DNA fragment(s) give information on the
relative abundance and can be used for quantitation under
certain experimental conditions.

e The peak color (i.e., the fluorescent label detected), which
can give customized encoded information (e.g., a specific
primer (pair), a G, A, T, or C nucleotide, a specific genus or
species, a particular panel, or any other encoded information).
Currently, five dye channels are available for labeling PCR
primers with fluorescent dyes.

e The primer sequences that are used for generating the DNA
fragment(s); they provide information on the genomic location
and the expected identity (including DNA sequence) of the
amplified fragment(s).

Researchers have a toolbox to obtain answers to both simple and
more complex biological questions with relatively low effort using
these four parameters.

In the following chapters, we provide thorough coverage of
the principles of fragment analysis technologies, the basics
of multi-color capillary electrophoresis, the steps in the
various workflows, required materials, experimental design
strategies, and predeveloped solutions for some commonly
used applications.

An overview of fragment applications can be found at
thermofisher.com/fragmentanalysis.

If you are entirely new to DNA fragment genetic analysis, we
recommend the following videos:

e Fragment analysis—the other half of your Applied
Biosystems genetic analyzer

* How does fragment analysis work?

What is the difference between
fragment analysis and sequencing?

Fragment analysis involves:

¢ Labeling DNA fragments with fluorescent dyes (Figure 1.2).
Multiple fluorescent dyes can be detected from one sample.
One of the dyes is used as a size standard in each sample.
The size standard is used to extrapolate sizes (bp) of the
peaks from each sample.

o Amplifying labeled fragments using polymerase chain reaction
(PCR) on a thermal cycler.

e Separating the fragments by size using capillary
electrophoresis (CE) on an Applied Biosystems™
genetic analyzer.
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Figure 1.2. Fragment analysis is the process of separating and
sizing fluorescently labeled fragments.
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e Analyzing the data using software to determine:

Size: The analysis software uses the size standard in
each sample to create a standard curve for each sample.
The software then determines the relative size of each
dye-labeled fragment in the sample by comparing
fragments with the standard curve for that specific
sample.

Genotype: The analysis software assigns allele calls
based on user-defined markers (loci).

Relative quantity: Peak height is measured in relative
fluorescent units (RFU) or as integrated numerical values
for the peak area.

Sequencing is the determination of the base-pair sequence of a

DNA fragment by the formation of extension products of various

lengths amplified by PCR (Figure 1.3). For more information,

refer to the “Chemistry guide: DNA sequencing by capillary
electrophoresis” (Pub. No. 4305080). Sequencing is a special
format of fragment analysis, namely a high-density fragment

multiplex end-labeled with four fluorescent dyes. In contrast to

DNA fragment analysis, no internal size standard is added to the

sample before electrophoretic separation. However, a sequencing

reaction sample can be treated as a fragment analysis sample

by combining it with a size standard (e.g., Applied Biosystems™

GeneScan™ 600 LIZ"™ dye standard) and processing the CErunin
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Figure 1.3. Sequencing is the process of identifying the

nucleotides of a DNA sequence
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fragment analysis mode.

What can | do with
fragment analysis?

Microsatellite analysis (see Chapter 4, “Microsatellite analysis”)

- Microsatellite markers (loci), also known as short tandem
repeats (STRs), are polymorphic DNA loci consisting of a
repeated nucleotide sequence. In a typical microsatellite
analysis, microsatellite loci are amplified by PCR using
fluorescently labeled forward primers and unlabeled
reverse primers. The PCR amplicons are separated by size
using electrophoresis. Applications include:

e Linkage mapping

e Animal breeding

¢ Human, animal, and plant typing
e Pathogen subtyping

¢ Genetic diversity

e Microsatellite instability

e Loss of heterozygosity (LOH)

e Multiple locus variant analysis (MLVA)

SNP genotyping (see Chapter 5, “Single-nucleotide
polymorphism (SNP) genotyping”)

- A single-nucleotide polymorphism (SNP) consists of
a single base pair that varies from the known DNA
sequence, thereby creating up to four alleles or variations
of the marker. Applications include:

e Applied Biosystems™ SNaPshot™ Multiplex Kit for
single-base extension (SBE) labeling

Allele-specific PCR or amplification-refractory mutation
system (ARMS)

Oligonucleotide ligation assay (OLA)

Insertion or deletion (indel) detection: a fluorescently labeled
PCR primer pair flanking a suspected indel can reveal size
information of an indel event
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¢ Fingerprinting (see Chapter 6, “Fingerprinting”)

- Several AFLP™ (amplified fragment length polymorphism)
technologies use restriction enzyme length polymorphism
and PCR to generate a fingerprint for a given sample,
allowing differentiation between samples of genomic DNA
based on the fingerprint. Applications include:

e Microbial genome typing
- Inter-simple sequence repeat (ISSR)

e Animal or plant genome typing

e Creation of genetic maps of new species

¢ Genetic diversity and molecular phylogeny studies
e Establishment of linkage groups among crosses

* Relative fluorescence (see Chapter 7, “Relative fluorescence
quantitation (RFQ)”)

- Relative fluorescence applications compare peak height or
area between two samples. Common techniques include:

e Qualitative fluorescence (QF) PCR

¢ Quantitative multiplex PCR of short fluorescent
fragments (QMPSF)

¢  MLPA™ (multiplex ligation-dependent probe
amplification) analysis

- Applications include:

e Loss of heterozygosity (LOH) in tumor samples
e Copy number variation (CNV)

¢ Aneuploidy detection

Categories of applications in this guide.

e Analysis of double-stranded DNA (see Chapter 8, “Application
note—Analysis of double-stranded DNA”)

- Biochemical characterization of nucleic acid
metabolic enzymes

- Fluorescent DNA template as substrate and reporter of
biochemical activity

Note: Not all applications are covered in this document. Please
visit thermofisher.com/fragmentanalysis for more information.

What is capillary electrophoresis?

Capillary electrophoresis (CE) is a process used to separate
ionic fragments by size. Applied Biosystems™ CE systems use an
electrokinetic injection to inject DNA fragments from solution into
each capillary.

During CE, the amplification products of the PCR reaction

(and any other negatively charged molecules such as salt or
unincorporated primers and nucleotides) enter the capillary as
a result of electrokinetic injection. A short high-voltage charge
applied to the sample forces the negatively charged fragments
into the capillaries. The electrokinetically injected molecules are
separated by size based on their total charge.

Category

Supported by
Thermo Fisher

Description

Thermo Fisher Scientific has tested and validated this protocol on the instrument system specified. The
technical support and field application specialists have been trained to support this protocol.

Demonstrated by
Thermo Fisher

Thermo Fisher.

Thermo Fisher has tested this protocol but has not validated for the instrument system specified.
Certain components of the protocol workflow such as reagent kits and other protocols for preparation
of reagents may not be available through Thermo Fisher. Supporting documentation such as application
notes may be available from Thermo Fisher and/or third parties. Limited support is available from

Demonstrated by
customer

Thermo Fisher has not tested this protocol. However, at least one customer or third party has reported
successfully performing this protocol on the instrument system specified. Thermo Fisher cannot
guarantee instrument and reagent performance specifications with the use of customer-demonstrated
protocols. However, supporting documentation from Thermo Fisher and/or third parties may be available
and Thermo Fisher may provide basic guidelines in connection with this protocol.

Fragment analysis i thermofisher.com/fragmentanalysis
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The electrophoretic mobility of the sample can be affected by the
run conditions: the type, concentration, and pH of the buffer; the
run temperature; the amount of voltage applied; and the type of
polymer used.

Shortly before reaching the positive electrode, the fluorescently
labeled DNA fragments, which are separated by size, move
across the path of a laser beam. The laser beam causes the

dyes attached to the fragments to fluoresce. The dye signals are
separated by a diffraction system, and a CCD camera detects the
fluorescence (Figure 1.4).

Because each dye emits light at a different wavelength when
excited by the laser, all colors, and therefore loci, can be detected
and distinguished in one capillary injection.

The fluorescence signal is converted into digital data, then
the data is stored in a file format compatible with an analysis
software application.

Hardware required for fragment analysis
To perform fluorescent DNA fragment analysis by capillary
electrophoresis, two types of instruments are required:

e PCR thermal cycler
e Capillary electrophoresis (CE) genetic analyzer

Thermo Fisher offers a variety of thermal cyclers and genetic
analyzers to match your budget and throughput needs.

Capillary array

Diffraction system

—

Laser

__.-‘

Figure 1.4. Overview of the physics of fragment analysis.

A brief overview of the steps involved in the fragment analysis workflow.

Phase Technology Products

1. DNA isolation Depends on sample source and application DNA isolation method depends on the starting DNA source.
For guidelines on isolating DNA, visit here.

2. DNA purification Depends on sample source and application For information on appropriate products, visit here.

3. DNA quantification | Dye-labeling and fluorometric detection

Invitrogen™ Qubit™ fluorometer and quantitation kits
For more information, visit thermofisher.com/qubit.

4. PCR amplification | Dye-labeling and amplification of fragments

using a thermal cycler

Applied Biosystems™ ProFlex™ PCR System
Applied Biosystems™ VeritiPro™ Thermal Cycler
Applied Biosystems™ SimpliAmp™ Thermal Cycler
Applied Biosystems™ MiniAmp™ Thermal Cycler

5. Capillary Separation of fragments based on size using | Applied Biosystems™ 3500 or 3500xL. Genetic Analyzer
electrophoresis a genetic analyzer Applied Biosystems™ 3730 or 3730x/ Genetic Analyzer
Applied Biosystems™ SeqStudio™ Genetic Analyzer
Applied Biosystems™ SeqStudio™ 8 Flex Genetic Analyzer
Applied Biosystems™ SeqStudio™ 24 Flex Genetic Analyzer
6. Data analysis Sizing and optional genotyping Applied Biosystems™ GeneMapper™ Software
Applied Biosystems™ Microsatellite Analysis Software
Sizing Applied Biosystems™ Peak Scanner™ Software

Fragment analysis i thermofisher.com/fragmentanalysis
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Chapter 2:

Fragment_

analysis applicationsdin- -

commen research flelds

Fragment analysis is a highly flexible genetic analysis method
that can be applied to a wide variety of research fields. The
flexibility afforded with the choice of PCR primers (PCR being

a necessary step in any fragment analysis experiment) means
that a specifically sized fragment corresponding to a PCR target
sequence is straightforward to generate. The ability to precisely
select target fragment sizes and label fragments with up to four
different fluorophores gives researchers great flexibility in the
experimental design for fragment analysis.

Here we describe some examples of how fragment analysis
can be used in common research fields. However, this is not a
complete or comprehensive list. The potential applications of
fragment analysis depend only on the investigators’ imagination
and experimental creativity.

Oncology research

Mutation detection

Oncology researchers frequently need to investigate or verify

a limited number of variations in one or more genes of interest.
The Applied Biosystems™ SNaPshot™ Multiplex System is

a versatile and economical method of SNP genotyping. Up

to ten SNP markers (on different genes) can be investigated
simultaneously by using PCR amplification, followed by dideoxy
single-base extension (SBE) with an unlabeled primer, and then
capillary electrophoresis (CE) of the resulting fragments. After
electrophoresis and fluorescence detection, the alleles of a single
marker appear as different colored peaks at roughly the same
size in the electropherogram plot. This technology has been used
for simultaneous detection of 4 hotspot mutations in PIK3CA, a
gene involved in the phosphatidylinositol 3-kinase pathway that
plays an important role in cancer pathogenesis [1].

Epigenetic modification

Changes in DNA methylation patterns are also characteristic of
oncogenesis. Genome-wide hypomethylation or hypermethylation
has been shown to be associated with cancer development [2].
This is particularly true of cytosines that are 5 to guanosines
(CpG) within the promoter regions of tumor repressor genes.

The SNaPshot assay can also be used to investigate DNA
methylation patterns following bisulfite treatment of genomic
DNA. In this process, sodium bisulfite converts unmethylated
cytosines into uracils, which are subsequently replaced as
thymines in PCR; in contrast, methylcytosines remain unchanged.
This feature can be used to distinguish base differences by PCR
amplification and T/C genotyping using SNaPshot SBE followed
by fragment analysis.

Microsatellite instability assay

Microsatellite instability (MSI) is a hallmark of several cancers and
is characterized by changes to the length of microsatellites due
to defects in mismatch repair mechanisms (MMR). Microsatellites
are genetic motifs consisting of 1-6 base pair repeats. These
sequences are susceptible to replication errors that can result

in deletions and insertions. Normally, these errors are corrected
by the DNA MMR mechanism; however, when deficiencies in

the DNA MMR system are present, microsatellite replication
errors accumulate in the genome [3]. In addition to its prognostic
value for certain types of cancer, including colorectal [4] and
endometrial, MSI can also serve as a predictive biomarker for
immune checkpoint therapy response [5].

™

The Applied Biosystems™ TrueMark™ MSI Assay contains 13
mononucleotide MSI markers. Eight of these markers are derived
from the literature and the guidelines from the National Cancer
Institute; the other five markers were internally identified for
monomorphism and high sensitivity in multiple cancer types. The
assay also contains two sample identification markers to detect
sample mix-up or contamination.

7 Fragment analysis i thermofisher.com/fragmentanalysis
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Loss of heterozygosity

MLPA™ (multiplex ligation-dependent probe amplification)
technology, developed and commercialized by MRC Holland, is a
flexible technique that is commonly used to detect aberrations in
gene copy number such as loss of heterozygosity. It is based on
the ligation and PCR amplification of up to 50 multiplexed pairs
of probe oligonucleotides, which hybridize to the loci of interest.
Each oligonucleotide pair is designed to give an amplification
product of a specific length; by using sequence-tagged ends, all
ligated probes can be amplified with a single primer pair in a PCR
reaction. The forward PCR primer carries a fluorescent label,
allowing for the detection and quantification of size-separated
probes on an automated capillary electrophoresis system.

Several cancers are characterized by germline point mutations
in specific genes, such as BRCAT mutation in breast cancer,
BRCA2 mutation in ovarian cancer, etc. However, even for
such well-characterized cancers, mutations involving genomic
rearrangements have been found in a subset of cases [6]. The
MLPA assay can be used to interrogate these genomic loci in
cases where the initial screen is negative even though there is a
high probability of disease inheritance. For instance, the MLPA
assay has been used to show deletions and duplications in the
BRCAT gene in people who had a history of breast cancer but
tested negative for BRCA point mutations [7].

MLPA analysis can also be used to detect epigenetic
modifications involving DNA methylation that contribute to cancer
formation [8]. The methylation specific-MLPA (MS-MLPA) assay
has probes that bind and ligate over a GCGC sequence, which
is also a cleavage site for the methylation-sensitive restriction
enzyme Hhal. The enzyme cleaves the probes that are ligated
and hybridized to unmethylated DNA, while the probes bound to
methylated DNA remain intact and are subsequently amplified
by PCR. This assay has been used to determine promoter
methylation status of tumor suppressor genes p75 and p73 in
acute myeloid leukemia cell lines [8].

Cell line authentication and human

Fragment analysis i thermofisher.com/fragmentanalysis

sample matching

Cancer cell lines are heavily relied upon for biomedical
research including cancer-related studies.

To ensure reproducibility of scientific research, cell line
authentication (CLA) is of paramount importance for confirming
the cell’s origin as well as checking for contamination and
genomic instability. CLA is performed by generating a profile

of highly variable short tandem repeat (STR) markers from
microsatellite loci with varying number of repeats for a particular
cell line or type. This profile is then compared with the allelic
profiles present at these loci in known standards. A study aimed
at authenticating 278 human tumor cell lines used in China found
that nearly 46% of the samples were either cross-contaminated
or misidentified [9]. Needless to say, such findings can have
massive implications on the conclusion of studies that utilize
those cell lines. The Applied Biosystems™ CLA GlobalFiler™ PCR
Amplification Kit generates a molecular fingerprint for 24 different
STR loci, while the Applied Biosystems™ CLA IdentiFiler™ Plus
PCR Amplification Kit analyzes 16 STR loci. These fingerprints
can then be used for CLA.

In addition to CLA, STR typing can be used for human

sample matching. CAR T cell therapy is a potential cellular
immunotherapy that has seen great success in the treatment of
hematological malignancies. CAR T cell preparation involves the
isolation, activation, engineering, and expansion of patient-derived
T cells. Every step of this process can affect the efficacy and
consistency of a CAR T cell product and requires thorough
characterization to ensure that the product meets predesigned
specifications. STR typing can be used to confirm that the CAR T
cells match the starting T cell population, ensuring the identity of
the final CAR T product [10].
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Neuroscience research

Spinal muscular atrophy

Spinal muscular atrophy (SMA) is an autosomal recessive genetic
disease caused by mutations in the survival motor neuron 1
(SMNT) gene located on chromosome 5q. It is characterized

by progressive loss of motor neurons leading to loss of muscle
control and muscular atrophy. The majority of SMA cases are
caused by homozygous loss of SMNT due to gene deletion or
point mutation in exon 7 of the gene or conversion into a less
functional SMNZ2 gene [11].

Detection of SMINT mutations can be simplified using the
Applied Biosystems™ CarrierMax™ SMN1/SMN2 Reagent Kit

that can accurately detect exon 7 copy number states for

SMNT and SMNZ2. The kit can also detect gene conversion and
haplotyping that can affect the copy number outcome by a
fragment analysis—based approach. The first reaction is to detect
copy number of SMN genes. SMNP, a retropseudogene with no
known function located on 9p21, is employed as the endogenous
control. SMNT and SMNP, but not SMN2, are amplified by one
pair of primers. SMN2 and SMNP, but not SMN1, are amplified
by another pair of primers. These primers are incorporated in a
single multiplex reaction. For more information, see this poster.

Epigenetic modification

DNA methylation is intricately involved in regulating human brain
development, learning, and memory function. Dysregulation in
the DNA methylation patterns of neural-specific genes has been
shown to lead to disease development. Alzheimer’s disease,

for example, has been shown to be associated with differential
DNA methylation patterns in genes involved in neurogenesis and
neurodevelopment [12]. In another study investigating the role of
methylation in behavior, using rats as the animal model, it was
found that DNA methylation in the amygdala was significantly
increased in animals that displayed behavior associated with
anxiety and depression [13]. Interrogating the methylation status
of genes of interest using fragment analysis can be used to
identify and/or confirm the epigenetic regulatory mechanism
involved in the neurological condition being studied. The
SNaPshot fragment analysis assay or MLPA assays described
above are suitable methods to assess the methylation status of
discrete CpG loci involved in the development or regulation of the
nervous system.

Cell line authentication and human sample matching

In addition to brain-derived cell lines, induced pluripotent stem
cell (iPSC)-derived neurons are used for disease modeling and
screening compounds for neurological diseases. One of the main
concerns around iPSCs is the genetic drift that occurs following
prolonged continuous culture such as p53 mutations and/or
spontaneous differentiation. STR profiling is essential to set a
baseline for cells in culture and regularly monitor their genetic
stability over time to ensure validity and reproducibility of data.

Triplet repeat analysis for fragile X mental

retardation (FXMR) syndrome

Fragile X syndrome is one of the leading causes of developmental
delay and one of the key targets for carrier screening in
individuals planning for conception. This syndrome arises from
silencing or genetic disruption of the fragile X mental retardation 1
(FMRT1) gene by an increase of CGG repeats or point or structural
mutations. The majority (99%) of detected aberrations

comprise the CGG repeat expansion that increases the risk of
gene silencing.

The Applied Biosystems™ CarrierMax™ FMR1 Reagent Kit is used
to detect the number of CGG repeats in the FMRT gene. This kit
uses a dual PCR system combining full-length and triplet-primed
PCR (TP-PCR) amplification, followed by fragment analysis to
accurately determine up to 200 CGG repeats and detect alleles
that have more than 200 CGG repeats.

Infectious disease research

Pathogen detection and strain typing

Genotyping pathogenic organisms is important for tracing the
source of the pathogen and preventing its spread. STR typing
is a cost-effective method to identify the pathogenic isolate and
determine its source. This method has been used to distinguish
several clades of Candida auris, a pathogenic yeast known

to cause outbreaks in health care facilities, by examining 12
STRs for identification [14]. It was also shown that STR typing
was comparable to whole-genome sequencing for genotyping
the pathogen [14]. The US Centers for Disease Control and
Prevention (CDC) has developed validated protocols for
fingerprinting food-borne pathogens using the multiple-locus
variable number tandem repeat analysis (MLVA) technique for
analyzing fragments.

Fragment analysis i thermofisher.com/fragmentanalysis
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Amplification of DNA sequences by PCR is a straightforward
method for detecting the presence of specific strains. However,
there is an increasing need to analyze many targets in a single
sample. One method that can address this is fragment analysis
by CE in which multiple fluorescent dyes can be used. Here,

a very large number of targets can be analyzed from a single
sample, since unique and specific amplicons can be separated
based on both size and fluorescence in a single capillary.

To demonstrate how multiplex PCR by fragment analysis can be
used for pathogen analysis, a custom panel of PCR primers able
to detect 12 different respiratory RNA viruses was designed. We
showed that this multiplex PCR panel, coupled with fragment
analysis, serves as a powerful tool to detect several RNA viruses
in a single sample with high sensitivity and specificity. Moreover,
this approach can be scaled up to accommodate a large number
of targets for a given sample, and it can be broadly applied to
other research areas in which simultaneous detection of several
targets, at the DNA or RNA level, is desired. For more information,
see this application note.

Epigenetic modification

Certain pathogens are known to induce epigenetic
modifications including DNA methylation. For instance, HIV
infection has been shown to increase DNA methylation in
antiretroviral treatment—naive subjects compared to a control
group of uninfected subjects, which suggests accelerated
epigenetic aging [15]. DNA methylation signatures may also
be useful in determining the infection status of an individual

as well as predicting disease severity, as has been observed
for SARS-CoV-2 infections [16]. Fragment analysis following
bisulfite treatment can be used to investigate infectious disease
pathogenesis caused by methylation of specific host genes as
well as to confirm predictive biomarkers.

Inherited disease research

Multiplex ligation-dependent probe amplification
(MLPA) analysis

MLPA analysis is a widely used molecular biology technique
for copy number determination of multiple DNA sequences in
the study of human genetic diseases. MLPA assays specifically
designed for Duchenne and Becker muscular dystrophy have
provided insights into genomic structural changes that lead

to the pathology [17]. Similarly, MLPA assays have been used
to analyze rearrangements that may lead to cystic fibrosis
phenotypes [18]. The BRCAT and BRCA2 genes are frequently
mutated in hereditary breast and ovarian cancers. A deletion,
when present in coding sequences of a gene, often leads to a
disruption in protein function. The SALSA™ MLPA™ Probemix
P002 BRCA1 Assay (MRC Holland) is widely used by clinical
researchers to screen for deletions and/or duplications in the
human BRCAT gene.

Epigenetic modification

Epigenetic inheritance, or inheritance of traits without a change
to the DNA sequence, occurs through transfer of germline factors
such as DNA methylation to the gametes through detrimental
exposures or experiences of the individual [19]. Some examples
of diseases that may be caused by epigenetic inheritance
involving DNA methylation include metabolic diseases (such as
diabetes) and cardiovascular diseases [20]. An epidemiological
study examining the role of stress induced in Holocaust

survivors showed that the DNA methylation levels of the gene
encoding the FK506 binding protein 5 (FKBP5) was present in
the genomes of both the Holocaust survivors as well as their
offspring [21]. The FKBP5 gene is involved in the body’s stress
response by modulating the glucocorticoid receptor [22]; genetic
polymorphisms of the gene have been shown to be associated
with stress-related psychiatric disorders [23]. Investigation of the
role of DNA methylation in inherited diseases can be performed
by examining base differences in the target gene through bisulfite
treatment followed by PCR and fragment analysis.
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Agricultural and crop science

SNP genotyping

The SNaPshot assay can be used to investigate several SNPs
for genetics and breeding applications in animal husbandry and
agriculture. For instance, the SNaPshot assay based on 4 SNP
markers was developed for identification of male-sterility markers
in Japanese cedar trees [24]. These trees are important for
Japanese forestry but are also associated with allergy-triggering
pollen that affects a sizable portion of the Japanese population.
Early identification of the male-sterile trees by SNP assessment
can be used for breeding trees that have desired traits. The
SNaPshot assay has also been used for animal breeding
purposes as a tool for identifying SNPs linked to certain traits of
the animal, such as the coat color of horses [25].

STR genotyping

Microsatellite analysis has been widely used in breeding
programs, parentage identification, and studying biodiversity

of plants and animals of interest for agriculture or conservation
purposes. For example, this method was used to investigate

the impact of human and environmental factors on genetic
biodiversity of the alpine meadow-grass Poa alpina, an important
fodder grass, by assessing five microsatellite markers of the
grass originating in natural and agriculturally used land [26]. It was
found that the diversity of the grass was negatively impacted by
human land use.
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Chapter 3: Multiplex

PGR analy3|s

Polymerase chain reaction (PCR) is the workhorse for modern
molecular biology research. It involves the amplification of

a targeted segment of DNA—typically 200-1,000 bp long

for standard PCR and 75-150 bp long for quantitative PCR
(@PCR)—
that hybridize with their complementary sequences on the sense

using a set of primers . Primers are oligonucleotides

and antisense strands of the DNA. They not only serve to define
the region that needs to be amplified, but also provide the 3-OH
group to which the DNA polymerase adds nucleotides.

For certain applications, simultaneous detection of multiple
genomic sequences is preferred. Multiplex PCR is an approach
wherein a pool of primers is used to amplify several genomic
targets in one reaction. For gPCR however, amplification can
be technically limited by the number of distinct fluorophores
that are conjugated to the detection probes (in the case of
Applied Biosystems™ TagMan™ chemistry) or the number of
amplicons with different melting temperatures (in the case of
Applied Biosystems™ SYBR Green™ chemistry). Methods that can
circumvent these challenges and analyze multiple sequences
using a simple workflow are highly desirable.

Fragment analysis is a genetic analysis method that can
separate fluorescently labeled genomic products from multiplex
PCR based on their color and size, with a resolution of 2 bp
differences. This enables a theoretical multiplexing capability
of a large number of targets from a single sample. In addition,
each sample can be amplified by PCR with a different set of
fluorophore-labeled dyes that allow multiple samples to be
analyzed in a single well, provided that the marker ranges do
not overlap. This approach can be very powerful to detect and
distinguish genomic targets in a highly complex sample when
optimized for PCR primers and thermocycling conditions.

Fragment analysis—based detection of multiplex PCR products is
a two-step process:

e Step 1: Standard PCR using a pool of fluorophore-conjugated
primer pairs. Here, a pool of dye-labeled primers (only one
of the primers from the primer pair is conjugated to the
fluorophore) is mixed with the PCR master mix and the
sample, and amplified using standard or modified (depending
on the primers and/or template) thermocycling conditions.
The master mix including the DNA polymerase selected for

this application must be suitable for multiplexing applications
(see “PCR enzymes for fragment analysis” section in the
Appendix).

e Step 2: Fragment analysis by capillary electrophoresis. The
amplicons generated by PCR (in step 1) are resolved on a
genetic analyzer based on their size and fluorescence. A
typical reaction may include 1 uL of each PCR product, 0.5 pL
of the Applied Biosystems™ GeneScan™ size standard in 9 pL
of Applied Biosystems™ Hi-Di"™ Formamide (for denaturing
applications) or distilled, deionized water (for non-denaturing
applications). Data can be analyzed on Applied Biosystems™

GeneMapper™ Software or Peak Scanner™ Software.

Depending on the primers and target template, optimization of
the protocol and panel design may be required. The following
guidelines are recommended:

1. Sample input: Any DNA source, such as genomic DNA
(gDNA), complementary DNA (cDNA), or plasmid DNA can be
used as an input for PCR. The sample DNA concentration can
impact the robustness of the PCR and/or the peak heights
observed in capillary electrophoresis. The optimal input
range for PCR is 5-50 ng for gDNA and 1-20 ng for cDNA or
plasmid DNA.

2. Panel design: Primers in the panel should be chosen for
optimal discrimination of the target sequences in a given
amplicon size. The size of the amplicons should be between
100 and 300 nucleotides; larger amplicons are possible
but might have more variable PCR results. For best results,
we recommend separating the different peaks by at least 5
nucleotides. Primer sets can be distributed across the four
different fluorescent channels (FAM, VIC, NED, and PET)
to increase the number of targets detectable and target
resolution, if needed.

3. Including an internal control: An internal control can and
should be included. This can be an exogenous target that
is spiked into the PCR reaction before amplification. For
panels detecting DNA targets, simply choose a target that
will produce a unique size fragment in the same size range
as targets that will be queried. For panels detecting RNA
targets, an exogenous RNA, such as the Applied Biosystems™
TagMan™ Xeno™ RNA controls, can be used as a control for
reverse transcription and PCR efficiency for normalization.
For these controls, it is best to design an amplicon that will
produce a fragment slightly larger than the queried targets—
this ensures the cDNA synthesis and PCR can cover the
desired lengths.
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4. Primer cross-reactivity determination: Primer pairs should
be tested individually and against other primer pairs to ensure
that there is no cross-reactivity during PCR against the target
and nontarget sequences.

5. Limits of quantitation and detection (LOQ and LOD):
Determine the LOQ and LOD for an assay by titrating the
amount of input DNA or RNA in both directions where
the signal starts to plateau or becomes undetectable,
respectively. This establishes the range for semi-quantitative
estimation of target input.

6. Primer concentration optimization for quantitative
input measurements or quantitative fluorescent PCR
(9fPCR): If the intended application is target quantitation,
a standard curve using known DNA amount is required to
determine the peak intensity to its corresponding input.
Primer concentrations should be adjusted such that the
peak intensities for the same input of any target sequence
are similar for all primer/target pairs. If primer concentration
adjustment does not yield the desired results, design new
primers against the target and test again.

Note: Throughout a set of experiments, use the same equipment,
run parameters, polymers, dyes, etc. Consistent conditions

are required to avoid mobility shifts that interfere with accurate
interpretation of data.

Thermo Fisher offers a complete set of tools for
multiplex PCR and fragment analysis. See the
Appendix for more details.

Category Recommended products

Applied Biosystems™ 2720, Veriti™, ProFlex™

Thermal I
erma cycler thermal cyclers

Applied Biosystems™ 3500 Series, 3730 Series,

Genetic analyzer SeqStudio™, SeqgStudio™ Flex genetic analyzers

Polymer and
capillary array

See the Appendix for combination of polymer and
capillary array length supported on each instrument

Applied Biosystems™ GeneScan™ 600 LIZ™

Size standard size standards

Applied Biosystems™ DS-33 Matrix Standard Kit

Matrix standard (Dye Set G5)

Fragment
analysis

Applied Biosystems™ AmpliTag Gold™
DNA Polymerase or other reagents (see Appendix)

Applications of multiplex PCR and fragment analysis
Simultaneous detection of multiple

respiratory pathogens

Identification of the etiological agent of infection in a clinical
research sample is an important first step to guide the treatment
approach. In complex samples containing genomic DNA from
potentially several different pathogens, a multiplex PCR approach
coupled to fragment analysis—based detection is very suitable.
Fluorophore-conjugated PCR primers against various targets
that generate amplicons distinguished by size can be designed
for the detection of multiple pathogens in a given sample. To
demonstrate this, we designed a set of PCR primers that could
detect as many as 10 different respiratory RNA viruses including
SARS-CoV-2, influenza, and respiratory syncytial virus. All
forward primers were synthesized with a 6-FAM fluorophore
conjugation at the 5" end. The targets were distinguished by the
different sizes of the amplicons, so the set of primers could be
pooled and used to detect the pathogens in a single step. The
resulting amplicons could be separated and examined using
any of the genetic analyzers from the previous table. For more
information see this application note.

In addition to pathogen detection, this approach can be broadly
applied to other research areas where simultaneous detection of
several targets at the DNA or RNA level is desirable. For instance,
fragment analysis can be used to determine genetic aberrations
such as translocation for multiple rearrangements in cancer [2];
various mutations can be screened across a particular gene by
designing primers against the suspect region to determine the
etiological cause of the disease [3]; and genetic polymorphisms
can be identified across several variants simultaneously to predict
pharmacological response to drugs (for an example, see [4]).
These are just a few examples that illustrate the versatility and
applications of the approach. Learn more about fragment

analysis and how you can use it to power your area

of research.
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Chapter %:

Mlcrosatelllte analys@:

Microsatellite markers are polymorphic DNA loci that contain a
repeated nucleotide sequence. Each repeat unit can be from 1 to
100s of nucleotides in length, and alleles differ by the number of
repeats (Figure 4.1). The number of nucleotides per repeat unit is
the same for a majority of repeats within a microsatellite locus—in
other words, if a single unit is three nucleotides long, then all the
units in the region will be three nucleotides long.
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Figure 4.1. Basics of microsatellite analysis. (A) Microsatellite
sequences. (B) Analysis of microsatellite sequences by multiplex PCR.
(C) Different repeats lead to PCR fragments of different lengths (arrows
indicate forward and reverse primers).
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Microsatellite markers are also known as:

e Short tandem repeats (STRs)—
2-7 nucleotides long

each repeated unit is typically

e Simple sequence repeats (SSRs)— each repeated unit is
typically 1-3 nucleotides long

e Variable number tandem repeats (VNTRs)—
unit is typically 10—100 nucleotides long

each repeated

Note that the size associated with the different definitions is

not exact. Often, the length of the repeating unit correlates

with its frequency within a genome. For example, in the human
genome, mononucleotide repeats are the most common form of
microsatellites found, and pentanucleotide and hexanucleotide
repeats are the least common [1].

In any microsatellite region, the number of repeat units can vary
due to mispriming and polymerase slippage during replication.
Thus, alleles of many different lengths are possible at each locus.
Along with other features described below, the variability of
microsatellites makes them ideal for certain types of genotyping
analyses:

e Microsatellites are present in large numbers.

e Microsatellites are relatively evenly spaced throughout the
genome and often physically situated near or within a gene.

e Microsatellite alleles are inherited in a Mendelian manner and
can be stable over multiple generations.

¢ Microsatellites show a varying, but relatively high, mutation
rate relative to non-microsatellite loci: the mispriming and
slippage results in a 100- to 1,000-times faster mutation
rate than for single-copy nuclear DNA. The mutation rate
of microsatellite loci is 1072 to 10-% events per locus per
generation [2]. The rate is believed to be dependent on the
number of nucleotides in the repeated unit [3].

¢ Microsatellite alleles can be unique to specific populations.

e Detailed data on allelic variation, number of repeats, and
allelic frequencies are widely available for a large number of
microsatellite markers.
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e The small size of microsatellite loci improves the chance of
obtaining a result, particularly for samples containing very low
amounts of DNA and/or degraded DNA.

e The small size range of microsatellite loci makes them ideal
candidates for coamplification while keeping all amplified
alleles smaller than 350 base pairs. Many microsatellite loci
can therefore be typed from a single PCR.

e Microsatellite alleles have discrete sizes, allowing for simplified
interpretation of results.

Many applications make use of microsatellite genotyping. For
example, forensic analysis of molecular fingerprints based on
microsatellite length variability is commonly used for human
identification. Microsatellite analysis is also used for detecting
certain types of enzymatic deficiencies in tumors. It is also useful
for detecting pathogenic expansion of repetitive sequences in
some neurodegenerative diseases.

Capillary electrophoresis is a simple and trusted method for
examining microsatellite loci (Figure 4.2). PCR primer pairs are
designed such that the forward and reverse primers hybridize to
sequences that flank the microsatellite locus of interest. These
PCR primers usually bind to the nonrepetitive, unique sequences
and are typically 15-30 nucleotides long. To be detectable in a
fragment analysis application, one of the primers needs to be
labeled at the 5" end with a fluorophore. By choosing primers
such that different sizes and different fluorophores correspond to
different loci, multiple targets can be analyzed in one reaction.
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Figure 4.2. Example of microsatellite analysis of two samples by
capillary electrophoresis. Samples have different genotypes as shown
by the different peaks for the same marker.
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Figure 4.3. Example of results
produced by TrueMark MSI Analysis
Software. The TrueMark MSI Assay

- . analyzes 13 microsatellite loci for

| . instability, including the widely used
=— = Bethesda standards. Loci that are

w | : determined to be unstable can be

= : autocalled; the software will then

- = interpret the totality of the calls to make
| < an overall call for the sample. The

= = assay includes 2 highly variable STR
" - sequences (THO1 and PentaD) that
can be used to confirm sample identity.
The proprietary algorithms used by the
software do not require side-by-side
analysis of normal, nontumor tissue in
order to make stable and unstable calls.
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Thermo Fisher offers a complete set of tools needed
for microsatellite analysis. See the Appendix for
more details.

Category Recommended products

Thermal cycler Applied Biosystems™ 2720, Veriti™,
for generating ProFlex™ thermal cyclers
amplicons

Genetic analyzer Applied Biosystems™ 3500 Series, 3730
Series, SeqStudio™, SeqStudio™ Flex

genetic analyzers

36 cm or 50 cm for 3500 Series, 3730
Series, and SeqStudio Flex genetic
analyzers;

Capillary, polymer, and buffer cartridge
for SeqStudio genetic analyzer

Capillaries for
genetic analyzer

Polymers and

electrode buffers See Appendix

Size standard Applied Biosystems™ GeneScan™ LIZ™

or ROX™ size standards

Spectral calibration

matrices See Appendix

Applied Biosystems™ AmpliTag™ and
AmpliTag Gold™ DNA polymerases, and
other PCR reagents as necessary

Fragment analysis

Applied Biosystems™ GeneMapper™
Software, Peak Scanner™, and
MicroSatellite Analysis Software

Software

Note: Throughout a set of experiments, use the same equipment,
run parameters, polymers, dyes, etc. Consistent conditions

are required to avoid mobility shifts that interfere with accurate
interpretation of data. Signal intensity may vary from instrument
to instrument, capillary to capillary, etc. Fragment analysis
applications on CE genetic analyzers are not designed for
absolute quantitation, although relative quantitation may be
assessed within a project and a specific system (see chapter 7 to
learn more about loss of heterozygosity (LOH)).

Applications of microsatellite analysis

Cell line authentication and human sample matching
The research of human development and diseases relies on
analysis of samples obtained and manipulated ex vivo. These
include human cell lines, induced pluripotent stem cells (iPSCs),
and chimeric antigen receptor T (CAR T) cells. Mix-ups and
contamination can occur and impact research results or put lives
in danger. For example, the International Cell Line Authentication
Committee (ICLAC) has found that there are at least 451 cell

lines being used by researchers that are misidentified with no
known authentic stock [4]. Furthermore, a study from 2019 found
that 32,755 articles reported results obtained with misidentified
cells—these were in turn found to be cited in an estimated half

a million other papers [5]. Finally, as research progresses into

ex vivo cell therapies—that is, cells that are removed from a
donor, manipulated in a lab, and returned to the host—it is critical
to confirm that cells have the expected genotype and match the
intended recipient. It is therefore extremely important to know
the provenance of human cells and confirm that they have the
expected identity.

Thermo Fisher has been the leader in providing solutions for
identifying human samples by capillary electrophoresis—based
fragment analysis of STRs. These are microsatellite sequences
that are highly variable and provide a unique molecular fingerprint
for a human sample. The Applied Biosystems™ CLA GlobalFiler™
kit generates a molecular fingerprint for 24 different STR loci,
while the Applied Biosystems™ CLA IdentiFiler™ Plus kit analyzes
16 STR loci. Both easy-to-use kits are optimized for use on
Applied Biosystems™ genetic analyzers. For more information,
please see this application note.

TrueMark MSI Assay

Many types of cancer display deficiencies in mismatch repair
(MMR) [6], producing an overall higher mutation rate across

the genome. A higher mutation rate often means a higher rate
of neoantigen production, providing opportunities for immune
therapy treatments [7]. There have been at least 11 different loci
implicated in MMR [8]. Looking for an inactivating event in the
sequence of all these loci can be complicated, time consuming,
and expensive. Instead, analyzing the functional outcome of
perturbations in the MMR pathway by microsatellite instability
(MSI) analysis is a practical alternative. MMR deficiencies

are often detectable as changes in lengths of microsatellite
sequences. However, MSI analysis is often difficult on
next-generation sequencing (NGS) systems due to the highly
repetitive nature of the microsatellite sequences. Fragment
analysis of microsatellite loci length is therefore a widely used
method for detecting MSI. The Applied Biosystems™ TrueMark™
MSI Assay was developed for microsatellite analysis. The assay
analyzes a panel of 13 microsatellite loci, including the Bethesda
set of markers [9]. The assay also provides STR information at
two highly variable loci, allowing for sample identity confirmation.
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To ease the analysis of MSI raw data, the Applied Biosystems™
TrueMark™ MSI Analysis Software was developed for analyzing
results that simplifies the calls at each locus (Figure 4.3).
Furthermore, we incorporated analysis algorithms that do

not require side-by-side analysis of normal, nontumor tissue,
reducing the number of samples needed and the expense of MSI
analysis. For more information, please see this application note.

Note: It is recommended to use the free TrueMark MSI Analysis
Software. If GeneMapper Software is used for analysis,
tumor-normal pairs are required.

Microsatellite repeat expansion diseases

More than 40 different neurological diseases, including fragile X
syndrome, amyotrophic lateral sclerosis (ALS), frontotemporal
dementia (FTD), myotonic dystrophy, and Huntington’s disease,
are linked to microsatellite repeat expansions that are found
within translated or untranslated gene regions. These regions
can include 5" and 3" untranslated regions (UTRs), introns, and
protein-coding regions [10]. The pathology of these sequences
often arises when the repeat sequence, which in normal

alleles can range from 15 to 40 repeats, expands to exceed a
disease-specific threshold, usually greater than 45 repeats. The
disease severity may worsen from generation to generation due
to de novo germline expansion of repeats. It is therefore critical
to monitor the repeat length of these microsatellite sequences,
especially in individuals who are at risk.

PCR followed by fragment analysis has been used to quickly and
easily identify changes in repeat length of these regions [11-13].
Applied Biosystems™ genetic analyzers have been an integral
part of these analyses. In addition to providing the platform and
consumables that facilitate these analyses, we have partnered
with other research entities to provide solutions for investigators.
For example, AmplideX™ PCR/CE reagents (Asuragen) leverage
repeat-primed PCR and CE to query the microsatellite region

of the FMR1 gene for fragile X syndrome. For more details, see
the white paper “The SeqStudio Genetic Analyzer simplifies

the analysis of triplet repeat expansions with AmplideX
PCR/CE reagents”.

Designing a custom microsatellite analysis panel

For some studies, it may be necessary to design an assay that
queries loci that are not covered by a preexisting kit. For example,
a custom STR panel was used to identify family relationships
among beluga whales [14]. In these cases, it is necessary

to identify the relevant sequences by examining the existing
scientific literature for a specific marker or cross-species marker,

or by following a microsatellite development protocol [15-17].
Keep in mind that the discovery and naming of new microsatellite
markers across different organisms at multiple institutions has
led to inconsistent nomenclatures for microsatellite loci. For more
information on nomenclature standards for specific genomes,
visit data.ccmb.res.in/msdb.

Although the design and implementation of a custom panel
is highly idiosyncratic, some general best practices should
be followed:

e Design primers so the range of amplicon lengths for markers
in the study is within the size-standard fragment range, with
two size-standard peaks preceding the smallest fragment of
interest and two size-standard peaks following the largest
fragment of interest.

e Use 5-end labeled primers. The success of microsatellite
analysis depends on the ability to detect small mobility
differences. The reproducible sizing and sharp peaks
obtained when using the 5-end labeling method are crucial to
the success of this application.

e If you plan on performing a multiplex analysis, design primers
with similar annealing temperatures (~60°C).

e Use reverse-primer tailing on one primer in each set of
primers to help differentiate between peaks made by the
forward and reverse DNA strands and to promote single
3-adenine addition. For more information, see [17].

e Based on sample DNA concentration, robustness of the PCR,
and/or peak heights observed in capillary electrophoresis,
determine whether you need to dilute the PCR products.
Dilutions can range from undiluted to 1:20 in water. You can
pool the diluted PCR products if desired.

e Dye-labeled PCR products must be mixed in different ratios
because each dye has a slightly different fluorescence
signal strength.

e To avoid inaccuracies associated with pipetting small
volumes, prepare a master mix of reagents. Prepare sufficient
master mix for at least 10% overage.

e Store the master mix in the dark at 2-6°C for up to 1 month or
at —15 to —25°C for longer storage time.
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e After generating amplicons, prepare for electrophoresis
by combining 1 pL of each PCR product and 0.5 pL of the
GeneScan LIZ size standard in 9 pL of Applied Biosystems™
Hi-Di™ Formamide.

e Analyze the results using GeneMapper Software.
GeneMapper Software includes a Microsatellite Default
Analysis method that you can use as a starting point for
analysis (Figure 4.4).
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Figure 4.4. Stutter peaks in a dinucleotide repeat electropherogram.

Electropherogram of a dinucleotide repeat marker from a homozygous
individual (190 bp, 190 bp). The peaks at 188 bp, 186 bp, and 184 bp
show the typical 2-bp stutter pattern seen with dinucleotide repeats.
They represent the -2 bp, -4 bp, and -6 bp stutter peaks from the
190-bp true allele peak.

Common problems encountered with
microsatellite analysis

The most commonly encountered problems during
microsatellite analysis are:

e Poor or nonspecific amplification.

o Size differences of a single nucleotide. Tag polymerase
adds a non-templated single adenosine to the 3"-blunt end
of PCR products. This increases the length of the amplicon
by one base pair. However, incomplete addition of these—
for example, if the reaction is stopped prematurely—can
introduce single-nucleotide size heterogeneity. A final, single
72°C extension step for 10 minutes up to one hour may
reduce this. In addition, the single, 3’-adenine overhang can
eventually get lost over time. It is therefore best to run the
reactions in a timely manner. For more information, see [18].

e Stutter. During PCR amplification of di-, tri-, and
tetra-nucleotide microsatellite loci, minor products that
are 1 to 4 repeat units shorter than the main allele can be
produced. The minor product peaks are referred to as “stutter
peaks”. Stutter peaks may be caused by polymerase slippage
during elongation [19,20]. Stutter is expected, particularly with
mono-, di-, and tri-nucleotide repeats. GeneMapper Software

can handle this type of data. If two different alleles are
present and heterozygous, such as A1 and A2, it may further
complicate analysis with respect to proper allele calling. In
addition, the use of HPLC-purified primers may assist in
preventing similar “messy” data.

Understanding stutter

Stutter peaks appear as multiple smaller peaks that precede the
true allele peak (Figure 4.4). These stutter peaks differ in size
from the true allele peak by multiples of the length of the repeat
unit. The number of peaks and their intensities are proportional
to the length of the repeat and the number of repeats in the

PCR product [21]. Shorter repeat units (e.g., di- or tri-nucleotide)
generate more stutter, and dinucleotide repeats tend to generate
more stutter peaks than trinucleotide repeats. Stutter peaks can
also be caused by off-scale data.

The percent stutter can be estimated by calculating the ratio of
the combined heights of the stutter peaks with the height of the
true allele peak. Note the following:

e The longer the repeat unit, the less stutter product produced.
For microsatellite loci with the same number of repeat units,
the percent stutter is greater for dinucleotide microsatellite loci
than it is for trinucleotide microsatellite loci, and so on [22].
Figure 4.5 illustrates the greater stutter in dinucleotide (left) as
compared to tetranucleotide (right) repeat loci. Each locus is
homozygous, with the largest peak in each figure representing
the “true” allele.
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Figure 4.5. Stutter percentages for the FGA and THO1 loci. Data
points indicate loci labeled with NED dye.
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e The percent stutter increases with increasing allele length
(i.e., increasing number of repeat units) (Figure 4.6). However,
if some of the repeats are partial repeats, you may not see the
proportionate increase in percent stutter.

¢ GeneMapper Software is optimized to attempt to filter out
stutter peaks.

Evaluating data with stutter

The multipeak pattern seen for stutter can complicate analysis,
particularly for samples with two or more alleles that are close

in size. For example, small peaks in a position that is one-repeat
unit smaller than the true allele can be interpreted either as a
stutter peak or as an allele in a minor component of a mixed
sample. The possible presence of stutter peaks makes precise
quantitation especially important, to allow the filtering algorithm of
GeneMapper Software to interpret the peak pattern accurately.

The percent stutter for a given allele is reproducible and does
not depend on the quantity of input DNA or the number of loci
amplified during multiplex PCR. The relative reproducibility of

percent stutter is important for a few reasons:

¢ In many cases, the Peak Amplitude Threshold in the analysis
method of GeneMapper Software can be adjusted to filter
out stutter peaks and detect only true allele peaks. For more
information, refer to the “GeneMapper Software Getting
Started Guide: Microsatellite Analysis” (Pub. No. 4403672).

¢ Amplifications with abnormally high percent stutter can
indicate mixed samples or some other problems with
PCR amplification or electrophoresis.

¢ Dinucleotide repeats are particularly sensitive to stutter
issues. Successful amplification of dinucleotide repeat
markers yields allele peaks and associated stutter peaks
within a maximum range of eight base pairs from the allele
peak. In addition, the number of allele peaks depends
on whether the individual tested is a heterozygote or
homozygote. For examples, see Figures 4.6-4.9.

231
233

Figure 4.6. Example of greater stutter in dinucleotide (left)
compared to tetranucleotide (right) repeat loci. Each locus is
homozygous, with the largest peak in each figure representing the
true allele.
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Figure 4.7. Electropherogram of a dinucleotide repeat marker from
a heterozygous individual (139 bp, 147 bp). Allele sizes differ by 8 bp.
The 2-bp stutter peak to the left of each allele peak is always of lower
intensity than the allele peak itself. The larger 147-bp allele peak is of
lower intensity than the smaller 139-bp allele. In heterozygotes, the
higher molecular weight allele (i.e., the allele peak further to the right

in electropherograms) often produces a fluorescence signal of lower
intensity than the lower molecular weight allele, suggesting less efficient
amplification of the larger fragment. This phenomenon could also be
caused by preferential injection of the smaller fragments.
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Figure 4.8. Stutter peaks in a dinucleotide repeat electropherogram
from a heterozygous individual (185 bp, 189 bp). Allele sizes differ

by 4 bp. When the difference between the allele sizes is <4 bp, a shift
occurs in the height ratio between the two allele peaks (compare the
Figures 4.6 and 4.7). The fluorescence signal from the —4 bp stutter of
the 189-bp allele is added to the signal from the 185-bp allele.
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Figure 4.9. Electropherogram from a dinucleotide repeat marker of
a heterozygous individual (216 bp, 218 bp). Allele sizes differ by >2 bp.
The stutter peak from the 218-bp peak is added to the peak height of the
216-bp peak.

Once understood, stutter does not pose a major problem for

microsatellite analysis and can aid in allele calling by:

Distinguishing true allele peaks from nonspecific PCR
products. This is because nonspecific PCR products are not
associated with stutter peaks.

Identifying alleles that fall far outside the reported allele range.
The percent stutter is often specific to a particular locus.

You can sometimes identify alleles that fall far outside the
previously reported range based on percent stutter.
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Overview of SNP genotyping

A single-nucleotide polymorphism (SNP) consists of a single base pair that varies from

the known DNA sequence, thereby creating up to four alleles or variations of the marker
(Figure 5.1).

... ICGTTGTAGCGCTTAGA...
...AGCAACATCGCTAATCT...

The G-C and
A-T base pairs
are two possible
alleles of this
SNP site

...ICGTTGTAACGCTTAGA...
...AGCAACATTGCTAATCT...

Figure 5.1. Example of a SNP.

SNPs occur in the human genome at a frequency of about 1 in every 1,000 bp, with a
total number of over 10 million SNPs distributed evenly over the 3 billion bp of the human
genome. They have been shown to be responsible for differences in genetic traits,
susceptibility to disease, and response to drug therapies. SNPs are excellent genetic
markers to construct high-resolution genetic maps.

SNPs can be genotyped by a variety of methods. Thermo Fisher products support the
following fragment analysis method:

e Single-base extension (SBE)
Applications of SNP genotyping include:

e Study of mutations implicated in various cancers

¢ Genetic disease research

e Mitochondrial DNA investigations

e Scrapie susceptibility in sheep

e Loss of heterozygosity (LOH)

e Performance assessment in food animal production

e Differentiation of drug and non-drug forms of cannabis

e Age determination by SNP-typing certain methylated loci (forensics research)
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SNaPshot Multiplex System

The Applied Biosystems™ SNaPshot™ Multiplex System
investigates up to ten SNP markers simultaneously by using
PCR amplification, then dideoxy single-base extension of an
unlabeled primer flanking the SNP of interest, followed by
capillary electrophoresis (CE). After CE, the alleles of a single
marker appear as different colored peaks at roughly the same
size in the electropherogram plot. The sizes of the different allele
peaks will vary slightly due to differences in the molecular weight
of the dyes (Figure 5.2).

A Multiplex PCR

Loci of interest

Single-base extension reaction Capillary electrophoresis

Electrophoretic output

e

N
Relative
fluorescence

T —

Figure 5.2. SNaPshot assay. (A) Overview of the workflow. (B) Single-
base extension at loci of interest; each base has a distinctive color.
Homozygous alleles are present as double peaks of different colors.

The components of the SNaPshot Multiplex System are:

¢ SNaPshot™ Multiplex Kit—includes SNaPshot™ Multiplex
Ready Reaction Mix, control primer mix, and control template.

¢ Applied Biosystems™ GeneScan™ 120 LIZ™ Size
Standard—five-dye size standard that is designed for
reproducible sizing of small fragment analysis data generated
with the SNaPshot Multiplex System. It accurately sizes
samples ranging from 20 to 120 nucleotides (nt). When used
with GeneMapper Software, the GeneScan 120 LIZ Size
Standard eliminates the need for manual genotyping.

¢ Applied Biosystems™ DS-02 Matrix Standard Set—used
for spectral calibration.

¢ Applied Biosystems™ GeneMapper™ Software—genotype
analysis for data generated with the SNaPshot Multiplex
System.

Principle of the analysis

For the single-base extension technique, an unlabeled primer is
designed to anneal to the sequence adjacent to the SNP site.
After the primer anneals, the single-base extension occurs by
the addition of the complementary dye-labeled ddNTP (dye
terminator) to the annealed primer. Each of the four ddNTPs is
fluorescently labeled with a different color dye (Figure 5.3).

Dye-labeled
ddNTPs

Unlabeled primer

IRIRINININI

Figure 5.3. Single-base extension with dye-labeled ddNTPs.

The addition of ddNTPs generates marker fragments for the
different SNP alleles that are all the same length but vary by color.

After electrophoresis and fluorescence detection, the alleles of

a single marker appear as different colored peaks at roughly the
same size in the electropherogram plot. The sizes of the different
allele peaks will vary slightly due to differences in molecular
weight of the dyes.

Advantages of the SNaPshot Multiplex System

e Cost effective—uses unlabeled (i.e., regular) oligonucleotide
primers that are customized for your target

e Offers multiplexing capability—up to 10-plex, regardless
of SNP positions on the chromosome or the amount of
separation from neighboring SNP loci

e Sensitive allele frequency detection (5%)
e Compatible with all Applied Biosystems™ genetic analyzers

e Automated analysis using specific GeneMapper Software
data analysis module
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Applications of the SNaPshot Multiplex System

e Fluorescent labeling of any restriction fragment (population)
with a 3" overhang

¢ BAC fingerprinting (see Chapter 6, “Fingerprinting”)

¢ DNA methylation

e Low- to medium-throughput linkage and association studies
¢ Single-locus fragment analysis

e Screen and confirm SNPs

- The SNaPshot Multiplex System includes a variety
of SNaPshot Multiplex Kits used for SNP screening
and validation. Each kit offers a one-tube single-base
extension/termination reagent to label DNA fragments.

e Screen for a prion-encoding gene or any other mutation of
interest in clinical research

- The single—base pair sensitivity of the SNaPshot Multiplex

System enables you to accurately screen samples

for codon differences in prion-encoding genes. Prion
diseases are caused by abnormally folded isoforms of
host-encoded proteins. The SNaPshot Multiplex System
can screen for SNPs in the genes that code for these
proteins. For instance, polymorphisms at codons 136,

154, and 171 of the PrP gene in sheep and goats can lead

to abnormally folded isoforms of the protein product that
results in scrapie.

Thermo Fisher offers a complete set of instruments and

consumables for SNP genotyping. See the Appendix for

more details.

Category Recommended products

Applied Biosystems™ 2720, Veriti™, ProFlex™

Thermal cycler
y thermal cyclers

Applied Biosystems™ 3500 Series, 3730 Series,

Genetic analyzer SeqStudio™, SeqStudio™ Flex genetic analyzers

Capillary, polymer, and buffer cartridge for
SeqgStudio genetic analyzer.

See the Appendix for the polymer and capillary
array length combinations supported on

each instrument.

Polymer and
capillary array

Applied Biosystems™ GeneScan™ LIZ™

i tandard
Size standar size standards

Matrix standards

Applied Biosystems™ DS-02 Matrix Standard Kit

Note: Throughout a set of experiments, use the same equipment,

run parameters, polymers, dyes, etc. Consistent conditions
are required to avoid mobility shifts that interfere with accurate
interpretation of data.

23

Experiment and primer design recommendations
This is a protocol supported by Thermo Fisher.

Minimum primer length is 23 nt; however, it is strongly
recommended that primers shorter than 36 nt be tested
before multiplexing.

HPLC or PAGE purification of primers longer than 30 nt is
recommended. Heterogeneous primer populations will lead to
major analysis issues.

Each primer should have 23 nt complimentary to the genomic
DNA (gDNA) sequence.

Use 5’ tails to create primers of different lengths for spatial
separation of query assays of interest.

Add a poly(dGACT) tail to generate a size difference of at least
4-6 nt.

Primers can be complimentary to the antisense strand of the
DNA if the sense strand is difficult to assay.

Always run a negative control (no template DNA) when
evaluating a new primer.

Workflow

Design primers

Design template by PCR of target, then clean up
Prepare SNaPshot assays

Post-extension by PCR, then clean up

Capillary electrophoresis

Analyze data

Data analysis
GeneMapper Software includes a default analysis method

for SNaPshot assays that can be used as a starting point

for analysis.

To order the SNaPshot Multiplex System, visit the product page.
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Chapter 6:

Flngerprlntmg

Overview

DNA fingerprinting is a technique that is used to identify patterns that occur in genetic
markers. These fingerprints are specific to particular organisms. Several techniques are
available for fingerprinting.

Amplified fragment length polymorphism
(AFLP) analysis

Amplified fragment length polymorphism (AFLP™) analysis is a mapping technique used
to visualize polymorphisms in genomic DNA (gDNA) [1]. AFLP analysis combines the
restriction fragment length polymorphism (RFLP) technique and PCR to generate a
large number of amplified restriction fragments from prepared gDNA. When separated
by electrophoresis, the samples yield unique band patterns; when visualized by PAGE,
agarose gel electrophoresis, or fluorescence-based fragment analysis, these unique
band patterns can be used for high-resolution genotyping, polymorphism detection,

or cladistics [2].

Principle of the analysis
AFLP analysis involves digestion of gDNA to produce a population of restriction
fragments, ligation of priming sites, then amplification by PCR (Figure 6.1) [1].
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Figure 6.1. Overview of AFLP analysis.
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AFLP analysis is possible because the abundant complexity in
eukaryotic gDNA means that it is statistically likely that enough
restriction fragments will be short enough to successfully
produce PCR amplicons that yield a unique “fingerprint” profile.

Advantages of AFLP analysis

The power of AFLP analysis derives from its ability to quickly
generate large numbers of marker fragments for any organism,
without prior knowledge of the genomic sequence. In addition,
AFLP analysis requires only small amounts of starting template
and can be used for a variety of gDNA samples.

Applications of AFLP analysis

Fingerprints, or AFLP band patterns, can be used for many
purposes. For example, AFLP analysis is often used in plant
research where fingerprints can be compared to determine the
plant variety or to compare the similarities between different plant
varieties. AFLP analysis has also been used as an informative and
economical research method to detect the association of variable
regions of the human genome with diseases [3].

Some additional applications for AFLP analysis include:

e Molecular diversity studies [4,5]
¢ Phylogeny studies [6]

e Breeding [5]

e Backcross studies [5,6]

e Mapping of cloned fragments in bacterial and yeast artificial
chromosomes (BACs and YACs) [7,8]

¢ Identifying new species or subspecies [2,5]

Thermo Fisher offered kits for performing AFLP analysis on
microbes and plants as well as other organisms until 2017.
While reagents for AFLP analysis are no longer available in a
comprehensive kit format, it is still possible to perform AFLP
analysis by ordering the required components separately from
Thermo Fisher. Please note that Thermo Fisher does not provide
technical support for customer-developed AFLP reagents and
assays. The information is provided only to make researchers
aware of this application.

Required components for the AFLP workflow.

(Prouct —GatNo.  Nows |

Anza 11 EcoRl

L IVGNO116 -
restriction enzyme
Trutl (Msel) restriction | £y Truil is same as Msel.
enzyme
T4 DNA Ligase ELOO14 -

AmpliTag Gold 360
Master Mix

4398876 (smallest
volume; larger
volumes are available)

Use this reagent for
convenience (2X
master mix) and
consistent reagent
formulation.

Adaptor primers

Custom oligo
synthesis

(see “Fluorescent
DNA labeling
methods” in the
Appendix)

5" end of upper strand
oligo of adaptor
needs to be modified
with phosphate group
(for ligation). For
sequences, see Vos
et al.

Unlabeled selective
primers (Msel+N..)

Custom oligo
synthesis

(see “Fluorescent
DNA labeling
methods” in the
Appendix)

For sequences, see
Vos et al. and AFLP
user guide.

5" fluorescent-labeled
selective primers
(EcoRlI adaptor+N..)

Custom oligo
synthesis

(see “Fluorescent
DNA labeling
methods” in the
Appendix)

Substitute 6-FAM for
5-FAM dye (original
protocol).

Substitute VIC for
JOE dye (original
protocol).

For sequences, see
Vos et al. and AFLP
user guide

The protocols can be downloaded from the link below. The

primer sequences and molar concentrations are described

in the original publication by Vos et al. [1]. For a comparative

microbiological AFLP application, see [9].

e AFLP microbial fingerprinting protocol (associated kit is no

longer available)

e AFLP plant mapping protocol (associated kit is no

longer available)

Note the suggested substitutions of 5-FAM with 6-FAM dye and
JOE with VIC dye (see table above).
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Thermo Fisher offers a complete set of instruments and
consumables for customer-developed protocols for
AFLP analysis. See the Appendix for more details.

Category Recommended products

Applied Biosystems™ 2720, Veriti™,
ProFlex™ thermal cyclers

Thermal cycler

Applied Biosystems™ 3500 Series, 3730
Series, SeqgStudio™, SeqgStudio™ Flex
genetic analyzers

Genetic analyzer

Polymer See the Appendix for the polymer and
capillary array length combinations

supported on each instrument

50 cm for 3500 Series and SeqgStudio
Flex systems;
36 cm for 3730 Series systems

Capillary array

Applied Biosystems™ GeneScan™ ROX™
size standards

Size standard

Applied Biosystems™ DS-31 Matrix
Standard Kit

Matrix standards

Note: Throughout a set of experiments, use the same equipment,

run parameters, polymers, dyes, etc. Consistent conditions
are required to avoid mobility shifts that interfere with accurate
interpretation of data.

Experiment and primer design recommendations
DNA extraction and purification

Because AFLP analysis requires only a small amount of DNA
(10-100 ng), DNA purification is critical.

We recommend the following kits for extracting DNA for
AFLP analysis:

¢ Plant analysis: Invitrogen™ DNAzol™ Reagent or Invitrogen™
PureLink™ Genomic Plant DNA Purification Kit

¢ Microbial analysis: Invitrogen™ PureLink™ Genomic DNA
Mini Kit

Restriction

For AFLP analysis on genomes of unknown content, determine

whether your gDNA is digested properly with EcoRI and

Msel enzymes.

Empirical guidelines suggest that if the GC-content of the
genome is >65%, restriction digest with Msel will not give a
significant number of fragments. Optimal results are obtained
with Msel when the GC-content is <560%. EcoRl also tends to

produce more fragments in GC-poor genomes. In cases where
an organism’s GC-content is unknown, the effectiveness of the
restriction enzymes must be determined empirically.

Primers
For the selective amplification step, the primers that target the

EcoRI cut site are fluorescently labeled at the 5" end. The primers

that target the Msel cut site are unlabeled.

You may need to optimize to identify primer combinations that
generate sufficient unique marker fragments for a study.

The appendix of the AFLP plant mapping protocol (Pub.
No. 4303146) shows primer combinations that have been
successfully used for a variety of plant species, and the AFLP

microbial fingerprinting protocol (Pub. No. 402977) shows primer

combinations that have been successfully used for a variety

of microbial organisms. Note that if your organism of interest
does not appear in the list, you can still conduct experiments
by choosing primers from the most closely related species that
is available.

In general, the strategy for AFLP analysis is to generate
informative fragments or enough fragments so that individuals
are distinguishable. However, too many fragments complicate
the analysis, so you must empirically determine the optimal
number of fragments needed for adequate discrimination. As a

general rule, it is best to have 50-200 peaks as the “fingerprint
after amplification.

Workflow
1. Restriction digestion

Ligation
Preselective amplification
Selective amplification

Capillary electrophoresis

® o & © D

Data analysis
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Data analysis
The GeneMapper Software includes a default method for AFLP
analysis that you can use as a starting point for analysis.

This method contains analysis parameters for pattern recognition
of fragments across samples to generate a fingerprint for every
sample. This method can be used for analysis of any type

of data from fragment length polymorphism assays such as
AFLP analysis or T-RFLP analysis. Features useful for AFLP
analysis include:

e Ability to generate a panel (the collection of markers) from
sample files that have been added to a project.

e Sizing quality and genotyping quality values flag poor
quality samples, enabling easy identification and decreasing
manual review.

e Automatic generation of final marker genotypes in a
standard binary format where “1” represents the presence
of a given fragment while “0” represents the absence of the

corresponding fragment.
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Figure 6.2. Electropherogram of a typical AFLP reaction.

Samples  Genotypes |

Up to four profiles are expected for each sample because:

e Both the forward and reverse PCR primers may be
fluorescently labeled.

e Two restriction enzymes are used.

Using the default method for AFLP analysis will generate panels
and binsets. You can then routinely analyze data using this panel.

A change in the fragment profile is indicated by the absence
of a peak as well as a reduction in the height of a peak when
comparing different samples.

The following two figures are examples of AFLP analysis on
typical (Figure 6.2) and polymorphic (Figure 6.3) reactions.

These peak patterns are automatically converted to a table of
binary marker genotypes (Figure 6.4), which can be exported
and analyzed for similarity and generation of dendrograms using
a statistical software package or other downstream analysis
software for this type of clustering analysis.

For file conversion of genotype tables to other downstream
analysis formats, see [10].
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Figure 6.3. Electropherogram of a polymorphic AFLP reaction.
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Figure 6.4. AFLP genotypes in GeneMapper Software.
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Terminal restriction fragment length
polymorphism (T-RFLP) analysis
Overview

Terminal restriction fragment length polymorphism (T-RFLP)
analysis is a mapping technique used to study complex microbial
communities based on variation in the 16S rRNA gene [11] or
other species-relevant targets and markers of interest. T-RFLP
analysis is culture-independent, rapid, sensitive, reproducible,
and does not require genomic sequence information other than
the primer sequences of the target region(s).

Principle of the analysis

For T-RFLP analysis, fluorescently labeled DNA (i.e., a pool of
multiplexed PCR amplicons or a single amplicon) is digested
with restriction enzymes. This step generates terminal restriction
fragments that are fluorescently labeled. The fragments in the
digest are then separated by capillary electrophoresis. Profiles
can then be compared between samples or matched to a
database of known species (Figure 6.5).

Applications of T-RFLP analysis

e Examination of microbial community structure and
community dynamics in response to changes in different
environmental parameters or to study bacterial populations in
natural habitats

e Study of complex microbial communities in diverse
environments such as soil [12], activated sludge [13], and
marine [14] systems

e Characterization of oral bacterial flora in saliva from healthy
and periodontitis samples [15]
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Figure 6.5. Principle of T-RFLP analysis.

Food and beverage testing: multiplex T-RFLP test to detect
and identify Salmonella enterica and all six species of Listeria
inoculated into milk at minimal levels [16]

e Sensitive and high-throughput assessment of bacterial
diversity patterns in human anterior nares [17]

e Preliminary screening of microorganisms before analysis using
Applied Biosystems™ MicroSEQ™ microbial identification kits

Thermo Fisher offers a complete set of instruments and
consumables for T-RFLP analysis. See the Appendix for
more details.

Category Recommended products

Applied Biosystems™ 2720, Veriti™,
ProFlex™ thermal cyclers

Applied Biosystems™ 3500 Series, 3730
Series, SeqStudio™, SeqStudio™ Flex
genetic analyzers

Thermal cycler

Genetic analyzer

See the Appendix for the polymer and
capillary array length combinations
supported on each instrument
Applied Biosystems™ GeneScan™ LIZ™
size standards

Applied Biosystems™ DS-33 Matrix
Standard Kit

Polymer and
capillary array

Size standard

Matrix standards

Note: Throughout a set of experiments, use the same equipment,
run parameters, polymers, dyes, etc. Consistent conditions

are required to avoid mobility shifts that interfere with accurate
interpretation of data.
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Workflow
1. DNA isolation and purification

2. PCR amplification and restriction enzyme digestion

3. Separation and detection of the digested products
via electrophoresis

4. Analysis of data to generate the fragment profile for
each sample

5. Clustering analysis based on the profile of samples from
step 4

Data analysis
T-RFLP analysis uses the same data analysis technique as
AFLP analysis.

For more information
An application on T-RFLP analysis can be seen here.

Labeling of restriction fragments
and bacterial artificial chromosome
(BAC) fingerprinting

Overview

Any DNA restriction fragment (RF) of interest or population

of RFs can essentially be fluorescently labeled and mapped
based on the first nucleotide incorporated on a 3 DNA
overhang. For example, bacterial artificial chromosome (BAC)
fingerprinting provides an efficient and cost-effective method

of characterizing large genomic fragment libraries for genome
sequencing, positional cloning, and physical mapping efforts.
Restriction enzyme digestion of BAC clones followed by
fluorescent-dye labeling can be used to generate a profile or
fingerprint. Overlap between fingerprints are subsequently used
to assemble contiguous sequences (contigs) in the construction
of whole-genome physical maps. Physical maps are important
resources for genome sequencing efforts, positional cloning,
comparative genomics, and determining the size and structure
of genomes.

The Applied Biosystems™ SNaPshot™ Multiplex Kit provides
an easy and cost-effective method for high-throughput BAC

fingerprinting of any RF (or population of RFs) of interest [18].

Principle of the analysis

During BAC fingerprinting analysis using the SNaPshot Multiplex
Kit, BAC clones are subjected to restriction-enzyme treatment
to generate fragments of various lengths that end in A, C,

G, or T (Table 6.1). The fragments are then labeled with the
corresponding bases by single-base extension to create a
distinct DNA fragment pattern, or “fingerprint”, for each clone
(Figure 6.6). The clones are then mapped based on the order of
the overlapping parts of “fingerprints” with other clones of the
same genome [19,20].
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strand .
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L, NNNNNNTCGGACCATGACTGATTGC [ temelate
NNNNNNAGCCTGGTACTGACTAACGCCGGNN Nt

digest
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SNaPshot ddCTP terminate
reaction mix ddUTP upper strand
ddATP

NNNNNNTCGGACCATGACTGATTGCG
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Figure 6.6. Fragment labeling using the SNaPshot Multiplex Kit.

Table 6.1. Examples of possible restriction enzymes
(5-base cutters) and dyes used in the SNaPshot Multiplex
Kit. Note that blunt ends, such as those created by Haelll,
cannot be labeled since there is no 3" overhang.

Restriction Restriction Fluorescent FES O
. fragment

enzyme site dye

color
EcoRl G-AATTC | A dR6G Green
BamHI G-GATCC | G dR110 Blue
Xbal T-CTAGA |C dTAMRA Yellow
Xhol C-TCGAG | T dROX Red
Haelll GG-CC None |- -
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Applications
With BAC fingerprinting, you can create whole-genome physical
maps that are important resources for:

¢ Genome sequencing
e Positional cloning

e Comparative genomics

Note: BAC fingerprinting is based upon pattern recognition;
therefore, data analysis is focused on relative size and
distribution. We recommend using a dedicated instrument
platform to minimize low random error caused by

sizing imprecision.

Thermo Fisher offers a complete set of instruments and
consumables for BAC fingerprinting. See the Appendix
for more details.

Category | Recommended products

Thermal Applied Biosystems™ Veriti™, ProFlex™
cycler thermal cyclers
Genetic Applied Biosystems™ 3500 Series, 3730 Series,
analyzer SeqStudio™, SeqStudio™ Flex genetic analyzers
See the Appendix for the polymer and capillary
Polymer array length combinations supported on
each instrument
Capillary 50 cm for 3500 Series systems;
array 36 or 50 cm for 3730 Series systems
Size Applied Biosystems™ GeneScan™ LIZ™
standard size standards
Matrix . ) - . .
standards Applied Biosystems™ DS-02 Matrix Standard Kit

Note: Throughout a set of experiments, use the same equipment,
run parameters, polymers, dyes, etc. Consistent conditions

are required to avoid mobility shifts that interfere with accurate
interpretation of data.

Experiment and primer desigh recommendations
This is a protocol demonstrated by Thermo Fisher.

e Protocols may differ based on the kind of restriction enzymes
and the BAC DNA purification kits that are used.

* Enzymatic digestion and labeling using the SNaPshot kit can
be performed in one tube or in separate reactions.

Workflow

Cell growth and DNA
purification

Restriction enzyme digestion

7 = 3’-end labeling on restricted
Q fragments using SNaPshot
chemistry

Size exclusion and signal
detection on CE instrument

Peak detection and sizing
using GeneMapper Software

Contig construction

Figure 6.7. Workflow for BAC fingerprinting.

A detailed application note of the BAC fingerprinting workflow
using the SNaPshot kit can be seen here.

A detailed application note on sizing BAC clone fragments can be
seen here.
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High-coverage expression

profiling (HICEP)

Overview

The high-coverage expression profiling (HICEP) method of
fragment analysis was developed to address the shortcomings
in gene expression profiling and to provide a sensitive method
for detecting a large proportion of transcripts in both known and
unknown genes, with a low false-positive rate.

As an AFLP analysis—based gene expression profiling method,
HICEP does not require sequence information and has a
reduced rate of false positives with a high degree of detection
of both coding and noncoding transcripts. After HICEP analysis,
fragments of interest can be purified and cloned from agarose
gels and sequenced to identify the transcripts. If whole-genome
sequence information for the organism under study is known,
the fragments of interest can be identified by bioinformatic
prediction using the sequence information available from public
databases and the restriction enzyme recognition sites used in
the HICEP workflow.

Principles of the analysis

HICEP is an AFLP analysis—based method. The analysis involves
digesting cDNA to produce a population of restriction fragments.
Priming sites are then ligated onto the ends of the restriction
fragments so that they can be amplified by PCR [6].

Application
Fingerprinting

Recommendations
This is a protocol demonstrated by a customer.

Workflow
A detailed workflow of HICEP analysis can be seen in Figure 6.8.

1. Synthesis 2. Digestion
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Figure 6.8. Workflow for HICEP analysis.
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Inter-simple sequence repeat
(ISSR) PCR

Overview

Inter-simple sequence repeat (ISSR) PCR is a fast and
inexpensive genotyping technique with a wide range of uses,
including the characterization of genetic relatedness among
populations. ISSR PCR is a genotyping technique based on
variation found in the regions between microsatellites.

In addition to the use of long fragments for accurate analysis,
this technique provides additional benefits over agarose

gels. The higher sensitivity of Applied Biosystems™ genetic
analyzers over traditional analysis methods routinely allows the
detection of more peaks, and this increased resolution results
in better discrimination between individuals being compared
in populations.

However, the primers that are designed to anneal to the di- or
tri-nucleotide repeats can lack specificity in PCR and are a

major contributor to a lack of reproducibility. Also, the lack of
complexity of ISSR primers can lead to nonspecific amplification,
particularly if coupled with poor-quality gDNA extraction methods
and suboptimal PCR amplification conditions.

Principle of ISSR PCR

ISSR PCR uses a single fluorescently labeled primer to target
the region between identical microsatellites (Figure 6.9). An ISSR
PCR primer comprises three parts:

e A fluorescent tag
¢ Eight dinucleotide repeat units (or 6 trinucleotide repeat units)

¢ One or more anchor nucleotides designed with a dual
purpose: to target the end of a microsatellite region and to
prevent primer dimerization

dys ™
(B-FAM) S GTGTGTGTGT GT GTG‘I:\ﬁ;%
GT r.;beat anchor
57~ GTGTGTGTGTGTGTGTGTGT -~ -~~~ == ==--mmnn- ACACACACACACACACACAC -3
37- CACACACACACACACACACA-------------mmmnn TGTGTGTGTGTGTGTGTGTG -57

Figure 6.9. Example of an inter-simple sequence repeat
(ISSR) region.

Because ISSRs are dominant markers, the amplified regions in
an ISSR PCR are scored as diallelic. Between individuals within a
population, changes in the amplified products can arise through
structural changes to the region (insertions or deletions) or the
loss of primer binding sites.

Advantages

e Faster and requires a lower start-up investment than other
genotyping methodologies such as AFLP and RFLP analysis

e Several studies have compared results from AFLP and ISSR
analysis and have found ISSR PCR to be preferable because
of the reduced number of protocol steps required and less
DNA consumed

e Less expensive and less time-consuming than
microsatellite-based genotyping

¢ No need to clone and characterize microsatellites

e Capillary electrophoresis delivers significantly higher
resolution than traditional agarose gel electrophoresis,
thus increasing the amount of information obtained from
each experiment

Applications
ISSR PCR has been used to investigate many plant and animal
species using the following techniques:

e Genetic fingerprinting [21]

e Gene tagging [22]

e Detection of clonal variation [23]

e Cultivar identification [24]

e Phylogenetic analysis [25]

e Detection of genomic instability [26]

e Assessment of hybridization [27]

The versatility of this genotyping technique makes ISSR PCR
useful for researchers interested in diverse fields such as
conservation biology and cancer research.
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Considerations for experiment and primer design

e Cetyltrimethyl ammonium bromide (CTAB) gDNA isolation delivers high and
consistent amplification [28].

o For DNA amplification, primers and PCR master mixes should be tested for
robustness and consistency when amplifying ISSR targets in both types of
specimens. Subsequently thermal cycling conditions can be refined, with particular
focus on primer annealing temperature and primer annealing time.

Workflow
DNA extraction - Detection Analysis
SeqStudio Flex Series GeneMapper
CTAB AmpliTaq Gold 360 Genetic Analyzer Software v4.1 or higher
Master Mix GeneScan 1200 LIZ Size  Modified AFLP analysis
Standard method

Figure 6.10. Workflow for ISSR analysis.

Data analysis
Using GeneMapper Software:

¢ In the panel manager, create a panel for each dye color (primer) with bins,
centered at whole base pairs, one base pair wide covering the entire range of
80-1,200 bp (Figure 6.11).

¢ In the panel manager, modify the AFLP analysis method (Figure 6.12).

e This method detects peaks above a minimum peak height as an allele and applies a
binary label of either 1 or O for the presence of a peak in a particular bin.

[ e i T

Figure 6.11. Creating multiple ISSR bins and example of multiple bins centered at Figure 6.12. Example of the allele tab
whole base pairs for the blue marker in an ISSR panel. settings for an ISSR analysis method.

33 Fragment analysis i thermofisher.com/fragmentanalysis


https://www.thermofisher.com/fragmentanalysis

Example analysis

ISSR analysis was used to compare two samples: Agave shawii shawii (also known as
Shaw’s agave) from Rosarito, Mexico, and Agave shawii shawii from the US/Mexico
border. Figure 6.13 shows the distinct peak patterns of these two samples.

........................................................................................................................................ el
8 B e Tk it e oy
. o e e g g
1
(8010 WY Lot vt sl s P BT — a8 a

EC R H T IV [P G 178 B AT Y b T e KR

Figure 6.13. ISSR analysis of two Agave shawii shawii samples, from
Rosarito, Mexico (top) and the US/Mexico border (bottom).

After analyzing the data in GeneMapper Software, genotypes were exported and
evaluated using a spreadsheet program to:

e Assess the consistency of genotyping for four replicate ISSR polymerase chain
reactions for each primer analyzed.

e Calculate the alleles shared between the replicates.

Only alleles with 100% concordance were scored as true alleles and used in subsequent
phylogenetic analyses.
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True allele data for each individual for each primer were concatenated into a single list
of binary states. The binary data were then analyzed using the phylogenetic software,
MrBayes program [29,30]. A phylogram was generated using the MrBayes program
(Figure 6.14). It indicates with high confidence that three distinct populations of Agave
shawii shawii existed.

For more information, view the application note here.

Agave shawii shawii
US/Mexico border

#LP-917
' Agave shawii shawii
US/Mexico border
Agave shawii shawii > #LP-915
US/Mexico border 2.
#LP-914 3

Agave shawii shawii
US/Mexico border
#LP-916

Agave shawii shawii

Arroyo Hondo
#LP-913

Agave shawii shawii
Arroyo Hondo

#LP-912 ,‘o°° °Agave shawii shawii Agave shawii shawii
Arroyo Hondo Hosario
#LP-911 007 LPoos

Agave shawii shawii

Rosarito
Agave shawii shawii #LP-909
Rosarito
#LP-910

Figure 6.14. Phylogram generated using MrBayes software shows three distinct populations of agave. Individuals
collected from Rosarito, Mexico; Arroyo Hondo, New Mexico, US; and the US/Mexico border are shown in gold,

gray, and purple, respectively. Highlighted individuals correspond to the data presented in Figure 6.13. Nodes with
posterior probability values above 95% are considered to be informative in Monte Carlo Markov Chain (MCMC) and
Bayesian analysis.
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Chapter 7: Relative - -
fluorescence quantltatlon {l

Overview

Relative fluorescence quantitation (RFQ) is a technique used in a variety of fragment
analysis applications to compare peak heights across samples.

Relative fluorescence applications compare peak height or area between two samples.
Common techniques include:

e Qualitative fluorescence (QF) PCR
¢ Quantitative multiplex PCR of short fluorescent fragments (QMPSF)

e Multiplex ligation-dependent probe amplification (MLPA)

Principle of the analysis
The data for an RFQ experiment can be analyzed with the microsatellite module or

™ ™

AFLP™ analysis module on the Applied Biosystems™ GeneMapper Software, or other

application-specific software (e.g., the Applied Biosystems™ TrueMark™ MSI Analysis
Software or Coffalyser.Net™ software for MLPA analysis).

Peak height or peak area can be used to compare differences in the same marker
across multiple samples. However, you may see a difference in results depending on
whether peak height or peak area is used.

Note: Variations in signal intensity adversely affects results in RFQ experiments.

Figure 7.1 is an electropherogram from an RFQ experiment of a microsatellite marker in
DNA from a healthy sample and a tumor sample. The reduced peak height in the tumor
sample indicates potential loss of heterozygosity (LOH) in the sample.

1 A Healthy

La gl R . Figure 7.1. Electropherograms from a healthy
b sample (top) and a tumor sample (bottom).
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Applications

e Screening for LOH using microsatellites or single-nucleotide
polymorphisms (SNPs)

¢ Aneuploidy assays

e Detection of large chromosomal deletions

e Multiplex ligation-dependent probe amplification (MLPA)

Experiment and primer design
recommendations

Recommendations

e Do not use internally labeled (fluorescent dNTP) fragments in
quantitative experiments. Variations in the number of labeled
nucleotides per fragment and the increased peak spreading
with this method make relative quantitation unreliable.

e For more information, see “Microsatellite analysis” on page 14,
and “Amplified fragment length polymorphism (AFLP) analysis”
on page 24.

Minimizing signal intensity variation
To minimize variations, consider the ionic strength of samples

and consumables. The amount of DNA injected is inversely
proportional to the ionic strength of the solution:

e Samples high in salt result in poor injections. Polymerase
chain reactions vary in efficiency; therefore, some reactions
may result in higher ionic concentration post-amplification.
A pre-CE sample cleanup, e.g., by PCR cleanup methods
(column- or bead-based), is recommended.

e Conductivity of the solvent used for injection will affect the
sample injection and can cause variation in peak height. A
constant ratio of sample to mixture of Applied Biosystems™
HIDI™ Formamide and size standard should be obtained.

Note: Preferential amplification can decrease the accuracy of
relative quantitation measurements.

LOH workflow

1. Design the primers and select the primer dye set

2. PCR:
- Run two DNA samples from each individual, for example:

e One from healthy tissue (H)

e One from tumor tissue (T)

- Note: Some normal tissue contaminating the tumor tissue
sample is typical.

- Run 3 to 4 independent injections for each sample
(H and T) to obtain sufficiently accurate quantitative
estimates for subsequent data analysis

- Run control DNA:

o Amplify at least one control DNA sample for every
round of PCR amplification

e Run at least one injection of amplified control DNA
for every set of microsatellite markers used

¢ Run at least one injection of amplified control
DNA whenever you change the capillary or
electrophoresis conditions

3. Capillary electrophoresis

4. Data analysis

Data analysis

Precise peak detection
Optimize peak detection parameters to ensure precise
peak detection.

If noise peaks are detected, increase the minimum peak
half-width or use a stronger smoothing option when analyzing
noisy data.

Determining relative quantities

You can determine the relative quantities of two 5-end labeled
fragments by comparing the corresponding peak areas or peak
heights on electropherograms generated from GeneMapper
Software or Applied Biosystems™ Peak Scanner™ Software.

Assess the reproducibility of peak height and area for each new
analysis. Note the following:

e Use area for slow migrating or wide peaks at
high concentration.

e Use height for sharp peaks at low concentration.

e There is a linear relationship between migration time and
reproducibility. As the migration time increases, the peak
width and area increase. Therefore, fast migrating peaks
result in higher reproducibility as measured by the peak area.
However, improved reproducibility calculated using peak
height has been observed as the migration time increases [1].
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Determining relative number of molecules

To determine the relative number of molecules of two
different-size fragments, calculate the ratio of respective peak
areas or heights. Make sure to compare peak area to peak area,
or peak height to peak height:

e |f two fragments are similar in size, compare peak heights,
especially if the peaks overlap slightly. If the peaks are well
defined, peak area and peak height will give similar results.
If the peaks are irregularly shaped or have shoulders, peak
heights will often give better results than peak areas.

o [f two fragments differ greatly in size, compare peak areas
because large peaks tend to spread considerably more than
small peaks.

e A practical approach has been developed for applying
microsatellite multiplex PCR analysis (MMPA) for determining
allele copy-number status and percentage of normal cells
within tumors [2].

An application note on relative fluorescent quantitation is
available here.

Microsatellite instability (MSI)

Microsatellite instability is the genetic mutation of microsatellites
that can be caused by errors in DNA mismatch repair (MMR).
The presence of high levels of MSI (MSI-H) may potentially be
predictive of Lynch syndrome, a hereditary condition associated
with increased cancer risk across a variety of tumor types
including colorectal, gastric, and endometrial.

Defects in MMR also result in novel somatic mutations in
unrelated loci throughout the genome. These mutations can

produce novel immunogenic proteins that can “prime” an immune

response to the foreign neoantigens in the tumor. MSI-H tumors

PCR sample prep Fluorescent PCR
15 min 2 hr

O 6

Fragment analysis
sample prep

15 min

are potentially more sensitive to immune checkpoint inhibitor
treatment than microsatellite stable (MSS) tumors. There is
therefore substantial interest in studying MSI in diverse tumors
to identify those in which growth might be slowed by immune
checkpoint inhibitor treatments.

The Applied Biosystems™ TrueMark™ MSI Assay is a low-input,
affordable assay with an expanded panel of 13 MSI markers
(Table 7.1) and includes Applied Biosystems™ TrueMark™ MSI
Analysis Software that features automated calling to potentially
accelerate accurate decision-making. Using only 2 ng of

DNA derived from formalin-fixed, paraffin-embedded (FFPE)
samples, the entire workflow takes as little as 4 hours to
determine accurate sample status (Figure 7.2). The TrueMark
MSI Assay leverages a 6-dye set to incorporate additional
markers and does not require the use of a tumor-normal match
when using the TrueMark MSI Analysis Software, cutting the
number of wells required per sample in half and reducing
sample-handling burden. The TrueMark MSI Assay is designed
to run on Applied Biosystems™ SeqgStudio™ and 3500 Series
genetic analyzers.

Table 7.1. The TrueMark MSI Assay includes 13 MSI
markers and 2 sample identification markers.
Markers Description
BAT-25, BAT-26, BAT-40,
CAT-25, NR-21, NR-22,
NR-24, NR-27

Publicly known MSI markers

ABI-16, ABI-17, ABI-19,
ABI-20A, ABI-20B

MSI markers proprietary to
Thermo Fisher Scientific

PentaD, TH-01 Sample identification markers

Data analysis,
review, and
reporting
5 min

Fragment
EREWASS
55 min

Figure 7.2. Workflow of the TrueMark MSI Assay. Go from extracted DNA to results in as little as 4 hours with less than 1 hour of hands-on time.
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The TrueMark MSI Assay offers:

¢ An expanded panel—13 microsatellite markers to test for
MSI associated with cancers related to Lynch syndrome and
to study immunotherapy

¢ Optional normal control—no requirement to use a
tumor-normal match for interpretation with the TrueMark MSI
Analysis Software

e Low input—use as little as 2 ng of FFPE-derived DNA

e Rapid turnaround—go from DNA to results in as little as 4
hours with less than 1 hour of hands-on time

e Automated calling—simple analysis and reporting software
includes automated calling of markers and samples

Included at no additional cost, Applied Biosystems™ TrueMark™
MSI Analysis Software is designed specifically for the TrueMark
MSI Assay to enable greater ease of analysis and reporting.
TrueMark MSI Analysis Software offers:

e Automated calling of markers and samples (Figure 7.3).
e Straightforward QC and review steps.
e Simple review of individual specimens and batches.

e An easy workflow for selecting markers to include in analysis
and making manual calls when needed.

e Fast export of results into multiple file formats
(PDF, CSV, VCF).

e Compatibility with lon Torrent™ Oncomine™ Reporter to
produce clear and concise reports that summarize relevant
biomarkers with information from targeted therapies,
guidelines, and global clinical trials (Figure 7.4).
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Figure 7.3. TrueMark MSI Analysis Software offers automated
calling. Custom algorithms analyze the MSI status and return an overall
call that considers all loci. The status at each locus can be examined and
modified manually, if needed.
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Results are summarized in an easy-to-interpret manner.
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Chapter 8:
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Analysis of double-stranded DNA fragments

using capillary electrophoresis

In this study, we show:

e Double-stranded DNA (dsDNA) can be analyzed on
capillary electrophoresis (CE)-based genetic analyzers with
a simple workflow requiring no additional equipment

e Sizes of DNA can be calculated using well-defined dsDNA
samples to recalibrate Applied Biosystems™ GeneScan™
LIZ™ standards

e The quality of next-generation sequencing (NGS) libraries
can be analyzed using this method prior to sequencing

Introduction

Many steps in genomic analyses begin with a pool of DNA. It is
often necessary to determine the size and amount of DNA in that
pool before initiating a study or continuing to the next steps. For
example, DNA extracted from formalin-fixed, paraffin-embedded
(FFPE) tissue may be fragmented and, thus, too small to provide
useful information; at the nucleic acid isolation stage, it would
help to know the overall size of the DNA fragments before moving
experiments forward. In NGS experiments, libraries of pooled
fragments are often generated before being loaded onto the
sequence-reading chip; knowing the size and abundance of
fragments in that library is important for predicting the success
of the NGS result. Finally, it can be useful to know whether

a specific amplicon was successfully generated from a PCR
reaction. Agarose gels are often used for this application,

but while they are inexpensive, they are not very precise or
high-throughput. Methods that can accurately and precisely
characterize DNA quality (i.e., fragment size and abundance) in a
sample are therefore highly advantageous.

IT-W = s Bl il [ Al

VT

\
Combine LIZ dye, e Separate
TOTO-1 stain, 5 . fragments Analyze results
37°C for 10 min
and sample by CE

Here we demonstrate how the Applied Biosystems™ genetic
analyzer family of CE instruments can be used for evaluating
the quality of dsDNA samples. The simple fragment analysis
method relies on incubating DNA with a dsDNA-intercalating
dye, followed by CE using existing polymers and buffers at low
temperature. The resulting electropherogram shows the relative
size of a sample and gives a semiquantitative measurement of
the amount of DNA in the sample. Since this method does not
require purchase of new reagents or instrumentation, it provides
additional flexibility and utility for existing CE instruments.

Materials and methods

The size and relative abundance of dsDNA fragments can be
analyzed on Applied Biosystems genetic analyzers (Figure 8.1).
For this analysis, Invitrogen™ TOTO™-1 lodide (514/533), a
fluorescent DNA intercalating dye, is incubated with a nucleic
acid sample. The sample is then analyzed by CE using

™

Applied Biosystems™ POP-7™ Polymer on Applied Biosystems™

™

3500 Series or SeqgStudio™ Flex Series Genetic Analyzers, or by
using POP-1" on the Applied Biosystems™ SeqStudio™ Genetic
Analyzer with the capillary heater turned off or minimized. This
helps maintain DNA in a mostly double-stranded, undenatured
state. By comparing the resulting migration of a test fragment
with the migration of known dsDNA standards (e.g., Thermo

™

Scientific™ phage lambda DNA digested with Hindlll restriction
enzyme and Thermo Scientific™ phage phiX174 digested with
BsuRI or Haelll restriction enzyme), the size of the test fragment(s)
can be determined. A detailed protocol and run conditions are in

the “Detailed protocol and run conditions” section.

Figure 8.1. Workflow for dsDNA analysis. This simple workflow can
check the quality of dsDNA using Applied Biosystems genetic analyzers,
such as SeqStudio Flex Series Genetic Analyzers, without requiring
additional instrumentation or complex chemistries.
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Results

dsDNA fragments with phage markers and dye. Nevertheless, the sizes of the GeneScan LIZ standards
other standards can be redefined, using a known set of dsDNA fragments. For
To illustrate the results obtained with the CE method, we example, Applied Biosystems™ GeneMapper™ Software can
analyzed DNA digested with Hindlll (for phage lambda DNA) and use the mixture of phiX174-BsuRI and lambda—Hindlll digests
BsuRl (for phage phiX174 DNA). When phiX174-BsuRI enzyme described previously (Figure 8.2C) as the size standard. A 100
standards were analyzed, the characteristic 10 fragments ranging ~ bp DNA ladder is also shown (Figure 8.2D). Using these size
from 1,353 bp to 72 bp were generated (Figure 8.2A). Similarly, definitions for the GeneScan LIZ markers, a new size-standard
a lambda-Hindlll enzyme digest resulted in the well-known set can be defined and subsequently used to analyze the sizes of
pattern of eight fragments that range from 23,130 bp to 125 bp unknowns labeled with TOTO-1 dye. For details on this method,
(Figure 8.2B). A mixture of phiX174—BsuRI and lambda—Hindlll see the “Recalibrating GeneScan LIZ standards for dsDNA
digests were used to visualize a wide range of sizes covered sizing” section.

by the two digests (Figure 8.2C). Finally, an engineered artificial
ladder, such as the Invitrogen™ 100 bp DNA Ladder, produced
similar results (Figure 8.2D).

To illustrate how this method works, we used the phixX174-BsuRlI
and lambda—Hindlll markers to define a set of GeneScan LIZ
markers for dsDNA size determination. Note that the variability

Redefining GeneScan LIZ size markers for precision in size estimation increases as DNA fragment sizes increase—
size determination small variations in migration can produce large differences in
Although the size of a DNA population can be estimated using calculated size for large fragments. The accuracy of this sizing
side-by-side comparison of peak traces, a more accurate was determined by measuring the sizes in a 100 bp ladder, using
and precise determination can be made by making use of the the recalibrated GeneScan LIZ standards (Figure 8.3A). Overall,
GeneScan LIZ size standards that are run in the same capillary. there was excellent agreement between the measured and the
The GeneScan LIZ standards are end-labeled molecules that predicted sizes for these fragments (Figure 8.3B).

are single-stranded, and thus do not migrate the same as
double-stranded DNA fragments that are intercalated with a

A
B 2,322

" o w000 1100 e 13000 i 6,557 23,130

" oni i 1353 125 564 4,361
phiX174-BsuRl digest 1078 2,027 g 9416

o - 503 . )| . " R L w ol |w . w
- l 872 Lambda-Hindl digest v
on 105 194 1 t

I EERERERNE

: i
: ll \m i AN BURRIIASY

(] Lore 2027 4361 b
281/271 564/603 \1 a8 2,322 . 10\0 m20|0 aoom 400 592’ 60? 7?0 ngi _ .
72 105 194 234 | 310 g2 |’ 6557 9416 23130 «=[ 100 bp DNA Ladder
AP N N MY e |
! Lambda—Hindlll + phixX174-BsuRl digest \ / :
. =
o - [
- r - | | |
AL RN »
i o N N ) Nl\._ }\J k’\.ﬁLJu L J\-..J\‘ -—; JL \_ L L Ll A ‘ 1. | . U N N ) .

Figure 8.2. Migration of well-defined dsDNA fragments in capillaries. The typical fragment patterns seen on agarose gels were recapitulated by
CE. GeneScan LIZ size standards displayed as orange peaks. (A) Phage phiX174 digested with BsuRI (Haelll). (B) Phage lambda digested with Hindlll.
(C) Mixture of phiX174-BsuRI and lambda—Hindlll digests. (D) 100 bp DNA ladder.
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Figure 8.3. Calibration of LIZ size standards to dsDNA fragments. A mixture of phiX174-BsuRI and lambda—Hindlll digests (not shown) were used
to calibrate GeneScan LIZ markers for dsDNA size determination following the protocol on page 46. (A) Three replicates of a 100 bp ladder were used
to characterize the precision of the measurements with the redefined GeneScan LIZ standards. (B) Correlation of expected sizes versus measured
sizes of the 100 bp fragments. For all sizes, the correlation was R? = 0.9887. The standard deviations at each size for the replicates were calculated
but are too small to be seen on the graph. Note that above 1,000 bp, the correlation drops off; if the fragments greater than 1,000 bp are removed, the
correlation between expected and measured values rises to R? = 0.9987.

dsDNA sizing using genomic DNA as sample input

One of the reasons for dsDNA sizing is to determine the amount of fragmentation of a
DNA sample. We isolated genomic DNA from HEK293 cultured cells and ran 1 pL of
the product on a 2% agarose gel and on a CE genetic analyzer using the described
protocol. As seen on the agarose gel, the majority of the DNA is large, essentially
comigrating with the 23 kb lambda marker, but there is a smear of smaller fragments
below that (Figure 8.4A, lane 5). When analyzed by CE, a similar pattern is clear: the
majority of the DNA is large, with smaller, degraded fragments detectable (Figure 8.4B).
Using the sizing method described above, the smear of large DNA was estimated to be
between about 11 kb and 18 kb, with a smaller population also detectable.
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Figure 8.4. Genomic DNA analyzed by capillary electrophoresis. (A) Agarose gel showing migration of phiX174-BsuRl and lambda-Hindlll mixture
(lane 2); FFPE-extracted DNA (lanes 3 and 4); and genomic DNA from HEK293 cells (lane 5). (B) HEK293 genomic DNA with the major peak around
9,000-23,000 bp. (C) Genomic DNA extracted from an FFPE tumor sample. Note that there are distinct populations—a population of smaller fragments
between about 85 bp and 185 bp and several populations of larger fragments at greater than 4,500 bp.
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We also obtained samples of genomic
DNA extracted from FFPE slides. When

1 pL each from two different samples
was analyzed on an agarose gel, a very
faint smear could be seen for each
sample (Figure 8.4A, lanes 3 and 4).
However, when analyzed by CE, two
sets of DNA fragments could be seen:

a small set, ranging in size from about
85 bp to 185 bp, and another set of
fragments at greater than 4,500 bp
(Figure 8.4C). These latter peaks could
be intact genomic DNA, or they could be
complexes of fixed nucleic acids, protein,
and other molecules that resulted from the
FFPE-fixation method.

dsDNA sizing using PCR amplicons
as sample input

Some investigations depend on
generating a PCR amplicon before
performing more complex analyses. For
example, Sanger sequencing from small
amounts of template is facilitated by
amplifying the region to be sequenced.
Many researchers will want to verify that
the PCR reaction was successful before
proceeding with subsequent steps. To
show how the CE method could be used
to analyze PCR amplicons, we amplified
the region surrounding BRAF V600

from FFPE samples. Using the sizing
method described above, the peak in the
positive control migrates at 209-218 bp
(Figure 8.5A), and the FFPE-derived
amplicon is similarly sized (Figure 8.5B).
The expected size of this amplicon is
208 bp, which matches well with the
observed size. For both amplicons,

the subsequent cycle sequencing was
successful (data not shown).
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Figure 8.5. Quality analysis of a PCR amplicon to be used for sequencing. Two different PCR
reactions from (A) HEK293 genomic DNA and (B) DNA extracted from an FFPE tumor section
were run with GeneScan LIZ standards, and size was calculated as described in the “Recalibrating
GeneScan LIZ standards for dsDNA sizing” section. The major peak is between 209 and 218 bp;
the expected amplicon size is 208 bp.

Fragment analysis i thermofisher.com/fragmentanalysis 44


https://www.thermofisher.com/fragmentanalysis

dsDNA sizing using NGS libraries as sample input
Another common instance in which prior information on
amplicon size is desired is library generation for next-generation
sequencing (NGS). In this scenario, researchers need to know
whether their libraries meet the size expectations before loading
them onto expensive NGS systems. As an example of an NGS
library quality control (QC) experiment, we analyzed 2 pL of a
library constructed using the lon Torrent™ CarrierSeq™ workflow.
The amplicons in this library migrated as a heterogeneous set of
peaks, reflecting the different sizes of amplicons in the library.
As measured by CE, the fragments ranged from 250 to 285 bp
(Figure 8.6). This agreed with the expected value of around
200-300 bp.

Summary and conclusions

The CE method described here provides a path to fast and
simple QC of dsDNA samples. We show that CE-based genetic
analyzers provide information similar to an agarose gel, but with
the potential capability of precise measurement of fragments. We
illustrate how size determination by CE can be used to check the
extent of fragmentation present in a genomic DNA sample and
how this method can be used to analyze PCR amplicons before
proceeding with more complex analyses. One workflow where
this is important is QC of NGS libraries; we show that library
amplicons can be detected and sized by CE.

The CE detection and sizing method described here allows
users to get extra flexibility from their existing instruments and
provides a semiquantitative estimate of fragment-specific DNA
quantity. However, there are some things to consider. First, the
molecules remain partially denatured when run in the capillary.
That can lead to some broadening of the peaks, since the
population is not expected to be in a uniform configuration.
Thus, users should expect the double-stranded peaks to be
wider than single-stranded peaks. Second, the incorporation of
the intercalating dye can affect the migration of the molecules.
This, in turn, may affect the measurement of the absolute size.
Finally, there are many variables that affect the amount of DNA
injected into the capillary. Because of this, quantification requires
additional calibration and normalization. Other instruments
should be used for precise quantification, such as the Invitrogen™
Qubit™ 4 Fluorometer or the Applied Biosystems™ QuantStudio™
Absolute Q™ Digital PCR System.
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Figure 8.6. Size analysis of an NGS library. (A) A phiX174-BsuRI and
lambda-Hindlll mixture (upper frame) in 2 pL of an lon Torrent™ library
(lower frame). Note there are three populations—a population of small
fragments less than 75 nt, likely consisting of primer dimers and other
small PCR artifacts; a population of large fragments between 4,000 and
23,000 nt, likely due to leftover genomic DNA; and the library at about
250-285 bp (blue area under the curve). A very narrow peak between
600 and 800 bp was also seen; the 1-2 pixel width suggests it is an
artifact. (B) Table of GeneMapper data showing the breakdown of the
fragment sizes under the curve highlighted in blue in panel A. The library
was successfully run on lon Torrent™ chips, generating over 95M reads.
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Detailed protocol and run conditions

1. Create a 10 uM (1:100 dilution) intermediate stock solution of TOTO-1 dye in
DMSO by adding 5 pL of 1 mM TOTO-1 dye to 495 pL of DMSO. Pipet 100 pL into
microcentrifuge tubes. Store at —20°C, and thaw one tube as needed.

2. Create a 15 nM working solution by diluting the 10 pM stock solution in nuclease-free
water. For a 96-well plate, add 1.5 yL of the 10 uM stock solution to 998 ulL of water
(1:667 dilution). Discard unused portions.

Note: The final working concentration of dye is 15 nM. For each use, prepare the 15 nM

solution fresh as needed.

Labeling:

1. Add Applied Biosystems™ GeneScan™ 1200 LIZ™ Size Standard to 15 nM diluted

TOTO-1 dye solution, and mix well. Use 0.5 pyL/measurement.

2. Pipet 9 pL of 15 nM TOTO-1 dye—-GeneScan LIZ solution into wells of a 96-well
microtiter plate.

3. Add 1 pL of dsDNA sample into designated wells.

4. Add 1 pL of dsDNA standards (e.g., phage phiX174 digested with BsuRI or phage
lambda digested with Hindlll, or a mixture of the two, 10-100 ng) to at least
one well.

5. Seal with adhesive film for the incubation period to decrease evaporation.

6. Incubate the sample according to the table:

1x

Incubate

37°C

10 min

1x

Hold

4°C

Hold

7. Remove the adhesive film from the plate, and add the septum in preparation for the
instrument run.

Load the instrument and run using the following running conditions:

Genetic Injection Oven Analysis
analyzer Injection time voltage Run voltage Run time temperature Run module* Dye set protocol

ﬁ;‘ft“dw 15 sec 1,600 8,500 5,000 sec 40°C DSDNA_QC (Default)
Fragment_
3500 Series 15 sec 1,600 8,500 8,000 sec 40°C DSDNA_QC E5 Analysis_PA_
Protocol
SeqStudio 7 sec 1,200 9,000 1,000 sec 40°C FragAnalysis_1 E5 (Default)
* Guidance for setting up run modules on various genetic analyzers is in Figures 8.7-8.9.
Fragment analysis i thermofisher.com/fragmentanalysis 46


https://www.thermofisher.com/fragmentanalysis

Create Run Module

Tap a section to edit

Run module dsDNA_QC

Oven temperature 40,0 °C Injection time
Injection voltage 1600 V Run time
Run voltage 8500 V Pre-run time

Pre-run voltage 15000 V Data delay

Voltage tolerance First read-out time 200 ms
Voltage step interval
Veltage # of steps 30

Norm. target 4500.0 Norm. factor threshold max
Norm. factor threshold min 0.3

Figure 8.7. Run conditions for SeqStudio Flex Genetic Analyzers.

SeqStudio Flex Series Genetic Analyzers

1. From the Maintenance screen, choose Library, then
Run Module.

2. Select a fragment analysis run module, then choose Copy.

3. Edit conditions to match those in Figure 8.7 by touching the
particular field, then entering the value.

4. After all changes are made, save the run module under a
new name.

! Edit Instrument Pretocel DMA QC ESdyes =S ]

Setup an Instrument Protocol g

Instrument Protoccl Setup Help @

Application Type: | Fragment Capillary Length: (30 =] cm Polymer. [POPT -

Dyeser: [B5 - Disable Nome Fitter

Ingtrument Protocel Properties

* Run Medule: iFragmenlAnMysisW_POPTxl -‘} Run Modules for 24 capillary are only available in the list,

* Protoce| Name: | D Locked

Description:

Oven Temperature ("C): 40 Run Violtage (kVelts): 85 PreRun Voltage (kVols): 15 Injection Voltage (kVoltsy: 15

Run Time {seck 5000 PreRun Time {sec. 180 Injection Time {sec): 15 Data Delay (sec: 1

¥ Advanced Options

Figure 8.8. Run conditions for 3500 Series Genetic Analyzers.

3500 Series Genetic Analyzers

1.

2.

47

From the Libraries tab, choose Instrument Protocols.

Select the Fragment Analysis run module to match the
instrument configuration (3500 vs. 3500xL, 36 vs. 50 cm), and
choose Copy.

Open the copied file.
Enter conditions to match those in Figure 8.8.

Save to the Library under a new name.

D

Manage Run Modules

9000
11000
4000

4000

Edit Run Module

Injection time

Edit Run Module

Name your new run module
Name:| DSDNA_QC
Injection time: 7 seconds
1200 volts

16
Run voltage 9000 volts

Edit Run Module - Advanced Options

Capillary Temperature

| 40

Pre R age

Pre Run Time

Figure 8.9. Run conditions for the SeqStudio Genetic Analyzer.

SeqStudio Genetic Analyzer

1.

6.

From the Maintenance screen, choose
Manage Run Modules (Figure 8.9A).

Select FragAnalysis, followed by Copy.

Modify conditions on the Edit Run Module screen
(Figure 8.9B), and select Next.

Select Advanced (Figure 8.9C).

Change Capillary Temperature from 60 to 40 (Figure 8.9D),
and select Done.

Name the new run module.
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Recalibrating GeneScan LIZ standards for dsDNA sizing

Step 1. In the GeneMapper Manager menu, open the Size Standards
tab. Select the New button at the bottom left of the menu.

™ Size Standard Editor X
Edit

rSize Standard
Name: PhiLambdaBlue

Description:

Size Standard Dye: Blue v
[Size Standard Table
Size in Basepairs

2.0 A

118.0

194.0

234.0

271.0

281.0

310.0

603.0

872.0

1078.0

lswowomz.uNu

1353.0

2027.0

5

13 |2322.0

3

4361.0
6557.0

G|

5

9416.0

23130,0

]

[<

OK || Cancel

Step 2. Provide a name for the new size standards. For this example,
since the sizes will be defined by phiX-lambda fragments, the set is
called PhiLambdaBlue. In the Size Standard Dye selection, choose
blue. For the Size Standard Table, enter the size in bp for each of the
restriction fragments. Use the Insert button to add a new fragment.
When finished, select OK and then Done.

™ GeneMapper Manager % GeneMapper Software 6+ % v - 0 x
Fle 66 An View Took Help
Projects Analysis Methods Table Settings Plot Settings Cluster Plot Settings  Matrices Size Standards  SNP Sets Report Settings CoWH |%F EEEL | AEE \@. | ratie settng: | AP petast ~E| P De
Name Size Standard Dye [Last Saved Owner Type Description SR e
GS600(60-600)L1Z Orange Wzt-ua-sl 10:53:19.0 |gm Basic/Advanced Factory Provided aB ] st Sagc Hore_[Commerks _[Sangle T[SV e Sae St
T T S e e == ~
Phiglue Blue 2021-12-08 15" am Basic/Advanced 2 o_sanpe 20011200 12565 fem 02 Hone Swpe A [DWALBwYOC s feseoo(e0sooniz B
CMs00 Red 2020-04-07 194 am Basic/Advanced e T ) kT O S ol R i) e
L 2
|SNPlex_aaplex_v1 Orange 2003-09-26 11:16:34.0 |gm Basic/Advanced Factory Provided
GS600LIZ Orange 2008-06-27 111 .0 [gm Basic/Advanced Factory Provided e St v
GS600LIZ+Normalization | Orange 2008-06-27 10: am Basic/Advanced Factory Provided & =
GSSO0ROX Red 2008-04-17 14:58:46.0 |gm Basic/Advanced Factory Provided
GS500(-35,-250,-340)ROX |Red 2008-06-11 171 am Basic/Advanced Factory Provided
GS500(-35,-250,-340)L1Z | Orange 2008-04-17 14! gm Basic/Advanced Factory Provided
GS500(-250)ROX Red 2008-04-17 14:56:15.0 |gm Basic/Advanced Factory Provided
GSS00(-250)L1Z Orange 2002-08-20 13:1 gm Basic/Advanced Factory Provided
GS400HOROK Red (20020820 131 on Basicjadvanced Factory Provided Step 3. Open the project with the .fsa files. Select the sample that
GS3S0ROX Red 2002-06-10 14:26:47.0 |gm Basic/Advanced Factory Provided . H H
° ! v has the fragments that were defined in step 2, DNA Library QC as the
G5120L1Z Orange 2002-08-20 13:/ gm Basic/Advanced Factory Provided . . .
Gsizo0Liz range 2006-06-11 167 o Basicjadvanced Factory Provided analysis method, and the newly defined double-stranded size standard
GS600(80-600)L1Z Orange ’521-03-31 10:54:38.0 |gm Basic/Advanced Factory Provided (here’ PhILambdaBlue) Select the green trlangle (arrOW) to analyze
|DNAQC_L1Z(20-270) Orange 2021-08-19 07 am Basic/Advanced Factory Provided )
PhiLambdaBlue Blue ‘2021-12-10 09: gm Basic/Advanced the ﬂleS
dsDNA QC Orange 2021-12-10 09:34:52.0 |gm Basic/Advanced
DNAQC_LIZ(20-400) Orange ‘2021-07-03 13:09:50.0 |gm Basic/Advanced Factory Provided
=
et R
it
| New... Open... Save As... Import... ‘ Export... oz

|| ]

Detete

Change.. | (735 ,_

Step 4. Open the Size Match Editor for that sample. GeneMapper
software will attempt to assign the fragments with the lengths defined.

In some cases, it will be necessary to manually assign the fragment
sizes. To do that, double-click on a peak—it will turn blue, and a menu
will pop up. If there is an incorrect size, select Change. If there is no
assignment, select Add. From the next pop-up that appears, choose the
correct fragment size. Continue in this manner until all the fragments are
assigned to the appropriate size. Finally, select the Override SQ button at
the top, then Apply, and OK. This will take you back to the project view
screen shown in step 3.
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Step 5. In the project view, select the green arrow again (see step 3)

to reanalyze the sample with the newly defined standards. When the
analysis is finished, display the plot for the file. The peaks should now be
assigned the correct sizes. In the table, the peaks that were defined will
be indicated with an asterisk; peaks that are not part of the size-standard
set will lack the asterisk. Clicking on a peak will highlight the peak in blue
on the electropherogram and highlight the corresponding peak in blue in
the table, as shown. Notice that in this example, the highlighted peak is
defined in the size standards as 1,353 bp.
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Step 6. Next, in the same window, highlight the orange peaks only by
selecting the rainbow button, which is circled in red (turns off all colors),
followed by the orange button to its left (turns on orange only). The
orange GeneScan LIZ peaks will be shown, along with their calculated
sizes. Make note of the calculated sizes of all the GeneScan LIZ peaks.
For convenience, the entire table can be copied into a Microsoft™ Excel™
file or a text document.

T GeneMapper Manager X
Projects AnslysisMethods TableSettings PlotSetings Cluster Plot Setongs Mainces Soe Standards 5P Sets Report Settings
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Step 7. Open the GeneMapper Manager, choose the Size Standards
tab, and select New to create a new size standard.

™ Size Standard Editor X
Edit

Size Standard

Name: dsDNA QC

Size Standard Dye: |orange v

Size Standard Table

Size in Basepairs
7.31 ~

Insert | | Delete |

111,92

129.14

165.47
203.59

238.75
258.78

282.86

324.94

Ewm\lla\mI.AuNu

369.81

o

421.64

(12 [482.95

13 [531.97
14 |553.58
15 |643.57

16 (697.21

17 |768.31

18 |1040.66

19 |1834.72

20 |2251.11

+

[<

oK Cancel

New... Open... Save As... Import... Export...

Step 8. Similar to step 2, define a new set with a name (here, dsDNA QC)
and size standard dye (orange this time, since we will be defining the
GeneScan LIZ peaks). Enter the calculated values for the GeneScan

LIZ peaks from step 6. Use the Insert button to create more entries as
needed. When all are entered, select OK, then Done.
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Step 9. In the project view, change the size standards column to the
newly named set (in this example, dsDNA QC) and analyze by selecting
the green arrow (top). Open the Size Match Editor, and make sure all the
peaks have a size assigned and that the sizes make sense. If they are all
assigned and they all make sense, select Override SQ at the top of the
window, select Apply if needed, and then select OK.
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Step 10. Select the green arrow to analyze the sample with the new
standards. Here, the same phiX-lambda set was sized using the
reassigned LIZ peaks. The highlighted large peaks are consistent with
expected values (measured 311.88 bp, expected 310 bp; measured
601.29 bp, expected 603 bp; measured 882.4 bp, expected 872 bp). One
smaller “pre-peak” was also measured—it precedes the 601 bp peak
and was measured as 590.4 bp.
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Choose the thermal cycler that is right for you

Applied Biosystems™ thermal cyclers enable precise, consistent

™

PCR results for every challenge, application, and budget. Be

confident in your results with instruments designed for reliability,

accuracy, and user-friendly interfaces. Reduce time spent on

Compare instruments

ProFlex
PCR System

VeritiPro
Thermal Cycler

optimization with the Applied Biosystems

VeriFlex™ temperature

control technology. Manage your instruments remotely with

Secure access.

SimpliAmp
Thermal Cycler

MiniAmp
Thermal Cycler

e

Automated
Thermal Cycler

/)=

e

Block formats
(temperature
optimization)

3 x 32-well, 0.2 mL
(2-zone VeriFlex Block)

96-well, 0.2 mL
(6-zone VeriFlex Block)

2 x 96-well, 0.2 mL
2 x flat block
2 x 384-well, 0.02 mL

96-well, 0.2 mL
(6-zone VeriFlex Block)

384-well, 0.02 mL

96-well, 0.2 mL
(3-zone VeriFlex Block)

96-well, 0.2 mL

96-well, 0.2 mL,
compatible with full-
or semi-skirted plates

384-well, 0.02 mL

Temperature
optimization

6-zone VeriFlex Block
on 96-well system
2-zone VeriFlex Block
on 32-well system

6-zone VeriFlex Block
on 96-well system

3-zone VeriFlex Block
on 96-well system

3-zone VeriFlex Block
on MiniAmp Plus
Thermal Cycler

None

User interface

8.4 in. touchscreen

8.0 in. touchscreen

8.0 in. touchscreen

5.0 in. touchscreen

Via robotic platform or
desktop software

Max. sample
throughput

480,000 reactions

384 reactions

96 reactions

96 reactions

384 reactions

Max. block
ramp rate

6.0°C/sec

PrEg™Ment analysis

6.0°C/sec

4.0°C/sec

3.0°C/sec

thermofisher.com/f@@®entanalysis

3.5°C/sec



https://www.thermofisher.com/fragmentanalysis

Choose the genetic analyzer that is right for you

Applied Biosystems™ genetic analyzers are a trusted standard
for Sanger sequencing and fragment analysis by capillary
electrophoresis (CE). Versatile and innovative, our genetic
analyzers have been designed with you in mind to meet the

demands of your genetic testing needs. Whether you are

SeqStudio™
Genetic Analyzer

Easy-to-use,
flexible system

SeqStudio™ Flex Series
Genetic Analyzers

Easy-to-use, flexible,
connected system

complete confidence.

Meets the needs of
verified and process-
controlled environments

analyzing a challenging sample or a routine sample, our
genetic analyzers offer simplicity, scalability, and speed to your
workflow, enabling you to analyze the most difficult cases with

3500 Series
Genetic Analyzers e PhIAEN LTS

Maximum throughput,
scalability, and flexibility

UPG RADED

Number of capillaries 4 8or24 8 or24 48 or 96
Capillary array length (cm) | 28 36, 50 36, 50 36, 50

Sample capacity

1 plate; 96-well plate;
8-strip tube (compatible)

4 plates; 96- or 384-well
plates; 8-strip tube

2 plates; 96- or 384-well
plates; 8-strip tube

16 plates; 96- or
384-well plates

(compatible) (compatible)
Continual plate loading No Yes No Yes
Sample reprioritization No Yes Yes No

Polymer type

POP-1, integrated into
click-in cartridge

POP-6, POP-7, and POP-4

POP-6, POP-7, and POP-4

POP-6, POP-7, and
conformational
analysis polymer

Radio-frequency ID

Yes

Yes

Yes

No

Configuration

Integrated computer
with touchscreen;
optional desktop

Integrated computer
with touchscreen;
optional desktop

External desktop required

External desktop required

Amazon™ Alexa™

_ No Yes No No
voice command

Remote monltonng and Yes Yes No No
data sharing

Integrated remote No Yes No No

troubleshooting tools

Connectivity

USB, Ethernet ports,
and Wi-Fi dongle

USB, Ethernet ports,
and Wi-Fi dongle

Ethernet port

Ethernet port

re—
—
I——
o
—
]
n—
[—— ]
—

Connectivity with
Thermo Fisher™
Connect Platform

Yes

Fragment analysis

Yes

No

thermofisher.com/fragmentanalysis
—
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Fluorescent DNA labeling methods

Detection and high-fidelity sizing of DNA by fragment analysis on
the capillary electrophoresis platform requires the presence of at
least one fluorescent label attached to the molecule of interest.
In most cases, the labeling can be performed by a variety of
methods that are described below.

Method I. Generate a 5-labeled DNA molecule by PCR with a
primer that carries a fluorescent label modification at its 5" end
(Figure A1).

N
DNA target of interest

h
PCR

DNA target of interest [+A]

>10°copies

Figure A.1. Generation of a 5’-labeled DNA molecule using a
fluorescently labeled PCR primer.

The benefits of direct and stoichiometric PCR-incorporated
fluorescent labeling are:

e Higher precision—Different fluorophores have different

mobilities. DNA fragments with the same 5™-end primer
and fluorophore have comparable electrophoretic mobility

and yield sharper fragment peaks because 5-end primer
labeling yields 1:1 incorporation (i.e., one fluorophore to one
DNA fragment).

* More consistent quantitation—Every peak in an
electropherogram is made up of multiple DNA fragments with

an equal number of base pairs. When using 5-end primer
labeling, every DNA fragment contributes a single fluorophore
to the total signal of a peak, and thus the peak area is
proportional to the number of DNA molecules.

e Distinct strands—By attaching different fluorophores to
the forward and reverse primers, it is possible to distinguish
between the peaks that correspond to each strand and
between residual double-stranded products.

e Multiplexing—This is the method of choice for more complex
(e.g., multiplex) project designs.

Applied Biosystems™ 5™-labeled primers that are fully compatible
with the standard dye matrix settings of the Applied Biosystems™
capillary electrophoresis platform can be ordered here.

Oligonucleotides are custom manufactured to your specifications.
Choose from Applied Biosystems™ 5-Fluorescent Labeled Oligo
primers and primer pairs for use in fragment analysis.

5’-labeled single primers

Custom 5™-labeled primers are fluorescently labeled oligos with
a choice of dye on the 5" end. These products can be used

for fragment analysis, gene expression studies, PCR, and
genotyping research.

Features include:

¢ Choice of delivered scales

e All oligos are desalted; larger scales of labeled primers have
an option for HPLC purification; HPLC purification reduces the
yield by half

Cat. reporter dye

6-FAM, TET, VIC,

450007 | 10,000 pmol HEX, NED, PET 1 tube
40,000 pmol | 6-FAM, TET, VIC,

450006 | 80,000 pmol minimum HEX, NED, PET 1 tube
150,000 pmol | 6-FAM, TET, VIC,

450017 | 300,000 pmol minimum HEX, NED, PET 1 tube

5’-labeled and unlabeled primer pairs

Custom 5™-labeled primer pairs include a fluorescently labeled
oligo with a choice of dye on the 5" end, along with an unlabeled
oligo, in each pair. These products can be used in a variety of
research applications.

Features include:

e Choice of delivered scales

e For use in fragment analysis, gene expression studies,
genotyping, and PCR

e All oligos are desalted

e Available as “tailed” for the unlabeled primer to complete a
single A addition during PCR

e Available as “di-repeat” for microsatellite typing of
di-repeat loci
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Product o Lottty .
- dye Quantity
description .
available

5-labeled/ 6-FAM, TET,

450056 10,000 pmol unlabeled VIC, HEX, 2 tubes
primer pairs NED, PET
5-labeled/ 6-FAM, TET,

450059 | 80,000 pmol unlabeled VIC, HEX, 2 tubes
primer pairs NED, PET
5-labeled/ 6-FAM, TET,

450062 300,000 pmol unlabeled VIC, HEX, 2 tubes
primer pairs NED, PET
5-labeled/ 6-FAM, TET,

4304976 | 10,000 pmol unlabeled di- | VIC, HEX, 2 tubes
repeats NED, PET
5-labeled/ 6-FAM, TET,

4304977 | 80,000 pmol unlabeled di- VIC, HEX, 2 tubes
repeats NED, PET
5-labeled/ 6-FAM, TET,

4304978 | 300,000 pmol | unlabeled di- | VIC, HEX, 2 tubes
repeats NED, PET
5-labeled/ 6-FAM, TET,

4304979 | 10,000 pmol unlabeled di- VIC, HEX, 2 tubes
repeats + tail NED, PET
5-labeled/ 6-FAM, TET,

4304981 | 80,000 pmol unlabeled di- | VIC, HEX, 2 tubes
repeats + tail NED, PET
5-labeled/ 6-FAM, TET,

4304982 | 300,000 pmol | unlabeled di- | VIC, HEX, 2 tubes
repeats + tail NED, PET

Method Il. Label the 5" end using a secondary primer with a

fluorescent label.

Fluorescent M13 primer

A
M13 tag

attached to target primer

PCR

DNA target of interest

pr—

>10° copies

Figure A.2. Generation of a 5-labeled DNA molecule using a
secondary primer that is fluorescently labeled.

This is an economical method because the primer carrying the
fluorescent label can be a "universal" M13 primer (or any other
standardized sequence). The universal primer can therefore be
used for coamplification with any other target-specific primer
carrying the same M13 label (Figure A.2). Applications and
variations of this labeling method have been described by various
authors [1-4]. A fluorescently labeled primer can be ordered here.

The use of this method is not necessarily recommended for more
complex multiplex amplifications because of the possibility of
unwanted primer interactions. However, the method can be used
for the detection of a small insertion or deletion (indel) in genomic
DNA with a singular PCR amplification.

For investigations of indels in human exon DNA, we recommend
the over 600,000 predesigned primer pairs offered in the

"Primer Designer Tool for PCR and Sanger Sequencing" portal
(thermofisher.com/primerdesigner). Suitable and economically

priced primer pairs (including an M13 tail) are available for over
95% of the human exome.

Method Ill. Generate a 3™-labeled DNA molecule by addition
of a fluorescent dideoxynucleotide (Applied Biosystems™
SNaPshot™ System).

The benefit of this method is that any double-stranded DNA
molecule with an overhang of one or more nucleotides can be
conveniently and economically labeled without any need for
additional primers (Figure A.3). Nucleotide overhangs can be
generated by:

i) PCR amplification with a polymerase that adds an A at the
3 end

ii) A restriction enzyme digest that leaves a 5" or 3" overhang

iii) Tailing (e.g., single A addition) of blunt-end DNA
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Figure A.3. Generation of a 3’-labeled DNA molecule by addition
of a fluorescent dideoxynucleotide. Example of labeling an
EcoRlI-generated 5" DNA overhang (G|AATTC) using a rhodamine
dye-labeled (green fluorescent) dideoxyATP nucleotide that is
incorporated by the SNaPshot™ DNA polymerase (see page 22). The
dideoxy modification prevents further addition (polymerization) of other
nucleotides and thus generates a single 3" fluorescent end-label.

Method IV. Globally stain the DNA using nucleic acid stains.

An indiscriminate way of “labeling” DNA fragments for sizing and
a general quantity assessment is to stain fragments using a dye
with high-affinity dye for nucleic acids such as the Invitrogen™
TOTO™-1 lodide (514/533) dye. Staining is then followed by
capillary electrophoresis under non-denaturing conditions. An
application of this method is described in chapter 8.
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PCR enzymes for fragment analysis

Thermo Fisher has a variety of Applied Biosystems™ and
Invitrogen™ PCR enzymes and master mix reagents available for
your applications. The range of enzymes and reagents available
gives you the flexibility needed to perform your experiments.

For most fragment analysis applications, Applied Biosystems™
AmpliTag™ 360 DNA Polymerase and Platinum™ SuperFi Il DNA
Polymerase are recommended as reliable PCR enzymes. Master
mix packs are also available for each of these polymerases.

Most of the PCR enzymes are available in “stand-alone” format
or as “2X master mix” format (i.e., conveniently formulated as a
2X ready-to-use reagent containing optimized buffer, nucleotides,
and enzyme). For fragment analysis applications, a colorless
version is preferred to avoid any spectral interference during
capillary electrophoresis (CE) on a genetic analyzer.

PCR types

Hot-start PCR
Goal: Increase specificity and yield.

Invitrogen™
Platinum™ Il Tag

AmpliTag Gold 360
DNA Polymerase

Hot-Start DNA
Polymerase

Hot-start technology Antibody Chemical
Enzyme activation > min 10 min
time
Universal annealing Yes No
temperature of 60°C -
DNA synthesis speed 15 sec/kb 60 sec/kb
Inhibitor tolerance Yes No
Amplification length Upto 5 kb Up to 5 kb
Yes

GC-rich format Yes (add GC enhancer for

optimal performance)

High-fidelity PCR
Goal: Obtain high sequence accuracy.

Invitrogen™
Platinum™ Taq DNA

Polymerase High
Fidelity

Invitrogen™

Platinum™ SuperFi Il
DNA Polymerase

Fidelity vs. Tag ~300x 6x
enzyme

Hot start for . Yes Yes
enhanced specificity

Universal annealing Yes No
temperature of 60°C -

Amplification length Up to 20 kb* Up to 20 kb
Amplicon overhangs Blunt 3" A and blunt
GC-rich amplification Yes No

* Amplification of >20 kb fragment sizes is possible (up to 40 kb) but may require additional
optimization of reaction conditions and primer design.
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Long-range PCR

Goal: Produce robust yields of templates longer than

10 kb.

Platinum SuperFi Il
DNA Polymerase

Amplification length Up to 20 kb*
Fidelity vs. Tag enzyme >300x
Hot start for enhanced

e Yes
specificity
Universal annealing

o Yes

temperature of 60°C
GC-rich amplification Yes

DNA synthesis speed

15-30 sec/kb

* Amplification of >20 kb fragment sizes is possible (up to 40 kb) but may require additional
optimization of reaction conditions and primer design.

Multiplex PCR

Goal: Amplify multiple targets in one reaction. This is

an important fragment analysis application.

™

Applied Biosystems'

Platinum SuperFi Il Platinum™
DNA Polymerase Multiplex PCR
Master Mix

No. of amplicons in Up to 15-plex Up to 20-plex
single reaction P P P P
Amplification length Up to 2.5 kb Up to 2.5 kb
Hot start for
enhanced specificity Yes ves
Fidelity vs. Tag ~300x 1x
enzyme
Universal annealing Yes No
temperature of 60°C —
GC-rich amplification Yes No

GC-rich PCR

Goal: To amplify DNA sequences with >65% GC

content.

Platinum SuperFi ll

DNA Polymerase

Fidelity vs. Tag

Platinum Il Tag
Hot-Start DNA

Polymerase

>300x 1x
enzyme
Hot start for o Yes Yes
enhanced specificity
Efficient amplification
of >65% GC Yes Yes
sequences
Universal annealing
temperature of 60°C Yes Yes
Speed 15-30 sec/kb 15 sec/kb
Amplification length Up to 20 kb Up to 5 kb
Amplicon overhangs Blunt 3°A

Direct PCR

Goal: To amplify target DNA directly from samples

without DNA purification.

Invitrogen™ Platinum™ Direct
PCR Universal Master Mix

Works across samples of

various origins ves
Universal annealing Yes
temperature of 60°C 7

Hot start for enhanced specificity Yes
Fidelity vs. Tag enzyme 1x
GC-rich amplification Yes
Amplification length Up to 8 kb**
Speed 20 sec/kb

** Using the lysis protocol.

Note: It is advisable to purify a direct PCR reaction
(using column, bead, or precipitation methods) before

CE to avoid contamination of capillaries with debris or

fluorescent byproducts.
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Broad-range PCR Standard PCR
Goal: To accurately detect and identify microbiome Goal: For everyday PCR ampilification.
composition by 16S rRNA genes. Thermo

Scientific™ AfEIee
Invitrogen™ D Tag™ Invitrogen™ Taq Biosystems™
Platinum Il Tag Platinum™ Platinum %‘ DNA Polymerase | AmpliTag™ DNA
Hot-Start DNA Taq DNA SuperFi Il DNA = Polymerase
Polymerase Polymerase, Polymerase Polymerase
DNA-free Hot-start No No No
Bacterial gDNA modification
S;ap;%igir 50 pL <1 copy <0.01 copy <1 copy @r:gptlrl]ﬂcatlon Up to 6 kb Up to 5 kb Up to 5 kb
Human gDNA 5 3
copy per 50 pL <0.2 copy <0.001 copy <0.3 copy exonuclease Yes Yes Yes
reaction activity
DNA synthesis | 15 ooo/kb 60 sec/kb 15-30 sec/kb Amplicon 3A 3A 3A
speed overhangs
Infibitor Yes No Yes 7.dUTP . No Yes Yes
tolerance incorporation
@?gﬂ'g'ca“on Up to 5 kb Up to 5 kb Up to 20 kb Eﬁlijy”thes's 1 min/kb 1 min/kb 1 min/kb
Fidelity vs. Tag 1x 1x ~300x Format No; Yes; purified No;
enzyme available with recombinant from host recombinant
GC-rich the native expression in Thermus expression in
amplification Yes No Yes enzyme E. coli aquaticus E. coli
Hot start for Forma? for low - - Available
enhanced Yes Yes Yes bacterial DNA
specificity ) .
Uni : An overview of Thermo Scientific” PCR enzymes and 2X master
niversa .
primer Yes No Yes mixes can be found here.
annealing

High-fidelity PCR enzymes are used for applications requiring
high accuracy during DNA amplification such as cloning,
sequencing, or mutagenesis. Thermo Scientific™ Phusion™
high-fidelity DNA polymerases were created by fusing a
dsDNA-binding domain to a polymerase-like proofreading
enzyme from Pyrococcus. Due to this unique protein-fusion
engineering, Phusion DNA polymerases have very low error rates,
fast extension rates, and high tolerance for inhibitors.
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ThermoFisher

SCIENTIFIC

Select a Phusion DNA polymerase best suited for your application
Phusion high-fidelity DNA polymerases are available in a variety of formats. Please

reference the table below to find an appropriate format for your application.

Thermo

Thermo Thermo Thermo Scientific™ Thermo Thermo
Scientific™ Scientific™ Scientific™ Phusion™ Flash Scientific™ Scientific™
Phusion™ Phusion™ High- | Phusion™ Hot High-Fidelit Phusion™ U Phusion™ U
Plus DNA Fidelity DNA Start Il DNA 9 Y| Hot Start DNA Multiplex PCR
PCR Master .
Polymerase Polymerase Polymerase Mix Polymerase Master Mix
Fidelity (vs. >100x 52x 52x 25x 25x 25x
Taq enzyme)
T oglculahon No Yes Yes Yes Yes Yes
required
Enhanced
specificity Yes No Yes Yes Yes Yes
(hot-start
version)
@r:gt'g'cat'on Up to 20 kb Up to 20 kb Up to 20 kb Up to 20 kb Up to 20 kb Up to 2.5 kb
Speed 15-30 sec/kb 15-30 sec/kb 15-30 sec/kb <15 sec/kb 15-30 sec/kb 15-30 sec/kb
GC-rich Yes Yes Yes No Yes No
format
.dUTP , No No No No Yes Yes
incorporation
Designed
for multiplex No No No No No Yest;pei 20
PCR 9

AN | carn more at thermofisher.com/fragmentanalysis
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