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qPCR is typically measured in one of two ways: either an
intercalating dye that fluoresces more strongly upon binding
to double-stranded DNA, or a fluorescently-labeled “probe”
oligonucleotide that anneals to a specific sequence in the PCR
amplicon.
Dye-based detection requires only the addition of PCR primers,
making it a cost-effective qPCR option. However, the intercalating
dye will detect any dsDNA produced in the reaction. Therefore,
off-target and non-template amplification (NTC) can be observed for
some primer sets, resulting in inaccurate quantitation. Denaturation
(melt) curves performed after the PCR can be used to distinguish
between correct and nonspecific products. Additionally, only a single
amplicon can be measured in a dye-based qPCR with no ability to
perform multiplex reactions.
Probe-based detection requires designing and obtaining a sequencespecific fluorescently-labeled probe oligonucleotide in addition to
typical PCR primers. This increases assay costs, but probe-based
qPCR experiments benefit from extreme specificity and are unlikely
to result in inaccurate quantification due to NTC amplification.
Multiplex reactions are possible with probes, as different amplicons
can be designed with unique fluorophores according to the optical
capabilities of the qPCR instrument.
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FEATURE ARTICLE

Overcoming the challenges of
applying target enrichment for
translational research
by Andrew Barry, M.S., New England Biolabs, Inc.
Target enrichment is used to describe a variety of strategies to selectively isolate
specific genomic regions of interest for sequencing analysis. The wide array of
approaches presents challenges in selecting the appropriate technology for the
growing number of research and clinical applications to which the sequencing data
will ultimately be applied.

INTRODUCTION
In recent years, several techniques have emerged
to enrich for specific genes of interest. When
determining the appropriate target enrichment
technology to use, one must first consider the
primary goal of the study. For example, different
approaches will be used if the aim is to identify
known variants already shown to have clinical
implications, versus discovering novel nucleic
acid variants that may be associated with a given
phenotype. Variant identification lends itself
to more focused enrichment strategies, while
variant discovery is driven by trade-offs between
sequencing costs and target territory, as well as
available sample cohort sizes for a given study.
As translational research seeks to bridge fundamental laboratory research and clinical treatment
regimens for patients, there is an emerging need
to balance discovery of novel nucleic acid variants, identification of known variants, and studies aimed at revealing associations with clinical
phenotypes. Recent advances in sequencing
technologies have revolutionized the field of genomic research, making tractable the application
of whole genome and whole exome sequencing for broad discovery of germline genomic
variants. However, despite these advances, the
oncology field is fraught with the complexity of
detangling the underpinnings of tumorigenesis,
progression, and resistance mechanisms driven
by somatic variants present at extremely low
abundance in mixtures of malignant and stromal
cells. These complexities necessitate increases in
the depth of sequencing coverage to confidently
call somatic variants, making broader scale
approaches infeasible from an economic and
practical standpoint.
To overcome these challenges, focused gene panels are being applied to patient samples. The size
of the panel is highly variable, trending toward
decreased genomic content as assays progress
from pure research and discovery applications to
clinical diagnostic assays. Furthermore, clinical
applications raise the question of incidental findings and how to report them, introducing challenges for diagnostic assays based on sequencing
entire genomes. This trend demonstrates the
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practical need for continued use of target enrichment strategies across the gamut of translational
research activities.

TARGET ENRICHMENT APPROACHES
There are a number of different target enrichment approaches that can be grouped into three
generalized categories: in-solution hybridization,
multiplex PCR, and “alternative approaches”,
which span a wide variety of techniques.
In-solution hybridization-based approaches,
originally developed for whole exome sequencing, use biotinylated oligonucleotides to capture
genomic regions of interest (1). Commerciallyavailable kits use DNA or RNA baits ranging
from 50-150 nucleotides. Researchers have
adapted this technique for more focused panels,
ranging down to tens of kilobases in target
territory, with limited success in maintaining
specificity for target regions.
Multiplex PCR-based enrichment is most often
employed for highly focused panels targeting a
smaller territory than in-solution hybridization,
and is typically limited to 150-200 amplicons
(2). Using a pool of primers, enrichment is accomplished through PCR amplification of the
targeted regions, which is followed by adaptor
ligation or a second round of PCR using tailed
primers to include sequencing adaptors. Scaling
this technology has presented a challenge in
maintaining target coverage uniformity.
A number of alternative approaches have been
developed in an attempt to bridge the gap between hybridization and PCR-based approaches.

Examples of these hybrid approaches include
multiplex extension ligation (3), molecular
inversion probes (MIPS)/padlock probes (4),
nested patch PCR (5), and selector probes (6).
These technologies can be broadly characterized
as having more complex workflows, requiring
splitting of samples into separate reactions, and
creating challenges in target coverage uniformity.

NEBNext Direct for target enrichment
NEBNext Direct is a novel target enrichment
method that addresses several drawbacks that
exist in alternative enrichment technologies
(Table 1). Enrichment is achieved through direct
hybridization of biotinylated DNA baits to
denatured, fragmented molecules, which are subsequently captured using magnetic streptavidin
beads (Figure 1, page 5). Unlike alternative insolution hybridization protocols, the NEBNext
Direct protocol does not require library preparation prior to hybridization of oligonucleotide
probes. This feature reduces the overall amount
of amplification that is required throughout the
protocol and enables single-stranded DNA to be
captured along with denatured, double-stranded
DNA.
Conversion of captured fragments to sequenceready libraries is achieved by the ligation of
a loop adaptor to the proximal 3´ end of the
captured molecule. During these steps, the bait /
target molecules remain bound to the magnetic
streptavidin beads and are processed in a single
reaction tube. This eliminates sample loss and
improves overall conversion efficiency.

TABLE 1:
Enrichment Challenges and Advantages of NEBNext Direct
Challenge

NEBNext Direct Advantage

Specificity across panel sizes

Enzymatic removal of off-target sequence

Uniformity of coverage

Individual synthesis of baits & empirical balancing

Sensitivity to detect variants

Unique Molecule Indexes for PCR duplicate marking & consensus variant calling

Degraded or low quality samples

Short baits that extend across molecules, targeting both DNA strands

Following ligation of the 3´ adaptor, the bait
is extended across the entirety of the captured
molecule, resulting in double stranded DNA that
is ready for ligation of the 5´ unique molecular
identifier (UMI) adaptor. This adaptor contains
a 12 bp random sequence that is incorporated
discretely into each molecule, indexing each
molecule prior to amplification. This index can
be used to identify duplicate molecules, thereby
reducing artifacts that can lead to false positive
variant calls.
Once the 5´ adaptor is ligated, the 3´ loop adaptor is cleaved, and the target molecule is PCR
amplified off of the bait complex. It is important
to note that the bait strand is not perpetuated
through the PCR amplification and is not present
in the final, sequencer-ready library.
The coverage plots of NEBNext Direct libraries
are unique for a hybridization-based approach
in that reads have a defined 3´ end, resulting in
coverage plots that resemble PCR-based libraries,
yet the approach allows for flexibility in tiling
across longer targets. Disambiguation of PCR
duplicates is accomplished by two features of the
NEBNext Direct library: A variable 5´ end and a
12 bp randomized UMI that is incorporated into
the 5´ adaptor.

CHALLENGES OF TARGET
ENRICHMENT FOR
TRANSLATIONAL RESEARCH
Specificity of target enrichment
For any study that necessitates enrichment of specific targets over more comprehensive sequencing
approaches, specificity becomes more important
as it directly translates to the amount of sequencing required to achieve the minimum coverage
threshold to reliably detect variants of a given
frequency. Specificity is typically measured by
looking at the percentage of sequencing data that
is derived from the targeted regions relative to the
data that is aligned to other parts of the reference
genome.
Enrichment of genomic regions is typically
achieved by either amplifying the desired regions
through PCR to generate enough copies of the
targeted regions over the untargeted regions,
or through hybridization of complementary
biotinylated oligonucleotide probes to fragmented
DNA molecules, where specificity is driven
through careful control of melting temperatures
and buffer composition to promote hybridization.
Specificity for target regions is enhanced using
NEBNext Direct through both the hybridization
of specific baits, as well as through enzymatic
removal of off-target sequence. The enzymatic
treatment removes both off-target sequence of
molecules unbound to baits, as well as the regions
of molecules upstream of where the baits are
bound. This additional means of driving specificity enables the bait hybridization to be shorter,
lasting only 90 minutes in duration. This differs

FIGURE 1:
NEBNext Direct target enrichment workflow
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from a typical hybridization-based approach,
in which randomly fragmented molecules are
captured overnight, and without any removal
of upstream off-target sequences, read coverage
resembles a normal distribution.
While specificity for targeted regions using
traditional hybridization approaches is typically
quite high for larger panels up to whole exome,
specificity typically decreases as the size of the
targeted region decreases. Thus, smaller panels
typically result in an increased proportion of
sequencing lost to off-target regions. In contrast,
the NEBNext Direct approach maintains high
specificity across a broad range of target territory,
from single genes or exons to hundreds of kilobases, eliminating the need to use different technologies for different panels (Table 2, page 6).

3´
5´

3´
5´

Incorporated
sample index

Uniformity of coverage across targets
One of the drawbacks to many available target
enrichment methods is the inability to enrich
different targets with equivalent efficiency. The
result requires an increase in the overall coverage
for all targets to achieve the minimum depth of
coverage required to reliably call variants. One of
the main factors influencing coverage unevenness is the sequence composition of the targeted
regions themselves, with different efficiencies for
sequences comprised of GC or AT rich regions.
Depending on the approach, the target enrichment strategy being employed may be more
or less susceptible to the need for balancing
melting temperatures across any complementary
oligonucleotide baits or PCR primers that are
employed in the enrichment process. Challenges
continued on page 6...
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in uniformity can also arise from any downstream PCR that is used to generate sufficient
material for the sequencing process, as various
DNA polymerases demonstrate biases toward
targets that may include secondary structure.
Using multiplex PCR-based workflows, primer
design is limiting as melting temperatures must
match within each panel and primer-primer interactions and primer cross-talk must be considered. These constraints can lead to variations in
coverage uniformity between targets. Partitioning
individual amplification reactions into emulsion
droplets can alleviate some of these constraints
and improve target uniformity (12), but this approach requires investment in instrumentation as
well as additional workflow steps.
Oligonucleotides utilized during NEBNext
Direct enrichment are individually synthesized, which enables bait pools to be carefully
optimized based on empirical testing. Individual
baits are balanced, allowing fine tuning of target
coverage. Additionally, the bait design algorithm
optimizes new bait design based on outcomes
from prior results. Further, because the specificity
is not solely driven through melting temperatures alone, NEBNext Direct allows increased
flexibility in bait design.
The result is coverage across targets that can
be optimized, demonstrating high degrees of
uniformity and diminishing the overall amount
of sequencing required to identify nucleic acid
variants (Figure 2).

Sensitivity to detect nucleic acid variants
Perhaps the most critical aspect is the sensitivity
of an approach to detect nucleic acid variants,
as this is often the primary goal of studies in
humans where target enrichment is employed.
This is measured as the ability of an assay to

detect nucleic acid variants that are present at
a given frequency, referred to as variant allele
frequency (VAF) or mutation allele frequency
(MAF). Biologically, in the context of solid
tumors, this is a function of the mixture
of stromal and tumor cells, as well as the
heterogeneity of tumor cells, and the existence
of subclonal variants that are associated with
tumorigenesis. Utilization of sequence data for
the approximation of allele frequency is achieved
through counting of sequence reads that
possess a given variant. Quantitative assessment
of sequence reads is challenged through the
presence of duplicate molecules, or molecules
that are identified through sequencing as having
the same genomic coordinates. Depending
on the target enrichment method that was
employed to prepare the samples for sequencing,
disambiguation of molecules that have arisen
from discrete copies of genomic DNA versus
those resulting from PCR amplification can be
difficult or impossible to ascertain.
Disambiguation of PCR duplicates is accomplished by two features of the NEBNext Direct
library: A variable 5´ end and a 12 bp randomized UMI that is incorporated into the 5´ adaptor. The amount of coverage one can expect from
a given panel should be measured once duplicate
molecules are removed in order to determine if
the coverage is deep enough to reliably call a
variant as a true-positive variant (Figure 3, page
7).

Difficult sample types
Whether for research or clinical applications,
translational genomics often examines samples
that are derived from patients. Patient tissue can
be compromised by processes used to collect,
preserve, store, extract nucleic acids from, and
ultimately prepare for sequencing-based assays.

FIGURE 2:
NEBNext direct delivers higher coverage uniformity than
alternative approaches.
Plot shows the uniformity across targets for each panel, measured as the percentage of bases above 25% of the mean
target coverage. Samples were processed in duplicate according to the manufacturer’s suggested protocol using the
recommended amount of DNA input. DNA used was a blend of 24 HapMap samples. Samples were sequenced on an
Illumina® MiSeq® per the manufacturer recommendation. Representative data across 2 replicates are shown.
Hybridization-Based

PCR-Based

Alternative

Bases > 25% Mean Coverage (%)

100
95
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Panel Size
(kb)

Specificity
(% Reads on Target)

Uniformity
(% bp >20% MTC*)

15.2

99.4

99.3

15.9

96.1

100

20.4

99

99.5

36.8

92.5

98.7

76.4

91

98.5

93

95.9

99.35

217

90

99.23

* bp – base pairs

MTC – Mean Target Coverage

The most widely used technique for the storage
and preservation of tissue derived from patient
samples involves fixing the tissue in formalin, and
embedding the fixed sample in paraffin. DNA
derived from formalin-fixed, paraffin embedded
(FFPE) samples has been shown to contain varying
degrees of degradation, accumulation of basespecific errors, DNA breaks with damaged ends,
and are often present in extremely low quantities
(7-9). The recent application of target enrichment
to circulating cell-free DNA molecules offers a less
invasive means of monitoring cancer progression.
Cell-free DNA derived from solid tumors is
biologically present in relatively short fragments of
150-160 bp, which can present challenges using
traditional enrichment approaches as both cell-free
and FFPE tissue-derived nucleic acids contain high
amounts of ssDNA (10, 11).
Using in-solution hybridization based enrichment
presents challenges, as an upfront library must be
prepared prior to hybridization to long (>100 bp)
baits, and can result in sample loss. Moreover, degradation of FFPE derived nucleic acids can create
shorter library inserts not optimal for hybridization
to longer baits. Finally, the initial library generation
step requires dsDNA; thus, the approach disregards
ssDNA that may be present in the original sample
due to DNA damage.
Multiplex PCR also presents challenges in
targeting degraded samples, as the ability to
successfully anneal both primers on a given
molecule is difficult as DNA input molecule length
is decreased due to degradation.
The short (~45-55 nucleotide) baits used in
NEBNext Direct enrichment provide an increased
probability of binding to shorter fragments, and
the independent targeting of both strands of DNA
offers improved opportunity to capture degraded
fragments. The approach also contains an optional
phosphorylation step to ensure the ends of target
DNA are prepared for ligation of adaptors.

90
85
80
75
70
65
60
55
50

TABLE 2:
Specificity and uniformity of
NEBNext Direct panels

NEBNext Direct
37 kb
37 kb Cancer Competitor
HotSpot Panel
Custom
Panel A

37 kb
Competitor
Custom
Panel B

23 kb
Oncology
Panel

51.1 kb
Solid Tumor
Panel

20 kb Cancer
35 kb
Research Panel Cancer Panel
(Selector
(Extension
Probe)
Ligation)

FIGURE 3:
NEBNext Direct is able to achieve high depths of sequence coverage across
a broad range of inputs.
Mean depth of coverage relative to sequencing depth is shown across a range of DNA inputs. A blend of 24 HapMap samples were
enriched using the 37 kb NEBNext Direct Cancer HotSpot Panel and sequenced on an Illumina MiSeq using 2 x 75 base pair sequencing.
Coverage is shown after the removal of PCR duplicates using the information from the unique molecular identifier (UMI).
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Now available: the NEBNext
Direct BRCA1/BRCA2 Panel
The NEBNext Direct BRCA1/BRCA2 Panel (NEB # E6627S/L/X) enriches the complete exon
content of BRCA1 and BRCA2 genes for NGS analysis. NEBNext Direct employs a unique enrichment
workflow that hybridizes baits directly to genomic DNA, without the need for upfront library preparation. The BRCA1/BRCA2 panel demonstrates high specificity and unmatched coverage uniformity
across a wide range of DNA inputs, allowing highly sensitive calling of germline and somatic variants,
while maximizing sequencing efficiency.
IGV plot showing complete and even coverage across exon 1
of the BRCA1 gene
Integrative Genomics Viewer (IGV) Plot of exon 1 from BRCA1 gene showing read level coverage obtained
using 50 ng DNA enriched using the NEBNext Direct BRCA1/BRCA2 Panel. Sequencing was performed on
an Illumina MiSeq using 2 x 75 paired-end sequencing.

CONCLUSION
NEBNext Direct target enrichment overcomes
several challenges translational researchers face
in selectively enriching for certain genomic
targets for clinical research. Providing the
flexibility to use a single approach across a
wide range of target content, NEBNext Direct
allows enrichment of a single gene, up to
panels comprised of hundreds of genes, without
compromising performance as targets change.
NEBNext Direct provides the specificity and
coverage uniformity to maximize sequencing
efficiency, in order to realize the benefits of
target enrichment. Furthermore, intrinsic
properties of the approach lend themselves
to improved sensitivity, and have proven
amenable to challenging sample types, typical
of translational workflows. Combining the best
aspects of hybridization-based enrichment and
multiplex PCR enrichment, without the tradeoffs, NEBNext Direct is a single-day, easy-touse protocol that can be applied to advance
translational research.
References

Learn more about NEBNext Direct
at NEBNextDirect.com

Benefits
• G
 enerate full (100%) coverage of all
protein coding regions in BRCA1 and
BRCA2 genes
• O
 btain highly uniform sequencing
across exon target – 100% of base
pairs in panel have coverage greater
than 20X of the mean target coverage
• S
 ave time with a 1-day workflow that
combines enrichment with library
preparation
• D
 istinguish molecular duplicates,
reducing false-positive variants and
improving assay sensitivity
• P
 roduce high depths of target coverage
across a wide range of DNA input
amounts for germline and somatic
variants

Ordering Information:
PRODUCT

NEB #

SIZE

PRICE

NEBNext Direct BRCA1/
BRCA2 Panel

E6627S
E6627L
E6627X

8 rxns
24 rxns
96 rxns

£589
£1656
£6270
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NEW PRODUCTS

Getting ready to perform
a gel extraction?
Here are six tips to help you get
the best results possible:

1
2
3
4

Melt your agarose completely
The number one reason that users see low yields with gel extraction procedures
is because the agarose plug is not completely melted. When this happens, DNA
remains trapped inside the agarose and cannot be extracted properly.

Minimize exposure to UV light
Excise the gel slice as quickly as possible, as exposure to UV light damages
DNA. As long as the excision is done quickly, damage done to the DNA will
be negligible.

Use the smallest agarose plug possible
Run your DNA in the narrowest well possible, and trim off any excess agarose.
There are many reasons for this one! The less agarose in solution, the more
efficient the extraction will be. The larger your agarose plug is, the longer it will
take to melt. It will also require more dissolving buffer, which introduces more
salts and other components to the purification. Also, if the plug is greater than
160 mg, the volume of agarose plus buffer will exceed the volume of the column
reservoir (800 µl), and will require that your sample be loaded onto the column in
two steps.

Ensure there is no ethanol in your eluate
Ethanol contamination can interfere with downstream applications. Frits, which
are common in many manufacturers’ columns, often retain small droplets of
buffer, also known as buffer retention. This can contaminate your eluate. Monarch
columns are designed without a frit, which eliminates buffer retention.
If you suspect that the tip of your Monarch column has come into contact with
wash buffer after a spin, give the column another short spin to ensure that your
column is ethanol-free.

5
6
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NEB's Monarch DNA Gel
Extraction Kit (NEB #T1020)
rapidly and reliably purifies up
to 5 µg of concentrated, high
quality DNA from agarose gels.
For a complete list of products,
including buffers and columns sold
separately, visit NEBmonarch.com.

Warm your Elution Buffer to 50°C for large fragments
Heating your Elution Buffer before applying to the column can increase efficiency,
especially for large fragments (>10 kb).

Use the recommended amount of Dissolving Buffer
The Monarch protocol requires four volumes of Dissolving Buffer to be added
to your gel slice. Other manufacturers’ protocols differ, so when using our kit, be
sure to use the recommended volume.

ORDERING INFORMATION:
PRODUCT

NEB #

SIZE

PRICE

Monarch DNA Gel
Extraction Kit

T1020S
T1020L

50 rxns
250 rxns

£75
£340

Monarch PCR & DNA
Cleanup Kit (5 mg)

T1030S
T1030L

50 rxns
250 rxns

£75
£340

Monarch Plasmid
Miniprep Kit

T1010S
T1010L

50 rxns
250 rxns

£62
£261

ALSO AVAILABLE:

Flexible DNA Assembly with
NEBuilder HiFi DNA Assembly
NEBuilder HiFi DNA Assembly enables virtually error-free joining of DNA
fragments, even those with 5´- and 3´-end mismatches. Available with and
without competent E. coli, this flexible kit enables simple and fast seamless
cloning utilizing a new proprietary high-fidelity polymerase. Make NEBuilder
HiFi your first choice for DNA assembly and cloning.
Overview of the NEBuilder HiFi DNA Assembly cloning method
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NEBuilder HiFi DNA Assembly Master Mix
(NEB #E2621)
NEBuilder HiFi DNA Assembly Bundle for Large
Fragments (NEB #E2623)
• Simple and fast seamless cloning in as little as 15 minutes
• U
 se one system for both "standard-size" cloning and larger
gene assembly products (up to 12 fragments and 20 kb)
• D
 NA can be used immediately for transformation
or as template for PCR or RCA
• A dapts easily for multiple DNA manipulations,
including site-directed mutagenesis
• E njoy less screening/re-sequencing of constructs,
with virtually error-free, high-fidelity assembly
• U
 se NEBuilder HiFi in successive rounds of assembly,
as it removes 5´- and 3´-end mismatches
• B ridge two ds-fragments with a synthetic ssDNA oligo
for simple and fast construction (e.g., linker insertion
or gRNA library)
• NEBuilder

HiFi DNA Assembly Cloning Kit includes
NEBuilder HiFi DNA Assembly Master Mix and
NEB 5-alpha Competent E. coli. NEBuilder HiFi DNA
Assembly Bundle for Large Fragments includes NEB
10-beta Competent E. coli (High Efficiency) for assemblies
larger than 15 kb
TOOLS & RESOURCES
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NEBuilder HiFi DNA Assembly Cloning Kit
(NEB #E5520)

• No licensing fee required from NEB for NEBuilder products

3´

DNA Analysis

RECOMMENDED PRODUCTS

Visit NEBuilderHiFi.com to find:
• Online tutorials to help with assembly and primer design
• Application notes utilizing NEBuilder HiFi
• Access to NEBuilder Assembly Tool, our online
primer design tool
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Buy 3 and get a 4
*
product
FREE !
Adds Up to Savings!

th

Adds Up to Savings!

Until Dec 31st, when you order 3 or more CST products,
we will give you an additional product of your choice free*
Use Code EUBG17 When Placing Your Order
with New England Biolabs (UK) Ltd.
*Offer available from 1st October - 31st December 2017.
TERMS & CONDITIONS: Offer valid in the UK and Ireland from 01/10/17 – 31/12/17. No cash or cash equivalent. No substitutions. Offer only valid on new
orders of Cell Signaling Technology ® (CST™) catalogue antibodies, kits, siRNA, activators and inhibitors, buffers and dyes, experimental controls and WB
and IP reagents. Offer applies to purchases of 3 catalogue items or more. Free item must be of equal or lesser value to the lowest priced purchased item.
The value of the free item (incl. applicable VAT) will be deducted from the total value of the order at the time the order is placed. All other products/services,
including but not limited to PTMScan® Services and Custom orders are excluded. Offer may not be applied to existing, pending or prior orders. Cannot be
combined with any other promotions. To qualify, orders must contain CST products only and be placed either by email to orders.uk@neb.com (orders@
brennanco.ie if you normally place orders with Brennan and Company in Ireland) or, if you are using a purchasing platform such as Science Warehouse or
SciQuest, using the ‘off-catalogue’ (manual order) function. Void if copied or transferred and where prohibited by law. Promotion code 'EUBG17' must be
quoted when placing your order.

www.cellsignal.com
www.cellsignal.com

CST Antibody Validation Principles
Recent reports suggest there are an increasing number of high-impact research studies that cannot be replicated by other
scientists. These reports have raised concerns about incorrectly or insufficiently characterized antibodies.
CST’s approach has always been to produce and rigorously validate our products in-house. This ensures they will work in your
experiments and be worthy of the important experiments they support.
Every CST antibody undergoes rigorous application-specific validation testing customized according to the target and needs of the
individual antibody. Below is a sampling of the methods we may employ to ensure our antibodies perform as expected.

1. Materials: Verifying Specificity,
Sensitivity, and Reproducibility

2. Methods: Identifying Optimal Conditions
•

Optimal dilutions and buffers predetermined

•

Analysis of a large panel of cell lines with known target
expression levels

•

Positive and negative control cell extracts specified

•

Detailed protocols already optimized

•

Treatment of cells with appropriate kinase-specific
activators and/or inhibitors

•

Treatment of cells with appropriate kinase-specific
activators and/or inhibitors

•

Phosphatase treatment

•

Phosphatase treatment

•

Correct subcellular localization or treatment-induced
translocation

•

Correct subcellular localization or treatment-induced
translocation

•

Comparison of results with antibody and isotype control
to ensure acceptable signal-to-background ratio

•

Comparison of results with antibody and isotype control to
ensure acceptable signal-to-background ratio

•

Target-specific signal verified in transfected cells,
knockout cells, or siRNA-treated cells

•

Target-specific signal verified in transfected cells,
knockout cells, or siRNA-treated cells

•

Blocking with antigen peptide to confirm elimination of
specific signal

•

Blocking with antigen peptide to confirm elimination of
specific signal

•

Side-by-side comparison of a new lot with previous lots
to ensure lot-to-lot consistency

•

Side-by-side comparison of a new lot with previous lots to
ensure lot-to-lot consistency

Learn more: www.cellsignal.com/validation

Rooted in science.
Are your experiments reproducible?
The branches of scientific discovery spread only as far as the roots that support
them. That’s why our team of Ph.D. scientists develop, characterize, and validate
our antibodies, ensuring they work for you the first time, every time.

Antibodies you can trust.
Learn more: www.cellsignal.com/rooted

Request your Free
New Student Starter Pack!
FREE

To all new
research
students*

Contains
OneTaq Hot Start
and DNA Ladder
Samples

Register for your Starter Pack at www.neb.uk.com
starter pack includes:
OneTaq Hot Start DNA Polymerase Sample // Quick-Load Purple DNA Ladder Samples // Lab Timer // Protocol Guides // Year Planner // Sharpie® Marker

*Starter Packs are available to all new research students who are not currently on our mailing list.
Please provide supervisor’s name and the name and departmental address of the student when you place your request.
Offer available while stocks last and no later than 08/12/17. Contents may vary from those shown. Available in the UK and Republic of Ireland only.
New England Biolabs (UK) Ltd, Knowl Piece, Wilbury Way, Hitchin, Herts SG4 0TY Tel: 0800 318486 Fax: 0800 435682 Email: info.uk@neb.com Web: www.neb.uk.com

