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Applied Biosystems® KRAS and BRAF Mutation Analysis Reagents

Introduction
The epidermal growth factor receptor (EGFR) pathway 
is a complex signaling cascade associated with 
the development and progression of many cancer 
conditions. KRAS and BRAF gene mutations are 
present in a number of cancers, including those of the 
colon, lung, pancreas, biliary tract, endometrium, and 
ovary. It has been shown that approximately 35–45% of 
metastatic colorectal cancer (mCRC) tumors may have 
a KRAS or BRAF mutation, making them less likely 
to respond to anti-EGFR therapies. The identification 
of these mutations is therefore of great importance in 
clinical and pharmaceutical research. 

In this publication, we describe a collaborative 
research study involving two independent laboratories 
and the Applied Biosystems® KRAS and BRAF 
Mutation Analysis Reagents. The goals of this study 
were to:

• Demonstrate the performance of the KRAS 
Mutation Analysis Reagents and BRAF Mutation 
Analysis Reagents on paraffin-embedded cancer 
samples with known mutation status

• Compare the results obtained with the Applied 
Biosystems® KRAS Mutation Analysis Reagents and 
BRAF Mutation Analysis Reagents with the results 
of an RT-PCR platform–based KRAS assay from a 
different vendor on the same samples

• Demonstrate concordance between the results 
obtained with the KRAS Mutation Analysis Reagents 
and BRAF Mutation Analysis Reagents using the 
3500 Dx, 3130, and 310 Genetic Analyzers

• Introduce the benefits of the 3500 Dx Series Genetic 
Analyzers

The Pathology Department of the Hospital del Mar in Barcelona, Spain provides molecular diagnosis in 
the field of hematological and solid tumors including hereditary cancer (breast/ovarian and colon). The 
laboratory is involved in the characterization of molecular markers in myeloproliferative neoplasms, 
chronic leukemias and lymphomas, and colon, lung, and breast cancers. Pictured from left to right: 
Dr. Beatriz Bellosillo (Head of the Molecular Biology section), Raquel Longarón (technician), Ester 
Moragón (technician), Luz Martínez-Avilés (PhD student), and Erica Torres (technician). 

The Unit of Molecular Pathology at the Niguarda Ca’ Granda Hospital in Milan, Italy provides molecular 
diagnosis in the fields of hematological and solid tumors and inherited cardiomyopathies. The labora-
tory is involved in the characterization of molecular markers in acute and chronic leukemias and in 
colon and lung cancers, in genotyping of patients submitted to organ or stem cell transplantation, and 
in molecular profiling of various genes involved in adverse drug events. Pictured from left to right: 
Dr. Anna Colosimo, Dr. Francesco Orsini, Dr. Elena Araldi, Dr. Francesca Marra, Dr. Valentina Motta, 
Dr. Silvio Veronese (Head of the Molecular Pathology Unit), Dr. Calogero Lauricella (Resident in Human 
Pathology), Maurizio Ciceri, Marina Carniel.

Genotyping KRAS and BRAF 
mutations in paraffin-embedded samples 
for cancer research

This “Your Innovative Research” article describes work done by researchers using Applied Biosystems® products. Note that some of the protocols and data described here are those of the 
contributing laboratory and may include modifications to the recommended Applied Biosystems® protocol. Optimization may be required for best results in your laboratory setting.



Applied Biosystems® Genetic Analyzers are 
automated fluorescence-based capillary 
electrophoresis (CE) systems that provide 
reliable, efficient, and proven technology 
for DNA sequencing and fragment analysis. 
Because of its high resolution, throughput 
capabilities, ease of use, and small sample 
requirements, CE is the preferred method for 
numerous DNA analysis applications. Using 
Applied Biosystems® Genetic Analyzers, 
single-base resolution can be obtained on 
DNA fragments of up to several hundred 
base pairs, an important consideration for 
researchers investigating gene-specific 
mutations such as those in KRAS and BRAF. 

The Applied Biosystems® KRAS Mutation 
Analysis Reagents and BRAF Mutation 
Analysis Reagents (Figure 1) were developed 
to facilitate research aimed at elucidating 
the role of the KRAS and BRAF regulatory 
proteins in oncology and their potential prog-
nostic and therapeutic roles. These reagent 
sets are based on the shifted termination 
assay (STA, refer to sidebar on page 4)—a 
fragment analysis application analyzed on 
Applied Biosystems® Genetic Analyzers. 
Leveraging from the general benefits that 
fragment analysis applications deliver, these 
KRAS and BRAF reagent sets offer simple 
multiplex-based protocols for the detection 
of 12 mutations in the KRAS gene and 3 
mutations in the BRAF gene. 

For this study, researchers at the Servei de 
Patologia Hospital del Mar (Barcelona, Spain) 
and the Niguarda Ca’ Granda Hospital (Milan, 
Italy) tested these reagents on previously 
genotyped KRAS and BRAF paraffin-
embedded cancer research samples. 

Materials and methods
A. Dr. Bellosillo laboratory methods
Dr. Bellosillo’s laboratory tested the KRAS 
and BRAF Mutation Analysis Reagents on 24 
paraffin-embedded colorectal cancer and 2 
lung cancer samples previously genotyped 
by Sanger sequencing and by an RT-PCR 
platform–based KRAS assay from a different 
vendor. They also tested the BRAF Mutation 
Analysis Reagents on 10 additional colorectal 
cancer samples that had been previously 
analyzed by Sanger sequencing. 

DNA was extracted directly from two 15-µm 
sections of paraffin-embedded tissue 
using the QIAamp® Tissue Kit (QIAGEN 
GmbH, Hilden, Germany) according to 
the manufacturer’s protocol, when the 
percentage of tumoral cells in the biopsy was 
greater than 50%. When the percentage of 
tumoral cells was lower than 50%, manual 
microdissection from two 25-µm sections 
was performed before DNA extraction. 
The extracted DNA was quantified with 
the NanoDrop®-1000 spectrophotometer. 
The KRAS and BRAF Mutation Analysis 

Reagent reactions were performed with 
50 ng of extracted DNA according to the 
recommended protocol.

The reactions were loaded onto an Applied 
Biosystems® 3500 Dx* Genetic Analyzer 
according to the standard protocol. In some 
cases, a 1:20 dilution was prepared and 3 
µL of the diluted sample was loaded onto 
the instrument. The results were analyzed 
with GeneMapper® software v 4.1 using the 
recommended parameters.

B. Dr. Veronese laboratory methods
Dr. Veronese’s laboratory tested the KRAS 
reagents on 10 mCRC and 2 lung cancer 
samples previously genotyped by Sanger 
sequencing and HRM methods. 

DNA was extracted directly from three 
4-µm sections of paraffin-embedded 
tissue using the QIAmp® DNA FFPE Tissue 
Kit (QIAGEN GmbH, Hilden, Germany) or 
the iPrep™ Purification Instrument with 
the iPrep™ ChargeSwitch® Forensic Kit 
(Invitrogen) according to the manufacturer’s 
protocol (Figure 1A). The extracted DNA was 
quantified using the Infinite® 200 NanoQuant 
spectrophotometer (Tecan). The KRAS 
Mutation Analysis Reagent reactions were 
performed with 30 ng of extracted DNA 
according to the recommended protocol. 

Figure 1. (A) Automated DNA purification procedure on the iPrep™ Purification Instrument with the iPrep™ ChargeSwitch® Forensic Kit. (B) Experimental workflow for 
identifying KRAS and/or BRAF variants. 
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Figure 2. KRAS mutation analysis of a sample with a KRAS Gly13Cys (GGC>TGC) variation using the Applied 
Biosystems® 3500 Dx Genetic Analyzer. Data courtesy of Dr. Bellosillo’s laboratory. (A) Panel illustrates the 
result at codon 12. Wild type (WT) alleles are identified. (B) Panel illustrates the results at Codon 13. KRAS 
Gly13Cys (GGC>TGC) variation in heterozygous status: both mutated and wild type alleles are identified.

Figure 3. KRAS mutation analysis of a sample with a KRAS Gly12Val (GGT>GTT) variation using the Applied 
Biosystems® 310 Genetic Analyzer. Data courtesy of Dr. Veronese’s laboratory. (A) Panel illustrates the result 
at Codon 12. KRAS Gly12Val (GGT>GTT) variation in heterozygous status: mutated and wild type (WT) alleles are 
identified. (B) Panel illustrates the result at Codon 13. Wild type (WT) alleles are identified.
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The reactions were loaded onto Applied 
Biosystems® 3130 and 310 Genetic 
Analyzers. On the 3130 Genetic Analyzer, the 
recommended protocol was followed. The 
310 Genetic Analyzer was calibrated using 
the DS-31 Matrix standard filter set, and the 
runs were performed with the GS STR POP 4 
(1 mL) run module. 

After the reactions were completed, different 
concentrations of the amplified reactions 
were combined with loading buffer (included 
in the KRAS and BRAF reagent sets) in 
order to optimize the fluorescence results 
on both the 3130 and 310 instruments. 
The reactions were diluted 1:3 on the 3130 
instrument and 1:10 on the 310 instrument. 

For more details, refer to the “Optimization 
and troubleshooting” section in the sidebar 
on page 4.

Results
After analyzing results generated from both 
laboratories, the KRAS and BRAF genotyping 
results were all found to be concordant with 
genotypes previously obtained by Sanger 
sequencing, with the exception of one 
sample, where the results produced from the 
KRAS Mutation Analysis Reagents revealed 
a Gly12Cys mutation that was not identified 
previously. In addition, by using the KRAS 
Mutation Analysis Reagents, the researchers 
were able to confirm two additional muta-
tions (Gly13Cys, Gly13Arg) in three samples 

(Figure 2) that could not be identified by a 
RT-PCR platform–based KRAS assay from a 
different vendor (data not shown).

Furthermore, 100% concordance was 
observed among results generated on the 
3100 and 310 instruments (Figure 3), demon-
strating the feasibility of using the KRAS and 
BRAF reagents on these platforms.†

Conclusion
These studies demonstrate the use of the 
KRAS and BRAF Mutation Analysis Reagents 
for accurate genotyping of KRAS and BRAF 
mutations in paraffin-embedded cancer 
research samples. The KRAS Mutation 
Analysis Reagents demonstrated increased 
detection levels when compared to previous 
results. The results from both reagents 
were 100% concordant on the 3100 and 310 
Genetic Analyzers, while comparable in 
workflow and time spent running the assay.

Results on the 3500 Dx instrument were easy 
to interpret, and researchers were able to 
confirm two different mutations (Gly13Cys, 
Gly13Arg) in three samples that could not 
be identified by a RT-PCR platform–based 
KRAS assay from a different vendor. The 
3500 Dx system technology (for example, 
pre-measured, RFID-labeled consumables, 
sample tracking, real-time assessment 
of data quality, etc.) may also facilitate 
analyses and help enable standardization 
for laboratories requiring a high degree of 
process control. 

The KRAS and BRAF Mutation Analysis 
Reagents employ a simple fragment analysis 
workflow to detect 12 (KRAS) or 3 (BRAF) 
common and rare mutations in these gene 
regions, using 50 ng of DNA. This multiplex 
approach is a benefit compared to other 
methods such as real-time PCR that require 
10–20 ng of DNA for each mutation-specific 
reaction. 
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* For those who require IVD-marked devices, the 3500 Dx and 3500xL Dx Genetic Analyzers and system accessories meet the requirements of the In Vitro Diagnostic Medical Devices 
Directive (98/79/EC). The 3500 Dx and 3500xL Dx systems are for distribution and use in specific European countries only. For more information about the 3500 Dx Series Systems, 
contact your Applied Biosystems representative. The purchase price of this Instrument includes a grant of a limited, non-transferable license under U.S. patents and method claims of 
its foreign counterparts, and under U.S. patents and element claims of its foreign counterparts, to use this particular instrument for electrophoresis methods employing fluorescence 
as a means of detection. No other licenses or rights are hereby conveyed either expressly, by implication, or estoppel including, but not limited to, any claims to a composition. This 
instrument incorporates technology subject to one or more patents licensed from Hitachi, Ltd. as well as patents and patented technology owned by or under control of Applied 
Biosystems. This instrument is Authorized for use in DNA sequencing and fragments analysis only. This Authorization is included in the purchase price of the instrument and 
corresponds to the up-front fee component of a license under process claims of U.S. patents and under all process claims for DNA sequence and fragment analysis of U.S. patents now 
or hereafter owned or licensable by Applied Biosystems for which an Authorization is required, and under corresponding process claims in foreign counterparts of the foregoing for which 
an Authorization is required. The running royalty component of licenses may be purchased from Applied Biosystems or obtained by using Authorized reagents purchased from Authorized 
suppliers in accordance with the label rights accompanying such reagents. Purchase of this instrument does not itself convey to the purchaser a complete license or right to perform the 
above processes. This instrument is also licensed under U.S. patents and apparatus and system claims in foreign counterparts thereof. No rights are granted expressly, by implication, 
or by estoppel under composition claims or under other process or system claims owned licensable by Applied Biosystems. For more information regarding licenses, please contact the 
Director of Outlicensing at Applied Biosystems, 850 Lincoln Centre Drive, Foster City, California 94404, USA.

† Protocols for both KRAS and BRAF Mutation Analysis Reagent sets are optimized using the same PCR thermal cycling conditions and the same run modules on either the 3500 Series 
or the 3130 Series Genetic Analyzers. Specific protocols for these reagent sets for analysis on the 310 platform are not available from Applied Biosystems.

Shifted termination assay (STA) 
The KRAS and BRAF Mutation Analysis Reagents employ the proprietary shifted termination assay (STA) technology to target and amplify specific 
DNA regions of interest, aiming to analyze potential SNP variants in those target regions or confirm the presence of wild-type DNA. The assay 
is performed using specially designed primers, enzyme master mix, and chemistry protocol. The STA reaction recognizes wild type or mutant 
target sequences and selectively extends the detection primer with 1 to 20 nucleotides to generate various  lengths of primer extension products. 
The extended STA fragments are separated by capillary electrophoresis on an Applied Biosystems® 3500 Series or 3130 Series Genetic Analyzer, 
followed by data analysis with GeneMapper® Software. For more information on STA, refer to the KRAS and BRAF Mutation Analysis Reagents 
Product Bulletin or visit www.appliedbiosystems.com/KRAS.

Applied Biosystems® 3500 Series and 3500 Dx Series Genetic Analyzers 
The Applied Biosystems® 3500 Series and 3500 Dx Series Genetic Analyzers are automated fluorescence-based capillary electrophoresis (CE) 
systems designed to enable both sequencing and fragment analysis. Samples can be sequenced in less than 40 minutes on both the 24-capillary 
3500xL Dx system or on the 8-capillary 3500 Dx system.  An average sample throughput of over 1100 samples per day can be reached when using 
ShortReadSeqPOP7™ on  the3500xL Dx System. The 3500 Series detects 5 fluorescent dyes simultaneously, enabling a number of multiplexed 
fragment analysis applications. 

The 3500 Series and 3500 Dx Series Genetic Analyzers are equipped with a number of important features designed specifically for process-
controlled laboratories, such as pre-measured, load-and-run consumables with radio frequency identification (RFID) tags, automated sample 
and consumable tracking, and real-time run quality assessment. For those who require IVD-marked devices 3500 Dx and 3500xL Dx Genetic 
Analyzers and system accessories meet the requirements of the In Vitro Diagnostic Medical Devices Directive (98/79/EC). The 3500 Dx Series 
Systems are for distribution and use in selected countries only. Not for sale in the United States of America.

With the 3500 Dx Series Genetic Analyzers, several applications for DNA sequencing and all applications for fragment analysis (such as the KRAS 
and BRAF Mutation Analysis Reagent Sets) are specified as Not for Diagnostic Use. When performing assays that are Not for Diagnostic Use, 
the user is responsible for any validation of assays and compliance with all applicable regulatory requirements that pertain to their procedures 
and instrument use.

GeneMapper® Software 
This flexible software package provides DNA sizing and quality allele calls for all Applied Biosystems® electrophoresis-based genetic analyzers. 
GeneMapper® Software offers a simple, qualitative method for interpreting fragment analysis data, to easily identify variants in samples. 

Optimization and troubleshooting tips
Occasionally, users may observe artifact peaks known as “pull-up” or “bleed through” peaks, appearing directly beneath a peak of interest. In these 
instances, the peak of interest is detected in its expected color channel, and smaller peaks from different color channels are observed directly 
under the peak of interest. For example, the black peak of the wild-type signal may also be observed in the green, red, and/or blue channels. 
Pull-up artifacts can result when an excess amount of the amplified reaction is loaded onto the genetic analyzer, saturating the signal when the 
dye-labeled amplicons of the reaction migrate across the optical window of the capillary. In these instances, pull-up artifacts can be minimized 
by decreasing the amount of the amplified reaction loaded on the genetic analyzer.  


