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Thanks to its high-throughput capacities and 
low cost per sample without compromising 
on the performance, the QIAxcel Advanced 
is a solution of choice for genetic testing 
and screening of large pools of samples,  
be it food or veterinary samples. The  
potential to perform complex multiplexing 
within one electrophoresis run makes DNA 
analysis more cost efficient, thus improving 
your laboratory throughput and reducing 
time-to-result.

Overcoming the limitations of conventional 
gel electrophoresis for food, veterinary  
and GMO testing by addressing size  
heterogeneity, QIAxcel Advanced enables 
screening, identification and  quantification 
of many more genetic  targets in less time 
than one can imagine. This faster and more 
efficient process for DNA analysis can 
increase the amount of information available 
to scientists making informed decisions about 
how to advance their research in order to 
enhance food or crop characteristics.

Content

• Authentication of Basmati rice using SSR-PCR and QIAxcel Advanced

• Detection of genetically modified plants using the QIAxcel System

• Fish species identification using PCR-RFLP and the QIAxcel Advanced

•  High-throughput detection of Shiga toxin-producing Escherichia coli using multiplex PCR  
and the QIAxcel Advanced system

• Identifying allergenic nut species using the QIAxcel system

• Identifying meat species using RFLP-PCR and the QIAxcel Advanced system

• Marker-assisted selection (MAS) of wheat lines for udon noodle production

• Species determination for meat using PCR-RFLP analysis on the QIAxcel system



92   QIAxcel Advanced Application Guide 10/2016

Authentication of Basmati rice using SSR-PCR and  
QIAxcel® Advanced

R. Cassier 

ADGENE Laboratoire, Thury Harcourt, France

Introduction
Basmati is one of the most popular types of rice in the world, 

representing approximately 40% of the dry rice market.  

Being twice as expensive as non-Basmati rice, it is also often 

mixed with other types of rice. Approximately 46% of sold 

Basmati rice is adulterated. The term Basmati is a customer 

generic name for 15 varieties of rice produced exclusively  

in India and Pakistan. Nine of the 15 varieties are eligible 

for zero import duty in the European Union (Regulation (EC)  

1549/2004). The 6 other varieties are approved only in 

India and Pakistan. These two countries also define which 
varieties can bear the name “Basmati” (Table 1).

Import of Basmati rice into the European Union must comply 

with several regulations (EC No 1234/2007, 1785/2003 

and 972/2006) and requires an import certificate (1). The  

rice must be analyzed before and sometimes after import.  

Therefore, analyses that enable identification and  

quantification of Basmati rice are of great importance. The 

price of the rice depends on the variety as well as on several 

physical properties, including the proportion of green grains 

and broken grains. Various physical methods have been 

developed for identification based on examining grain  

dimension, amylose content, grain elongation through  

Eligible for zero import duty under Regulation (EC) 1549/2004

Basmati 217 Ranbir Basmati (IET 11348)

Basmati 370 Super Basmati

Basmati 386 Taraori Basmati (HBC-19, Kamal Local)

Kernel Basmati (Basmati Pakistan) Type – 3 (Dehradun)

Pusa Basmati (IET 10364)

Other varieties approved in India and Pakistan

Basmati 198 Kasturi (IET 8580)

Basmati 385 Mahi Suganda

Haryana Basmati Punjab Basmati (Buani Basmati)

(HKR 228/IET 10367)

Table 1. Varieties of Basmati rice (reference: the Basmati Code)
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cooking and aroma, but these are time-consuming or 

unreliable. Microsatellites or simple sequence repeats (SSR) 

are molecular markers used for identification (2–4).  

Generally, interpretation of SSR data can be difficult, 

especially for an admixture of more than 3 individuals. In 

addition, fragment sizing requires a high degree of 

accuracy. Consequently, this method can be very time and 

resource-consuming, especially when performing simplex 

analyses using conventional gel electrophoresis. The 

QIAxcel Advanced capillary electrophoresis system can 

replace conventional gel electrophoresis with an automated 

process that minimizes manual intervention and errors. 

Analysis is fast (96 samples in 1 h 30 min) and inexpensive. 

Additionally, the QIAxcel ScreenGel® software estimates the 

sizes and areas of the fragments analyzed, rendering complex 

analysis software unnecessary because interpretation can 

be done directly with ScreenGel and the Excel® spreadsheets 

it produces. Using the QIAxcel DNA High Resolution DNA 

Kit makes an accuracy of 3–5 bp possible, which is crucial 

for correct sizing of SSRs. We have developed an SSR-PCR  

protocol for routine analysis of Basmati rice using the 

QIAxcel Advanced System, where all Basmati as well as 

other types of rice can be identified and quantified as DNA

percentage of the Basmati variety.

Materials and methods
Grains from a range of Basmati and non-Basmati rice  

samples were selected and homogenized. Homogenized 

samples were mixed with lysis buffer (Qiagen ATL), heated to 

65°C, and treated mechanically by agitation at 1400 rpm. 

DNA was purified with the QIAsymphony® DSP DNA Mini 

Kit. DNA amplification by duplex PCR was performed  

with a set of 8 SSR markers (RM1 + RM72, RM44 + RM55, 

RM202 + RM241 and RM171 + RM348) using the QIAGEN 

Multiplex PCR Kit. For some Basmati rice, 2 additional SSR 

markers were used for more accurate discrimination (data 

not shown). Size range of the PCR products was 80–400 bp  

(Figure 1). Capillary electrophoresis was carried out using 

the QIAxcel DNA High Resolution Kit, QX Alignment Marker  

15 bp/600 bp, and QX DNA Size Marker 25–500 bp 

v2.0. QIAxcel ScreenGel software was used to estimate 

fragment size and percentage of target rice in the analyzed 

samples. The type of rice was identified using data from the 

Excel spreadsheets produced by the software.

Results and discussion

Identification

Analysis of different types of Basmati rice at 8 loci  

demonstrated that the rice varieties could be identified with 

high discriminatory power. Results showed characteristic, 

stable and reproducible DNA fragment profiles for each 

rice variety (Figure 1). Reproducibility and stability were 

assessed by repeating the analysis 12 times with a Taraori 

Basmati rice sample (Figure 2).

Quantification

When non-Basmati rice was detected in a sample, the  

quantity of Basmati rice DNA was presented as a percentage 
(Figure 3). This method is based on the comparison of the 
allele profiles of a known pure-grain sample and the  

unknown, tested sample. If a new peak was detected above  

a given threshold level, all possible profiles of all loci were 

identified. The area under the peak of every marker was  

calculated as a percentage. The average of all values was 

considered the quantity of Basmati rice DNA in the tested  

sample (Figure 4). The overall uncertainty of the analysis was 

5.2%. The uncertainty when over 95% of the mixture was 

Basmati rice was 1.9%, which complies with EU regulations. 

The quantification had an accuracy of 0.2% and a  

dispersion of 2.0% based on 133 measurements made on 

37 different mixtures of Basmati and non-Basmati varieties.



94   QIAxcel Advanced Application Guide 10/2016

1 2 3 4 5 6 7 8 9 10 11 12 [bp]

– 600
– 500

– 400

– 300

– 200
– 250

– 100
– 150

– 15
– 50

1 2 3 4 5 6 7 8 9 10 11 12

– 600
– 500

– 400

– 300

– 200
– 250

– 100
– 150

– 15
– 50

[bp]

Figure 3. Sensitive detection of non-Basmati rice in a sample. Comparison of pure Taraori grain (blue peak) and a sample containing 75% Taraori and 25% 
adulterant (red peak). A: RM1 + RM72, B: RM44 + RM55, C: RM202 + RM241, D: RM171 + RM348.

Figure 2. SSR profiles for Basmati rice are reproducible. The Taraori variety 
was analyzed 12 times with the SSR markers RM171 + RM348 and yielded 
the same fragment profile.

Figure 1. Reproducible and stable profiles of 3 Basmati rice varieties.  
Lanes 1–4: Pusa. Lanes 5–8: Taraori. Lanes 9–12: Super Basmati.  
The SSR markers were RM1 + RM72, RM44 + RM55, RM202 + RM241  
and RM171 + RM348.
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Analysis limitations

The identification of rice varieties was based on a database. 

A sample that generates a profile that is not present in the 

database cannot be identified. The 8 markers in this study 

were not sufficient to unambiguously identify all 15 Basmati 

rice varieties. In ambiguous cases, we used 2 additional 

markers to identify the variety (data not shown). When a 

sample consisted of 3 or more rice varieties, the allele 

patterns became complex (Figure 5), making complete

sample identification and quantification difficult or at times, 

impossible. However, in most cases, identification and 

quantification could be done by independently analyzing 

grains that differ in physical characteristics (grain profiles). 

This method is more time-consuming and expensive, with an 

uncertainty between 6.5% for samples with >95% Basmati  

rice content and 22.2% for samples with lower Basmati 

rice content (average 14.1%).

82 bp

92 bp

# Size (bp) NA NA %

1  15 0.0018099 n/a

2  82 0.0026379 75.86

3  92 0.0008393 24.10

4  600 0.0020555 n/a

82 bp

92 bp

# Size (bp) NA NA %

1  15 0.0018099 n/a

2  82 0.0026379 75.86

3  92 0.0008393 24.10

4  600 0.0020555 n/a

Figure 4. Quantification of the RM1 marker 
in a sample of 75% Taraori Basmati and 
25% non-Basmati rice. The 82 bp peak 
comes from Basmati and the 92 bp peak 
from the non-Basmati rice. The normalized 
area percentage (NA %) of each peak 
represents the quantity of Basmati rice and 
adulterant, respectively.

Figure 5. Analysis of a sample containing more than 3 rice varieties. A. Lane 1: RM1 + RM72. Lane 2: RM44 + RM55. Lane 3: RM202 + RM241. Lane 4: 
RM171 + RM348. B. Electropherogram of the RM1 and RM72 markers. C. Electropherogram of the RM171 and RM348 markers. With such complex allele 
patterns, identification requires additional analysis of physically different grains present in the sample.

1 2 3 4
156 bp

148 bp

360 bp 395 bp

421 bp

438 bp
167 bp

378 bp

79 bp

120 bp
170 bp

161 bp 267 bp

184 bp

194 bp

201 bp

1 2 3 4
156 bp

148 bp

360 bp 395 bp

421 bp

438 bp
167 bp

378 bp

79 bp

120 bp
170 bp

161 bp 267 bp

184 bp

194 bp

201 bp

1 2 3 4
156 bp

148 bp

360 bp 395 bp

421 bp

438 bp
167 bp

378 bp

79 bp

120 bp
170 bp

161 bp 267 bp

184 bp

194 bp

201 bp



96   QIAxcel Advanced Application Guide 10/2016

References

1.   British Retail Consortium (2005) Code of Practice on Basmati Rice. www.brc.org.uk/Downloads/Basmati_Code.pdf 

2.  Archak S., Lakshminarayanareddy, V. and Nagaraju, J. (2007) High-throughput multiplex microsatellite marker assay for detection and quantification of 
adulteration in Basmati rice (Oryza sativa). Electrophoresis 28, 2396.

3.  Vemireddy L.R., Archak, S. and Nagaraju, J. (2007) Capillary electrophoresis is essential for microsatellite marker based detection and quantification of 
adulteration of Basmati rice (Oryza sativa). J Agric Food Chem 55, 8112.

4.  Steele K. (2009) Rice Authentication using SSR and InDel markers. 
Online presentation. www.ec.europa.eu/agriculture/analysis/external/basmati/ssr_markers_steele_en.pdf

Conclusions
•  The SSR-PCR protocol for the QIAxcel Advanced 

System combined with a SSR marker allele database 

for rice proved to be accurate, reliable and fast,  

making this experimental setup a good candidate for 

routine Basmati rice authentication analysis.

•  Identification and quantification of Basmati rice and 

its adulterants was successfully performed using the 

QIAxcel High Resolution Kit, which discriminates SSR 

fragment sizes with an accuracy of 3–5 bp.

•  The method is best suited for samples containing 1 or 

2 different rice varieties. Analysis of samples with 3 or 

more different rice types is more complex and requires 

additional testing.

•  The method detects adulterant contents as low as 

0.1%, with quantification of up to 99.0% Basmati rice. 

The overall uncertainty is 5.2%, and only 1.9% for  

mixtures with a Basmati rice proportion higher than 95%.
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For up-to-date licensing information and product-specific disclaimers, see the respective QIAGEN kit handbook or user 

manual. QIAGEN kit handbooks and user manuals are available at www.qiagen.com or can be requested from QIAGEN 

Technical Services or your local distributor.

See how you can benefit from automated gel electrophoresis at www.qiagen.com/QIAxcel.

Trademarks: QIAGEN®, Sample to Insight®, QIAsymphony®, QIAxcel®, ScreenGel® (QIAGEN Group); Excel® (Microsoft Corporation).

Ordering Information

Product Contents Cat. no.

QIAxcel Advanced Instrument Capillary electrophoresis device: includes computer, QIAxcel ScreenGel 
software, and 1-year warranty on parts and labor

9001941

QIAxcel DNA  
High Resolution Kit (1200)

QIAxcel DNA High-Resolution Gel Cartridge, Buffers, Mineral Oil,  
QX Intensity Calibration Marker, 12-Tube Strips

929002

Buffer ATL (4 x 50 ml) Lysis buffer used in purification of nucleic acids using QIAsymphony DSP 
Virus/Pathogen kits

939016

QIAsymphony DSP DNA 
Mini Kit (192)

For 192 preps of 200 µl each. Includes 2 reagent cartridges and enzyme 
racks and accessories

937236

QIAsymphony SP QIAsymphony sample prep module: includes 1-year warranty on parts 
and labor

9001297

QIAGEN Multiplex  
PCR Kit (100)

For 100 x 50 µl multiplex PCR reactions: 2x QIAGEN Multiplex PCR 
Master Mix (providing a final concentration of 3 mM MgCl2, 3 x 0.85 ml), 
5x Q-solution (1 x 2.0 ml), RNase-free water (2 x 1.7 ml)

206143

QX Alignment Marker  
15 bp/600 bp (1.5 ml)

Alignment marker with 15 bp and 600 bp fragments 929530

QX DNA Size Marker  
25–500 bp (50 µl) v2.0

DNA size marker with fragments of 25, 50, 75, 100, 150, 200, 250, 
300, 400 and 500 bp; concentration 100 ng/µl

929560

Ordering www.qiagen.com/contact    Technical Support support.qiagen.com    Website www.qiagen.com
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Detection of genetically modified plants using the 
QIAxcel® System
BeeNa Lee, QIAGEN, Irvine, CA

The QIAxcel System was successfully used to detect DNA derived from genetically modified organisms (GMOs) at a level 

suitable for GMO testing according to EU standards.

Introduction

According to current EU regulations that went into effect 

in 2004, food and feed that contain at least 0.9% 

content from GMOs, or that were derived from GMOs, 

must be labeled as such. Each GMO that is present 

must be specifically declared using the system of unique 

identifiers published by the EU. For products for which 

compliance can not be conclusively demonstrated by 

analysis (such as for highly refined materials), the non-

GMO origin of the material must be documented. 

Enforcement of the regulation depends upon the availability 

of accurate methods for detection and tracing of GMO 

materials. This report describes the validation of a reliable 

and cost-effective system for GMO detection and analysis 

which facilitates compliance with EU guidelines.

The following performance characteristics were determined 

for GMO material mixed with non-modified plant material:

• DNA concentration

• Fragmentation state of DNA

• Specificity

The QIAxcel System. The fully automated size separation and quantification 
capability of the QIAxcel System provides unmatched resolution, speed, 
and throughput.
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Sensitive GMO detection

To determine whether the limit of detection (LOD) of the 

QIAxcel System is sufficient for GMO testing, template DNA 

of GMO origin (35S promoter) was mixed with genomic 

DNA from non-modified plants. Amplification of the GMO 

band was detected using the QIAxcel System (Figure 1) and 

quantification was performed to determine the sensitivity of 

detection (Figure 2 and Table 1).

Figure 1. Amplification of target DNA mixed with genomic DNA from non-modified plants. Genomic DNA (supplied by University of Tennesee) was purified 
from young dogwood leaves using the DNeasy® Plant Mini Kit and quantified with a TD-360 fluorometer (Turner Designs, Sunnyvale, USA). The integrity of 
the genomic DNA was examined by visual inspection on a 1% agarose gel. Control 35S DNA template (provided by GeneScan, Freiberg, Germany) was 
mixed with the plant genomic DNA to the final concentrations listed in Table 1. Reactions were prepared with 50 ng/μl of the genomic DNA mixtures and 
proprietary primers (provided by Biotools, Madrid, Spain). PCR was performed on an Mastercycler® Gradient (Eppendorf, Hamburg, Germany): after an initial 
denaturation step (94°C for 3 minutes), 40 PCR cycles (denaturation at 94°C for 30 seconds, annealing at 55°C for 30 seconds, extension at 72°C for 40 
seconds) were followed by 1 step of 72°C for 3 minutes. PCR products were analyzed in the automatic multi-capillary electrophoresis QIAxcel System using 
the QIAxcel DNA Screening Kit. Non-diluted PCR products were placed in the instrument sample tray. The DNA samples were automatically injected into the 
capillary channel and subjected to electrophoresis according to the standard protocol. Separation was performed by the AM320 method using 10 seconds 
injection time and 320 seconds separation time. A. The expected 225 bp band amplified from the 35S promoter is clearly visible in the gel image. M: The 
molecular weight and concentration of the amplicons were determined based on the standard pUC18/HaeIII DNA size marker (Sigma, St. Louis, USA). 
B. BioCalculator software labeled the integrated peak area automatically. The added 35S target DNA was detected at a level of 0.25% in the electropherogram.
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Liu M.S. and Amirkhanian V.D. (2003) DNA fragment analysis by an affordable multiple-channel capillary electrophoresis system. Electrophoresis 24, 93.0.

Conclusions

•  This system detected as few as 125 copies of GMO-

origin target mixed with 50 ng genomic DNA from non-

modified plants, corresponding to 0.25% GMO content 

(see Table 1). This result indicates that the sensitivity of 

the system allows detection of GMO content well below 

the cutoff limit for labeling (0.9%).

•  The QIAxcel System includes a consumable multi-channel 

cartridge that can be used to inject and analyze 

multiple DNA samples simultaneously: up to 12 samples 

can be analyzed in less than 7 minutes and 96 samples in 

a multiwell plate in less than 50 minutes. This throughput 

is sufficient to meet the needs of many GMO-testing 

facilities.

Figure 2. LOD of the QIAxcel System. The LOD was calculated for the 
quantitative normalized area (peak area) of the amplified 35S product 
at a defined number of copies per reaction. According to the EU GMO 
regulation, the limit of detection for a GMO marker must be below 
0.9%. Food containing over 0.9% GMO content must be labeled.

QIAxcel Kits. Precast, reusable gel cartridges allow up to 200 runs of 
12 samples to be performed.

Template copies GMO content (%) Detected

2000 4 Yes

1000 2 Yes

500 1 Yes

250 0.5 Yes

125 0.25 Yes

62 0.125 No

31 0.06 No

No template control 0.0 No

Table 1. Detection of GMO content
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The QIAxcel instrument is intended to be used only in combination with QIAxcel Kits for applications described in the 

respective QIAxcel Kit handbooks. QIAxcel Kits are intended for research only. Not for use in diagnostic procedures.

The DNeasy Plant Kit is intended for research use. No claim or representation is intended to provide information for the 

diagnosis, prevention or treatment of a disease.

*  QX DNA Size Markers and QX Alignment Markers are not provided with QIAxcel DNA Kits and must be ordered separately. For information about 
markers suitable for your application, visit www.qiagen.com/QIAxcel.

† The software key is for analysis of results only. It does not provide any instrument control functions.

Discover more about how the QIAxcel system can speed up and increase sensitivity for GMO detection at 
www.qiagen.com/goto/QIAxcel.

Trademarks: QIAGEN®, Sample to Insight®, DNeasy® (QIAGEN Group); Mastercycler® (Eppendorf). Registered names, trademarks, etc. used in this document, even when not specifically marked as such, are not to be 
considered unprotected by law. 

Ordering www.qiagen.com/shop    Technical Support support.qiagen.com    Website www.qiagen.com

Ordering Information

Product Contents Cat. no.

QIAxcel System Capillary electrophoresis device, including computer, and 
BioCalculator Analysis software; 1-year warranty on parts and labor

9001421

Warranty PLUS 2 Basic, QIAxcel 3-year warranty, 5-working day response time, all labor, travel, 
and repair parts

9241202

Gel cartridge kits

QIAxcel DNA High Resolution Kit 
(1200)*

QIAxcel DNA High Resolution Gel Cartridge, Buffers, Mineral 
Oil, QX Intensity Calibration Marker, 12-Tube Strips

929002

QIAxcel DNA Screening Kit 
(2400)*

QIAxcel DNA Screening Gel Cartridge, Buffers, Mineral Oil, 
QX Intensity Calibration Marker, 12-Tube Strips

929004

QIAxcel DNA Large Fragment Kit 
(600)*

QIAxcel DNA Large Fragment Gel Cartridge, Buffers, 
Mineral Oil, QX Intensity Calibration Marker, 12-Tube Strips

929006

Software

BioCalculator Software† Separate license for use of BioCalculator software on an 
additional computer

9018391

Purification of plant genomic DNA

DNeasy Plant Mini Kit (50) 50 DNeasy Mini Spin Columns, 50 QIAshredder Mini Spin 
Columns, RNase A, Buffers, Collection Tubes (2 ml)

69104

DNeasy Plant Mini Kit (250) 250 DNeasy Mini Spin Columns, 250 QIAshredder Mini Spin 
Columns, RNase A, Buffers, Collection Tubes (2 ml)

69106
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Fish species identification using PCR-RFLP and the  
QIAxcel® Advanced

R. Cassier and C. Compagnon 

ADGENE Laboratoire, Thury Harcourt, France

Introduction
Fishing and aquaculture play a considerable economic role 

in the European Union (1), accounting for 24% of the 

worldwide fish market (52.2 billion € for 12.3 million tons 

in 2011). In the EU, aquaculture is regulated through 

the definition of feed allowed in aquaculture production, 

including clear restrictions regarding the use of PAP 

(processed animal proteins), by-products from healthy 

animals developed to feed other animals (2). Intra-species  

feeding or cannibalism is prohibited, which means that  

feeding salmon with Salmonidae species, for example, is  

forbidden. These regulations are crucial in controlling fish 

feed composition and ensuring a supply of correctly  

labelled, high-quality fish to consumers.

Despite a long history of regulations to maintain a healthy 

fish industry, fraudulent practices still exist. One of the 

most common is the mislabeling of fish species. An initial 

study in the US between 2010 and 2012 showed that 

33% of fish products were mislabeled. The study covered 

1200 seafood products originating from 674 retailers and 

revealed fraud involving mainly red snapper and tuna (3). 

A similar study in France, based on 371 samples, showed 

that 3.5% of fish were mislabeled. Fraud involved mainly 

tuna and cod (4, 5). These studies attest to the importance 

of controlling all stages of fish distribution.

Various techniques are used for fish species identification. 

The most commonly used is PCR-RFLP (restriction fragment 

length polymorphism), but other methods, including qPCR, 

sequencing, and species-specific PCR, are also used (Table 1).

PCR-RFLP is a well-documented, easily mastered and  

inexpensive technique. However, RFLP can be time-consuming 

and requires special equipment, which makes it a poor 

candidate for standardized workflows. Furthermore, 

mutagenic and hazardous products, such as ethidium 

bromide, are often used in the visualization of DNA 

sequences. Results from gel electrophoresis can also be 

complex and interpretation may require specific software, 

although misidentification can be minimized by maintaining  

a database of possible profiles. To overcome these problems, 

we tested the QIAxcel native capillary electrophoresis 

system as an alternative to conventional gel electrophoresis. 

QIAxcel Advanced has numerous advantages: analysis is  

fast (96 samples in 1 h 30 m), inexpensive, and does not 

require handling ethidium bromide. Additionally, the QIAxcel 

ScreenGel® software enables semi-automated interpretation. 

The software calculates size of the analyzed fragments, 

which can then be interpreted with the ScreenGel software 

and the Excel® spreadsheets it produces.  
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Materials and methods
The analysis of 8 samples, from sample grinding to 

identification, was performed in less than 6 h. Samples were 

ground for homogenization and then lysed via chemical 

(Buffer ATL), thermal (up to 65°C) or mechanical (1400 rpm 

agitation) treatment for up to 1 h. DNA was then extracted 

and purified using the QIAsymphony® DSP DNA Mini Kit  

on the QIAsymphony. Cytochrome B was amplified with  

TopTaq Master Mix to yield a fragment of 470 bp. The  

fragment was digested with a panel of suitable enzymes  

(AluI, HaeIII, HinfI, Ddel, and TaqI) and the resulting  

fragments were separated on the QIAxcel Advanced using  

the QIAxcel DNA High Resolution Kit, the OM500 method, 

QX Alignment Marker 15 bp/600 bp and QX DNA Size  

Marker 25–500 bp. Fragment sizes were estimated with the 

QIAxcel ScreenGel software and results were interpreted 

from the resulting Excel spreadsheets by comparison to a 

database of possible profiles. The database contained  

matching internal and published data. The internal data  

were validated by analyzing fresh fish with all enzymes at  

3 different times, and the published data were validated  

by testing fish samples with our method.

Results and discussion
This validation study examined PCR-RFLP for routine  

identification of fish species, generating results within 8 h. 

Several fish species, fish mixtures and processed samples 

were used to validate the method. Our assessment took into 

consideration that the validation may be limited by either 

polymorphisms or point mutations causing false negatives 
and false positives. We also accounted for low-quality 

food samples, given that overly degraded DNA, even from 

barely processed food, cannot be analyzed. Table 2 lists 

the 34 fish species (salmons, tuna, trout, hake) that could be 

identified with this method based on our database.

Figure 1 presents an analysis of DNA from crude fish, both a 

fish mixture and individual fish species. The HinfI digest (top 

right) can be used as an example to illustrate the principle 

of the RFLP approach. The fish mixture (lane 1) revealed 5 

bands corresponding to different fish species comprising the 

mixture. These bands appear also in lanes 2–4 containing 

DNA from the individual fish species. The bands at 55 and 

221 bp were also visible in lane 2 for Scomber scombrus. 

Analytical method Advantages Inconveniences References

PCR-RFLP • Enables admixture analysis 
•  Reproducible, sensitive and specific results
•  Enables analysis of processed samples

•  Point mutations can induce false positives or negatives
•  Identification relies on a profiles database
•  Without automation, analysis is time-consuming

 6, 7

qPCR • Produces quantitative results
•  Enables analysis of processed samples
•  Detects trace amounts
•  Reproducible, sensitive and specific results

•  Detects only prespecified species
•  Expensive when examining several fish species 

(requires 1 analysis per species)

 8

PCR sequencing 
(Sanger Method)

•  No prior knowledge required (internet database)
•  Delivers high-quality information
• Reproducible and specific results

•  Does not enable admixture analysis
• High analysis costs

 9

PCR sequencing 
(NGS)

•  Enables admixture analysis
• Produces quantitative results
•  No prior knowledge required (internet database)
• Delivers high-quality information
• Reproducible and specific results

•  Time-intensive (1 week for results)
• High analysis costs

 10, 11

Species-specific PCR • Simple method
•  Enables analysis of processed samples 
•  Reproducible, sensitive and specific results

•  Detects only prespecified species
•  Expensive when examining several fish species 

(requires 1 analysis per species)

 12

Table 1. Most common methods used for identification of fish species
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The band at 204 bp was also present in lane 2 for  

S. scombrus, and in lane 4 for Salmo salar. The band at  

273 bp appeared in lane 4 for S. salar, and finally, the band 

at 466 bp was visible in lane 3 for Merluccius merluccius.

Table 3 compares sizes of the observed HinfI restriction 

fragments with the theoretically expected fragments. The  

deviation average between theoretical and observed data  

was 4 bp. Experiments with the other enzymes generated 

Scientific species names

Anguilla anguilla Merluccius merluccius Scomber scombrus Boops boops

Microstomus kitt Scophthalmus rhombus Coryphaenoides rupestris Mulus surmuletus

Sparus aurata Cynoglossus senegalensis Oncorhynchus gorbuscha Stizostedion luciperca; Sander 
lucioperca

Dicentrarchus labrax Oncorhynchus keta Theragra chalcogramma Epinephelus sp.

Oncorhynchus kisutch Thunnus albacares Gadus morhua Oncorhynchus mykiss or Salmo 
gaidneri

Thunnus thynnus Glyptocephalus cynoglossus Perca fluviatilis Trachurus trachurus

Lates niloticus Pleuronectes platessa Xiphias gladius Lophius sp.

Pollachius virens Zeus faber Melanogrammus aeglefinus Salmo salar

Merlanguis merlanguis Sardina pilchardus

Table 2. List of fish species that could be identified.
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Figure 1. A panel of 5 enzymes used to 
discriminate between different fish species 
based on fragment analysis using QIAxcel 
Advanced. Lane 1: laboratory mixture of fresh 
S. salar, S. scombrus and M. merluccius in the 
proportions 20:40:40. Lane 2: S. scombrus; 
Lane 3: M. merluccius. Lane 4: S. salar.
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similar results. To assess utility of the method for processed  

commercial foodsamples, salmon spinach lasagna was  

digested with 4 enzymes, of which 1 enzyme was added 

for result confirmation (data not shown). Three different 

salmon species were identified in the lasagna, S. salar, 

Oncorhynchus gorbuscha and O. keta (Figure 2). The  

AluI digest was uninformative as it gave rise to the same 

band pattern for all 3 species, however, fragments from 

HaeIII, HinfI and DdeI digestion enabled discrimination of 

S. salar from O. keta and O. gorbusha. For example, the 

HaeIII restriction profile consisted of 4 bands, each coming 

from the band patterns of different salmons. The band at 

41 bp was a fragment common to all three species, the 

bands at 109 bp and 309 bp came from S. salar, and 

the band at 419 bp came from O. keta/O. gorbusha. The 

two Oncorhynchus species were then identified using a fifth 

enzyme (data not shown).

The PCR-RFLP method proved successful in fish species 

identification. Each fish species had a unique profile when 

using the set of enzymes described above. Correlation 

between theoretical and observed data was good for both 

fresh crude and frozen fish (data no shown). Moreover, 

the method enabled discrimination of mixtures containing 

up to 3 species. During the validation, we observed that 

some fish, like Theragra chalcogramma, had a polymorphic 

profile or point mutations. Such samples may give rise to  

false negatives or false positives, which must be taken into  

consideration for interpretation. The method also works 

well for several processed foods, such as salmon spinach 

lasagna, crab sticks or salmon parmentier, as long as the 

extracted DNA is not overly degraded. Only severly 

processed foods (e.g., canned rillettes) contain excessively 

degraded DNA that cannot be analyzed.

Conclusions
•  The tested fish species generate unique digestion profiles 

and can be readily identified based on comparison to 

known profiles in a database. Up to 3 different species 

can be identified in mixtures.

•  Commercial samples of varying processing degree can 

be analyzed, as long as the DNA has not been overly 

degraded.

•  The QIAxcel Advanced facilitates the identification of 

fish species based on PCR-RFLP and provides results in 

less than 8 h.

•  Using the QIAxcel Advanced, the method is inexpensive 

and reliable, making it a good candidate for routine 

use in fish species identification.

Fish species Theoretical band sizes (bp) Observed band sizes (bp) Differences

S. scombrus  56
 201
 214

 55
 204
 221

–1
+3
+7

M. merluccius  464  466 +2

S. salar  198
 266

 204
 273

+6
+7

Table 3. Comparison of theoretical and observed band sizes arising from HinfI restriction digests
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Figure 2. Analysis of a commercial food (salmon spinach lasagna) by fragment analysis using QIAxcel Advanced. S. salar, O. gorbuscha and O. keta were 
identified. HaeIII, HinfI and DdeI digestion enabled discrimination between S. salar and the 2 Onchorhynchus species. O. gorbuscha and O. keta were later 
identified using another enzyme (data not shown). Blue lines indicate bands in the lasagna sample corresponding to O. keta. Red lines indicate bands in the 
lasagna sample corresponding to S. salar.



QIAxcel Advanced Application Guide 10/2016  107

See how you can benefit from automated gel electrophoresis at www.qiagen.com/QIAxcel.

Trademarks: QIAGEN®, Sample to Insight®, QIAsymphony®, QIAxcel®, ScreenGel® (QIAGEN Group); Excel® (Microsoft Corporation).

For up-to-date licensing information and product-specific disclaimers, see the respective QIAGEN kit handbook or user 

manual. QIAGEN kit handbooks and user manuals are available at www.qiagen.com or can be requested from QIAGEN 

Technical Services or your local distributor.

Ordering Information

Product Contents Cat. no.

QIAxcel Advanced Instrument Capillary electrophoresis device: includes computer, QIAxcel ScreenGel 
software, and 1-year warranty on parts and labor

9001941

QIAxcel DNA  
High Resolution Kit (1200)

QIAxcel DNA High-Resolution Gel Cartridge, Buffers, Mineral Oil,  
QX Intensity Calibration Marker, 12-Tube Strips

929002

Buffer ATL (4 x 50 ml) Lysis buffer use in purification of nucleic acids using QIAsymphony DSP 
Virus/Pathogen kits

939016

QIAsymphony DSP DNA 
Mini Kit (192)

For 192 preps of 200 µl each. Includes 2 reagent cartridges and enzyme 
racks and accessories

937236

QIAsymphony SP QIAsymphony sample prep module: includes 1-year warranty on parts 
and labor

9001297

TopTaq Master Mix Kit (250) For 200 x 50 µl reactions: 2x TopTaq Master Mix containing 250 units 
of TopTaq DNA Polymerase in total, 10x CoralLoad Concentrate and 
RNase-Free Water

200403

QX Alignment Marker  
15 bp/600 bp (1.5 ml)

Alignment marker with 15 bp and 600 bp fragments 929530

QX DNA Size Marker  
25–500 bp (50 µl) v2.0

DNA size marker with fragments of 25, 50, 75, 100, 150, 200, 250, 
300, 400 and 500 bp; concentration 100 ng/µl

929560

Ordering www.qiagen.com/contact    Technical Support support.qiagen.com    Website www.qiagen.com
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Introduction
Shiga toxin-producing E. coli (STEC) causes serious gastrointestinal disease and death in humans. 

The seven major E. coli serogroups that give rise to infections in humans are O26, O45, O103, 

O111, O121, O145 and O157 (1, 2). Cattle are considered one of the major asymptomatic 

STEC carriers, and the bacteria propagate in their gut and are shed in the feces, which is a 

major source of food contamination and human infection (3). Early detection of STEC is crucial for  

prevention and intervention strategies. 

Nowadays most tests for STEC in veterinary laboratories are performed using real-time PCR, but  

this method is limited by the number of targets it can detect. Most real-time cyclers are limited to 

five channels, and in addition, developing multiplex qPCR using more than three channels is 

technically challenging. Detecting more targets by real-time PCR would require multiple reactions 

and result in significant cost increases.

We have developed an 11-gene multiplex PCR assay that detects four major E. coli virulence 

genes (stx1, stx2, eae, ehxA) along with the seven major STEC serogroups mentioned above. The 

level of throughput and the interpretation accuracy of this assay have been dramatically improved 

by using the QIAxcel Advanced, a fast capillary electrophoresis system with high resolution and 

reproducibility.  

High-throughput detection of Shiga toxin-producing  
Escherichia coli using multiplex PCR and the 
QIAxcel® Advanced system 

Jianfa Bai, Ph.D., Director of Molecular Research and Development

Kansas State Veterinary Diagnostic Laboratory, Department of Diagnostic Medicine/Pathobiology, College of Veterinary 

Medicine, Kansas State University, 1800 Denison Avenue, Manhattan, KS 66506-5606, USA

Using the QIAxcel Advanced system after a multiplex PCR allowed us to perform efficient and reliable high-throughput 

screening of cattle feces for the presence of four major E. coli virulence genes and the seven major Shiga toxin-producing 

serogroups that give rise to infection in humans.
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After PCR amplification, samples in either strip tubes or 96-well plates can be analyzed directly 

using the QIAxcel Advanced instrument without further manipulation. Multiple steps of traditional 

agarose gel separation, including gel casting, PCR product loading, gel electrophoresis, ethidium 

bromide staining and gel imaging are not necessary when QIAxcel is used. The QIAxcel Advanced 

system can also perform automated data interpretation by recognizing predefined electrophoretic 

patterns. After a run, the positive or negative value for each of the eleven possible amplicons in 

every sample is presented in a report.

Materials and methods

Primer design

The wzx gene, which encodes a flippase required for O-polysaccharide export, was used to 

design specific primers for serogroups O26, O45, O103, O111 and O145. The wbqE gene, 

which encodes a putative glycosyl transferase, and wbqF, which encodes a putative acetyl  

transferase (6), were used to design primers for the detection of serogroup O121. The primers for 

O157 were designed from the rfbE gene, and primers used for virulence genes were designed and 

validated in our previous study (4). The 11 pairs of primers were specifically designed to match 

the majority of available target sequences and to amplify different amplicon sizes that could be 

easily separated on a gel or on the QIAxcel Advanced system (Table 1).

DNA templates

Field isolates obtained from cattle fecal samples were stored in CryoCare beads (Key Scientific 

Products, Stamford, TX) at –80°C. Single colonies were streaked onto blood agar plates (BAP, Remel, 

Lenexa, KS) and were incubated overnight at 37°C. One or two colonies of each strain were 

suspended in 1 ml of distilled water and boiled for 10 min. After a short centrifugation, 1 μl of the 

supernatant was used as the DNA template (approximate amount ranging from 1–100 ng DNA 

per 25 μl reaction). For cattle fecal sample preparation, approximately 1 g of feces was added 

to a tube of 9 mL Escherichia coli broth (Difco, ThermoFisher), and cultured at 40°C for 6 hr. One 

milliliter of the enrichment was transferred to a 1.5 ml tube and centrifuged. The supernatant was 

Target gene Amplicon size (bp) Target gene Amplicon size (bp)

wzxO45 890 wzxO26 417

wzxO103 740 eae 375

stx1 655 rfbEO157 296

wbqEO121 wbqFO121 587 wzxO111 230

wzxO145 523 ehxA 168

stx2 477

Table 1. The molecular targets and their amplicon sizes used in the 11-gene multiplex PCR. Specificity and amplicon sizes 
were confirmed by sequencing. 
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discarded and the pellet was used for DNA extraction with QIAamp DNA Stool Mini Kit. The 

MagAttract 96 cador Pathogen Kit can be used for high-throughput DNA extractions. One microliter 

of extracted DNA was used for each PCR reaction (data not shown).

Multiplex PCR

The primer mix was prepared in 1x TE buffer, and each primer had a final concentration of 0.11 µM. 

The PCR reaction mix (Table 2) was prepared by mixing 12.5 µl of 2x QIAGEN Multiplex PCR 

Master Mix, 2.0 µl of 25 mM MgCl2, 8.5 µl RNase-free water and 1 µl template DNA (1–100 ng 

per 25 µl reaction; 10 ng DNA template is recommended).

A modified PCR protocol described by Bai et al (4, 5) was used in this study. A 15 min denaturation 

step at 95° C was followed by a 35 cycles of amplification at 95° C for 20 s, 63° C for 30 s and 

72° C for 90 s, with a final extension at 68° C for 10 min (Table 3).

The following thermal cyclers have been tested and are compatible with this procedure and the 

described cycling conditions: TP600 thermal cycler (TaKaRa Bio Inc.), Eppendorf® Mastercycler® 

ep Gradient, Arktik Thermal cycler, Labnet PCR thermal cycler, Bio-Rad® C1000, Bio-Rad T 100 

Thermal Cycler, MJ Research PTC-200, GeneAmp® PCR System 9700.

QIAxcel Advanced protocol

After amplification, PCR products were directly placed into the QIAxcel Advanced capillary  

electrophoresis system and separated using the QIAxcel DNA Screening Kit with the AM700 

method, which includes the following electrophoresis parameters: alignment marker injection at   

Component Volume/reaction Final concentration

RNase-free water 8.5 µl

2x QIAGEN Multiplex PCR Master Mix 12.5 µl 1x

E. coli 11-plex Primer Mix 1.0 µl 0.11 µM

25 mM MgCl2 2.0 µl 5 mM*

Total volume 24.0 µl

Initial activation step 15 min 95°C

3-step cycling: Denaturation 20 s  95°C

Annealing 30 s  63°C

Extension 90 s  72°C

Number of cycles 35

Final extension 10 min  68°C

Hold  8°C

Table 2. Preparation of reaction mix.

Table 3. PCR cycling conditions.

*  Final concentration 
includes MgCl2 in the 
QIAGEN Multiplex PCR 
Master Mix
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4 kV for 10 s, sample injection at 2 kV for 10 s and separation at 3.5 kV for 700 seconds. The QX  

Alignment Marker 15 bp/3 kb was run simultaneously with the samples, and the sizes were 

estimated by comparison with a control sample containing all eleven possible amplicons (Table 1).

Following analysis with the QIAxcel ScreenGel® software, the operating and analysis software 

for the QIAxcel Advanced system, the results are displayed along with comprehensive reports 

including gel images, electropherograms and the result table. It is possible to customize the report 

according to different laboratory requirements.

Results and discussion
The analysis showed that the samples tested were positive for various combinations of O groups 

and virulence genes, as shown in Table 4 and Figures 1 and 2.

Lane O-type eaeA stx1 stx2 ehxA

 1 O26 – + – +

 2 O26 – + + +

 3 O45 – + – +

 4 O103 – + – +

 5 O103 – + + +

 6 O111 + + + +

 7 O111 + + – +

 8 O121 – – + +

 9 O145 + + – +

 10 O145 + + + +

 11 O157 + + + +

Table 4. Result table showing the presence (+) or absence (–) of four virulence genes in seven E. coli serogroups.

Figure 1. QIAxcel 
Advanced analysis of 11 
isolates tested with 11-gene 
multiplex PCR. The PCR 
included the major E. coli 
virulence genes stx1, stx2, 
eae and ehxA, along with 
E. coli O-antigens from 
O26, O45, O103, O111, 
O121, O145 and O157 
serogroups. Lane A12  
contains a DNA ladder, 
which includes all 11  
possible amplicons sizes 
and serves as a size marker. 
Amplicon sizes were  
verified by sequencing.
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The strains were selected to represent all seven major E. coli serogroups and the four virulence 

genes. All of the samples carried the ehxA gene, which is present in most cattle fecal samples. 

However, the assay is only qualitative, and the ratios of the presence of the virulence genes in 

the table do not relate to STEC relative abundance or gene copy numbers within the cattle fecal  

samples. The Shiga toxin genes, especially stx2, are present in a much lower ratio in cattle 

samples, as described in previous publications (4, 5). 

QIAxcel Advanced is a high sensitivity detection platform. When dealing with samples such as 

cattle feces, concentration of an E. coli strain can vary significantly. With the QIAxcel ScreenGel 

software, weak peaks can be observed in samples containing low concentrations of E. coli strains 

and may be difficult to interpret (Figure 4). After analyzing several thousands of field samples, we 

have established the best level of confidence in data analysis by using a 5% cutoff in the QIAxcel 

threshold setting. This correlates best with manual interpretations.

Figure 2. Electropherogram of the control sample from 
lane 12. All 11 amplicons used for identification are clearly 
visible and well separated. Peaks at 15 bp and 3000 bp 
correspond to alignment markers.

Figure 3. Comparison of the analysis results obtained with 
agarose gel electrophoresis and the QIAxcel Advanced. 
Sample containing all 11 amplicons was used as a positive 
control (5).
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Automated sample loading, processing and analysis prevent human errors that can occur with 

manual sample handling, thus ensuring reliability and reproducibility of the measurements. Since 

no hazardous compounds are handled manually, this analysis method affords both convenience 

and safety. Using the recommended method, up to 96 samples per run can be analyzed unattended 

in about 90 minutes, or 12 samples in as little as 13 minutes. Digital data collection and management 

of experiments ensure traceability and standardized results.

Automated identification via peak calling

QIAxcel ScreenGel software automatically identifies DNA fragments from unknown samples using 

its peak calling function (peak calling table). This enables accurate detection and identification 

of the amplicons present in each sample. The peak calling table contains the sizes of all 11 

possible amplicons generated by multiplex PCR and the tolerance in % for automated peak 

detection (Table 5).

The QIAxcel ScreenGel software compares the electrophoretic pattern obtained for each sample 

with the peak calling table and reports detected peaks in a Peak Calling Result Table that  

summarizes the results of the experiment (Table 6). This automated primary analysis of the sample 

makes results interpretation faster and more reliable for screening of a large number of samples. 

Peak Calling Instruction E.coli 11-multiplex PCR

Name Position Tolerance Name Position Tolerance

ehxA 168 bp 18.000 % wzxO145 523 bp 4.400 %

wzxO111 230 bp 13.500 % wbqEO121 wbqFO121 587 bp 5.500 %

rfbO157 296 bp 11.100 % stx1 655 bp 5.200 %

eae 375 bp 5.600 % wzxO103 740 bp 5.700 %

wzxO26 417 bp 5.000 % wzxO45 890 bp 8.400 %

stx2 477 bp 4.800 %

Table 5. Peak calling instructions for 11-multiplex PCR.
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Figure 4. A The threshold is used during peak detection. Signals that exceed the threshold value (dark blue line) are detected 
as peaks. B If non-relevant peaks are identified, the threshold can be increased (e.g., to 5 %) to exclude the non-relevant or 
unspecific data from the analysis.
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Conclusions
•  The method presented here can identify the seven major E. coli serogroups and the four main 

virulence factors in one reaction. 

•  Separating multiplex PCR products with the QIAxcel Advanced system allows detailed, reliable 

and rapid analyses of complex samples containing many amplicons within a wide size range.

•  Due to its fast turnaround time and automatic data interpretation, the QIAxcel Advanced  

system is highly suited for post-PCR separation, visualization and data presentation, especially 

for multiplex PCR runs in a high-throughput setting.

Peak Calling Result Table E.coli 11-multiplex PCR

Plate |R0|E0

Pos Sample Info ehxA wzxO111 rfbO157 eae wzxO26 stx2 wzxO145

wbqEO121 
wbqFO121 stx1 wzxO103 wzxO45

 A1 E.coli-A-01 169 n/a n/a n/a 419 n/a n/a n/a 667 n/a n/a

 A2 E.coli-A-02 168 n/a n/a n/a 418 479 n/a n/a 664 n/a n/a

 A3 E.coli-A-03 169 n/a n/a n/a n/a n/a n/a n/a 666 n/a 947

 A4 E.coli-A-04 169 n/a n/a n/a n/a n/a n/a n/a 667 759 n/a

 A5 E.coli-A-05 169 n/a n/a n/a n/a 481 n/a n/a 666 757 n/a

 A6 E.coli-A-06 169 231 n/a 376 n/a 479 n/a n/a 664 n/a n/a

 A7 E.coli-A-07 169 231 n/a 376 n/a n/a n/a n/a 666 n/a n/a

 A8 E.coli-A-08 169 n/a n/a n/a n/a 479 n/a 595 n/a n/a n/a

 A9 E.coli-A-09 169 n/a n/a 380 n/a n/a 529 n/a 667 n/a n/a

 A10 E.coli-A-010 169 n/a n/a 380 n/a 482 529 n/a 667 n/a n/a

 A11 E.coli-A-011 168 n/a 297 378 n/a 480 n/a n/a 667 n/a n/a

Table 6. Based on the data presented in Figure 1and the peak calling instructions, a peak calling result table was generated. The table summarizes the  
experiment by reporting for each sample presence or absence of amplification products and their size estimates. 

References

1.  Rangel, J.M., Sparling, P.H., Crowe, C., Griffin, P.M., and Swerdlow, D.L. (2005) Epidemiology of Escherichia coli 
O157:H7 outbreaks, United States, 1982–2002. Emerg. Infect. Dis. 11, 603–609.

2.  Hussein, H.S. and Bollinger, L.M. (2005) Prevalence of Shiga toxin-producing Escherichia coli in beef cattle. J. Food. 
Prot. 68, 2224–2241.

3.  Ferens, W.A. and Hovde, C.J. (2011) Escherichia coli O157:H7: Animal reservoir and sources of human infection. 
Foodborne Pathog. Dis. 8, 465–487. 

4.  Bai, J., Shi, X., and Nagaraja, T.G. (2010) A multiplex procedure for the detection of six major virulence genes in 
Escherichia coli O157:H7. J. Microbiol. Meth. 82, 85–89.

5.  Bai, J., Paddock, Z.D., Shi, X., Li, S., An, B., and Nagaraja, T.G. (2012) Applicability of a multiplex PCR to detect the 
seven major Shiga toxin-producing Escherichia coli based on genes that code for serogroup-specific O-antigens and 
major virulence factors in cattle feces. Foodborne Pathog. Dis. 9, 541–548.

6.  Fratamico, P.M., Briggs, C.E., Needle, D., Chen, C.Y., and DebRoy, C. (2003) Sequence of the Escherichia coli O121 
O-antigen gene cluster and detection of enterohemorrhagic E. coli O121 by PCR amplification of the wzx and wzy 
genes. J Clin. Microbiol. 7, 3379–3383.



QIAxcel Advanced Application Guide 10/2016  115

For up-to-date licensing information and product-specific disclaimers, see the respective QIAGEN kit handbook or user 

manual. QIAGEN kit handbooks and user manuals are available at www.qiagen.com or can be requested from QIAGEN 

Technical Services or your local distributor.

Trademarks: QIAGEN®, Sample to Insight®, QIAamp®, QIAxcel®, InhibitEX®, Sample to Insight®, ScreenGel® (QIAGEN Group); Eppendorf®, Mastercycler® (Eppendorf AG); GeneAmp® (Life Technologies Corporation); 
Excel® (Microsoft Corporation) Bio-Rad® (Bio-Rad Laboratories, Inc.). 

Ordering www.qiagen.com/contact    Technical Support support.qiagen.com    Website www.qiagen.com

Ordering Information

Product Contents Cat. no.

E. coli 11-plex primer mix (200) Mixture of 11 pairs of primers for 200 reactions WBQX-001-200

E. coli 11-plex primer mix (1000) Mixture of 11 pairs of primers for 1000 reactions WBQX-001-1000

QIAGEN Multiplex PCR Kit (100) For 100 x 50 µl multiplex PCR reactions: 2x QIAGEN 
Multiplex PCR Master Mix (providing a final concentration 
of 3 mM MgCl2, 3 x 0.85 ml), 5x Q-Solution (1 x 2.0 ml), 
RNase-Free Water (2 x 1.7 ml)

206143

QIAGEN Multiplex PCR Kit (1000) For 1000 x 50 µl multiplex PCR reactions: 2x QIAGEN 
Multiplex PCR Master Mix (providing a final concentration  
of 3 mM MgCl2, 1 x 25 ml), 5x Q-Solution (1 x 10 ml), 
RNase-Free Water (1 x 20 ml)

206145

QIAxcel Advanced system Capillary electrophoresis device: includes computer, QIAxcel 
ScreenGel software, and 1-year warranty on parts and labor

9001941

QIAxcel DNA Screening Kit (2400) QIAxcel DNA Screening Cartridge, Buffers, Mineral Oil, 
QX Intensity Calibration Marker, 12-Tube Strips

929004

QX Alignment Marker 15 bp/3 kb Alignment marker with 15 bp and 3 kb fragments 929552

QX Nitrogen Cylinder (6) 6 QIAxcel Nitrogen Cylinders 929705

QIAamp DNA Stool Mini Kit (50) For 50 DNA preps: 50 QIAamp Mini Spin Columns,  
QIAGEN Proteinase K, InhibitEX® tablets, Buffers, Collection 
Tubes (2 ml)

51504



116   QIAxcel Advanced Application Guide 10/2016

Identifying allergenic nut species using the QIAxcel® system
Malcolm Burns

Molecular Biology, LGC, Queens Road, Teddington, Middlesex TW11 0LY, UK

Introduction
The global food industry faces numerous challenges in terms 

of providing confidence in the authenticity of foods. There 

is a commercial interest in ensuring that foods are correctly 

labeled for the presence and levels of specific ingredients, 

including the occurrence of GMOs and incidence of 

allergens, and in preventing the fraudulent replacement of 

expensive food ingredients with inferior ones.

For the benefit of consumers who are allergic to certain food 

ingredients, current EU regulations require labeling disclosure 

of the presence of any of 14 major allergens if used as 

ingredients in prepacked foods (Directive 2003/89/EC, 

as amended). PCR assays have been developed to detect 

and identify DNA originating from allergenic nut materials 

in processed foods. They consisted of a suite of singleplex 

and multiplex assays to detect DNA from almond, hazelnut, 

macadamia nut, and peanut. The assays have been 

validated by LGC (UK) and Premier Analytical Services (UK) 

with regards to sensitivity and specificity. 

This study demonstrates the successful use of the QIAxcel 

system for the analysis of PCR products as part of an allergen 

detection workflow. The QIAxcel system provided rapid, 

reliable, and inexpensive identification of four nut species.

Materials and Methods

Samples from a panel of 17 food products (Table 1) 

were analyzed using singleplex and multiplex PCR assays 

developed for the nut species almond, hazelnut, macadamia 

nut, and peanut. The PCR products were analyzed using the 

QIAxcel system in combination with the QIAxcel DNA High 

Resolution Kit.

End-point PCR was conducted for each nut species using 

200 µM primers and 50 ng template DNA in a final volume 

of 25 µl. The PCR products were in the size range 75 to 

134 bp. Short fragment sizes were chosen to ensure that 

the targets remained intact during food processing. The 

DNA concentration of the samples tested was in the range 

2–5 ng/µl.

Samples were analyzed using a QIAxcel DNA High 

Resolution Cartridge. The method designated OM500 was 

chosen as the optimal one for the nut species under analysis. 

It has the following parameters: QX Alignment Marker 

injection at 4 kV and 20 s, sample injection at 5 kV 

for 10 s and separation at 5 kV for 500 s. The sample 

injection time was increased to 40 s to ensure 

identification of all of the amplicons present in the sample. 

The analysis was performed with a suspend integration time 

of 2.53 min. QX Alignment Marker 15 bp/400 bp and 

QX DNA Size Marker 25–500 bp were run simultaneously. 

Two fragments from the QX DNA Size Marker were excluded 

from the analysis since they were longer than the 400 bp 

fragment in the QX Alignment Marker.
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Results and Discussion

The amplicons from the singleplex and multiplex PCR assays 

were analyzed using the QIAxcel system and QIAxcel DNA 

High Resolution Kit (Figure 1). An overview of the assays 

and the fragments detected is presented in Table 1. All of 

the nuts present on the ingredients list of the samples were 

accurately identified. An electropherogram of sample 16 

is also presented to illustrate the successful application of 

the newly developed PCR method (Figure 2). The limit of 

detection for all of the nut species based on singleplex 

assays using 100% nut material was less than 20 pg of 

nut DNA.
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– 75 
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– 200
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99 – 
110 – 
134 – 

bp 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 bp
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Figure 1. Successful use of the QIAxcel system for DNA fragment analysis. DNA fragments from macadamia, peanut, hazelnut, and almond are clearly visible. 
Lane 1: Macadamia (75 bp); lanes 3, 4, 11, 13, 14, 16, and 17: peanut (99 bp); lanes 6, 8, 10, 15 
and 16: hazelnut (110 bp); lanes 2, 5, 7, 9, 12, 15, 16, and 17: almond (134 bp); lane 18: QX DNA Size Marker 25–500 bp.

Figure 2. Electropherogram displaying the result from the multiplex PCR, 
sample 16 (cereal bar). DNA fragments from peanut (99 bp), hazelnut 
(110 bp), and almond (134 bp) were detected. The ingredients listed in the 
cereal bar included almonds (15%), peanuts (15%), and hazelnuts (9%).
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Detecting the singleplex and multiplex nut assays and 

analyzing the data using the QIAxcel ScreenGel® software 

demonstrated that the QIAxcel system can be used to detect 

DNA of specific nut species in the foods tested. The specific 

assays yielded clear results with strong bands corresponding 

to the targeted fragment sizes.

The results of the analysis can also be presented in other 

formats.

1.  A table with up to 16 user-defined parameters, including 

size, concentration, and percentage.

2.  Peak calling tables with information about the presence 

or absence, size, and concentration of the targeted 

amplicons in the analyzed samples

Conclusions

 The QIAxcel system can be successfully used to identify PCR 

products from the DNA of the specific nut varieties almond, 

hazelnut, macadamia nut, and peanut. Thanks to the fully 

automated procedure, the results are highly reproducible 

and reliable. Safety and reproducibility is ensured by 

defining the process profile, which cannot be changed by a 

routine user. The process profile defines the electrophoresis 

parameters, analysis, and reporting of the data.  

This method used with the QIAxcel DNA High Resolution 

Kit and QIAxcel system proved to be an excellent tool 

for identifying nut DNA. These results demonstrate the 

successful application of the PCR method across a 

range of food samples and also the high sizing accuracy 

and reproducibility of results yielded by the QIAxcel 

electrophoresis system.

Table 1. Foods tested for their nut contents with singleplex and multiplex assays using the QIAxcel system

Food sample Lane Nuts present on ingredient list Assay Fragment(s) detected (bp)

Macadamia cookies 1 Macadamia Macadamia 75

Marzipan 2 Almond Almond 134

Peanut butter 3 Peanut Peanut 99

Brownies 4 May contain nuts Peanut 99

Pistachio baklawa 5 Bakery (Pistachio) Almond 133

Pistachio baklawa 6 Bakery (Pistachio) Hazelnut 110

Dark chocolate 7 Almond, hazelnut Almond 133

Dark chocolate 8 Almond, hazelnut Hazelnut 110

Cereal bars 9 Almond, peanut, hazelnut Almond 134

Cereal bars 10 Almond, peanut, hazelnut Hazelnut 110

Cereal bars 11 Hazelnut Peanut 98

Marzipan 12 Almond Multiplex 134

Peanut butter 13 Peanut Multiplex 99

Brownies 14 May contain nuts Multiplex 99

Dark chocolate 15 Almond and hazelnut Multiplex 110/134

Cereal bars 16 Almond, peanut, hazelnut Multiplex 99/110/134

Pistachio baklawa 17 Bakery (Pistachio) Multiplex 98/134
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Identifying meat species using RFLP-PCR and the QIAxcel® 
Advanced system
Renaud Cassier

ADGENE Laboratoire, Thury Harcourt, France

Food producers are obliged to monitor the manufacturing process for compliance with regulations on the quality and originof 

food products. Technology for rapid and accurate meat species authentication is crucial to the meat industry. This paperlooks 

at a sensitive method using restriction fragment length polymorphism PCR and the QIAxcel Advanced system.

Introduction
The requirement to put labels on food products providing 

consumers with information about the quality and origin of 

ingredients first appeared in the European Union in 1992. 

Directives on the legal protection of geographical indications 

and designations of origin for agricultural products and 

foodstuffs followed a few years later (1).

To protect consumers’ interests, it was necessary to develop 

effective methods to authenticate the species composition 

of various food products, including meat. The prices for 

high quality meat are higher, so fraud does occur. Species 

identification requirements are also connected with the 

prohibition of sale of meat from certain protected animal 

species. Furthermore, certain cultures have religious 

restrictions on the meat composition of food. Finally, allergy 

sufferers need to know that they are getting meat that is safe 

for their consumption.

Fortunately, it is now possible to identify individual food 

species using molecular biology techniques, some of which 

allow unequivocal species identification in both raw and 

processed food.

Protein-based methods are not sensitive enough and cannot 

be used with processed meat because soluble muscle proteins 

are destroyed by processing. Therefore, most methods use 

PCR-based DNA amplification. PCR is characterized by 

high specificity and a relatively short analysis time.

The most commonly used PCR methods for meat identification 

are:

1.  PCR with species-specific primers that are designed 

based on cytochrome b mitochondrial DNA (2) has been 

used in multiplex PCR for the qualitative identification 

of 6 meat species: cattle, swine, chicken, sheep, goat, 

and horse (3). Multiplex PCR has also been used for the 

distinct and specific detection of chicken, turkey, duck, 

goose, pheasant, quail, and guinea fowl in raw meat 

and processed meat products (4). These experimental 

setups enabled authentication for correct food labeling 

and for compliance with ingredient composition covering 

the range of all common domestic poultry species available 

on the EU market.  
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2.  RFLP-PCR allows the identification of various mammal, 

bird, and fish species (5). Wolf et al. developed a method 

that allows recognition of 25 animal species. The DNA 

fragment obtained by amplifying a specific region of the 

mitochondrial genome (tRNAGlu/cytochrome b) is treated 

with 11 different restriction endonucleases.

3.  Real-time PCR allows quantitative contamination assessment, 

including the identification of meats of different, even 

closely related, animal species. It is very efficient in 

detecting traces of specific  animal DNA, even if the DNA 

has been degraded during a meat preparation process. 

As such, it serves an excellent screening tool for high-

throughput routine testing where the target is known.

RFLP-PCR satisfies crucial aspects such as specificity, sensitivity, 

flexibility, and efficiency. Previous studies demonstrated that 

RFLP-PCR (5, 6, 7, 8) is successful in identifying meat species.

Sample analysis using slab gel electrophoresis is unsuitable 

for routine work because the method is time-consuming, 

requires more manual handling, and uses hazardous products 

such as ethidium bromide. The results are difficult to interpret 

and may require specific software.

Native capillary electrophoresis with the QIAxcel Advanced 

system overcomes these issues. The automated procedure 

is fast and inexpensive. The QIAxcel ScreenGel® Software 

analyzes the electrophoresis data and provides the sizes and 

concentrations, so no other software is needed. 

The purpose of this study was to optimize a procedure 

using RFLP-PCR in conjunction with the QIAxcel Advanced 

system for use in rapid (results in less than 8 h) and accurate 

routine analyses. The method involves amplification of a 

359-bp product that is common to all vertebrates, followed 

by one or more enzymatic digestions. The proportion of 

individual meats could range from 1 to 99%. By applying 

four enzymes, it was possible to distinguish meat from 

15 different animals. In addition, 6 animals served as 

contamination markers.

Criteria for optimization
We defined four criteria for optimizing the meat authentication 

method: sensitivity, flexibility, speed, and simplicity.

The limit of detection (LOD) should range between < 0.5% 

and 1%. Several different pure animal samples were tested 

and a sensitivity of 0.01% was validated for beef, pork and 

chicken. The meat was tested either as a water dilution or in 

a maize mixture.

The method should be suitable for a broad range of sample 

material to give maximum flexibility of application. It should 

take less than one working day to receive results as longer 

delays lead to higher costs for food producers. Finally, since 

the method is intended for routine analyses, it should be easy 

to implement and perform.

If RFLP-PCR is intended for species identification, the reference 

samples must be analyzed using the same procedure and 

QIAxcel DNA kit as the unknown samples. The disadvantage 

of this technique is the possibility of incomplete digestion. 

In such cases, other methods, such as real-time PCR and/or 

sequencing, should be used for confirmation. 
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Materials and methods
Meat homogenization was followed by lysis with chemical 

(QIAGEN ATL lysis buffer), thermal (up to 65°C), and 

mechanical (1400 rpm agitation) treatment for up to one 

hour (internal method). DNA purification was performed 

on a QIAsymphony® SP using the QIAsymphony DSP DNA 

mini kit. PCR was performed as previously described (7, 8) 

using TopTaq Master Mix (QIAGEN) and the primersCYT 

b1 and CYT b2. This yielded a product of 359 bp that is 

common to all vertebrates. The PCR product was digested 

with different enzymes as previously described (7), and 

the digests were analyzed with the QIAxcel system, which 

provided information about the size and concentration of 

the products. The results were further interpreted using a 

programmed Excel sheet.

The sample analysis was performed according to method 

OM500 for the QIAxcel Advanced system, using the 

QIAxcel High Resolution Kit, QX Alignment Marker 

15 bp/600 bp and QX DNA Size Marker 25 – 500 bp. 

Results and discussion
We used the PCR-RFLP approach where the amplified 

mitochondrial DNA region encoding  cytochrome b (7) 

undergoes enzyme digestion for species identification. This 

was achieved using four restriction enzymes: AluI, Hae 

III, Hinf I, and RsaI. The meat was tested raw and after 

processing methods, such as cooking, freezing, reheating, 

smoking, dehydration, and sterilization. The results proved 

that the PCR-RFLP method can successfully identify and 

authenticate the species of meat used in commercial 

products subjected to various processing.

The method was first tested on a range of reference samples 

containing either a single meat or mixed meat species. 

Initially, the samples were analyzed with real-time PCR and 

the results were compared to data obtained using RFLP-PCR 

to validate the procedure and establish whether detection 

using the QIAxcel system was comparable to detection 

using real-time PCR. A number of pure and mixed animal 

products were used as references (Figure 1). The number 

of enzymes needed for the analyses was species-specific. 

For example, AluI is sufficient to detect cattle DNA but not 

that of the other species. In our study, a maximum of four 

enzymes was needed to identify all of the animals tested.

A1 A2 A3 A4 A5 A6 A7 A8 A9 A10 A11 A1 A2 A3 A4 A5 A6 A7 A8 A9 A10 A11

Figure 1. Successful identification of meat species using the QIAxcel Advanced System. The analysis of the 359-bp PCR fragment digested with A. HinfI enzyme 
and B. HaeIII enzyme. The 359-bp fragment was amplified from nine reference samples. The starting material was fresh meat. Lane 1: Cattle; Lane 2: Pig; 
Lane 3: Sheep; Lane 4: Deer; Lane 5: Rabbit; Lane 6: Chicken; Lane 7: Duck; Lane 8: Turkey; Lane 9: Goose. Only two mixed samples were prepared in the 
laboratory: Lane 10: Beef and pork and Lane 11: Chicken and turkey.
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Table 1. Fragment sizes after digestion of 359-bp mitochondrial cytb fragment with restriction enzymes: Data are presented 
for nine animal species. Fragment sizes are given in base pairs.

Restriction enzyme

Animal species HaeIII AluI HinfI RsaI

Cattle 74, 285 190, 169 44, 198, 117 359

Pig 74, 132, 153 115, 244 359 359

Sheep 74, 126, 159 359 161, 198 359

Deer 74, 285, 126, 159 359 44, 315 359

Rabbit 44, 132, 30 359 233, 126, 153 359

Chicken 74, 21, 159 359 105, 161, 188, 10 149, 210

Duck 55, 286, 18 359 161, 198 359

Turkey 74, 285 359 161, 198 149, 109, 101

Goose 74, 126, 159 130, 229 359 154, 205

A1 A5 A6 A7 A8 A9 A10 C2 C3 C4 C5 C6 C7 D3 D4 D5 D6 D7 D8 E3 E4 E5 E6 E7 E8
– 600
– 500

– 400

– 300

– 250

– 200

– 75
– 50
– 25
– 15

– 150

– 100

[bp]

Figure 2. QIAxcel analysis of six commercial food samples. The samples were as follows — FF1: pork pâté (100% pig); FF2: hamburger meat (100% beef); 
FF3: Parmentier beef hash (100% beef); FF4: pork terrine (100% pig); FF5: pork liver mousse (100% pig); FF6: poultry liver terrine of (75% pig and 25% 
poultry). These samples were digested by the four studied enzymes, as follows — Lanes A5–A10: AluI; Lanes C2–C7: HinfI; Lanes D3–D8: HaeIII; 
Lanes E3–E8: Rsal. Lane A1: DNA Size Marker 25 – 500 bp.

Table 2. Summary of the analysis of the six samples, based on the data from Figure 2.

Sample Expected result Observed result Compliance

FF1 (Pork pâté) Pig Pig Yes

FF2 (Hamburger meat) Beef (cattle) Beef + Pig No

FF3 (Parmentier beef hash) Beef Beef + Pig (traces) No

FF4 (Pork terrine) Pig Pig Yes

FF5 (Pork liver mousse) Pig Pig Yes

FF6 (Poultry liver terrine) Pig + Poultry Pig + Chicken Yes
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Figure 3.  An electropherogram view of the data for the analyzed samples. A. Sample FF2 digested with AluI (corresponding to Lane A6 in Figure 2).  
B. Sample FF2 digested with HinfI (corresponding to Lane C3 in Figure 2).
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In this study, four out of six samples were found to be 

correctly labeled with the RFLP-PCR yielding the expected 

results. However, we found that samples FF2 and FF3 were 

not properly labeled: they contained various amounts of 

pork despite being labeled as pure beef.

All of the commercial samples analyzed had undergone 

different production processes. The results indicated that the 

enzyme digestions were incomplete in some samples (lanes 

A5 to A9, Figure 2). Therefore, the samples were additionally 

analyzed with real-time PCR (results not shown), which 

confirmed that the digestion with AluI was incomplete for 

those samples.

Conclusion
•  The QIAxcel Advanced System facilitates analysis of PCR-

RFLP samples for meat species identification, especially 

for large-scale analyses.

•  Using this native capillary electrophoresis system 

significantly reduces analysis time for the  authentication 

of meat samples and minimizes the potential for 

procedural errors that would influence the accuracy of 

analysis.

•  The method also eliminates exposure to hazardous 

chemicals and is easy to handle, making it an excellent 

routine method for the control of meat and meat products.

A B
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Marker-assisted selection (MAS) of wheat lines for udon noodle 
production
Mika Saito, Patricia Vrinten, Goro Ishikawa, and Toshiki Nakamura

Department of Crop Breeding, Tohoku National Agriculture Research Center, Japan

The QIAxcel® system was used for analysis of PCR products generated for marker-assisted selection in wheat. The high-

throughput capacity of the system allowed large numbers of plants to be quickly and reliably analyzed, making it highly 

suitable for plant breeding applications.

Introduction
The development of wheat varieties begins with a cross 

between 2 varieties or lines. The plants grown from the 

seeds of the cross are considered to be the first generation 

(F1); the suitability and productivity of the subsequent 

generations in multiple regions are examined from the F8 

generation onwards for several years. When a variety is 

found to be superior, it becomes certified and can be grown 

on a farm. Since a generation requires approximately one 

year in the field, the development of a variety traditionally 

requires approximately 10 years. 

Due to recent progress in genomic research, this breeding 

approach is undergoing a major change. Rather than 

selecting traits based on phenotypes, the genes or gene 

regions that control the traits can be used to design markers, 

and selection is based on studies of these markers using a 

method called marker-assisted selection (MAS). The use of 

DNA markers in MAS enables the selection of plants with 

the targeted traits by analyzing results from F2 individuals. 

Thus, MAS is a breakthrough technology that changes 

the process of variety development from the traditional 

field-based format to a laboratory-based format. As a 

representative example, we present here a DNA marker 

selection system for the viscoelasticity trait in udon noodles. 

Viscoelasticity of udon noodles improves as the amylose 

content of the starch decreases. Amylose synthesis in seed 

starch is controlled by the Wx gene family. In wheat, 

amylose synthesis is influenced by genes from the A, B, and 

D genomes (Wx-A1, Wx-B1, and Wx-D1 genes).  

The QIAxcel system.
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When no Wx gene products are present, the wheat line 

is referred to as “waxy wheat” which is not suitable for 

producing udon noodles. When only 1 or 2 gene products 

are missing (partially waxy wheat), the amylose content of 

the wheat is reduced and the wheat is more suitable for 

making udon noodles. 

Selection of a partial waxy line based on the actual 

amylose content is problematic because measuring amylose 

content is difficult and imprecise and measurements must 

be obtained from several generations of plants. Therefore, 

we developed the DNA markers listed in Table 1 for PCR 

analysis to select partial waxy wheat plants (1). An effective 

method for multiple selections requires a high-throughput 

system. Our laboratory used a simple DNA extraction 

method in conjunction with the QIAxcel system to efficiently 

select lines from many breeding sites throughout the country.

Materials and methods 
Genomic DNA from Chinese Spring (CS, wild type), 

Mochi Otome (MO, mutations in all 3 Wx genes), and a 

heterozygous plant (H) was prepared for the detection of 

mutations. PCR amplification was performed using primers 

for the detection of mutations in Wx genes (Table 1), and 

the amplified products were analyzed on the QIAxcel system 

with the QIAxcel DNA Screening Kit and the AM420 

method. 

Results and Discussion

Representative results are shown in Figure 1. Clearly 

distinguishable separation was obtained for the PCR-

amplified fragments, as seen with the 370 bp and 389 

bp fragments in Figure 1A. The PCR products for Wx-A1 

and Wx-D1 alleles (Figures 1A and 1C, respectively) are 

co-dominant, and the assessment of heterozygosity using 

the gel image generated by the QIAxcel system is easy 

and straightforward. BDFL and BRD primers (Wx-B gene) 

amplify a 425 bp fragment that is present in the wild type 

but not the mutant (Figure 1B). In the electropherograms, 

the height of the Wx-B peak from the heterozygote (Figure 

1D) is half the height of the peak from the homozygous wild 

type (Figure 1E), clearly demonstrating differences in gene 

dosage. The throughput capacity of the QIAxcel system 

allowed simultaneous analysis of up to 96  samples to be 

performed (Figure 2).

Table 1. Sizes of fragments that are specific PCR markers for mutants of Wx alleles

Amplification product (bp)

Gene Primer Wild type Mutant

Wx-A AFC 389 370

AR2 (408, 410) (408, 410)

Wx-B BDFL 425 none

BRD (455, 497) (455, 497)

Wx-D BDFL 2307 1731

DRSL — —
Fragments amplified from 
other Wx genes are 
indicated in parentheses.
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Figure 2. Analysis of Wx-A1 
gene types in a segregating 
F3 generation of wheat. 
W: wild type; N: mutant; 
H: heterozygote.

Figure 1. Wx gene 
analysis in a segregating 
F3 generation of wheat. 
Genomic DNA was 
isolated from wild type 
(CS), Mochi- Otome (MO), 
and heterozygous (H) 
plants and amplified using 
primers for the A. Wx-A1, 
B. Wx-B1, and C. Wx-D1 
genes. PCR products were 
analyzed on the QIAxcel 
system using the QIAxcel 
DNA Screening Kit. The 
sizes of expected fragments 
are listed in Table 1. 
Electropherogram views 
of fragments amplified 
from D. heterozygous and  
E. wild type plants using 
BDFL and BDR primers.
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Conclusions
•  The high-throughput capacity of the QIAxcel system 

provides an efficient way to handle large numbers of 

plants from breeding programs and is highly suitable for 

the wheat breeding industry. 

 

•  Selection of wild type, mutant, and heterozygous plants 

is feasible and simple using the QIAxcel system. 
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Species determination for meat using PCR-RFLP analysis on 
the QIAxcel® system
Christoph Graf,1 Agne Rüegg-Kuslyte,2 and Roger Kuhn2

1 Official Regulatory Authority for Food of Canton Bern, Bern, Switzerland 
2  Department of Life Science and Facility Management, Zurich University of Applied Sciences (ZHAW), Waedenswil, 

Switzerland

A strategy using PCR followed by restriction fragment length polymorphism analysis (PCR-RFLP) is used to identify meat 

from various animal species in food. Analysis results from the QIAxcel system and from agarose gel electrophoresis were 

compared for 14 exotic and game species. Although both techniques were suitable for species differentiation, the use of the 

QIAxcel was less time consuming and provided the advantage of electronic documentation.

Introduction
Today, meats from exotic and game animals from all 

around the world provide an attractive alternative for people 

looking for unforgettable sensory experiences. Falsification 

of specialty meat is very common due to the tremendous 

profit gained by selling less costly meat labeled as meat 

from a more expensive species. A method that is sensitive 

enough to detect the small but relevant difference between 

meat from specific species is essential for official food 

control authorities to verify claims made about specialty 

meat. Protein-based methods for species identification, such 

as isoelectric focusing (IEF) or immunological methods, 

are not adequate because the soluble muscle proteins in 

processed meat products (heated or marinated) are rapidly 

and efficiently degraded. Nucleic acid-based analytical 

methods for the differentiation and identification of 

animal species in food have been commonly used in the last 

20 years (1, 2).

In this study, PCR amplification of the cytochrome b (cytb) 

gene followed by restriction fragment length polymorphism 

analysis (PCR-RFLP) was used to differentiate 14 different 

exotic or game  species. Traditionally, gel electrophoresis 

has been used to detect PCR-RFLP DNA fragments. 

However, this method is laborious, time consuming, and 

hazardous due to the use of ethidium bromide or similar 

intercalating dyes that are mutagenic and dangerous 

for human health. In addition, gel data can not be used 

directly for publication or archiving. As an alternative 

method for discriminating animal species in processed 

food and meat, we evaluated the QIAxcel capillary 

electrophoresis system, a computer-controlled system that 

provides electronic documentation.
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Materials and Methods

Samples were collected and total RNA/DNA was extracted 

using the QIAamp® Viral RNA Mini Kit. A two-tube multiplex 

reverse-transcription PCR assay (two-tube assay) was used 

to detect  16 respiratory viruses based on their amplicon 

size differences.

Nucleic acid purification

DNA extraction was performed using the Wizard Plus 

Miniprep® DNA Purification System (Promega) according 

to the Swiss Food Manual (4). DNA was extracted from 

200 mg ground meat from bison, chamois, crocodile, duck, 

emu, kangaroo, kudu, ostrich, quail, rabbit, red deer, roe 

deer, springbok, and water buffalo and was eluted in 50 µl 

of elution buffer according to the manual. 

PCR-RFLP analysis

Primers to conserved regions of the vertebrate mitochondrial 

cytb gene were used to amplify a 359 bp fragment 

(1, 3, 5). PCR amplification of 25 µl reactions, as well as 

restriction analysis, was performed as described in (5). PCR-

RFLP products were separated on 3% agarose gels in TAE 

buffer, and the BenchTop 100 bp DNA Ladder (Promega) 

was included in the analysis. In addition, analysis was 

performed on the QIAxcel system using the QIAxcel 

DNA High Resolution Kit with the OM700 method. The 

QX  Alignment Marker 15 bp/1 kb was included in the 

analysis.

Results
Using a set of endonucleases, all species could be identified 

with both conventional agarose gel electrophoresis and the 

QIAxcel capillary electrophoresis system. Using the QIAxcel 

system, 24 samples were analyzed in approximately 

30  minutes. Analysis using agarose gel electrophoresis, 

which involves more steps for handling and documentation, 

required at least three times as long. 

Representative analysis results are shown in Figures 1 and 

2. Fragments shorter than 100 bp were not visible on the 

agarose gel. A 35 bp fragment from samples 11 and 12 

(Figure 1) and fragments between 50 bp and 80 bp from 

samples 11, 12, 14, and 15 (Figure 2) were detected using 

the QIAxcel system but not with agarose gel electrophoresis.

A B

Figure 1. PCR-RFLP analysis (RsaI) of meat from several exotic and game species. DNA isolated from crocodile (1), kangaroo (2), ostrich (3), duck (4), red deer 
(5), roe deer (6), kudu (7), springbok (8), quail (9), rabbit (10), bison (11, 12); water buffalo (13), chamois (14), and emu (15) was amplified by PCR, digested 
with RsaI and analyzed using A. the QIAxcel system with the QIAxcel DNA High Resolution Kit or B. conventional agarose gel electrophoresis. M: 100 bp 
DNA Ladder.  

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 15M
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Conclusions

•  The QIAxcel capillary electrophoresis system as well as 

conventional agarose gel electrophoresis provided 

suitable differentiation of relevant animal species. 

However, compared to agarose gel electrophoresis, 

QIAxcel analysis enables significantly shorter running 

time, eliminates sample preparation and exposure 

to mutagenic reagents, and requires fewer analysis 

and handling steps, freeing time for more demanding 

laboratory work and reducing manual errors. 

•  Fragments shorter than 100 bp were detected with the  

QIAxcel system but not with agarose gels, greatly reducing 

the practical value of the agarose gel system. 

•  QIAxcel documentation of results, presented as a gel-

like image, an electropherogram, or in table format, is 

automatic and reliable. The QIAxcel system provides 

more detailed information than conventional agarose 

gel electrophoresis.  

A B

Figure 2. PCR-RFLP analysis (Tru9 I) of meat from several exotic and game species. DNA isolated from crocodile (1), kangaroo (2), ostrich (3), duck (4), red deer 
(5), roe deer (6), kudu (7), springbok (8), quail (9), rabbit (10), bison (11, 12); water buffalo (13), chamois (14), and emu (15) was amplified by PCR, 
digested with Tru9 I and analyzed using A. the QIAxcel system with the QIAxcel DNA High Resolution Kit or B. traditional agarose gel electrophoresis. 
M: 100 bp DNA Ladder.

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15M
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QIAxcel DNA High 
Resolution Kit (1200)

QIAxcel DNA High Resolution Cartridge, Buffers, Mineral Oil, 
QX Intensity Calibration Marker, 12-Tube Strips

929002

QIAxcel DNA Screening Kit 
(2400)

QIAxcel DNA Screening Cartridge, Buffers, Mineral Oil, 
QX Intensity Calibration Marker, 12-Tube Strips

929004

QIAxcel DNA Fast Analysis Kit 
(3000)

QIAxcel DNA Fast Analysis Cartridge, Buffers, Mineral Oil, 
QX Intensity Calibration Marker, QX DNA Size Marker 
50 bp – 1.5 kb, QX Alignment Marker 15 bp/3 kb, 12-Tube Strips 

929008

QIAxcel RNA QC Kit v2.0 
(1200) 

For 100 runs of 12 samples: QIAxcel RNA Quality Control 
Cartridge, Buffers, Mineral Oil, QX Intensity Calibration Marker, 
QX RNA Alignment Marker, QX RNA Size Marker 200–6000 nt, 
QX RNA Denaturation Buffer, 12-Tube Strips

929104
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Please visit www.qiagen.com/QIAxcel and find more resources on QIAxcel Advanced System.
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