
APPLICATION NOTE TaqMan Array Cards

 Simultaneous detection of 18 varieties of 
transgenic maize by TaqMan Array Card

In this application note, we describe a method for 
detecting 18 different traits of transgenic maize 
using a single TaqMan Array Card. This card utilizes 
microfluidic chip technology to allow simultaneous 
detection of multiple transgenic maize traits as well 
as endogenous and exogenous controls in a single 
amplification process.

Materials and methods 
Maize samples
Certified reference materials T25, MON88017, 
MON87640, MON89034, and MIR162 were 
purchased from American Oil Chemists’ Society. 
Certified reference materials TC1507, NK603, 
MON863, MON810, LY038, GA21, DAS-40278-9, 
BT176, BT11, 98140, 59122, 3272, and MIR604 
were obtained from Sigma-Aldrich.

TaqMan Array Card and assay design
Applied Biosystems™ TaqMan™ Assays consisting of 
primers and fluorescently labeled Applied Biosystems™ 
TaqMan™ probes were designed for each of the 18 
maize GMO traits [3]. All TaqMan probes carried either 
FAM™ or VIC™ dye as a fluorescent label. Assays for 
two maize genes, hmgA and adh1, were used as 
endogenous controls, and an assay for the 18S rRNA 
gene (TaqMan Assay ID Hs99999901_s1) was used 
as an internal loading control. A custom TaqMan Array 
Card preloaded with the assays was used for real-time 
PCR analysis.

Key findings
• With a single Applied Biosystems™ TaqMan™ 

Array Card, 18 recombinant traits of transgenic 
maize were simultaneously detected in a single 
real-time PCR run

• Up to 8 samples were efficiently and accurately 
screened using a single card, which offers 
a promising solution for high-throughput 
screening of large volumes of maize samples

• The limit of detection was 1% for all transgenic 
reference materials, and was as low as 0.1% 
for 12 reference materials

Introduction
Maize is one of the world’s major food crops. 
With the development of biotechnology, a wide 
variety of transgenic maize and other genetically 
modified organisms (GMO) have been developed. 
While GMO crop varieties are becoming more 
widely adopted throughout the world, GMO 
event identification and labeling are becoming 
increasingly important and challenging [1]. As a 
result, there is a need for a simple, rapid, and 
sensitive method for simultaneous detection of 
large volumes of transgenic maize products.

Real-time PCR is widely used to analyze the 
composition of maize because of its high sensitivity 
and specificity [2]. Multiplex real-time PCR is usually 
preferred for detecting multiple GMO events in a 
single reaction because of potential time and cost 
savings. However, assay validation and reaction 
setup can be challenging or labor-intensive when 
using multiple real-time PCR assays with multiple 
samples. The assays and reaction conditions also 
may lack standardization among different groups, 
making data comparison difficult.



Table 1. Sensitivity and specificity results for transgenic 
maize detection using TaqMan Array Cards.

Event 1% LOD 0.1% LOD
No reaction with 
non-GMO maize

Cross-
reactivity

3272 • •

59122 • • •

98140 • • •

BT11 • •

BT176 • •

DAS-40278-9 • • •

LY038 • •

GA21 • • •

MIR162 • • •

MIR604 • • •

MON810 • • • Minor*

MON863 • •

MON87640 • • • Minor†

MON88017 • • •

MON89034 • • •

NK603 • •

T25 • • •

TC1507 • • •

 * The assay for MON810 had slight cross-reactivity with maize sample T25 with a 
delayed Ct of about 7 compared to the T25-specific assay. During data analysis, 
we recommend having a Ct cutoff set at 35 to mitigate this phenomenon.

 † The assay for MON87640 had slight cross-reactivity with maize sample 59122 
with a delayed Ct of about 8 compared to the 59122-specific assay. During data 
analysis, we recommend having a Ct cutoff set at 35 to mitigate this phenomenon.
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TaqMan Array Cards are 384-well microfluidic cards 
designed to perform 384 simultaneous reactions 
(Figure 1). The mixture of sample and master mix 
are easily loaded into the TaqMan Array Card by two 
rounds of centrifugation, without the need for liquid-
handling robots or multiple pipetting steps. This 
format allows for up to 8 samples to be run in parallel 
against a fixed panel of TaqMan Assays that are 
preloaded into each well of the card.

Figure 1. TaqMan Array Card design. Each card has 8 sample-loading 
ports (top) that each connect to a set of 48 reaction wells. TaqMan Assays 
are preloaded into each reaction well.

Real-time PCR
Maize genomic DNA from each certified reference 
material was extracted using the Invitrogen™ 
ChargeSwitch™ gDNA Plant Kit (Thermo Fisher 
Scientific, Cat. No. CS18000). Genomic DNA from 
each sample was premixed with 50 µL of 2X Applied 
Biosystems™ TaqMan™ Environmental Master Mix 
2.0 (Thermo Fisher Scientific, Cat. No. 4398044) 
and brought up to a final volume of 100 μL with 
nuclease-free water. As described in the user 
bulletin [4], each solution was then loaded into the 
wells of the TaqMan Array Card using the sample 
ports. The card was centrifuged to evenly distribute 
the solutions among each well, and the card was 
sealed for PCR amplification and analysis on the 
Applied Biosystems™ ViiA™ 7 Real-Time PCR System 
(Thermo Fisher Scientific) [5]. 

Results
The detection of 18 exogenous recombinant varieties 
of transgenic maize, 2 endogenous control genes 
(hmgA and adh1), and an internal loading control gene 
(18S rRNA) were simultaneously accomplished using 
a single PCR run. The limit of detection (LOD) was 
determined by the lowest level of detectable certified 
reference material and reached 1% for all GMO events 
(Table 1). Among those events, the sensitivities of 12 
reference materials reached 0.1%. There was a slight 
cross-reaction between the MON810 assay and T25 
sample as well as a slight cross-reaction between the 
MON87640 assay and 59122 sample. The Ct values 
observed during these events were delayed by 7 or 
8 compared to the target-specific assays and were 
beyond the cutoff of 35. Detection results using the 
TaqMan Array Card were 100% identical with results 
obtained using TaqMan Assays in multi-well plates 
(data not shown).



Ordering information

Product Cat. No.

Custom TaqMan Array Card, Format 24 4342249

QuantStudio 7 Flex Real-Time PCR System 4485701

ViiA 7 Real-Time PCR System 4453537

ChargeSwitch gDNA Plant Kit CS18000

TaqMan Environmental Master Mix 2.0 4398044

References
1. Broeders SR, De Keersmaecker SC, Roosens NH (2012) How to deal with the upcoming 

challenges in GMO detection in food and feed. J Biomed Biotechnol 2012:402418.

2. Kamle S, Ali S (2013) Genetically modified crops: detection strategies and biosafety 
issues. Gene 522:123–132.

3. Xu J, Cao J, Liu R et al. (2015) Application of TaqMan Array Card method in high-
throughput screening and detection of 18 varieties of transgenic maize.  
BMC Biotechnol, submitted.

4. User Bulletin: Applied Biosystems TaqMan Low Density Array. Available at:  
https://tools.lifetechnologies.com/content/sfs/manuals/cms_042326.pdf

5. Product Bulletin: Custom TaqMan Array Cards. Available at:  
https://www3.appliedbiosystems.com/cms/groups/mcb_marketing/documents/
generaldocuments/cms_040127.pdf

Conclusions
This study demonstrates that multiple maize samples 
can be efficiently and accurately screened using 
TaqMan Array Cards. These cards are preloaded 
with up to 384 TaqMan Assays, which minimizes 
the need to stock and maintain individual assays. 
Pipetting steps are minimized because only sample 
DNA, master mix, and water are required for reaction 
setup, and sample ports allow easy loading of the 
reaction mixture. All assays are designed to run with 
one thermal cycling protocol, which helps standardize 
methods for more efficient data comparison. TaqMan 
Array Cards offer a promising solution for simple, 
accurate, and rapid high-throughput detection of 
GMO events in maize and other samples.
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