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A B S T R A C T

The two principal determining steps in molecular diagnosis are the amplification and the identification steps.
Accuracy of DNA amplification is primarily determined by the annealing sequence of the PCR primer to the
analyte DNA. Accuracy for identification is determined either by the annealing region of a labelled probe for the
real time PCR analysis, or the annealing of a sequencing primer for DNA sequencing analysis, that binds to the
respective analyte (amplicon). Presently, housekeeping genes (Beta globin, GAPDH) are used in molecular
diagnosis to verify that the PCR conditions are optimum, and are thus known as amplification controls [1–4].
Although these genes have been useful as amplification controls, they lack the true definition of an internal
control because the primers and annealing conditions are not identical to the analyte being assayed. This may
result in a false negative report [5]. The IC-Code platform technology described here provides a true internal
control where the internal control and analyte share identical PCR primers annealing sequences for the
amplification step and identical sequencing primer annealing sequence for the identification step.

� The analyte and internal control have the same PCR and sequencing annealing sequences.
� This method assures for little or no false negatives and false positives due to the method’s design of using
identical annealing conditions for the internal control and analyte, and by using DNA sequencing analysis for
the identification step of the analyte, respectively.

� This method also allows for a set lower limit of detection to be used by varying the amount of internal control
used in the assay.

ã 2015 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY license (http://
creativecommons.org/licenses/by/4.0/).
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Method

Primer design

IC-CodeTM is a DNA sequencing platform technology to develop nucleic acid amplification test
(NAAT) with true internal control. The scientific concept of IC-CodeTM is based on using a synthetic
DNA construct that has the same PCR and sequencing primer annealing sequences as that on the
analyte (Fig. 1). The analyte and synthetic DNA construct will have identical sequencing primer
annealing sites located approximately 25 bp internal of either the downstream or forward primer,
with sequencing being targeted toward that primer. Therefore, the sequence generated will represent
only that of 25 bp region. To distinguish the internal control amplicon from the analyte amplicon, the
nucleotide sequence between the 30end of the PCR primer and 30 end of the sequencing primer will
carry a homo-nucleotide sequence (dTTP in this report) to tag the internal control. PCR primers used
were Pb2a UP: ATGATATAAACCACCCAATTTGTCTGCCAGTTTCTCCTTG and Pb2a LP: TCAATCTATAGCG-
CATTAGAAAATAATGGCAATATTAACGCACCTC. Sequencing primer used was Pb2a SP: TTATGCAAACT-
TAATTGGCAAATCCGGTAC.

Sequencing analysis

The synthetic DNA is either added externally before the sample is processed or will be in the sample
collection tube itself. In the absence of the analyte (true negative), the PCR primers will generate a
single amplicon using the synthetic DNA of the IC-CodeTM as its template (Fig.1). During sequencing of
this amplicon, the sequencing primer will bind to its annealing site on the synthetic DNA internal
control and generate a unique poly-T sequence. However, in the presence of an analyte (true positive),
two amplicons will be generated with one from the analyte and the other from the synthetic internal
control, and both will be sequenced simultaneously (Fig. 1). Therefore, the electropherogram will
show mixed bases from both amplicons. In order to visualize the analyte nucleotide sequence, T
signals are masked from the sequences generated by the two amplicons using a feature in the analysis

Fig. 1. Schematic flowchart and expected data for the application of IC-CodeTM for molecular diagnostic assays.
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