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Upgradation of the IntelliPlex πCode assay

RT-qPCR for the selection of new primers to co-evolve the assay with virus evolution
Among the novel Omicron variants, as mutations arose in the primer positions of certain target regions, PCR efficiency for the specific target was checked via RT-qPCR using the original primers as well as several new primer candidates. Primer concentration and PCR conditions were set to the same values as those used in the IntelliPlex assay. 

Designing probes to capture the novel mutations 
To design a new probe, several points need to be considered. For a certain target, several probe candidates were designed with a Tm value ranging between 37 to 40 °C. The Tm value was calculated using the net primer (http://www.premierbiosoft.com/netprimer/index.html) with default settings. Usually, a probe sequence between 12 to 18 nucleotides in length has a Tm value of 37 to 40 °C, but the overall length of a probe used in the IntelliPlex assay should be approximately 25 nucleotides to obtain a better resolution, according to the IntelliPlex guideline. To achieve this, the addition of a poly-T sequence at the 5′ end of the original probe sequence, up to 25 nucleotides, is recommended. To avoid non-specificity associated with this random poly-T sequence at the 5′ end of the probe, it is also recommended to replace all Ts with As when there is a T in the original template sequence. Following these guidelines, we designed new probes with a length of 25 nucleotides, and all the probes were C6 amine modified at the 5′ end to facilitate coupling of the probes with the πCode microdisc. In addition, the hairpin and self-dimer formation were avoided as well as the primer-binding sites of each target region were avoided while designing the probes for a certain target.

Coupling of the probe and πCode microdisc 
New probes were designed to update the SARS-CoV-2 probe panel and they were coupled to the πCode microdisc following the provided user manual. The probes were amine modified at the 5′ end and for each of the new probes, a unique πCode (Identification pattern) microdisc was assigned that differed from each other and from the already existing panel of probe-microdiscs conjugates. Briefly, for bulk coupling, 200 μL of 3 μM probe solution was added into preactivated πCode microdisc (10 K), and for small-scale coupling, 100 μL of 3 μM probe solution was added into 10 μL of methanol resuspended preactivated πCode microdisc. The probe and preactivated πCode microdisc were mixed using an Intelli mixer for 2 h at 37 °C setting program at “MODE-U2 and RPM-99” for bulk coupling and “MODE-uu and RPM-99” for small-scale coupling. After consecutive washes with rinse, blocking, and wash buffer, the probe-coupled microdisc was eluted in storage buffer at a concentration of 100 microdiscs/μL and stored at 4 °C. The πCode ID for the microdisc coupled to different probes is provided in Supplementary Dataset 5.

Checking the coupling efficiency of a probe- πCode microdisc 
The performance of each of the nucleic acid probes was validated individually before proceeding to the multiplex assay. To confirm the coupling of a nucleic acid probe to πCode microdisc and its fluorescence specificity, RNA samples of a SARS-CoV-2 variant/recombinant virus/complementary oligo having probe-specific target sequence (positive control), and other variants having non-specific sequences at the probe binding position (negative control) were RT-PCR amplified using a potential primer set (reverse primer 5′ biotinylated). After RT-PCR amplification, the amplicon is denatured at 98 °C for 7 min and followed by incubation for 5 min at 4 °C. A working solution of probe-microdisc conjugates was prepared by diluting the coupled πCode microdisc stocks to a final concentration of 5 discs/μL in a storage buffer. The coupled πCode microdisc solution, hybridisation buffer, and denatured PCR product were added to the well of a 96-well plate at a volume of 20 μL, 100 μL, and 10 μL, respectively. The IntelliPlex 1000 πCode processor was used for the automated hybridisation, washing, and SAPE labelling of the captured target probes. The custom assay of the PlexBio 100 fluorescent analyser was used to quantify the MFI for the target-probe conjugates. The output excel file contains the MFI and the number of the πCode microdisc.

Custom assay using updated primer and probes
In a similar manner to test the coupling efficiency, the multiplex assay using updated primers and probes was performed. First, 5 μL of sample RNA was RT-PCR amplified using a primer mix for different target regions. The forward primer for amplicon D was replaced by a potential primer candidate for all SARS-CoV-2 variants, and the working concentration for each of the primer sets remained the same as in the previous assay, except for amplicon D. The working concentration for primers of amplicon D was increased by 2.5× considering the RT-qPCR analysis and the number of targets to be captured in amplicon D (Supplementary dataset 4). Second, for the hybridisation reaction, new custom microdisc-conjugated probes were mixed with the existing probe panel of the IntelliPlex assay. The working concentration of the custom microdisc-conjugated probe was set to 100 microdiscs/μL. For the hybridisation assay, 0.5 μL each of the new probes was mixed with 20 μL of IntelliPlex default probe panel and then were added to a 96-well plate along with 100 μL of hybridisation buffer, and 10 μL of denatured PCR product. The IntelliPlex 1000 πCode processor was used for the automated hybridisation, washing, and SAPE labelling of the captured target probes. After fluorescent detection using the custom assay of PlexBio 100 fluorescent analyser, data were retrieved against each of the unique ID πCode microdiscs.




