Induro™, a Novel Reverse Transcriptase for Nanopore Direct RNA
Sequencing with Significantly Improved RNA 5’ Coverage

Luo Sun, Yan Xu, Bradley W. Langhorst, Jian Sun, Nicole M. Nichols, Eileen T. Dimalanta, and Theodore B. Davis

New England Biolabs,

INTRODUCTION

Transcriptome analysis based on cDNA sequencing of direct or PCR amplified cDNA has limitations,
Including generation of cDNA chimeras during library preparation, artifacts associated with template
switching, DNA contamination and size bias during PCR amplification. Recent advances from Oxford
Nanopore Technologies® (ONT) have enabled direct RNA sequencing without PCR. This method not only
Interrogates full-length RNA molecules and generates higher resolution data on complex isoforms, but also
allows for the detection of RNA modifications. This opens up new opportunities for studying RNA stability and
regulation. To perform direct RNA sequencing, one approach is to first convert RNA into an RNA/cDNA hybrid
molecule using a reverse transcriptase (RT). The RNA/cDNA hybrid molecule reduces RNA secondary
structure formation, leading to higher sequencing throughput and longer sequencing reads without sacrificing
RNA modification information. To accomplish this, an ideal reverse transcriptase would be highly processive
and generate high cDNA yields.
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Figure 4. Alignment Analysis
All reads from 3 multiplex runs
were merged for no_RT, SSIlI
and Induro libraries. Merged
data was mapped to the
mouse genome mml0 using
minimap2. Mapping quality
was assessed using Aligngc.
Result shows very similar
alignment statistics for all 3
samples. Induro and SSlli
libraries have a slightly higher
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Figure 2. 3 sequencing runs were performed on pooled barcoded samples containing the direct RNA library (no_RT), the Median read length (bp) 1896 | 1665 1682 1441 1611 1573 1561
RNA/cDNA libraries made with either SSlII or Induro in the RT step. (A) Data throughput for each of the sequencing runs. The Number of reads 175400 | 97638 | 148859 | 343925 | 144746 170860 149240
Induro libraries have significantly and consistently higher base-called data (orange bar). Qubit measurements of double Read length N50 (bp) 3658 2855 2026 2681 2859 2726 2703

stranded RNA/cDNA vyield with Induro is higher than with SSlII, the ONT recommended RT (data not shown). (B) All reads
from 3 multiplexed runs and two single-plex runs/sample were merged together for data analysis. The merged data was
mapped to mouse mm10 genome using minimap2 . Reads (358Mb for no_RT, 3.6Gb for SSlll, 3.2Gb for Induro) were filtered
for reads with length >4kb. The number of reads >4kb long is 45% higher with the Induro library (orange bar, 2.6% of total
reads) than from SSllII (gray bar, 1.3% of total reads). (C) Data analysis for mean and median read lengths shows that the
Induro libraries have significantly longer mean length and N50 values. The no_RT libraries have the lowest mean length and
N50 values. (D) Analysis of top 5 longest reads demonstrates that Induro libraries have the longest reads up to 20kb,
significantly longer than reads from SSIlIl and no_RT libraries. (E) Boxplot of read length distribution shows Induro libraries
have longer median read lengths. Also observed is the significantly longer tail for Induro libraries, indicating more long reads.
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Figure 3. Read Quality (A) Read quality is similar between the 3 different libraries, and varied more by sequencing run than by
library type. (B) Quality score as a function of base position is shown. Induro libraries maintained a higher mean quality score
at lengths > 1kb compared to other samples.

Table 1. Impact of RT enzymes on the length of cDNA reads following recommended conditions was studied using direct
cDNA sequencing on the GridlON. In this experiment, after first strand cDNA was synthesized in the RT reaction, 2" strand cDNA
was synthesized using NEBNext Ultra Il Non-Directional RNA Second Strand Synthesis Module. Then the cDNA products were
purified and ligated to a barcoded adapter following the protocol of Nanopore EXP-NBD104 kit. cDNA library concentrations were
measured on a Qubit after the barcoding step and then equal amounts of DNA were pooled and ligated with a sequencing adapter.

Finally, the resulting DNA library was cleaned up with beads and run on a GridION with a R9.4.1 flow cell.

The data was

demultiplexed and analyzed. Results are consistent with direct RNA sequencing data in that reads from the Induro library has the
longest mean, median and N50 values.

CONCLUSIONS

* Induro, a novel reverse transcriptase shows superior performance for generating libraries for direct RNA
and direct cDNA Oxford Nanopore sequencing.

* Induro Is very processive, requiring a short incubation time to generate full length cDNA.

* Longer read lengths, higher percentage of full-length genes and transcripts, improved 5 coverage can be
achieved with Induro compared to SSIII without increasing error rates or decreasing mapping rates.
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