
Abstract
Next generation sequencing (NGS) of short reads is a powerful tool that has enabled advances in a
wide variety of applications, including detection and quantification of RNA in biological samples,
cfDNA fragment detection and counting, high-throughput NGS barcode sequencing, CRISPR-screens,
single-cell analysis, proteomics, and others1,2. Short-read NGS is typically performed with one set of
single-end or paired-end reads on a single flow cell. In this work, we introduce the Max Read™ kit,
which enables multiple sets of independent single-end or paired-end reads on the same flow cell.
Compared to conventional NGS formats, this workflow enables higher output of short reads for the
same flow cell, without a significant impact on read quality.

Max Read Sequencing Format
The Max Read format achieves higher output per flow cell by allowing pooling of multiple libraries, 
each with unique adapters used for binding of distinct sequencing primers, denoted by the different 
colors in the figure below. Each circle represents a nanowell on a patterned flow cell. Up to eight 
distinct sequencing primer regions are enabled for single-end 50 bp reads. 

The library pool goes through clonal amplification on a patterned flow cell, allowing multiple template 
molecules to amplify within the same nanowell of the array. After clustering, the workflow comprises 
sequential rounds of sequencing primer binding and SBS. In the example shown above, the M1 
sequencing primer (shown in grey) is added first and can only bind to molecules containing the M1 
region in the adapter. After sequencing of the M1 read is complete, a second sequencing primer (M2, 
shown in dark blue) is added to sequence the second library. The workflow goes through all eight 
libraries in a sequential fashion until all libraries are sequenced.

Methods: Library Preparation and Sequencing
Library preparation for Max Read kits is similar to library preparation for standard libraries. In this
study, a set of eight poly-A-enriched RNA-seq libraries was prepared using the NEBNext Ultra II RNA
Library Prep Kit (NEB) and NEBNext Poly(A) mRNA Magnetic Isolation Module per manufacturer
guidelines. Each library contains distinct sequencing primer regions and universal S1 and S2 regions,
as displayed in the figure below. For each library, 1 µg of input universal human reference (UHR),
human brain (HBR), human kidney (KT), or human skeletal muscle (SMT) RNA (Invitrogen) was used.
Two distinct libraries were made using each input sample. After mRNA selection, fragmentation, cDNA
conversion, and end-repair steps were performed, Max Read specific adapters (M1-M8) were ligated,
followed by PCR amplification. Library products were purified using SparQ PureMag beads, and library
quality was assessed using the Agilent TapeStation.

All eight RNA-seq libraries were pooled and clustered simultaneously on one F2 flow cell (left) on the 
G4 Sequencing Platform, which leverages a 4-color rapid sequencing by synthesis (SBS) chemistry. 
Eight 50 bp single-end sequencing runs were performed sequentially on the same 4-lane flow cell to 
analyze all eight libraries. For each individual 50 bp sequencing run, a unique sequencing primer 
corresponding to one individual library (M1-M8) was used.

All samples were downsampled to 10M reads for direct comparison and run as un-stranded, 50 bp 
single-end reads through the nf-core RNA-Seq pipeline with default parameters. Correlations in 
expression levels between samples were calculated using log-normalized TPM values with one 
pseudo count added.

Results: Output, Quality, and Gene Expression Analysis
The Max Read 1x50 bp configuration was used to sequence eight RNA-seq libraries in a single lane,
resulting in an average of 32 million high quality reads per library (84% basecalls ≥Q30). On the F2
flow cell of the G4 Sequencing Platform, this amounts to >1 billion reads per flow cell or >250 million
reads per each independently addressable lane.

Figure 2 Gene expression correlations between G4 Max Read and NextSeq™ 2000 results for the 
same RNA input for UHR, HBR, KT and SMT samples. Strong correlations are observed irrespective of 
sample type.

Conclusion
The G4 Sequencing Platform offers several options for running multiple samples in a sequencing 
run: (i) in separate flow cells (F2: 150M, F3:300M reads; up to 4 in parallel), (ii) in individual lanes (4 per 
flow cell), and (iii) using the Max Read sequencing primers (up to 8 per lane) to read samples 
sequentially. This study demonstrated >1 billion 50 bp RNA-Seq reads with on average 84%≥Q30 on a 
single F2 flow cell on the G4 sequencer. Running 4 F2 flow cells in parallel, the G4 will produce up to 4 
billion short reads using the Max Read format, providing a powerful new method for high-throughput 
short read sequencing applications.
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Figure 3 Gene body coverage uniformity for libraries sequenced via the G4 Max Read and NextSeq
2000. The mean distribution of coverage depth across the length of all mapped transcripts is highly 
similar across the platforms. 

Figure 1 Percentage of bases ≥ Q30 for each of the eight samples that were read sequentially as 1x50 
bp single-end reads on a single F2 flow cell.

% Bases ≥ Q30 for Eight Sequential 1x50 bp Reads on an F2 Flow Cell


