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1. Introduction 2. duet multiomics solution evoC

Strand synthesis, copy methylation

The predominant cytosine modification in DNA is methylcytosine (5mC). This base appears to exert a profound impact on R1 original C 5mC  ShmC

gene expression patterns and is commonly linked to transcriptional repression. The introduction of hydroxymethylation

(5hmC) adds a new layer of complexity to the conventional comprehension of DNA methylation dynamics, which is often b

thought to correlate with gene expression. Constrained to measuring four states of information, existing NGS-based 1. Strand synthesis - creates a single molecule with a direct R2 /—°°”Y

technologies sacrifice genetic information for modification calling without distinguishing between these two important copy of the original information tethered together with a

modification states. Genetic and methylation data combined together presents a unique opportunity to measure these hairpin. The copy strand is without cytosine modifications Protection, deamination, PCR, NGS

cytosine modifications against gene expression. initially, but importantly, utilises a high fidelity Rl =>T

duet multiomics solution evoC is a new sequencing technology that resolves all four genetic bases alongside the ability tmh:t:gg;agifaenrg.se fo copy over only SmC from the original to €& R2

to distinguish modification status of cytosines [1], discriminating 5mC from 5hmC (6 base calling). The technology consists 2. Sequencing - generates sequence information after

of pre-sequencing library prep with enzymatic conversion of DNA together with an analysis pipeline, achieving base protection of cytosine modifications followed by deamination Rl original Resolved read (4 bp) + (5mC, 5hmC)

resolution of genetics and epigenetics at high accuracy. Here we present the method, alongside a high depth sequencing of all remaining cytosines (read as thymine in NGS). T — —_———

analysis of mouse embryonic stem cells. We demonstrate the potential of epigenetic modifications encoded in DNA to 3. Read resolution - uses base call information from both the copy

predict other i_mpgr‘(ant potential modulators of gene expression such as open chromatin and enhancer states as well as original and copy strands to correctly call all 4 canonical

RNA expression itself. bases along with 5mC and 5hmC. Ref genome
4. Alignment - results in aligned 4-base reads with 5mC & —

Y 5hmC as tagged information (6 base information) Resolved reads
<) u Figure 1 | duet multiomics solution evoC is a 6-base

Pre-sequencing Bioinformatic Standard output calling technology that reads all four canonical bases

DNA sample lab protocol NGS sequencing pipeline formats plus 5mC and 5hmC.

3. 5hmC and 5mC correlates with chromatin || 4. Gene expression 5. Chromatin accessibility
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Figure 4 | Using machine learning to predict chromatin accessibility around
TSS using measured 5hmC and 5mC. ATAC-seq is often used to indicate open
chromatin owing to the ability of the transposase enzyme to tagment accessible
regions of the genome. Here, we measured mean 5mC and 5hmC fractions for

Here, we split the genome into a series of genomic regions (2kb
7 upstream, 250pb around TSS, 5' UTRs, first introns and exons,

= Tl =2 introns, exons, 3' UTRs, and 5kb downstream), and computed the
Figure 2 | Deconvolution of DNA encoded epigenetics for the E14 mESC cell-line using duet evoC mean 5mC and 5hmC fraction from duet evoC measurements.

appears to correlate with gene expression and open chromatin. Here we show an IGV plot at two These features (minus chr. 8), along with the number of CpGs and || 1kP regions around each TSS (transcriptional start site) and used them as
regions of the genome showing how 5mC and 5hmC modifications vary in open and closed chromatin as region length, were used to train a simple regression model features. Using each of these features, along with the number of CpGs and length
defined by ATAC-seq (teal bars), and how this pattern of variation also reflects newly synthesised RNA (XGBoost) using published E14 mRNA data[2,3]. We applied the of the region, we trained a simple regression model (XGBoost) on publicly

model to chr. 8. For bulk RNA-seq data (A), we find a good available ATAC-seq data for the E14 mESC cell-line [4]. The training set used all
chromosomes except chromosome 8. Plotted are predicted versus observed
For nascent RNA data (TT-seq, B), we found that the model was ATAC-seq chromatin accessibility values for the test dataset (chromosome 8).
able to better predict expression with a slightly higher correlation Here we find that the accessibility predicted by the model correlates with

of (R2~0.85). accessibility on chromosome 8 with an R2 of 0.83.

(TT-seq[2], blue bars). Cytosine modifications appear to reflect gene expression and these data appear
to confirm that 5mC and 5hmC have opposing effects. correlation (R2~0.75) between predicted and actual expression.

6. Enhancer states
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o | o 7. Conclusions

® Repressed

Enhancer states:
* Repressed: does not
enhance gene expression 0.20
* Primed: is ready to
activate gene expression

Here we present duet multiomics solution evoC, an enzymatic method that reads the four canonical bases in DNA together with the power to read
epigenetic information encoded in DNA. This information is encoded in two important cytosine modifications, 5mC and 5hmC, that appear to have an
opposing pattern when examined through the lens of gene expression. 5mC appears to be repressive - it correlates with silenced regions of the genome.

* Active: actnve_ly enhances é 015 In contrast, high 5hmC levels are thought to be found in regions of the genome that appears to be active.
gene expression 2
e Here, we examine patterns of variation in these two cytosine modifications resolved for the first time in a single workflow in mouse embryonic stems cells.
£ 010 We used these measurements to train models that can be used to predict accessible chromatin (TSS), RNA-sequencing both in bulk and newly
synthesised RNA. Finally, we show that enhancer classification in this cell-line, which are often important for establishing tissue specific gene expression
programs, can be grouped using cytosine modifications in DNA. This demonstrates the power of reading all six bases as a new lens to examine the
0.05 dynamic information encoded in DNA.
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