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NEBNext®* Enzymatic Methyl-seq v2 Kit
NEB #E8015

@ FIGURE 1: EM-seq™ v2 workflow
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\ NEBNext EM-seq v2 Conversion Module - NEB #E8020 |

NEBNext Enzymatic Methyl-seq v2 Kit - NEB #E8015
* NEBNext LV Unique Dual Index Primers are required, but not included in the kit

The EM-seqv2 workflow accommodates a wider input range than the original EM-seq workflow, with a 100-fold lower minimum input amount. The v2 workflow is
more streamlined, has one fewer cleanup step and is 30 minutes faster. Note that NEBNext LV UDI primers are not included in the kit and are available separately.

@ FIGURE 2: EM-seq conversion method
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The harsh sodium bisulfite treatment deaminates unmodified cytosines to uracil. In the EM-seq
workflow, 5mC and 5hmC are first protected using the enzymes TET2 and T4-BGT. Unmodified
cytosines are then deaminated by the APOBEC enzyme to uracil, while the protected 5mC and
5hmC are not converted. During lllumina®sequencing, 5mCs and 5hmCs are represented as
cytosine, while unmodified cytosines are represented as thymine.
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@ FIGURE 3: EM-seq v2 exhibits high CpG coverage across a

range of inputs
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EM-seq v2 libraries were prepared from 200—0.1 ng of NA12878 DNA (sheared to 350 bp using Covaris® ME220), spiked with
unmethylated lambda and CpG-methylated pUC19. Libraries were sequenced on an Illumina NovaSeq® 6000 (2 x 150 bases).
Approximately 910 million reads for each library were aligned to a composite human T2T, lambda and pUC19 reference genome using
bwa-meth. The T2T genome covers a maximum of 67.8 million CpGs when the top and bottom strands are counted independently.
EM-seq covered over 56 million CpG sites for 2001 ng inputs and roughly 45 million CpG sites for 0.1 ng input libraries.

FIGURE 4: NEBNext EM-seq v2 identifies more CpGs than WGBS
and the original EM-seq, at lower sequencing coverage depth

A
60+
Percent of CpGs covered at 10X
@ 504 EM-seq™v2 =—200ng 30%
5 NEB #E8015  — 10 ng 25%
S 404 EM-seq —200ng  11%
g NEB #E7120 10 ng 7%
8— 30 WGBS =200 ng 12%
— —10ng 3%
<]
5 20-
Q
£
= 104
0 T T T T T T
3 5 7 9 1 13 15 17 19 21 23 25
Observed Coverage Depth
B
60
Percent of CpGs covered at 8X
® 50 EM-seq™v2 =200 ng 55%
.S NEB #E8015 10 ng 48%
g 40 EM-seq —200ng  30%
Py NEB #E7120 10 ng 20%
0]
8— 304 WGBS = 200 ng 17%
5 =10 ng 6%
o 20-
o
£
Z 104
0 ~ —
3 5 7 9 11 13 15 17 19 21 23 25

Observed Coverage Depth

EM-seqv2 (NEB #E8015), EM-seq (NEB #E7120) and WGBS libraries were prepared from 200 ng and 10 ng of NA12878 DNA
(sheared to ~350 bp), spiked with unmethylated lambda and CpG-methylated pUC19. Libraries were sequenced on an lllumina
NovaSeq 6000. For accurate comparison of the original EM-seq and WGBS data with EM-seq v2 data, we evaluated data from
approximately 625 million 100 base reads for each library aligned to a composite human T2T, lambda and pUC19 reference
genome using bwa-meth.

The T2T genome covers a maximum of 67.8 million CpGs when the top and bottom strands are counted independently. EM-seq v2
and EM-seq covered over 54 million CpG sites for both 200 ng and 10 ng inputs; however, WGBS libraries covered only 46 million
and 39 million for 200 ng and 10 ng inputs respectively at 1X coverage. The dashed lines represent coverage of (A) 10X and (B)
8X. The table lists the percentage of CpG sites covered by different libraries at (A) 10X and (B) 8X coverage level.



@ FIGURE 5: EM-seq v2 produces high library yields
across a broad input range
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200-0.1 ng of NA12878 genomic DNA, sheared to 350 bp (Covaris® ME220) was used as input into the
EM-seqv2 protocol, using the number of PCR cycles shown. Library yields were determined using the
Agilent® TapeStation® with High Sensitivity D1000 reagents. Values shown are the average of two technical
replicates and error bars show standard deviation. EM-seq v2 consistently produces high-yield libraries
across a wide range of inputs.

@ FIGURE 6: EM-seq v2 produces high quality libraries
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200-0.1 ng of NA12878 genomic DNA, sheared to 350 bp (Covaris ME220) was used as input into

the EM-seq™ v2 protocol. Libraries were sequenced on an lllumina NovaSeq 6000 (2 x 150 bases).
Sequencing metrics were calculated using approximately 910 million 150-base lllumina reads. Mapping
percentage for all libraries was > 99.95%, using bwa-meth to align to a composite human T2T, lambda
and pUC19 genome. Duplication: reads marked as duplicate by Picard MarkDuplicates. Usable Reads:
the set of Proper-pair, MapQ > 10, primary, nonduplicate reads used in methylation calling (SAMtools
view -F 0xF00 -q 10). Effective Coverage: % Usable x theoretical coverage. Theoretical coverage is
calculated using the number of bases sequenced/total bases in the T2T reference.



FIGURE 7: EM-seq v2 libraries have a high
deamination efficiency
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Control unmethylated lambda DNA was spiked in when preparing EM-seq v2 libraries from 200-0.1 ng of NA12878 DNA, sheared to
350 bp (Covaris ME220). Libraries were sequenced on an Illumina NovaSeq 6000 (2 x 150 bases). Approximately 910 million reads
for each library were aligned to a composite human T2T, lambda and pUC19 genome using bwa-meth, and methylation information
was extracted from the alignments using MethylDackel. Percent 5mC detected in each library is < 0.5%, indicating a deamination
efficiency of > 99.5%. Values shown are the average of two technical replicates and error bars show standard deviation.

@ FIGURE 8: EM-seq V2 libraries have a high protection rate
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Control CpG-methylated pUC19 DNA was spiked in when preparing EM-seq v2 libraries from 200-0.1 ng of NA12878 DNA, sheared
to 350 bp (Covaris ME220). Libraries were sequenced on an Illumina NovaSeq 6000 (2 x 150 bases). Approximately 910 million reads
for each library were aligned to a composite human T2T, lambda and pUC19 genome using bwa-meth, and methylation information was
extracted from the alignments using MethylDackel. Percent 5mC detected in CpG context for each library is > 99% and < 1% for CHG
and CHH contexts. Values shown are the average of two technical replicates and error bars show standard deviation.

FIGURE 9: Methylation detected by EM-seq v2 in NA12878
genomic DNA is consistent across inputs
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Unmethylated lambda and CpG-methylated pUC1200 were spiked in when preparing EM-seq v2 libraries from 200-0.1 ng of NA12878
DNA, sheared to 350 bp (Covaris ME220). Libraries were sequenced on an Illumina NovaSeq 6000 (2 x 150 bases). Approximately

910 million reads for each library were aligned to a composite human T2T, lambda and pUC19 genome using bwa-meth, and methylation
information was extracted from the alignments using MethylDackel. Percent 5mC detected in CpG context for each library is ~ 53.5% and
<0.5% for CHG and CHH contexts. Values shown are the average of two technical replicates and error bars show standard deviation.



@ FIGURE 10: EM-seq v2 libraries have a uniform insert

size distribution
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EM-seqv2 libraries were prepared from 200-0.1 ng of NA12878 DNA (sheared to 350 bp using Covaris ME220),
spiked with unmethylated lambda and CpG-methylated pUC19. Libraries were sequenced on an lllumina
NovaSeq 6000 (2 x 150 bases). Approximately 910 million reads for each library were aligned to a composite
human T2T, lambda and pUC19 reference genome using bwa-meth. Library insert sizes were determined using
Picard and the read count of each insert size was plotted. Duplicate reads were retained and used for insert size
assessment. EM-seq v2 libraries have consistent insert sizes regardless of the input DNA amount.

@ FIGURE 11: EM-seq v2 provides even GC coverage
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EM-seqv2 libraries were prepared from 200-0.1 ng of NA12878 DNA (sheared to 350 bp using Covaris ME220),
spiked with unmethylated lambda and CpG-methylated pUC19. Libraries were sequenced on an lllumina
NovaSeq 6000 (2 x 150 bases). Approximately 910 million reads for each library were aligned to a composite
human T2T, lambda and pUC19 reference genome using bwa-meth. GC coverage was analyzed using Picard and
the distribution of normalized coverage across different GC contents of the genome (0-100%) was plotted for
reads mapping to human genome. EM-seq v2 libraries have uniform GC coverage across the input range.



@ FIGURE 12: EM-seq V2 libraries are well-correlated across a

range of inputs
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EM-seqv2 libraries were prepared from 200-0.1 ng of NA12878 DNA (sheared to 350 bp using Covaris ME220), spiked with
unmethylated lambda and CpG-methylated pUC19. Libraries were sequenced on an Illumina NovaSeq 6000 (2 x 150 bases).
Approximately 910 million reads for each library were aligned to a composite human T2T, lambda and pUC19 reference genome
using bwa-meth, and methylation information was extracted from the alignments using MethylDackel. Pearson correlations for
200 ng, 10 ng and 1 ng input libraries were > 0.93 between replicates and within inputs. Correlations for 0.1 ng were lower at
0.69. 38 million CpG sites are included in this correlation with a minimum 1X coverage cut off.



@ FIGURE 13: Correlation of EM-seq v2, EM-seq and WGBS libraries
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EM-seqv2 (NEB #E8015), EM-seq (NEB #E7120) and WGBS libraries were prepared from 200 ng and 10 ng of NA12878 DNA
(sheared to ~350 bp), spiked with unmethylated lambda and CpG-methylated pUC19. Libraries were sequenced on an lllumina
NovaSeq 6000. Approximately 625 million 100 base reads for each library were aligned to a composite human T2T, lambda and
pUC19 reference genome using bwa-meth, and methylation information was extracted from the alignments using MethylDackel.
Pearson correlations for 200 ng libraries for EM-seq v2 and EM-seq were > 0.8 compared to 0.78 for WGBS 200 ng libraries. In the
case of 10 ng libraries pearson correlations for EM-seq v2 and EM-seq were also > 0.8 compared to 0.69 for WGBS 10 ng libraries.
24 million CpaG sites are included in this correlation with a minimum 1X coverage cut off.



@ FIGURE 14: EM-seq v2 libraries have even coverage across

genomic features
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EM-seqv2 libraries were prepared from 200-0.1 ng of NA12878 DNA (sheared to 350 bp using Covaris ME220), spiked with unmethylated lambda and CpG-
methylated pUC19. Approximately 910 million reads for each library were aligned to a composite human T2T, lambda and pUC19 reference genome using
bwa-meth. Heatmaps were generated using deepTools, showing coverage across 1 kb around start and end of CpG islands and coverage across 2 kb windows
around transcription start sites (TSS). EM-seq v2 libraries have even coverage across genomic features regardless of DNA input amount.

@ FIGURE 15: EM-seq v2 libraries have consistent methylation across TSS
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EM-seqv2 libraries were prepared from 200-0.1 ng of NA12878 DNA (sheared to 350 bp using Covaris ME220), spiked with unmethylated
lambda and CpG-methylated pUC19. Libraries were sequenced on an Illumina NovaSeq 6000 (2 x 150 bases). Approximately 910 million reads
for each library were aligned to a composite human T2T, lambda and pUC19 reference genome using bwa-meth, and methylation information
was extracted from the alignments using MethylDackel.

A. Plot of the percentage of CpG containing bins (bin size: 10 bp) with coverage. The percentage of bins covered across 2 kb around TSS
showed low variability.

B. Plot of the level of methylation observed for the same bins.




FIGURE 16: EM-seq v2 libraries provide consistent coverage of diverse genomic feature
types across inputs
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EM-seq V2 libraries were prepared from 200-0.1 ng of NA12878 DNA (sheared to 350 bp using Covaris ME220), spiked with unmethylated lambda and CpG-
methylated pUC19. Libraries were sequenced on an lllumina NovaSeq 6000 (2 x 150 bases). Approximately 910 million reads for each library were aligned to a
composite human T2T, lambda and pUC19 reference genome using bwa-meth. The number of features with coverage greater than 5X is indicated below each plot.
Feature coverage at > 5X is maintained to 1 ng and drops with 0.1 ng input. Coverage of genomic feature types are represented with one point per region with the
vertical position representing the average coverage of the feature. Points are staggered horizontally to avoid excess overlapping. Feature annotations are from NCBI's
RefSeq browser. CpG islands were defined based on the UCSC genome browser.

In the United States and Europe, this product cannot be used in, or incorporated into, any blood-based, sequencing-based screening diagnostic assay (including product or service-based offerings) for the early
detection of colorectal, gastric, lung, liver, ovarian, breast, prostate, esophageal, thyroid, uterine, pancreatic, bladder or kidney cancer indications.

This product and/or its manufacture and/or its use either alone or in combination with other product(s) are protected by one or more of the following patents and related pending patents: U.S. Pat. Nos. 9,121,061,
9,896,726, 10,227,646, 10,260,088, 10,619,200, 11,001,876, and 11,124,825; European Pat. Nos. EP2825645 and EP3368688; JP6224689; and CN108699598

This product is licensed for research and commercial use from Bio-Rad Laboratories, Inc., under U.S. Pat. No. 8,470,573 and corresponding patents in other countries. No rights are granted for use of the product
for Digital PCR or real-time PCR applications, with the exception of quantification in Next Generation Sequencing workflows

Products and content are covered by one or more patents, trademarks and/or copyrights owned or controlled by New England Biolabs, Inc (NEB). The use of trademark symbols does not necessarily indicate that
the name is trademarked in the country where it is being read; it indicates where the content was originally developed. See www.neb.com/trademarks. The use of these products may require you to obtain additional
third-party intellectual property rights for certain applications. For more information, please email busdev@neb.com.

Your purchase, acceptance, and/or payment of and for NEB’s products is pursuant to NEB's terms of sale at www.neb.com/support/terms-of-sale. NEB does not agree to and is not bound by any other terms or
conditions unless those terms and conditions have been expressly agreed to in writing by a duly authorized officer of NEB.

COVARIS® is a registered trademark of Covaris, LLC. ILLUMINA® and NOVASEQ® are registered trademarks of Illumina, Inc. AGILENT® and TAPESTATION® are registered trademarks of Agilent Technologies, Inc.
B CORPORATION® is a registered trademark of B Lab Company.

© Copyright 2024, New England Biolabs, Inc.; all rights reserved
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