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Introduction Methods

DNA methylation is important for gene regulation. The ability to accurately identify 5-methylcytosine . _ o
(5mC) and 5-hydroxymethylcytosine (5hmC) gives us greater insight into potential gene regulatory Sample Preparation - Genomic DNA | Inputis 10-200 ng of genomic S°d':":t::)sd”"'te i“gt':ig
mechanisms. Bisulfite sequencing (BS) is traditionally used to detect methylated Cs, however, BS *  Two plant DNAs were used to make EM-seq libraries | Shearing DNA, sheared to 300 bp
does have its drawbacks. DNA is commonly damaged and degraded by the chemical bisulfite » Cannabis sativa genomic DNA (Jamaican Lion): female clones (leaf, seeded and . | | _ @ ? @ ?
reaction resulting in libraries that demonstrate high GC bias and are enriched for methylated unseeded flowers) & male sibling (flowers) plants ELLCLEILY DNA is end-repaired s ( (

. .. . . . ArabldOpSIS thaliana dA-Tailing and dA-tailed I
regions. To overcome these limitations, we developed an enzymatic approach, NEBNext® Librar _ . DNA. soiked with ' DNA Hviated S g
Enzymatic Methyl-seq (EM-seq™), for methylation detection that minimizes DNA damage, resulting * Libraries were made using 50 ng genomic , Spiked with contro (unmethylate - %8 TET2/
in longer fragments and minimal GC bias. lambda & CpG-methylated pUC19) iﬁ"'sf 1 Ligation E,\NA/_XSLS '[fj‘;e?otr‘;the — Oxidation

o o _ - Libraries were sequenced using an lllumina NextSeq 500, 2x76 base paired reads. 5caC is apior LIgatio a8 = Enhancer

IIIum!na Ilprarles. were prepared using plsulflte anq EM.-seq methods with 50 ng DNA from sequenced as C and deaminated C as T. Oxidation o FET2 and Oxidation Enhancer protect
Arabidopsis thaliana and Cannabis sativa DNA. Libraries were sequenced using lllumina’s NextSeq - Bisulfite conversion was performed using Zymo Research EZ DNA Methylation-Gold™ kit smC and 5hmC. | 5mC/5hmG from deamination @ ?
500 (2x75). Reads were aligned using BWAMeth 0.2. and methylation information was extracted JCCGTCGGACCG
from the alignments using MethyDackel. Total 5mC levels were compared between the sequencing Data Analys|s Deamination APOBEC deaminates cytosings to
data from EM-seq gnd WGBS libraries and LCMS (Liquid Chromatography Mass Spectromgtry). - Reads were aligned to Jamaican Lion reference genome (August 2018 assembly) or the of C to U E[f“és; OXidifedd formstog 5mG/ | lAPOBEC
overestimation of 5mC. Additionally, EM-seq libraries produce higher quality sequencing metrics were removed from methylation analysis) on oy amifaton v @ ? @ ?
such as longer inserts, lower duplication rates, a higher percentage of mapped reads and less GC - Data were analyzed using the tools in above flowchart. Amplification NEBNext Q5U Master Mix and ( (
bias compared to bisulfite converted libraries. We conclude that EM-seq is superior to WGBS and BV AT NEBNext index primers l Converted l
delivers higher library yields, more accurate methylation information, reduced DNA damage, Align , Deduniici®  Pica i Metrrrllel  Methyl Kit
increased sequencing length, and decreased GC-bias. (BWAmeth) P Extract¥on 4 ) Sequencing 1Sequencmg on the lllumina® platform ! TGSt)quenced TIGC,
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Cannabis sativa

Cannabis sativa: Higher Quality Sequencing Metrics with EM-seq compared to WGBS Cannabis sativa female leaf EM-seq libraries are superior to WGBS
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(C) CpG context correlations of EM-seq and WGBS libraries (1x -
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Differential CpG methylation identified between Cannabis flower tissues correlated between replicates and methods (CHG and CHH context -
data not shown). 50 million, 2 x 76 base reads were used for ST T I s e
A B methylation analysis.
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Differential methylation across Cannabis sativa flower tissues using EM-seq data. Female flower and female seeded flower (clones) as well as the male flower (sibling) I'zlema'efeeded ! .: unmethylated in this region, suggesting the
were studied. (A) Percent cytosine methylation in the CpG, CHG, and CHH contexts. Female methylation levels for both flower and seeded flower were higher than for the ower S ‘ 1 expression of the gene is turned on, while the
male flower indicating methylation patterns are potentially determined by sex. Control DNA methylation levels were <0.5% for unmethylated lambda and >97.5% for CpG Eﬁ)m'ﬁzseeded I O : male flower is methylated at this CpG,
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Arabidopsis thaliana
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© , 15 5 3 EM-seq can be used to investigate plant genomic DNA
1 10 2 * analysis of the Cannabis sativa methylome identified genes involved in seed and THC production
. i ; - the Arabidopsis methylome was successfully probed
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Minimum Coverage Depth Minimum Coverage Depth Minimum Coverage Depth EM-seq libraries compared to WGBS libraries had:
EM-seq libraries cover more cytosines to greater minimum depths than WGBS. EM-seq identifies more o I * Higher library yields with fewer PCR cycles . | arger library insert sizes
CpGs, CHHs and CHGs, at higher coverage depth compared to WGBS, resulting in more usable —— e e * Lower percent duplication * Less GC bias
information. * More even base coverage « Similar percentage methylation as LC-MS
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