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什么是WGBS？
壹



全基因组甲基化测序（WGBS）

全基因组重亚硫酸盐测序（whole-genome bisulfite sequencing，WGBS）用于描绘全基因组DNA甲基

化图谱。它可以在全基因组范围内精确的检测所有单个胞嘧啶碱基（C碱基）的甲基化水平，是DNA

甲基化研究的金标准。它能为基因组DNA甲基化时空特异性修饰的研究提供重要技术支持，能广泛

应用在个体发育、衰老和疾病等生命过程的机制研究中，也是各物种甲基化图谱研究的首选方法。

常规全基因组甲基化测序技术通过T4-DNA连接酶，在超声波打断基因组DNA片段的两端连接接头序

列，连接产物通过重亚硫酸盐处理将未甲基化修饰的胞嘧啶C转变为尿嘧啶U，进而通过接头序列介

导的 PCR 技术将尿嘧啶U转变为胸腺嘧啶T。



在这个过程中，亚硫酸盐处理过的单链DNA被随机引物，使用能够读取尿嘧啶核苷酸的聚合酶，合成含有特定序
列标记的DNA。然后在新合成的DNA链的3 '端选择性地用第二个特定序列标记，从而得到在其5 '和3 '端具有已知序列
标签的双标记DNA分子(图1)。然后用这些标签分别在原始DNA链的5 '和3 '端通过PCR添加Illumina P7和P5适配器。



WGBS数据分析
贰



Bismark

Bismark比对

1. Bismark 将参考基因组序列预先进行 C→T 
和 G→A 2种转换。

2.比对时每一条 reads 同样进行 C→T 和
G→A 2种转换，这样组合以后每条 reads 相当
于进行 4 种不同的比对，这些比对选出最佳
比对，就可以确定发生甲基化的链方向和可
能甲基化位点。



Bismark

1. Bismark Genome Preparation（建立索引）

bismark_genome_preparation 

2. Bismark Compare（进行比对）

bismark

3.Bismark Duplicate（过滤重复）

deduplicate_bismark

4.Bismark Methylation Extractor（甲基化信息提取）

bismark_methylation_extractor



Bismark
bismark_genome_preparation .   

bismark --bowtie2 -N 0 -L 20 --quiet --un --ambiguous --bam --parallel 20 \
-o ${obj_path} bowtie2_index \
-1 test.file.R1_1.clean.fq \
-2 test.file.R1_2.clean.fq 

deduplicate_bismark -p --bam test.file.R1_1.clean_bismark_bt2_pe.bam \
--output_dir ${obj_path}

bismark_methylation_extractor -p --comprehensive --no_overlap --CX --bedGraph --counts --parallel 20 \
--buffer_size 20G --cytosine_report \
--genome_folder bowtie2_index \
test.file.R1_1.clean_bismark_bt2_pe.deduplicated.bam \
-o ${obj_path}

#可视化生成HTML 报告页面
bismark2report .

输出文件
test.file.R1_1.clean_bismark_bt2_pe.bam 所有对齐和甲基化的信息
test.file.R1_1.clean_bismark_bt2_PE_report.txt 对齐和甲基化的主要信息概括

输出文件
test.file.R1_1.clean_bismark_bt2_pe.deduplicated.bam
test.file.R1_1.clean_bismark_bt2_pe.deduplication_report.txt 甲基化去重的主要信息概括

输出文件夹
bowtie2_index



Bismark report html



MethylKit差异分析
叁

差异分析+注释(genomation)



染色体编号;位置;正负链信息;甲基化碱基数目;非甲基化碱基数目;类型;具体背景



test.file.R1_1.clean_bismark_bt2_pe.deduplicated.CX_report.txt

chrBase chr base strand coverage freqC freqT
chr1.48 chr1 48 R 2 100.0 0.0
chr1.49 chr1 49 F 2 100.0 0.0
chr1.232 chr1 232 R 6 100.0 0.0
chr1.233 chr1 233 F 4 100.0 0.0
chr1.246 chr1 246 R 6 100.0 0.0
chr1.247 chr1 247 F 6 100.0 0.0
chr1.258 chr1 258 R 5 100.0 0.0
chr1.259 chr1 259 F 7 100.0 0.0
chr1.366 chr1 366 R 7 100.0 0.0
chr1.367 chr1 367 F 8 100.0 0.0
chr1.432 chr1 432 R 8 100.0 0.0
chr1.433 chr1 433 F 5 100.0 0.0
chr1.435 chr1 435 R 7 100.0 0.0
chr1.436 chr1 436 F 5 100.0 0.0
chr1.557 chr1 557 R 4 100.0 0.0
......

test.CG.txt test.CHG.txt test.CHH.txt

准备输入文件



library(methylKit)
setwd("D:/methlkit/")
file.list1 <- list("BG-2.CG.txt","BG-4.CG.txt","VA-1.CG.txt","VA-5.CG.txt")
m1 = methRead(file.list1,assembly = "csi",sample.id = list("BG-2","BG-4","VA-1","VA-5"),treatment = c(1,1,0,0),context = " CpG")
filtered.m1 = filterByCoverage(m1,lo.count = 4,lo.perc = NULL,hi.count = NULL,hi.perc = 99.9)
write.table(getData(filtered.m1[[1]]),file = "BG-VA-CG/BG-2.CG.filter.txt",row.names = F,quote=F,sep="\t")
write.table(getData(filtered.m1[[2]]),file = "BG-VA-CG/BG-4.CG.filter.txt",row.names = F,quote=F,sep="\t")
write.table(getData(filtered.m1[[3]]),file = "BG-VA-CG/VA-1.CG.filter.txt",row.names = F,quote=F,sep="\t")
write.table(getData(filtered.m1[[4]]),file = "BG-VA-CG/VA-5.CG.filter.txt",row.names = F,quote=F,sep="\t")

读取过滤



划分窗口与组合
tiles=tileMethylCounts(filtered.m1,win.size=100,step.size=100) #100bp窗口
#tiles2=tileMethylCounts(filtered.m1,win.size=1000000,step.size=1000000) #1MB窗口
tiles.1=getData(tiles[[1]])
write.csv(tiles.1,file = "BG-VA-CG/tiles.BG-2.CG100bp.csv",row.names = F)
tiles.1=getData(tiles[[2]])
write.csv(tiles.1,file = "BG-VA-CG/tiles.BG-4.CG100bp.csv",row.names = F)
tiles.1=getData(tiles[[3]])
write.csv(tiles.1,file = "BG-VA-CG/tiles.VA-1.CG100bp.csv",row.names = F)
tiles.1=getData(tiles[[4]])
write.csv(tiles.1,file = "BG-VA-CG/tiles.VA-5.CG100bp.csv",row.names = F)

meth1 = unite(tiles,destrand =F)
write.table(getData(meth1),file = "BG-VA-CG/meth100bp.txt",row.names = F,quote=F,sep="\t")



DMRs
getCorrelation(meth1,plot = TRUE)
clusterSamples(meth1,dist = "correlation",method = "ward",plot = TRUE)
PCASamples(meth1,adj.lim = c(0.5,0.5))

myDiff = calculateDiffMeth(meth1)
m1Diff50p.all = getMethylDiff(myDiff,difference = 50,qvalue = 0.05,type = "all")
m1Diff50p.hyper = getMethylDiff(myDiff,difference = 50,qvalue = 0.05,type = "hyper")
m1Diff50p.hypo = getMethylDiff(myDiff,difference = 50,qvalue = 0.05,type = "hypo" )
CpGallFrame1 <- getData(m1Diff50p.all)
CpGallFrame2 <- getData(m1Diff50p.hyper)
CpGallFrame3 <- getData(m1Diff50p.hypo)
write.csv(CpGallFrame1,file="BG-VA-CG/CGallFrame_all.csv")
write.csv(CpGallFrame2,file="BG-VA-CG/CGallFrame_hyper.csv")
write.csv(CpGallFrame3,file="BG-VA-CG/CGallFrame_hypo.csv")



DMGs
#准备genomation注释需要的bed文件
module load TransDecoder/5.5.0
gff3_file_to_bed.pl protein-coding.genes.gff >bed/protein-coding.genes_raw.bed
sed 's/;LOC\S*\t/\t/g' protein-coding.genes._raw.bed |sed 's/ID=//g' >protein-coding.genes.bed

library(genomation)
gene.obj = readTranscriptFeatures("protein-coding.genes.bed",up.flank=2000,down.flank=2000)

diffAnn1 = annotateWithGeneParts(as(m1Diff50p.all,"GRanges"),gene.obj)
getTargetAnnotationStats(diffAnn1,percentage=TRUE,precedence=TRUE)
write.csv(diffAnn1@dist.to.TSS,"BG-VA-CG/CG_all_dist.to.TSS.csv")
write.csv(getMembers(diffAnn1),"BG-VA-CG/CG_all_members.csv")

diffAnn2 = annotateWithGeneParts(as(m1Diff50p.hyper,"GRanges"),gene.obj)
getTargetAnnotationStats(diffAnn2,percentage=TRUE,precedence=TRUE)
write.csv(diffAnn2@dist.to.TSS,"BG-VA-CG/CG_hyper_dist.to.TSS.csv")
write.csv(getMembers(diffAnn2),"BG-VA-CG/CG_hyper_members.csv")

diffAnn3 = annotateWithGeneParts(as(m1Diff50p.hypo,"GRanges"),gene.obj)
getTargetAnnotationStats(diffAnn3,percentage=TRUE,precedence=TRUE)
write.csv(diffAnn3@dist.to.TSS,"BG-VA-CG/CG_hypo_dist.to.TSS.csv")
write.csv(getMembers(diffAnn3),"BG-VA-CG/CG_hypo_members.csv")

*members.csv

*dist.to.TSS.csv



可视化
肆
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Gene±2kb
#数据准备
samtools faidx genome.fasta
#Bismark结果需bgzip压缩
bgzip ../A.1.clean_bismark_bt2_pe.deduplicated.CX_report.txt ./ 
#生成tbi结尾index文件

tabix -p vcf A.1_bismark_bt2_pe.deduplicated.CX_report.txt.gz 
#可视化
ViewBS MethCoverage --reference reference.fa \
--sample VA.clean_bismark_bt2_pe.deduplicated.CX_report.txt.gz,VA \
--sample GT.clean_bismark_bt2_pe.deduplicated.CX_report.txt.gz,GT \
--sample BG.clean_bismark_bt2_pe.deduplicated.CX_report.txt.gz,BG \
--outdir MethCoverage --prefix BS_seq_allsam

Gene-2kb +2kb

winLen=100
winNum=20
python groupby包

(x,y)

ViewBS

Gene-2kb +2kb

÷length×2000

自己写脚本



Gene 甲基化位点窗口
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