
MAFtools
Visualize DNA mutations



2Sequencing length: ~1 kb
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Sequencing-by-synthesis 

Sequencing length: 0.05~0.2 kb
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AAACCGTCTTGCGAGAAAACCGTAAGTCA
AAACCGTC
AACCGTCTTGC
ACCGTCTTGCGA

GTCTTGCGAGAA
GAAAACCGTAA
AAACCGTAAGTCA

Read



https://www.youtube.com/watch?v=fCd6B5HRaZ8

https://www.youtube.com/watch?v=fCd6B5HRaZ8
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DNA sequencing & analysis

Sequencing 
Machine

ACTGAAGCTTTGCG...

Human Reference
Genome ACTGGAGCTGTGCG...

Single nucleotide Variation
(SNV)

8

from 13 

anonymous 

volunteers



DNA sequencing & analysis

Sequencing 
Machine

ACTGAAGCTTTGCG...

not inherited from parents => Somatic mutation

inherited from parents => Germline mutation

Single nucleotide polymorphism
(SNP)

Human Reference
Genome
(hg19 & hg38)

ACTGGAGCTGTGCG...

Whole exome sequencing: 

~100 to 1,000 somatic mutations each sample

~1,000 to 10,000 germline mutations each sample
9
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Manufacturers of DNA sequencers
• Roche
• Illumina
• Life Technologies
• Beckman Coulter
• Pacific Biosciences
• Oxford Nanopore



25百萬條
長度為 2x150 bases reads

25,000,000 x 2 x 150 = 7,500,000,000 = 7.5 Gb



Sequencer ------------------->FASTQ/Sam/Bam/Vcf

Analysis Pipeline



FASTQ/Sam/Bam/Vcf/Maf

• @SEQ_ID

• GATTTGGGGTTCAAAGCAGTATCGATCAAATAGTAAATCCATTTGTTCAACTCACAGT
TT

• +

• !''*((((***+))%%%++)(%%%%).1***-
+*''))**55CCF>>>>>>CCCCCCC65

@開頭，描述資訊:

+開頭，描述資訊:

序列:

Quality:

Quality value 有不同的定義，常使用的 Sanger 分數：
p 代表的是每個base對應的錯誤機率
例如: p=0.01代表錯誤率為百分之一，換算成quality value則為20

-10 * log100.01 = -10 * (-2) = 20



FASTQ/Sam/Bam/Vcf/Maf

Sanger/Illumina 1.8 format 
can encode a 
Phred quality score 
from              0 to 93 
using ASCII 33 to 126





FastQC - quality visualization tool

https://zhuanlan.zhihu.com/p/20731723



• # X軸 Position in read (bp)

• # Y軸 Q = -10*log10（error P）即20表示1%的錯誤率，30表示0.1%

• # 每一個boxplot，都是該位置的所有序列的測序品質的一個統計，

• 上面的bar是90%分位數，下面的bar是10%分位數，箱子的中間的橫線是

50%分位數，箱子的上邊是75%分位數，下邊是25%分位數

• # 圖中藍色的細線是各個位置的平均值的連線

• # 一般要求此圖中，所有位置的10%分位數大於20, 也就是我們常說的Q20過

濾

• # 所以上面的這個測序結果，需要把後面的87bp以後的序列切除(trim)，從

而保證後續分析的正確性

• # Warning: 如果任何鹼基品質低於10,或者是任何中位數低於25

• # Failure: 如果任何鹼基品質低於5,或者是任何中位數低於20

https://zhuanlan.zhihu.com/p/20731723



http://pipe-tuxedo.readthedocs.io/en/latest/explain_qc.html



FASTQ/Sam/Bam/Vcf/Maf

https://samtools.github.io/hts-specs/SAMv1.pdf

Sequence Alignment/Map Format



FASTQ/Sam/Bam/Vcf/Maf
Variant Call Format

##fileformat=VCFv4.0
##reference=1000GenomesPilot-NCBI37
#CHROM POS            ID      REF  ALT  QUAL   FILTER   INFO   FORMAT
chr1    45805566        .       G       C
chr2    47703379        .       C       T
chr2    48010488        .       G       A
chr2    48030838        .       A       T
chr2    48032875        .       CTAT    -
chr2    48032937        .       T       C
chr2    48033551        .       C       G
chr2    48033910        .       A       T
chr2    215632048       .       G       T
chr2    215632125       .       TT      -
chr2    215632155       .       T       C
chr2    215632192       .       G       A
chr2    215632255       .       CA      TG
chr2    215634055       .       C       T

http://www.internationalgenome.org/wiki/Analysis/vcf4.0/



FASTQ/Sam/Bam/Vcf/Maf
• Mutation Annotation Format (MAF) is a tab-delimited 

text file with aggregated mutation information 
from VCF Files and are generated on a project-level. 

• MAF files are produced through the Somatic 
Aggregation Workflow

• MAFs are produced by aggregating the GDC annotated 
VCF files generated from one pipeline for one project.

• Somatic MAFs are publicly available and can be freely 
distributed within the boundaries of the GDC Data 
Access Policies.

Mutation Annotation Format

https://docs.gdc.cancer.gov/Data/File_Formats/MAF_Format/

https://docs.gdc.cancer.gov/Data/File_Formats/VCF_Format/
https://docs.gdc.cancer.gov/Data_Dictionary/viewer/#?view=table-definition-view&id=somatic_aggregation_workflow&_top=1
https://gdc.cancer.gov/access-data/data-access-policies
https://docs.gdc.cancer.gov/Data/File_Formats/MAF_Format/


https://docs.gdc.cancer.gov/Data/File_Formats/MAF_Format/

https://docs.gdc.cancer.gov/Data/File_Formats/MAF_Format/
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http://icgc.org/

http://icgc.org/
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MAF file (notepad)



MAF file (Excel)



視覺化!
MAF files



Install MAFtools
### install R

http://cran.csie.ntu.edu.tw/

http://cran.csie.ntu.edu.tw/bin/windows/base/R-3.5.3-win.exe

### install R-studio

https://www.rstudio.com/products/rstudio/download/

在R-studio下輸入安裝指令:

BiocManager::install(c("GenomicFeatures", "AnnotationDbi"))

if (!require("BiocManager"))

install.packages("BiocManager")

BiocManager::install("maftools")

http://cran.csie.ntu.edu.tw/bin/windows/base/R-3.5.3-win.exe
https://www.rstudio.com/products/rstudio/download/


R notebook



R-studio 操作

指令區
繪圖、檔案區

變數狀態



R Markdown documents are fully 
reproducible. Use a productive 
notebook interface to weave 
together narrative text and code 
to produce elegantly formatted 
output. 



http://svmiller.com/blog/2016/03/svm-r-markdown-cv/

http://svmiller.com/blog/2016/03/svm-r-markdown-cv/


https://beta.rstudioconnect.com/jjallaire/htmlwidgets-highcharter/htmlwidgets-highcharter.html#sales-
by-category

https://beta.rstudioconnect.com/jjallaire/htmlwidgets-highcharter/htmlwidgets-highcharter.html#sales-by-category


https://gallery.shinyapps.io/cran-gauge/

https://gallery.shinyapps.io/cran-gauge/








Run your R-program



結果直接顯示在block下方



Try it!!

使用 R notebook

執行 1+2+3+4+5+6+7+8+9+10



R Notebook





執行 Run All



指定工作目錄(資料夾)



執行結果



說明文件:

https://bioconductor.org/packages/release/bioc/vign
ettes/maftools/inst/doc/maftools.html

https://bioconductor.org/packages/release/bioc/vignettes/maftools/inst/doc/maftools.html


Overview of the package


