
Bioinformatics 
Overview

From Raw Sequence to Gene Counts



In a Nutshell

• Input: RNA Sequence Fragments 

• Output: Gene Counts of Fragments



RNA-Seq  
for  

Differential Expression Analysis



Step Input Output Output Format

Pre-processing 
and QC Raw Reads Processed 

Reads FASTQ

Mapping Reads Mapped 
Reads SAM/BAM

Counting Mapped Reads Count Table CSV



Step Input Output Output Format

Pre-processing 
and QC Raw Reads Processed 

Reads FASTQ

Mapping Reads Mapped 
Reads SAM/BAM

Counting Mapped Reads Count Table CSV



FASTQ

• FASTA with Quality 

• https://en.wikipedia.org/wiki/FASTQ_format

https://en.wikipedia.org/wiki/FASTQ_format


FASTQ: Filenames

“What’s in a name? that which we call a FASTQ 

By any other name would smell as sweet” 

— Romeo and Juliet, William Shakespeare



1C_TAAGGCGA_L006_R1_001.fastq.gz	
1C_TAAGGCGA_L006_R1_002.fastq.gz	
1C_TAAGGCGA_L006_R1_003.fastq.gz	
1C_TAAGGCGA_L006_R1_004.fastq.gz	
1C_TAGGCATG_L003_R1_001.fastq.gz	
1C_TAGGCATG_L005_R1_001.fastq.gz	
2C_CGTACTAG_L003_R1_001.fastq.gz

FASTQ: Filenames

Sample 
Name

Barcode Lane 
#

Read 
#

File 
Part



FASTQ: Format
• FASTA Format!
>NC_007779.1 Escherichia coli str. K-12 substr. W3110, complete genome	
AGCTTTTCATTCTGACTGCAACGGGCAATATGTCTCTGTGTGGATTAAAAAAAGAGTGTCTGATAGCAGCTTCTGAACTG	
GTTACCTGCCGTGAGTAAATTAAAATTTTATTGACTTAGGTCACTAAATACTTTAACCAATATAGGCATAGCGCACAGAC	
AGATAAAAATTACAGAGTACACAACATCCATGAAACGCATTAGCACCACCATTACCACCACCATCACCATTACCACAGGT	
AACGGTGCGGGCTGACGCGTACAGGAAACACAGAAAAAAGCCCGCACCTGACAGTGCGGGCTTTTTTTTTCGACCAAAGG	
TAACGAGGTAACAACCATGCGAGTGTTGAAGTTCGGCGGTACATCAGTGGCAAATGCAGAACGTTTTCTGCGTGTTGCCG	
ATATTCTGGAAAGCAATGCCAGGCAGGGGCAGGTGGCCACCGTCCTCTCTGCCCCCGCCAAAATCACCAACCACCTGGTG	
GCGATGATTGAAAAAACCATTAGCGGCCAGGATGCTTTACCCAATATCAGCGATGCCGAACGTATTTTTGCCGAACTTTT	
GACGGGACTCGCCGCCGCCCAGCCGGGGTTCCCGCTGGCGCAATTGAAAACTTTCGTCGATCAGGAATTTGCCCAAATAA	
AACATGTCCTGCATGGCATTAGTTTGTTGGGGCAGTGCCCGGATAGCATCAACGCTGCGCTGATTTGCCGTGGCGAGAAA	!!
• FASTQ Format!
@M00698:36:000000000-AFBEL:1:1101:16483:1412 1:N:0:0	
CTGCCAGTTGAACGACGGCGAGCAGTTATAAGCCAGCAGTTTGCCCGGATATTTCGCGTGGATAGCTTGTGCAAAGCGACGCGCCAGTTCCAGATCCGGCG	
+	
AAABBFFFFFFFGGGGGGGGGGGGHHHHHHHHGHGHGHHHHHGHHHGGGGGHHHHGGGGGGGHHHGHHFFHHHHHGHGGGGGGGGGGHHHHHHHHHHHGGG	
!



FASTQ: Format
• FASTA Format!
>NC_007779.1 Escherichia coli str. K-12 substr. W3110, complete genome	
AGCTTTTCATTCTGACTGCAACGGGCAATATGTCTCTGTGTGGATTAAAAAAAGAGTGTCTGATAGCAGCTTCTGAACTG	
GTTACCTGCCGTGAGTAAATTAAAATTTTATTGACTTAGGTCACTAAATACTTTAACCAATATAGGCATAGCGCACAGAC	
AGATAAAAATTACAGAGTACACAACATCCATGAAACGCATTAGCACCACCATTACCACCACCATCACCATTACCACAGGT	
AACGGTGCGGGCTGACGCGTACAGGAAACACAGAAAAAAGCCCGCACCTGACAGTGCGGGCTTTTTTTTTCGACCAAAGG	
TAACGAGGTAACAACCATGCGAGTGTTGAAGTTCGGCGGTACATCAGTGGCAAATGCAGAACGTTTTCTGCGTGTTGCCG	
ATATTCTGGAAAGCAATGCCAGGCAGGGGCAGGTGGCCACCGTCCTCTCTGCCCCCGCCAAAATCACCAACCACCTGGTG	
GCGATGATTGAAAAAACCATTAGCGGCCAGGATGCTTTACCCAATATCAGCGATGCCGAACGTATTTTTGCCGAACTTTT	
GACGGGACTCGCCGCCGCCCAGCCGGGGTTCCCGCTGGCGCAATTGAAAACTTTCGTCGATCAGGAATTTGCCCAAATAA	
AACATGTCCTGCATGGCATTAGTTTGTTGGGGCAGTGCCCGGATAGCATCAACGCTGCGCTGATTTGCCGTGGCGAGAAA	!!
• FASTQ Format!
@M00698:36:000000000-AFBEL:1:1101:16483:1412 1:N:0:0	
CTGCCAGTTGAACGACGGCGAGCAGTTATAAGCCAGCAGTTTGCCCGGATATTTCGCGTGGATAGCTTGTGCAAAGCGACGCGCCAGTTCCAGATCCGGCG	
+	
AAABBFFFFFFFGGGGGGGGGGGGHHHHHHHHGHGHGHHHHHGHHHGGGGGHHHHGGGGGGGHHHGHHFFHHHHHGHGGGGGGGGGGHHHHHHHHHHHGGG	
!

Header



FASTQ: Format
• FASTA Format!
>NC_007779.1 Escherichia coli str. K-12 substr. W3110, complete genome	
AGCTTTTCATTCTGACTGCAACGGGCAATATGTCTCTGTGTGGATTAAAAAAAGAGTGTCTGATAGCAGCTTCTGAACTG	
GTTACCTGCCGTGAGTAAATTAAAATTTTATTGACTTAGGTCACTAAATACTTTAACCAATATAGGCATAGCGCACAGAC	
AGATAAAAATTACAGAGTACACAACATCCATGAAACGCATTAGCACCACCATTACCACCACCATCACCATTACCACAGGT	
AACGGTGCGGGCTGACGCGTACAGGAAACACAGAAAAAAGCCCGCACCTGACAGTGCGGGCTTTTTTTTTCGACCAAAGG	
TAACGAGGTAACAACCATGCGAGTGTTGAAGTTCGGCGGTACATCAGTGGCAAATGCAGAACGTTTTCTGCGTGTTGCCG	
ATATTCTGGAAAGCAATGCCAGGCAGGGGCAGGTGGCCACCGTCCTCTCTGCCCCCGCCAAAATCACCAACCACCTGGTG	
GCGATGATTGAAAAAACCATTAGCGGCCAGGATGCTTTACCCAATATCAGCGATGCCGAACGTATTTTTGCCGAACTTTT	
GACGGGACTCGCCGCCGCCCAGCCGGGGTTCCCGCTGGCGCAATTGAAAACTTTCGTCGATCAGGAATTTGCCCAAATAA	
AACATGTCCTGCATGGCATTAGTTTGTTGGGGCAGTGCCCGGATAGCATCAACGCTGCGCTGATTTGCCGTGGCGAGAAA	!!
• FASTQ Format!
@M00698:36:000000000-AFBEL:1:1101:16483:1412 1:N:0:0	
CTGCCAGTTGAACGACGGCGAGCAGTTATAAGCCAGCAGTTTGCCCGGATATTTCGCGTGGATAGCTTGTGCAAAGCGACGCGCCAGTTCCAGATCCGGCG	
+	
AAABBFFFFFFFGGGGGGGGGGGGHHHHHHHHGHGHGHHHHHGHHHGGGGGHHHHGGGGGGGHHHGHHFFHHHHHGHGGGGGGGGGGHHHHHHHHHHHGGG	
!

Sequence



FASTQ: Format
• FASTA Format!
>NC_007779.1 Escherichia coli str. K-12 substr. W3110, complete genome	
AGCTTTTCATTCTGACTGCAACGGGCAATATGTCTCTGTGTGGATTAAAAAAAGAGTGTCTGATAGCAGCTTCTGAACTG	
GTTACCTGCCGTGAGTAAATTAAAATTTTATTGACTTAGGTCACTAAATACTTTAACCAATATAGGCATAGCGCACAGAC	
AGATAAAAATTACAGAGTACACAACATCCATGAAACGCATTAGCACCACCATTACCACCACCATCACCATTACCACAGGT	
AACGGTGCGGGCTGACGCGTACAGGAAACACAGAAAAAAGCCCGCACCTGACAGTGCGGGCTTTTTTTTTCGACCAAAGG	
TAACGAGGTAACAACCATGCGAGTGTTGAAGTTCGGCGGTACATCAGTGGCAAATGCAGAACGTTTTCTGCGTGTTGCCG	
ATATTCTGGAAAGCAATGCCAGGCAGGGGCAGGTGGCCACCGTCCTCTCTGCCCCCGCCAAAATCACCAACCACCTGGTG	
GCGATGATTGAAAAAACCATTAGCGGCCAGGATGCTTTACCCAATATCAGCGATGCCGAACGTATTTTTGCCGAACTTTT	
GACGGGACTCGCCGCCGCCCAGCCGGGGTTCCCGCTGGCGCAATTGAAAACTTTCGTCGATCAGGAATTTGCCCAAATAA	
AACATGTCCTGCATGGCATTAGTTTGTTGGGGCAGTGCCCGGATAGCATCAACGCTGCGCTGATTTGCCGTGGCGAGAAA	!!
• FASTQ Format!
@M00698:36:000000000-AFBEL:1:1101:16483:1412 1:N:0:0	
CTGCCAGTTGAACGACGGCGAGCAGTTATAAGCCAGCAGTTTGCCCGGATATTTCGCGTGGATAGCTTGTGCAAAGCGACGCGCCAGTTCCAGATCCGGCG	
+	
AAABBFFFFFFFGGGGGGGGGGGGHHHHHHHHGHGHGHHHHHGHHHGGGGGHHHHGGGGGGGHHHGHHFFHHHHHGHGGGGGGGGGGHHHHHHHHHHHGGG	
!

Quality!
Score



FASTQ: Format
• FASTA Format!
>NC_007779.1 Escherichia coli str. K-12 substr. W3110, complete genome	
AGCTTTTCATTCTGACTGCAACGGGCAATATGTCTCTGTGTGGATTAAAAAAAGAGTGTCTGATAGCAGCTTCTGAACTG	
GTTACCTGCCGTGAGTAAATTAAAATTTTATTGACTTAGGTCACTAAATACTTTAACCAATATAGGCATAGCGCACAGAC	
AGATAAAAATTACAGAGTACACAACATCCATGAAACGCATTAGCACCACCATTACCACCACCATCACCATTACCACAGGT	
AACGGTGCGGGCTGACGCGTACAGGAAACACAGAAAAAAGCCCGCACCTGACAGTGCGGGCTTTTTTTTTCGACCAAAGG	
TAACGAGGTAACAACCATGCGAGTGTTGAAGTTCGGCGGTACATCAGTGGCAAATGCAGAACGTTTTCTGCGTGTTGCCG	
ATATTCTGGAAAGCAATGCCAGGCAGGGGCAGGTGGCCACCGTCCTCTCTGCCCCCGCCAAAATCACCAACCACCTGGTG	
GCGATGATTGAAAAAACCATTAGCGGCCAGGATGCTTTACCCAATATCAGCGATGCCGAACGTATTTTTGCCGAACTTTT	
GACGGGACTCGCCGCCGCCCAGCCGGGGTTCCCGCTGGCGCAATTGAAAACTTTCGTCGATCAGGAATTTGCCCAAATAA	
AACATGTCCTGCATGGCATTAGTTTGTTGGGGCAGTGCCCGGATAGCATCAACGCTGCGCTGATTTGCCGTGGCGAGAAA	!!
• FASTQ Format!
@M00698:36:000000000-AFBEL:1:1101:16483:1412 1:N:0:0	
CTGCCAGTTGAACGACGGCGAGCAGTTATAAGCCAGCAGTTTGCCCGGATATTTCGCGTGGATAGCTTGTGCAAAGCGACGCGCCAGTTCCAGATCCGGCG	
+	
AAABBFFFFFFFGGGGGGGGGGGGHHHHHHHHGHGHGHHHHHGHHHGGGGGHHHHGGGGGGGHHHGHHFFHHHHHGHGGGGGGGGGGHHHHHHHHHHHGGG	
!



@M00698:36:000000000-AFBEL:1:1101:16483:1412 1:N:0:0	
CTGCCAGTTGAACGACGGCGAGCAGTTATAAGCCAGCAGTTTGCCCGGATATTTCGCGTGGATAGCTTGTGCAAAGCGACGCGCCAGTTCCAGATCCGGCG	
+	
AAABBFFFFFFFGGGGGGGGGGGGHHHHHHHHGHGHGHHHHHGHHHGGGGGHHHHGGGGGGGHHHGHHFFHHHHHGHGGGGGGGGGGHHHHHHHHHHHGGG	
@M00698:36:000000000-AFBEL:1:1101:15928:1413 1:N:0:0	
GTAAAGTCCTGAGTGATACCGGCAACTTTTACCCCCAGTCCCACTTTCGAACCGGCAAACATATCGGCAAAAGAGGCCGTGCCTGATTTAAAGCCGTAGGT	
+	
1>AAAFFFFFFFGGGGGGGGCEGGGHHHHHFHHHHGGGHHHHHHHHGHFA0FEGGGGGHGGHHHHEECEEHFEFH/E/E/>EGGHBHHHDGHHHHC<?E/1	
@M00698:36:000000000-AFBEL:1:1101:15876:1413 1:N:0:0	
CCGGAACAATCGCTGGCAGGCTTTTTACGTCCGGGTTATAGCGATAGCGCGTCTCAATATTCATCAGCCCGCTTTGGCTGGCGGGTGTCGATTGTCGGCT	
+	
ABCCCCDFFFFEGGGGGGGGGGHHHHHHGHHGGGGFFHHHHHGGHGGHGGGGGGHHHHHHHHHHHHHHHGGGGGGHHHHGGGGGG<CFHGHGHEHFDGGF	
@M00698:36:000000000-AFBEL:1:1101:15340:1413 1:N:0:0	
CCACTAACAAACTAGCCTGATTAAGTTTTAACGCTTCAACCCCAGGCAGGGCTTCCACGCGATCTCTTTTGGGTTTGACCTCTCTTGATCCCCGTCCTAAG	
+	
AABABFFFFFFCGGGGGGGGGGFHHGFHHGFHGGGGGHHHHGGGGFHGGFGGHHHCFGFFEFCGHHFHHHHGGAFGGFFFFHHHHHHHHHHHGEEGGGHHB	
@M00698:36:000000000-AFBEL:1:1101:16045:1413 1:N:0:0	
GTAGCATTATCAGAGAGTTGCCATTCACGCATTGGCTTAACCGCGCGCAGACCATCAACAGTCACTTTGGCGTCAAAGACATTAGGCGTGCAGTATTTTTT	
+	
?ABCCFFFFFFFGGGGGGGGGGHHHHHHHHGGGHHHHHHHHHGGGGGGGGGHHHHHHHHHHHHHHHHHHHHGGGGGHHHHHHHHHHHGGGGHHGHHHHHHG	
@M00698:36:000000000-AFBEL:1:1101:17191:1414 1:N:0:0	
TCGGCACCAATATAGGTAACGCATGGTTCACCGTCTTCAGCTACGGCGGCGATTTTGGTCAGGATCGGTGCTACCAATTCATAGGCTTCTTTCTGGCCAC	
+	
ABAABBBBFBFFGGGGGGGGGGGGGHHHHHHHGHGHGHHHHHHHGGGGGGGGGHGHGGHHHHHHHHGGGGGHHHHHHHHHHHFHGHHHHHHHHHHBFHHG	
@M00698:36:000000000-AFBEL:1:1101:16186:1414 1:N:0:0	
TCAGGGTCGTCCGTGGAGCAAACATAGCCCTGAGGCTTATTGAGCATGAAGTAACGTGGACCGTGTTGCTGCGCCAGCGGGTTGCCATCGTAAGCGACAT	
+	
BCCCCFFFCCCCGGGGGGGGGGHHHHGHHHHHHHGGHHHHHHHHHHHHHHHHHHHGHHGGHHGGHHHHHHHHGGGGGGGGGGGGHHHHHGHHHFHGGGGG	
@M00698:36:000000000-AFBEL:1:1101:15394:1415 1:N:0:0	
ACTTCTTGAAGGTACGTTGCAGGCTGGCACTTCTGCCGTTTCTGATAAGTTGCTTGATTTGGTTGGACTTGGTGGCAAGTCTGCCGCTGATAAAGGAAAGG	
+	
@BBCCFFFFFFFGGGGGGGGGGGGHHDGHHHHHHHHHGEGHGHHHGHHHHHHHHHHEHHHHHHHGGHHHHHHHEGGHHGHHHHHHGGGGFHHHHHHHHHHH	
@M00698:36:000000000-AFBEL:1:1101:14326:1417 1:N:0:0	
TGGCGCAACTAACAGAACGTCTTGCGTTTTGTTGGCGAAGCCGCTGGTGTTTGTAAATTTATTAGTGATCGGCGTAGCGTTACGGGTTTCACCGTAGTTCG	
+	
ABCCCCCCCFFFGGGGGGGGGGGHHGGGGGHHHHHHGGGGGHGGGGGFGFFHHHHHHHGHHHHHHHHHGHGGGGGFFAE>EGGGGGEGGHHHHGGHGGHHG	
@M00698:36:000000000-AFBEL:1:1101:15479:1417 1:N:0:0	
GCCCCCCTCACTCTGACTTTAGTGTGCGCCTTTTGCCTGCGCCACGATCTCCTCGACATTTTCCGGCATTGGTTCATACGGCGTTTCTTTCGCCGTTGG	
+	
@BCCCCCCCFCFGGGGGGGGGGGHHHHGGGGGHHHHHHHHGGGGGGGHHHHHHHGGGGGHHHHHGGGGGHHHHHHHHHHHGGGGGGHHHHHGGGGGGGH	
@M00698:36:000000000-AFBEL:1:1101:16850:1418 1:N:0:0	
CGTTTTCTTCATCGCGCTCTTTGCTGCCTAACAGCGTGCGCCAGCCTGCTTCAGCAAGAAAACGCGCTTTAGCGACAAATTTGCCTTTGGCAATGTCCAGT	
+	
AAACCCFFFFFFGGGGGGGGGGGHHHHHHHHHHHHGGGGGGGGGGGHHHHHHHHHHHHHHHHHGGGGGGGHGHGGGGGFHHHHHHHHGHHHHHHHHHHHHG	
@M00698:36:000000000-AFBEL:1:1101:16255:1418 1:N:0:0	
CCGGCTTGCTGGTTGCAGCCGTTGCTGTACTTGATGTCAGGCGTGCCGGTGCCGTATTTTCAAACGGTGATGCCGGACGCGACTCTACGGGTTTGACATCG	
+	
AAABCCCCCFFFGGGGGGGGGGGGGHHHHHHHHHHHHHHHHHGGGGHGGGGGHGFGHHHHHHHHHGGGHGHHHHGGGGGGGGGGGHHHGGGCGGGHHHHH?	
@M00698:36:000000000-AFBEL:1:1101:17071:1419 1:N:0:0	
CACGCCACCTTTATCCAGTTTGCGGCTTTGCGAAGTGGCGAGCCACAGCGCGTTTTCTTGCTGGCTATAAGCCATTTCGTAGGCACCTTTACCTACCGCTT	
+	
AABBBBBBFFFFGGGGGGGGGGHGGGGGHHHGGGGFHHGGGGGGHHHHHGGGFGGGHHHHHHHHGHHHHHHHHHHHHHHHHGGHGHGHHHFHHHHHHGGGG	
@M00698:36:000000000-AFBEL:1:1101:15606:1420 1:N:0:0	
CGGGTTTTTAACTTTCAGCCACGGGCCACCGTCGATCAGTTCACCGCCAAACTCTTCACGCGCCAGCTGGTAGCCCCAGTCTTTAAACGCTCCTTCGGTGA	
+	
BBCDBBCCDCFFGGGGGGGGGGGGGGGGGHGGGGGGHGHHHHHHHGGGGGHHHHHHHHHHHGGGGGGHHHHHHHHHGGGHHHHHHHHHGGGGGHHHHGFGG	
@M00698:36:000000000-AFBEL:1:1101:15945:1421 1:N:0:0	
TCATTGTTGCGCGGTATTCGCGCCCGTTGGTCGAGTAGCAGAAGGGGATTTTAAACCGTTGTTTGCCGCTGGTGTCCTGCCAGCTGGTTTCATACTCTGG	
+	
?ABABFFFFBBBFGEEGGGGGGGGGGGHGHCHGCGGGHGHHHHHHGGGGHGHHHHGHGEGDGHHHHHGGG?EB2GGHGHHHGHGHHHHGHHFHHHHHGGH	
@M00698:36:000000000-AFBEL:1:1101:16329:1421 1:N:0:0	
GCCCCGACAGCTGTATGCATAGCGATAAATTCCAGCAGGCCGGGACGCCGGTCTATTTTGCCCCAGAGTGTCAATGTTAGACTTGACGGACATTGTGCAG	
+	
3ABCCCCCCCCFGGGGGGGGGGHGGHGGHHHHHHHHHHHGGGGGGGGGGGGGGGHHHHHHHHHGGGHHHHHHHGHHHHHHHHHHHHHGGGGGHHHHHHHH	
@M00698:36:000000000-AFBEL:1:1101:16360:1422 1:N:0:0	

FASTQ: Format



FASTQ: Read Files
Combined_R1.fastq.gz 
@M00698:36:000000000-AFBEL:1:1101:14738:1412 1:N:0:0	
TTACGCTAACAGGCGGTAGCCTGGCAGGGTCAGGAAATCAATTAACTCATCGGAAGTGGTGATCTGTTCCATCAAGCGTGCGGCATCGTCAAAACGCCC	
+	
ABBBABBBAFFFGGGGGGGGGGHGGHGGGCG2GF3FFGHHHHHHGGFGHEHHGGGEHHHHAGGHHGHHHFFDHFHHHGEGGGG@F@H?GHH/GBEFGGG	
@M00698:36:000000000-AFBEL:1:1101:16483:1412 1:N:0:0	
CTGCCAGTTGAACGACGGCGAGCAGTTATAAGCCAGCAGTTTGCCCGGATATTTCGCGTGGATAGCTTGTGCAAAGCGACGCGCCAGTTCCAGATCCGGCG	
+	
AAABBFFFFFFFGGGGGGGGGGGGHHHHHHHHGHGHGHHHHHGHHHGGGGGHHHHGGGGGGGHHHGHHFFHHHHHGHGGGGGGGGGGHHHHHHHHHHHGGG	
!
Combined_R2.fastq.gz 
@M00698:36:000000000-AFBEL:1:1101:14738:1412 2:N:0:0	
GGAAGATGCGGCGACGGCTGAAATTTCCCGTACCTCGATCTGGCAGTGGATCCATCATCAAAAAACGTTGAGCAATGGCAAACCGGTGACCAAAGCCTTGT	
+	
ABBABFFFFDBDGCG??FFGGGHGHFEG3EAEGGFHAE3GFBGGHGGGHHCFGHFGBGHFHHDFEGGHFHEFHHHH3BFGF0GFEGGGGGHHA/FGHFHHH	
@M00698:36:000000000-AFBEL:1:1101:16483:1412 2:N:0:0	
GCTTCTTCCGTACTCATGCGGGCATTGAGCAAGCGATCAGCCGTGGCCTGGCGTATGCGCCATATGCTGACCTGGTCTGGTGTGAAACCTCCACGCCGGAT	
+	
CCCCCFFFFBFFGGGGGGGGCECGHHHHHHHHHHGGHGGGGHGGCGCHHGFHGGGGHHGGGGGHHHHHHGHHHHHHHHHHHHHEHGHHHGHHHHGGGGGGG	
!
Combined_I1.fastq.gz 
@M00698:36:000000000-AFBEL:1:1101:14738:1412 1:N:0:0	
AGTTCC	
+	
CCCCDF	
@M00698:36:000000000-AFBEL:1:1101:16483:1412 1:N:0:0	
CCTGTC	
+	
A11>>1	



Step Input Output Output Format

Pre-processing 
and QC Raw Reads Processed 

Reads FASTQ

Mapping Reads Mapped 
Reads SAM/BAM

Counting Mapped Reads Count Table CSV



Pre-processing
1. Demultiplex* 

2. Quality Control 

3. Trimming (adapter and quality) 

4. Filtering** 

* Often done at sequencing facility 

** Must keep reads in sync



Step Input Output Output Format

Pre-processing 
and QC Raw Reads Processed 

Reads FASTQ

Mapping Reads Mapped 
Reads SAM/BAM

Counting Mapped Reads Count Table CSV
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SAM/BAM
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• Specification: http://samtools.github.io/hts-specs/SAMv1.pdf 

• BAM: Binary version of SAM

http://samtools.github.io/hts-specs/SAMv1.pdf
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Coor     12345678901234  5678901234567890123456789012345	
ref      AGCATGTTAGATAA**GATAGCTGTGCTAGTAGGCAGTCAGCGCCAT	
+r001/1        TTAGATAAAGGATA*CTG	
+r002         aaaAGATAA*GGATA	
+r003       gcctaAGCTAA	
+r004                     ATAGCT..............TCAGC	
-r003                            ttagctTAGGC	
-r001/2                                        CAGCGGCAT

http://samtools.github.io/hts-specs/SAMv1.pdf
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@HD VN:1.5 SO:coordinate	
@SQ SN:ref LN:45	
r001   99 ref  7 30 8M2I4M1D3M = 37  39 TTAGATAAAGGATACTG *	
r002    0 ref  9 30 3S6M1P1I4M *  0   0 AAAAGATAAGGATA    *	
r003    0 ref  9 30 5S6M       *  0   0 GCCTAAGCTAA       * SA:Z:ref,29,-,6H5M,17,0;	
r004    0 ref 16 30 6M14N5M    *  0   0 ATAGCTTCAGC       *	
r003 2064 ref 29 17 6H5M       *  0   0 TAGGC             * SA:Z:ref,9,+,5S6M,30,1;	
r001  147 ref 37 30 9M         =  7 -39 CAGCGGCAT         * NM:i:1

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