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Files Format

* Raw sequencing data: Fastq files

gl ©AG0639 : 1002 :HW3YMDRXY : 1:1101:2175:100@ 1:N:@:CGCGGTATCT+ATTACCGATC
GNACTATGAGCATGTCACGATGTTACAAGAACGGTTCCGAGAATTTGCTCGAGACACAGGAAACATTGGGCAGGAGCGTGTGGATACAGTTAATAACATGGCAGATGA
+

S F #FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF : FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF
ol ©A00639 : 1002 : HW3YMDRXY : 1:1101:4381:1000 1:N:0:CGCGGTATCT+ATTACCGATC
TNTTTCTACACAGCATTCAACTGCGACCAATGACATGAAAAATCATCGTTGTAATTCAACTACAGAAACACCTAATGACAAACATACGAAAAACACACCCATTATTTA
+

SN FF FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF

@header string Specification (lllumina software sequence)

A00639 the unique instrument name

1002 the run id

HW3YMDRXY the flowcell id

1 flowcell lane

1101 tile number within the flowcell lane

4381 'x'-coordinate of the cluster within the tile

1000 'y'-coordinate of the cluster within the tile

1 the member of a pair, 1 or 2 (paired-end or mate-pair reads only)

N Y if the read is filtered (did not pass), N otherwise

0 0 when none of the control bits are on, otherwise it is an even number

CGCGGTATCT+ATTACCGATC index sequence

Pic source: screenshot of core analysis data
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Files Format

* Alignment results: bam/sam
Header of sam/bam files, checked via:

:1.3 50:coordinate .
:chrl LN:195154279 @HD (optional)
:chr2 LN:181755017 i
:chr3 LN:159745316 » VN: format version

:chr4 LN:156860686 . .
-chrS LN:151758149 » SO: Sorting order of alignments (unknown,

e N T4eeio unsorted, queryname and coordinate)

:chr8 LN:130127694 N . .
-chr@ LN:124359700 » GO: Grouping of alignments

:chr10 LN:130530862 » SS: Sub-sorting order of alignments
:chrll LN:121973369

:chri2 LN:120092757
:chri3 LN:120883175
:chrl4 LN:125139656
:chrls LN:104073951
:chrlé LN:98008968
:chrl? LN:95294699
:chrig8 LN:90720763
:chr19 LN: 61420004
:chrX LN:169476592

:chrY LN:91455967

:chrM LN:16299

:GL456210.1  LN:169725

SN:MU@E9434.1  LN:8412

SN:MU@69435.1  LN:31129

ID:RW-27_S66_CGCGGTATCT+ATTACCGATC_1082 LB:RW-27_S66_1002 PL:I1lumina PU:AGQE39 SM:RW-27

ID:RW-27_S94_CGCGGTATCT+ATTACCGATC 992 LB:RW-27_594_992 PL:I1lumina PU:AGOE39 SM:RW-27

ID:STAR PN:STAR CL:STAR --runThreadN 8 --genomeDir /group/referenceFiles/Mus_musculus/Gencode/GRCm39.primary_GencodeM2?/Sequence/STAR_2.7.9a_99 --readFilesIn /group/bioinformatics/Pro
jects/CRI-BI0-90@-MED-RWu-yli/RawData/220114_AB@639_0992_BHILHNDRXY-NovaRS87-FC@1-RWu-RS27/Fast(Q/RW-27_S94_R1_001.fastq.gz /group/bioinformatics/Projects/CRI-BI0-98@-MED-RWu-yli/RawData/220114_A@
0639_0992_BHILHWDRXY-NovaRS87-FCO1-RWu-RS27/FastQ/RW-27_594_R2_001.fastq.gz --readFilesCommand zcat --outFileNamePrefix /group/bioinformatics/Projects/CRI-BI0-9@0-MED-RWu-yli/analysis_res
ultsl/Star_Alignment_Results/RW-27/RW-27_S94_CGCGGTATCT+ATTACCGATC_992  --outSAMtype BAM  SortedByCoordinate VN:2.7.9a
8PG ID:STAR.1 PN:STAR CL:STAR  --runThreadN 8 --genomeDir /group/referenceFiles/Mus_musculus/Gencode/GRCm39.primary_GencodeM27/Sequence/STAR_2.7.9a_ 99 --readFilesIn /group/bioinforma
tics/Projects/CRI-BI0-900-MED-RWu-yl1i/RawData/220121_AB0639_1002_AHW3YMDRXY-NovaRS87-FCO2-RWu-RS27/FastQ/RW-27-F(02_S66_R1_0@1.fastq.gz /group/bioinformatics/Projects/CRI-BI0-9@@-MED-RWu-yl1i/RawD
ata/220121_AB0639_1002_AHN3YMDRXY -NovaRS87-FC@2-RWu-RS27/Fast(Q/RW-27-FC@2_S66_R2_001.fastq.gz --readFilesCommand zcat --outFileNamePrefix /group/bioinformatics/Projects/(RI-BI0-908-MED-RW
u-yli/analysis_resultsl/Star_Alignment_Results/RW-27/RW-27_S66_CGCGGTATCT+ATTACCGATC_1002  --outSAMtype BAM  SortedByCoordinate VN:2.7.9a
eco user command line: STAR --genomeDir /group/referenceFiles/Mus_musculus/Gencode/GRCm39.primary_GencodeM27/Sequence/STAR_2.7.90_99 --readFilesIn /group/bioinformatics/Projects/CRI-BI0-90@-MED
-RWu-yli/RawData/220121 A®O639_1002_ AHW3YMDRXY-NovaRS87-FCO2-RWu-RS27/FastQ/RW-27-FC@2_S66_R1_001.fastq.gz /group/bioinformatics/Projects/CRI-BI0-900-MED-RWu-yli/RawData/220121 ABO639_10602_AHW3YMDR
XY-NovaRS87-F(@2-RWu-R527/FastQ/RW-27-FC@2_S66_R2_001.fastq.gz --readFilesCommand zcat --runThreadN 8 --outSAMtype BAM SortedByCoordinate --outFileNamePrefix /group/bioinformatics/Projects/CRI-BIO-
900-MED-RWu-yli/analysis_resultsl/Star_Alignment_Results/RW-27/RW-27_S66_CGCGGTATCT+ATTACCGATC_ 1002
eco user command line: STAR --genomeDir /group/referenceFiles/Mus_musculus/Gencode/GRCm39.primary_GencodeM27/Sequence/STAR_2.7.9a_99 --readFilesIn /group/bioinformatics/Projects/CRI-BI0-90@-MED
-RWu-yli/RawData/220114_AG0639_0992_BHILHWDRXY-NovaRS87-FCO1-RWu-RS27/FastQ/RW-27_594_R1_001.fastq.gz /group/bicinformatics/Projects/CRI-BI0-908-MED-RWu-yli/RawData/220114_AB0639_0992_BHILHWDRXY-No
vaRS87-FC@1-RWu-RS27/FastQ/RW-27_594_R2_0@1.fastq.gz --readFilesCommand zcat --runThreadN 8 --outSAMtype BAM SortedByCoordinate --outFileNamePrefix /group/bioinformatics/Projects/CRI-BI0-90@-MED-RW

li/analysis_resultsl/Star Alignment Results/RW-27/RW-27 594 CGCGGTATCT+ATTACCGATC 992

Pic source: screenshot of core analysis data with samtools view for bam files
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Files Format

* Alignment results: bam/sam (cont.)
Header of sam/bam files, checked via:

:1.3 50:coordinate .

:chrl LN:195154279 SO: coordinate

:chr2 LN:181755017 . . . .

:chr3 LN:159745316 @SQ lines defines alignment sorting order
:chr4 LN:156860686

-chr LN+ 151758149 > SN: Reference sequence name

:chré LN:149588044

ol e » LN: Reference sequence length

:chr8 LN:130127694

:chr9 LN:124359700

) LN: 130530862 @RG Read group

:chrll LN:121973369

:chr12 LN:120092757 @PG Program

:chrl3 LN:120883175 . . . .

chr1s LN: 125139656 Detailed information regarding to the sam format
:chrl5 LN: 184873951 .
+chrl6 LN:98008968 can be seen at samtools github page
:chrl? LN:95294699

:chrl8 LN:90720763

:chrl9 LN: 61420004

:chrX LN:169476592

:chrY LN:91455967

:chrM LN:16299

:GL456210.1  LN:169725

SN:MU@E9434.1  LN:8412

SN:MU@69435.1  LN:31129

ID:RW-27_S66_CGCGGTATCT+ATTACCGATC_1082 LB:RW-27_S66_1002 PL:I1lumina PU:AGQE39 SM:RW-27

ID:RW-27_S94_CGCGGTATCT+ATTACCGATC 992 LB:RW-27_594_992 PL:I1lumina PU:AGOE39 SM:RW-27

ID:STAR PN:STAR CL:STAR --runThreadN 8 --genomeDir /group/referenceFiles/Mus_musculus/Gencode/GRCm39.primary_GencodeM2?/Sequence/STAR_2.7.9a_99 --readFilesIn /group/bioinformatics/Pro
jects/CRI-BI0-90@-MED-RWu-yli/RawData/220114_AB@639_0992_BHILHNDRXY-NovaRS87-FC@1-RWu-RS27/Fast(Q/RW-27_S94_R1_001.fastq.gz /group/bioinformatics/Projects/CRI-BI0-98@-MED-RWu-yli/RawData/220114_A@
0639_0992_BHILHWDRXY-NovaRS87-FCO1-RWu-RS27/FastQ/RW-27_594_R2_001.fastq.gz --readFilesCommand zcat --outFileNamePrefix /group/bioinformatics/Projects/CRI-BI0-9@0-MED-RWu-yli/analysis_res
ultsl/Star_Alignment_Results/RW-27/RW-27_S94_CGCGGTATCT+ATTACCGATC_992  --outSAMtype BAM  SortedByCoordinate VN:2.7.9a
8PG ID:STAR.1 PN:STAR CL:STAR  --runThreadN 8 --genomeDir /group/referenceFiles/Mus_musculus/Gencode/GRCm39.primary_GencodeM27/Sequence/STAR_2.7.9a_ 99 --readFilesIn /group/bioinforma
tics/Projects/CRI-BI0-900-MED-RWu-yl1i/RawData/220121_AB0639_1002_AHW3YMDRXY-NovaRS87-FCO2-RWu-RS27/FastQ/RW-27-F(02_S66_R1_0@1.fastq.gz /group/bioinformatics/Projects/CRI-BI0-9@@-MED-RWu-yl1i/RawD
ata/220121_AB0639_1002_AHN3YMDRXY -NovaRS87-FC@2-RWu-RS27/Fast(Q/RW-27-FC@2_S66_R2_001.fastq.gz --readFilesCommand zcat --outFileNamePrefix /group/bioinformatics/Projects/(RI-BI0-908-MED-RW
u-yli/analysis_resultsl/Star_Alignment_Results/RW-27/RW-27_S66_CGCGGTATCT+ATTACCGATC_1002  --outSAMtype BAM  SortedByCoordinate VN:2.7.9a
eco user command line: STAR --genomeDir /group/referenceFiles/Mus_musculus/Gencode/GRCm39.primary_GencodeM27/Sequence/STAR_2.7.90_99 --readFilesIn /group/bioinformatics/Projects/CRI-BI0-90@-MED
-RWu-yli/RawData/220121 A®O639_1002_ AHW3YMDRXY-NovaRS87-FCO2-RWu-RS27/FastQ/RW-27-FC@2_S66_R1_001.fastq.gz /group/bioinformatics/Projects/CRI-BI0-900-MED-RWu-yli/RawData/220121 ABO639_10602_AHW3YMDR
XY-NovaRS87-F(@2-RWu-R527/FastQ/RW-27-FC@2_S66_R2_001.fastq.gz --readFilesCommand zcat --runThreadN 8 --outSAMtype BAM SortedByCoordinate --outFileNamePrefix /group/bioinformatics/Projects/CRI-BIO-
900-MED-RWu-yli/analysis_resultsl/Star_Alignment_Results/RW-27/RW-27_S66_CGCGGTATCT+ATTACCGATC_ 1002
eco user command line: STAR --genomeDir /group/referenceFiles/Mus_musculus/Gencode/GRCm39.primary_GencodeM27/Sequence/STAR_2.7.9a_99 --readFilesIn /group/bioinformatics/Projects/CRI-BI0-90@-MED
-RWu-yli/RawData/220114_AG0639_0992_BHILHWDRXY-NovaRS87-FCO1-RWu-RS27/FastQ/RW-27_594_R1_001.fastq.gz /group/bicinformatics/Projects/CRI-BI0-908-MED-RWu-yli/RawData/220114_AB0639_0992_BHILHWDRXY-No
vaRS87-FC@1-RWu-RS27/FastQ/RW-27_594_R2_0@1.fastq.gz --readFilesCommand zcat --runThreadN 8 --outSAMtype BAM SortedByCoordinate --outFileNamePrefix /group/bioinformatics/Projects/CRI-BI0-90@-MED-RW

li/analysis_resultsl/Star Alignment Results/RW-27/RW-27 594 CGCGGTATCT+ATTACCGATC 992

Pic source: screenshot of core analysis data with samtools view for bam files



Files Format

* Alignment results: bam/sam (cont.)

alignment section (main content, mandatory field) with a total of 11 columns + optional

samtools view RW-27-merged.cordSorted.bam | head -n 5

ABB639:992 :HILHWDRXY : 2:2164:32940:6370 419 chrl 3101670 @ 1088M =
AGAAAACGAAACCCCGTCCCTATTAAGGAGAATTTTCCTTCGCCTAGGACGTGTCACTCCCTGAT FFFFFFFFFFFFFFFFFFFFFFFFFFFFFF: : FFFFF:F:F:F:F:FFFFF:FFFFFFFFFFFFFFFFFFFFFFFFFF
F:FFFFFFFFFFFFFFFFFFFFFFFFFFFF  RG:Z:RW-27_594_CGCGGTATCT+ATTACCGATC_992 NH:i:8 HI:i:5 nM:1:@ AS:1:214
ADB639:992 :HILHWDRXY :2:2264:1488:9392 419 chrl 3101670 @ 1@8M = 3101751 189 GAGCCAGAGTGCAAGAAGCAAGAGAGCAAGAAGCAAGAGAGAG
AGAAAACGAAACCCCGTCCCTATTAAGGAGAATTTTCCTTCGCCTAGGACGTGTCACTCCCTGAT FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF
FFFFFFFFFF : FFFFF:FFFFFFFFFFFFF  RG:Z:RW-27_594_ CGCGGTATCT+ATTACCGATC_992 NH:1:8 HI:i:5 nM:1:@ AS:1:214

I A0O639:992:HILHWDRXY:2:2264:1561:9643 419  chrl 3101670 @ 108M = 3101751 189  GAGCCAGAGTGCAAGAAGCAAGAGAGCAAGAAGCAAGAGAGAG
g AGAAAACGAAACCCCGTCCCTATTAAGGAGAATTTTCCTTCGCCTAGGACGTGTCACTCCCTGAT  FF:FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF
£ FFFFFFFFFFFFFFFFFFFFFFFFFFFFFF  RG:Z:RW-27_S94_CGCGGTATCT+ATTACCGATC_992 NH:i:8 HI:i:5 nM:i:0 AS:i:214
< ADO639:992:HILHWDRXY:2:2164:32940:6370 339  chrl 3101751 @ 108M = 3101670 -189  TTCGCCTAGGACGTGTCACTCCCTGATTGGCTGCAGCCCATCG
GCCGAGTTGACGTCACGAGGAAGGCAGAGCACATGGAGTGAAGAACCACCCTCGGCACATGCGCA  FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF : FFFFFFFFFFFFFFFFFFFFFFFFFFFF
" @ FFFFFFFFFFFFFFFFFFFFFFFFFFFFFF  RG:Z:RW-27_S94_CGCGGTATCT+ATTACCGATC_992 NH:i:8 HI:i:5 nM:i:0 AS:i:214
] A00639:992:HILHWDRXY:2:2264:1488:9302 339  chrl 3101751 @ 108M = 3101670 -189  TTCGCCTAGGACGTGTCACTCCCTGATTGGCTGCAGCCCATCG
eV GCCGAGTTGACGTCACGAGGAAGGCAGAGCACATGGAGTGAAGAACCACCCTCGGCACATGCGCA  FFFFFFFFFFFFFFFFFFFFFFFFFF : FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF
59 FFFFFFFFFFFFFFFFFFFFFFFFFFFFFF  RG:Z:RW-27_S94_CGCGGTATCT+ATTACCGATC_992 NH:i:8 HI:i:5 rnM:i:0 AS:i:214
— m . - L] L]
g g Col Field Type Regexp/Range Brief description
B 1 QNAME String ['-7A-"]{1,254} Query template NAME
22 2 FLAG Int [0, 216 — 1] bitwise FLAG
. 3 RNAME String \#*|[:rname:"*=] [:rname:] * Reference sequence NAME!
o O 4 POS Int [0, 2°T —1] 1-based leftmost mapping POSition
Q) 5 MAPQ Int [0, 2% — 1] MAPping Quality
5 Q: 6 CIGAR String  \#*| ([0-9]+[MIDNSHP=X])+ CIGAR string
rin =| [:rname:" *=] [:rname: eference name of the mate/next re
o 7 RNEXT St \*|=|[ Mx=][ 1% Ref f th t t read
2 — 8 PNEXT Int [0, 23" — 1] Position of the mate/next read
D I 9 TLEN Int [—2%1 41, 23 — 1] observed Template LENgth
= U 10 SEQ String \*| [A-Za-z=.]+ segment SEQuence
= 11 QUAL String [!-"]+ ASCII of Phred-scaled base QUALity+33

@

Pic source top: screenshot of core analysis data with samtools view for bam files
Pic source bottom: samtools github page at https://samtools.github.io/hts-specs/SAMv1.pdf
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Files Format

* Alignment results: bam/sam (cont.)

alignment section (main content, mandatory field) with a total of 11 columns + optional

samtools view RW-27-merged.cordSorted.bam | head -n 5 | cut -f 2

ABB639:992 :HILHWDRXY : 2: 2164 :32940:6370 | 419 chrl 3101670 @ 1088M =

AGAAAACGAAACCCCGTCCCTATTAAGGAGAATTTTCCT TCGCCT AGGACGTGTCACTCCCTGAT FFFFFFFFFFFFFFFFFFFFFFFFFFFFFF: : FFFFF:F:F:F:F:FFFFF:FFFFFFFFFFFFFFFFFFFFFFFFFF
F:FFFFFFFFFFFFFFFFFFFFFFFFFFFF  RG:Z:RW-27_594_CGCGGTATCT+ATTACCGATC_992 NH:i:8 HI:i:5 nM:1:@ AS:1:214
ABB639:992 :HILHWDRXY :2:2264:1488:9392 | 419 chrl 3101670 @ 1@8M = 3101751 189 GAGCCAGAGTGCAAGAAGCAAGAGAGCAAGAAGCAAGAGAGAG
AGAAAACGAAACCCCGTCCCTATTAAGGAGAATTTTCCT TCGCCT AGGACGTGTCACTCCCTGAT FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF
FFFFFFFFFF : FFFFF:FFFFFFFFFFFFF  RG:Z:RW-27_584 CGCGGTATCT+ATTACCGATC_992 NH:1:8 HI:i:5 nM:1:@ AS:1:214

AGB639:992 :HILHWDRXY:2:2264:1561:9643 | 419 chrl 3101670 @ 108M = 3101751 189 GAGCCAGAGTGCAAGAAGCAAGAGAGCAAGAAGCAAGAGAGAG
AGAAAACGAAACCCCGTCCCTATTAAGGAGAATTTTCCT TCGCCT AGGACGTGTCACTCCCTGAT FF :FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF
FFFFFFFFFFFFFFFFFFFFFFFFFFFFFF  RG:Z:RW-27_SC4_CGCGGTATCT+ATTACCGATC_992 NH:1:8 HI:i:5 nM:1:@ AS:i:214
ABB639:992 :HILHWDRXY : 2: 2164 :32940:6370 | 339 chrl 3101751 @ 108M = 3101670 -189 TTCGCCTAGGACGTGTCACTCCCTGATTGGCTGCAGCCCATCG
GCCGAGTTGACGTCACGAGGAAGGCAGAGCACATGGAGT GAAGAA CCACCCTCGGCACATGCGCA FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF : FFFFFFFFFFFFFFFFFFFFFFFFFFFF
FFFFFFFFFFFFFFFFFFFFFFFFFFFFFF  RG:Z:RW-27_584_ CGCGGTATCT+ATTACCGATC_992 NH:1:8 HI:i:5 nM:1:@ AS:1:214

AGB639:992 :HILHWDRXY:2:2264:1488:9392 | 339 chrl 3101751 @ 108M = 3101670 -189 TTCGCCTAGGACGTGTCACTCCCTGATTGGCTGCAGCCCATCG
GCCGAGTTGACGTCACGAGGAAGGCAGAGCACATGGAGTGAAGAACCACCCTCGGCACATGCGCA FFFFFFFFFFFFFFFFFFFFFFFFFF : FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF
FFFFFFFFFFFFFFFFFFFFFFFFFFFFFF  RG:Z:RW-27_594 CGCGGTATCT+ATTACCGATC_992 NH:1:8 HI:1:5 rM:1:@ AS5:1:214

2. FLAG: Combination of bitwise FLAGs.'? Each bit is explained in the following table:

https://

Biological Sciences
Bioinformatics Core

Bit Description
1 Ox1 template having multiple segments in sequencing
2 0x2 each segment properly aligned according to the aligner
4 Ox4 segment unmapped
8 0x8 next segment in the template unmapped
16 0x10 SEQ being reverse complemented

32 0x20 SEQ of the next segment in the template being reverse complemented
64 0x40 the first segment in the template
128 0x80 the last segment in the template
256 0x100 secondary alignment
512 0x200 not passing filters, such as platform/vendor quality controls
1024 0x400 PCR or optical duplicate
2048 0x800 supplementary alignment

CHICAGO

@

Pic source top: screenshot of core analysis data with samtools view for bam files
Pic source bottom: samtools github page at https://samtools.github.io/hts-specs/SAMv1.pdf
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Files Format

* Alignment results: bam/sam (cont.)

alignment section (main content, mandatory field) with a total of 11 columns + optional

samtools view RW-27-merged.cordSorted.bam | head -n 5 | cut -f 2

ABB639:992 :HILHWDRXY : 2: 2164 :32940:6370 | 419 chrl 3101670 @ 1088M =

AGAAAACGAAACCCCGTCCCTATTAAGGAGAATTTTCCT TCGCCT AGGACGTGTCACTCCCTGAT FFFFFFFFFFFFFFFFFFFFFFFFFFFFFF: : FFFFF:F:F:F:F:FFFFF:FFFFFFFFFFFFFFFFFFFFFFFFFF
F:FFFFFFFFFFFFFFFFFFFFFFFFFFFF  RG:Z:RW-27_594_CGCGGTATCT+ATTACCGATC_992 NH:i:8 HI:i:5 nM:1:@ AS:1:214
ABB639:992 :HILHWDRXY :2:2264:1488:9392 | 419 chrl 3101670 @ 1@8M = 3101751 189 GAGCCAGAGTGCAAGAAGCAAGAGAGCAAGAAGCAAGAGAGAG
AGAAAACGAAACCCCGTCCCTATTAAGGAGAATTTTCCT TCGCCT AGGACGTGTCACTCCCTGAT FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF
FFFFFFFFFF : FFFFF:FFFFFFFFFFFFF  RG:Z:RW-27_584 CGCGGTATCT+ATTACCGATC_992 NH:1:8 HI:i:5 nM:1:@ AS:1:214

AGB639:992 :HILHWDRXY:2:2264:1561:9643 | 419 chrl 3101670 @ 108M = 3101751 189 GAGCCAGAGTGCAAGAAGCAAGAGAGCAAGAAGCAAGAGAGAG
AGAAAACGAAACCCCGTCCCTATTAAGGAGAATTTTCCT TCGCCT AGGACGTGTCACTCCCTGAT FF :FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF
FFFFFFFFFFFFFFFFFFFFFFFFFFFFFF  RG:Z:RW-27_SC4_CGCGGTATCT+ATTACCGATC_992 NH:1:8 HI:i:5 nM:1:@ AS:i:214
ABB639:992 :HILHWDRXY : 2: 2164 :32940:6370 | 339 chrl 3101751 @ 108M = 3101670 -189 TTCGCCTAGGACGTGTCACTCCCTGATTGGCTGCAGCCCATCG
GCCGAGTTGACGTCACGAGGAAGGCAGAGCACATGGAGT GAAGAA CCACCCTCGGCACATGCGCA FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF : FFFFFFFFFFFFFFFFFFFFFFFFFFFF
FFFFFFFFFFFFFFFFFFFFFFFFFFFFFF  RG:Z:RW-27_584_ CGCGGTATCT+ATTACCGATC_992 NH:1:8 HI:i:5 nM:1:@ AS:1:214

AGB639:992 :HILHWDRXY:2:2264:1488:9392 | 339 chrl 3101751 @ 108M = 3101670 -189 TTCGCCTAGGACGTGTCACTCCCTGATTGGCTGCAGCCCATCG
GCCGAGTTGACGTCACGAGGAAGGCAGAGCACATGGAGTGAAGAACCACCCTCGGCACATGCGCA FFFFFFFFFFFFFFFFFFFFFFFFFF : FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF
FFFFFFFFFFFFFFFFFFFFFFFFFFFFFF  RG:Z:RW-27_594 CGCGGTATCT+ATTACCGATC_992 NH:1:8 HI:1:5 rM:1:@ AS5:1:214

419 in binary is 110100011
» Bit 1 (0x1): template having multiple segments in sequencing (1)
» Bit 2 (0x2): each segment properly aligned according to the aligner (0)
» Bit 3 (0x4): segment unmapped (1)
> Bit 4 (0x8): next segment in the template unmapped (0)
» Bit 5 (0x10): SEQ being reverse complemented (0)
» Bit 6 (0x20): SEQ of the next segment in the template being reverse complemented (1)
» Bit 7 (0x40): the first segment in the template (1)
» Bit 8 (0x80): the last segment in the template (0)
» Bit 9 (0x100): secondary alignment (0)

https://c
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Files Format

* Alignment results: bam/sam (cont.)

alignment section (main content, mandatory field) with a total of 11 columns + optional

samtools view RW-27-merged.cordSorted.bam | head -n 5 | cut -f 2

ABB639:992 :HILHWDRXY : 2: 2164 :32940:6370 | 419 chrl 3101670 @ 1088M =

AGAAAACGAAACCCCGTCCCTATTAAGGAGAATTTTCCT TCGCCT AGGACGTGTCACTCCCTGAT FFFFFFFFFFFFFFFFFFFFFFFFFFFFFF: : FFFFF:F:F:F:F:FFFFF:FFFFFFFFFFFFFFFFFFFFFFFFFF
F:FFFFFFFFFFFFFFFFFFFFFFFFFFFF  RG:Z:RW-27_594_CGCGGTATCT+ATTACCGATC_992 NH:i:8 HI:i:5 nM:1:@ AS:1:214
ABB639:992 :HILHWDRXY :2:2264:1488:9392 | 419 chrl 3101670 @ 1@8M = 3101751 189 GAGCCAGAGTGCAAGAAGCAAGAGAGCAAGAAGCAAGAGAGAG
AGAAAACGAAACCCCGTCCCTATTAAGGAGAATTTTCCT TCGCCT AGGACGTGTCACTCCCTGAT FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF
FFFFFFFFFF : FFFFF:FFFFFFFFFFFFF  RG:Z:RW-27_584 CGCGGTATCT+ATTACCGATC_992 NH:1:8 HI:i:5 nM:1:@ AS:1:214

AGB639:992 :HILHWDRXY:2:2264:1561:9643 | 419 chrl 3101670 @ 108M = 3101751 189 GAGCCAGAGTGCAAGAAGCAAGAGAGCAAGAAGCAAGAGAGAG
AGAAAACGAAACCCCGTCCCTATTAAGGAGAATTTTCCT TCGCCT AGGACGTGTCACTCCCTGAT FF :FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF
FFFFFFFFFFFFFFFFFFFFFFFFFFFFFF  RG:Z:RW-27_SC4_CGCGGTATCT+ATTACCGATC_992 NH:1:8 HI:i:5 nM:1:@ AS:i:214
ABB639:992 :HILHWDRXY : 2: 2164 :32940:6370 | 339 chrl 3101751 @ 108M = 3101670 -189 TTCGCCTAGGACGTGTCACTCCCTGATTGGCTGCAGCCCATCG
GCCGAGTTGACGTCACGAGGAAGGCAGAGCACATGGAGT GAAGAA CCACCCTCGGCACATGCGCA FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF : FFFFFFFFFFFFFFFFFFFFFFFFFFFF
FFFFFFFFFFFFFFFFFFFFFFFFFFFFFF  RG:Z:RW-27_584_ CGCGGTATCT+ATTACCGATC_992 NH:1:8 HI:i:5 nM:1:@ AS:1:214

AGB639:992 :HILHWDRXY:2:2264:1488:9392 | 339 chrl 3101751 @ 108M = 3101670 -189 TTCGCCTAGGACGTGTCACTCCCTGATTGGCTGCAGCCCATCG
GCCGAGTTGACGTCACGAGGAAGGCAGAGCACATGGAGTGAAGAACCACCCTCGGCACATGCGCA FFFFFFFFFFFFFFFFFFFFFFFFFF : FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF
FFFFFFFFFFFFFFFFFFFFFFFFFFFFFF  RG:Z:RW-27_594 CGCGGTATCT+ATTACCGATC_992 NH:1:8 HI:1:5 rM:1:@ AS5:1:214

419 in binary is 110100011
» Bit 1 (0x1): template having multiple segments in sequencing (1)
> Bit 3 (0x4): segment unmapped (1)
» Bit 6 (0x20): SEQ of the next segment in the template being reverse complemented (1)
» Bit 7 (0x40): the first segment in the template (1)

https://c
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A FLAG value of 419 means the following
» The read is part of a pair (0x1).
» The read is unmapped (0x4).
» The mate is reverse complemented (0x20).
» The read is the first segment in the template (0x40).

CHICAGO
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Files Format

* Alignment results: bam/sam (cont.)

alignment section (main content, mandatory field) with a total of 11 columns + optional

samtools view RW-Z7-merged.cordSorted.bam | head -n 5 |

ABB639:992 :HILHWDRXY : 2:2164:32940:6370 419 chrl 310167¢ @ 1088M

AGAAAACGAAACCCCGTCCCTATTAAGGAGAATTTTCCTTCGCCTAGGACGTGTCACTCCCTCAT FFFFFFFFFFFFFFFFFFFFFFFFFFFFFF: : FFFFF:F:F:F:F:FFFFF:FFFFFFFFFFFFFFFFFFFFFFFFFF
F:FFFFFFFFFFFFFFFFFFFFFFFFFFFF  RG:Z:RW-27_594_CGCGGTATCT+ATTACCGATC_ 992 NH:i:8 HI:i:5 nM:1:@ AS:1:214
ADB639:992 :HILHWDRXY :2:2264:1488:9392 419 chrl 310167¢ @ 1@8M = 3101751 189 GAGCCAGAGTGCAAGAAGCAAGAGAGCAAGAAGCAAGAGAGAG
AGAAAACGAAACCCCGTCCCTATTAAGGAGAATTTTCCTTCGCCTAGGACGTGTCACTCCCTCAT FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF
FFFFFFFFFF: FFFFF:FFFFFFFFFFFFF  RG:Z:RW-27_594_ CGCGGTATCT+ATTA(CGATC 992 NH:1:8 HI:i:5 nM:1:@ AS:1:214

AGB639:992 :HILHWDRXY:2:2264:1561:9643 419 chrl 310167¢ @ 108M = 3101751 189 GAGCCAGAGTGCAAGAAGCAAGAGAGCAAGAAGCAAGAGAGAG
AGAAAACGAAACCCCGTCCCTATTAAGGAGAATTTTCCTTCGCCTAGGACGTGTCACTCCCTCAT FF :FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF
FFFFFFFFFFFFFFFFFFFFFFFFFFFFFF  RG:Z:RW-27_594_CGCGGTATCT+ATTACCGATC 992 NH:1:8 HI:i:5 nM:1:@ AS:i:214
ABB639:992 :HILHWDRXY : 2:2164:32940:6370 339 chrl 3101751 @ 108M = 3101670 -189 TTCGCCTAGGACGTGTCACTCCCTGATTGGCTGCAGCCCATCG
GCCGAGTTGACGTCACGAGGAAGGCAGAGCACATGGAGTGAAGAACCACCCTCGGCACATGCCCA FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF : FFFFFFFFFFFFFFFFFFFFFFFFFFFF
FFFFFFFFFFFFFFFFFFFFFFFFFFFFFF  RG:Z:RW-27_594_CGCGGTATCT+ATTACCGATC 992 NH:1:8 HI:i:5 nM:1:@ AS:1:214

AGB639:992 :HILHWDRXY:2:2264:1488:9392 339 chrl 3101751 @ 108M = 3101670 -189 TTCGCCTAGGACGTGTCACTCCCTGATTGGCTGCAGCCCATCG
GCCGAGTTGACGTCACGAGGAAGGCAGAGCACATGGAGTGAAGAACCACCCTCGGCACATGCGCA FFFFFFFFFFFFFFFFFFFFFFFFFF : FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF
FFFFFFFFFFFFFFFFFFFFFFFFFFFFFF  RG:Z:RW-27_594 CGCGGTATCT+ATTACCGATC_992 NH:1:8 HI:1:5 rM:1:@ AS5:1:214

Column 5is MAPQ: MAPping quality value, equals -10 log10 Pr{mapping position is wrong},
rounded to the nearest integer.

» A value 255 indicates that the mapping quality is not available.

» Avalue 0 indicates that the read is mapped to multiple locations, meaning the alignment is

not unique.

» A value 1-9 generally indicates a low confidence in the alignment.

» Avalue 10-29 indicates moderate confidence in the alignment.

» A value 30: High confidence, often a unique alignment.

» A value 240: Very high confidence, almost certain correct mapping.

https://c
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Files Format

* Alignment results: bam/sam (cont.)

alignment section (main content, mandatory field) with a total of 11 columns + optional

samtools view RW-Z7-merged.cordSorted.bam | head -n 5 |

ABB639:992 :HILHWDRXY : 2:2164:32940:6370 419 chrl 3101670 @ 108M = 3101751 189 GAGCCAGAGTGCAAGAAGCAAGAGAGCAAGAAGCAAGAGAGAG
AGAAAACGAAACCCCGTCCCTATTAAGGAGAATTTTCCTTCGCCTAGGACGTGTCACTCCCTGAT FF-FFFFF-FFFFFFFFFFFFFFFFFFFFF: : FFFFF:F:F:F:F:FFFFF : FFFFFFFFFFFFFFFFFFFFFFFFFF
F:FFFFFFFFFFFFFFFFFFFFFFFFFFFF  RG:Z:RW-27_594_CGCGGTATCT+ATTACCGATC_992 NH:i:8 HI:i:5 nM:1:@ AS:1:214
ADB639:992 :HILHWDRXY :2:2264:1488:9392 419 chrl 3101670 @ 1@8M = 3101751 189 GAGCCAGAGTGCAAGAAGCAAGAGAGCAAGAAGCAAGAGAGAG
AGAAAACGAAACCCCGTCCCTATTAAGGAGAATTTTCCTTCGCCTAGGACGTGTCACTCCCTGAT FF "FFFFF-FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF
FFFFFFFFFF: FFFFF:FFFFFFFFFFFFF  RG:Z:RW-27_594_ CGCGGTATCT+ATTACCGATC_992 NH:1:8 HI:i:5 nM:1:@ AS:1:214
AGB639:992 :HILHWDRXY:2:2264:1561:9643 419 chrl 3101670 @ 108M = 3101751 189 GAGCCAGAGTGCAAGAAGCAAGAGAGCAAGAAGCAAGAGAGAG
AGAAAACGAAACCCCGTCCCTATTAAGGAGAATTTTCCTTCGCCTAGGACGTGTCACTCCCTGAT FF:FFFFF-FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF
FFFFFFFFFFFFFFFFFFFFFFFFFFFFFF  RG:Z:RW-27_594_CGCGGTATCT+ATTACCGATC_992 NH:1:8 HI:i:5 nM:1:@ AS:i:214
ABB639:992 :HILHWDRXY : 2:2164:32940:6370 339 chrl 3101751 @ 108M = 3101670 -189 TTCGCCTAGGACGTGTCACTCCCTGATTGGCTGCAGCCCATCG
GCCGAGTTGACGTCACGAGGAAGGCAGAGCACATGGAGTGAAGAACCACCCTCGGCACATGCGCA FF-FFFFF-FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF : FFFFFFFFFFFFFFFFFFFFFFFFFFFF
FFFFFFFFFFFFFFFFFFFFFFFFFFFFFF  RG:Z:RW-27_594_CGCGGTATCT+ATTACCGATC_992 NH:1:8 HI:i:5 nM:1:@ AS:1:214
AGB639:992 :HILHWDRXY:2:2264:1488:9392 339 chrl 3101751 @ 108M = 3101670 -189 TTCGCCTAGGACGTGTCACTCCCTGATTGGCTGCAGCCCATCG
GCCGAGTTGACGTCACGAGGAAGGCAGAGCACATGGAGTGAAGAACCACCCTCGGCACATGCGCA FFFFFFFFFFFFFFFFFFFFFFFFFF : FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF
FFFFFFFFFFFFFFFFFFFFFFFFFFFFFF  RG:Z:RW-27_594 CGCGGTATCT+ATTACCGATC_992 NH:1:8 HI:1:5 rM:1:@ AS5:1:214

Column 6 is CIGAR: CIGAR string
Op BAM Description

https://

Consumes Consumes

Biological Sciences
Bioinformatics Core

query reference
M 0 alignment match (can be a sequence match or mismatch es es
g q y y
o O I 1 insertion to the reference yes no
& U D 2 deletion from the reference no yes
5 < N 3 skipped region from the reference no yes
B @) S 4 soft clipping (clipped sequences present in SEQ) yes no
7 b— H 5 hard clipping (clipped sequences NOT present in SEQ) no no
Z I P 6 padding (silent deletion from padded reference) no no
S = 7 sequence match yes yes
X 8 sequence mismatch ves yes

@

Pic source top: screenshot of core analysis data with samtools view for bam files
Pic source bottom: samtools github page at https://samtools.github.io/hts-specs/SAMv1.pdf
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Files Format

* Alignment results: bam/sam (cont.)

alignment section (main content, mandatory field) with a total of 11 columns + optional

samtools view RW-Z7-merged.cordSorted.bam | head -n 5 |

ABB639:992 :HILHWDRXY : 2:2164:32940:6370 419 chrl 3101670 @ 1088M

AGAAAACGAAACCCCGTCCCTATTAAGGAGAATTTTCCTTCGCCTAGGACGTGTCACTCCCTGAT FFFFFFFFFFEEEFFFEFFFEFFFFEFFEE : :FEFFE:F:F:F :F: FFFFF : FFFFFFFFFFFFFFFFFFFFFFFFFF
F:FFFFFFFFFFFFFFFFFFFFFFFFFFFF  RG:Z:RW-27_594_CGCGGTATCT+ATTACCGATC_992 NH:i:8 HI:i:5 nM:1:@ AS:1:214
ADB639:992 :HILHWDRXY :2:2264:1488:9392 419 chrl 3101670 @ 1@8M = 3101751 189 GAGCCAGAG GCAAGAAGCAAGAGAGCAAGAAGCAAGAGAGAG
AGAAAACGAAACCCCGTCCCTATTAAGGAGAATTTTCCTTCGCCTAGGACGTGTCACTCCCTGAT FFFFFFFFFF “FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF -FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF
FFFFFFFFFF : FFFFF:FFFFFFFFFFFFF  RG:Z:RW-27_594_ CGCGGTATCT+ATTACCGATC_992 NH:1:8 HI:i:5 nM:1:@ AS:1:214

AGB639:992 :HILHWDRXY:2:2264:1561:9643 419 chrl 3101670 @ 108M = 3101751 189 GAGCCAGAG "GCAAGAAGCAAGAGAGCAAGAAGCAAGAGAGAG
AGAAAACGAAACCCCGTCCCTATTAAGGAGAATTTTCCTTCGCCTAGGACGTGTCACTCCCTGAT FF :FFFFFFF -FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF -FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF
FFFFFFFFFFFFFFFFFFFFFFFFFFFFFF  RG:Z:RW-27_594_CGCGGTATCT+ATTACCGATC_992 NH:1:8 HI:i:5 nM:1:@ AS:i:214
ABB639:992 :HILHWDRXY : 2:2164:32940:6370 339 chrl 3101751 @ 108M = 3101670 -189 TTCGCCTAG :ACGTGTCACTCCCTGATTGGCTGCAGCCCATCG
GCCGAGTTGACGTCACGAGGAAGGCAGAGCACATGGAGTGAAGAACCACCCTCGGCACATGCGCA FFFFFFFFFF-FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF : FFFFFFFFFFFFFFFFFFFFFFFFFFFF
FFFFFFFFFFFFFFFFFFFFFFFFFFFFFF  RG:Z:RW-27_594_CGCGGTATCT+ATTACCGATC_992 NH:1:8 HI:i:5 nM:1:@ AS:1:214

AGB639:992 :HILHWDRXY:2:2264:1488:9392 339 chrl 3101751 @ 108M = 3101670 -189 TTCGCCTAG :ACGTGTCACTCCCTGATTGGCTGCAGCCCATCG
GCCGAGTTGACGTCACGAGGAAGGCAGAGCACATGGAGTGAAGAACCACCCTCGGCACATGCGCA FFFFFFFFFF -FFFFFFFFFFFFFFF : FFFFFFFFFFFFFFFFF -FFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFFF
FFFFFFFFFFFFFFFFFFFFFFFFFFFFFF  RG:Z:RW-27_594 CGCGGTATCT+ATTACCGATC_992 NH:1:8 HI:1:5 rM:1:@ AS5:1:214

Optional fields: TAG: TYPE: VALUE
» TAG is a two-character string that matches /[A-Za-z][A-Za-z0-9]/.
» TYPE is a single case-sensitive letter which defines the format of VALUE:

https://
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. Type Regexp matching VALUE Description

e O A [1-"1] Printable character

E U i [-+]7[0-9]+ Signed integer'®

z Q: f [-+]7[0-9]*\.7[0-9]+([eE] [-+]?[0-8]+)7 Single-precision floating number
3 U Z [ '-"]* Printable string, including space
= — H ([0-9A-F] [0-9A-F] ) * Byte array in the Hex format!”

Z I B [cCsSilf] (, [-+]7[0-9]*\.7[0-9]1+([eE] [-+]7[0-9]+)?)* Integer or numeric array

= O

@

Pic source top: screenshot of core analysis data with samtools view for bam files
Pic source bottom: samtools github page at https://samtools.github.io/hts-specs/SAMv1.pdf
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Files Format

e Count table from Salmon

Row: gene features; Column: samples

gene_id gene_name |samplei sample2 sample3 sampled sample5 sample6 sample? sample8

ENSG00000036549.13 7773 741.999 500 544 6 360 486 514 485.001
ENSG00000074755.15 ZZEF1 2172.999 1018.002 1050 18 569 1031 1350.001 1413.001
ENSG00000274572.1 ZYXP1 0 0 0 0 0 0 0 0
ENSG00000159840.16 ZYX 3999.002| 2870.002| 3995.999 45 1317 3098 3869 3895
ENSG00000162378.13 ZYG11B 1524 831 952 24 921 1067 843 991
ENSG00000232242.2 ZYG11AP1 0 0 0 0 0 0 0 0
ENSG00000203995.10 IYG11A 0 0 0 0 0 0 0 0
ENSG00000070476.15 ZXDC 529 259 234 4 103 342 370 339
ENSG00000198455.5 IXDB 224.703 89.251 150.361 4 130.76 148.567 134.181 152.023
ENSG00000198205.7 ZXDA 173.297 63.749 109.639 0 38.24 63.433 99.819 89.977
ENSG00000122952.17 ZWINT 59 56 66 1 7 32.999 44 48
ENSG00000174442.12 ZWILCH 142.001 108.001 175 3 108 83 98.001 110
ENSG00000086827.9 W10 361 299 329 8 163 308.001 308 288
ENSG00000182378.15 PLCXD1 246.27 179.043 11.288 0 0 0 197.195 224.224
ENSG00000182378.15_PARY PLCXD1 126.73 9.958 201.711 8 94 285 81.805 82.776

Note:

» Ensembl gene id are unique identifiers assigned to each gene in the Ensembl database.
» ' _PAR_Y': This indicates that the gene is located in the pseudoautosomal region (PAR) of the Y chromosome.

» There are different biotypes for gene assembly results either from Salmon or featureCount.

» protein_coding is the biotype bulk RNA-seq should focus on.

Pic source: screenshot of core analysis data with samtools view for bam files




Gene Biotypes in GENCODE & Ensembl

Biotype Definition
IG_C_gene Immunoglobulin (Ig) variable chain and T-cell receptor (TcR) genes imported or annotated according to the IMGT.
IG_D_gene
IG_pseudogene Inactivated immunoglobulin gene.

IG_C_pseudogene
Mt_rRNA Non-coding RNA predicted using sequences frorn Rfam and miRBase
Mit_tRNA

miRNA
misc_RNA

rRNA

scRNA

snRNA

snoRMNA
ribozyme

sRNA

scaRNA

IncRNA Generic long non-coding RNA biotype that replaced the following biotypes: 3prime_overlapping_ncRNA, antisense,
bidirectional_promoter_IncRNA, lincRNA, macro_IncRNA, non_coding, processed_transcript, sense_intronic and

Biological Sciences
Bioinformatics Core

sense_overlapping.

protein_coding Contains an open reading frame (ORF).

protein_coding_LoF Mot translated in the reference genome owing to a SNF/DIP but in other individuals/haplotypes/strains the
transcript is translated. Replaces the polymorphic_pseudogene transcript biotype.

protein_coding_CDS_not_defined Transcript that belongs to a protein_coding gene and doesn't contain an ORF. Replaces the processed_transcript
transcript biotype in protein_coding genes.

CHICAGO

Note:
» This is part of biotypes listed here, full list of biotypes can be referred to https://www.gencodegenes.org/pages/biotypes.html

Pic source: gencode biotypes documentation


https://www.gencodegenes.org/pages/biotypes.html

Files Format

e Count table from Salmon

Row: gene features; Column: samples

gene_id gene_name |samplei sample2 sample3 sampled sample5 sample6 sample? sample8
ENSG00000036549.13 2773 741.999 500 544 6 360 486 514 485.001
ENSG00000074755.15 ZZEF1 2172.999 1018.002 1050 18 569 1031 1350.001 1413.001
ENSG00000274572.1 IYXP1 0 0 0 0 0 0 0 0
ENSG00000159840.16 ZYX 3999.002( 2870.002| 3995.999 45 1317 3098 3869 3895
ENSG00000162378.13 ZYG11B 1524 831 952 24 921 1067 843 991
ENSG00000232242.2 ZYG11AP1 0 0 0 0 0 0 0 0
8‘ ENSG00000203995.10 ZYG11A 0 0 0 0 0 0 0 0
= ENSG00000070476.15 IXDC 529 259 234 4 103 342 370 339
ENSG00000198455.5 ZXDB 224.703 89.251 150.361 4 130.76 148.567 134.181 152.023
2 Qo ENSG00000198205.7 ZXDA 173.297 63.749 109.639 0 38.24 63.433 99.819 89.977
g 8 ENSG00000122952.17 ZWINT 59 56 66 1 7 32.999 44 46
.g § ENSG00000174442.12 ZWILCH 142.001 108.001 175 3 108 83 98.001 110
2 ] ENSG00000086827.9 W10 361 299 329 8 163 308.001 308 288
(] E ENSG00000182378.15 PLCXD1 246.27 179.043 11.288 0 0 0 197.195 224.224
'g’ -g ENSG00000182378.15_PAR_Y PLCXD1 126.73 9.958 201.711 8 94 285 81.805 82.776
o0
a Note:
[
o O » Around 55~56K genes in the GTF.
E U » For both mouse and human, should expect around ~20K protein coding genes.
z <C
>
7 —
=
[a]
)

Pic source: screenshot of core analysis data with samtools view for bam files
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Data Download/Transfer

__________________ . Illumina sequencing reads
g.s-f;%a::;p’ eolbus) / * fastq.gz files /

Quality control

INFORMATICS

=t CRI RNA-seq Analysis Pipeline

[ | FastQC, Trim Galore, BBSplit, SortMeRNA, MultiQC
Quality OK
Nextflow Pipeline Analysis
. Reads alignment -
(HPC computation) ~ ---e-e- — STAgR * bam files
1 week l
Collect alignment stats, inspect mapping
RSeQC, Picard, Qualimap, dupRadar, Preseq
Count gene features
-
Salmon Count table
n 9 1
1
8 =) . " "
e L Downstream Analysis Detect differentially expressed genes
9 ) (LocalPC) e — edgeR / DEseq2 / limma-voom
(S =—
n 1 week 1
s E Gene sets enrichment analysis
O
) '2 Pathway/Network analysis
2 £ - ClusterProfiler, g:Profiler, GSVA, gsorViz, IPA
[}
o m
I QC results (*.fastqc.zip); Alignment files (*.bam); Alignment stats (*.txt)
I
@) O I Gene expression (*featurecount* .txt); Differentially expressed genes (*.txt)
E ( D Enriched biological gene ontologies and pathways in conditions of interest (*cp.txt, ipa)
Y 'ONTOLOGY ID Description GeneRatio  BgRatio pvalue p.adjust qualue genelD Count
wvy BP |G0:0086005 |ventricular cardiac muscle cell actien potential 5/202 31/18906 1.B0E-05 | 005578174 0.05102467 | SCN3B/KCN 5
BP GO:0086091 |regulation of heart rate by cardiac conduction 5/202 35/18906 3.31E-05| 005578174/ 0.05102467 | SCN3B/KCN 5
m BP G0:0061351 |neural precursor cell lf { 8/202 129/18906 7.47E-05| 0.06887954| 0.06300549 [NF2/FABP7/| 8|
[_]’_] 1BP |G0:0060326 |cell chemotaxis 11/202 250/18906 8.19E-05| 0.06887954| 0. 11]
> |BP G0:0070252 |actin-mediated cell contraction 7/202 104/18906 | 0.00012683 | 0.07511781| 0. 7]
BP GO:2000291 |regulation of myoblast proliferation 3/202 10/18906 | 0.00013645 | 0.07511781 0. 3
= BP |GO:00£5001 \card'm muscle cell action potential involved in contraction 5/202 48/18906 0.00015521_307511781 1 5
Z i—‘ P |G0:0070098 |chemokine-mediated signaling pathway /202 81/18906 | 0.00023034| 0.0758312]
P |G0:0021978 [telencephalon regionalization /202 12/18906 | 0.0002462 0758312
D F |GO:0086008 |voltage-gated potassium channel activity involved in cardiac n{3/202 12/18906 | 0.00024623| 0.0758312] 0
P GO:0071435 ion export /202 13/18906 | 0.0003175! .0758312 | 0
s3] BP |G0:0030048 [actin filament-based movement 7/202 121/18906 | 0.0003237| 0.0758312 7]
m BP GO:0030593 il chemotaxis 6/202 88/18906 0.0003616| 0.0758312 CCL20/PLA2] 6|
BP (GO:0060048 |cardiac | i 7/202 124/18906 |0.00037569| 0.0758312 7|
[—1 BP G0:0086003 |cardiac muscle cell contraction 5/202 58/18906 | 0.00038346| 0.0758312|0.06936431 SCNBB/KCNH 5
BP |GO:0050900 |leukocyte migration 1@/201 454/18906 | 0.00039102| 0.0758312) 0.06936431 ADDII?MPS 14




Nextflow Bulk RNA-seq Pipeline

@ o w @ B

infer FastP
cat strandedness UMI-tools UMI-tools SAMtools

fastq (Salmon) (sort, index,

extr dedup Ry
5tats
@ F— L I — — o

; : picard
subsample FastQC BBSplit MarkDuplicates
fastg Galore!

(fq)

BEDtools
genomecov

oo License: @D
(%)
=] n f - co re/ A Kallisto MultiQC bedGraphToBigWig (J @
<
Lvs)
" @ (] 5tringTie
Jo
=0
58 MultiQC  dupRadar Preseq
- STAGE METHOD e up
— (0] 1. Pre-processing mmmmm  Aligner: STAR, Quantification: Salmen (default)
8 E 2. Genome alignment & quantification s Aligner: STAR, Quantification: RSEM IJESqu Ql.lﬂlil'lﬂp RSEQC
5o 3. Pseudo-alignment & quantification Aligner: HISAT2, Quantification: None (PCA only) rnaseq (multiple
o c 4. Post-processing s Pseudo-aligner: Salmon, Quantification: Salmon modulasj
B -6 5. Final @C s Psevudo-aligner: Kallisto, Quantification: Kallisto
o o

Pre-processing: fastq files
Genome alignment: bam files

Assembly quantification: count table
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Downstream visualization and DE analysis: flexibility

Pic source: https://nf-co.re/rnaseq/latest/



Objectives

1. Overview of bulk RNA-seq analysis pipeline
workflow

https

2. QC assessment of bulk RNA-seq data

Biological Sciences
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w

Hands on experience using R Bioconductor
packages to conduct bulk RNA-seq DE analysis
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Quality Control — FastQC Outputs

1 @Basic Statistics

Measure Value

Filename RW-27_594_R1_@01.fastq.gz
File type Conventional base calls
Encoding Sanger / Illumina 1.9
Total Sequences 12933510

Sequences flagged as poor quality @
Sequence length 1es

%G6C 47

https:

2 . @Per base sequence quality

Quality scores across all bases (Sanger / Bumina 1.9 encoding)
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i

122456708% 11 12 15 17 1% 21 22 2% 27 2% 31 23 3% 37 39 41 43 45 47 49 51 53 55 57 3% 61 €3 65 67 €9 71 72 75 77 79 8l 82 85 87 8% Hl 93 55 97 S5 10D 104 107
Pasition in read (bp)
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Quality Control — FastQC Outputs (cont

'i*Per base sequence content

100
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a8l

70
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L
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o

1234567

Sequence content acrozs all bases
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Quality Control — FastQC/MultiQC Outputs
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Quality Control — MultiQC Outputs

e FastQC: Summarize all samples QC results
together

e Cutadapt: trim adapter sequences

* samtools/STAR/QualiMap/RSeQC/Picard:
Summarize alignment results for all samples

http

* Salmon: Biotype Counts

* Generate with one html outputs

Biological Sciences
Bioinformatics Core

 Example: multigc report.html

CHICAGO

bt

Example: Prepared by our core member Qiaoshan Lin, PhD for core analysis project


multiqc_report.html

Alignment QC: RSeQC

Read Distribution

Read Distribution calculates how mapped reads are distributed over genome features.

Percentages Export Plot
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RSeQC: Read Distribution
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Pic source: screenshot of core analysis data summarized by multiQC on RSeQC tool ‘read_distribution.py’



Alignment QC: RSeQC
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Pic source: screenshot of core analysis data summarized by multiQC on RSeQC tool ‘infer_experiment.py’



Alignment QC: RSeQC (cont.)
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Pic source: screenshot of core analysis data summarized by multiQC on RSeQC tool ‘infer_experiment.py’
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ignment QC: RSeQC (cont.)

Example 1: Pair-end non strand specific:

infer_experiment.py -r hgl9.refseq.bedl? -i Pairend_nonStrandSpecific_36mer_Human_hgl9.bam
#0utput::

This is PairEnd Data

Fraction of reads failed to determine: 9.8172

Fraction of reads explained by "1++,1-—,2+-,2-+": 0.4903
Fraction of reads explained by "1+-,1-+,2++,2--"1: 0.4925

Example 2: Pair-end strand specific:

infer_experiment.py -r hgl9.refseq.bed1? -i Pairend_StrandSpecific_51mer_Human_hgl9. bam
#0utput::

This is PairEnd Data

Fraction of reads failed to determine: @.0872

Fraction of reads explained by |'1++,1-—,2+=,2—+": 8.9441
Fraction of reads explained by +=, 1=+, 2 ++, : B.048

Readl
) ,

Forward Strand +
Reverse Strand -

3 Read?2 5'

Forward strand specific

Pic source: RseQC webpage at https://rseqc.sourceforge.net/ - infer-experiment-py
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Gene Assembly Results on Biotypes
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Pic source: screenshot of core analysis data summarized by multiQC on salmon gene assembly qualification
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Files Format

e Count table from Salmon

Row: gene features; Column: samples

gene_id gene_name |samplei sample2 sample3 sampled sample5 sample6 sample? sample8

ENSG00000036549.13 7773 741.999 500 544 6 360 486 514 485.001
ENSG00000074755.15 ZZEF1 2172.999 1018.002 1050 18 569 1031 1350.001 1413.001
ENSG00000274572.1 ZYXP1 0 0 0 0 0 0 0 0
ENSG00000159840.16 ZYX 3999.002| 2870.002| 3995.999 45 1317 3098 3869 3895
ENSG00000162378.13 ZYG11B 1524 831 952 24 921 1067 843 991
ENSG00000232242.2 ZYG11AP1 0 0 0 0 0 0 0 0
ENSG00000203995.10 IYG11A 0 0 0 0 0 0 0 0
ENSG00000070476.15 ZXDC 529 259 234 4 103 342 370 339
ENSG00000198455.5 IXDB 224.703 89.251 150.361 4 130.76 148.567 134.181 152.023
ENSG00000198205.7 ZXDA 173.297 63.749 109.639 0 38.24 63.433 99.819 89.977
ENSG00000122952.17 ZWINT 59 56 66 1 7 32.999 44 48
ENSG00000174442.12 ZWILCH 142.001 108.001 175 3 108 83 98.001 110
ENSG00000086827.9 W10 361 299 329 8 163 308.001 308 288
ENSG00000182378.15 PLCXD1 246.27 179.043 11.288 0 0 0 197.195 224.224
ENSG00000182378.15_PARY PLCXD1 126.73 9.958 201.711 8 94 285 81.805 82.776

Note:

» Protein coding genes summarized for downstream DE analysis
» ~20K genes should be summarized for both human and mouse genome

Pic source: screenshot of core analysis data with samtools view for bam files
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Data Download/Transfer

__________________ . Illumina sequencing reads
g.s-f;%a::;p’ eolbus) / * fastq.gz files /

Quality control

INFORMATICS

=t CRI RNA-seq Analysis Pipeline

[ | FastQC, Trim Galore, BBSplit, SortMeRNA, MultiQC
Quality OK
Nextflow Pipeline Analysis
. Reads alignment -
(HPC computation) ~ ---e-e- — STAgR * bam files
1 week l
Collect alignment stats, inspect mapping
RSeQC, Picard, Qualimap, dupRadar, Preseq
Count gene features
-
Salmon Count table
n 9 1
1
8 =) . " "
e L Downstream Analysis Detect differentially expressed genes
9 ) (LocalPC) e — edgeR / DEseq2 / limma-voom
(S =—
n 1 week l
s E Gene sets enrichment analysis
O
) '2 Pathway/Network analysis
2 £ - ClusterProfiler, g:Profiler, GSVA, gsorViz, IPA
[}
o m
I QC results (*.fastqc.zip); Alignment files (*.bam); Alignment stats (*.txt)
I
@) O I Gene expression (*featurecount* .txt); Differentially expressed genes (*.txt)
E ( D Enriched biological gene ontologies and pathways in conditions of interest (*cp.txt, ipa)
Y 'ONTOLOGY ID Description GeneRatio  BgRatio pvalue p.adjust qualue genelD Count
wvy BP |G0:0086005 |ventricular cardiac muscle cell actien potential 5/202 31/18906 1.B0E-05 | 005578174 0.05102467 | SCN3B/KCN 5
BP GO:0086091 |regulation of heart rate by cardiac conduction 5/202 35/18906 3.31E-05| 005578174/ 0.05102467 | SCN3B/KCN 5
m BP G0:0061351 |neural precursor cell lf { 8/202 129/18906 7.47E-05| 0.06887954| 0.06300549 [NF2/FABP7/| 8|
[_]’_] 1BP |G0:0060326 |cell chemotaxis 11/202 250/18906 8.19E-05| 0.06887954| 0. 11]
> |BP G0:0070252 |actin-mediated cell contraction 7/202 104/18906 | 0.00012683 | 0.07511781| 0. 7]
BP GO:2000291 |regulation of myoblast proliferation 3/202 10/18906 | 0.00013645 | 0.07511781 0. 3
= BP |GO:00£5001 \card'm muscle cell action potential involved in contraction 5/202 48/18906 0.00015521_307511781 1 5
Z i—‘ P |G0:0070098 |chemokine-mediated signaling pathway /202 81/18906 | 0.00023034| 0.0758312]
P |G0:0021978 [telencephalon regionalization /202 12/18906 | 0.0002462 0758312
D F |GO:0086008 |voltage-gated potassium channel activity involved in cardiac n{3/202 12/18906 | 0.00024623| 0.0758312] 0
P GO:0071435 ion export /202 13/18906 | 0.0003175! .0758312 | 0
s3] BP |G0:0030048 [actin filament-based movement 7/202 121/18906 | 0.0003237| 0.0758312 7]
m BP GO:0030593 il chemotaxis 6/202 88/18906 0.0003616| 0.0758312 CCL20/PLA2] 6|
BP (GO:0060048 |cardiac | i 7/202 124/18906 |0.00037569| 0.0758312 7|
[—1 BP G0:0086003 |cardiac muscle cell contraction 5/202 58/18906 | 0.00038346| 0.0758312|0.06936431 SCNBB/KCNH 5
BP |GO:0050900 |leukocyte migration 1@/201 454/18906 | 0.00039102| 0.0758312) 0.06936431 ADDII?MPS 14




TAKE A BREAK

Object3: Hands on experience using R
2 Bioconductor packages to conduct bulk RNA-seq
DE analysis

e et ##
rm(list = 1s())

library(DESeg2)
library(edgeR)
library(dplyr)
B e i ##

S THE UNIVERSITY OF
& CHICAGO




Downstream DE Analysis

e 2 input table for DE analysis
» count table
» metadata table

| Conl Con2 Con3 Con4 DHT1 DHT2 DHT3 J
ENSG00000078804 T 12 12 B — piis
ENSG00000201180 0 0 0 0 0 0
ENSG00000180305 0 0 0 0 0 0 0
> ENSG00000197183 32 26 41 21 20 25 4 sample |Treatment
< ENSG00000210607 0 0 0 0 0 0 0
b= ENSG00000203961 1 4 6 7 1 4 1 Con1l Control
ENSG00000118705 351 476 490 609 036 241 334
"o ENSG00000126005 8 12 32 28 26 12 a4 Con2 Control
§ S ENSG00000184617 0 0 0 1 2 1 1 Con3 Control
w4 ENSG00000209042 0 0 0 0 0 0 0
58 ENSG00000213603 0 0 1 3 0 2 0 Con4d Control
= E ENSG00000222689 0 0 0 0 0 0 0
% 5 ENSG00000215047 3 2 2 1 3 2 1 DHT1 DHT
< ENSG00000167390 0 1 0 0 0 0 0
ﬁ S ENSG00000080845 62 116 120 74 133 137 40 DHT2 DHT
o o ENSG00000173418 222 249 297 339 438 453 138 DHT3 DHT
ENSG00000219162 0 0 0 0 0 0 0
ENSG00000101189 6 3 8 8 11 5 2
Count table metadata table

* Single-factor experiment data

» pnas-count_singleFactor*

* Multi-factor experiment data
» ReadCounts-Chen-*

CHICAGO

&



Downstream DE Analysis

e 2 input table for DE analysis
> count table
» metadata table
A

EntreziD WT.N4.repl |WT.N4.rep2 |WT.V4.repl (WT.V4.rep2 |KO.N4.repl [KO.N4.rep2 |KO.N4.rep3 [KO.V4.repl [KO.V4.rep2 ’ \
497097 0 0 0 0 0 0 0 0 0
100503874 0 0 0 0 0 0 0 0 ol ISampleLable}Genotype |Treatment
100038431 0 0 0 0 0 0 0 0 0| JWT.N4.repl jWT N4
T : : : : ; : : : o [WINarep2 JWT N4
)
)
< 27395 305 291 430 499 599 785 671 702 gos| [WT.V4repl JWT va
18777 510 527 653 642 404 585 544 888 724| JWT.V4d.rep2 JWT V4
3g 100503730 0 0 4 1 1 3 0 0 ol IKO.N4.rep1 JKO N4
3] 21399 333 361 445 608 424 771 572 710 806
=0
2w 58175 0 0 0 1 1 0 0 0 0 KO.N4.rep2 KO N4
a = 108664 194 124 230 281 264 334 340 398 444| JKO.N4.rep3 JKO N4
,—3 £ 18387 0 0 0 0 0 0 0 0 0o |KO.V4.repl JKO V4
58 226304 0 0 0 0 0 g 0 0 9 Iko.va.rep2 fko V4
oc 12421 326 355 158 210 193 175 237 388 263| L
-] 240690 1 0 1 0 0 0 0 1 0
@M 00504079 15 15 3 10 23 5 10 36 10
319263 348 356 119 128 93 67 116 329 164
Count table metadata table

* Single-factor experiment data

» pnas-count_singleFactor*

* Multi-factor experiment data
» ReadCounts-Chen-*

CHICAGO




Single-factor experiment DE Analysis

e Step 1: Read in raw count and metadata table

e Step 2: Low expression genes removal

https://

e Step 3: standard DESeqg2 DE analysis on single-
factor experiment

Biological Sciences
Bioinformatics Core

* Step 4: filtering DEGs on threshold

s QO
A&,
g«:
-9
oL
HO)
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Single-factor experiment DE Analysis (cont.)

e Step 1: Read in raw count and metadata table

B - o m e e ##

rm(list = 1s())

## if DEseg2 and edgeR is not installed please install with below command by uncomment it
# BiocManager::install(c('DESeqg2', 'edgeR', 'dplyr'))

library(DESeq2)

library(edgeR)

library(dplyr)
it ##

h

Biological Sciences
Bioinformatics Core

it THE UNIVERSITY OF
& CHICAGO




Single-factor experiment DE Analysis (cont.)

e Step 1: Read in raw count and metadata table

B - o m e e ##

rm(list = 1s())

## if DEseg2 and edgeR is not installed please install with below command by uncomment it
# BiocManager::install(c('DESeqg2', 'edgeR', 'dplyr'))

library(DESeq2)
library(edgeR)
library(dplyr)
== e L L ##
B mm e e e e e ##
4 % ## Step 1. Read in raw count and metadata table
Efi count <- read.delim(file = 'demo_data/pnas-count_singleFactor - pnas-count_singleFactor.tsv',
S’,f‘: header = T, sep = '\t', row.names = 1)
— E meta <- read.delim(file = 'demo_data/pnas-count_singleFactor-meta - pnas-count_singleFactor-meta.tsv',
%8 header = T, sep = "\t")
%-g ## re-order metadata table so that the sample information in the metadata table
o o ## is consistent with count table columns

meta <- meta[match(colnames(count), meta$sample),]
group <- factor(meta$Treatment)
B mmmmmmmmmeemememecammmemammemmemesemecmmeaammseemme-ememecemeaemasea=asas ##

JCHICAGO




Single-factor experiment DE Analysis (cont.)

## Step 2: Low expression removal via edgeR cpm()

## setup input object for edgeR to conduct computation,

## where libraryv size and normglization factor will be computed
dge.count <- DGEList(counts=count, group=group)

dge.count <- calcNormFactors(dge.count)

dge.count

## Normalization with cpm()

cpm.count <- cpm(dge.count$counts)

cpmCutoff <- as.numeric(5)

n @

§8 groupCutoff <- as.numeric(2)

;§g ## At least 1 sample from each group has expression value >= cpmCutoff value
'§§ ## 1line index to keep

:gﬁ keep = rowSums(cpm.count > as.numeric(cpmCutoff)) >= groupCutoff

22 dge.count.rmlow <- dge.count[keep, ]

## update DGEList library size and normalization factor
dge.count.rmlow$samples$lib.size <- colSums(dge.count.rmlow$counts)
dge.count.rmlow <- calcNormFactors(dge.count.rmlow, method="TMM")

dim(dge. count$counts)

dim(dge. count.rmlow$counts)

dge.count$samples

dge.count.rmlow$samples

## normalized log transformed count table after low expression removal
log.cpm.rmlow <- cpm(dge.count.rmlow, normalized.lib.sizes=T, log=T)

- e e e e e L i

& CHICAGO




Single-factor experiment DE Analysis (cont.)

## Step 2: Low expression removal via edgeR cpm()

## setup input object for edgeR to conduct computation,

## where library size and normalization factor will be computed
dge.count <- DGEList(counts=count, group=group)

dge.count <- calcNormFactors(dge.count)

dge.count

## Normalization with cpm()

cpm.count <- cpm(dge.count$counts)
- cpmCutoff <- as.numeric(5)
§§ groupCutoff <- as.numeric(2)
;§g ## At least 1 sample from each group has expression value >= cpmCutoff value
'§§ ## 1line index to keep
22 keep = rowSums(cpm.count > as.numeric(cpmCutoff)) >= groupCutoff
g:g dge.count.rmlow <- dge.count[keep, ]

## update DGEList Library size and normalization factor
dge.count.rmlow$samples$lib.size <- colSums(dge.count.rmlow$counts)
dge.count.rmlow <- calcNormFactors(dge.count.rmlow, method="TMM")

dim(dge. count$counts)

dim(dge. count.rmlow$counts)

dge.count$samples

dge.count.rmlow$samples

## normalized log transformed count table after low expression removal
log.cpm.rmlow <- cpm(dge.count.rmlow, normalized.lib.sizes=T, log=T)

- e e e e e L i

& CHICAGO




Single-factor experiment DE Analysis (cont.)

## Step 2: Low expression removal via edgeR cpm()

## setup input object for edgeR to conduct computation,

## where library size and normalization factor will be computed
dge.count <- DGEList(counts=count, group=group)

dge.count <- calcNormFactors(dge.count)

dge.count

## Normalization with cpm()

cpm.count <- cpm(dge.count$counts)

cpmCutoff <- as.numeric(5)

n @

§8 groupCutoff <- as.numeric(2)

;§g ## At least 1 sample from each group has expression value >= cpmCutoff value
'§§ ## 1line index to keep

:gﬁ keep = rowSums(cpm.count > as.numeric(cpmCutoff)) >= groupCutoff

22 dge.count.rmlow <- dge.count[keep, ]

## update DGEList library size and normalization factor
dge.count.rmlow$samples$lib.size <- colSums(dge.count.rmlow$counts)
dge.count.rmlow <- calcNormFactors(dge.count.rmlow, method="TMM")

dim(dge. count$counts)

dim(dge. count.rmlow$counts)

dge.count$samples

dge.count.rmlow$samples

## normalized log transformed count table after low expression removal
log.cpm.rmlow <- cpm(dge.count.rmlow, normalized.lib.sizes=T, log=T)

- e e e e e L i

& CHICAGO




Single-factor experiment DE Analysis (cont.)

## Step 2: Low expression removal via edgeR cpm()

## setup input object for edgeR to conduct computation,

## where library size and normalization factor will be computed
dge.count <- DGEList(counts=count, group=group)

dge.count <- calcNormFactors(dge.count)

dge.count

## Normalization with cpm()

cpm.count <- cpm(dge.count$counts)

cpmCutoff <- as.numeric(5)

n @

§8 groupCutoff <- as.numeric(2)

:§§ ## At least 1 sample from each group has expression value >= cpmCutoff value
'§§ ## 1line index to keep

:gﬁ keep = rowSums(cpm.count > as.numeric(cpmCutoff)) >= groupCutoff

22 dge.count.rmlow <- dge.count[keep, ]

## update DGEList library size and normalization factor
dge.count.rmlow$samples$lib.size <- colSums(dge.count.rmlow$counts)
dge.count.rmlow <- calcNormFactors(dge.count.rmlow, method-"TMM")

dim(dge. count$counts)

dim(dge.count.rmlow$counts)

dge.count$samples

dge.count.rmlow$samples

## normalized log transformed count table after low expression removal
log.cpm.rmlow <- cpm(dge.count.rmlow, normalized.lib.sizes=T, log=T)

- e e e e e L i
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Single-factor experiment DE Analysis (cont.)

## Step 2: Low expression removal via edgeR cpm()

## setup input object for edgeR to conduct computation,

## where library size and normalization factor will be computed
dge.count <- DGEList(counts=count, group=group)

dge.count <- calcNormFactors(dge.count)

dge.count

## Normalization with cpm()

cpm.count <- cpm(dge.count$counts)

cpmCutoff <- as.numeric(5)

n @

§8 groupCutoff <- as.numeric(2)

;§g ## At least 1 sample from each group has expression value >= cpmCutoff value
'§§ ## 1line index to keep

:gﬁ keep = rowSums(cpm.count > as.numeric(cpmCutoff)) >= groupCutoff

22 dge.count.rmlow <- dge.count[keep, ]

## update DGEList library size and normalization factor
dge.count.rmlow$samples$lib.size <- colSums(dge.count.rmlow$counts)
dge.count.rmlow <- calcNormFactors(dge.count.rmlow, method="TMM")

dim(dge. count$counts)

dim(dge. count.rmlow$counts)

dge.count$samples

dge.count.rmlow$samples

## normalized log transformed count table after low expression _removal
Log.cpm.rmlow <- cpm(dge.count.rmlow, normalized.lib.sizes=T, log=T)

- e e e e e L i
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Single-factor experiment DE Analysis (cont.)

## Step 3: standard DESeq2 DE analysis

dds <- DESegDataSetFromMatrix(countData=as.matrix(dge.count.rmlow$count),
colData=DataFrame(group),
design=formula(~group) )

## standard wald test

dds <- DESeq(dds)

g res <- results(dds, contrast=c("group"”, 'Control', 'DHT'), format="DataFrame")
£

n @

go

20

T

o2

e

g E JH == e = e e e e e m e eemeemememmemeemmceesecmemesememmees- #

oo > res

—g -g log2 fold change (MLE): group Control vs DHT

om m Wald test p-value: group Control vs DHT

DataFrame with 12799 rows and 6 columns

8 o baseMean log2FoldChange 1fcSE stat pvalue padj
P <numerics> <humeric> <numeric> <humeric>  <humeric>  <humeric>
E w ENSGOQ000124208 530.3962 0.4559184 @.137813 3.308233 0.000938868 ©.00584748
2 < ENSGOA000182463 31.2886 -0.6738963 0.341970 -1.970627 0.048766539 0.14562831
g U ENSGO0000124201 225.4531 0.0829%961 0.155006 @.535439 ©.592346068 ©.76603388
E — ENSGO0000124207 73.9781 0.4436238 0.227486 1.950116 ©.051162325 ©.15084695
S : ENSGO0000125835 168.1440 0.2795750 0.203450 1.374173 0.169387839 ©.35012838
m P PR - - - ) P
s U ENSGOO000223068 198.16748 1.064463 0.156655 6.794934 1.08362e-11 2.80187e-10
5 ENSGO0000129862  4.05570 0.840017 ©0.974870 0.861671 3.88869%e-01 5.98387e-01
% ENSGO0000218597 7.61054 0.762118 ©.683805 1.114525 2.65054e-01 4.70517e-01
. ENSGO0000217348 17.93845 -0.107876 ©.470283 -0.229385 8.18570e-01 9.0960%¢-01
ENSGOO000183878 137.84542 -0.481089 0.200929 -2.394322 1.66511e-02 6.33451e-02



Single-factor experiment DE Analysis (cont.)

Step 4: filtering DEGs on thresholc

L
e L L e L LT e et
## Step 4: explore DEGs on threshold, and clean up DEGs
res <- as.data.frame(res)
head(res)
degs <- res ¥%>% dplyr::filter(padj<=0.05 & abs(log2FoldChange)>=10g2(1.5) )
## add regulation direction based on log2FoldChange values
degs <- dplyr::mutate(degs, reg = ifelse(log2FoldChange>®, 1, -1) )
## add FC column based on log2FoldChange values
degs <- dplyr::mutate(degs, FC = ifelse(log2FoldChange>@, 2/1log2FoldChange, -2~(-log2FoldChange)) )

E table(degstreg)
head(degs)

" @ ## END: this is the end of this workshop content

28 . S S S ##

'§% > table(degs$reg)

SE

22 11

5o 1378 1274

o > head(degs)
8 C:> baseMean logZFoldChange LfecSE stat pvalue padj reg FC
o ENSGPO00101384 56.54936 -0.7024974 @.2398704 -2.928654 3.404336e-03 1.739405e-82 -1 -1.627319
t:(-D ENSGOD000203888 193.62492 0.7713074 ©.1695242 4.549837 5.368759e-06 5.975195e-85 1 1.706816
2 <1: ENSGOPDOD124181 91.20184 1.1649407 @.2225865 5.233653 1.661919e-07 Z.476240e-06 1 2.242240
E (_) ENSGROO0132821 23.27502 1.2300193 0.4622297 2.661056 7.789592e-03 3.443834e-02 1 2.345701
7, ot ENSGO0000171867 84.03158 -9.9530324 ©.2323401 -4.101885 4.097980e-05 3.81613%e-84 -1 -1.935937
2 :I: ENSGOPDOR175063 38.53107 2.1557149 @.43647172 4.938963 7.853925e-07 1.036313e-85 1 4.455894
= O




CENTER FOR RESEARCH INFORMATICS
BIOINFORMATICS CORE

Bioinformatics Workshop Learning Series

Thanks for your attention!

Yan Li, Ph.D.
yli22@bsd.uchicago.edu

Feedback survey:
https://mycri.cri.uchicago.edu/educations/trainings/73/survey/
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