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Why do | need to document my work?

1. For your future self

2. For everybody else
For your next step
In your career ‘

DOCUMENT EVERYTHING.



Setting Up Project Documentation

1. Create a new folder

2. Open a plain text file in a new to take notes in / document
your work

3. Make that folder into a Git repository and back it up to
GitHub



Quick Review: How does lllumina
sequencing work?



Illumina Sequencing

General overview

For RNA-seq, extract RNA and remove
ribosomal RNA as well

A. Library Preparation
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NGS library 1s prepared by fragmenting a gDNA sample and
ligating specialized adapters to bath fragment ends.



Illumina Sequencing

Make tiles of identical DNA to read

B. Cluster Amplification
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Library is loaded into a flow cell and the fragments are
hybridized to the flow cell surface. Each bound fragment
Is amplified into a clonal cluster through bridge amplification.




C. Sequencing
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Illumina Sequencing

Digital Image
Data is exported to an cutput file l

. Cluster 1 > Read 1: GAGT...
: Cluster 2 > Read 2: TTGA...
I Cluster 3 > Read 3: CTAG...
Cluster 4 > Read 4: ATAC... Text File

f Sequencing reagents, including fluorescently labeled nucleo-
| tides, are added and the first base is incorporated. The flow

' cell is imaged and the emission from each cluster is recorded.
Ihe emission wavelength and intensity are used to identify
the base. This cycle is repeated “n™ times to create a read

' length of “n” bases.



Paired-End
Sequencing

e Sequence both ends of the fragment

* Because sequencing is always 5’ to 3/, the Paired-End Reads Alignment to the Reference Sequence
read pairs will be in the opposite
orientation

* 90% of the time, the programs you use
will be aware of the difference in
orientation and take care of it for you
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* Because the distance between the pairs is <
known (depends on the sequence length Read

leference m——— L | —

you asked for) mapping is more accurate,
especially in highly repetitive regions of
the genome

* For RNA-seq, paired end reads are
necessary if you want to look at
alternative splicing

* More expensive than single end
sequencing



What does raw sequencing data
look like?



FastQ Files
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* Fastq files (usually) end in either
fastg.gz or £fg.gz (orthey
can be missing the .gz extension)
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sequencer



FastQ Files

* Fastq files (usually) end in either
fastg.gz or £fg.gz (orthey
can be missing the .gz extension)

* File names will have some

combination of the following
information (depends on the

sequencer):
 Sample ID
* Lane

e Read number

* Unique ID from the company or
sequencer
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FastQ Files

* Fastq files (usually) end in either
fastg.gz or £fg.gz (orthey
can be missing the .gz extension)

* File names will have some
combination of the following
information (depends on the
sequencer):

 Sample ID
* Lane
* Read number

* Unique ID from the company or
seguencer
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What does a raw read look like?



What does a raw read look like?

read ID

1
©SN930:673:HT5JVBCXY:2:2103:18909:8888/1
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What does a raw read look like?

read ID

/ pair/mate number
1
©@SN930:673:HT5JVBCXY:2:2103:18909:8888/1

CTTTATTTCTGCCTTCATTTTGTTATGTACCCAGTAGTCATTCAGGAGCAGGTTGTTCAGTTTCCATGTAGTTGAGCAGTTTTGAGTGAGTTTCTTAATCCTGAGTTCTAGTTTGATTGCACTGTGGTCTGAGAGACAGTTTGTTATAAT

+
GGGGGIIIIIIIIIIIIIIIIIIIII A IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIGGGGGIIIIGGGIIIIIIIIIIIIIIIIIIIIIGGGIGIGGIGIGIGIIG

sequence




What does a raw read look like?

read ID

| 1
©SN930:673:HT5JVBCXY:2:2103:18909:8888/1
CTTTATTTCTGCCTTCATTTTGTTATGTACCCAGTAGTCATTCAGGAGCAGGTTGTTCAGTTTCCATGTAGTTGAGCAGTTTTGAGTGAGTTTCTTAATCCTGAGTTCTAGTTTGATTGCACTGTGGTCTGAGAGACAGTTTGTTATAAT

/ pair/mate number

+
GGQGGIIIIIIIIIIIIIIIIIIIII A IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIITIIIIIIIIIIIIIIIIIIIIIIIIIIIIIGGGGGIIIIGGGIIIIIIIIIIIIIIIIIIIIIGGGIGIGGIGIGIGIIG

nothing

sequence




What does a raw read look like?

read ID

| 1
©SN930:673:HT5JVBCXY:2:2103:18909:8888/1
CTTTATTTCTGCCTTCATTTTGTTATGTACCCAGTAGTCATTCAGGAGCAGGTTGTTCAGTTTCCATGTAGTTGAGCAGTTTTGAGTGAGTTTCTTAATCCTGAGTTCTAGTTTGATTGCACTGTGGTCTGAGAGACAGTTTGTTATAAT

/ pair/mate number

+
GGGGGIIIIIIIIIIIIIIIIIIIII A IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIITIIIIIIIGGGGGIIIIGGGIIIIIIIIIIIIIIIIIIIIIGGGIGIGGIGIGIGIIG

_

nothing base quality score

sequence




What does a raw read look like?

read ID

| 1
©SN930:673:HT5JVBCXY:2:2103:18909:8888/1

CTTTATTTCTGCCTTCATTTTGTTATGTACCCAGTAGTCATTCAGGAGCAGGTTGTTCAGTTTCCATGTAGTTGAGCAGTTTTGAGTGAGTTTCTTAATCCTGAGTTCTAGTTTGATTGCACTGTGGTCTGAGAGACAGTTTGTTATAAT
+

GGGGGIIIIIIIIIIIIIIIIIIIII A IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIITIIIIIIIGGGGGIIIIGGGIIIIIIIIIIIIIIIIIIIIIGGGIGIGGIGIGIGIIG

/ S555555555555555555555555555555555555SS8S

nOthlng base quahty SCOre | oo IITTITIITIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII  uueeannnnneannnnnnnns

LLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLLL

/ pair/mate number

ooooooooooooooooooooooooooooooooooooooooooooooooooooo

....................................................

1"#S%&" ()*+,-./0123456789: ;<=>?@ABCDEFGHIJKLMNOPQRSTUVWXYZ[\]"_ ~abcdefghijklmnopqrstuvwxyz{|}-
| | | | | |
sequence 33 59 64 73 104 126
Daooncoonococoaconoacasan A ootllcoocaac 40
HenocWenococono e a06060000000000000060000600 40
Woooococoo ) s 006000000000000000060000000 40
De2ecoscsconecssonecssoness A hccadillecanooan 41
S - Sanger Phred+33, raw reads typically (0, 40)
X - Solexa Solexa+64, raw reads typically (-5, 40)

I - Illumina 1.3+ Phred+64, raw reads typically (0, 40)

e
|

Illumina 1.8+ Phred+33, raw reads typically (0, 41)



What does a raw read look like?

read

1D

(OSN930:673:HT5JVBCXY
CTTTATTTCTGCCTTCATTT]

+
GGQGGIIIIIIIIIIIIIII]

nothing

seql

NOTE: YOUR SEQUENCING DATA WILL
FREQUENCLY LOOK DIFFERENT

* File names vary from sequencer to sequencer
* Read IDs also depend on the sequencer and
will probably be different from the example
here
* Quality encoding can be different if you're
using older or public data

[GAGAGACAGTTTGTTATAAT

ITIIGGGIGIGGIGIGIGIIG

.......................
.......................




Quality Check



FastQC

* Before going forward, we want to check the quality of the data
* How much did the sequencer fail?
* Did we sequence mostly our sample DNA?

* FastQC is a program from the Babraham Institute in the UK that
creates an html report on the quality of the sequencing data

e Has 11 quality control checks that it does



Basic Statistics

Good Quality

@Basic Statistics

Filename

File type

Encoding

Total Sequences

Sequences flagged as poor gquality
Sequence length

$GC

good_sequence_short.txt
Conventional base calls
Illumina 1.5

250000

0

40

45

Bad Quality

@Basic Statistics

Filename bad_sequence.txt

File type Conventional base calls
Encoding Illumina 1.5

Total Sequences 395288

Sequences flagged as poor quality 0
Sequence length 40

$GC 47



Per base sequence quality

Good Quality

@Per base sequence quality

Quality scores across all bases (lllumina 1.5 encoding}

1 23456788910

12 14 16 18 20 22 24 26 28 30
Position in read (bp)

32

34

36

38

40

Bad Quality

@Per base sequence quality

30

pEwi
1]

28
26 B B
24
22
20
18
16
14
12

10

Quality scores across all bases {lllumina 1.5 encoding)

B LAE CAE L8

1 2345678910

12 14 16 18 20 22 24 26 28 30
Position in read (bp)

32

34

36

38

40



Per tile sequence quality

Good Quality

@Per tile sequence quality

Quality per tile

1

1 234567 8 910 12 14 16 18 20 22 24 26 28
Position in read (bp)

30

32

34

36

38

40

Bad Quality

@Per tile sequence quality

Quality per tile

1 23456 78910 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40
Position in read (bp)



Per sequence quality scores

Good Qualit Bad Qualit
@Per sequence quality scores @Per sequence quality scores
Quality score distribution over all sequences Quality score distribution over all sequences
Average Quality per read 60000 Average Quality per read
160000
50000
140000
120000
40000
100000
30000
80000
60000 20000
40000
10000
20000
0 2345678910 12 14 16 18 20 22 24 26 28 30 32 34 36 38 0 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32 33
Mean Sequence Quality (Phred Score) Mean Sequence Quality (Phred Score)




Per base sequence content

Good Quality

@Per base sequence content

Sequence content across all bases
100
90
80
70
60
50

40

30

%T
%C

%G

10

1 2345678910 12 14 16 18 20 22 24 26 28
Position in read (bp)

30

32

34

36

38

40

Bad Quality

Per base sequence content

100

90

80

70

60

50

40

30

20

10

1 2345678910

Sequence content across all bases

%T

%C

%G

12 14 16 18 20 22 24 26 28 30 32 34 36 38 40
Position in read (bp)



Per sequence GC content

Good Qualit Bad Qualit
@Per sequence GC content “’Per sequence GC content
GC distribution over all sequences GC distribution over all sequences
GC count per read GC count per read
22500 Theoretical Distribution 50000 Theoretical Distribution
20000
17500 40000
15000
30000
12500
10000
20000
7500
5000
10000
2500
0 02468 11 1417 20 23 26 29 32 35 3841 45 4952555861 65 697275 798285 89 9295 99 0
Mean GC content (%) 02468 11 14 17 20 23 26 29 32 35 38 41 45 4952 555861 65 69 7275 798285 89 9295 99
Mean GC content (%)




Per base sequence quality

@Per base N content

100

90

30

70

60

50

40

30

20

10

Good Quality

N content across all bases

%N

1 2345678910

12

14

16

18 20 22
Position in read (bp)

24

26

28

30

32

34

36

38

40

@Per base N content

100

90

80

70

60

50

40

30

20

10

Bad Quality

N content across all bases

1 234567280910

12

14

16

18 20 22
Position in read (bp)

24

26

28

30

32

34

36

38

%N

P ahNERENR

40



Per base sequence quality

Good Quality

@Sequence Length Distribution

250000

225000

200000

175000

150000

125000

100000

75000

50000

25000

39

Distribution of sequence lengths over all sequences

40
Sequence Length (bp)

41

Sequence Length

Bad Quality

@Sequence Length Distribution

350000

300000

250000

200000

150000

100000

50000

39

Distribution of sequence lengths over all sequences

40
Sequence Length (bp)

41

Sequence Length



Sequence Duplication Levels

Good Qualit Bad Qualit
@Sequence Duplication Levels “’Sequence Duplication Levels
Percent of seqs remaining if deduplicated 94.81% Percent of seqs remaining if deduplicated 69.11%
100 i 100
% Deduplicated sequences % Deduplicated sequences
% Total sequences % Total sequences
90 90
80 80
70 70
60 60
50 50
20 40
30 30
20 20
10 10
/-\ 0 /\
0 1 2 3 2 S 5 7 3 S ~10 =50 =100 =500 =1k ~5k =10k 1 2 3 4 5 6 7 8 , 9. =10 =50 =100 =500 =1k =5k =10k
Sequence Duplication Level SeguEnce Duplication Level




Overrepresented sequences

Good Quality

@Overrepresented sequences
No overrepresented sequences

Bad Quality

'Overrepresented sequences

e oo ] —poramose

¥o Hit

¥o mit
¥o mit
¥o mit
¥o mit
¥o mit
¥o mit
¥o mit
¥o mit
¥o mit
¥o mit
¥o mit
¥o mit
¥o mit
¥o mit
¥o mit
¥o mit
¥o mit
¥o mit
¥o mit
¥o mit
¥o mit
¥o mit
¥o mit
¥o it
¥o mit
¥o mit
¥o mit
¥o mit
¥o mit
¥o mit
¥o mit
¥o mit
¥o mit
¥o mit
¥o mit
¥o mit
¥o mit
¥o Hit
¥o mit
¥o Hit
¥o Hit
¥o Hit
No Bit
No Bit
No Bit
No Bit
No Bit
No Bit
No Bit
No Bit
No Bit
No Bit
No Bit
No Bit
No Bit
No Bit
No Bit
Illumina Paired End PCR Primer 2 (96% over 25bp)
No Bit
No Bit
No Hit
No Hit
No Hit
¥o Bit



Adapter Content

Good Quality

@Adapter Content

100

90

80

70

60

50

40

30

20

10

% Adapter

lllumina Universal Adapter
lllumina Small RNA 3' Adapter
lllumina Small RNA 5' Adapter
Nextera Transposase Sequence
SOLID Small RNA Adapter

2 3 4 5 6 7 8

9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29

Position in read (bp)

@Adapter Content

90
80
70
60
50
40
30
20

10

Bad Quality

% Adapter

lllumina Universal Adapter
lllumina Small RNA 3' Adapter
lllumina Small RNA 5' Adapter
Nextera Transposase Sequence
SOLID Small RNA Adapter

8

9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29
Position in read (bp)



Run FastQC

1. Go to the RNA-seq data directory
2. Make a directory to put the FastQC reports into, fastgc

3. Run fastgc on the samples

for i in *.fastg.gz; do fastgc $i -o fastqgc/;
done



Trim Bad Quality Sequences



What is trimming and why do it?



What is trimming and why do it?

* Trimming removes sequencing
adapters, bad quality sequences,
and/or other biased sequence
information



What is trimming and why do it?

* Trimming removes sequencing
adapters, bad quality sequences,
and/or other biased sequence
information

* Why is that important?

* Helps prevent incorrect base calls
by removing poor quality
information

* Increases speed and accuracy of
alignment by removing artificial
sequences and low quality
sequences



What is trimming and why do it?

* Trimming removes sequencing * Trimming does two
adapters, bad quality sequences, complementary things:
and/or other biased sequence 1. Removes any sequence
information information that comes from
: : library preparation or
Why is that |mp9rtant? sequencing
* Helps preyent mcorrecfc base calls 2. Removes low quality bases / low
by removing poor quality quality reads
information

* Increases speed and accuracy of
alignment by removing artificial
sequences and low quality
sequences



Trim Sequences

1. Go back up to the rnaseq directory
2. Make a folder to put the analysis results in, analysis

3. Make a folder inside the analysis folder to put the trimmed reads in,
analysis/01 trim



Trim Sequences

for i in rnaseq data/*R1l.fastqg.gz;
do trim galore
—-—palired
—-—fastqgc
——11llumina
--output analysis/01 trim/
—-—retaln unpailred
Si
S{i/R1/R2};

done



Trim Sequences

for i in rnaseq data/*Rl.fastqg.gz;- loop condition

do trim galore
—-—palired
—-—fastqgc
——1llumina
--output analysis/01 trim/
—-—retaln unpailred
Si
S{i/R1/R2};

done



Trim Sequences

for i in rnaseq data/*Rl.fastqg.gz;- loop condition
do trim galore - call the program
—-—palired
—-—fastqgc
——11llumina

--output analysis/01 trim/
—-—retaln unpailred

S1

S{i/R1/R2};

done



Trim Sequences

for i in rnaseq data/*Rl.fastqg.gz;- loop condition
do trim galore < call the program
-—paired -« reads are paired-end
—-—fastqgc
-—11lumina

--output analysis/01 trim/
—-—retaln unpailred

S1

S{i/R1/R2};

done



Trim Sequences

for i in rnaseq data/*Rl.fastqg.gz;- loop condition
do trim galore < call the program
-—paired -« reads are paired-end
——fastgc -« run FastQC again after trimming
-—11lumina

--output analysis/01 trim/
—-—retaln unpailred

S1

S{i/R1/R2};

done



Trim Sequences

for i in rnaseq data/*Rl.fastqg.gz;- loop condition
do trim galore < call the program
-—paired -« reads are paired-end
——fastgc -« run FastQC again after trimming
——11]lumina -« trim Illumina adapters

--output analysis/01 trim/
—-—retaln unpailred

S1

S{i/R1/R2};

done



Trim Sequences

for i in rnaseq data/*Rl.fastqg.gz;-

done

do trim galore <

loop condition

call the program

—-—palired reads are paired-end
——fastgc -« run FastQC again after trimming
——11]lumina -« trim Illumina adapters

--output analysis/01 trim/«
—-—retaln unpailred

Si

S{1i/R1/R2};

output goes here




Trim Sequences

for i in rnaseq data/*Rl.fastqg.gz;- loop condition
do trim galore < call the program
-—-palired -« reads are paired-end

——fastgc -« run FastQC again after trimming
——11]lumina -« trim Illumina adapters

--output analysis/O01l trim/« output goes here

-—retain _unpalred«—_ | keep reads where one mate fails
Si trimming but the other doesn’t

S{i/R1/R2};

done



Trim Sequences

for i in rnaseq data/*Rl.fastqg.gz;- loop condition
do trim galore < call the program
-—-palired -« reads are paired-end

——fastgc -« run FastQC again after trimming
——11]lumina -« trim Illumina adapters

--output analysis/O01l trim/« output goes here

-—retain _unpalred«—_ | keep reads where one mate fails
Si« trimming but the other doesn’t

read files

done



Trim Sequences

for i in rnaseq data/*Rl.fastqg.gz;-

do

loop condition

trim galore -

call the program

By default bases
quality less than
20 will be
trimmed and if
the read falls
below 20 bp, it
will be discarded

—-—palired reads are paired-end
—-—fastqgc run FastQC again after trimming
——11]lumina -« trim Illumina adapters
--output analysis/O01l trim/« output goes here

-—retain unpaired

Si+

done

keep reads where one mate fails
trimming but the other doesn’t

read files

S{1/R1/R2}; «




Trim Sequences

for i in rnaseq data/*Rl.fastqg.gz; do trim galore
--paired --fastgc --illumina --output analysis/01 trim/

—--retain unpaired $i ${i/R1/R2}; done



Align



How does alighing work?



How does alighing work?

Set of reads

e e | E— Reference genome
I | I
I N
I E—
Mapping
. N ‘— B ——

L g -

-
o

GATCAGCAACGTACCGCCAGATACCGGGAACATACCATACGA
TAAGCGACGTA

RERRR GGG CAACTACC

Readl TTACCAGATAGG T T il
Read2




How does alighing work?

STAR (Spliced Transcripts
— Reference genome Alignment to a Reference)

I e

I B l
longest sequence )
exactly matching ~, v unmapped portion
reference , of read

: real / A
Mapping }*Z
1 1
I

!

Set of reads
———
S e

1

e ‘— 1 [ '
I I I ! i
— E— — — — -
reference genome
GAT'CA(IS(IZAA(;(TT-TACCGéCAGATACC/(%/G/GA\A\C\ATA(;(}ZATACGA 7
TAAGCGACGTA INSMEERERIN G GGCCAACTACC -
Readl TTACCAGATAGGT T A LA A
Read?2 \\ \\
\ \

donor site acceptor site
reference genome



Align Sequences

1. Make a folder inside the analysis folder to put the aligned reads in,
analysis/02 align

2. Change to the trimmed reads folder analysis/01 trim



Align Sequences

for 1 1n *val 1.fqg.gz;
do STAR
-—genomeDir /mnt/data/gdata/human \
/hg38/chr21/STAR index
—-—readFilesIn $i S${i/R1 val 1/R2 val 2}
—-—-readFilesCommand zcat
--outFileNamePrefix ../02 align/${i/R1*/}
-—outSAMtype BAM SortedByCoordinate;

done



Align Sequences

for 1 1n *val 1.fg.gz; - loop condition
do STAR
-—genomeDir /mnt/data/gdata/human \
/hg38/chr21/STAR index

—-—readFilesIn $i S${i/R1 val 1/R2 val 2}
—-—-readFilesCommand zcat
--outFileNamePrefix ../02 align/${i/R1*/}
-—outSAMtype BAM SortedByCoordinate;

done



Align Sequences

for 1 1n *val 1.fg.gz; - loop condition
do STAR - call aligner

-—genomeDir /mnt/data/gdata/human \
/hg38/chr21/STAR index
—-—readFilesIn $i S${i/R1 val 1/R2 val 2}
—-—-readFilesCommand zcat
--outFileNamePrefix ../02 align/${i/R1*/}
-—outSAMtype BAM SortedByCoordinate;

done



Align Sequences

for 1 1n *val 1.fg.gz; - loop condition
do STAR - call aligner

path to reference -—genomeDir /mnt/data/gdata/human \

eenome /hg38/chr21/STAR index
—-—readFilesIn $i S${i/R1 val 1/R2 val 2}
—-—-readFilesCommand zcat
--outFileNamePrefix ../02 align/${i/R1*/}
-—outSAMtype BAM SortedByCoordinate;

done



Align Sequences

for 1 1n *val 1.fg.gz; - loop condition
do STAR - call aligner

path to reference
genome

trimmed read files

done

-—genomeDir /mnt/data/gdata/human \
/hg38/chr21/STAR index
—-—readFilesIn $i S${i/R1 val 1/R2 val 2}
—-—-readFilesCommand zcat
--outFileNamePrefix ../02 align/${i/R1*/}
-—outSAMtype BAM SortedByCoordinate;



Align Sequences

for 1 1n *val 1.fg.gz; - loop condition
do STAR - call aligner

path to reference
genome

trimmed read files

zipped files

done

-—genomeDir /mnt/data/gdata/human \
/hg38/chr21/STAR index
—-—readFilesIn $i S${i/R1 val 1/R2 val 2}
—-—-readFilesCommand zcat
--outFileNamePrefix ../02 align/${i/R1*/}
-—outSAMtype BAM SortedByCoordinate;



Align Sequences

for 1 1n *val 1.fg.gz; - loop condition
do STAR - call aligner

path to reference
genome

trimmed read files

zipped files

write the files here

done

-—genomeDir /mnt/data/gdata/human \
/hg38/chr21/STAR index
—-—readFilesIn $i S${i/R1 val 1/R2 val 2}
—-—-readFilesCommand zcat
--outFileNamePrefix ../02 align/${i/R1*/}
-—outSAMtype BAM SortedByCoordinate;



Align Sequences

for 1 1n *val 1.fg.gz; - loop condition
do STAR - call aligner

path to reference
genome

trimmed read files

zipped files

write the files here

write a sorted BAM

done

-—genomeDir /mnt/data/gdata/human \
/hg38/chr21/STAR index
—-—readFilesIn $i S${i/R1 val 1/R2 val 2}
—-—-readFilesCommand zcat
--outFileNamePrefix ../02 align/${i/R1*/}
-—outSAMtype BAM SortedByCoordinate;



Align Sequences

for 1 1n *val 1.fg.gz; do STAR --genomeDir
/mnt/data/gdata/human/hg38/chr21/STAR index --
readFilesIn $i ${i/R1 val 1/R2 val 2} --
readFi1lesCommand zcat —--outFileNamePrefix
../02 align/${i/R1*/} --outSAMtype BAM
SortedByCoordinate; done



Count Features



What do you mean by count features?

* We’re going to count genes, but
you could also count:
* transcripts
* non-coding RNA

Col 1 Col 2 Col 3 Col 4 Col 5 Col 6 Col 7 Col 8 Col 9
L] L]

] N eed a n a n n Otatlo n fl |e fo r chr2l HAVANA transcript 10862622 10863067 gene_id "ENSG00000169..
chr2l HAVANA exon 10862622 10862667 gene_id "ENSG00000169..
chr2l HAVANA CDS 10862622 10862667 0 gene_id "ENSG00000169..
chr2l HAVANA start codon 10862622 10862624 0 gene_id "ENSG00000169..

whatever teature you wa NnNtto & 2 iz Smg e
chr2l  HAVANA CDS 10862751 10863064 2 gene_id "ENSG00000169..
chr2l HAVANA stop_codon 10863065 10863067 0 gene_id "ENSG00000169..

CO u nt chr2l HAVANA UTR 10863065 10863067 gene_id "ENSG00000169..

e Going to use a gene transfer
format (GTF) file for annotations



Count Features

1. Make a folder inside the analysis folder to put the aligned reads in,
../03 count

2. Change to the trimmed reads folder . . /02 align/



Count Features

for 1 1n *.bam;
do featureCounts
-a /mnt/data/gdata/human/hg38/chr21/ \
homo sapiens hg38 chr2l.gtt
-0 ../03 count/S{i/ \
Aligned.sortedByCoord.out.bam/ \
counts.txt}
—-R BAM
$1;

done



Count Features

for 1 1in *.bam; -« loop condition

do featureCounts

-a /mnt/data/gdata/human/hg38/chr21/ \
homo sapiens hg38 chr2l.gtt

-0 ../03 count/S{i/ \
Aligned.sortedByCoord.out.bam/ \
counts.txt}

—-R BAM

$1;

done



Count Features

for 1 1in *.bam; -« loop condition

do featureCounts -« call program
-a /mnt/data/gdata/human/hg38/chr21/ \
homo sapiens hg38 chr2l.gtt
-0 ../03 count/S{i/ \
Aligned.sortedByCoord.out.bam/ \

counts.txt}
-R BAM

S$i;

done



Count Features

for 1 1in *.bam; -« loop condition

do featureCounts -« call program

path to genome | —a /mnt/data/gdata/human/hg38/chr21/ \
annotation file

homo sapiens hg38 chr2l.gtt
-0 ../03 count/S{i/ \
Aligned.sortedByCoord.out.bam/ \

counts.txt}
-R BAM

S$i;

done



Count Features

for 1 1in *.bam; -« loop condition

do featureCounts -« call program

path to genome | —a /mnt/data/gdata/human/hg38/chr21/ \

annotation file homo_sapienS_hg3 8_Chr2 1l.gtt

-0 ../03 count/${i/ \

where to write

the output Aligned.sortedByCoord.out.bam/ \
counts.txt}
—R BAM
$1i;

done



Count Features

for 1 1in *.bam; -« loop condition

do featureCounts -« call program

path to genome | —a /mnt/data/gdata/human/hg38/chr21/ \
annotation file

homo sapiens hg38 chr2l.gtt
wheretowrite | ~© - - /03_count/S{i/ \
the output Aligned.sortedByCoord.out.bam/ \

counts.txt}

input filesare BAM | —R BAM

S$i;

done



Count Features

for 1 1in *.bam; -« loop condition

do featureCounts -« call program

path to genome | —a /mnt/data/gdata/human/hg38/chr21/ \
annotation file

homo sapiens hg38 chr2l.gtt
wheretowrite | ~© - - /03_count/S{i/ \
the output Aligned.sortedByCoord.out.bam/ \

counts.txt}

input filesare BAM | —R BAM

input file S1;
done




Count Features

for 1 1n *.bam; do featureCounts -a
/mnt/data/gdata/human/hg38/chr2l/homo sapiens hg
38 chr2l.gtf -o

../03 count/${i/Aligned.sortedByCoord.out.bam/co
unts.txt} -R BAM Si; done



General Steps

Check quality
Trim

Align

Count features
Statistics

A S



