Bioinformatics Lessons

Schedule 12-03 Server Basics, repeat of Week 5,
continued
* RNA-seq . .
* single cell RNA-seq 12-10 Basic Git
12-17 How to run software on the server

* RRBS

12-24 Christmas break

12-31 Christmas break

01-07 Process RNA-seq
01-14 Process RNA-seq, continued
01-21 Analyze RNA-seq

01-28 Analyze RNA-seq, continued



RNA-seq



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

oMy

;

J
1P
]

|
; Sequencing Cycles ( ’

ol
0 HOH

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



FastQ Files

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



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
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
CTTTATTTCTGCCTTCATTTTGTTATGTACCCAGTAGTCATTCAGGAGCAGGTTGTTCAGTTTCCATGTAGTTGAGCAGTTTTGAGTGAGTTTCTTAATCCTGAGTTCTAGTTTGATTGCACTGTGGTCTGAGAGACAGTTTGTTATAAT
+
GGGGGIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIITIIIIIIIIIIITIIGGGGGIIIIGGGIIIIIIIIIIIIIIIIIIIIIGGGIGIGGIGIGIGIIG



What does a raw read look like?

read ID

/ pair/mate number
1

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

GGGGGIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIITIIIIIIIIIIITIIGGGGGIIIIGGGIIIIIIIIIIIIIIIIIIIIIGGGIGIGGIGIGIGIIG



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 IITTIIIITITIIIIIIIIIITIIIIIIITIIIIIIIIIIII  uueeannnnneennnnnnnns

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

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




Setting Up a Project



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



Set Up Your Project Folder

1. Logonto the server



Set Up Your Project Folder

1. Logonto the server

2. Go to your data folder



Set Up Your Project Folder

1. Logonto the server
2. Go to your data folder
3. Make a directory, rnaseq practice

4. Type this command into your terminal to copy the practice rnaseq data

cp -r /mnt/data/coriell bioinformatics server lessons/coriell server lessons/rnaseqg/rnaseq_data/ ~/data/rnaseq practice/



Set Up Your Project Folder

1. Logonto the server
2. Go to your data folder
3. Make a directory, rnaseq practice

4. Type this command into your terminal to copy the practice rnaseq data

cp -r /mnt/data/coriell bioinformatics server lessons/coriell server lessons/rnaseqg/rnaseq_data/ ~/data/rnaseq practice/

5. Gotothe rnaseqg data directory



Set Up Your Project Folder

1. Logonto the server
2. Go to your data folder
3. Make a directory, rnaseq practice

4. Type this command into your terminal to copy the practice rnaseq data

cp -r /mnt/data/coriell bioinformatics server lessons/coriell server lessons/rnaseqg/rnaseq_data/ ~/data/rnaseq practice/

5. Gotothe rnaseqg data directory

6. git 1nit



Set Up Your Project Folder

1. Logonto the server
2. Go to your data folder
3. Make a directory, rnaseq practice

4. Type this command into your terminal to copy the practice rnaseq data

cp -r /mnt/data/coriell bioinformatics server lessons/coriell server lessons/rnaseqg/rnaseq_data/ ~/data/rnaseq practice/

5. Gotothe rnaseqg data directory
6. git 1nit

7. Make a documentation file



Set Up Your Project Folder

1. Logonto the server
2. Go to your data folder
3. Make a directory, rnaseq practice

4. Type this command into your terminal to copy the practice rnaseq data

cp -r /mnt/data/coriell bioinformatics server lessons/coriell server lessons/rnaseqg/rnaseq_data/ ~/data/rnaseq practice/

5. Gotothe rnaseqg data directory
6. git 1nit
7. Make a documentation file

8. Add a .gitignore



Set Up Your Project Folder

1. Logonto the server
2. Go to your data folder
3. Make a directory, rnaseq practice

4. Type this command into your terminal to copy the practice rnaseq data

cp -r /mnt/data/coriell bioinformatics server lessons/coriell server lessons/rnaseqg/rnaseq_data/ ~/data/rnaseq practice/

5. Gotothe rnaseqg data directory
6. git 1nit

7. Make a documentation file

8. Add a .gitignore

9. Commit



Set Up Your Project Folder

1. Logonto the server
2. Go to your data folder
3. Make a directory, rnaseq practice

4. Type this command into your terminal to copy the practice rnaseq data

cp -r /mnt/data/coriell bioinformatics server lessons/coriell server lessons/rnaseqg/rnaseq_data/ ~/data/rnaseq practice/

5. Gotothe rnaseqg data directory
6. git 1nit

7. Make a documentation file

8. Add a .gitignore

9. Commit

10. Set up and push to remote



Add Your SSH Key to Your GitHub Account

1. Copy your ssh key to your clipboard using db+c or by highlighting
the text in PuTTy when you view it using 1less
less ~/.ssh/id rsa.pub

2. Follow along with me as | show you how to add the key to your
GitHub account.



