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Welcome to Data Carpentry (https://datacarpentry.org/) and The Carpentries https://carpentries.org/
Teaching computer and data skills to researchers. 
Testimonials: https://carpentries.org/testimonials/
Your workshop is part of the many workshops around the globe: https://carpentries.org/workshops/

-----------------------------------------------------------------------------------------------------------------------------

The Carpentries Etherpad!



We will use this Etherpad to share links, snippets of code, take notes, ask and answer questions, and whatever else comes to mind.
This pad is synchronized as you type, so that everyone viewing this page sees the same text. 
The Etherpad has three major parts:

· The left side holds today's notes 

· The top right side shows the names of users who are logged in 

· The bottom right is a real time chat window 


Remember with big power come big responsibilities, do not delete parts of this etherpad!!

Friendly, respectful and active participants!!!!
Users are expected to follow our code of conduct:https://docs.carpentries.org/topic_folders/policies/code-of-conduct.html

Code of Conduct (the short version)
We are dedicated to providing a welcoming and supportive environment for all people, regardless of background or identity. By participating in this community, participants accept to abide by The Carpentries’ Code of Conduct and accept the procedures by which any Code of Conduct incidents are resolved. Any form of behaviour to exclude, intimidate, or cause discomfort is a violation of the Code of Conduct. In order to foster a positive and professional learning environment we encourage the following kinds of behaviours in all platforms and events:
Use welcoming and inclusive language
Be respectful of different viewpoints and experiences
Gracefully accept constructive criticism
Focus on what is best for the community
Show courtesy and respect towards other community members
If you believe someone is violating the Code of Conduct, we ask that you report it to The Carpentries Code of Conduct Committee, who will take the appropriate action to address the situation. To report, use this form:
https://docs.google.com/forms/d/e/1FAIpQLSdi0wbplgdydl_6rkVtBIVWbb9YNOHQP_XaANDClmVNu0zs-w/viewform

Public content page
All content is publicly available under the Creative Commons Attribution License: https://creativecommons.org/licenses/by/4.0/
Use of this service is restricted to members of The Carpentries community; this is not for general purpose use (for that, try etherpad.wikimedia.org).

Twitter
@thecarpentries
#DCGenomics@FSU

---------------------------------------------------------------------------------------------------------------------------

Pre-workshop survey:



Make you sure you have filled the Software Carpentry workshop pre-survey so we know what is your pre-knowledge before the workshop

https://carpentries.typeform.com/to/wi32rS?slug=2021-06-28-fsu-online

---------------------------------------------------------------------------------------------------------------------------

Curriculum:

· Project Organization and Management:  

· https://datacarpentry.org/organization-genomics/ 

· Introduction to the command line:  

· https://datacarpentry.org/shell-genomics/ 

· Data Wrangling and Processing:  

· https://datacarpentry.org/wrangling-genomics/ 

· Introduction to Cloud Computing for Genomics:  

· https://datacarpentry.org/cloud-genomics/ 



 Hands-on Training

· This is a hands-on training :) 

· It is interactive, which means your interaction and awareness will improve your learning 

· Questions are always welcome 


--------------------------------------------------------------------------------------------------------------------------------------

Instructors:  

· Monah Abou Alezz (he/him), San Raffaele Hospital, Milan | Email: aboualezz.monah@hsr.it | Twitter: @MonahAbouAlezz | Github: @monahton 

· Laura Martínez 

· Annajiat Alim Rasel 


Helpers: 

· Nick Ruhs 

· Jesse Klein 

· Kelly Grove 

· Alex Townsend 


Hosts: 

· Nick Ruhs, 


 ----------------------------------------------------------------------------

 

Sign-in:



- Enter your name on the top right of this page above the chat window and hit enter!
(If you don't like your pre-assigned color, you can change it by clicking on the color next to your name above the chat window. Pick the color that best reflects your mood and personality)
 

· Please add your name below, and for fun,tell us something about you: 

· If you were in "The Matrix"  (the movie): tell us about something you would like to learn instantly 

· What is your favourite emoji or choose an emoji that describes you today: https://emojipedia.org/ 



INTRODUCTIONS

Monah: I'm a postdoctoral researcher in gene therapy at the SAn Raffaele Hospital in Milan. If I were in the Matrix, I would like to learn how to perform a western blot always correctly from the first time.
My fav is emoji is ☕☕☕☕☕

Laura : PhD student in bioinformatics. I'd love to automatically learn of the functions in pyhton so I can stop searching for them in Google! And my fav emoji (or the one i use the most) is 🙄
Gihan Jayasinghe (gihandakshitha@gmail.com)

· If I were in the matrix I would be wanting know how the matrix work? (the matrix thing in maths or the universe in the movie, depending on the mood :p) 

· My go to go emoji is 🌝. I really dont know why.  

· Amber:12:59 I would want to know how to read the coding within the matrix. What does it mean? I do not work with Genomics but would love to learn the techniques with my own data!😊 

· Shirin: Hi, I am excited to learn how to efficiently manage and store my data, 😊 

· Ryan: Hello. I am in the molecular biophysics department and I am excited to see how this workshop will improve my effeciency in processing data. 

· Hi, I would like to learn to fly if i were in the matrix. My favorite emoji is 🤦‍♂️. I am in the biomedical sciences department 

· Frederick Feely:  Hi, I'm in the biomed department. I hope to be able to use some of the genomics and informatics skills for future projects. I think it would be cool to see how the small details in code could translate into different details in the matrix.  

· Hyo Jeong: Hi, I am a Biomedical Sciences graduate student. My lab studies diabetes by using single-cell RNA sequencing data. So I want to learn how to use command lines and bioinformatics tools to analyze the sequencing data. 

· Michelle: Hello everyone. I would like to learn how to instantly run Genomics Workflows from the Matrix.  

· I use the dog emoji alot: 🐕. I am a faculty member in Biomedical Sciences Department in College of Medicine. 

· Qian: Hello everyone, this is Qian. I'd like to know how to read the coding within the matrix. I am a faculty member in the Department of Biological Science.  

· Andrew: I'm an undergrad pursuing a genetics track. I'd like to understand how the binary code in the matrix works. 

· Sophie: I am excited for the workshiop this week!  I am faculty in Biology.  At home today with new baby, so forgive slow typing with one hand!!  🤓. Need help with command line, too! Congratulations! 

·  Luis: Hi! I am Luis, biologist with master in Ecology. I am from Spain but living the last 4 years in Mexico. I am starting a PhD in Geography at FSU. And of course, I would like to know how I can finish the PhD succesfully ;) 

· Daniel: Hi! I am ph.d. student in physics. I am excited to be here today and how to learn how to manage my data.👋  

· Project Organization and Management for Genomics 


 * What kinds of data and information have you generated before you sent your DNA/RNA off for sequencing?

-Ryan: Lab notebook remarks on preparation of DNA for sequencing 
Michelle: Index sequences linked to sample.Quantification and size distribution of samples for sequencing.Methods used to make library.
Coordinates
Temperature, climate data where we took the data
Tissue
Ernest: Treatmeants, preparation conditions, antibody used (for chip-seq)
Hyo Jeong: sort cells we are interested -> prep libraries (bulk RNA-seq or single-cell RNA-seq)
experimental conditions 

The steps before I get the DNA sample, the expected sequence, the experiments I need to do after sequence verification,...

Date, location of the collected sample. Species, treatment, etc. 

I've done some work gene anotation where I've added known target sequences and primers



* Discuss some of the problems with the spreadsheet data (https://github.com/datacarpentry/organization-genomics/raw/gh-pages/files/Ecoli_metadata_composite_messy.xlsx)

-Breakout room 4: Seemingly multiple experiments on one tab, some title have spaces instead of underscores, inconsintent formatting/verbage/symbols/accronyms, needs to specify which column uses formal numbering and which use written numbers, multiple tabs on one excel sheet cna cause problems when exporting to .CSV, potential spelling errors 

- Breakout Room 1:  Spaces in column heading for G, not very well organized, too many pieces of information in a cell (C2 is an example), spacing should be a little more organized (consistency in text alignment), boderlines between cells are helpful to distinguish cells/rows/columns

Breakout Room 3: multiple datasets in one sheet, columns with mixed data, 
the variable "strain" for example, is written in 2 different columns, no consistency in abreviation for the same variable, 


*What challenges do you think you’ll face (or have already faced) in working with a large sequence dataset?
Accidentally sorting only one row/column and messing up the reading.

Some times I have different versions of my sequence data, for example one file has more sequences than the othre, or they may have the same sequence but a more complete version of that, after a while i end up with several different sequence files which I do not remember what exactly are their differences. I lose track of the changes that I made.


Keeping all project's data over time in a comparable format that is flexible enough to adjust to the moving parts of each project over time. 

What is your strategy for saving and sharing your sequence files?
Set up a working environment in HPC, install and update libriaries in R, and I cannot find a good genomics course to learn whole procedures.
Renaming the copy something that is completely understandable and not coded.
Always save the original datasheet and make a copy, use the copy for making changes and keep the original in a separate folder.  Also, a service like Dropbox with version control can help if you really made a mistake
I save on College of Medicine space that has tape back-up and on a lab computer. We have readme files to explain all the data before it is uploaded to public repository. The public repository require descriptors.

A consistent order in naming/storing files

How can you be sure that your raw data have not been unintentionally corrupted?
This really worries me the most. How do we know there is a problem?
You can check that the Md5sum has not changed.
By putting a making it a password protected file where no one else can mess with the data but it can still be readable.
To have a separate folder just for the original template data

Where/how will you (did you) analyze your data - what software, what computer(s)?
On servers in the laboratory and the High Performance Computing Cluster at FSU.
^ need help with this step :)
^stats team (would like to gain independence in this area)
Excel/Tableau/Power BI


* Sending samples to the facility (https://datacarpentry.org/organization-genomics/files/sample_submission.txt)
1. What are some errors you can spot in the data? Typos, missing data, inconsistencies?
2. What improvements could be made to the choices in naming?
3. What are some errors in the spreadsheet that would be difficult to spot? Is there any way you can test this?

Breakout 3: client_sample_id  column entries are inconsistent and have spaces; Date format is inconsistent within and between columns, sample id not consistent case; mix of integers and decimal case numbers (numeric); special characters in column headings; unclear if column skips will occur (tab delimitation mistake?); possible typo in plate barcode (row C9)

Breakout Room 1:  
+  (1) - Misaligned column headings, inconsistencies in date formatting under volume column, inconsistencies in decimal formatting/significant figures
+  (2) - Once again, they should be aligned in terms of spaces, do not leave missing data blank (annotate with some identifier like "NoDataAvailable" or something like that, titles need to stand out more, add an underscore between the title and the units of measure in the column headings, replace spaces in data and headings with underscores or capitalization ("wild type" -> wild_type OR wildType), dates need to be consistently formatted (either DD-Month-YY or some other format but needs to remain consistent)
+  (3) - keeping track of which row/column you are in can be difficult due to the misaligned column headers and inconsistent data spacing, prepDate and shipDate are very out of alignment and one the date formats are inconsistent so it may be difficult to accurately determine the sample's date of origin




*Retrieving sample sequencing data from the facility 
Text file: https://datacarpentry.org/organization-genomics/files/sequencing_results_metadata.txt
Excel file: https://datacarpentry.org/organization-genomics/files/sequencing_results_metadata.xls
1. How are these samples organized?
2. If you wanted to relate file names to the sample names submitted above (e.g. wild type…) could you do so?
3. What do the _R1/_R2 extensions mean in the file names?
4. What does the ‘.gz’ extension on the filenames indicate?
5. What is the total file size - what challenges in downloading and sharing these data might exist?

Breakout Room 1:
+ (1) - organized by sample_id (numerical order)
+ (2) - yes, it could be done
+ (3) - revision 1 and revision 2 (likely revision names) or could be readings (reading 1, reading 2)
+ (4) - .gz is a zipped file (compressed) using the gzip program
+ (5) - they may well be too big, total size for all the files would be 1,130.60 GB -> 1.13 TB

Breakout Room 2: 
1. organized by sample_id
2. I guess so. Not sure if there is a easy way to do so. 
3. Forward and reverse reading
4. .gz means compressed file.
5. total file size is large [1,130.60 GB], too big to easily share

Break out room 4
gz is a type of compressed file
R1 and R2 are the read 1 and read 2.
Each sample is ~5-6 GB, so it is large.

Room 3:
1) by sample number
2) if you had the metadata file
3) R1 vs R2 = read number
4) unsure
5) 5-7 gb per run file - these will add up quickly

*Examining Data on the NCBI SRA Database
1.What strain of E. coli was used in this experiment?
Escherichia coli B str. REL606
2.What was the sequencing platform used for this experiment?
HiSeq Illumina
3.What samples in the experiment contain paired end sequencing data?
Samples REL762C-REL11390

4.What other kind of data is available?
Single end reads
5.Why are you collecting this kind of information about your sequencing runs?
Makes it simpler for genome map reconstruction to know which samples have overlap in reads


------------------------------------------------------------------------------------------------------------------------------
------------------------------------------------------------------------------------------------------------------------------


Introduction to the command line


Course link: 
https://datacarpentry.org/shell-genomics/

NOTE:  Directions to Log on to the Amazon Web Services Instances for this Workshop
1) Open GitBash or the Mac or Linux terminal.
2) Open the spreadsheet provided to attendees (email or Zoom chat) and find the AWS link next to your name
3) Copy that link
4) On GitBash or the terminal, type "ssh USERNAME@" and then next to the "@" sign, paste the link from the spreadsheet (delete the "http://" prepended to the link name if it is present) but replace USERNAME with the username provided in the spreadsheet (ask the helpers/instructors if you need help finding this!)
5) Press ENTER 
6) Enter the password (note that you will not see the password show up on the screen as you type it)
7) Press ENTER when you've finished typing the password.

Commands:

# show the current working directory
pwd

# list the contents of a directory
ls

# list the contents of a directory adding a trailing / to the names of directories:
ls -F

# list the contents of a directory in the long format
ls -l

# navigate to the shell_data directory
cd shell_data

# navigate to the home directory
cd
#or
cd ~

# move back up one directory level
cd ..






Day 2


#echo displays lines of string that are passed as an argument
echo $PS1
(base) \[\e]0;\u@\h: \w\a\]${debian_chroot:+($debian_chroot)}\u@\h:\w\$
#export marks the variable as exportable so it will show up in the enviroment for the next processes we run
export backup_prompt=$PS1
echo $backup_prompt
export PS1='\n\w\n$ '

ls
cd shell_data/

# to clear the screen, you can type clear and press enter or press on Ctrl + L

cd untrimmed_fastq/
ls
cd ..
pwd

# to navigate 3 levels up in the directory tree
cd ../../..

# to go back to the home directory
cd


# to see the previous commands that you have used so far
history

# to repeat a command from the history, we can use it is index number preceeded by an eclamation mark
!514
# this will repeat command that was number 514 in the history

# to list all files including the hidden ones
ls -a

ls shell_data/untrimmed_fastq/


Relative path resolution


Using the filesystem diagram below, if pwd displays /Users/thing, what will ls ../backup display?
1: ++++
2: 
3: 
4: ++++?++

cd
ls
mkdir Users
cd Users
mkdir thing
cd ..
mkdir backup
cd Users
pwd


going to home folder
cd 
cd   ~
cd    /home/dcuser
cd   ..   (if we were in /home/dcuser/shell_data)
cd   ../..   (if we were in /home/dcuser/shell_data/untrimmed_fastq)
  
Please emphasize between the command and the argument there should be space


=Current lesson episode
https://datacarpentry.org/shell-genomics/03-working-with-files/index.html


ls /usr/bin/*.sh
echo *.fastq
echo *.mp3
ls *.mp3 (there should be an error here)
!! (it repeats the last command)

NOTE: The * in that "ls /usr/bin/*.sh" is called a "wildcard". This is shorthand for saying "anything". Thus, this "ls /usr/bin/*.sh" command could be read as "look in the /usr/bin folder and show me anything in there that ends in .sh" 

ls *8*
ls *6.fastq
ls SRR09????.fastq   # The ? symbols here are another "wildcard" indicating that that specific place within the name of a file or folder may be anything.   So this command says "show me all files in the current folder which start with SRR09 and end in .fastq but which have 4 places between .fastq and SRR09 that could be anything.
#print content of a file
cat SRR097977.fastq
# show the content of the file (space for next page, 'b' for the previous one)
less SRR097977.fastq
#print first 10 lines(default)
head SRR098026.fastq
#print first 5 lines
head -n 5 SRR098026.fastq
#print first line
head -n 1 SRR098026.fastq
#print the last lines of the file
tail SRR098026.fastq

How to learn more and where to get help
https://www.gnu.org/software/bash/manual/html_node/index.html
https://datacarpentry.org/shell-genomics/
https://tldp.org/guides.html
https://ss64.com/bash/
https://www.computerhope.com/unix.htm

https://stackoverflow.com/questions/tagged/shell
https://codeblog.jonskeet.uk/2010/08/29/writing-the-perfect-question/


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


cp for copying (and pasting)
mv  either renaming or moving (cut-paste)

cp SRR098026.fastq SRR098026-copy.fastq
ls
ls -F
#creating directories
mkdir backup
ls -F
#move files from the current directory to another
mv  SRR098026-copy.fastq backup/
ls backup/


Speed check?
faster: +
slower: 
okay: ++++++++++++

Style check?
How to improve?

Moving a file to a directory need to be explained
^^
When you move a file from one directory to another, you would use the mv command for that.  Let's say you are currently in the /home/dcuser/ folder and you have a file called MyFile.txt in that folder.  If you have a folder within /home/dcuser called "backup", and you want to move MyFile.txt from the /home/dcuser/ directory to the /home/dcuser/backup/ directory, then all you need to do is type "mv MyFile.txt backup/"  This uses the relative path the MyFile.txt file (relative to where you are currently).  You could also type "mv MyFile.txt /home/dcuser/backup/" which uses the absolute path.  Both would work.

When the server is disconnected for us is neccesary to restart every command line again or not for this? Thanks


Windows: Virtual Box
LInux/Mac but in a guest user account


#renaming with mv command (whenever the two files are in the same directory it will work as a renaming command)
mv SRR098026-copy.fastq SRR098026-backup.fastq
ls
#the -l flag lets you see the permissions of the files in the directory (among other things)
ls -l
ls -lh
#chmod removes permission with '-'
chmod -w SRR098026-backup.fastq
ls -l
#chmod adds permission with '+'
chmod +w SRR098026-backup.fastq
ls -l
# the next command would give permission to everybody (not ideal)
chmod +777 SRR098026-backup.fastq
chmod -w SRR098026-backup.fastq
chmod +444 SRR098026-backup.fastq
cp SRR098026-backup.fastq another.fastq
rm SRR098026-backup.fastq
#touch creates an empty file with the name given
touch dummy.txt
rm -i dummy.txt
cd ..
rm backup/ (you should not be able to remove it, as it's a folder)


https://www.go-fair.org/fair-principles/

Unfortunately there is no "Recycle Bin" in Linux

Exercise


Starting in the shell_data/untrimmed_fastq/ directory, do the following:

1. Make sure that you have deleted your backup directory and all files it contains. 

2. Create a backup of each of your FASTQ files using cp. (Note: You’ll need to do this individually for each of the two FASTQ files. We haven’t learned yet how to do this with a wildcard.) 

3. Use a wildcard to move all of your backup files to a new backup directory. 

4. Change the permissions on all of your backup files to be write-protected. 


Done with the exercise?
done: + +++++++
need more time: 

#remove permissions for all users (2 ways: chmod ogu=r -- and chmod 444):
chmod ogu=r -- SRR098026-backup.fastq
chmod 777 SRR098026-backup.fastq -> this one gives the permissions back
chmod 444 SRR098026-backup.fastq
ls -l

https://kb.iu.edu/d/abdb

cd .. (we should be in ~/shell/untrimmed_fastq)
#grep here tries to find that pattern in the file and returns every line that meets this criteria)
grep NNNNNNNNNN SRR098026.fastq
# -B argument for grep to return a specific number of lines before each match
# -A argument returns a specific number of lines after each matching line
grep -B1 -A2 NNNNNNNNNN SRR098026.fastq


Exercise

1. Search for the sequence GNATNACCACTTCC in the SRR098026.fastq file. Have your search return all matching lines and the name (or identifier) for each sequence that contains a match. 

@SRR098026.245 HWUSI-EAS1599_1:2:1:2:801 length=35
GNATNACCACTTCCAGTGCTGANNNNNNNGGGATG
+SRR098026.245 HWUSI-EAS1599_1:2:1:2:801 length=35
B!BB!BBBCABBBBBBABB@>A!!!!!!!###### ?? what is the line?

$ grep GNATNACCACTTCC SRR098026.fastq 
GNATNACCACTTCCAGTGCTGANNNNNNNGGGATG
it just returned that one line for me, I do not know how to get the name/identifier etc..
ok thanks ;-)
use grep -B1 -A2 before the sequence

1. Search for the sequence AAGTT in both FASTQ files. Have your search return all matching lines and the name (or identifier) for each sequence that contains a match. 

 16 lines?
 
 grep -B1 AAGTT *.fastq   |   wc -l   
 
 input/output to/from file
 command   <  input_file.txt    > output_file.txt
 
 input from file but output on screen
 command   <  input_file.txt 
 
 input from keyboard (if any) and output in a file
 command   > output_file.txt
 (overwrites the existing output_file.txt , if any)
 To avoid that, use >> to append to previous data
 
command   >> output_file.txt
 
 echo hello
 echo hello >> list.txt
 cat list.txt
 echo hi > list.txt
 cat list.tct
 

 
 
 ~/shell_data/untrimmed_fastq
$ grep -B1 -A2 NNNNNNNNNN SRR098026.fastq  > bad_reads.txt

~/shell_data/untrimmed_fastq
$ wc -l bad_reads.txt
537 bad_reads.txt

~/shell_data/untrimmed_fastq
$ grep -B1 -A2 NNNNNNNNNN SRR098026.fastq  |  wc -l
537

grep -B1 -A2 NNNNNNNNNN SRR098026.fastq  | less

b for page-up
SPACEBAR for pagedown
g for the beginning
G for the end
q for quitting

tail bad_reads.txt
tail -n 2 bad_reads.txt
head -2 bad_reads.txt

Explain regex
https://regexper.com/

learn & test regex
https://regexr.com/

learn regex
https://librarycarpentry.org/lc-data-intro/

https://man7.org/
https://man7.org/linux/man-pages/man1/grep.1.html

https://datacarpentry.org/shell-genomics/Extra_lesson/index.html

#here we are assigning the value 'abc' to a variable named 'foo'
foo=abc
#the $ sign here means the actual value of the variable 'foo'
echo foo is $foo
echo test $does_not_exist test end
echo foo is $fooEFG
echo foo is ${foo}EFG
# I am invisible
echo foo is $foo
echo foo if $foo  #this line prints value of foo
# grep -B1 -A2 NNNNNNNNNN SRR098026.fastq  |  less


for  naming
file, folder/dir, PC username, variables
A-Z
a-z
0-9
_
length 8 to 11 characters including extensions
short yet meaningful

for filename in *.fastq
> do
>        echo processing $filename
>        head -n2 ${filename}
>        echo done processing $filename
> done

#basename removes a part of the name from the file
basename SRR097977.fastq .fastq
basename SRR097977.fastq 977
ls
cp SRR097977.fastq SRR097977_2.fastq
basename SRR097977_2.fastq .fastq
basename SRR097977_2.fastq _2.fastq
new_name=$(basename SRR097977_2.fastq _2.fastq)
echo $new_name
mv SRR097977_2.fastq ${new_name}_second.fastq
ls



~/shell_data/untrimmed_fastq
$ ls
backup         list.txt         SRR098026.fastq
bad_reads.txt  SRR097977.fastq

~/shell_data/untrimmed_fastq
$ cp SRR097977.fastq SRR097977_2.fastq

~/shell_data/untrimmed_fastq
$ basename SRR097977_2.fastq .fastq
SRR097977_2

~/shell_data/untrimmed_fastq
$ basename SRR097977_2.fastq _2.fastq
SRR097977

~/shell_data/untrimmed_fastq
$ new_name=$(basename SRR097977_2.fastq _2.fastq)

~/shell_data/untrimmed_fastq
$ echo $new_name
SRR097977

~/shell_data/untrimmed_fastq
$ mv SRR097977_2.fastq ${new_name}_second.fastq

~/shell_data/untrimmed_fastq
$ ls
backup         SRR097977.fastq
bad_reads.txt  SRR097977_second.fastq
list.txt       SRR098026.fastq


for filename in *fastq
> do
>     name=$(basename ${filename} .fastq)
>     echo %{name}
>done


nano sayHi.sh -> this would open nano editor
<in nano>
echo hi
echo hello
echo bye
ls
<ctrl + O> save the file
<ctrl + X> exit


at least 4 ways to run a shell script (list of shell commands)
bash sayHi.sh
./sayHi.sh  (might require chmod +x sayHi.sh)
source  sayHi.sh
.   sayHi.sh

# which outputs the location of the executable in the argument 
which python
which wget
#df informs about the available and used space
df
df -kh
df .   # Shows usage of current disk (Link to StackExchange:  https://unix.stackexchange.com/questions/510046/how-do-i-find-which-disk-partition-current-directory-is-on)
cd
wget ftp://ftp.ensemblgenomes.org/pub/release-37/bacteria/species_EnsemblBacteria.txt
curl -O ftp://ftp.ensemblgenomes.org/pub/release-37/bacteria/species_EnsemblBacteria.txt



Transferring Data Between your Local Machine and the Cloud
pscp for windows: http://the.earth.li/~sgtatham/putty/latest/x86/pscp.exe


#this way we are copying the 'hi.txt' file from our local computer to /home/dcuser/ in the amazon instance using pscp
./pscp   hi.txt   dcuser@ec2-35-175-133-252.compute-1.amazonaws.com:/home/dcuser/

#downloading species_EnsemblBacteria.txt from amazon to current folder (dot: .)
./pscp dcuser@ec2-35-175-133-252.compute-1.amazonaws.com:/home/dcuser/species_EnsemblBacteria.txt  .



------------------------------------------------------
------------------------------------------------------


Data Wrangling and Processing:


  
  
## Create a folder in the home directory called dc_workshop with a subfolder called data
## where the data folder under dc_workshop also has a subfolder called untrimmed_fastq
mkdir -p ~/dc_workshop/data/untrimmed_fastq

## Copy all the fastq.gz files from the hidden backup folder to the working directory
## which we created above
cp ~/.backup/untrimmed_fastq/*fastq.gz ~/dc_workshop/data/untrimmed_fastq 

#decompress gz file
gunzip SRR2584863_1.fastq.gz
#check size
ls -lh
#check first 4 lines of the file
head -n 4 SRR2584863_1.fastq

#decompress gz file keeping the original gz as well
gunzip -c SRR2584863_1.fastq.gz > SRR2584863_1.fastq

#check manual page of fastqc program
fastqc -h
#running fastqc on all fastq files (both uncompressed and original gz files)
fastqc *.fastq*
#create a new directory for results
mkdir -p ~/dc_workshop/results/fastqc_untrimmed_reads
#moving fastqc output files to the new directory (.fastqc.html and fastqc.zip)
#move fastqc but not the original fastq files
mv *fastqc* ~/dc_workshop/results/fastqc_untrimmed_reads/
cd ~/dc_workshop/results/fastqc_untrimmed_reads/
ls
head SRR2584863_1_fastqc.htm

#moving files from the amazon instance to your own computer (change the amazon IP and paste your own!)
scp dcuser@ec2-3-237-41-210.compute-1.amazonaws.com:~/dc_workshop/results/fastqc_untrimmed_reads/*.html ~/Desktop/fastqc_html




Discuss your results with a neighbor. Which sample(s) looks the best in terms of per base sequence quality? Which sample(s) look the worst?


best: SRR2584863_1.fastqc 
worst: SRR2584866_1.fastqc

best: SRR258463_1.fastqc
scp dcuser@ec2-3-80-4-248.compute-1.amazonaws.com:~/dc_workshop/results/fastqc_untrimmed_reads/*html ~/Desktop/fastqc_html
dcuser@ec2-3-80-4-248.compute-1.amazonaws.com's password: 
scp: /home/dcuser/dc_workshop/results/fastqc_untrimmed_reads/*html: No such file or directory
wc-dhcp58d041:~ Shirin$ 

cd ~/dc_workshop/results/fastqc_untrimmed_reads/
#unzip all the .zip files that fasqc outputs
for filename in *.zip
> do
> unzip $filename
> done

ls -F SRR2584863_1_fastqc/
cd SRR2584863_1_fastqc/
less summary.txt (press 'q' to exit)
cd ..
#getting all the information from the summary.txt files in just one file
cat */summary.txt > fastqc_summaries.txt
less fastqc_summaries.txt


Which samples failed at least one of FastQC’s quality tests? What test(s) did those samples fail?

grep FAIL fastqc_summaries.txt > bad_reads.txt
mkdir -p ~/dc_workshop/docs
mv bad_reads.txt ~/dc_workshop/docs/
mv fastqc_summaries.txt ~/dc_workshop/docs/
cd
cd dc_workshop/
#see the content of multiple files at the same time (you might have to install the command in your computer)
tree -L 2

cd ~/dc_workshop/data/untrimmed_fastq/
ls
#copying the adapter file(NexteraPE-PE.fa) to our directory(.)
cp ~/.miniconda3/pkgs/trimmomatic-0.38-0/share/trimmomatic-0.38-0/adapters/NexteraPE-PE.fa .

## EXTRA NOTE ABOUT THREADS
Threads can be thought of as lanes on a highway. On a single-lane road, you can only have one car driving at the same place on that road at any given time, but if you have multiple lanes, you can have multiple cars driving in the same place on the road at once. Threads work like that. In a single-threaded program, only one step or command at a time can be run but if you have multiple threads, you can have multiple commands being run at once. This can really speed up repetitive commands like the things we've been doing with FOR loops.   Same place on the road means length-wise in this case (so the number of lanes = the number of cars that can drive side-by-side at any given time) 

trimmomatic PE SRR2589044_1.fastq.gz SRR2589044_2.fastq.gz SRR2589044_1.trim.fastq.gz SRR2589044_1un.trim.fastq.gz SRR2589044_2.trim.fastq.gz SRR2589044_2.un.trim.fastq.gz SLIDINGWINDOW:4:20 MINLEN:25 ILLUMINACLIP:NexteraPE-PE.fa:2:40:15

unfortunately I wont be able to attend the remaining of the workshop today, would it be possible for you to share the recording of today's zoom with me later so I can catch up before tomorrow please?


gzip SRR2584863_1.fastq

$ for infile in *_1.fastq.gz
> do
>  base=$(basename ${infile} _1.fastq.gz)
> trimmomatic PE ${infile} ${base}_2.fastq.gz \
> ${base}_1.trim.fastq.gz ${base}_1un.trim.fastq.gz \
> ${base}_2.trim.fastq.gz ${base}_2un.trim.fastq.gz \
> SLIDINGWINDOW:4:20 MINLEN:25 ILLUMINACLIP:NexteraPE-PE.fa:2:40:15 
> done

General Tutorial Link for Loops (including FOR Loops with BASH)
https://ryanstutorials.net/bash-scripting-tutorial/bash-loops.php



I accidentally modified the pad, can you ifx it please <-- no problem!  Fixed!

## what worked for me, from Alex in the Zoom chat - if writing in single line, use ; syntax
for infile in *_1.fastq.gz; do base=$(basename ${infile} _1.fastq.gz); trimmomatic PE ${infile} ${base}_2.fastq.gz ${base}_1.trim.fastq.gz ${base}_1un.trim.fastq.gz ${base}_2.trim.fastq.gz ${base}_2un.trim.fastq.gz SLIDINGWINDOW:4:20 MINLEN:25 ILLUMINACLIP:NexteraPE-PE.fa:2:40:15; done


#when trimmomatic is done running, we are creating a new folder to move the output files in there:
mkdir -p ~/dc_workshop/data/trimmed_fastq
mv *.trim* ~/dc_workshop/data/trimmed_fastq/
#then we move to the new directory to check whether the files have been moved successfully 
cd ~/dc_workshop/data/trimmed_fastq/
ls -l


Exercise to do by yourself as a homework


Now that our samples have gone through quality control, they should perform better on the quality tests run by FastQC. Go ahead and re-run FastQC on your trimmed FASTQ files and visualize the HTML files to see whether your per base sequence quality is higher after trimming.


DAY 4

ssh "ssh USERNAME@" and then next to the "@" sign, paste the link from the spreadsheet (delete the "http://" prepended to the link name if it is present) but replace USERNAME with the username provided in the spreadsheet
PS1='\w $ '  ## changes the shell display to show the working directory with a $ prompt next to it

Study Comparing different Alignment Tools and their Performance
https://www.ecseq.com/support/benchmark.html 

Link to the BWA Alignment Tool used today in the Workshop
http://bio-bwa.sourceforge.net/ 

$ cd ~/dc_workshop/ ## setting the working directory to the workshop folder we made yesterday
$ mkdir -p data/ref_genome
$ curl -L -o data/ref_genome/ecoli_rel606.fasta.gz ftp://ftp.ncbi.nlm.nih.gov/genomes/all/GCA/000/017/985/GCA_000017985.1_ASM1798v1/GCA_000017985.1_ASM1798v1_genomic.fna.gz

$ cd data/ref/genome/
$ ls
$ gunzip ecoli_rel606.fasta.gz  ##unzipping the file
$  head data/ref_genome/ecoli_rel606.fasta

$ cd ~/dc_workshop/
$ curl -L -o sub.tar.gz https://ndownloader.figshare.com/files/14418248
$ ls
$ tar xvf sub.tar.gz
$ mkdir -p ~dc_workshop/data/trimmed_fastq_small
$ mv sub/ ~/dc_workshop/data/trimmed_fastq_small  ##moving the file

$ mkdir -p results/sam results/bam results/bcf results/vcf  ## makeing multiple folders at one time

Stay in the dc_workshop 
$ bwa index data/ref_genome/ecoli_rel606.fasta  ## starting to use the program bwa
$ bwa mem data/ref_genome/ecoli_rel6060.fasta data/trimmed_fastq_small/SRR2584866_1.trim.sub.fastq data/trimmed_fastq/sub/SRR2584866_2.trim.sub.fastq >results/sam/SRR2584866.aligned.sam

$ tree -L 2 ##shows the files tree at two levels

Link to further reading https://genome.sph.umich.edu/wiki/SAM

$ cd results/sam

bam is a binary compression of a sam file. Sam files take up a lot of storage

$ samtools view -S -b results/sam/SRR2584866.aligned.sam > results/bam/SRR2584866.aligned.bam  ##converting the sam file to a bam file with the sam file being specified as input and where the bam file will go

$ ls results/bam/  ##double checking that the file in where we want it

$ samtools sort  -o results/bam/SRR2584866.aligned.sorted.bam results/bam/SRR2584866.aligned.bam  
$ ls -lh results/sam/  ##checking size of files
$ ls -lh results/bam/ ##checking size of files

$samtools flagstat results/bam/SRR2584866.aligned.sorted.bam  ##gives summary stats about the reads in the bam file

Variant Calling 
https://samtools.github.io/bcftools/bcftools.html ##info about samtools


$ bcftools mpileup -O b -o results/bcf/SRR2584866_raw.bcf -f data/ref_genome/ecoli_rel606.fasta results/bam/SRR2584866.aligned.sorted.bam 
$ ls results/bcf/

$ bcftools call --ploidy 1 -m -v -o results/bcf/SRR2584866_variants.vcf results

## bcftools call --ploidy 1 -m -v -o results/bcf/SRR2584866_variants.vcf results/bcf/SRR2584866_raw.bcf

$ vcfutils.pl varFilter results/bcf/SRR2584866_variants.vcf  >  results/vcf/SRR2584866_final_variants.vcf

$ less results/vcf/SRR2584866_final_variants.vcf

Link for further reading of the vcf file format https://www.broadinstitute.org/gatk/guide/article?id=1268  

Exercise : How many SNPs do we have in this file? Hint : use grep and wc command

Answer:  
$ less results/vcf/SRR2584866_final_variants.vcf  ##opening the file
$ grep -v "#" results/vcf/SRR2584866_final_variants.vcf  | wc -l   OR
$ grep -v  -c "#" results/vcf/SRR2584866_final_variants.vcf
Get the total 766

Link for more educational and training opputunities http://www.broadinstitute.org/igv/


Automating a variant calling workflow  aka writing a script
Using text editors is the common practiace for writing scripts

$pwd
$cd ~/dc_workshop/
$ rm -r results/
$ mkdir -p ~/dc_workshop/scripts
$ cd scripts/

Breaking our script into three parts
 First quality control
 $ nano read_qc.sh  ##the nano inter face for the script editor will open
 
 Written in the nano text editor
 #!/bin/bash
 #this is a script that does a quality check on fastq files
 set -e
 cd ~/dc_workshop/data/untrimmed_fastq/
 echo "Running FastQC..."
 
 #this is the command that will run fastqc
 fastqc *.fastq*
 
 #create a new folder inside the results folder for the fastqc output
 mkdir -p ~/dc_workshop/results/fastqc_untrimmed_reads
 echo "Saving FastQC results..."
 
 #moving the results file to the fastqc_untrimmed_reads file
 mv *.zip ~/dc_workshop/results/fastqc_untrimmed_reads
 mv *.html ~/dc_workshop/results/fastqc_untrimmed_reads
 
 cd ~/dc_workshop/results/fastqc_untrimmed_reads
 
 echo "Unzipping the fastqc files..."
 
 for filename in *.zip
 do 
 unzip $filename
 done
 
 #creating a file of bad reads i.e. reads with at least on FAIL in the fastqc tests
 
echo "Saving summary files..."
cat */summary.text > ~/dc_workshop/fastqc_summaries.txt

cd ~/dc_workshop/
grep FAIL fastqc_summaries.txt > bad_reads.txt

echo "Finished Successfully..."


###Press Ctrl + O  then Enter to save the script. Then Ctrl + X to exit nano

Back in the terminal 
$ bash read_qc.sh

$ cd ~/dc_workshop/
$ ls
$ less bad_reads.txt

Sometimes you can get this message "replace SRR2584866_fastqc/Icons/fastqc_icon.png? [y]es, [n]o, [A]ll, [N]one, [r]ename:" type A until it is done asking you

$nano read_.sh

# nano trimming_reads.sh

IN NANO

#!/bin/bash

#This script will trim the fastq files after quality check
cd ~/dc_workshop/data/untrimmed_fastq

echo "Copying the adapter fastq file..."

cp ~/.miniconda3/pkgs/trimmomatic-0.38-0/share/trimmomatic-0.38-0/adapters/NexteraPE-PE.fa .

echo "Trimming fastq files with trimmomatic..."

for infile in *_1.fastq.gz
do
base=$(basename ${infile} _1.fastq.gz)
trimmomatic PE ${infile} ${base}_2.fastq.gz ${base}_1.trim.fastq.gz ${base}_1un.trim.fastq.gz ${base}_2.trim.fastq.gz SLIDINGWINDOW:4:20 MINLEN:25 ILLUMINACLIP:NexteraPE-PE.fa:2:40:15 
done

echo "Finished trimming..."
echo "Moving files..."

mkdir ~/dc_workshop/results/trimmed_fastq/
mv *.trim* ~/dc_workshop/results/trimmed_fastq/
echo "Finished moving files..."

###Press Ctrl + O  then Enter to save the script. Then Ctrl + X to exit nano

back in the terminal
# nano trimming_reads.sh

$run_variant_read_.sh

##In nano again

#!/bin/bash

# this script preform an alignment and variant calling analysis

set -e
cd ~/dc_workshop/results
genome=~/dc_workshop/data/ref_genome/ecoli_rel606.fasta    ###this lets us type just genome instead of the full file path this is defineing a variable

#indexing the genome
echo "Indexing genome..."
bwa index $genome

mkdir -p sam bam bcf vcf

for fq1 in ~/dc_workshop/data/trimmed_fastq/sub/*_1.trim.sub.fastq
do
echo "working with file $fq1"
base=$(basename $fq1 _1.trim.sub.fastq)
echo "base name is $base"

fq1=~/dc_workshop/data/trimmed_fastq/sub/${base}_1.trim.sub.fastq
fq2=~/dc_workshop/data/trimmed_fastq/sub/${base}_2.trim.sub.fastq
sam=~/dc_workshop/results/sam/${base}.aligned.sam
bam=~/dc_workshop/results/sam/${base}.aligned.bam
sorted_bam=~/dc_workshop/results/bam/${base}.aligned.sorted.bam
raw_bcf=~/dc_workshop/results/bcf/${base}_raw.bcf
variants=~/dc_workshop/results/bcf/${base}_variants.vcf
finial_variants~/dc_workshop/results/vcf/${base}_finial_variants.vcf

bwa mem $genome $fq1 $fq2 > sam
samtools view -S -b $sam > $bam
samtools sort -o $sorted_bam $bam
samtools index $sorted_bam
bcftools mpileup -O b -o $raw_bcf -f $genome $sorted_bam
bcftools call --ploidy 1 -m -v -o $variant $raw_bcf
vcfutials.pl varFilter $variants > $final_variants

done



